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GREEN HYDROGEN RELIABILITY CHALLENGES
: AND ASSESSMENT OF

PV SYSTEMS IN IBR-DOMINATED

: POWER SYSTEMS

REGIONS OF IRAN

Date: 2 December 2025

Grid d ization is tial fo ensure reliable and secure power delivery
with low to zero carbon emission. It requires deploying new technologies and
infrastructure and also deregulating the electricity sector. Some established
technologies have a significant role in d Sy including
distributed generations especially renewable resources, distributed energy
storages, and electric vehicles. With the inclusion of high penetration of re-
newable energies, power electronics are the underpinning part of future
power systems. Reliability of power electronic converters as the long-term
performance indicator is of paramount importance for design and manufac-
turing of converters in different applications as well as for design and plan-
ning of future IBR-Dominated sy This press & 2 will address
the basics of reliability d llng, evaluati and taking into
account the failure mechanisms fram device-level up to system-level in
power electronic systems. Failure rate of some components such as power.
electranic converters is not constant, while they play a major role in the sys-
tems. Consequently, their failure characteristics will affect power system re-
liability. Hence, the conventional reliability evaluation approaches based on
mean time to failure may introduce inaccurate inp for decisi king in
planning and operation of microgrids. :

Prof. Gevork B. Gharehpetian

AMIRKABIR UNIVERSITY OF TECHNOLOGY

Date: 3 December 2025

This talk discusses the production of green hydrogen in the southern
coastal cities of Iran, leveraging local advantages. These include the high
potential for photovoltaic generation, the need for desalination power
plants and access to the sea and ports, all of which make the southern
coasts of Iran favorable for green hydrogen production. However, the
approach presented in this talk can also be applied to similar regions. In
the study, the discount rate impacts on the levelized cost of energy

(LCOE) and levelized cost of hydrogen (LCOH), and also, the cost of 5 Prof. Mahmoud Fotuhi-Firuzabad-
water for hydrogen production, are discussed. SHARIF UNIVERSITY OF TECHNOLOGY

&S +98 71 36474618 i @ https://sgc2025.shirazu.ac.ir/fa/
(2 +98 9909357378 <] sgc2025@shirazu.ac.ir
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A Scalable Federated XGBoost Framework for Urban Air Quality
Forecasting: A Case Study in Tehran

*Saghar Shafaati
Department of Computer Engineering,
South Tehran Branch, Islamic Azad University,
Tehran, Iran
E-Mail: st_s_shafaati@azad.ac.ir

S. Hossein Erfani
Department of Computer Engineering,
South Tehran Branch, Islamic Azad University,
Tehran, Iran
E-Mail: h_erfani@azad.ac.ir

Abstract—The following work introduces a new federated learning (FL) paradigm that takes advantage
of the capabilities of Extreme Gradient Boosting (XGBoost) to achieve scalable and privacy-protected air
quality forecasting for smart cities. The designed architecture, the Four-Stage Parallel Federated Iterative
XGBoost, is specially tailored to facilitate distributed training from disparate data sources while ensuring
data privacy—a central prerequisite in contemporary loT-supported smart city systems. The suggested
approach is empirically compared with actual real-world datasets collected from 22 geographically
distributed IoT air quality monitoring stations across the metropolitan area of Tehran. Experimental results
show that the proposed method achieves a 24.77% reduction in MSE and a 13.26% improvement in RMSE
compared to the Stage-1 Federated XGBoost baseline. These findings demonstrate the effectiveness of the
framework in discovering localized air pollution patterns with scalability and privacy. The Four-Stage
Parallel Federated Iterative XGBoost model is a potential solution for real-time city-wide environmental
monitoring and forecasting and is highly relevant to policymakers and urban sustainability requirements.

Keywords— Federated Learning, Extreme Gradient Boosting, Long Short-Term Memory, Air Pollution

Prediction, Internet of Things.
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Frequency Prediction of Electricity Grids Using Holt-Winters
Algorithm

Arshya Tayebi
Department of Power and Control Engineering
Shiraz University
Shiraz, Iran
arshyatb@hafez.shirazu.ac.ir

Seyed Amir Mohammad Lahaghi
Department of Power and Control Engineering
Shiraz University
Shiraz, Iran
a.lahaghi@hafez.shirazu.ac.ir

Behrooz Zaker
Department of Power and Control Engineering
Shiraz University
Shiraz, Iran
b.zaker@shirazu.ac.ir

Abstract—-Frequency prediction of electricity grids will lead to improved load planning, management
of renewable energy resources, maintenance planning, electricity market management, and maintaining grid
security and stability. In this way, using a reliable and accurate method for predicting grid frequency will
greatly assist power system engineers and operators in this regard. For this purpose, the Holt-Winters
algorithm is used in this study to predict the frequency of a real national electricity grid. Therefore, actual
frequency data of the national electricity grid has been collected during the years 2022 to 2025 to enable
the grid frequency prediction process to be performed by the Holt-Winters algorithm. The results obtained
for the values of the error evaluation indices show that the Holt-Winters algorithm is very capable of
predicting the grid frequency.

Keywords— Grid frequency, Frequency prediction, Holt-Winters algorithm, Electricity grid.
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Performance Enhancement of Photovoltaic Systems: A Comparative
Analysis of MPPT and Voltage Control Methods

Amirreza Samadi Bonab
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
amirrezasamadibonab@jieee.org

Parisa Shirinabadi
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
p.shirinabadil403@ms.tabrizu.ac.ir

Khadim Moin Siddiqui
Electrical & Electronics Engineering Department
S.R. Institute of Management & Technology, Lucknow, India
siddiquikhadim@ieee.org

Abstract— This paper presents a comparative analysis of Maximum Power Point Tracking (MPPT) and
conventional voltage control methods in a photovoltaic (PV) system integrated with a boost converter. The
study focuses on the effectiveness of the Perturb and Observe (P&O) MPPT algorithm in enhancing power
extraction and stabilizing DC bus voltage. While voltage control maintains stable voltage levels, it often
results in suboptimal energy harvesting under varying irradiance conditions. MPPT, in contrast,
dynamically adjusts the PV system’s operating point to maximize power output. Simulation results indicate
that the MPPT controlled system achieves an average DC bus voltage of 408.8 V, significantly higher than
374.7 V under voltage control. Furthermore, MPPT yields superior solar and load power outputs of 2.03
kW and 2.00 kW, compared to 1.70 kW and 1.68 kW, respectively, under voltage control. These findings
highlight MPPT’s crucial role in improving energy efficiency and system reliability. This study provides
insights into optimizing PV system performance and encourages the adoption of advanced MPPT
techniques. Future work will explore hybrid MPPT strategies and real-time implementations to enhance

adaptability under dynamic environmental conditions.

KeywordS—Maximum Power Point Tracking (MPPT), Photovoltaic (PV) System, Boost Converter,
DC Bus Voltage Stability, Solar Energy Optimization.
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A High-Efficiency Three-Port High-Gain DC-DC Boost Converter
for Renewable Energy Systems

Parisa Shirinabadi
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
p-shirinabadil403@ms.tabrizu.ac.ir

Amirreza Samadi Bonab
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
amirrezasamadibonab@jieee.org

Ebrahim Babaei
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
e-babaei@tabrizu.ac.ir

Mehran Sabahi
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
sabahi@tabrizu.ac.ir

Abstract—This paper presents a dual-output DC-DC converter designed for ultra-high voltage gain and
for renewable energy systems applications. The voltage gain is independently controlled by the duty cycle
of the switches and the turns ratio of the coupled inductor, allowing for good design adaptability. The
advantages of the topology are its exceptionally high gain, minimized voltage stress on active components,
continuous input current, common input-output ground, and synchronized switch control. Simulation on a
300W, 50kHz prototype confirms proper operation, upgrading the 20V input to dual 140V outputs

Keywords— DC-DC converter, Step-up converter, Coupled inductor, Renewable energies.
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A Non-intrusive Load Monitoring Using a VMD-EMD Signal
Processing and BiGRU-BILSTM Deep Learning Approach

Behrooz Taheri
Department of Electrical Engineering
Qazvin Branch, Islamic Azad University
Qazvin, Iran
behrooztaheril372@gmail.com

Seyed Amir Hosseini
Electrical and Computer Engineering Group
Golpayegan College of Engineering, Isfahan University of
Technology
Golpayegan, Iran
s.hosseini@iut.ac.ir

Mostafa Sedighizadeh
Faculty of Electrical Engineering
Shahid Beheshti University
Evin, Tehran, Iran
m.sedighizadeh1973@gmail.com

Abstract — In this paper, we present a hybrid method for estimating and separating household appliance
signals using a BiGRU-BiLSTM model combined with VMD-EMD hybrid feature extraction. By
leveraging the strengths of recurrent network-based models and extracting precise time-frequency features,
the proposed method effectively identifies and reconstructs complex energy consumption signal patterns of
various appliances with high accuracy. The performance of this method has been tested using the UK-
DALE dataset, evaluating its ability to reconstruct signals from appliances with diverse consumption
patterns, including both stable and variable types. The results demonstrate that the proposed method is
highly capable of separating and predicting energy consumption signals with high reliability. This study
marks a significant step towards enhancing load separation methods in Non-intrusive Load Monitoring
(NILM) systems by introducing an approach based on deep learning and hybrid feature analysis.

Keywords— Non-intrusive load monitoring; Smart home; Signal processing; Deep learning; BIiLSTM;
BiGRU.
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Fault Detection, Classification, and Location in HVDC Transmission
Lines Based on Traveling Waves and Hilbert-Huang Transform

Mahyar Abasi
Department of Electrical Engineering, Faculty of
Engineering, Arak University
Arak, Iran
m-abasi@araku.ac.ir

Ali Deylami
Department of Electrical Engineering, Karoon
Institute of Higher Education
Ahvaz, Iran
adeylami33@gmail.com

Abstract— This paper proposes a novel method for fault detection, classification, and location (FDCL)
in high-voltage direct current (HVDC) transmission lines, leveraging traveling wave theory and current
signal analysis from both line ends. The Hilbert-Huang Transform (HHT) is used, starting with Empirical
Mode Decomposition (EMD) to extract intrinsic mode functions (IMFs) from positive and negative pole
current signals. The first IMF, rich in frequency and time information, is selected, and its Hilbert amplitude
is calculated to detect the fault and its occurrence time. Fault classification—identifying positive-to-ground
(PTG), negative-to-ground (NTG), or pole-to-pole (PTP) faults—is achieved by comparing four extracted
signal components against threshold values. Fault location is determined using the wave arrival time
difference at the terminals. Implemented in Simulink and MATLAB, the method demonstrates high

accuracy and efficiency in detecting and locating common HVDC faults.

Keywords—Fault detection, classification and location; HVDC; traveling waves; Hilbert-Huang
Transform.
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Technical evaluation of using central and string inverters in large-
scale photovoltaic power plants

Elahe Zidabadi Nejad
Roohalamin Zeinali Davarani
Roohollah Fadaei Nejad

Department of Electrical and Computer Engineering, Graduate University of Advanced Technology
Kerman, Iran

elizedi1993@gmail.com ,r.zeinali@kgut.ac.ir, rfadaein@kgut.ac.ir

Abstract—Proper design of photovoltaic (PV) power plants is crucial for maximizing efficiency.
Inverters, which convert direct current (DC) to alternating current (AC), play a key role in this regard. The
choice between central and string inverters significantly impacts power output and system performance.
This study investigates the effect of inverter type on a 10 Megawatt (MW) PV power plant located in
Kerman, Iran. Using PVsyst software, two identical systems—one with a central inverter and the other with
string inverters—were simulated. The technical assessment includes comparisons of annual energy losses,
required DC cable length, performance ratio, and total energy output. Results indicate that the plant
designed with string inverters exhibited lower mismatch and ohmic losses, resulting in higher annual energy
generation. These findings highlight the performance advantages of string inverters in similar PV plant
configurations, especially in terms of energy yield optimization and reduction of electrical losses.

Keywords— Central inverter, Coefficient of performance, Photovoltaic power plant, Power loss, String
inverter.
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Improving Energy Efficiency: Harnessing Renewable Power and
Storage to Power Distribution Systems

Kasra Shafiei
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
K.Shafiei@tabrizu.ac.ir

Ali Seifi
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
A.Seifi@tabrizu.ac.ir

Mehrdad Tarafdar Hagh
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
Tarfdar @tabrizu.ac.ir

Abstract— This paper explores the integration of energy storage (ES) systems with renewable energy
sources to enhance the flexibility and efficiency of power systems. Despite significant growth in ES
capacity, challenges such as low utilization rates, market mechanism imperfections, and single-profit
models persist. The study proposes a Distributed Multi-Energy System (DMES) that combines battery
energy storage, wind turbines, and photovoltaic systems to optimize energy generation, storage, and
consumption. The research uses integrated marginal cost (IMC) calculations to examine the impact of
varying power prices and operational conditions on ES costs and optimal running times. The results
demonstrate that integrating ES with renewable sources can mitigate the unpredictability of solar and wind
energy, reduce peak demand through demand response programs, and lower overall generation
requirements. The findings highlight the potential of combining ES with renewable energy technologies to
improve system resilience, reduce environmental pollution, and support the transition to a low-carbon
energy system.

Keywords— Energy Storage (ES), Renewable Energy Integration, Distributed Multi-Energy System
(DMES), Demand Response (DR), integrated Marginal Cost (IMC), Power System Flexibility\
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A Holistic Strategy for Improving the Efficiency of Integrated
Energy Systems by Demand-Side Control

Kasra Shafiei
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
K.Shafiei@tabrizu.ac.ir

Ali Seifi

Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
A .Seifi@tabrizu.ac.ir

Mehrdad Tarafdar Hagh
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran

Tarfdar @tabrizu.ac.ir

Abstract— Renewable energy sources, energy storage, and demand-side control tactics are all part of
this paper's all-inclusive strategy for maximizing IES. Problems with user behavior patterns and mistakes
in renewable energy generation (REG) forecasts are the main topics of this research since they contribute
to IES planning uncertainties and, ultimately, to solutions that aren't ideal or even practicable. We provide
a Distributed Multi-Energy System (DMES) model that maximises system efficiency and adaptability by
combining PV systems, WTs, and energy storage devices. Energy production, storage, and consumption are
balanced in this research using a bi-level optimization model that takes economic and environmental goals
into account. In order to guarantee safe and cost-effective IES planning, we go over several uncertainty
management strategies, such as robust optimization, stochastic programming, and fuzzy programming.
Reduced peak demand, decreased environmental costs, and improved overall system resilience are all
outcomes of combining renewable energy sources with energy storage and demand response (DR)
programs. The results demonstrate the promise of a more efficient and environmentally friendly energy
system that integrates renewable sources, energy storage, and DR techniques.

Keywords—Integrated Energy Systems (IES), Renewable Energy Integration, Demand-Side
Management, Energy Storage Systems, Distributed Multi-Energy System (DMES).
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Market-Aware Microgrids: An Integrated Transformer-Driven
Forecast-to-Dispatch Architecture

Yeganeh Sadeghpour

Electrical and Computer Engineering Group, Golpayegan College of Engineering, Isfahan University of
Technology, Golpayegan, Iran
yeganehsadeghpour7@gmail.com

Ehsan Azad-farsani
Electrical and Computer Engineering Group, Golpayegan College of Engineering, Isfahan University of
Technology, Golpayegan, Iran
e.azad@iut.ac.ir

Abstract— This paper presents a lightweight forecast to dispatch framework for renewable-rich
microgrids. The proposed system integrates a multivariate Transformer-based forecaster with proximal
policy optimization (PPO) scheduling policy. The forecaster jointly predicts load, solar and wind
generation, and electricity prices at 15-minute intervals over a representative week. These forecasts,
together with the battery state of charge (SoC), are used by the PPO-based scheduler to determine charging,
discharging, and grid trading actions under operational constraints. The approach is benchmarked against a
simple sell-all baseline. Results show that the proposed Profit Green policy reduces net operating costs by
23.9% and carbon emissions by 18.8%, while fully maintaining reliability (no unmet demand and no
curtailment) and achieving export levels close to the baseline. Forecast accuracy is evaluated using mean
absolute error (MAE) and root mean square error (RMSE), and dispatch performance is assessed through
indicators such as grid transactions, SoC profiles, and carbon footprint. The system is reproducible with
standard PPO settings, requires minimal tuning, and provides a practical tool for cost-efficient and
sustainability-oriented microgrid operation.

Keywords— Microgrid energy management, Short-term forecasting, Transformer models, Price-aware
dispatch, Battery Energy Storage (BESS).
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Resilience-Oriented Planning of Active Distribution Networks via A
Bilevel System of Systems Approach

Mohsen Foroughifard
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Department of Electrical Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman Kerman, Iran
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Masoud Rashidinejad Department of Electrical Engineering,Faculty of Engineering, Shahid Bahonar University of
Kerma Kerman, Iran
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Sahar Mobasheri Department of Electrical Engineering, Faculty of Engineering, Shahid Bahonar University of
Kerman Kerman, Iran
s.mobasheri@eng.uk.ac.ir
Ali Riki Department of Electrical Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman
Kerman, Iran
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Abstract— Grid resilience is severely challenged by the increasing frequency and intensity of hurricane
impacts on distribution networks (DNs). To address this, a bilevel resilience-oriented planning model based
on the system of systems (SoS) approach is introduced, where decentralized microgrid operators (MGOs)
and a distribution system operator (DSO) share decision-making roles. At the upper level, the DSO uses the
Uncertain Energy Supply Index (UESI) as a risk-based metric to allocate line hardening investments. At
the lower level, MGOs invest in local assets to minimize their own costs while ensuring the resilience of
their islanded operation. The framework is tested on a modified IEEE 33-bus test system and is formulated
and solved as a MILP optimization problem. Results indicate that the coordinated SoS approach improves
system resilience, increasing the System Adequacy Index (SAI) by 6.1% over centralized planning through
a balanced mix of grid hardening and localized, risk-averse investments.

