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Study on Phase Switching Techniques of Loads on the Main Lines of
Distribution Feeders
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Abstract

With the integration of distributed renewable energy and energy
storage systems, alongside developments in EV charging/discharging and
load demand control, the three-phase load distribution of distribution
feeders is facing new challenges. These shifts can diminish the operational
efficiency of Taipower’s three-phase four-wire multi-grounded systems
and may even trigger nuisance tripping of ground overcurrent relays in
existing radial feeders due to abnormal neutral current. Consequently, this
research project aims to develop load adjustment technologies for primary
distribution feeders. By analyzing long-term operational data, the study
evaluates the distribution of line losses, neutral currents, and voltage
unbalance rates. The goal is to establish a phase adjustment strategy logic

for main feeders and develop a verified phase adjustment algorithm.
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Power Hardware-in-the-loop Platform
(2 4 % 1 114A015)

M- 1 ozkkz? kg 2
LABFHIRE ) ‘AP AERIFRTHET T IaE )
&
AIEFFIRIERAERNEL N RFER T S HE A B E
o

RETLRHRS G EEHT R ORI RO SRR )

L2 % s v F L A oL AL N 4n, o -4 $
LU -}1 4 ke lpE] B 6 BLZ ﬁﬁh-"—“5 & ° 333 lé‘]ﬂb ShELAT A ‘é%-,-k-"«f’\\k% B

R RA S A BRSSP RS BDRTLTE KT
B RPE RS LRITHBE T BT TRE RS R

SR RS R o AP RS TR RS RET Lo L

BHET R XGRS RS A E R

A-3



L3 4 ERRFEREARE | June.2026
114 RitMRTERREREERL
Abstract

This project addresses the challenges posed by the increasing
penetration of renewable energy and the global energy transition,
particularly the intermittency and instability of wind and solar power and
their impacts on power grids. It proposes an integrated solution combining
high-voltage power systems, renewable energy, and energy storage
systems. Through seamless switching of energy storage systems between
grid-connected and islanded modes, along with supply—demand regulation
mechanisms, the approach enhances power supply stability and reduces
grid burden. In addition, advanced control technologies are applied for
real-time monitoring and regulation of power quality to mitigate voltage
and frequency fluctuations. The overall objective is to establish a real-time
simulation and validation platform to improve grid resilience and reliability,

while supporting Taiwan’s energy transition and sustainable development.
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Abstract

This project analyzes the requirements and specifications of various
ancillary services and investigates the application of artificial intelligence
technologies in microgrid control and operation. It then develops a
microgrid model and designs and analyzes the control architecture of
voltage source converters (VSCs), including both grid-forming (GFM) and
grid-following (GFL) control strategies. In addition, simulations of
transitions between grid-connected and islanded modes are conducted to
examine how different control strategies can enhance the operational

stability of the microgrid.

A-6



34 ERRFEREHMRR | June.2026
“4§%mﬁﬁ§m%ﬁ§mgiﬁ |l
LLTRBTRARB AR 0 ]

Research on Condition-Based Maintenance for Substation Power

Transmission and Transformation Equipment
(2+ % %3 114A017)

PRk kPl geE?
'R AR E A ET B TRRAF R EHEATR
2

Mﬁ]%;‘: gl o — Skl IR AL € i A B E AR
Ao FINFALALRFIFPLERRSIELLE c GG Pn B ¥ 2
R R 0 E o F B B ,T*st 25 REXREFLR K oD
SLen T PR RIAR v K B AR i 5 oo M A ST BT R A B
Fal o

AFE Y Mg ARV L BHEOR T B TR FSF A AT

S a4 B WA IR T dp R R R ek R

T RREFIME 0 T R T AR A T B Y pRg
M s 4T T UG RS LR T e Bk S RT SR

TR A E H T -
AT ENRERAEFEFFTRLE A2 BT &0
RIS COREE S WFmﬁm#%°mﬁﬁJ?ﬂ’?u%ﬂbﬁ
""" PR ET AR FRFELFREGROER Ry A3
a RS- BREFNR IV ERIE DI UFERKE L DR

T RE M BTSSR b

A-7



L3 4 ERRFEREARE | June.2026
114§%ﬂﬂ§§%1‘§ﬁ£%ﬁ§iﬁ§iﬁ |
Abstract

In power transmission and transformation systems, equipment
failures can result in significant economic losses, making preventive
monitoring particularly important. Partial discharge often accompanies the
early stages of insulation degradation, and by continuously tracking its
characteristics, potential risks can be detected at an early stage. Compared
with traditional periodic inspections, long-term trend monitoring can
effectively reduce diagnostic errors and improve accuracy.

