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This study employs a systematic and 
scientific approach to explore the future 
development path of Taiwan's power 
industry through 2035, with a particular 
focus on how to support  Taipower 's 
decarbonization needs. The research is 
guided by two primary aims: (1) to identify 
feasible strategic options that enable 
Taipower to meet its carbon reduction 
needs by 2035, and (2) to translate these 
strategies into a time-based roadmap to 
provide a reference for long-term planning 
and policy making.

T h e  S c e n a r i o - B a s e d  S t r a t e g i c 
Roadmapping (SBSR) methodology is 
adopted for constructing three distinct 
scenarios—most favorable, most likely, 
and least favorable—through scenario 
analys is .  These scenar ios serve as 
the analytical foundation for evaluating 
Taipower's potent ial  decarbonizat ion 
pathways. Drawing on insights from internal 
executive discussions at Taipower, the study 

generation side for in-depth analysis. There 

are increasing the share of hydrogen co-

Capture and Storage (CCS) technologies, 
and enhancing the contribution of renewable 
energy sources.

Building on this foundation, the study 
conceptualizes the causal relationships 
among key influencing factors and derives 
seven actionable decarbonization strategies: 
(1) development of offshore photovoltaic 
(PV) systems, (2) upgrading of onshore 
wind power infrastructure, (3) procurement 
of auctioned offshore wind power, (4) 
development of deep geothermal energy, 
(5) hydrogen co-firing in gas-fired power 
generat ion,  (6)  CCS implementat ion 
in gas-fired power plants, and (7) CCS 

F ina l ly,  the  s tudy presents  t ime-
based strategic roadmaps for each of the 
seven strategies under the three scenario 
conditions. These roadmaps provide a 
structured framework for Taipower's strategic 
planning and operational decision-making to 
meet its carbon reduction needs by 2035.

2050
( ) 2035

2035

1

2035 Taiwan Power Prospective Scenario Planning Study
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2. 
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I n  r e s p o n s e  t o  t h e  s u s t a i n a b l e 
development trend and national Net-Zero 
mandates, and driven by external scrutiny 
on the R&D effect iveness of  Taiwan 
Power Company (Taipower), this research 
proposes a refined management strategy. 
We utilize international benchmarking and 
expert consultation to develop optimized 

R&D Key Performance Indicators (KPIs) 
and a future-proof performance evaluation 
mechanism. These tools provide Taipower's 
Research Inst i tute with the means to 
effectively assess realized benefits, ensure 
pol icy  compl iance,  and s t ra teg ica l ly 
guide the company toward organizational 
sustainability.

1.

(
)

(

)

2.

3.

8 (

)

(
1)

1

Preliminary Research on Optimization of R&D Key Performance 
Indicators
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Strategies for the Power Sector Amidst Global Carbon Neutrality Trends

Amidst the active global formulation 
of  net-zero response strategies, the 
collection and analysis of pathway planning 
methodolog ies,  p lann ing outcomes, 
and key decarbonization technologies 
adopted by international power sectors 
and utilities have become the primary 
impera t i ve  fo r  Ta ipower ' s  research 
division. This undertaking is essential for 
assisting Taipower in formulating a net-
zero development strategy that aligns 
with international trends.Specif ical ly, 
hydrogen energy is universally recognized 
as a pivotal energy carrier and storage 
technology, destined to play a critical 
role in the future net-zero power system. 
Consequently, beyond merely maintaining 
a comprehensive grasp of  hydrogen 
technological trends, conducting a cost 
assessment of the hydrogen supply chain 
is a crucial precursor for domestic hydrogen 

application. Economic viability is often 
a determinant factor in policy planning, 
directly influencing technological feasibility 
and deployment timelines.This project 
entails a comprehensive literature review 
and analysis regarding net-zero pathways 
adopted by power sectors and public utilities, 
both domestically and internationally.The 
primary objective is to develop a national 
power supply and demand planning model 
to simulate the 2050 net-zero trajectory for 
the domestic power sector.Furthermore, 
the study will conduct data collection and 
analysis focusing on global development 
t r e n d s  i n  h y d r o g e n  a n d  a m m o n i a 
technologies. A specific methodology for 
assessing future import costs of hydrogen 
and ammonia will be established and utilized 
to evaluate the projected procurement 
costs of these fuels for the nation's power 
generation sector.

 2050 

1
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This study aims to address the impact 
of these changing load patterns on Taiwan's 
power system, TPC has adjusted both 
the peak/off-peak periods of time-of-use 
(TOU) and the content of demand response 
(DR) load management measures. TPC 
evaluates the effectiveness of these new 
measures in curbing both daily and evening 

peak loads on the power system and 
forecasting the performance of demand-
side management over the next 15 years. 
This information, combined with TPC's long-
term load forecasts and electricity demand 
projections, serves as a reference basis for 

15

(
)

15

2050

(CBA)

1

Response on Day and Night Peak Load 
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This study investigates the feasibility 
of establishing an innovative certification 
mechanism for electricity generated from 
CCS-equipped power plants. The primary 
objective is to develop a robust framework 
encompassing monitoring, verification, and 
information disclosure protocols tailored to 
CCS applications, thereby facilitating the 
institutionalization and commodification of 
the environmental benefits derived from 

carbon-abated electricity. This framework 
serves as a foundational step toward the 
establishment of a Carbon-Abated Electricity 
Certificate (CAEC) mechanism. In terms of 
technical standard development, the project 
team collaborated with the British Standards 
Institution (BSI) to co-draft an international 
standard applicable to carbon-abated 
electricity from CCS-equipped plants.