Keywords— active distribution networks planning, bilevel optimization, hurricane, resilience, system
of systems
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Stability-Aware and Computationally Efficient Energy Management
in Microgrids Using Fuzzy Supervision

Mohsen Nikanjam
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Ali Sohrabi Bidar
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Mohammad Kamran
Mohammad.kamran@yahoo.com
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Abstract— The global energy transition has accelerated the adoption of renewable energy sources
(RES) while creating new challenges for the stability, reliability, and cost-effectiveness of microgrids. To
overcome these issues, this study proposes a hybrid two-layer Energy Management System (EMS). The
deterministic layer ensures primary scheduling of resources while the fuzzy layer adaptively mitigates
renewable and loads fluctuations to obtain stability of the microgrid. A 33-bus microgrid test case is used
to evaluate the proposed approach under realistic operating conditions. Simulation results demonstrate that
the fuzzy-supervisory EMS achieves significant improvements in frequency regulation, stability indices,
and overall resiliency, while reducing operational costs compared to base case. Moreover, the hybrid design
offers computational efficiency which is suitable for real-time applications because it does not need several
populations and iterations. The findings emphasize the potential of this framework for microgrid operations
that are resilient, cost-efficient, and involve high utilization of renewable energies.

Keywords— Microgrid, Smart Grid, renewable Energies, Fuzzy theorem, Energy Management System.
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Real-Time Control of Battery-Integrated Modular Multilevel
Converters Using Extended Kalman Filter-Based Estimation for
Transportation Applications

Ali S. Tabarestani
Department of Electrical Engineering, Amirkabir University of Technology
Tehran, Iran
a.shahiry@aut.ac.ir

Gevork B. Gharehpetian
Department of Electrical Engineering, Amirkabir University of Technology
Tehran, Iran
grptian@aut.ac.ir
Davood Arab Khaburi
Department of Electrical Engineering Iran University of Science and Technology
Tehran, Iran
khaburi@iust.ac.ir
Mohammad Monfared
Department of Electronic and Electrical Engineering
Swansea University
Swansea, UK
mohammad.monfared@swansea.ac.uk

Abstract— Battery-Integrated Modular Multilevel Converters offer numerous advantages for electric
transportation and battery energy storage systems. However, practical implementations involve battery
modules with non-uniform states of charge, which lead to voltage imbalances and increased circulating
currents. These effects, in turn, compromise overall efficiency and reduce battery lifespan. Despite their
significance, a comprehensive study of these challenges remains lacking in literature. This paper proposes
a real-time control strategy that employs extended Kalman filter for precise SOC estimation and balancing.
To this end, the converter power and control blocks are analyzed, with particular focus on the power flow
between submodules as well as between arms and legs. Furthermore, the relationship between the state of
charge and the circulating current is derived. The discrete model of battery is extracted, upon which
parameter estimation using the extended Kalman filter is reviewed. The simulations are conducted with the
system connected to a permanent magnet synchronous motor. The results indicate that the proposed method
reduces the RMS circulating current by 5% and improves overall efficiency by 2% compared to the most
recent literature. The system’s charge and operating times, defined as the duration from full charge until the
batteries reach the minimum allowable level under constant load, are extended by 5%, thereby enhancing
the driving range in traction applications.

Keywords— Battery Integrated Modular Multilevel Converter, Battery energy storage system, Electric
Transportation, Extended Kalman filter, State of Charge.
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Two-Stage Hyperparameter Optimization of GRU Networks for
Load Forecasting Using Optuna and Grey Wolf Optimizer

Mohammad Hosein Mahmoodian
Department of Electrical Engineering
Amirkabir University of Technology

Tehran, Iran
m.h.mahmoodian@aut.ac.ir

Amir Khorsandi
Department of Electrical Engineering
Amirkabir University of Technology

Tehran, Iran a_khorsandi@aut.ac.ir

Hasan Rastegar
Department of Electrical Engineering
Amirkabir University of Technology

Tehran, Iran
rastegar@aut.ac.ir

Abstract— Accurate short-term load forecasting (STLF) is essential for reliable power system operation
and planning. This paper introduces a two-stage hyperparameter optimization framework for Gated
Recurrent Unit (GRU) models. In Stage 1, Optuna performs a Bayesian global search across the
hyperparameter space. In Stage 2, the Grey Wolf Optimizer (GWO) refines the best Optuna configuration
through local exploitation. The framework is validated on hourly load data from the New York Independent
System Operator (NYISO). Results show that Optuna alone achieves a Mean Absolute Percentage Error
(MAPE) of 6.12%, while the Optuna+GWO approach reduces MAPE to 5.11%. Notably, the optimized
GRU requires fewer layers and higher dropout, indicating better generalization with reduced complexity.
This dual-phase strategy demonstrates the advantage of combining Bayesian and metaheuristic
optimization to enhance forecasting accuracy while maintaining efficiency.

Keywords— Deep learning, GWO, Hyperparameter tuning, Load forecasting, Optuna
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Detecting Illegal Cryptocurrency Mining Centers Using Smart
Metering System Data Mining

Ehsan Aghababagoli
Technical and engineering department
Isfahan Province Electricity Distribution Company
Isfahan, Iran
Ehsanbabgoli64@gmail.com

Abstract— In recent years, illegal cryptocurrency mining centers in Iran's electricity distribution
networks have caused extensive damage to distribution companies by using electricity branches with
industrial and agricultural tariffs, as well as causing forced outages for all consumers and disruptions in the
power supply system. With the expansion of smart meters, a suitable platform has been created for the
visibility of consumer consumption, which can be used to provide a suitable solution to deal with changes
in the tariff of the said consumers. This paper presents a plan that, using data mining of smart meters and
consumption analysis, determines consumers likely to mine digital currency in three priorities in a short
time. By implementing this algorithm on the 33-bus IEEE network and simulating the results in Matlab
software, it was determined that in cases with priority one, consumers with a miner device are successfully
identified with 100% accuracy.

Keywords— data mining, illegal cryptocurrency mining centers, smart meters.
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A review of the role of smart metering systems in electricity
distribution networks in Isfahan province, situations and challenges

Ehsan Aghababagoli
Technical and engineering department
Isfahan Province Electricity Distribution Company
Isfahan, Iran
Ehsanbabgoli64@gmail.com

Abstract—Smart meters are new measuring devices that can provide experts in various fields with more
information than old meters, in addition to creating visibility in the electricity distribution company system.
These meters have advantages that have caused a huge change in improving processes in the electricity
distribution system. On the other hand, the development of these facilities requires new management to
control the challenges associated with advanced measurement infrastructure. Given that Isfahan Province
Electricity Distribution Company has been one of the leading companies in using smart meters, the
improvement and effectiveness of this issue in various fields such as human resources, operation,
consumption management, and economic fields is very tangible. In this article, an attempt has been made
to briefly describe the effects and results of these devices in improving processes and increasing
productivity in the Isfahan Province Electricity Distribution Company and the existing challenges, citing
the necessary examples.

Keywords— electricity distribution company, consumption management, remote monitoring, Smart

Grids, smart meters.
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Performance Evaluation of 5G Signaling Procedures for Carrying
Demand Response Messages in Power Grids

Zahra Alavikia

Department of Electrical Engineering
Lorestan University
Khorramabad, Iran
alavikia.z@lu.ac.ir

Maryam Shabro

ICT Innovation and Development Center
Niroo Research Institute (NRI)
Tehran, Iran
mshabro@nri.ac.ir

Abstract— Demand Response (DR) management is one of the most promising solutions for balancing
power generation (including fossil and renewable sources) and consumption between customers,
particularly smart meters (SMs), and power network operators. Regardless of the specific DR methods
employed, a fundamental challenge in future power grids (smart grids) is enabling reliable two-way
communication between customers and the power network. 5G networks offer a promising platform for
transmitting DR messages; however, signaling overhead required to carry a large number of power demand
messages presents a significant challenge. In this paper, we investigate the performance of the 5G signaling
procedure for directly transmitting DR messages. Performance metrics relevant to both power network and
telecommunications operators are evaluated using a MATLAB-based simulator. The results indicate that
optimizing the control parameter of the signaling procedure to maximize one metric may degrade others,
highlighting the need for a multi-objective optimization framework to address this challenge.

Keywords— 5G, Demand Response, Power Grid, Signaling Procedure.
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Multi-Stochastic Variable Optimization of Integrated Energy
Systems for Peak-Valley Difference Minimization Using NSGA-III
and Clustering Methods

Hossein Faramarzi!, Keyvan Kherad Pisheh?, Reza Shabani®, Vahid Rasouli*, Behnam Safari®, Zeynab Shahidi®
Engineering and Supervision Office, Electric Power Distribution Company, Alborz, IRAN
'hosseinfaramarzi@gmail.com, *keyvankherad@gmail.com, *rezashabani88@yahoo.com, *vahidrasoli@gmail.com,
*Safaribehnam33@gmail.com, °zeynab.shahidi63@gmail.com

Abstract— This paper presents a multi-objective optimization framework for integrated energy systems
(IES) incorporating photovoltaic (PV), combined heat and power (CHP), power-to-gas (P2G), energy
storage (ESS), and gas storage (GS). A demand response (DR) program is integrated to reduce the electricity
peak-valley difference and improve load management. The day-ahead scheduling model optimizes
operational cost, emissions, and peak load using the NSGA-III algorithm. Electrical and natural gas network
interactions are modeled through coupled power and gas flow analyses, including pressure drop effects.
Uncertainties in renewable generation and load demand are handled via a scenario-based approach, with
K-means clustering reducing 1000 scenarios to 30 for computational efficiency. Compared to MOSOA, the
proposed method achieves superior performance, improving the energy efficiency index by 10.5% and
reducing computation time. Results demonstrate enhanced system flexibility, reliability, and sustainability,
highlighting the effectiveness of integrating P2G, storage technologies, and advanced optimization for
robust IES management.

Keywords— Hub management, Integrated energy systems, NSGA-III algorithm, Peak shaving,
Uncertainty.
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Enhancing Power System Protection Through NSGA-III-Based
Optimization

Hossein Faramarzi!, Abbas Ahmadvand?, S.Maryam Eftekhari?
Alborz Electrical Power Distribution Company
Karaj, Iran
"Hosseinfaramarzi@gmail.com
?Babakahmadvand@yahoo.com
3Marya670114@yahoo.com

Abstract— The integration of distributed generation (DG) units into power systems challenges
traditional directional overcurrent relay (DOCR) coordination by altering fault current magnitudes and
directions, leading to potential miscoordination. This paper proposes a multi-objective optimization
approach using the Non-dominated Sorting Genetic Algorithm-III (NSGA-III) to determine optimal time
multiplier settings (TMS), plug settings (PS), and relay characteristics for DOCRs. The method minimizes
primary relay operating times, backup relay operating times, and coordination time interval (CTI) errors
without requiring weighting factors. It accounts for DG impacts, near-end and far-end faults, and various
relay characteristics per IEC standards. Tested on IEEE 3-bus and 8-bus systems, the approach is compared
to NSGA-II. Results demonstrate reduced operating times and improved coordination, despite minor
violations in larger systems. This enhances system reliability and mitigates DG-related protection issues.

Keywords— Directional overcurrent relay (DOCR), Many-objective optimization, NSGA-III,
Overcurrent Protection, Optimal coordination.
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Load Profile Estimation of Power Distribution Transformers Based
on Limited Smart Meter Data

Mohammad Reza Dehbozorgi
Department of Power and Control Engineering
School of Electrical and Computer Engineering, Shiraz University
Shiraz, Iran
m.dehbozorgi@shirazu.ac.ir

Mohammad Rastegar

Department of Power and Control Engineering
School of Electrical and Computer Engineering, Shiraz University
Shiraz, Iran
mohammadrastegar@shirazu.ac.ir

Abstract— Estimating distribution transformers’ hourly load profiles is important for planning and
operation. However, many transformers have no real-time monitoring due to the sparsity of smart meters.
This paper estimates the transformer load profiles using smart meter data, billing records, and GIS mapping
of customers to the transformers. First, customers’ smart meter readings are pre-processed and normalized.
Discrete wavelet transform (DWT) is utilized to extract features. The features from DWT are then grouped
into typical load profiles (TLPs) using k-means clustering. To allocate a TLP to customers without smart
meters, k-nearest neighbor is used, which utilizes monthly energy consumption, seasonal and monthly share
of consumed energy, and, if applicable, share of energy received based on customers’ tariff. Next, the TLPs
are scaled using customers’ monthly energy consumption and are aggregated to reconstruct the hourly
transformer loads. The performance of the method using real data is evaluated, and it shows that the mean
absolute percentage error is under 10%.

Keywords— Clustering, Distribution transformers, Distribution system monitoring, Load profile
estimation, Smart meters
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A Novel Approach to Low-Frequency Oscillations Damping in
Modern Power Systems using FOPID Controller of Wind-BESS
Farm

Hamidreza Allafiyeh
Department of Electrical Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
hamidreza.allafiyeh@srbiau.ac.ir

Mahdi Saadatmand
Power System Secure Operation Research Center, Amirkabir University of Technology, Tehran, Iran
m.saadatmand@aut.ac.ir

Abstract— With the rapid transition to renewable energy-based generation, inverter-based power plants
(IBPPs) have become ubiquitous in modern grids. Although compatible with decarbonization, they
significantly reduce system inertia, resulting in poor damping of low-frequency oscillations (LFOs) and
compromised transient stability. This paper presents an enhanced damping solution to modern grids by
incorporating a fractional-order proportional-integral-derivative (FOPID) controller into a wind—battery
energy storage system (BESS) farm. The proposed controller is a Power Oscillation Damping Controller
(PODC) and is optimized by the Teaching—Learning-Based Optimization (TLBO) algorithm.
Comprehensive simulations on a modified two-area benchmark system reveal that the proposed method
offers improved damping, better robustness against parameter uncertainties, and improved stability
compared to traditional PID and lead—lag controllers.

Keywords— Battery Energy Storage System (BESS), Damping, Fractional-Order PID (FOPID), Low-
Frequency Oscillation (LFO), Power System Stability, Wind-BESS Farm.
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Application of Big Data for Supermarket Refrigeration Systems
with Development of Data-Driven Machine Learning Models

Maryam Ravangard
Energy Engineering
Sharif University of Technology
Tehran, Iran
ravangard.maryam@energy.sharif.edu

Masoud Farahani Kishani
Energy Engineering
Sharif University of Technology
Tehran, Iran
masoud.kishfar.sut@gmail.com

Abbas Rajabi Ghahnavieh
Energy Engineering
Sharif University of Technology
Tehran, Iran
rajabi@sharif.edu

Abstract— Refrigeration units in supermarkets represent a significant portion of total energy usage,
often consuming up to half of the electricity demand. Operational faults in these systems lead to increased
power consumption, higher maintenance costs, and greater environmental consequences. This research
presents a machine learning (ML)-based approach for data-driven fault detection and diagnosis (FDD),
focusing on classifying six prevalent faults in CO: refrigeration systems (CO2-RS). A laboratory-scale CO»-
RS was selected in this study. Tree-based ML algorithms, including Random Forest, XGBoost, CatBoost,
and LightGBM, were trained and evaluated using Grid Search Cross-Validation. The evaluation results
indicate that all tested models surpassed 99% classification accuracy, with LightGBM achieving the highest
Fl-score of 99.73%. These findings emphasize the potential of ML-driven FDD models to enhance
refrigeration system efficiency, lower operational expenses, and minimize environmental footprints.

Keywords— Big data, Classification, Fault detection, Machine learning, Refrigeration systems
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Evaluation of Inverters Topologies for Flywheel Energy Storage
Systems Using Multi-Criteria Decision-Making Approach

Mohamadreza Arabshahi,Dept. of Electrical Engineering,Shahid Beheshti University, Tehran, Iran
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Dept. of Electrical Engineering ,Amirkabir University of Technology,Tehran, Iran
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Amirhossein Ramezankhani ,Dept. of Electrical Engineering ,Iran University of Science and Technology, Tehran,
Iran
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Mohammad Hassan Nazari,Dept. of Smart Control Systems ,Niroo Research Institute (NRI),Tehran, Iran
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Seyed Hossein Hosseinian,Dept. of Electrical Engineering ,Amirkabir University of Technology,Tehran, Iran
Hosseinian@aut.ac.ir

Abstract— Flywheel Energy Storage Systems (FESSs) are widely used for high-power applications due to
their fast response time and long lifecycle. Power electronic converters act as crucial interfaces between
FESS and the utility grid, making their selection essential for overall system performance. Therefore, this
paper proposes a systematic evaluation of inverter topologies commonly used in FESS using a Multi-
Criteria Decision-Making (MCDM) approach based on the Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS) method. The evaluation considers key performance criteria, including the
number of switches, number of diodes, number of passive elements, DC-bus capacitor presence, efficiency,
and control complexity. Results indicate that the 2-level back-to-back (BTB) inverter achieves the highest
rank due to its balance between component count and performance. The findings highlight that MCDM
approaches provide an effective framework for selecting the best alternative, especially when criteria are
numerous and decision complexity is high.

