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Breaking Through Engineering Constraints Using a Novel Tunneling Cross-Section Method :
A Case Study of the 161 kV Hua-12 to SPIL-3 In-and-Out Zhongjifeng Pipeline

Engineering Project
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Abstract

As underground utility networks become increasingly congested in urban areas, pipeline
undergrounding has emerged as an essential trend to support environmental beautification. However,
in densely populated metropolitan settings, where traffic is heavy and underground utilities are
closely packed, traditional open-cut construction poses significant risks. As a result, trenchless
methods have gradually become the preferred engineering approach.

This article presents the practical experience gained from the 161 kV Hua-12 to SPIL-3 In-and-
Out Zhongjifeng Pipeline Engineering Project, located in the highly trafficked Taichung Science
Park. The area contains numerous critical utility systems that sustain the park’s operation, greatly
increasing the complexity and risks of construction.

To meet TSMC’s urgent electricity demand and its subsequent facility expansion plans,
tunneling was selected after comprehensive evaluation. However, due to the large volume of conduits
to be installed and the limited workspace on the surface, the conventional circular tunnel cross-
section was insufficient. To overcome this constraint, an innovative arch-shaped tunnel cross-
section was adopted. Compared with the traditional circular design, the arch profile provides a more
efficient workspace, reduces construction challenges, particularly at curved segments, and
significantly enhances overall safety and engineering efficiency.
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Case Study of Emergency Repair and Power Restoration Following the Collapse of

Transmission Towers During Typhoon Danas
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Abstract

Typhoon Danas made landfall late on July 6, 2025, generating level-17 gusts across Yunlin and
Chiayi, with maximum wind speeds reaching 60 m/s. The extreme winds caused the collapse of three
transmission towers at the Xinwen substation (S/S) outlet in Yizhu Township, Chiayi County,
resulting in the outage of both the 69 kV Xinwen—Yonghua and Daliao—Xinwen transmission lines.
Consequently, the Xinwen S/S experienced a full shutdown, leaving 10,188 households without
power. This incident marked the first cascading collapse of multiple transmission towers in western
Taiwan since Typhoon Thelma in 1977.

Although the estimated repair time for the damaged transmission lines was approximately seven
days, the company prioritized the urgent electricity needs of local communities and the aquaculture
industry, setting a target to restore power within 72 hours. All available manpower and equipment
from regional power supply operation offices and contracted service teams were mobilized for the
emergency repair effort. Ultimately, power restoration was completed four hours ahead of schedule,

successfully fulfilling the emergency mission assigned by the company.
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Application and Implementation of Low-Voltage DC Microgrids and Analysis of

International Standards
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Abstract

With the increasing share of renewable energy, the application of microgrids has received
growing attention. Generally, microgrids can be categorized into AC microgrids and DC microgrids.
AC microgrids are currently the more common configuration. However, most renewable energy
sources and energy storage systems output DC power, and many loads, such as LEDs, DC charging
stations, and computers, can operate directly on DC. Integrating renewable energy into an AC
microgrid requires converting the DC output into AC and connecting it to the AC bus, while loads
must be interfaced via AC/DC and DC/DC converters, which reduces overall transmission efficiency.
In recent years, DC microgrids have been proposed to integrate renewable energy and loads directly
on a DC bus. Research indicates that DC microgrids offer several advantages, including lower
transmission losses, no requirement for phase or frequency synchronization, and easier integration
with renewable energy sources. This study presents the applications of DC microgrids and examines

the current international standards and regulations relevant to their implementation.
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Abstract

Amid the rapid evolution of intelligent and digital technologies, data has become an
indispensable asset for organizational transformation and innovation. Whether improving business
processes, enhancing decision-making efficiency, or implementing artificial intelligence and
automation, all such initiatives rely on high-quality and trustworthy data. Establishing a solid data
foundation and robust governance mechanisms is essential for ensuring analytical accuracy,
improving operational efficiency, and meeting regulatory requirements.

Building upon the earlier project, “Taipower Data Governance Planning and Promotion,” this
study aims to address practical business challenges while further advancing Taipower’s data
governance capabilities. Guided by the four pillars, clarity, foundation building, ecosystem
development, and literacy enhancement, the study seeks to strengthen and expand existing
achievements. The expected contributions include: clearly defined data standards, a reinforced data
foundation, a long-term data governance ecosystem, and continuous cultivation of data literacy
across the organization.