2022
2030 24 1%
2050
2024

2030
2005

28 2%

(Carbon Capture 
and Storage CCS)

20-27%

CCS

(Carbon-Abated 
Electricity Certificate
CAEC) 

CCS

(British 
Standards Institution
BSI) CCS

CAEC

1
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3. CAEC CCS
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(
)

CCS
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Currently, the market demand of the 
electricity trading platform is determined 
by subt rac t ing the anc i l la ry  serv ice 
capacity not subject to competitive bidding 
from the total system ancillary service 
requirement. However, this method only 

and the value such services bring to the 
system. Therefore, i t  is necessary to 
consider adjustments based on academic 
perspectives and the practices of advanced 
international power grids. Drawing on 
international experience, several advanced 
power systems have adopted the concept 
of the Operating Reserve Demand Curve 

(ORDC), which integrates a variety of 
market and system-related information and 
effectively links power system reliability 
needs with market operations. In addition, 
to ensure robust market operation, the 
electricity trading platform operator must 
continuously enhance mechanisms for 
monitoring bidding behavior and market 
settlement outcomes, as well as develop 
appropriate responses for mitigating market 
power and handling market anomalies. 
These e f fo r ts  shou ld  a l ign  w i th  the 
platform's stage of development, human 
resources, and technical capabilities. 

(Electric Reliability Council 
of Texas,ERCOT)

(New York Independent 
System Operator,NYISO)

(Independent Electricity System 
Operator,IESO)

1

Study on the Establishment of Market Monitoring and 
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This study investigates strategies to 
enhance renewable energy retailing in 
Taiwan, focusing on three risks derived 
from intermittent generation: balancing, 
shape (profile), and volume risks. While 
international markets such as Japan, 
the UK, and California use unbundled 
certificate systems to allocate these risks 
effectively, Taiwan's "Green Power First" 
policy and bundled certificate framework 
pose unique challenges. Currently, Taipower 
absorbs balancing risks, while retailers face 

and surplus energy (volume risk). Analyzing 
Taipower's recent "Flexible Allocation Pilot 
Program," this study evaluates methods 
to mitigate these operational hurdles. The 
study concludes that refining Renewable 
Power Purchase Agreements (R-PPAs) and 

is crucial to fostering a resilient market, 
balancing stakeholder responsibilities, and 

106

114
10 112

113
30   (

) 

ESG

 

1.  (balancing risk)

2.  (shape/profile risk)

3.  (volume risk)

( )  
(EDF OVO)  (
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114 9

15

1

Enhancing Renewable Energy Retail Operations through 
Contractual Risk Managemen
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This study simulated the possible 

on furnace tubes through small-scale 

characteristics of different cleaning agents. 
During the study, 15 furnace tubes retrieved 
from the Linkou Power Plant were used for 
pre-cleaning background investigation, 2 
trial cleaning preparations and 10 formal 
furnace tube cleanings were carried out. 
The agents used included natural water, 
ammonium citrate, methyl glycolic acid, 
EDTA sodium salt and EDTA ammonium 
salt for comparative testing. From the start 

(95°C), the chemical cleaning simulation 
was carried out for 7 hours, and the iron ion 
concentration was collected every hour for 
endpoint analysis. During the test, cleaning 
and corrosion occurred simultaneously. By 

observing the cleaning efficiency, cleaning 
completion rate, scale removal rate and 
cleaning power, the cleaning agents were 
compared. EDTA.2Na and EDTA.2NH4 were 
the best, with cleaning efficiencies of 1.43 
and 1.47 respectively, and scale removal 
rates of 97.66% and 97.11% respectively, 
which met the indicators of good cleaning 
agents. The corrosion risk can be reduced 
by combining them with suitable corrosion 
inhibitors. The total iron concentration 
dissolved after cleaning can reach 940~1040 
(mg/L). According to the saturated iron ion 
concentration, the two can be advanced to 
3.66~4.94 hours after the temperature is 
fully heated and 3.39~4.73 hours after the 
temperature is fully heated. The total iron 
removal rate of EDTA wastewater evaluated 
by the acid-base adjustment method can 
reach 99.90%.