Keywords— Grid-connected Inverters, Multi-criteria decision making, Topsis, FESS
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Tokenizing Energy: Legal Architecture in the Age of Smart Grid
Governance

Zahra Gholampour
Ph.D Candidate of Law
Department of Islamic and Private Law, School of Law and Political Science, Shiraz University Shiraz, Iran
Legal Affairs Specialist, Fars Electricity Distribution Company
Gholampour.law@gmail.com

Shima Esfandiari
Ph.D Candidate of Computer Engineering
Department of electrical and computer engineering and IT
Shiraz University
Shiraz, Iran
shima.esfandiari@hafez.shirazu.ac.ir

Abstract— The energy sector faces deep-rooted challenges, including supply-demand imbalances,
uncollected receivables, unauthorized consumption, contract enforcement failures, low public participation
in energy production, and lack of transparency and trust. This paper examines the legal and regulatory
foundations of energy tokenization in smart grids, where blockchain, smart contracts, and Al-driven
mechanisms are transforming energy production, trading, and governance. Comparative legal analysis
reveals critical gaps in digital asset classification, consumer protection, cybersecurity, data governance, and
algorithmic accountability. Smart contracts enable automated, self-enforcing transactions, while Al
facilitates real-time debt recovery and secure identity management. The study proposes a layered
governance architecture combining technical protocols, enforceable legal norms, regulatory sandboxes, and
blockchain-based dispute resolution systems. These innovations promote legal certainty, decentralization,
and social trust, fostering transparent and equitable energy markets. The research offers policy
recommendations to align energy law with the evolving dynamics of decentralized, participatory energy
systems.

Keywords— Blockchain, Smart Grid, Energy Law, Regulatory, Tokenization.
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Reliability-Oriented Short-Term Planning of Energy Hub-Enabled
Microgrids with Peer-to-Peer Trading under Uncertainty

Amin Aboutalebi Najafabadi
Department of Electrical Engineering Amirkabir University of Technology (Tehran Polytechnic)
Tehran, Iran
aboutalebi@aut.ac.ir

Nabiollah Tayebi
Department of Electrical Engineering Amirkabir University of Technology (Tehran Polytechnic)
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Shahriar Kamailinia
Department of Electrical Engineering
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Tehran, Iran
Shahriar kamali@aut.ac.ir

Seyed Hossein Hosseinian
Department of Electrical Engineering Amirkabir University of Technology (Tehran Polytechnic)
Tehran, Iran
hosseinian@aut.ac.ir

Abstract— This paper presents a robust short-term planning framework for microgrids integrated with
energy hubs (EHs) and peer-to-peer (P2P) trading. A mixed-integer nonlinear programming (MINLP)
model is formulated to minimize operational cost while incorporating distributed generation (DG), demand
response (DR), and prosumer participation. To improve practicality, a linearized MILP approximation is
also implemented for benchmarking computational efficiency. Beyond deterministic optimization,
extensive Monte Carlo simulations are conducted to capture uncertainties in upstream prices, DG output,
and load demand. Reliability and resilience metrics, including Energy Not Supplied (ENS) and Loss of
Load Probability (LOLP), are evaluated to quantify system robustness. Results on the IEEE 33-bus test
system show that P2P trading reduces operating costs by 11-16% on average and improves reliability by
nearly 45% compared to the baseline. Importantly, the proposed framework not only enhances economic
efficiency but also contributes to environmental sustainability by reducing reliance on fossil-fuel-based
upstream grids and increasing renewable utilization. These findings confirm practical value of combining
EHs with P2P trading for future smart microgrids under uncertainty.

Keywords— Peer-to-peer trading, Energy hub, Microgrid optimization, Energy trading, short-term
planning.
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Blockchain-Enabled Peer-to-Peer Energy Trading with Cooperative
Game Theory for Enhanced Security

Amin Aboutalebi Najafabadi
Department of Electrical Engineering Amirkabir University of Technology
(Tehran Polytechnic)
Tehran, Iran
aboutalebi@aut.ac.ir

Seyed Hossein Hosseinian
Department of Electrical Engineering Amirkabir University of Technology
(Tehran Polytechnic)
Tehran, Iran
hosseinian@aut.ac.ir

Abstract— This study outlines a brokerless blockchain design for peer-to-peer (P2P) energy trading that
fuses cooperative game theory with a lightweight Proof of Cooperative Energy (PoCE) consensus to deliver
secure, private, and fair settlements. Smart contracts execute pricing and clearing, while access-controlled
ledgers and pseudonymous accounts shield metering and transaction data. Rather than rewarding hashing
power, PoCE selects validators by their coalition impact—Iloss reduction and local balancing—and allocates
dual incentives (consensus and coalition rewards) via Shapley-based payouts to align individual behavior
with system goals. The market is modeled as a cost-minimizing cooperative game that internalizes network-
loss penalties and transaction fees. On the IEEE 33-bus feeder with 10 prosumers, experiments show lower
feeder losses and reduced costs. Relative to no-coalition, PoS, and PoEG baselines, PoCE yields higher
local matching, ~1.8 s validation latency at ~450 TPS, and sustains privacy with minimal on-chain
disclosure—pointing to a practical path toward scalable, equitable, and physics-aware P2P energy trading.

Keywords— Blockchain, P2P Energy Trading, Cooperative Game Theory, Security, Privacy, PoCE.
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Advanced Consumer Load Profile Analysis, and Clustering
Application, in Tehran’s Electrical Network and Energy
Observatory

Meisam Nesary Moghadam
Tehran’s Electrical Network and Energy Observatory
Great Tehran Electricity Distribution Company
Tehran, Iran
mnesary(@gmail.com

Elham Firoozi Kermanshahi
GIS and Spatial Information Dept.
Great Tehran Electricity Distribution Company
Tehran, Iran
firoozie63@gmail.com

Abstract— “Tehran’s Electrical Network and Energy Observatory”, is a novel facility for monitoring,
managing, and optimizing the electrical energy distribution network, using Artificial Intelligence (AI),
Internet of Things (IoT), and big data analytic. The system aims to identify network problems, predict and
optimize energy consumption patterns, and increase network stability. This paper presents a web-based
energy analysis application built with Python, to process hourly meter data and cluster consumption patterns
across predefined customer categories. The tool features three core modules: a dashboard for aggregated
load profiling, a clustering engine to identify customer groups like high consumers and anomalous profiles,
and a module for detailed individual load profile inspection. It demonstrates efficacy in transforming raw
data into actionable intelligence for utilities, enabling improved load forecasting, anomaly detection, and
customer segmentation. The application provides a scalable solution for optimizing grid operations and
strategic energy program development through interactive visualization and robust data processing.

Keywords— 1oad profile analysis, customer clustering, big data analytics, advanced metering
infrastructure, web-based application.
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Resilient Home Energy Systems :Residential Energy Management
for Potential Grid Outage Mitigation and Anticipating Downtime

Mohammad Javad Amroony Boushehri Hossein Vafaei Mohammad-Reza Jannati-Oskuee
Shiraz Electric Power Distribution Shiraz Electric Power Distribution Tabriz Electric Power Distribution
Company Company Company, Tabriz, Iran.
Shiraz, Iran Shiraz, [ran m.r.jannati@gmail.com
En.mohamad.amrony@gmail.com vafaea@gmail.com

Abstract — The significant energy imbalances and resulting frequent power outages in Iran necessitate
resilient strategies for power management besides using roof PVs. Therefore, this paper presents a resilient
load management approach for grid-connected smart homes equipped with hybrid photovoltaic and battery
energy storage (PV-BES) systems. The proposed strategy effectively addresses uncertainties regarding the
timing and duration of power outages, alongside the inherent variability of PV generation. A novel multi-
objective optimization framework-based Particle Swarm Optimization (PSO) is employed to concurrently
enhance system resilience, improve the load factor, and reduce electricity bills. Key features include the
integration of load management strategies, the incorporation of dynamic electricity tariffs, and the use of
realistic household load profiles. Simulation results confirm notable economic benefits and a significantly
improved resilience against grid disruptions.

KeywordS—Resilience, Smart Home, Load Management.
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Data Driven Solar Energy Prediction: A Comparative Study based
on Machine Learning, Deep Learning, and Ensemble Learning
Models

Mahan Ahmadi Rahmatabadi
Department of Energy Engineering and Physics
Amirkabir University of Technology (Tehran Polytechnic),Tehran, Iran
mahan.ahmadi@aut.ac.ir

Hossein Gharibvand
Department of Electrical Engineering
Amirkabir University of Technology (Tehran Polytechnic) Tehran, Iran
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Gevork B. Gharehpetian
Department of Electrical Engineering
Amirkabir University of Technology (Tehran Polytechnic) Tehran, Iran
grptian@aut.ac.ir

Abstract— Photovoltaic solar power is a crucial and expanding global energy source specifically in
energy transition era, offering significant environmental and societal advantages. Although its future role
in the energy sector and application in distributed systems such as microgrids and smart grids is certain, its
intermittent generation necessitates precise forecasting to ensure grid stability, optimize storage solutions,
and effectively balance energy supply with demand. In this study, six machine learning, one deep learning
multi-layer perceptron (MLP) and five ensemble learning models are used to predict solar power generation.
A dataset of more than 21000 samples is used to train these models for solar energy forecasting. The models
incorporated key meteorological inputs, including humidity, ambient temperature, wind speed, visibility,
cloud ceiling height, and barometric pressure. To evaluate models' performance, each model was
meticulously assessed and compared using different performance metrics including: coefficient of
determination (R?), root mean square error (RMSE), and mean absolute error (MAE). The results indicate
that using ensemble learning models, specifically AdaBoost, to leverage the power of different models, can
increase forecasting accuracy and lower errors. Leading to higher reliability on Al models' predictions for
future planning and scheduling applications.

Keywords— Solar energy, Machine learning, Deep learning, Ensemble learning, Optimization
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Simultaneous scheduling of electricity and gas network operations
considering energy markets and renewable-source uncertainty

Sina Ahmadi®, Shahab Lotfi, Mehrdad Setayesh Nazar

Department of Electrical Engineering, Shahid Beheshti University, Tehran, Iran
*Responsible Author: sina_ahmadi@Mail.sbu.ac.ir

Abstract— This paper presents a day-ahead scheduling framework for the simultaneous operation of
electricity and gas networks that interact with each other. The electrical grid under study is a 24-bus system
capable of interacting with the upstream grid. Additionally, the gas network comprises a 15-node system
that enables gas sales through branches for the system’s operator. The proposed framework incorporates the
modeling of both electricity and gas networks and accounts for all operating constraints of these two
networks. Given the nonlinearity of the gas flow model and the diesel generator’s cost function, the equation
is linearized to yield a completely linear model. Additionally, considering the presence of uncertain
parameters—including wind, demands, and the prices of electricity and gas markets—a stochastic
programming model is introduced. The study is examined through two case studies. In the first Case Study,
the system is analyzed under the assumption that the electricity network is not available, while in the second
Case Study 2, the system is analyzed assuming that the electricity network is available. Finally, to ensure
the robustness of the results, a sensitivity analysis is conducted on the model.

Keywords— Gas and Electrical grid, Day-ahead scheduling, Optimal Operation, Multi-carrier energy,
Uncertainty.
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A Decentralized Blockchain-Based Model for Managing
Consumption and Promoting the Deployment of Electric Vehicle
Charging Stations

Mohammadhossein Ghorbi
Mechanical Engineering Department
Faculty of Engineering
University of Isfahan
Isfahan, Iran
m.ghorbi@eng.ui.ac.ir

Amirhosein Mansouri
Renewable Energy Engineering Department
Faculty of Mechanical and Energy Engineering
Shahid Beheshti University
Tehran, Iran
amirhos.mansouri@alumni.sbu.ac.ir

Abstract— With the rapid growth of electric vehicles (EVs), the need to develop their charging
infrastructure has become one of the major challenges. The shortage of charging stations and inefficient
energy distribution are key obstacles limiting the widespread adoption of these vehicles. In this research, a
decentralized blockchain-based model is proposed to manage energy consumption and promote the
establishment of EV charging stations. The key innovation of this research lies in introducing a blockchain-
based energy tokenization mechanism that not only decentralizes and enhances the transparency of energy
exchange, but also accelerates the development of EV charging infrastructure by creating new economic
incentives. This model uses a dedicated digital token to manage energy exchange between producers
(charging station owners) and consumers (EV owners). Producers receive tokens for supplying energy
through renewable sources, such as photovoltaic panels and energy storage in batteries or electrolysis-
hydrogen systems. Consumers can purchase these tokens to charge their vehicles or store them for future
exchange. This distributed and transparent network functions similarly to fuel cards used for gasoline
vehicles and enhances the economic incentives for investing in charging infrastructure. Additionally, the
use of smart contracts and a distributed public key infrastructure ensures transaction security and eliminates
the need for intermediaries. The results demonstrate that this model not only contributes to the sustainable
development of EV charging networks and the reduction of air pollution but is also economically
advantageous for both investors and consumers.

Keywords— Blockchain, Smart Contract, Electric Vehicles, Peer-to-Peer Trading
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Equity-based Electricity Tariff Design in the Presence of DERs and
Prosumers

Mohammad-Reza Amiri, Mohammad Kazem Sheikh-El-Eslami, Sayyed Majid Miri Larimi, and

Hamid Reza Baghaee
Faculty of Electrical and Computer Engineering, Tarbiat Modares University, Tehran, Iran
{amiri.mohammadreza, aleslam, m.miri, hrbaghaee}@modares.ac.ir

Abstract— The increasing penetration of distributed energy resources and the Prosumers are
transforming electricity tariff structures for customers. In this paper, various methods, including equity-
based tariff design, have been considered. This paper proposes a tariff design that incorporates the principle
of equity while also taking into account customers' consumption volumes. A bi-level optimization method
is employed to achieve this objective, and simulation results in GAMS software indicate that customers
have successfully implemented demand-side management.

Keywords— Customers, Demand-Side Management, DERs, Equity, Prosumers, Tariff Design.
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Power Quality in Renewable-based Energy Systems: A Snapshot
Review of Harmonic Detection Schemes

Vahid Nazari*
Department of Electrical Engineering, Amirkabir University of Technology
Tehran, Iran
vahid.nazari@aut.ac.ir

Mehdi Jabareh Nasero
Ministry of Energy,Fars Regional Electric Company
Shiraz, Iran
mehdi.jabare@yahoo.com

Farhad Veysi
Department of Electrical Engineering,Newcastle University,Newcastle,
United Kingdom
f.veysi2@newecastle.ac.uk

Alireza Mohammadi Amidi
Department of Electrical Engineering,Razi University
Kermanshah, Iran
alireza.moamidi@gmail.com

Abstract— With the rising demand for power globally, the reliance on electrical systems has grown,
bringing power quality to the forefront as a critical concern. Issues such as harmonic distortions from
nonlinear loads and renewable energy sources pose significant challenges to the efficiency and reliability
of these systems. Harmonics lead to a range of operational issues, including equipment malfunctions,
increased energy losses, and system instability. These challenges emphasize the need for effective detection
and mitigation strategies. This paper provides a snapshot review of different harmonic detection (HD)
techniques. It investigates both traditional and modern methods. Furthermore, a brief comparison is
conducted between the reviewed HD methods.

Keywords— Harmonics, Harmonic Detection Schemes, Renewable-based Energy Systems, Snapshot
Review.
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Comprehensive Optimization Framework for Smart Distribution
Networks with Multi-Resource Integration

Kamran Taghizad-Tavana . Mehrdad Tarafdar Hagh
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Hossein Shahinzadeh De agﬂ:j&;}]gﬁ trical Hassan Niazi
Department of Electrical P Eneineerin Faculty of Electrical and Computer
Engineering, Amirkab%r Unive%sit of Engineering
Amirkabir University of Technology Technology Y University of Tabriz

Tabriz, Iran
hasanniyazi.994@gmail.com

Tehran, Iran

h.s.shahinzadeh@jieee.org Tehran, Iran

nafisi@aut.ac.ir

Abstract— 1In this paper, an optimization framework is presented for the operation of smart distribution
networks considering renewable energy sources, battery energy storage systems, combined heat and power
(CHP) units, and fuel cells. The primary objective of this study is to reduce dependency on the upstream
network, minimize power losses, and improve the voltage profile in distribution networks. The proposed
model is simulated using GAMS software on the IEEE 33-bus standard network. The performance of the
model is analyzed under four different operational scenarios. In the first scenario, the network operates
solely with renewable energy sources. In the second scenario, battery energy storage systems are integrated
into the network. The third scenario includes CHP units, while in the fourth scenario, fuel cells are
incorporated into the system. The findings indicate that, compared to the base case, the presence of battery
energy storage systems reduces the power drawn from the upstream network by 12.76%, CHP units lead to
a 95.96% reduction, and fuel cells result in a 28.22% reduction. These results demonstrate that integrating
distributed generation and energy storage systems can significantly decrease dependency on the upstream
grid and enhance the stability and efficiency of the power system. Moreover, the results reveal that CHP
units have the most significant impact on reducing network losses, achieving an 87.96% reduction, while
battery energy storage systems contribute to a 31.04% reduction in losses. These findings highlight the
importance of optimally integrating energy resources to improve network efficiency.

Keywords— Smart distribution network, Battery energy storage systems, Fuel cell, Combined heat and
power units, Renewable energy resources.
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An Improved Current Sharing Method in Two-Phase Interleaved
LLC Resonant Converter

Alireza Shokripour
School of Electrical and Computer Engineering
Shiraz University
Shiraz, Iran
a.r.shokripour@gmail.com

Omid Hosseini
School of Electrical and Computer Engineering
Shiraz University
Shiraz, Iran
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School of Advanced Technologies
Shiraz University
Shiraz, Iran
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Ebrahim Farjah
School of Electrical and Computer Engineering
Shiraz University
Shiraz, Iran
farjah@shirazu.ac.ir

Abstract— Multi-phase interleaved LLC resonant converters have been introduced as a promising
solution to meet the growing demands for high power density, reduced current rating of each module, and
improved efficiency. However, operating multiple LLC modules at the same switching frequency often
leads to significant current imbalance due to the component tolerances in the resonant tanks. This results in
degraded output quality, output current imbalance, and reduced reliability. To address these challenges, this
paper proposes a novel two-phase interleaved LLC resonant converter that employs an independently
controlled variable inductor to adjust the resonance frequency of both modules for compensating the
component mismatches and ensuring balanced current sharing. Simulation results using ANSYS Maxwell
and MATLAB Simulink confirm the effectiveness of the proposed technique in enhancing the performance
of interleaved LLC converters.

