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Short-Term Solar Power Forecasting by Integrating Satellite Cloud Images and Numerical Weather
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Abstract

With the increasing penetration of renewable energy driven by environmental sustainability
concerns, photovoltaic (PV) generation has become widely deployed in modern power systems.
However, PV output is highly sensitive to meteorological conditions and exhibits significant
variability and uncertainty, posing operational challenges to grid management.

This study proposes an intra-day rolling forecasting method for short-term PV power generation
that integrates satellite cloud images, numerical weather prediction (NWP) data, and historical
generation records to improve forecasting accuracy. The proposed approach divides the forecasting
horizon into two stages based on intra-day variations in cloud image brightness and accounts for
uncertainty in weather forecasts at different time points by training corresponding models at each
rolling update interval.

A hybrid forecasting architecture is developed, employing multiple convolutional neural
networks (CNNs) to extract features from both image-based and numerical inputs. Particle swarm
optimization (PSO) is applied to optimize model input parameters. The proposed method is
validated using data from a real-world PV power plant with an installed capacity of 500 kWp.
Experimental results show that the proposed approach outperforms conventional time-series
models across representative months of all four seasons. Moreover, the rolling forecasting
mechanism enables continuous adjustment of prediction outputs, thereby significantly enhancing
overall forecasting performance.

BE S 2E (Key Words) © ;75 8h A5 A& %5 % 7 I (Rolling PV Power Forecasting) ~ JE.& T I 5 %
(Hybrid Forecast Model) ~ &5 {48 44 & (Convolutional Neural Networks, CNNs) ~ 1 & ZE[#] (Satellite
Cloud Image) ~ fir T Ef i F{b(Particle Swarm Optimization, PSO) -

Bl LR REETHMIAZE AR



BERRERBE A EAB B2 MRS RR
L
Performance Analysis and Control Design of Grid-Forming Photovoltaic Converters under Black
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Abstract

With the rapid growth in renewable energy deployment worldwide, the penetration of
photovoltaic (PV) systems in power systems has increased substantially, posing new challenges to
microgrid stability. This study investigates grid-forming (GFM) controlled PV inverters and
evaluates their performance under black start conditions and during coordinated operation with
battery energy storage systems (BESS) for microgrid stabilization.

A detailed microgrid model incorporating a PV system, BESS, and GFM inverters was
developed in MATLAB Simulink to simulate multi-stage operating scenarios, including black start,
load variations, grid synchronization, and power adjustment. The control framework integrates droop
control, proportional—integral (PI) control, Clarke and Park transformations, and phase-locked loop
(PLL) techniques to achieve accurate regulation of voltage, frequency, and power.

Simulation results demonstrate that the GFM inverter effectively maintains voltage and
frequency stability, particularly during sudden load changes and PV grid-connection events. The
system restores stable operation within 215 ms to 522 ms, with voltage fluctuations confined between
0.96 p.u. and 1.003 p.u., and frequency deviations limited to the range of 59.87 Hz to 60.07 Hz.

The findings validate the feasibility of coordinated PV-BESS operation under a GFM control
strategy, providing technical support for stable operation and black start capability in high-
penetration renewable microgrids. The proposed design approach also lays a foundation for future
optimization of synchronization control and power-sharing strategies.
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A Review of the Liberalization Framework under the Electricity Act of Taiwan : the Impact of
Green-Power-First Policy on the Sales Costs and Electricity Tariffs of the Public Electricity Retailer
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Abstract

Commemorating the 80th anniversary of Taipower, this study reviews the evolution of the
Electricity Act and examines the impacts of the “green-power-first” policy on public electricity
retailing. For decades, Taiwan’s electricity supply was monopolized by the vertically integrated,
state-owned Taiwan Power Company. The 2017 amendment initiated market liberalization through a
“green-power-first” approach, enabling the establishment of the licensees of renewable-energy-based
electricity generating and retailing markket participants, allowing renewable electricity to be sold
directly to consumers via power wheeling and grid-connected direct supply mechanisms.

The 2025 amendment preserved Taipower’s vertically integrated structure while permitting
inter-transactions of renewable-energy-based electricity retailers and incorporating regulatory
oversight of grid-connected energy storage systems and demand response. Following the
enforcement of the Taiwan Power Company Operating Regulations for Power Wheeling and Grid-
connected Direct Supply, green electricity trading has expanded rapidly. Concurrently, Taipower has
introduced diverse green electricity products and continuously refined flexible allocation
mechanisms to reflect the temporal value of supply and demand, providing new solutions for surplus
electricity management.

Finally, this study analyzes the determinants of green electricity pricing under a liberalized
market and estimates the potential scale of power wheeling. By 2030, the potential volume of green
electricity power wheeling is projected to reach 40-45 TWhs, accounting for approximately 40-50%
of total renewable generation. The article also details Taipower’s cost-accounting practices for both
self-owned and privately supplied green electricity, and evaluates the resulting impacts on retail
electricity prices, grid-related costs and rate structures.
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Prototype Development and Verification of Solid-State Transformers for Future Power Grids
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Abstract

This study examines the technological development trends and regulatory standards of solid-
state transformers (SSTs), and reviews domestic and international application cases in power grids.
It further analyzes and compares various power semiconductor materials employed as switching
components in SSTs. A simulation study is conducted for an SST with a 22.8kV distribution-level
primary side and a 380V three-phase AC output. Furthermore, a prototype SST rated at 1kV and
5kVA utilizing silicon carbide components is developed. A small-scale demonstration system is also
constructed, incorporating an energy management system, battery energy storage, photovoltaic
power generation, and AC/DC loads, to verify the integrated operation of the SST prototype and its
power quality control capabilities under a distributed generation scenario. Experimental results
demonstrate that the proposed SST prototype successfully achieved power factor correction,
harmonic improvement, correction of three-phase load imbalance, uninterrupted power supply,
voltage and frequency regulation, as well as overcurrent, overtemperature, overvoltage, and surge
protection. Based on these findings, recommendations for future development are provided.
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Development of a Metering Equipment Management System
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Abstract