(subcritical)

(374 C) (22.1 MPa)

(EPRI)

1

The Chemical Cleaning Technologies of Supercritical Boiler for 
the Linkou Power Plant and Applications
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Evaluation of Reuse of Microalgae Cultivation in Mass Production

The condition of global warming is set 
to not exceed 2°C. It is a new challenge to 
reach the balance of the carbon reduction. 
Many technologies of the cultivation and 
application for microalgae have been 
developed all these years. The economic 
applications of algae can be classified into 
four categories: energy, fertilizer, feed/food 
and chemical/medicine. We used basic 
experiments to understand the difficulty 
of development of biological and non-
biological technologies and conduct related 
resource utilization assessments. Spirulina 
as fertilizer has a significant increased 
benefits on the growth of tomato stems 
and leaves by 113%. The spirulina's fruit-
promoting effect is second to the general 

normal standard value of the environment. 
The behavior of swallowing spirulina powder 

at the bottom is typically active. Microalgae 
biomass fermentation has problems with 
the bacteria that need to be controlled, 
but  the  consumpt ion ra te  is  great ly 
advantageous. The purity of phycocyanin 
extracted from Spirulina can reach 4.046, 
which has the potential for medical and 
economic applications. In terms of breeding 
technology, the recirculating aquaculture 
system (RAS) of fish and algae symbiosis 
is a key of cycle unit. Process optimization 
d e s i g n  c a n  e n h a n c e  s u s t a i n a b l e 
competition. The economic benefit value 
of carbon fixation for products was initially 
estimated. Food from algae powder, skin 
care products and phycocyanin are the 
most valuable. The projects were arranged 
to establish a microalgae circular economic 
pyramid.

1
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Since the current wastewater treatment 
procedures in power plants are mainly 
based on discharge after treatment, in the 
face of increasingly stringent environmental 
regulations and the increasing emphasis on 
in-plant water recovery rates, it is necessary 
to evaluate the feasibility of wastewater 
recycling in the entire plant.

This project conducts relevant tests and 
evaluations on the treatment and recycling 
of comprehensive wastewater and flue 
gas desulfurization wastewater, in order 
to propose feasible process improvement 
plans, recycled water usage methods, and 

Combining previous research and the 
results of this project, it is confirmed that 
the recycled water from the comprehensive 
wastewater can be used as an alternative 

water source for raw water. This project 
also tested degassing membrane ammonia 
nitrogen wastewater treatment technology, 
which can be used for ammonia nitrogen 
treatment in existing wastewater plants 
to reduce the risk of ammonia nitrogen 
exceeding standards in comprehensive 
wastewater and FGD wastewater.

This project confirms the impact of 
replacing raw water with comprehensive 
wastewater recycling water on the flushing 
frequency and chloride ion equilibrium 
concentration of the FGD absorption tower, 
and completes the FGD wastewater zero 
discharge program test, which can be used 
as a reference for future power plants 
to improve overall wastewater recycling 
applications.

FGD

FGD

1

1
FGD

(20~30%)
(40~60%) (60~80%)

pH 8.5

( )
( )

2

Recycling Improvement Assessment of Taichung Power Plant 
Wastewater Treatment Process 
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This study focuses on the research and 
practice of microalgae (Haematococcus 
pluvialis) cultivation from traditional methods 
to automation, with an emphasis on the use 
of artificial intelligence (AI) technology to 
remotely monitor algae cells and select the 
best ones.

1. Three core automation technologies: 
Automation technology mainly includes 
three parts: (1) Establishing a remote 
environmental monitoring system to record 
environmental changes; (2) Training a CNN 

Integrating with the mobile phone software 
LINE to implement real-time algae cell 
recognition function.

2. Establishment and of the remote 
monitoring system: The remote monitoring 
system is used to observe the growth status 
of algae and changes in environmental 

factors in the cultivation field. The system 

the simulated climate temperature control 
conditions, l ight source, and aeration 
equipment operation status in the laboratory, 
and to trace the causes of physiological 
adversity in algae. 

3.  Using AI to Select Algal  Cel ls: 
Tradi t ional  a lgae screening is  t ime-
consuming, labor-intensive, and highly 
reliant on experience. This study employed 
CNN deep learning image classification to 
weed and select Haematococcus pluvialis 
cells. Images were classified into two 
categories: good growth potential (imggood) 
and poor growth potential (imgbad). Training 
was performed using the VGG19 model, 
achieving an accuracy of 0.9122 for batch 
subculture screening.

 (AI) 

1.

2.

1

1.
(1)

(2)  CNN 
(3)  

LINE 
2.

(

2MP
120dB WDR

)

3.  AI 

 CNN 

2

Research and Development of Automated Technology for Algae 
Cultivation Experiments 
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Combined Cycle Power Plants enhance 
power generation efficiency by recovering 
waste heat from gas turbines, thereby 
reducing fuel consumption and operational 
costs. However, Flow-Accelerated Corrosion 
(FAC) remains a primary failure mechanism 
in Heat Recovery Steam Generators 
(HRSG). This study evaluates the feasibility 
of utilizing an Artificial Intelligence deep 
learning system for the automated, real-time 
interpretation of material aging.

Implementing the YOLO v11 model, the 
system was trained on a comprehensive 
dataset compris ing histor ical  on-si te 
metallographic images and laboratory-aged 
specimens. The results indicate a superior 

accuracy rate of 99.2%, signif icant ly 
outperforming alternative models, with 
zero cross-level misclassification. Practical 
va l ida t ion  us ing  rou t ine  mon i to r ing 

reproducibility in quantifying the degree of 
material spheroidization.