Keywords— ANSYS Maxwell, current sharing, interleaved LLC resonant converter, variable inductor
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Short-Term Energy Consumption Forecasting in Smart Steel Plants
Based on Hybrid and Featured Deep Learning Methods

Abdollah Moshiri,
Department of Industrial Automation, IRISA Co,
Esfahan, Iran.
a.moshiri@irisaco.com, a.moshiri@pardis.sharif.edu

Ali Mohammad Afshin Hemmatyar,
Department of Computer Engineering, SUT (Sharif University of Technology),
Tehran, Iran.
Hemmatyar@sharif.edu

Abstract— Accurate Short-Term Load Forecasting (STLF) is very prominent for energy management
in smart manufacturing, enabling reduced waste and cost optimization within smart grid infrastructures.
This study develops hybrid deep learning models, LSTM/CNN/Conv-LSTM, and a customized
Transformer-Encoder (Transformer-EN) for forecasting energy consumption in the Hot Strip Mill (HSM)
plant at Mobarakeh Steel Company, Iran. Experiments on univariate and multivariate datasets show Conv-
LSTM as the best performer in multivariate forecasting, while a featured Transformer-EN achieves superior
univariate results, enhanced through positional encoding and masked multi-head attention. To assess
generalizability, models were also tested on the standard Household Power Consumption dataset. Compared
with benchmarks such as Khan et al. (2023), Transformer-EN reduced error metrics (MSE 0.3014, RMSE
0.5490) and, in univariate mode, achieved the best normalized values (RMSE 0.106, MSE 0.120, MAE
0.067). These results confirmed that hybrid and transformer-based architectures significantly improve
forecasting accuracy for both industrial and residential energy applications.

Keywords— Smart grid; Short-Term Load Forecasting; hybrid deep learning; Transformer-Encoder;
Conv-LSTM
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Reinforcement Learning-Based Adaptive Voltage Support for Grid-
Forming Converters

Kamran Moradi
Department of Electrical Engineering University of Kurdistan
Sanandaj, Iran
k.moradi@uok.ac.ir

Qobad Shafiee
Department of Electrical Engineering University of Kurdistan
Sanandaj, Iran
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Hassan Bevrani
Department of Electrical Engineering University of Kurdistan
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Abstract— Maintaining PCC voltage in statutory limits in active distribution networks with high
inverter-based resources (IBRs) is challenging due to high R/X feeders, stochastic load/generation, and
frequent topology changes that render fixed droop parameters suboptimal. This paper formulates PCC
voltage support as real-time reactive power regulation grid-forming converters (GFMCs) subject to inverter
current limits and uncertain operating conditions, without reliance on an accurate network model. The paper
proposes an online rein- forcement learning-based control strategy for adaptive voltage support of GFMCs.
A state—action—reward—state—action agent dynamically adjusts the proportional-integral coefficients of the
outer reactive power control loop of supervisory layer to regulate the PCC voltage via reactive power
injection. The controller is model-free and learns an optimal policy in real- time, balancing voltage
regulation with operational constraints such as inverter current limits. The proposed controller has been
verified in MATLAB/SIMULINK environment. Relative to a fixed-gain droop baseline without the
supervisory layer, the method exhibited faster and better-damped reactive power re- sponse and reduced
voltage deviation, while respecting inverter capability constraints.

Keywords— Adaptive voltage support, reinforcement learning, reactive power support, state—action—
reward—state— action.
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On-the-Fly Characterization of Magnetic Core Permeability and
Loss for Miniaturized SMPS

Seyed Mohammad Hashemi Abrandabadi
Sharif University of Technology
Tehran, Iran
hashemiabrandabadiseyedmohamma@gmail.com

Yas Hosseini Tehrani
Sharif University of Technology
Tehran, Iran
yhtehrani@sharif.edu

Abstract— Accurate inductor characterization is essential for high-density, integrated switch-mode
power supplies (SMPS), as parameters such as core nonlinearity, amplitude permeability, apparent
permeability, and air gaps have a strong impact on the performance of the converter. Existing measurement
techniques for characterization of inductor often require bulky equipment or modifications to the SMPS
circuit, limiting on the fly measurement. This paper introduces a novel method for inductor characterization,
which enables direct extraction of amplitude permeability and average core loss under normal operating of
SMPS circuit without the need for fast ADCs or circuit changes. As a practical demonstration, the method
is applied to miniaturized planar inductors, revealing their dynamic permeability behavior across varying
excitation and frequency. Experimental results confirm that the proposed method is accurate and can be
seamlessly embedded into switching power supplies, enabling real-time extraction of inductor
characteristics. This capability provides valuable information for improving converter control, enhancing
efficiency, and ensuring reliable operation under varying load conditions.

Keywords— Amplitude permeability, Average core loss, Ferrite core characterization, Magnetic
miniaturization, On-the-fly permeability measurement, Planar inductor; Real-time magnetic analysis;
Switch-mode power supply (SMPS).
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Fractional Order Control Design for Bus Voltage Control of a
Microgrid Feeding CPLs
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Abstract— This paper addresses bus-voltage regulation in a multi-converter DC microgrid feeding
constant power loads (CPLs), where the negative incremental impedance of CPLs and the right-half-plane
zero of boost converters reduce damping and may destabilize the system. The test system consists of four
second-order boost converters supplying a 48 V DC bus and two CPLs regulated at 35 V and 40 V. A
fractional-order PID (FOPID) controller is designed for the bus-voltage loop, and its five parameters are
tuned via the Grey Wolf Optimization (GWO) algorithm using bounded search ranges and time-domain
performance indices. The fractional differ-integral operators are realized through a band-limited Oustaloup
approximation, enabling digital implementation. Simulation results show that, compared with a GWO-
tuned integer-order PID, the proposed FOPID-GWO scheme reduces bus-voltage overshoot from about
18.7% to below 3%, shortens the 2% settling time from 0.24 s to 0.08 s, and decreases the ITAE index by
nearly 80% under nominal conditions. Under 50% load-step uncertainties and injected sensor noise, the
FOPID controller maintains accurate tracking of the bus and CPL reference voltages and preserves high
overall efficiency 93.4%. A numerical eigenvalue and sensitivity analysis confirms left-half-plane closed-
loop poles and acceptable robustness margins, indicating a stable and robust solution for DC microgrids
with CPLs.

Keywords— DC Microgrid, Constant Power Load, Gray Wolf Algorithm, Fractional Order Controller,
Disturbances and Noise.
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Integration of Net Metering with Demand Response for Load
Balancing in Microgrids: A Case Study
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Abstract— The increasing penetration of renewable energy sources (RES) in modern power systems
necessitates effective strategies for maintaining energy balance and grid stability. This study investigates
the integration of net metering with demand response (DR) as a solution for load balancing in microgrids.
A case study is conducted for a commercial facility in Pavia, Italy, evaluating the technical and economic
feasibility of a photovoltaic (PV) system utilizing net metering and DR. The HOMER software is used to
simulate energy flows, considering solar radiation, load demand, and financial parameters. The results
indicate that 67.7% of the facility's energy demand is met through on-site PV generation, with 32.9% of
excess energy exported to the grid. Net metering significantly reduces reliance on the grid, enhancing
energy self-sufficiency and cost-effectiveness. Additionally, demand response strategies contribute to peak
demand reduction and grid stability. The findings highlight the economic viability of integrating net
metering and demand response, emphasizing their role in optimizing microgrid operations. Moreover, the
study demonstrates that a 98% power exchange balance between the grid and the consumer is achieved,
ensuring an efficient utilization of energy and further reinforcing the benefits of net metering in microgrid
management.

Keywords— Net metering, Demand response (DR), Microgrids, Load balancing, Renewable energy
integration.
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Comparative Analysis of Switching Strategies for a High-Gain Non-
Isolated DC-DC Converter in Photovoltaic Applications
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Touhid Poursheykh Aliasghari
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Abstract— High-gain DC-DC conversion is essential for photovoltaic (PV) energy interfaces where
low array voltages must be boosted efficiently to downstream DC links or inverters. This paper presents a
comparative study of three switching strategies as (i) complementary, (ii) phase-shifted with duty ratio D <
0.5, and (iii) phase-shifted with D > 0.5 which applied to a two-switch non-isolated voltage-lift (VL)
converter. For each strategy, the operating modes and steady-state relations (conversion ratio, device
stresses, and inductor ripple) are derived and verified through simulations using a consistent component
set. Trends are further checked against laboratory measurements from a 200-W setup using the same
parameters. The results indicate that phase-shifted modulation offers favorable voltage-gain characteristics
and reduced stress profiles, translating into improved efficiency within practical duty-ratio ranges for PV
applications. Comparative insights provide a control-oriented basis for selecting the switching strategy
when designing high-gain, non-isolated PV converters prioritizing efficiency, simplicity, and predictable

dynamics.

Keywords— Photovoltaic (PV), high-gain DC-DC converter, switching strategy, phase-shift
modulation, voltage-lift, efficiency
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Evaluation of Zonal Congestion Management by Considering
EVCSs and Wind Farms based on a Structural Decomposition
Method

Behrouz Moarref
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Seyyed Mostafa Abedi
Department of Electrical Engineering
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Tehran, Iran
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Abstract— Network congestion management is one of the most important challenges from the point of
view of the network operator with the increasing number of renewable energy sources. Neglecting this issue
can cause network shutdown and lack of reliability. In this paper, using an analytical method and structural
decomposition, the congestion changes of network lines, zones, and the entire network caused by electric
vehicle charging stations (EVCSs) and wind farms are evaluated. Also, the most influential factor on the
flow changes of each line, zone, and the entire network is determined. The proposed method is implemented
on the IEEE 24-bus network and its results are analyzed. Determining the contribution of each factor to the
flow changes of each zone (transmission company) can give a suitable signal to the operator to forecast the
network. The main innovation of this study is the application of a structural decomposition analytical
method for zonal congestion management considering the simultaneous impact of EVCSs and wind farms.
Unlike conventional optimization or pricing-based approaches, the proposed method analytically
determines the contribution of each element including generation units, network load, EVCSs, and wind
farms to line and zonal flow variations, providing a novel predictive signal for the system operator to
enhance reliability and prevent network shutdown.

Keywords— Electric vehicle charging station, Wind farm, Line flow, Zone, Decomposition.
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Enhanced LSTM Model For Early Sepsis Prediction Using
Systematic Data Preprocessing And Temporal Feature Engineerng
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afrasiabi@shirazu.ac.ir

Abstract— This paper presents an enhanced Long Short-Term Memory (LSTM) neural network
approach for early sepsis prediction in intensive care unit (ICU) patients using the MIMIC-III database.
Our methodology implements a comprehensive four-stage data filtering criteria system to ensure high-
quality training data, followed by an improved temporal feature engineering approach with 20-hour
lookback windows and 3-hour prediction horizons. The proposed model achieves superior performance
compared to baseline methods, with an Area Under the Receiver Operating Characteristic curve (AUROC)
of 0.884 and specificity of 71.8% at 90% sensitivity. Our implementation introduces novel preprocessing
techniques including systematic application of SIRS criteria, precise sepsis onset timing (T onset)
calculation, and advanced normalization strategies with zero-padding for missing values. The model
demonstrates significant improvement over existing approaches while maintaining clinical interpretability
through bootstrap confidence intervals and comprehensive performance analysis.

Keywords— Sepsis prediction, Deep learning, LSTM, Medical informatics, ICU monitoring, MIMIC-
III database.
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Kalman-Enhanced Dynamic Spatiotemporal Gaussian Process
Regression for Real-Time Wind Turbine Power Estimation
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Abstract— Accurate prediction of wind turbine power output plays a crucial role in improving energy
production efficiency and supporting reliable grid operations. Although Gaussian Process (GP) regression
is a powerful tool for spatial estimation, its computational demands grow quickly when applied to fully
dynamic spatiotemporal systems. To overcome these limitations, we introduce a fast and scalable estimation
framework that couples GP regression with Kalman filtering. By modeling the spatiotemporal kernel as a
separable structure and imposing a rational form on the temporal spectrum, we derive a discrete-time state-
space model of finite dimension that allows real-time estimation. A central contribution of our work is
formulating a Kalman-based representer theorem, establishing that the Kalman filter state provides all
necessary information for obtaining minimum-variance predictions at any future time and across an
unbounded spatial domain. We further investigate cases in which the set of spatial observation points varies
over time, enabling the method to handle practical, dynamically changing environments. The effectiveness
and efficiency of the proposed approach are verified using both simulated scenarios and real wind turbine
data, showing clear advantages over standard GP regression methods.

Keywords— Gaussian Process Regression, Kalman Filtering, Spatiotemporal Estimation, Wind Turbine
Power, Machine Learning.
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Cost-Effective Energy Management of an Industrial Microgrid
Considering Electric Vehicle Integration
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Abstract— This paper presents a coordinated energy-management framework for an industrial
microgrid integrating combined heat and power units, renewable energy sources (PV and WT), electrical
and thermal energy storage systems (BSS and TSS), and electric vehicle (EV) fleets. The model, based on
a modified IEEE 18-bus system, optimizes generation, storage, and EV charging under various operating
scenarios. Eighteen case studies were simulated to analyze the economic and operational impacts of
different configurations. The results indicate that coordinated operation substantially reduces total costs,
enhances renewable utilization, and improves grid stability. Particularly, the variable-rate coordinated
charging strategy of EVs achieved the most balanced performance, minimizing peak load and achieving the
lowest final cost ($21,492.714). The findings highlight the effectiveness of integrated multi-energy
management in achieving cost-efficient and sustainable industrial microgrid operation

Keywords— Industrial microgrid; Energy management; Combined heat and power; Renewable energy;
Electric vehicles; Coordinated charging; Multi-energy optimization
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Intelligent Output Voltage Regulation of DC-DC Boost Converter
Via Optimal Extended State Observer

Tahereh Taleshian'*, Abolfazl Ranjbar Noiey!**, Jalil Sadati!***, Milad Malekzadeh?****
"Department of Control Engineering, Babol Noshirvani University of Technology, Babol, Iran
Technical University of Munich, Munich, Germany

*t.taleshian@yahoo.com, **a.ranjbar@nit.ac.ir, ***j.sadati@nit.ac.ir,
*¥*%%m malekzadeh@tum.de

Abstract— 1n this paper, a double-loop PI controller is designed to regulate the output voltage of a DC-
DC boost converter at a desired level. To achieve this, the controller requires both the output voltage and
the inductor current of the converter. Since direct measurement of these variables may not always be
practical, an enhanced intelligent observer based on the proportional integral extremum seeking control
approach is proposed. This is to estimate the inductor current and the converter input voltage. The observer
operates online, requires minimum system information, and can reliably estimate these variables using only
the measured output voltage. The estimated values are then provided into a double-loop controller,
maintaining the output voltage at the desired level, despite variations in the input voltage. Furthermore, the
proposed observer is compared with a conventional extended state observer and a sliding mode observer to
demonstrate its superior estimation accuracy and robustness. Simulation results in MATLAB™ confirm the
effectiveness of the proposed method during accurately estimating system states under, gradual input
voltage changes.

Keywords— Extended State Observer, Extremum Seeking Control, DC-DC Boost Converter, Online
Estimation, Voltage Regulation.
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Performance Assessment of Solar Carports as Campus
Sustainability Infrastructure

Mohammad Mahdi Asghari

Zahra Piryaei
Aslan Gholami
Majid Zandi
Department of Renewable Energy Engineering
Shahid Beheshti University
Tehran, Iran
mohammadm.asghari@mail.sbu.ac.ir
a_gholami@sbu.ac.ir

Abstract— As universities seek to advance sustainability and reduce carbon emissions, large parking
areas offer untapped potential for renewable energy generation. This study evaluates three solar carport
configurations across the southern, central, and western parking lots of Shahid Beheshti University’s
Abbaspour campus, using PVsyst simulations to optimize tilt angles and orientations for maximum energy
yield. The results indicate that the combined output of the three carports can reach approximately 2,050
MWh per year, covering a substantial share of the campus’s electricity demand. Notably, each carport on
its own is capable of nearly meeting the campus’s summer electricity requirement of 825 MWh,
underscoring their effectiveness and reliability as a clean energy solution. Beyond energy generation, solar
carports provide shaded areas for comfort, highlighting their dual-purpose benefit. The findings underscore
the value of integrating solar carports into campus infrastructure as a practical and effective step toward

sustainable energy practices, reduced emissions, and enabling electric vehicle charging.