This study uses high-frequency current transformers to capture
discharge signals and perform waveform analysis. Phase-resolved partial
discharge (PRPD) diagrams will be drawn to show phase, magnitude, and
frequency, while time- and frequency-domain features will help distinguish
discharge types and build models for transmission and substation
equipment.

This study will collect long-term field data to extract discharge
patterns and verify the accuracy and reliability of analysis methods. The
results will support insulation assessment and lead to a complete partial
discharge monitoring and diagnostic framework, ensuring stable operation

and improving power system reliability and safety.
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Abstract

Increasing penetration of renewable power generation introduces
substantial uncertainty in fault currents and protection coordination in
active distribution systems. This paper presents a novel protection
coordination method that explicitly accounts for multiple scenarios arising
from such uncertainties. The uncertainties in bus loads and renewable
generation are characterized using the expected value, standard deviation,
and skewness of stochastic parameters, while a set of Taguchi orthogonal
experiments is employed to systematically represent independent scenarios.
The anomaly differences between primary and backup fault currents
caused by uncertainties at the corresponding relays are clustered to
facilitate the design of non-standard inverse-time characteristics for
selected overcurrent relays, whereas the remaining relays retain standard
characteristics in accordance with IEC 60255. A nonlinear programming
formulation is then adopted to jointly determine the parameters of the non-
standard characteristics, time multiplier settings, and plug settings of
overcurrent relays while considering all orthogonal scenarios. Simulation
results indicate that the total execution time of the proposed method is 186
seconds for the IEEE 33-bus system, which is comparable to that of the
point-estimation method (PEM), while requiring only 0.14% and 0.85% of
the execution time of the Monte Carlo simulation and the existing linear
programming—based method, respectively. Although computationally
simple, the PEM exhibits the poorest robustness, with 141,188
coordination time interval violations and 10,080 negative relay operating

times across the Monte Carlo scenarios.
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Abstract

Amid the trends of energy transition and decarbonization, distributed
energy systems and microgrids are increasingly becoming key
development directions for modern power systems. Such systems typically
incorporate a variety of generation sources, including renewable energy
and dispatchable power, to enhance supply stability and operational
flexibility. Among the available dispatchable sources, Small Modular
Reactors (SMRs), owing to their high safety and flexible deployment
characteristics, are gradually being regarded as a critical baseload option
suitable for integration into distributed energy systems. Small Modular
Reactors (SMRs) generally refer to nuclear reactors with an electric power
output of less than 300 MWe. Owing to their high safety, modular
construction, and flexible deployment, SMRs are capable of adapting to
the needs of different scales of power grids and have gradually become an
important option in the global energy transition. In recent years, driven by
growing concerns over energy security and carbon reduction, various types
of SMRs have been developed, studied, and applied. Practical operation
has demonstrated their combined advantages of economic feasibility and
operational flexibility, enabling them to meet diverse demands such as
electricity supply for remote areas, industrial heat production, and grid
support. This study aims to establish a dynamic system model of a
pressurized water reactor-based SMR (PWR-SMR), which serves as a core
platform for the design and verification of control strategies. From a power
system perspective, this study investigates the load-following control
mechanism of an SMR through the use of a steam governor valve. In
addition to this approach, future work may further consider integrating the
power outputs of other distributed energy resources, such as renewable
energy and energy storage systems, to establish a multi-source coordinated
compensation scheme. Through an appropriate power allocation strategy,
this approach can not only reduce the regulation burden on the SMR but
also enhance the overall system’s dynamic response capability and

operational flexibility.
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Integrated Energy Systems
(3* & %% 114A0006)
7 CRRNERRTERE S AN LR E SR < AR IR
'HEAS AR S TR PR EFERR L CRTRA S A AR
iR
¥2
B F A T > A5 7 12 ORC > Dymola/Modelica &
> REw L BT S o HiEH Y ThermofluidStream 3 » )
Lyl e ik g T ek o 2 3 R4 R245fa i¢ 3 e DAE #ciE B4R -

=2

BoaliE 50 kW 8541 > £ Aspen HYSYS 354 /| *043% » kL # T
fRigaar i A drac o FRF T EARE ARG RKRG ) TR
BB R

B-5



L3 ] EREFAEMEFTE | June.2026
W zkantenreenzss
Abstract
In the context of the net-zero transition, this study develops a dynamic
ORC-based waste heat recovery simulation platform in Dymola/Modelica.
By adopting ThermofluidStream and implementing state-control and
dynamic-simplification strategies, numerical issues in DAEs caused by
R245fa are resolved. The model achieves S0kW output, with deviations
within +3% compared to Aspen HYSYS. The platform enables
thermoelectric decoupling and transient analysis, supporting grid operation,

distributed energy design, and waste heat valorization.
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Abstract