This project aims to develop a Metering Equipment Management System for Taipower, enabling
full lifecycle management of metering devices, such as energy meters, potential transformers (PTs),
current transformers (CTs), metering outfit facilities (MOFs), meter interface units (MIUs) and
security seals. The system encompasses all operational stages, including procurement, allocation,
installation and removal, maintenance, and decommissioning. The proposed system integrates data
from Taipower’s existing systems (NCPS, NBS, and RNIS), and integrates registration forms and
customer information to enhance data consistency and integrity. Additionally, in response to on-site
operational needs, a mobile application is planned for development to enhance the efficiency and
accuracy of personnel data entry, as well as to improve the timeliness of field operations.

To ensure alignment with existing operational practices, this project systematically reviews
Taipower’s standard procedures and maps workflows across all lifecycle stages. Practical
requirements were extensively collected from the headquarters and 24 regional service offices, based
on which standardized and regulation-compliant digital workflows were established. The system
enables comprehensive recording and tracking of lifecycle information for metering equipment,
thereby reducing management costs and improving operational efficiency.

A prototype system has been developed and validated through multiple simulation tests.
Furthermore, a deployment strategy for system-wide implementation has been formulated, including
the identification of potential risks and corresponding mitigation measures, to ensure system stability
and practicality for future rollout across all regional service offices.
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Comparison of Machine Learning-Based Fault Diagnosis Methods for Dissolved Gas Analysis in

Power Transformers
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Abstract

Dissolved Gas Analysis (DGA) is a key technology for diagnosing internal faults in oil-
immersed transformers. Traditional diagnostic methods, such as the Duval Triangle and Duval
Pentagon, are intuitive and widely used. However, they are limited in diagnostic accuracy and
automation capability. In recent years, machine learning algorithms have emerged as effective tools
for improving the accuracy and efficiency of DGA-based fault diagnosis. This paper reviews the
evolution of transformer fault diagnosis methods, ranging from conventional Duval geometry
methods to modern intelligent algorithms, such as Support Vector Machine (SVM), Decision Tree,
Convolutional Neural Network (CNN), and the emerging Kolmogorov-Arnold Network (KAN). The
principles and applications of these methods are discussed, and confusion matrices are employed to
provide an objective evaluation of model performance. Furthermore, this study demonstrates how
the Python programming environment can be utilized to integrate these techniques into a unified
framework for intelligent DGA-based diagnosis, thereby providing a comprehensive solution for

predictive maintenance of power transformers.

R 82 56 (Key Words) © i 45 8% 45 #7 (Dissolved Gas Analysis, DGA) - 5 JiE 58 i [& 2 &
(Transformer Fault Diagnosis) ~ =7 #& o] & f%(Support Vector Machine, SVM) ~ JA T (Decision Tree)

5 8 1H 28 44 1% (Convolutional Neural Network, CNN) ~ fi] g B 5F )& J¢ -] 2 2K 44 & (Kolmogorov-
Arnold Networks, KAN)

*LWEHNGBAKE T
OB E NN KK EEEERBIRET M



LED R BA % B RE 2 B A R & 247

Energy Efficiency and Specifications Analysis of LED Lighting Products

A i g
Hsu, Chao-Min Hsu, Meng-Ju Lin, Shih-Kai

m B

AHFest 2R L HEIZ LED UG B R hn 2 A8 803 Il BURR A  HE 1 T R SR BA LR oy
AT > MR B SRR MR B AR S BR TR BRIE 1 - BT 70 BB ~ B~ HAR ~ BS54
13 REZERR > BE 5,384 FHA A AIEE 39 KM - 60 FOEEREE > 3£ 6,300
FERURERE - SRR - BIALL LED @E/EE i 177 > BISMIILL LED SEAR R
AR - SRR MEERIEL - BIAN LED RERCRE&EE 207.2 Im/W > B ETha R
Feffr{82% : LED fEf/HE s e R B aa /NS iR BUST - SO I pAVE - BRI = - AR
FRERISPAREAE B N A1 o e R R M o BUR)) 2 A RE BE AN BUREE hninH W A 1
FrZEE - BEAh - BN B FDE AR IR AL S PR 14.10% > BURE B RIIEHE RV iR 4

BT e

Abstract

This study systematically collects and comparatively analyzes the energy efficiency status and
labeling information of LED lighting products across major global markets, and further examines the
relationship between electrical characteristics and information disclosure. It covers 13 major
manufacturers across international markets, including the European Union, China, Japan, and India,
totaling 5,384 samples. The domestic dataset comprises 39 manufacturers and 60 lighting fixture
models, with 6,300 labeled data entries.

The classification results show that LED downlights and recessed luminaires dominate the
domestic market, while LED panel lights represent the largest share in international samples.
Luminous efficacy analysis indicates that domestic LED streetlights achieve a maximum efficiency
of 207.2 lm/W, demonstrating a technological advantage in high-power lighting applications. In
addition, domestic LED downlights and recessed luminaires exhibit higher overall luminous efficacy
than their international counterparts, reflecting a higher level of application maturity. Overall,
luminaires such as high-bay lights and panel lights maintain high efficiency in both domestic and
international markets. However, certain categories exhibit notable performance dispersion,
suggesting room for improvement in product quality. Additionally, approximately 14.10% of
domestic products are equipped with dimming and color-tuning functions, suggesting a growing
potential for smart lighting applications.
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