Keywords— Dual-purpose Infrastructure, Electric Vehicle Charging, Photovoltaic System, PVsyst
Simulation, Renewable Energy, Solar Canopy, Solar Energy, Orientation Optimization.
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Eliability-oriented Optimal Scheduling of Interconnected Hydrogen
-integrated Energy Hubs

Mahdi Nozarian
R&D Department
Monenco Iran Consulting Engineers
Tehran, Iran
Nozarian.Mahdi@monencogroup.com

Mohammad Namazizadeh
R&D Department
Monenco Iran Consulting Engineers
Tehran, Iran
NamaziZadeh.Mohamad@monencogroup.com

Abstract— Today, concerns about the significant increase in energy demand, as well as global warming
caused by fossil fuels, highlight the role of hydrogen in realizing future sustainable energy systems. In this
context, integrating the capabilities of hydrogen with the energy hub (EH), as an efficient framework for
optimal operation of multi-carrier infrastructures, can pave the way toward sustainability and energy
efficiency. Accordingly, this paper employs a hydrogen-integrated energy hub (HIEH) framework, which
combines the advantages of EHs in achieving energy efficiency with hydrogen's unique ability to store
electrical energy, leading to synergies in efficiency, as well as improved redundancy and reliability. This
research proposes a reliability-oriented framework that aims at optimal scheduling and efficient energy
management for interconnected HIEHs. Numerical result from the simulation of the proposed model within
the IEEE 33-bus test system in the distribution level, including 33 HIEHSs, denote the efficiency of the
proposed model. Key findings from the simulations of the proposed framework demonstrate significant
improvements in reliability, renewable energy curtailment, operational costs, and exported energy to the
upstream grid.

Keywords— Reliability, Hydrogen, Energy hub, Multi-carrier energy system.
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High Gain Capability DC-DC Converter Based on Coupled
Inductor and Voltage Multiplier Network for DC Microgrid

Applications
Pouneh Aghakhanlou Fatemeh Falahi Ali Nadermohammadi
Faculty of Electrical and Faculty of Electrical and Computer Faculty of Electrical and Computer
Computer Engineering Engineering Engineering
University of Tabriz University of Tabriz University of Tabriz
Tabriz, Iran Tabriz, Iran Tabriz, Iran
pkhanlou92@gmail.com fateme.falahi.2173@gmail.com a.nadermohammadi1401@ms.tabrizu.ac.ir
Seyed Hossein Hosseini Ebrahim Babaei
Faculty of Electrical and Computer Engineering Faculty of Electrical and Computer Engineering
University of Tabriz University of Tabriz
Tabriz, Iran Tabriz, Iran
hosseinil 16@yahoo.com e-babaei@tabrizu.ac.ir

Abstract— The paper presents a novel configuration of a non-isolated DC-DC converter capable of
achieving a high step-up voltage ratio through the use of a coupled inductor. In this design, boosting voltage
cells are effectively integrated with the coupled inductor and a set of auxiliary components to deliver
improved voltage gain and overall system performance. The proposed converter offers several distinct
advantages, including mitigated voltage stress on passive devices, a shared ground reference, reduced
fluctuation of input current, continuous current flow at the input stage, enhanced voltage amplification, and
better conversion efficiency, making it a promising choice for renewable and sustainable energy
applications. Additionally, the study provides an in-depth steady-state theoretical evaluation, outlines the
operational principles, and compares the performance metrics with existing topologies. Simulation studies
carried out in PSCAD/EMTDC confirm the accuracy of the theoretical investigation and validate the
converter’s effectiveness.

Keywords— Non-isolated dc-dc converter, high voltage gain, coupled inductor, continuous input
current, common ground.
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Solar-Powered Electrolyzer for Green Hydrogen: Design,
Integration, and Experimental Evaluation

Amirmohammad Badahang
Department of Electrical Engineering,
Faculty of Engineering,

University of Isfahan, Isfahan, Iran
Amir0012181@gmail.com

Yahya Kabiri-Renani
Department of Electrical Engineering,
Faculty of Engineering,
University of Isfahan, Isfahan, Iran
y.kabiri@eng.ui.ac.ir

Abstract— The growing demand for sustainable energy carriers has positioned hydrogen as a
cornerstone of the low-carbon economy. Water electrolysis powered by renewable energy is the most
effective way to generate high-purity green hydrogen . The purpose of this paper is to explore how
renewable resources can be integrated with electrolyzers and to present the design and experimental
validation of a low-cost solar prototype. A brief review of electrolysis technologies highlights their
advantages and limitations . Now, special attention is given to the opportunities and challenges of coupling
intermittent renewables, where direct photovoltaic integration is promising in solar-rich regions. The
proposed prototype demonstrates feasibility using readily available materials, offering insights into
performance and economic aspect . This paper presents the design, integration, and experimental evaluation
of a laboratory scale solar powered electrolyser as the most possible solution for green hydrogen production
. The findings contribute to advancing green hydrogen technologies and their role in energy transition .

Keywords— Electrolysis, green hydrogen, renewable energy integration, solar electrolyzer, prototype
design.
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Robust Load-Frequency Control Synthesis in a Renewable
Integrated Power System

Shahin Fatehi!, Sirwan Shazdeh', Sharara Rehimi! and Hassan Bevrani!
Smart/Micro Grids Research Center (SMGRC), Dept. of Electrical Eng., University of Kurdistan, Sanandaj, Iran
shahin.fatehi@uok.ac.ir, s.shazdeh@uok.ac.ir, sharara.rehimi@uok.ac.ir, bevrani@uok.ac.ir

Abstract— Traditional power systems based on synchronous generators (SGs) are being replaced by
modern power systems that integrate renewable resources via power-electronic converters, which reduce
system inertia and alter frequency dynamics. This paper presented an updated frequency-response model
(FRM) that includes the equivalent dynamics of SGs and grid-forming (GFM) converters connected to the
power system. First, the dynamic coupling between the GFM area and the SG area is estimated using a
data-driven identification method. The identified parameters are then considered as uncertainty in the robust
controller design. The proposed robust controller is implemented in the secondary control loop and is
designed to reject disturbances and ensure the system frequency returns to its nominal value under load
variations. Validation is performed in MATLAB environment on the standard 9-bus test system under
various disturbance scenarios. The results demonstrate improved frequency regulation and increased
robustness against uncertainties.

Keywords— modern power systems, frequency-response model, grid-forming converters; parameter
estimation, robust load—frequency control
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A Hybrid Approach for Lane and Obstacle Detection in Vehicle Path
Using Stereo Vision and V-U Disparity Maps

Milad Hooti

Chabahar Maritime University
Chabahar,Iran
emhooti@gmail.com

Abdollah Abadian
university of sistan and baluchestan
Zahedan, Iran
Abdullah.abadian@gmail.com

Islam Barani
university of 115istan and baluchestan
Zahedan, Iran
Ibarani0092@gmail.com

Abstract— 1n advanced driver assistance systems, simultaneous detection of lane markings and
obstacles is of paramount importance. This paper presents a novel hybrid method based on stereo vision
that can simultaneously detect lane markings and identify and range obstacles in the vehicle's path. The
proposed method operates in three main stages: first, the ground plane is segmented from obstacles using
the V-disparity map. Second, lane markings are detected through edge extraction, angle histogram analysis,
intersection point calculation, and tracking algorithms. Third, obstacles in the vehicle's path are labeled
using the U-disparity map, and their distances are calculated with high accuracy. Evaluation of the proposed
method on the standard KITTI dataset demonstrates that it achieves higher accuracy and robustness
compared to existing methods and effectively handles challenges such as shadows, intense illumination,
and lane marking occlusions.

Keywords— Stereo Vision, Lane Detection, Obstacle Detection, Driver Assistance Systems, Ranging,
V-U Disparity Maps.
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Multi-objective Optimization of Energy Hubs and Pareto Front
Decision Making Using Large Language Models

Ali. Darvishi
Clinical-Laboratory Center of Power System & Protection, Faculty of Intelligent Systems Engineering & Data
Science, Persian Gulf University
Bushehr, Iran

Mohammad Reza Mansouri
Clinical-Laboratory Center of Power System & Protection, Faculty of Intelligent Systems Engineering & Data
Science, Persian Gulf University
Bushehr, Iran

Amir Reza Setayesh Matin
Clinical-Laboratory Center of Power System & Protection, Faculty of Intelligent Systems Engineering & Data
Science, Persian Gulf University
Bushehr, Iran

Reza Gharibi
Clinical-Laboratory Center of Power System & Protection, Faculty of Intelligent Systems Engineering & Data
Science, Persian Gulf University
Bushehr, Iran

Rahman Dashti
Clinical-Laboratory Center of Power System & Protection, Faculty of Intelligent Systems Engineering & Data
Science, Persian Gulf University
Bushehr, Iran

Abstract— Energy hub optimization depends on compromises between multiple conflicting objectives.
The result of this process is not a unique solution, but a set of optimal solutions constituting the Pareto
front. The next step is to choose the best solution from the available optimal points. The most effective
approach can differ according to the conditions and preferences. In this paper, a large language model
(LLM) is used to select the most efficient approach in the Pareto front. LLMs, due to their ability to
understand human language, can take into account existing conditions and preferences. This capability
allows LLMs to be employed in decision-making to select the best approach without the need for
mathematical or formulaic complexities. To evaluate the performance of the LLM, an energy hub was
optimized, and its Pareto front was provided to the model. The LLM selected the best solution based on
user preferences and conditions. The results were compared with the fuzzy satisfaction method,
demonstrating flexible and effective decision-making.

Keywords— Energy Hub, Large Language Model (LLM), Optimization, Pareto Front, Fuzzy
Satisfaction
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Securing the Industrial Control Systems: A Layered Perspective on
Cyber Threats and Countermeasures

Amirhosein Imani
Software Defined Radio laboratory
Shiraz University
Shiraz, Iran
Amirhosein_imani@shirazu.ac.ir

Alireza Keshavarz-Haddad
School of Electrical and Computer Engineering
Shiraz University
Shiraz, Iran
Keshavarz@shirazu.ac.ir

Abstract— Industrial Control Systems (ICS) are widely used to automate processes in critical
infrastructures and large industrial plants. Programmable Logic Controllers (PLCs) are key components of
these systems, responsible for controlling actuators in industrial environments. To reduce cost and improve
efficiency, commercial-off-the-shelf hardware and software, as well as external networks such as the
Internet, are increasingly integrated into PLC-based control systems. The central role of PLCs, combined
with insufficient security considerations in the design of industrial control networks, has made them
attractive targets for Internet-based attackers. Recent cyber incidents affecting major industrial
infrastructures underscore the urgent need for further scientific investigation. This paper investigates
vulnerabilities and security attacks targeting PLCs and classifies them according to their origin.
Additionally, security measures to mitigate these threats are reviewed and categorized based on their
location within the system architecture and the scope of their impact.

Keywords— Industrial Control Systems - Programmable Logic Controllers - Cyber Security - Security
Solutions.
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Adaptive Fuzzy Range Prediction for Electric Vehicles under
Dynamic Driving Conditions

Mohammad Mahdi Avazpour
Dept. of Mechanical Engineering
Shiraz University
Shiraz, Iran
Avazpour@shirazu.ac.ir

Mohsen Mohammadi*

Dept. of Mechanical Engineering
Shiraz University
Shiraz, Iran
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Shiraz University
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Abstract— Reliable driving range estimation is a critical challenge in electric vehicles (EVs), as it is
strongly influenced by driving behavior, battery health, and external conditions. Conventional fuzzy models
offer robustness but lack adaptability to dynamic real-world variations, limiting their accuracy. This paper
presents an adaptive fuzzy framework for real-time range estimation, integrating the interpretability of
physics-based energy modeling with the flexibility of online fuzzy adaptation. The estimator processes six
contextual inputs—state of charge, traction power, acceleration, road slope, ambient wind speed, and driver
behavior index—capturing vehicle dynamics, environmental conditions, and driving behavior. By
continuously adjusting its rule base and membership parameters, the system maintains high accuracy across
varying slopes, loads, and driving styles without offline recalibration. Experimental validation on a closed-
loop EV platform demonstrated prediction errors below 5%, confirming stable and efficient performance
suitable for intelligent energy management and eco-driving systems.

Keywords— Adaptive fuzzy learning, Dynamic driving conditions, Electric vehicles, Online learning,
Real-time range prediction
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A Step up DC-DC Converter with Zero Input Current Ripple
Capability for PV Power Application

Armineh Dastgiri, Farzad Sedaghati”

Faculty of Engineering, University of Mohaghegh Ardabili,
Ardabil, Iran
*farzad.sedaghati@uma.ac.ir

Abstract— A high step-up DC-DC converter is suggested in this paper. Active switched-inductor (ASL),
switched-capacitor (SC), and zero current ripple cells are all integrated into the presented configuration. To
further boost voltage gain, the topology is combined with a voltage lift (VL) technique. The main merits of
the proposed topology include high voltage conversion ratio, zero ripple input current, and common ground
feature. Also, it benefits from simple control due to utilization of two switches with the same switching
pattern. Furthermore, power switches with low on-state resistance are utilized as they can withstand less
than one third of the output port voltage. The converter high voltage gain and zero input current ripple make
it suitable for PV power application. The operation principle of the suggested converter is explained.
Finally, the theoretical analysis is validated using PSIM software simulation results.

Keywords— DC-DC converter, Boosting network, Input current ripple, Voltage Stress, Photovoltaic
system.
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Fully Unsupervised Non-Intrusive Load Disaggregation for
Refrigerator Energy Monitoring

Mohsen Gitizadeh*
Department of Electrical and Electronics Engineering Shiraz University of Technology
Shiraz, Iran
Gitizadeh@sutech.ac.ir

Seyed Ali Saljooghian Rad
Department of Electrical and Electronics Engineering Shiraz University of Technology
Shiraz, Iran
alisalrad@gmail.com

Abbas Zare Ghaleh Seyyedi
Department of Electrical and Electronics Engineering
Shiraz University of Technology
Shiraz, Iran
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Abstract— 1dentifying individual loads and their consumption using only the aggregated power signal,
is of high importance in subjects like energy management and demand response. Non-intrusive load
monitoring (NILM) is a method that disaggregates the total power consumption into the power consumption
of each appliance. Most existing NILM algorithms require large amounts of prior data, including power
consumption profiles of every appliance collected by submeters. This requirement creates an obstacle that
prevents usage of these methods in real-life applications. The proposed unsupervised NILM method focuses
on detecting the household fridge without using any prior knowledge. This work proposes a NILM approach
that uses event detection, event clustering, and event pairing to detect the refrigerator in a household. The
method is tested on house 1 of the REDD dataset, and is compared to a supervised method. The numerical
results show 18.6% improvement in F1 score and 42.3% improvement in mean absolute error metrics.

Keywords— Energy disaggregation, event-detection, load monitoring, non-intrusive load monitoring
(NILM), unsupervised learning
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Optimal Location of Remote Control Switches with Distributed
Generation Resources and Tie Lines to Improve Reliability and
Reduce Cost
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Abstract— Ensuring a reliable power supply is the main goal of the power distribution system. In recent
years, assessing reliability has improved significantly due to the rise of distributed generation resources
(DGs) and the introduction of microgrids. Therefore, it is important to investigate the reliability of
distribution networks that include microgrids. Remote control switches (RCSs) isolate fault zones from the
rest of the distribution system. This paper presents a programming model that uses a genetic optimization
algorithm for the placement of RCS, DGs, and tie lines. The aim is to improve reliability and reduce costs
in the distribution system.

Keywords— distributed generation (DG), Remote controlled switches (RCS), genetic optimization
algorithm, reliability.
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Power Management of an AC/DC Hybrid Microgrid Considering
Battery State of Charge

Amirreza Sadeghi Darjani
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Seyed Hossein Hosseinian
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Abstract— This paper presents an AC/DC hybrid microgrid structure with a tailored power management
strategy featuring a state logic control (SLC) algorithm that considers both the battery state of charge (SoC)
and the loading conditions of the AC and DC sub-grids. This approach ensures optimal power flow within
the proposed microgrid. The AC and DC buses are connected through an interlinking converter, with the
central battery connected to its DC link. By measuring the frequency of the AC bus and the voltage of the
DC bus, the loading conditions are determined, and the power management strategy accordingly specifies
power flow between the sub-grids. Additionally, the proposed SLC algorithm adjusts the battery’s output
power to extend its lifetime and support the sub-grids during high-load conditions. The under study
microgrid structure, power management strategy, and SLC algorithm are evaluated through
MATLAB/Simulink simulations under various loading conditions and battery SoC levels.

Keywords— AC/DC Hybrid Microgrid, Power Management, State of Charge, Energy Storage System,
Battery
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Bridging Energy and Agriculture for Sustainability: A Spatial GIS—
AHP Multi-Criteria Decision Framework for Agrivoltaic
Deployment
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Abstract— Agrivoltaic systems offer an innovative solution for simultaneous land use for solar energy
production and agricultural activities within growing global demands for food and energy. This study
proposed a framework to identify optimal locations for agrivoltaic deployment, using integrated Geographic
Information Systems (GIS) and Analytic Hierarchy Process (AHP). The framework applied for a case study
in Khuzestan Province, Iran. Nine criteria were evaluated including solar irradiation, temperature, humidity,
precipitation, proximity to surface water, land slope, distance from residential areas, roads, and natural
features. Expert-weighted AHP analysis identified solar irradiation as the most significant factor (weight:
0.331) with an acceptable consistency ratio of 0.06. Spatial analysis revealed 28.3% of the province (17,991
km?) as "highly suitable" and 45.4% as "suitable" for agrivoltaic systems, predominantly in southern and
southeastern regions. Results demonstrate Khuzestan's substantial potential as a pioneering region for
agrivoltaic development, offering benefits for sustainable energy production, water resource management,
and agricultural productivity enhancement.