This research successfully establishes 
an automated diagnostic tool that provides 
an  ob jec t i ve ,  quant i ta t i ve  bas is  fo r 
evaluating material degradation. Compared 
to traditional manual interpretation, this AI 

standard for boiler tube life assessment.

(FAC)

 YOLO v11 

 99.2%

 AI 

1

9 AI
YOLO v11

YOLO v11

Accuracy

YOLO v11
99.2%

2
(spheroidization)

2

Feasibility Assessment of Using AI to Evaluate Material 
Degradation in Cycle Water of Generator System
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GHG emissions gradually increasing, 
leading to global warming. Resulting climate 
change affect all regions of the world, and 
have already had widespread impacts 
on the economy, food and water source 
security. To reduce the loss and damage 

to use policies and carbon pricing tools to 

GHG reduction.
Gathering literature and information 

to study the interaction between CCS 
and carbon credit. First, introduce the 
international development of carbon credit, 
the trend of carbon pricing mechanisms, 
the policies from the major countries and 

Taiwan. Carbon tax and carbon emission 
trading cover 30% of global GHG emissions. 
Most of these mechanisms cover power 
and industrial sectors, generating 100 billion 
USD revenue last year, and still have a lot 
of potential to growth. In addition, current 
status and trend of CCS, as well as its role 
in carbon pricing mechanisms. Currently, 
the development of global CCS projects and 
technologies is growing, cost of CCS facility 
and operating remain higher than the current 
average ETS price. This makes emitters 
less attractive actual construction and 
operation. Therefore, most of CCS plans are 
supported by government funding or from 
carbon pricing mechanisms revenue.

1997
CCS

CCS

CCS
CCS

1

1 ETS
CCS

CCS

CCS
CCS

CCUS

2

2

Mutual Development of Carbon Capture and Storage Carbon Credit and Allowance



39

CCS

CCS

CCS ETS
ICAP CCS

CCS
3

CCS
ETS

CCS

NDC

 WorldBank, State and Trends 
of Carbon Pricing 2025. World 
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 S. La Hoz Theuer, A.O., Emissions Trading Systems and Carbon Capture and 
Storage: Mapping possible interactions, technical considerations, and existing 
provisions. International Carbon Action Partnership, 2023.
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The  ene rgy  sec to r  accoun ts  f o r 
over 60% of our country's total carbon 
emissions, making the development of 
low-carbon power generation technology 
crucial for achieving the government's 2050 
Net-Zero goal. Among various Carbon 
Capture, Utilization, and Storage (CCUS) 
technologies, post-combustion carbon 
capture (PCCC) is the most mature and 
proven method for carbon reduction. This 
study focuses on the chemical absorption 
method for PCCC, investigating how to 
analyze and evaluate the operational solvent 
to ensure capture efficiency and guide 
maintenance. While advanced analytical 
instruments (capable of precise qualitative 
and quantitative analysis of degradation 
p roduc ts )  ex i s t ,  t he i r  use  requ i res 

professional operation, complex sampling, 
and expensive standards. Furthermore, 
many proprietary solvent manufacturers 
prohibit high-precision analysis. Therefore, 
this research uses simple online analytical 
techniques to monitor three physical 
parameters: pH value, electrical conductivity, 
and refractive index, to assess solvent 
degradation during operation. The results 
show that if the lean solvent pH value drops 
below 10 or the refractive index exceeds 
1.385, the solvent is deemed excessively 
degraded, has lost its CO2 capture ability, 
and needs replacement. The change in 
electrical conductivity provides a real-time, 
online analysis of CO2 capture efficiency, 
serving as an excel lent performance 
indicator.

 
2024

2022
94.25%

66.36%
2050

CCUS(Carbon Capture, 
Utilization and Storage)

pH

1

30 wt% MEA
( 1 3)

pH

( 2) pH

( )pH
10

( )

2

The Study of On-Line Evaluation and  Solvent Lifetime Based on 
Chemical Absorption Carbon Capture
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With global CO2 levels rising—NOAA 
reported a 2025 average peak of 426.82 
ppm—Taiwan amended the Greenhouse 
Gas Reduction and Management Act to the 
Climate Change Response Act on January 

Net Zero Emissions" goal, strengthening 
national greenhouse gas regulation.

This study evaluates a Vacuum Pressure 
Swing Adsorption (VPSA) system for CO2 

capture, covering pretreatment, parameter 
optimization, and adsorbent longevity. 
Results show that pretreatment effectively 
removes sul fur  ox ides and moisture 
to protect adsorbents, while optimized 
operat ions yield high CO2 puri ty and 

feasibility and cost-efficiency of solid-state 
adsorption technology.