Ultimately, this project aspires to support Taipower in establishing a comprehensive data
governance framework aligned with its digital transformation strategy, enhancing digital operational
capabilities, and accelerating the company’s progress toward intelligent and fully digitalized
operations through standardized and systematic data management.
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Abstract

This study proposes an Al-driven automated system for home energy-savings diagnosis,
designed to address the limitations of traditional audit workflows, including lengthy processing time,
dependence on human expertise, and inconsistent report quality. Household energy-use information
is collected through an online questionnaire, parsed and structured using a C#-based automation
module, and subsequently converted into standardized diagnostic reports. SkiaSharp is employed to
generate visual representations of electricity-use characteristics and diagnostic outcomes.
Furthermore, large language models (e.g., the Google Gemini API) are integrated to enhance
narrative clarity, strengthen analytical explanations, and improve the precision of recommended
energy-saving actions.

Validation results indicate that the system dramatically improves reporting efficiency and
accuracy, reducing the report-generation time from approximately three working days to under ten
minutes. The diagnostic module also provides actionable recommendations regarding appliance-level
energy consumption, replacement of aging equipment, and household electrical safety. Overall, the
system demonstrates high efficiency, scalability, and strong potential for cross-domain applications,

making it a valuable tool for intelligent decision support in residential energy management.
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Development and Application of Surface-Enhanced Raman Spectroscopy
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Abstract

This project, commissioned by the Nuclear Safety Department of Taipower and executed by the
Materials and Chemical Engineering Division of the Industrial Technology Research Institute (ITRI),
spans two years from May 1, 2023, to April 30, 2025. The main objective is to develop a Surface-
Enhanced Raman Spectroscopy (SERS) sensor integrated with a portable Raman spectrometer to
establish a detection technology for environmental hormones in industrial waste from power plants.
A spectral database of pollutants has been completed, enabling power plants to track and assess
pollution conditions in real time.

This paper reviews the fundamental principles, advantages, and challenges of SERS, and
provides an overview of its applications across various fields. SERS is a nanostructure-enhanced
analytical technique that offers high sensitivity and strong molecular specificity. In this project,
Raman spectrometer combined with SERS is applied to analyze environmental hormones in power
plant waste. Researchers utilized simulation software to predict the Raman spectra of bisphenol A
and dioxins and compared the simulated spectra with experimental results to establish a characteristic
spectral database. Future efforts will focus on improving the stability and reusability of the SERS
sensor to enable high-precision quantitative analysis and effective identification of low-concentration
hazardous pollutants.
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Seismic Capacity Evaluation of the No. 3 Low-Level Radioactive Waste Storage Facility at
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Abstract

According to Taiwan’s nuclear regulatory authority, the seismic design of low-level radioactive
waste storage facilities must comply with the Seismic Design Specifications and Commentary for
Buildings issued by the Ministry of the Interior. In addition, new fault evidence must be incorporated
into seismic verification, accident analyses, and the emergency response plans of the relevant
facilities. Nuclear Power Plant No. 1, located in Shimen District, New Taipei City, lies near the
Shanchiao Fault, which is classified as an active fault by the Geological Survey and Mining
Management Agency. Because the near-fault effects of the Shanchiao Fault are not included in the
current building seismic design code, it is treated as newly identified fault evidence for the seismic
evaluation of the No. 3 low-level waste storage facility.

In this study, a deterministic seismic hazard analysis (DSHA) was performed to derive the site-
specific earthquake response spectrum considering the Shanchiao Fault. This spectrum was used as
the demand response spectrum for seismic assessment. Both nonlinear static (pushover) analysis and
nonlinear time-history analysis were conducted to evaluate the structural seismic capacity. The
results indicate that the No. 3 storage facility maintains its structural integrity under the seismic
demands associated with the Shanchiao Fault, confirming that its safety is not of concern.

257 (Key Words) © (1 HJE7/E (Shanchiao Fault) 37317 2 3 i 53 47 (Deterministic Seismic
Hazard Analysis, DSHA) ~ JE 43 &% J7 47 fir (Nonlinear Static Analysis) ~ ffif 2= & J7 5 (i (Seismic
Capacity Evaluation) °

*
o

HATR

JEY
@
S
>
&t‘)
Ny
i\
o
i)
&

EF LI

N
Zm
o