Keywords— Agrivoltaics, Geographic Information Systems, Analytic Hierarchy Process, Potential
Assessment, Solar Energy.
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Energy Optimization in HVAC Systems Based on Model Predictive
Control Using Linearized Thermal Dynamic Model
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Abstract— This paper presents the design of a Model Predictive Control (MPC) framework for the
intelligent management of HVAC systems. The proposed framework simultaneously optimizes two
conflicting objectives: minimizing energy consumption while maintaining thermal comfort. The controller
leverages a dynamic building model to forecast future conditions and disturbances, formulating and solving
a quadratic optimization problem to compute an optimal sequence of control signals. To validate its
performance, the MPC controller was benchmarked against a conventional hysteresis controller. Simulation
results demonstrate that the proposed framework achieves a 13.68% reduction in energy consumption while
successfully maintaining the thermal comfort index within the desired range. This is achieved through its
high adaptability to dynamic environmental changes, highlighting the potential of predictive control for
enhancing energy efficiency and sustainability in modern buildings.

Keywords— Energy Optimization, HVAC Systems, Model Predictive Control (MPC), Quadratic
Programming, Thermal Comfort.
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Design of a Flicker-Free Smart Lighting Panel with a Custom Low-
Cost Flicker Measurement Module
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Abstract— Despite significant progress in modern LED lighting systems, flicker (temporal light
modulation) remains a major concern, as it can lead to visual discomfort and adverse health effects;
therefore, ensuring flicker-free operation is essential for indoor environments. Meanwhile, energy-efficient
buildings rely on smart lighting solutions that adapt illuminance based on occupancy, task requirements,
and daylight availability. However, existing smart lighting systems rarely address flicker requirements, and
also many commercial products still exhibit non-negligible flicker, creating a gap between visual comfort
and smart lighting system. This paper introduces a modular lighting platform that combines flicker-free
operation with smart lighting capabilities. The proposed platform integrates a Lighting Panel and a Low-
Cost Flicker and Illuminance Measurement Module. Experimental tests show that the Panel delivers 400
lux at 150 cm with 36 W power input while maintaining IEEE-1789 No-Risk flicker. The proposed platform
provides a practical foundation for flicker-free smart lighting research.

Keywords— Flicker mitigation, IEEE-1789, IoT Lighting Control, Low-Cost Measurement Module,
Smart Lighting Panel.
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for a Flyback Converter LED Driver with Low THD and Output
Ripple

Abolfazl Raei Bidgoli

CST-Lab School of ECE, College of Engineering, University of Tehran
Tehran, Iran
abolfazl.raei.17@ut.ac.ir

Nasser Masoumi
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Atefehsadat Seyedolhosseini
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Tehran, Iran
aseidolhosseini@ut.ac.ir

Abstract— In this study, an adaptive neuro-fuzzy inference system (ANFIS) is employed to develop an
intelligent control strategy for a flyback-based LED driver. The proposed system is modeled and simulated
in MATLAB/Simulink under varying input voltages from 80 V to 290 V AC to assess both transient and
steady-state performances. For comparison, conventional proportional-integral (PI) and hysteresis
controllers are also implemented. Simulation results show that the ANFIS controller can maintain both
voltage and current in the range of 32—46 V DC and 1 A current more consistently than PI and hysteresis
methods, minimize ripple, and reduce total harmonic distortion (THD) to 1.8%. Moreover, the ANFIS-
based control scheme enhances system stability and robustness against input fluctuations, outperforming
traditional control methods. Overall, the findings indicate that an adaptive controller such as ANFIS can
improve power-quality metrics and enhance the stability of LED drivers under wide input-voltage
variations.

Keywords— Adaptive neural fuzzy inference system (ANFIS), Flyback Converter, Intelligent Control,
Lighting Driver.
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Frequency Stability in RES-Dominated Microgrids: Tackling Inertia
Reduction Challenges

Abolfazl Hadavi, Gader Khosravi, Hasan Ahadi, Mohamad Yasin Zadeh
Subscriber Services Department
Electric Power Distribution Company of East Azarbaijan
Tabriz, Iran

Abstract— The increasing integration of Renewable Energy Sources (RES), such as wind and solar
Photovoltaic (PV) systems, into power grids poses significant challenges in frequency stability due to their
inherent periodicity and lack of rotational inertia. This paper examines the limitations of maximum RES
penetration levels, focusing on factors such as reduced system inertia, increased Rate of Change of
Frequency (RoCoF), and increased frequency deviations during disturbances. Using analytical models,
simulations, and case studies, it discusses methods to assess these limitations, including system frequency
response models and sensitivity analysis. The results show that penetration levels beyond 80% often
compromise stability without mitigation, leading to potential power blackouts.

Keywords— Renewable energy penetration, frequency stability, system inertia, inverter-based
resources, low-inertia systems.

sgc2025-02700341

127



& o & V > .0/ o*
B gt L iAot

The 15th International Smart Grids Conference (SGC2025)
OF+F olo 3T — 31 s olZS1S)

A Novel Modified Droop Control Strategy for SoC Balancing of
Distributed ESS under Sudden Load Changes Considering
Communication Delays

Amirhossein Solat, Gevork B. Gharehpetian

Dept. of Electrical Engineering
Amirkabir University of Technology
Tehran, Iran

Amjad Anvari-Moghaddam

Dept. of Energy (AAU Energy)
Aalborg University
Aalborg, Denmark

Abstract— Today, the application of Energy Storage Systems (ESSs) in Microgrids (MGs) is expanding
promptly. Due to the highly dynamic characteristics of MGs, coordinated control of ESS charging and
discharging—commonly referred to as State of Charge (SoC) balancing—is critical. This study introduces
an innovative modified droop control strategy designed to achieve SoC balancing among distributed ESSs
(DESSs) in MGs. In the modified droop control method against sudden load changes, which causes the
voltage and frequency of MG to affect the amount of ESS charging and discharging and ultimately SoC
balancing of DESSs in MG. To better emulate real-world conditions, communication delays in links among
DESSs are also taken into account. Unlike many earlier works, the proposed method is validated on an
isolated AC MG with DESSs. The results confirm that the method reliably maintains SoC balancing of
DESSs under these scenarios and effectively avoids imbalance issues.

Keywords— Distributed Energy Storage Systems, SoC balancing, Isolated AC microgrid
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Cyber-Secure Self-healing Secondary Voltage Control Method in
Isolated AC Microgrids under FDI Attacks on Communication
Links

Amirhossein Solat, Gevork B. Gharehpetian
Aref Pirmoradi
Dept. of Electrical Engineering
Amirkabir University of Technology
Tehran, Iran

Amjad Anvari-Moghaddam
Dept. Energy (AAU Energy)
Aalborg University
Aalborg, Denmark

Abstract— With the advancement of communication networks, MGs increasingly function as cyber-
physical systems (CPSs), making them more vulnerable to cyber-attacks. Faults and cyber-attacks (CAs)
can severely disrupt the operation of microgrids (MGs), impacting critical parameters and threatening
overall system stability and security. To mitigate these risks, a cyber-secure control approach is required.
Such attacks can compromise system security by injecting false data into communication links between
secondary controllers. To address these challenges, this paper introduces a cyber-secure self-healing
secondary voltage control method that enhances the resilience of isolated AC MGs against cyber threats.
The proposed distributed architecture minimizes system vulnerability while maintaining the performance
of secondary controllers under false data injection (FDI) attacks. The method is validated through
MATLAB/Simulink simulations. Results indicate that the proposed approach not only preserves MG
stability with rapid response but also efficiently suppresses small voltage disturbances, restoring the system
to its pre-attack operating state.

Keywords— Cyber-attacks, False data injection, Isolated AC Microgrids, cyber-secure control
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Dynamic Pricing Mechanisms for Grid-Connected EV in Local
Energy Communities

Ali Aminlou

Faculty of Electrical and Computer Engineering, University of Tabriz, Tabriz, Iran

Abstract— The rapid adoption of electric vehicles (EVs) and renewable energy sources (RESs) in
emerging Local Energy Communities (LECs) creates new opportunities for decentralized energy
management. This paper investigates dynamic pricing mechanisms for grid-connected EV parking lots
integrated into LECs with peer-to-peer (P2P) energy trading. The proposed framework models the EV
parking lot as both a flexible consumer and an energy storage system (ESS) through vehicle-to-grid (V2G)
capabilities. Within the community, prosumers engage in bilateral energy exchanges to maximize mutual
benefits, while user privacy is preserved using the Alternating Direction Method of Multipliers (ADMM)
algorithm. Simulation results on a representative LEC test system demonstrate that combining P2P trading
with dynamic pricing reduces community energy costs, enhances renewable energy utilization, and
mitigates peak demand. The findings highlight the potential of dynamic pricing to influence EV charging
and discharging behaviors, thereby supporting grid flexibility and reliability in high-renewable
environments.

Keywords— ADMM -Dynamic Pricing -Electric Vehicles (EVs) -Local Energy Communities (LECs) -
Peer-to-Peer (P2P)

sgc2025-02790240

130



& o & V > .0/ o*
B gt L iAot

The 15th International Smart Grids Conference (SGC2025)
OF+F olo 3T — 31 s olZS1S)

A Privacy-Aware Scheduling Algorithm for Demand Response in
Smart Grids Using Hybrid Cloud Computing

Malihe Hariri
Department of Computing
DePaul University
Chicago, US
mhariri6@depaul.edu

Hamid Reza Abrishami
Department of Engineering
Ferdowsi University of Mashhad
Mashhad, Iran
ha-abrishami@alumni.um.ac.ir

Abstract— Smart grids must balance energy efficiency with strong data privacy, especially when using
cloud-based systems for demand response. In this paper, PHEGAS, a privacy-aware greedy scheduling
algorithm is proposed that optimizes energy distribution while protecting user data. The algorithm uses a
hybrid cloud architecture, where sensitive information is handled in a private cloud and heavy computations
are offloaded to a public cloud. Tasks are prioritized by criticality, energy use, and real-time cost, allowing
dynamic scheduling and cost reduction. A fallback mechanism ensures continuous operation when public
cloud resources are limited. Privacy is preserved through anonymization and AES-256 encryption.
Simulation results showed that PHEGAS reduced energy consumption, minimized cost, and maintained
privacy, demonstrating its effectiveness and scalability for modern smart grids.

Keywords— Smart Grid, Hybrid Cloud Computing, Energy Consumption, Privacy
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A High-Efficiency DC-DC Boost Circuit with High Voltage Gain for
Renewable Energy Systems

Reyhaneh Nazarzadeh
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
reyhaneh.nazarzadeh 1403 @ms.tabrizu.ac.ir

Seyed Hossein Hosseini
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
Hosseini@tabrizu.ac.ir

Ebrahim Babaei
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
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Mehran Sabahi
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
sabahi@tabrizu.ac.ir

Abstract— This paper presents a new non-isolated high step-up DC-DC converter suitable for
renewable energy systems. The proposed design achieves a suitable voltage gain by combining coupled
inductors, allowing efficient energy transfer without the need for extreme duty cycles or high turns ratios.
The voltage stress on switches and passive components remains low, which enables the use of low-voltage
MOSFETs with small ON-resistance to reduce conduction losses and improve efficiency. In addition, the
circuit mitigates the reverse recovery issue of diodes and recycles the leakage energy, further enhancing
performance. The converter operates from a single DC source, and its operation principles, analytical
modeling, and simulation parameter are presented in detail. A comprehensive comparison with existing
converters highlights its gain and efficiency. Simulation results for a 20-180 V conversion in
PSCAD/EMTDC and validation on a 200 W prototype confirm the accuracy of the theoretical analysis and
the effectiveness of the proposed converter.

Keywords— DC-DC circuit, Step-up circuit, Coupled inductor, renewable energy
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Analysis of a High-Boost DC-DC Circuit Featuring a Coupled
Inductor for Renewable Energy Applications

Reyhaneh Nazarzadeh
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
reyhaneh.nazarzadeh 1403 @ms.tabrizu.ac.ir

Seyed Hossein Hosseini
Faculty of Electrical and Computer Engineering
University of Tabriz
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Mehran Sabahi
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Abstract— This paper presents a single-switch DC-DC converter with efficient voltage step-up. The
proposed topology incorporates two coupled inductors with adjustable turn ratios and capacitor-assisted
energy transfer, achieving enhanced voltage conversion while maintaining low voltage stress on
semiconductor devices. The voltage gain of the converter can be regulated through both the duty cycle of
the switch and the turns ratios of the coupled inductors, providing flexibility under varying conditions. Key
features of this design include a simple control strategy with a single active switch, minimized switching
and conduction losses, continuous input current, and a common ground between input-output. Simulation
results validate the performance and efficiency on 200W protype, operating a 50kHz with input voltage of
20V and output voltage of 160Vof the converter, confirming its suitability for renewable energy
applications.

Keywords— DC-DC topology, Boost factor, Coupled inductor, renewable energies.
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Soft-Switched Non-isolated DC-DC Circuit with High Efficiency
and Low Switch Voltage Stress for Renewable Energy Systems

Reyhaneh Nazarzadeh
Faculty of Electrical and Computer Engineering
University of Tabriz
Tabriz, Iran
reyhaneh.nazarzadeh 1403 @ms.tabrizu.ac.ir

Seyed Hossein Hosseini
Faculty of Electrical and Computer Engineering
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Ebrahim Babaei
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Mehran Sabahi
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sabahi@tabrizu.ac.ir

Abstract— This paper presents a single-switch DC-DC converter designed to achieve a moderate
voltage step-up suitable for renewable energy applications. The proposed topology utilizes a coupled
inductor (CI) along with multiple capacitive and diode networks to enhance voltage gain while maintaining
low voltage stress on semiconductor devices. The design offers a continuous input current, a common
ground between the input and output, and simple control with synchronized switching. Analytical
expressions are derived to evaluate the converter’s voltage gain, component stresses, and efficiency. Both
theoretical analysis and experimental validation through a 400-W prototype operating at 50 kHz confirm
the practical feasibility and reliable performance of the proposed configuration.

Keywords— DC-DC converter, Step-up converter, Coupled inductor, renewable energies.
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Switching-Based Network Topology for Enhancing Cybersecurity in
Distributed Control of AC Microgrids

Abbas Ahmadi
Smart/Micro Grids ResearchCenter, Department of Electrical Engineering, University of Kurdistan, Sanandaj, Iran
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Department of Electrical and Electronic
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Qobad Shafiee
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Abstract— Distributed control systems in AC microgrids (ACMGs) are increasingly vulnerable
to both active and passive cyberattacks. While most existing studies focus on enhancing security
and resilience within microgrids (MGs) control layers, this paper introduces a network security-
by-design approach aimed at improving privacy in distributed ACMG control. The proposed
method employs a dynamic communication network topology to mitigate passive attacks risks and
strengthen privacy protection against potential attacks. By continuously reconfiguring the network
topology, the approach effectively obscures source and destination IP addresses, thereby hindering
eavesdropping attempts. Simulation results verify the efficacy of the proposed approach in the
distributed secondary control of ACMGs.

Keywords— AC microgrids, cyberattack, cyber security, distributed secondary control, network
topology.
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Suitable Interval Detection in UK-DALE Dataset for NILM Model
Training

Ali Bajoulvand, Negar Heydari Morchekhorti, Zahra Dehghani Arani, Amir Khorsandi, Hamed Nafisi, Seyed
Hossein Hosseinian, Gevork B. Gharehpetian

Department of Electrical Engineering
Amirkabir University of Technology
Tehran, Iran

e-mail: a.bajoulvand@aut.ac.ir

Abstract— This paper presents a transparent and data-driven approach for identifying a reliable
continuous interval within the UK-domestic appliance-level electricity (DALE) dataset to ensure
trustworthy training of non-intrusive load monitoring (NILM) models. Rather than relying on aggressive
interpolation or synthetic reconstruction, the proposed method preserves the dataset’s natural temporal
structure by assessing time continuity, channel consistency, and energy balance. All appliance and mains
signals are aligned on a uniform 6-second grid, incomplete samples are removed, and channel activity is
visually verified using presence scatter plots. Through iterative temporal-gap analysis, a continuous and
minimally manipulated window is identified for House 1 of UK-DALE (September 1, 2013 — March 1,
2014), comprising 32 active channels with minimal interruptions. The selected segment exhibits strong
temporal stability and energy alignment within £5%, providing a reproducible and trustworthy foundation
for NILM model training. This framework enhances the reliability, fairness, and comparability of NILM
research and can be extended to other datasets to promote standardized, data-consistent evaluation.

Keywords— Data integrity, energy balance, non-intrusive load monitoring (NILM), smart grids,
temporal continuity.
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From Smart Homes to a Smart Shiraz: Harnessing Artificial
Intelligence (AI) for an Integrated City—Energy Future

Mohammad Hassan Asadi *
Office of the Mayor
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Shiraz, Iran
Email: asadi.mohammadhasan@gmail.com

Hojjat Raisee
President, ICT Organization (FAVA)
Shiraz Municipality
Shiraz, Iran
Email: hojjat.raisee@gmail.com

Abstract— This paper presents a layered, event-driven reference architecture to expand smart, low-
carbon services from homes to Shiraz city. It ensures interoperability using standards: cross-domain data
backbone; EV charging/roaming protocols with vehicle-to-grid; and DER-grid integration. It applies
federated learning and edge analytics to localize raw data. It embeds transparent governance via privacy-
by-design, algorithmic auditability, and stakeholder participation. Homes become flexible assets for
demand response and peak shaving. City-scale digital twin enables what-if policy analysis on peak load,
consumption, carbon, resilience, and equity. A three-phase roadmap with decision gates guides deployment,
balancing innovation and trust.