NOAA
2025

426.82 ppm
112 1 10

2050

(
1)

1

( 2)

(
3

4)
13X ( 2.0mm

2142.5 kg/m3)

Langmuir

( (Qm) 5
(K) 6)

2

Micro-Test Zone of the Carbon Capture Pilot Plant: Evaluation of 
Long-Term Life Cycle for Solid Adsorbent
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Geoscience monitoring remains an 
ind ispensable  component  o f  carbon 
sequestration projects. Before CO2 injection, 
i t  serves to establ ish envi ronmental 
background baseline values; during the 
injection phase, it provides the basis for 
determining whether the CO2 injection 
act iv i t ies are causing environmental 
changes; and after injection is complete, 
it becomes the scientific data used to 
determine the long-term safety and security 
of the storage site. This research focuses 
on ground deformation and ground motion 
monitoring, synthesizing and analyzing 
existing ground deformation data collected 
from previously established monitoring 
stations, and comparing them with data from 
neighboring stations set up by other entities. 
New ground deformation monitoring stations 
were established during the project period 

to increase the density and completeness 
of data distribution. Furthermore, seismic 
wave data and appropriate bandpass 
f i l ter ing were ut i l ized to analyze the 
ground motion signal characteristics in 
the Taichung Power Plant (TCPP) and 
Changhua Coastal Industrial Park  areas. 
The applicability of emerging ground motion 
monitoring technology was successfully 
evaluated for use around the power plant 
site, and a signal-to-noise ratio analysis 
and comparison with data collected by 
conventional seismometers were conducted. 
This study successfully established a portion 
of the surface monitoring data background 
values for the TC Power region, which can 
serve as a valuable reference for future 
CO2 injection projects. Additionally, this data 
can be utilized as educational and outreach 

(CCS)

1

Geological Baseline Monitoring and Research for the Taichung Power Plant Site

2
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Economic Analysis of Installing Carbon Capture Facilities in Power Plants

Since  the  Indus t r ia l  Revo lu t ion , 
emissions of all types of greenhouse gases 
have been increasing, especially in recent 
years with an accelerating trend. Among 
these, CO2 contributes the largest share of 
all major greenhouse gases. Carbon capture 
and storage (CCS) is a technology that can 
reduce large amounts of CO2 emissions, and 
a preliminary evaluation will be conducted 
on the integration of CCS technology into 
power plants.

First, summarizes the latest development 
and trend of CCS and CCS technologies. 
Next, provide a brief introduction to CCS 
Techno-Economic Analysis tools. Then, 
analyzes various types of CCS projects and 

CCS cost trends of gas-fired power plants 
with CCS. At the same type of unit, when 
capture rate are about 50%, 90% and 98%, 
the LCOE are 3,876 TWD/MWh, 4,490 TWD/
MWh, and 4,619 TWD/MWh. Respectively, 
avoidance costs are 2,297 TWD/ton CO2, 

2,166 TWD/ton CO2, and 2,091 TWD/ton 
CO2. As the capture volume increases, the 
overall cost and LCOE are also increasing, 
on the contrary avoid cost decrease. The 
higher capture capacity of CCS system, 
the higher overall cost and LCOE, while 
the lower of the avoid cost. Therefore, the 
development and development of CCS still 

2050
CCS

1

1

50%
90% 98%

501,319 MTWD
5 3 9 , 8 6 1  M T W D 5 4 5 , 6 0 3 
MTWD CCS 454,898 
MTWD LCOE 3,876 
TWD/MWh 4,490 TWD/MWh
4,619 TWD/MWh
CCS 3,224 TWD/MWh

2,297 
TWD/tCO2 2,166 TWD/tCO2

2,091 TWD/tCO2 CCS

8% 15%

16% LHV
5.3% 9.6% 10.4%

2 Case 1~3 LCOE
3 Case 1~3

3 Case 1~3
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Study on SCR Catalyst Cleaning and Regeneration Test at Linkuo Power Plant

The SCR catalysts used at Linkou 
Power Plant are all imported and mainly 
made from rare metals l ike t i tanium, 
vanadium, and tungsten, which makes 
them expensive. By regenerating spent 
catalysts to extend their lifetime, it can save 
on purchasing costs and reduce the amount 
of solid waste. This study conducted a 
regeneration method using a self-developed 
microbubble washing technique, combined 
with sulfuric acid and ultrasonic. When 
CO2 microbubbles and sulfuric acid were 
combined with active metal additives like 
NH4VO3 (WO3), the recovery rate can reach 
94.2%, which is close to the activity of new 

catalysts. We also analyzed the wastewater 
from the regeneration process and treated 
the water with chemicals like FeCl3, TMT, 
NaOH, and polymer flocculants, both pH 
and SS could be well controlled. Arsenic 
dropped from 0.679 mg/L to below 0.05 mg/
L, and iron from 57.9 mg/L to below 0.2 mg/
L. They also dropped to levels much lower 
than the limits. Finally, we did an economic 
analysis based on one unit at Linkou Power 
Plant. Regeneration will become competitive 
if the catalyst lasts more than 11,200 hours 
or the regeneration cost is less than 72% of 
the price of a new catalyst.

SCR
30~50%

SCR

3~5

40~50%

90~100%

TiO2

V2O5 WO3

66%

1

1.