This project first conducts feeder modeling and case analysis for a
regional power grid. It further considers a comprehensive fault current
analysis of the entire grid after the system is switched to islanded operation,
and then investigates relay protection coordination issues in the islanded
system. Based on this, a dynamic relay protection coordination decision
system using a convolutional neural network (CNN) is proposed. For both
grid-connected and islanded operating conditions between the regional
power grid and the utility grid, the protection coordination is examined,
and corresponding improvement recommendations and adjustment
strategies are proposed to provide feeder operators with references for
adjusting relay pickup current settings (PCS) and time multiplier settings
(TMS).

In addition, this project proposes an Equivalent Current Injection (ECI)
based state estimation (SE) model that effectively reduces state estimation
errors, enabling rapid and efficient grid state estimation. To optimize
transmission path parameters of the regional power grid, this project
utilizes optimization theory to develop a feeder parameter calibration
algorithm. When a significant discrepancy arises between estimated and
measured values, this feeder parameter calibration function corrects the
line impedance parameters, thereby reducing the estimation error and

ensuring the accuracy of the state estimation. °
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Abstract

Proton therapy is a localized, targeted treatment using high-energy
particle radiation to destroy cancer cells, while also inducing immune
responses and altering the tumor microenvironment. This study
investigates the precision effects of X-ray and high/low-energy proton
irradiation at different doses on biological systems, and evaluates the
feasibility of applying proton irradiation technology in research fields
beyond medicine.

The study comprises two parts. The first employs a zebrafish embryo
model to compare the effects of proton beams and X-rays at different doses
(0.5Gy and 2Gy) across developmental stages (0-3dpf), demonstrating that
earlier-stage embryos are more radiosensitive, with transcriptome analysis
revealing upregulation of genes related to inflammation, heat shock
response, and tissue repair. The second part uses y-H2AX ELISA to assess
DNA double-strand break damage and spatial dose uniformity for 100MeV
and 200MeV proton beams. The 100 MeV beam caused greater DNA
damage (0.0721ng/mL) but exhibited excellent dose uniformity (CV =
7.99%), while the 200 MeV beam showed less damage (0.0516ng/mL) but
greater spatial variation (CV = 113.6%) with a periphery-higher-than-
center dose distribution.

This study establishes the first systematic method for evaluating
proton beam irradiation precision, contributing to dose optimization in
radiation therapy, space radiation protection strategies, and quality

assurance for space component testing.
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Abstract

Cadmium zinc telluride (CZT) semiconductor detection head single
photon emission computed tomography (SPECT) can improve energy
and spatial resolution. The research team of our hospital has been using
CZT probes and prostheses to perform simultaneous 99mTc and 1231
dual-nucleus SPECT imaging since 1997 to evaluate the impact of image
acquisition conditions and overlapped interference between dual-nucleus
species. In the 2017 research project of the Ministry of Science and
Technology, 1231-MIBG and 99mTc-MIBI dual-core tracers were used
to perform simultaneous myocardial angiography in the differential
diagnosis of comorbidities of abnormal innervation and blood perfusion
in patients with Parkinson's syndrome (Project No. : MOST 108-2314-
B-040-011-MY?2). In the three-year prospective study, the research team
will conduct 9mTc-MIBI and 1231-MIBG myocardial angiography at
the same time for elderly patients with suspected Parkinson's syndrome
to rule out myocardial blood flow defects caused by aging coronary
cardiovascular disease and affect 123I-MIBG. Myocardial absorption is
reduced to differentiate between coronary vascular disease and simple
sympathetic innervation. This study will use CZT probe SPECT
scanning, using a multi-energy window to simultaneously capture
99mTc and 1231 contrast. The contrast analysis will calculate the
overlapping interference of 99mTc and 1231 energy to calculate the
myocardial uptake ratio of 99mTc-MIBI and 1231-MIBG at different
blood perfusion sites. This study improved the CZT probe SPECT
imaging diagnosis and treatment technology and reduced the
inconvenience of medical treatment for patients with movement
disorders. The examination of 36 patients with parkinsonism was

successfully completed without adverse results. During the study, it was

C-5



L3 4 ERRFEREARE | June.2026
114§%Eﬁﬁﬁ%+§ﬁ£%§é§iﬁ§iﬁ |
found that cardiovascular disease has fewer comorbidities v;ith lpure
Parkinson disease but it has more diagnostic value in some cases with a
history of vascular disease. Among the diseases that can affect blood
vessels and nerves at the same time, diabetes mellitus is the first, and
previous studies have limited relevant information. Moreover, among
neurodegenerative diseases, diabetes mellitus is also one of the important
comorbidities. Therefore, more clinical data can be provided to clarify

the changes in cardiac blood flow and nerves in patients with diabetes to

facilitate precise treatment.
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Abstract