Keywords— Data governance; Digital twin; Federated learning; Interoperability; Smart grid.
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Optimal Smart Meter Placement to Enhance Smart Grid
Cybersecurity Against False Data Injection Attacks
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Abstract— Cybersecurity is one of the main challenges of smart grids, as communication and control
systems are the main components of these interconnected and complex systems. Detection of cyberattacks
is of great importance to ensure the cybersecurity of smart grids, and machine learning algorithms have
been helpful in this regard. To successfully detect cyberattacks, sufficient data must be collected from
different locations within smart grids; for this reason, the installation of measurement equipment, such as
smart meters, is needed. In this paper, smart meters are placed to maximize the accuracy of detecting false
data injection attacks while minimizing their total installation cost. For simulation purposes, a 33-bus radial
distribution system is used, and several machine learning algorithms are trained under the assumption that
a smart meter is located at each bus. Then the best algorithm is chosen, and the multi-objective problem is
optimized using a genetic algorithm. Simulation results show that the number and location of smart meters
to be installed can be optimized to achieve sufficient accuracy in cyberattack detection.

Keywords— Cybersecurity, False data injection, genetic algorithm, smart grid, Smart meter.
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DE-Assisted Voltage Quality Enhancement in Distributed Control of
DC Microgrids

Sajjad Safarloo

Department of Electrical Engineering, Shiraz University of Technology
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Abstract— This paper proposes a distributed secondary control framework for islanded DC microgrids
that simultaneously ensures economic power management and enhanced voltage quality. A consensus-based
optimization achieves cost-effective power sharing among distributed generators, while a Differential
Evolution (DE)-based routine suppresses steady-state voltage ripple within the same control layer. The
integrated design enables both objectives to be realized concurrently without mutual interference.

Simulation results on a six-bus DC microgrid show a 5-10% reduction in generation cost, voltage
restoration to 150 V with <0.6% deviation, and over 88% ripple attenuation across all DG units. Compared
with PSO, the proposed DE algorithm exhibits 1.8% faster convergence and improved ripple suppression
accuracy. Overall, the method provides a scalable, real-time solution for reliable DC microgrid operation,
achieving a 12-20% improvement in ripple suppression. These results confirm that the proposed DE-
assisted distributed control offers a scalable, computationally efficient, and real-time feasible solution for
achieving both economic and power quality objectives in practical DC microgrid applications.

Keywords— Distributed Secondary Control, DC Microgrids, Economic Power Management, Power
Quality Enhancement, Differential Evolution.
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Signal Flowgraph Model of a DAB Converter with Phase-Shift
Modulation as Interlinking Converter of Two DC MGs

Amirhossein Rajaei Pegah Yavari Hamed Farsi Sajjad Safarloo
Department of Electrical Department of Electrical Department of Electrical Department of Electrical
Engineering Engineering Engineering Engineering
Shiraz University of Shiraz University of Shiraz University of Shiraz University of
Technology Technology Technology Technology
Shiraz, Iran Shiraz, Iran Shiraz, Iran Shiraz, Iran
a.rajaei @sutech.ac.ir p.yavari @sutech.ac.ir h.farsi@sutech.ac.ir s.safarloo@sutech.ac.ir

Abstract— Extensive research is conducted to enhance operational efficiency, given the significant role
of bidirectional DC-DC converters in applications such as distributed power generation, renewable energy
sources, and MGs. One of the primary structures of bidirectional DC converters is the dual-active bridge
(DAB). This paper presents a dynamic model of a DAB using the signal flowgraph (SFG) modeling method.
A generalized averaging method is employed to model the converter and derive its SFG model, and a
diagram is drawn to verify whether the theoretical issues raised are valid. This method represents state
variables using more coefficients of Fourier's series. The converter is simulated either using MATLAB
software and the derived SFG model. The results show good consistency, demonstrating the model's
effectiveness. A practical laboratory sample has also been implemented to verify the extruded model.

Keywords— Signal Flowgraph Model; phase-shift modulation; converter modeling; DC MGs; dual
active bridge.
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Fault Detection and Recovery Time Analysis Using Machine
Learning in Microgrids and Active Distribution Networks

Amir Mohammad Azimi Mohammad Hassan Nazari Seyed Hossein Behrooz Vahidi
Department of Electrical Smart Control Systems Hosseinian Department of Electrical
Engineering Department Department of Electrical Engineering
Amirkabir University of Niroo Research Institute Engineering Amirkabir University of
Technology (NRI) Amirkabir University of Technology
Tehran, Iran Department of Electrical Technology Tehran, Iran
amir.azimil 121 @aut.ac.ir Engineering Tehran, Iran vahidi@aut.ac.ir

Amirkabir University of hosseinian@aut.ac.ir
Technology

Tehran, Iran
mhnazari@nri.ac.ir,
nazary@aut.ac.ir

Abstract— this paper presents a novel machine learning-based framework for simultaneous fault
detection, fault time estimation, and recovery time prediction in microgrids and active distribution
networks. Leveraging the time—frequency localization properties of the Wavelet Transform, the proposed
method extracts discriminative features from voltage and current signals to train supervised learning models
capable of identifying network topology changes—specifically, the presence or absence of faults—and
accurately estimating the precise instants of fault inception and subsequent system recovery. By relying
solely on electrical signal measurements at strategic points in the network, the approach eliminates the
dependency on extensive sensor infrastructure for topology monitoring, thereby significantly reducing
capital and maintenance costs associated with conventional protection schemes. The methodology is
validated using high-fidelity time-domain simulation of the ANSI 4-node distribution test system, where
synthetic fault and recovery events are generated in ETAP (Electrical Transient Analyzer Program).
Comparative experiments on a number of machine learning algorithms including support vector machines,
random forests, and gradient-boosted decision trees demonstrate that the proposed pipeline achieves high
accuracy in both fault classification and temporal localization, with sub-cycle accuracy in fault timing and
good performance under different load conditions, fault types, and grid configurations. The results point to
the potential of integrating signal processing with data-driven approaches for enhancing the resilience,
automation, and self-healing capabilities of modern smart distribution systems.

Keywords— Distribution Network, Fault Detection, Machine Learning, Wavelet Transform, ETAP
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A Modified Perturb and Observe Maximum Power Point Tracker
with Proportional Integral Controller for Solar Photovoltaic

Applications
Mahyar Motamedi Mohammad Hassan Nazari Seyed Hossein Behrooz Vahidi
Department of Electrical Smart Control Systems Hosseinian Department of
Engineering Department Department of Electrical
Amirkabir University of Niroo Research Institute (NRI)  Electrical Engineering Engineering
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Tehran, Iran Engineering Technology University of
mahyar.motamedi@aut.ac.ir Amirkabir University of Tehran, Iran Technology
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Abstract— This paper proposes a modified perturb and observe (P&O) algorithm with a proportional
integral (PI) controller to track the maximum power point (MPP) of a solar photovoltaic (PV) system.
Although the evolution of artificial intelligence (Al)-based methods has improved the performance of
maximum power point tracking (MPPT) algorithms, a need for an easily implementable, cost-effective, and
reliable maximum power point tracker still exists. This paper modifies a P&O algorithm so that it can
generate reference voltage instead of duty cycle, and then by using a PI controller, the desired duty cycle is
obtained. The results of the proposed method are then compared with two other methods, and it is concluded
that this method can track MPP accurately with fewer oscillations while it uses a simple, less expensive,
and well-established control scheme.

Keywords— Indirect control, maximum power point tracking (MPPT), perturb and observe (P&O),
photovoltaic, proportional integral (PI) controller.
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Abstract— Nowadays, Federated Learning (FL) enables collaborative model training without sharing
raw data, making it suitable for smart grid applications. We propose an adaptive energy-aware FL
framework for predicting appliance-level energy consumption using the UCI dataset. Clients transmit either
full-precision or 8-bit quantized updates based on reliability and energy levels, under a 0.2 MB budget.
Implemented with a multilayer perceptron, our method improves prediction accuracy and reduces
communication cost, supporting scalable and energy-efficient learning in smart home environments. We
implemented our model in Python on Google Colab, using a multilayer perceptron (MLP), and achieved
superior performance compared to baseline full-precision and quantized approaches.

Keywords— Federated Learning, Adaptive Weighting, Energy Consumption Prediction, Quantization
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A Comparative Analysis of Time-Series Deep Learning Forecasting
Models for Peak Electric Load Demand
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Abstract— The continuing development of smart grids highlights the critical importance of accurate
peak electric load demand forecasting, which is essential for enhancing the reliability and economic
efficiency of power system operations. This study uses RNN, LSTM, GRU, and BiLSTM models to predict
day-ahead peak load. This study presents a comparative analysis of these four models using a real-world
dataset from the Iran Grid Management Company (IGMC). Following thorough preprocessing, the data has
been statistically analyzed before being introduced to the model. The models’ hyperparameters have been
optimized using a GridSearch algorithm. Model performance has been evaluated using R?, MAE, MSE,
RMSE, and MAPE. The Simple RNN model achieved the best results, with the highest R? and the lowest
errors, indicating that it is more suitable for this dataset than more complex architectures. The study
provides valuable insights for model selection in energy demand prediction and highlights the importance
of empirical evaluation under consistent conditions.

Keywords— Time-Series Forecasting, Peak Load Prediction, RNN, LSTM, GRU, Bidirectional LSTM
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Voltage Flexibility Evaluation in Islanded Microgrid with
Distributed Control
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Abstract— This paper proposes a novel two-layer framework for evaluating voltage flexibility in
islanded microgrids (MGs). The proposed framework introduces comprehensive static and dynamic indices
to assess system performance under different conditions. The static indices measure steady-state voltage
deviations during normal operation. The dynamic indices capture both instantaneous voltage sag magnitude
and recovery speed during load transitions. These time-dependent metrics provide crucial insights into
transient system behavior and resilience. The proposed framework is validated through simulations on a
standard IEEE 33-bus test system in Simulink\MATLAB. An optimal distributed control strategy maintains
system stability and enables proper power sharing. Simulation results demonstrate that our indices
effectively quantify voltage regulation. The time-domain indices show significant advantages over
conventional static metrics. They enable more realistic flexibility assessment under dynamic conditions.
This approach offers system operators valuable tools for planning. The methodology provides a practical
solution for maintaining voltage stability in islanded MGs.

Keywords— Flexibility, Islanded Microgrid, Distributed Control, Voltage Flexibility Index, Voltage
Stability

sgc2025-03300410

145



P S
"t actaty

& o & V e / ot
<R= d//!,&"}fdf}/uw F e LA oot

The 15th International Smart Grids Conference (SGC2025)
OF+F olo 3T — 31 s olZS1S)

Deadbeat Current Controller with Integrated DC-Link Voltage
Regulation for a single-stage Grid-Connected PV Inverter
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Abstract— This paper presents a deadbeat current controller with integrated DC-link voltage regulation for a
single-stage, grid-connected photovoltaic inverter. In this topology, unlike conventional two-stage systems that use a
boost converter, the PV array is directly connected to the inverter DC link. Maximum power point tracking (MPPT)
is achieved by regulating the DC-link voltage with a perturb and observe (P&O) algorithm. The conventional PI-based
current controller is replaced with a discrete-time deadbeat controller to enhance the dynamic response and minimize
the steady-state error. Simulation results demonstrate improved DC-link voltage stability with reduced ripple
compared to the PI control method. Analysis of the grid current shows lower total harmonic distortion (THD), which
enhances power quality. To evaluate the proposed controller robustness, the filter inductance is varied to emulate
aging effects. The proposed controller maintains stable operation and low THD under this parameter uncertainty,
confirming its performance superiority over the conventional PI strategy.

Keywords— Deadbeat controller, grid-connected inverter, photovoltaic, current control, voltage regulation, total
harmonic distortion.
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Rapid Fault Detection Strategy for Synchronous Generators
Connected to The Power Grid

Alireza Nezamzadeh
Department of Electrical and Computer Engineering Isfahan University of Technology
Isfahan, 84156-83111, Iran a.nezamzadeh@alumni.iut.ac.ir

Mohammadreza Esmaeilidehkordi
Department of Electrical and Computer Engineering Isfahan University of Technology
Isfahan, 84156-83111, Iran mohamadreza-esmaeili@alumni.iut.ac.ir

Abstract— Reliable and fast detection of small actuator faults in synchronous generators (SGs) is
challenging: the signatures are weak, transients are short, and high sensitivity often amplifies noise. We
present a bank of adaptive extended state observers (AESOs) that produces mode-discriminative residuals
for healthy and faulty dynamics, paired with a principled moving-window L1 decision test. The observers
lump modeling error and fault effects into an extended state while using error-driven, nonlinear gains to
boost sensitivity only when needed, thus avoiding noise blow-up near the origin. Under mild boundedness
assumptions, the estimation error admits a Lyapunov-style negative semi-definite bound, ensuring practical
stability of the adaptive scheme. On standard SG (SMIB) simulations with multiplicative actuator loss
(Utaulty = g Uncaltny ), the method consistently reduces detection delay and estimation error versus high-gain
and conventional.

ESOs; faults are flagged within = 0.5 s of onset in representative tests (e.g., t« € [0.52, 0.58] s), while
maintaining smooth residuals that curb false alarms. The design is modular (drop-in before

existing controllers), requires no plant re-identification, and comes with practical tuning rules for window
length, gains, and thresholds—making it directly applicable to protection and condition-monitoring layers
in grid-connected SGs.

Keywords— Fault Detection, Small Oscillation Faults, Actu-ator Faults, Synchronous Generator.
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A Quadratic High-Gain DC-DC Boost Topology with Low
Component Count for Renewable Energy Applications
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Abstract— This research presents a high-gain DC-DC converter prepared for renewable energy systems.
The proposed design leverages a boost-integrated coupled inductor to achieve substantial voltage
amplification. A defining feature of this design is its variable output voltage control, accomplished by tuning
two key parameters: the switch duty cycle and the coupled inductor's winding ratio, which grants significant
adaptability to diverse application needs. The topology has some advantages, including a high step-up
capability, minimal voltage stress on the main switch, a continuous input current, and a common input-
output ground that simplifies system integration. Comparative analysis confirms its superior performance
compared to similar topologies, and its effectiveness is demonstrated through simulated tests of a 200-watt
prototype operating at 50 kHz, which successfully converts a 20-volt input to a regulated 100-volt output.

Keywords— DC-DC circuit, boost converter, renewable sources, High-Gain.
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Estimating Urban Electricity Consumption Using the Correlation
Between Nighttime Light (NTL) Satellite Imagery and Actual
Consumption Data Across Different Tariffs
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Abstract— Electricity consumption is a fundamental energy metric and an important indicator of urban
and economic development. Remote sensing satellites allow continuous observation of the Earth's surface.

Nighttime light (NTL) imagery captures artificial illumination emitted from the Earth's surface due to
human activities. In this study, the Pearson correlation coefficient between actual electricity consumption
across different tariffs and the total pixel values of NTL imagery at the provincial level over five years was
computed, revealing an average correlation of 0.946. Subsequently, based on the established linear
relationship, a first-order regression model was employed to estimate provincial electricity consumption
for various tariff types. Relative to the truth data, the estimation for the total electricity consumption tariff
exhibited the highest accuracy, achieving a coefficient of determination (R?) of 0.912, RMSE of 0.11 and a
SMAPE of 61.15%. The findings indicate that, NTL data reliably indicate urban electricity consumption
due to their strong correlation with actual usage.

Keywords— Electricity consumption estimation, night light satellite images, remote sensing, different
tariffs.
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An Al-Driven Integrated Framework for EV Charging: Demand
Forecasting, Load Balancing, SoC Estimation, and Cybersecurity

Mahdi Mahdlou Torkamani!, Naser Khodabakhshi-Javinani?, Shima Valizadeh?
Institute of Artificial Intelligence and Social Technologies, YI.C.,
Islamic Azad University, Tehran, Iran

'M.Mahdlou@jiau.ac.ir, 2Naser.Khodabakhshi@iau.ac.ir, >shima.valizadeh@iau.ac.ir

Abstract— The rapid growth of EV adoption and the resulting stress on electrical grids have highlighted
the crucial need for advanced and intelligent energy management solutions. This study introduces a unified
Al-driven architecture designed to improve the overall efficiency of EV charging infrastructures. The
proposed framework comprises four main components: a hybrid SoC estimation scheme combining deep
learning methods with estimation filters, charge demand forecasting based on the analysis of user behavioral
data, load balancing in single-phase networks using reinforcement learning algorithms, and finally, the
application of blockchain technology to enhance data security and prevent cyber-attacks. By leveraging
advanced machine learning models, the proposed structure increases the accuracy, stability, and security of
the charging system, and demonstrates a significant improvement over classical methods in terms of
efficiency, unit coordination, and resilience against cyber-attacks.

Keywords— Electric Vehicle; Artificial Intelligence; Demand Forecasting; Cybersecurity; Load
Balancing
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Energy-Time Optimal Speed Control of Electric Vehicles under
Road Grade, Wind, and Thermal Load Variations
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Abstract— This research tackles the problem of optimal speed planning for a battery-powered electric
vehicle (model “Tara”) on multi-section routes with changing road and environmental conditions. The
longitudinal dynamics of the vehicle are modeled to account for aerodynamic forces, rolling resistance,
road gradient, bending resistance, and electrical side loads, including HVAC and battery thermal
management system (BTMS) loads. The optimization problem is set up as a constrained optimal control
problem, aiming to balanced electric energy consumption and travel time. Two near-realistic route datasets
are used to test the model. Additionally, two separate performance scenarios are examined: a partial-
saturation scenario, in which the vehicle reaches the speed limit only on downhill sections with a —15%
gradient, and a complete-saturation scenario, in which the vehicle maintains the maximum speed limit
throughout the entire route. The simulation results show an optimal balance between energy efficiency and
travel time, influenced by factors such as road gradient, wind speed, ambient temperature, and thermal side
loads. These findings provide practical insights for developing eco-friendly driving strategies and for
improving energy management in electric vehicles under real-world driving conditions.