2.
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To understand the impact of different 
sizes on the temperature field, the highest 
temperature and core-surface temperature 
difference are simulated under different 
seasons and adiabatic temperature rise 
conditions for foundation piles and large 

using insulation materials. When the core 
temperature and core-surface temperature 
difference exceed the limits, repeated 
simulations of appropriate insulation pad 
placement or pouring temperature are 
conducted to ensure that the components 
meet the mass concrete requirements of a 

Through temperature field simulation 

studies, the formulation of temperature 

analysis, the temperature control process 
and steps of the massive concrete for the 
tower foundation have been confirmed. 
By applying insulation measures, the 
requirements outlined in the construction 
guidelines were met. During the summer, 
due to on-site environmental conditions, 
temperatures may exceed the predicted 
range. In the future, it may be considered 
to add temperature-reducing agents (such 
as hydration heat inhibitors) or embed a 
circulating water system to ensure that the 
massive concrete meets the temperature 
control requirements.
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Temperature Numerical Analysis and Thermal Control Plan for 
Mass Concrete of Transmission Tower Foundations



53

4.

7.5m 3.6m 

( 2)
5.

)
)

 1 

 2 

  



Abstract

54

This study primarily investigates the 
mechanical and durability properties of 
concrete made from Taichung pond ash at 
varying sand replacement ratios (0%, 20%, 
40%, and 60%), with a water-binder ratio 
(w/b) of 0.55, a total binder volume of 400 
kg/m³, and fly ash as a 36% binder. Two 
reference mixes for non-structural pond ash 
concrete blocks are also provided.

and bottom ash, typically contains chloride 
ions exceeding the standard for concrete 
aggregate (0.012%). Properties such as 
particle size, specific gravity, and moisture 
content vary by location. A higher proportion 
of pond ash replaces sand, resulting in a 
lower unit weight of pond ash concrete and 
requiring more chemical agents. In terms 
of compressive and splitting strength, a 
higher proportion of pond ash replaces 
sand, resulting in lower strength. However, 
these strengths remain nearly unchanged 
with aging. Using a rapid chloride ion 

penetrometer, the cumulative charge of 
pond ash concrete consistently remained 
below 2,000 coulombs, indicating a low 
chloride permeability rating. Under the 
same offshore conditions, wave-breaking 
blocks made with pond ash instead of sand 
require a larger volume than conventional 
concrete to maintain the same stability. 
Cons ider ing  concre te 's  workab i l i t y, 
un i t  we ight ,  mechan ica l  p roper t ies , 
durability, and material cost, a 20% to 
40% replacement ratio of pond ash for 
conventional fine aggregate is considered 
optimal. However, there may be concerns 
about the applicability of using ash pond 
ash in wave-breaking blocks or cubes. The 
amount of heavy metal dissolution from 
ash pond ash meets the requirements for 
port filling. Based on processing costs and 
energy conservation and carbon reduction 
considerations, it is recommended to use it 

1

Content of Ash Pond Ash
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To support Taiwan's energy transition 
and Taiwan Power Company's (TPC) 
carbon targets, this study evaluates the 
technical and environmental feasibility of 
producing wood pellets from six domestic 
timber species (three coniferous and three 
broadleaf). Life cycle analysis demonstrates 
a significant carbon advantage, avoiding 
over 200 kg CO2e/t compared to imported 
fuels. While xylem components (heartwood 
and sapwood) across all species met CNS 
17225-2 I1 standards, bark consistently 
failed due to excessive ash content (up 

to 6.33%) and chemical levels, making 
debarking mandatory. Furthermore, certain 
hardwoods faced heartwood contaminant 
r e s t r i c t i o n s  f o r  p r e m i u m  m a r k e t s . 
Consequently, a graded application strategy 
is recommended to optimize resource 
allocation. Future research must focus on 
optimizing whole-tree pelletizing ratios and 
conducting a comprehensive economic 
analysis of drying and debarking costs to 
ensure the long-term competitiveness of the 
domestic supply chain.

 110  5  7 
 CNS 3036 

(
 5% 

)
:

(
)

( 1) CNS 17225-2
( 2)

1

1.
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4.

2

Feasibility Study on the Production of Wood Pellets from Domestic 
Timber for Power Generation Units
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Feasibility Study on Carbon Storage Technology of Construction Materials

Cement is a pivotal material in the 
construction industry. As the sector faces 
increasing demands for decarbonization, 
current strategies extend beyond merely 
reducing concrete carbon emissions 
by  pa r t i a l l y  r ep l ac i ng  cemen t  w i t h 
Supplementary Cementitious Materials 

The industry is also actively developing 
technologies, including direct carbonation, 
indirect carbonation, carbonated mixing, 
and carbonated curing. These innovations 
promote the sequestration of carbon dioxide 
CO2 within concrete, thereby contributing 
to the achievement of low-carbon goals. 
These carbonation technologies enable 
recycled concrete aggregates and steel slag 
waste to sequester carbon and undergo 

circular utilization. Additionally, carbonated 
mixing and the carbonated cur ing of 
precast materials, when using optimized 
CO2

storage and improved physical properties.
Regarding business models for carbon 

sequestration in construction materials, 
several enterprises have already invested in 
pilot projects and commercial applications 
of related technologies. Notably, some 
manufacturers are introducing flue gas 
from power plants directly into the material 
carbonation process. Based on these 
commercialized and certified carbonation 
technologies, it can be inferred that the 
application of construction materials in 
carbon sequestration is feasible

(1)
(2)

(3)

(4)

(5)

1

1.