To support Taiwan's growing research in carbon capture and wind
power, understanding offshore geology has become crucial. Consequently,
the National Atomic Research Institute (NARI) launched the
“Establishment of Reference Cases for Offshore 3D Geological Models”
project. Focusing on the region from the western offshore to the Penghu
Islands, the project analyzes geological literatures, topography, and seismic
profiles of Mesozoic basement and overlying strata. By integrating
subsurface data, the team constructs a 3D geological model on an island
with exposed basement rocks. This model will clarify the 3D spatial
distribution of stratigraphy and tectonic structures, providing essential data
to evaluate subsurface geology for future offshore environmental and

engineering assessments.
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Abstract

To realize the vision of carbon reduction and promote a circular
economy, this project aims to develop efficient microbial fermentation
platforms using metabolic engineering to produce diverse bio-based
chemicals and sustainable materials. The research focuses on two primary
objectives. First, we established and optimized genetic manipulation tools
using Pseudomonas as a host platform, applying them to produce the high-
value chemical L-lactic acid. Second, we utilized cyanobacteria for the
biosynthesis  of  bioplastics,  specifically  targeting  poly-4-
hydroxybutyrate(P4HB). Ultimately, we successfully achieved a P4AHB
production yield of 0.5% of the cell dry weight (CDW). This project not
only developed corresponding genetic tools for the promising host
Pseudomonas, but also successfully established a production platform for

the bioplastic PHA using cyanobacteria.
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Abstract

This study investigates the correlation between stress distribution,
defect density, and electronic properties in GaN epitaxial layers grown on
silicon substrates. Raman mapping, high-resolution X-ray diffraction
(HRXRD), atomic force microscopy (AFM), and van der Pauw
measurements were employed to evaluate the structural and electrical
characteristics of GaN-on-Si samples with and without a superlattice (SL)
structure.

Raman mapping reveals that the GaN-on-Si sample without an SL
structure exhibits mixed compressive and tensile stress with significant
nonuniformity, indicating enhanced dislocation formation. In contrast, the
sample with an SL structure demonstrates uniform compressive stress,
suggesting that the SL effectively mitigates strain accumulation during
epitaxy. HRXRD results show that the total dislocation density decreases
from 1.93 x 10° cm™ to 1.12 x 10° ¢m™? when incorporating the SL,
consistent with the AFM etch pit density analysis. Furthermore, the SL-
containing sample exhibits a substantial improvement in electron mobility
(~1034 cm?/V-s), nearly three times that of the sample without the SL
(~378 cm?/V-s).

These findings confirm the important role of SL engineering in
reducing defect propagation and improving stress uniformity in GaN-on-
Si epitaxy. The results further demonstrate that Raman mapping provides
a rapid and reliable diagnostic tool for monitoring wafer-scale stress

distribution and optimizing GaN-on-Si growth processes.
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Study on the Catalytic Electrodes of Anion Exchange Membrane

Water Electrolyzers for Green Hydrogen Production
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Abstract

This study presents an investigation of the impact of three flow-field
patterns—parallel, serpentine, and interdigitated on the performance of an
anion exchange membrane electrolyzer. When the active area was 100 cmZ2
the electrolyzer exhibited response trends to the operating flow rate that
differed from those observed under small-area conditions, and clear
distinctions among different flow-field designs emerged in terms of gas
removal and fluid distribution. The experimental results indicate that the
interdigitated flow field outperformed the other two configurations. These
findings contribute to a better understanding of mass transport and reaction
behavior during system scale-up and provide a reference for subsequent

structural design and performance optimization.
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Abstract

This study investigates the impact of high-energy radiation in the
low Earth orbit (LEO) environment on the reliability of semiconductor
photodetectors. Co-60 gamma irradiation (60-300 Gy) and proton
irradiation (20—200 MeV) were applied, combined with TRIM and NIEL
simulations to analyze the degradation behavior of Si, SiC, GaN, and
Ga:20s under total ionizing dose (TID) and displacement damage (DD).
The results show that Si devices exhibit significant degradation after
irradiation, including reduced photoresponse and increased leakage
current, indicating high radiation sensitivity. In contrast, SiC and GaN
show only minor changes, demonstrating superior radiation hardness.
These findings highlight the strong potential of third-generation

semiconductors for space optoelectronic applications.
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