Keywords— Battery Electric Vehicle, Speed Optimization, Optimal Control, Energy Consumption,
State of Charge (SOC), Tara.
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Recent Advances in Al for Smart Electricity Markets: Implications
for EV Aggregators and a Trustworthy DA—RT Integration
Framework
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Islamic Azad University, Tehran, Iran
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Abstract— Amid persistent price volatility, stringent decarbonization targets, and binding generation-
capacity limits, modern power systems require tightly optimized demand management and flexible
operation of distributed resources. The convergence of smart-grid infrastructure and artificial intelligence
enables EV aggregators to participate effectively in DA and RT markets. By pooling small EV capacities
and exploiting bidirectional V2G functionality, aggregators can simultaneously enhance system efficiency
and EV-owner welfare. This paper advances an Al-driven, market-oriented framework that coherently
integrates three components: (1) forecast-free RT bidding grounded in Lyapunov optimization, which
constructs bid curves and feasibility bounds directly from measured operating states; (2) explicit DA
procurement via the energy-reserves product to internalize the battery’s finite-energy budget and enable
provision of up/down reserves by the EV aggregator; and (3) a six-metric preselection policy that preserves
imbalance-coverage efficacy while reducing operator workload (empirically, the top =25% of ranked
candidates cover ~80% of imbalance scenarios). The framework is designed to deliver concurrent
improvements in aggregator profit, imbalance-coverage efficiency, and regulatory acceptability, thereby
delineating a practical pathway for Al-enabled EV aggregation in smart electricity markets.

Keywords— Aggregator; Al; Electricity Market; EV; V2G; Energy Reserves; Real-time Bidding; Smart
Grid; Optimal Management.
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An Efficient Operational Framework for Microgrids with
Renewable Energy, Fuel Cell Systems, and Electric Vehicles under
Demand Response Participation

Amir Mohammad Hatef Mohammad- amin Mohseni Amir Mohammad Sharifi
Department of Electrical Engineering  Faculty of Electrical Engineering Department of Railway Engineering
Amirkabir University of Technology Shahid Beheshti University Iran University of Science &
Technology
Tehran, Iran Tehran, Iran Tehran, Iran
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Abstract— This paper presents a comprehensive framework for the optimal energy management of a
smart microgrid integrating multiple distributed resources, including electric vehicles (EVs), fuel cells, and
thermal energy storage units. The main goal is to minimize total operational expenses using a two-stage
stochastic programming approach that explicitly captures uncertainties in critical parameters such as market
electricity prices, load variations, wind speed, and solar irradiance. To improve demand-side performance,
a hybrid demand response mechanism—combining price-based and incentive-based programs—is
employed, and its influence on load leveling and reduction of power dependency on the main grid is
thoroughly examined. Within this structure, electric vehicles are treated as dynamic and versatile assets that
can operate both as energy consumers and as distributed storage devices capable of feeding power back to
the grid, thereby enhancing microgrid operational flexibility. Uncertainty representation is achieved through
probabilistic scenario generation and subsequent scenario reduction via mixed-integer linear programming
techniques. The proposed optimization model is developed and solved using the GAMS environment.
Simulation outcomes verify that the integration of electric vehicles alongside hybrid demand response
programs effectively lowers operational costs and improves both system reliability and overall grid
stability.

Keywords— Energy management systems, Energy market, Renewable energy sources, Battery energy
storages, Electric vehicle, Demand response
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Design and Simulation of an Akagi-Based Harmonic Compensator
for Power Quality Improvement
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Abstract - This paper presents the design and simulation of a harmonic compensator based on Akagi’s
instantaneous power theory. The objective is to minimize harmonic distortion, improve the power factor,
and enhance the overall efficiency of the power system. Emphasis is placed on compensating fundamental
and third-order harmonics, which significantly affect power quality in distribution networks. The proposed
model uses a three-phase, four-wire system for power equation formulation and compensator design. We
design and implement a compensator based on Akagi’s theory, integrating both active and passive filters.
The system’s performance is evaluated in terms of power quality improvement and harmonic distortion
reduction. Simulation results show that the proposed method significantly improves power quality, reduces
energy losses, and enhances system reliability. The findings indicate that using active filters with optimized
control strategies is a promising solution for mitigating harmonic distortion and improving equipment
performance. With the trend toward smarter power systems, this approach has strong potential for
application in microgrids and advanced networks.

Keywords— Akagi’s Theory, Harmonic Compensation, Power Quality, Active Filter, Passive Filter,
Harmonic Current Distortion
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Abstract - This paper presents the design and simulation of a harmonic compensator based on Akagi’s
instantaneous power theory. The objective is to minimize harmonic distortion, improve the power factor,
and enhance the overall efficiency of the power system. Emphasis is placed on compensating fundamental
and third-order harmonics, which significantly affect power quality in distribution networks. The proposed
model uses a three-phase, four-wire system for power equation formulation and compensator design. We
design and implement a compensator based on Akagi’s theory, integrating both active and passive filters.
The system’s performance is evaluated in terms of power quality improvement and harmonic distortion
reduction. Simulation results show that the proposed method significantly improves power quality, reduces
energy losses, and enhances system reliability. The findings indicate that using active filters with optimized
control strategies is a promising solution for mitigating harmonic distortion and improving equipment
performance. With the trend toward smarter power systems, this approach has strong potential for
application in microgrids and advanced networks.

Keywords— Akagi’s Theory, Harmonic Compensation, Power Quality, Active Filter, Passive Filter,
Harmonic Current Distortion
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and Feature Fusion Framework in Power Distribution Network
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Abstract— With the increasing complexity of smart power grids and the presence of distributed energy
sources, the need for accurate and fast methods for fault locating is felt more than ever. In this study, a
combination of two approaches based on convolutional neural networks (CNNs) is presented: first, wave
matrix image analysis to locate faults in the distribution network, and second, the use of a feature fusion
framework based on a one-dimensional CNN and prior knowledge to improve the accuracy of the fault
detection. The proposed hybrid model, while increasing the accuracy of diagnosis by about 98.3%, also
reduced the dependence on the volume of educational data. These results show that the integration of 2D
and 1D CNN methods can provide an efficient approach to fault locating in Intelligent networks.

Keywords— CNN, Deep Learning, Fault Locating, Feature Integration, Smart Network.
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Response Programs
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Abstract — The rapid expansion of industrial electricity demand underscores the importance of effective
demand response (DR) strategies that ensure both economic and operational balance. Among these
strategies, the design of time-of-use (TOU) tariffs plays a key role in encouraging industrial consumers to
shift loads away from peak hours while maintaining profitability for the power industry. This paper presents
a two-phase optimization framework for the optimal design of daily TOU tariffs in industrial sectors.

In the first phase, a single-objective model based on the Genetic Algorithm (GA) simultaneously minimizes
industrial energy costs and increases the power industry’s revenue by incorporating the monetary value of
the load factor into the objective function. In the second phase, a multi-objective model employing the
Non-Dominated Sorting Genetic Algorithm IT (NSGA-II) optimizes three independent goals: minimizing
industrial costs, maximizing power industry revenue, and improving the system load factor.

The proposed framework is validated using real data from the cement and steel industries, which exhibit
distinct daily load profiles. Simulation results confirm that the adaptive multi-objective TOU model
provides a balanced trade-off between industrial affordability, power industry profitability, and grid
efficiency, offering a sustainable solution for modern demand-side management and tariff design.

Keywords— Time-of-Use tariff design; Demand response; Industrial consumers; Multi-objective
optimization; NSGA-II algorithm; Load factor improvement
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Paired Zero-Sum Game-based Secure Energy Exchange for Smart
Grid and Charging Stations
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Abstract— Traditional power grids have evolved into modernized smart grid architecture with the onset
of Industry 4.0. Integration of smart grids into the extant energy management infrastructure has led to
pioneering advancement in the field of communication. This evolution elevates efficiency, reliability, and
sustainability while accelerating dynamic interchanges between energy producers, end users, and storage
systems. In this article, we propose a paired zero-sum game theory-based energy exchange between the
smart grid, and its charging stations to ensure optimal charging strategies while maintaining grid stability.
In this proposed framework, the smart grid and individual charging stations are considered players with
opposing interests. The smart grid aims to maximize it’s revenue and minimize operational costs, while
charging stations aim to maximize profit by optimizing energy costs and attracting customers. Hence these
two entities are involved in trade-off with each other. By conceptualizing the energy exchange as a strategic
competition, this model significantly enhances the efficiency of demand-response mechanisms and
alleviates grid congestion. The proposed approach significantly boosts energy distribution efficiency,
champions the development of sustainable charging infrastructure, and plays a crucial role in creating a
more resilient smart grid ecosystem.

Keywords— Game Theory, Smart Grid, Charging Stations, Energy Exchange, Zero-Sum Game
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TinyML-Driven Lightweight Trojan Detection Framework for
Smart Grid Wireless Security
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Abstract— One of the defining features of smart grid systems is their improved system efficiency and
bi-directional power flow making them prime targets for sophisticated cyber threats — Trojan attacks, in
particular — that threaten the integrity of its critical infrastructure. While traditional machine learning
approaches in cybersecurity work well, they rely upon significant computational and memory resources
that makes resource consumption impractical for deployment to the many edge devices commonly found
in the smart grid network. This paper describes a state-of-the-art Al-based Trojan identification strategy
designed for real-time use in smart power systems through the connection between cutting-edge Al onto
security, as well as practical equipment constraints. Three-tier data collection of the smart grid devices,
lightweight machine learning model by using quantization methods, and intelligent threat response
mechanisms are the architecture brought forth. We attempt to assess several algorithms such as Random
Forest, Artificial Neural Networks (ANN), Decision Trees, and Linear Support Vector Machines (SVM) in
whole and quantized forms. The experimental results demonstrate that it is possible to achieve an
outstanding model in terms of compression ratio without any major loss in detection and with extremely
high levels of detection as in case of the Tiny Random Forest where it is possible to reach 99.39 percent of
the accuracy when compared to the full model scoring 99.15 percent yet lowering the storage sizes even to
4.0KB (87 percent compression). Based on a detailed assessment prediction results based on confusion
matrices and ROC-AUC analysis, the classification skills of the TinyML models with expected AUC of at
least above 0.986 are powerful in terms of classification ability through all the quantized versions of the
models. With respect to this, the bright future of efficient, accurately weight-sensitive cybersecurity services
on enhanced loT-enabled smart grid infrastructures has been set and this is followed by potential secure and
sustainable standards in the modern power systems.

Keywords— TinyML, Trojan Detection, Smart Grid, Quantization, Edge Al, Cybersecurity, Inference
Time
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Abstract— The rapid growth of Electric Vehicles (EVs) has created significant challenges in energy
management, particularly regarding secure and efficient charging. Two major problems often arise in
vehicular networks: identifying the nearest charging station that can meet current energy demands, and
estimating the amount of energy required to reach that station from the vehicle’s present location.
Traditional centralized energy trading mechanisms suffer from security and trust issues due to their
dependence on central grids. To address these limitations, this paper introduces a consortium blockchain—
based framework for secure and transparent energy trading between EVs and charging stations. The
proposed model integrates the k-Nearest Neighbor (KNN) algorithm to intelligently predict the nearest
optimal charging station while minimizing computational and energy overhead. The blockchain layer
ensures data integrity, immutability, and tamper resistance throughout the trading process. The proposed
approach achieves cost-effective, resource-efficient, and secure energy exchanges, outperforming
traditional centralized schemes in terms of reliability, trust, and transaction transparency.

Keywords— Blockchain, Electric Vehicles, Energy Trading, k-Nearest Neighbor (KNN), Consortium
Blockchain, Peer-to-Peer Communication, Secure Charging Networks.
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Abstract— This paper presents a blockchain-driven and data-analytics-assisted framework for secure
and efficient energy trading among electric vehicles (EVs) within a next-generation smart grid ecosystem.
In the proposed system, EVs can function as both prosumers and consumers, enabling decentralized peer-
to-peer energy exchange. The framework leverages sixth-generation (6G) communication technologies to
achieve ultra-low latency, high reliability, and large-scale connectivity, ensuring seamless real-time
interactions among EVs and grid entities. To model and forecast the dynamic energy demands of EVs, a
Multiple Linear Regression (MLR)-based predictive model is utilized, which allows the smart grid to
optimize energy allocation and maximize overall trading benefits. The blockchain layer ensures data
immutability, transaction transparency, and tamper-proof trading records. A comparative performance
analysis demonstrates that the proposed system significantly enhances latency, scalability, and profitability
for both producer and consumer EVs when compared to conventional 4G/5G-based trading infrastructures.
The findings indicate that the proposed blockchain-integrated approach offers a secure, reliable, and
economically viable solution for intelligent EV energy markets.

Keywords— Blockchain Technology, Electric Vehicles, Smart Grid, Multiple Linear Regression, Energy Trading,
6G Networks, Decentralized Energy Management.
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Three Decades of Smart Noninvasive Older Adults Monitoring:
Trends in Objectives, Privacy Preserving, Modality and Al
Assistance
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Abstract— The aging population is growing rapidly, driving demand for effective, noninvasive
monitoring solutions to support independent living and improve quality of life. This study presents a
comprehensive analysis of noninvasive monitoring research of older adults from 1990 to 2024, covering
4,864 primary research articles retrieved from IEEE Xplore and ScienceDirect. A systematic methodology
is utilized to classify studies by application orientation and analytical approach, followed by bibliometric
and trend analyses. Research on noninvasive monitoring of older adults has shown steady fourfold growth
over the past decades, reflecting increasing attention to smart, technology-driven aging care solutions.
Keyword co-occurrence analysis revealed prominent themes, including artificial intelligence (Al), wearable
technologies, 10T, and human activity recognition. Privacy-preserving strategies have become a central
focus, and Al-driven approaches have expanded rapidly since 2017. The majority of studies remain
diagnostic-oriented, with only a very small portion explicitly targeting preventive monitoring. Overall, the
field demonstrates rapid growth, diagnostic focus, privacy awareness, and increasing adoption of Al-
assisted tools to support the aging populations.

Keywords— Older Adults, Elderly Care, Assistive Technologies, Energy Smart Environments, Smart
Homes.
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Linear Equations
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Abstract— 1n this paper, a non-intrusive load disaggregation technique is proposed for medium voltage
feeder-level monitoring in smart distribution networks. It is assumed that the aggregated feeder load is a
weighted summation as linear combination of the representative load profiles of residential, commercial,
and industrial consumers. Therefore, the estimated contributions of each load type are determined without
intrusive metering or additional sensors, by solving a set of linear equations based on the measured feeder
data. The proposed method is implemented in Python, and tested utilizing the simulated load data extracted
from typical day consumption patterns. The results show that the estimated contributions for each load type
are in complete agreement with their original values. Moreover, the reconstructed feeder load follows the
measured data well, thus confirming the viability of the linear equation-based disaggregation technique.
Further energy analyses indicate that the commercial sector constitutes the most portion in total daily energy
consumption, followed by the industrial and residential sectors. Moreover, due to its simplicity and
computational efficiency, and needless to complex measurement infrastructure, the proposed technique
stands suitable in energy distribution observatories in smart cities for real-time feeder monitoring, demand
analysis, and load management in smart city applications.

Keywords— Non-intrusive Load monitoring, Load disaggregation, Feeder-level, Smart grid, Demand
management.
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Abstract— Confronting global environmental challenges, the urban energy landscape is undergoing a
crucial transition toward sustainable models. This research employs a Complex Adaptive System of
Systems (CASoS) approach grounded in Multi-Carrier Energy Systems (MCES) to examine the realization
of seven fundamental principles in this energy transition, with the ultimate objective of enhancing smart
grid efficiency in a bottom-up decentralized and people-centric approach. The investigation centers on
seven interconnected pillars, each beginning with the letter D, that collectively drive this transformation:
Decarbonization of energy sources, Digitalization of infrastructure, Decentralization of generation,
Diversification of resources, Demand-side management strategies, accommodation of Dynamicity in
energy flows, Democratization of energy systems. Together, these principles form a comprehensive
framework for reimagining how cities can achieve a sustainable energy future through integrated smart grid
solutions.

Keywords— Energy Transition, Smart Cities, Multi-Carrier Energy Systems (MCES), Complex
Adaptive System of Systems (CASoS), 7D Framework, Decarbonization, Digitalization, Decentralization,
Diversification, Demand-side Management, Dynamicity, Democratization.
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Enhanced Reliability and Sustainability
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Abstract— With increased renewable energy penetration and a global urge toward decarbonization, the
world is seriously accelerating toward autonomous LECs as alternatives that are flexible, self-sufficient,
and environmentally sustainable. This paper presents an autonomously restructured high-reliability
planning framework that incorporates photovoltaic and wind generation with battery energy storage
systems and a peak-hour demand response mechanism within LECs. In this paper, a mixed-integer linear
programming model is presented, which is implemented in GAMS with an objective of minimizing total
system cost while maintaining reliability and sustainability. The uncertainty in renewable generation and
demand is captured in this model through a scenario-based approach, while explicit reliability indicators
include Energy Not Supplied, Loss of Load Expectation, System Average Interruption Duration Index, and
system availability. Finally, post-solve autonomy quantifying indices including Energy Autarky Index and
Self-Sufficiency Ratio have been used. Simulation results demonstrate that coordinated utilization of DR,
BESS, and P2P energy trading can significantly increase the flexibility of LEC, reduce carbon emissions
and operating costs, and improve system reliability in terms of peak-load and/or renewable-deficient
periods. The proposed model offers a decision-supporting methodology for policymakers and planners to
design low-carbon, efficient, and resilient community energy systems.

Keywords— Energy Community; Energy Autonomy; Reliability; Sustainability; Planning; Demand
Response; Storage.
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