Ca²+

Mg²+

(CaCO3)
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Assessment of Carbon Reduction of Wooden Structures in Buildings

To support Taiwan's energy transition 
and Taiwan Power Company's (TPC) 
carbon targets, this study evaluates the 
technical and environmental feasibility of 
producing wood pellets from six domestic 
timber species (three coniferous and three 
broadleaf). Life cycle analysis demonstrates 
a significant carbon advantage, avoiding 
over 200 kg CO2e/t compared to imported 
fuels. While xylem components (heartwood 
and sapwood) across all species met CNS 
17225-2 I1 standards, bark consistently 
failed due to excessive ash content (up 

to 6.33%) and chemical levels, making 
debarking mandatory. Furthermore, certain 
hardwoods faced heartwood contaminant 
r e s t r i c t i o n s  f o r  p r e m i u m  m a r k e t s . 
Consequently, a graded application strategy 
is recommended to optimize resource 
allocation. Future research must focus on 
optimizing whole-tree pelletizing ratios and 
conducting a comprehensive economic 
analysis of drying and debarking costs to 
ensure the long-term competitiveness of the 
domestic supply chain.
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This study represents the first fully in-
house ecological inspection and impact 
assessment project conducted by the Taiwan 
Power Research Institute for a public-
works development, with no outsourcing 
involved at any stage. Focusing on the 
construction phase of the Hsinta Power 
Plant Combined Cycle Renewal Project, 
we compiled long-term ecological datasets 
from the Yongan Wetland—covering birds, 
fish–shrimp–mollusks, Odonata, and water 
quality—and harmonized them under the 
national biodiversity data standard. We then 
constructed multi-scale GIS layers for the 
project footprint, the nationally important 
wetland (41.25 ha), the 22-ha artificial 
habitat, retained salt-pan wetlands, and 

spatial overlay, habitat-use and hotspot 
analyses, and a three-dimensional impact 
matrix (receptor × stressor × construction 

stage impacts into graded zones and 

areas, including noise and light reduction, 
water-level and habitat management, 
and focused monitoring indicators and 
frequencies. The results demonstrate 
that this report fully complies with the 
legal requirements of Taiwan's public-
works ecological inspection framework, 
while providing operational products—
standard ized  da tase ts ,  G IS  layers , 
checklists, and procedures—that can be 
directly applied to construction management 
and external communication. In doing 
so, the project establishes Taipower ’s 
independent technical platform for ecological 
inspection, and clearly showcases the 
company 's  p ro fess iona l  capac i ty  in 
ecological assessment, spatial analysis, and 
engineering–environment integration.

1.  (Project 
Vision & Context)

(Strategic Ecological Asset)

(EAAF)
(ESG)

 41.25 
 22 

(GIS)

1
2.  

(Methodological Innovation)
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Overlap Ratio)

1

Research on Ecological Inspection and Ecological Impact Assessment During 
the Construction Stage of Hsinta Power Plant Combined Cycle Renewal Project
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Using coal ash, the by-product of coal-

bricks or artificial reefs could be a win-win 
situation for circular economy and restoration 
ecologty. Most previous studies have found 
out that the human-made coastal defense 
structures, including seawalls, tetrapods, 
or wave breaker blocks, could convert the 
surrounding habitats gradually into coral 
reef communities and increase the local 
biodiversity after setting up appropriately. 
However, these studies are rarely concerned 
the short-term transformation, especially the 
physical disturbances and primary changes 
of the benthic organisms under the coastal 
defense structures. This study has tracked 
the spatial and temporal changes of the 3D 
printing coal ash structures for observing 
the restoration of benthic communities 
after physical disturbances and the coal 
ash structure construction. Although the 
benthic communities by higher taxonomic 

groups show static, the diversity of marine 
nematode communities slightly increase 
after one month of the coal ash construction. 
In addition, the dominant species on the coal 
ash structures represent distinguish between 
outer and in ner parts of the water inlet of 
the Shen'ao Power Plant. The coal ash 
structures made by 3D printing technology 
keep rough sur face to  increase the 
attachment potential of marine organisms, 
easily design decorated, assembled by 
small unit modules artifitial reefs, reduce 
the cost and serve the ecological functions. 

of coal ash structures are indistinct, and the 
benthos are quickly adapted the present of 
the structures and restored the ecological 
dynamic equilibrium. In the future, we 
should keep the long-term assessment for 
understanding the compatibility between 
coal ash materials and marine organisms 

1
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In response to the global  energy 
transition and the promotion of circular 
economy practices, second-life lithium 
batteries have been recognized as a 
promising solution to enhance resource 
eff iciency while supporting stationary 
energy storage applications. However, 
retired batteries typically exhibit significant 
variations in performance, aging conditions, 
and safety  character is t ics.  Apply ing 
conventional battery management strategies 
designed for new or automotive batteries 
may lead to reduced system reliability and 
increased operational risks. Therefore, 
developing management and dispatching 
approaches tailored to second-life battery 
applications is a critical challenge.

This study focuses on second-l i fe 
l i thium batteries with the objective of 
establishing an analytical framework for a 
smart battery management system (BMS) 

capable of supporting autonomous control 
in second-life applications. The research 
integrates battery dismantling and failure 
analysis of retired lithium iron phosphate 
(LFP) battery modules to identify internal 
degradation mechanisms associated with 
voltage abnormalities. In addition, a second-
life battery energy storage system was 
deployed for field operation to evaluate 
the impacts of different charge-discharge 
schedules and electricity pricing schemes on 
thermal behavior, aging risks, and economic 
performance. Furthermore, system-level 
operational data were combined with single-
cell cycling tests to develop an equivalent 
cycle (Eq-Cycle) degradation model based 
on cumulative SOC variation. The proposed 
approach provides a practical basis for 
l i fet ime assessment and operat ional 
optimization of second-life battery systems.

BMS

1

SEI

( 1)

;

2

Development of Management System for Li-battery Second Use
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Although the generation mix for thermal 
power units is planned to decrease annually 
as part of our nation's carbon reduction 
pathway, these units will still be responsible 
for maintaining a stable power supply during 
the transition to 2050 net-zero emissions. 
Consequently, reducing emissions from 
these units is a key carbon reduction 
strategy. One viable approach is to use low-
carbon alternative fuels (such as hydrogen, 

Hydrogen co-firing in gas-fired units 
and ammonia co-firing in coal-fired units 
represent advanced, forward- looking 
technologies; by utilizing blue or green 

a viable pathway toward achieving low or 
zero carbon emission targets. However, 
this co-firing technology is sti l l  in the 

developmental phase and is not expected 
to mature by 2030. Therefore, it is difficult 
to achieve substantial short-term carbon 
reduction benefits for thermal power units. 
Nevertheless, investing in relevant research 
is essential to mitigate the risk for our 
company when introducing these advanced 
technologies in the future. Compared to 
gas-fired units, coal-fired units have higher 
carbon emissions, so successfully adopting 
low-carbon fuel co-firing technology would 
yield greater carbon reduction benefits. 
Consequently, it is necessary to conduct 
research on the combustion characteristics 
of co-firing coal with low-carbon fuels. 
This will help us understand the problems 
that arise from co-firing and find solutions, 
thereby lowering the risk associated with the 
company's future technology adoption.

2050

1

( 2)

1
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2. 
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A Study on Combustion Characteristics of Coal Co-Firing with Low Carbon Fuels
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To  a d d r e s s  t h e  c h a l l e n g e s  o f 
intermittency and load variability resulting 
from the rapid integration of renewable 
energy in Kinmen's low-carbon island 
initiative, this study developed a short-
term load forecasting technique combining 
a fuzzy neural network with a decade 
average method. Concurrently, recent 
power supply and demand data from 
Kinmen, including fossil fuel generation, 
renewable energy output, energy storage 
system operations, and meteorological 

information, were analyzed to provide an in-
depth understanding of the power system's 
operation post-grid connection of large-
scale solar and energy storage systems. 
Furthermore, to enhance load forecasting 
accuracy, and in consideration of the 
interconnection between Greater and Lesser 
Kinmen's power systems and the expansion 
of energy storage, Little Kinmen's power 
information was integrated into the power 
information platform, and an event calendar 
input option was designed.

(
)

1

1. 

( 1)

2

Short-Term Load Forecasting Analysis and Power Information 
System Implementation in Kinmen Island
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The intermittent and uncontrollable 
characteristics of PV presents the major 
challenge for grid integration and power 
dispatch. Mild effects include system 
frequency instability and excessive voltage 
f luctuations in regional grids; severe 
consequences could lead to transmission 
line congestion and widespread voltage 
instabil ity. To mitigate the uncertainty 
associated with PV power generation, TPRI 
current operational forecasting models 
primarily use various types of environmental 
observation data and numerical weather 
prediction (NWP) data as inputs. These 
models can generally capture the power 
generation trend for forecasts ranging from 
hours ahead to day-ahead. However, NWP 
struggles to accurately capture the short-

term movement and evolution of clouds. 
Consequently, developing ultra-short-term 
forecasting models (e.g., ranging from 
several minutes to within an hour) based 
purely on numerical data, such as historical 
observations and NWP data, is challenging 
and tends to yield unsatisfactory results.

This project proposes to address this 
gap by utilizing all-sky imager data to 
capture and store cloud images. We will 
integrate image processing technology 
and utilize these cloud images as one of 
the input variables for a solar irradiance 
forecasting model. The ultimate goal is to 
develop an ultra-short-term solar irradiance 
forecasting model capable of high accuracy 
within the critical minute-to-hour timeframe.
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In recent years, international initiatives 
for the “2050 Net Zero” energy action plans 
have gradually emerged. To align with the 
Company’s responsibility in addressing the 
requirements of the energy transition, a 
forward-looking feasibility study has been 
initiated on the development of generator 
technologies capable of operating with 
hydrogen-natural gas co-firing or pure 
hydrogen. The objective is to conduct on-

generation performance and to perform 
application scenario analyses. The key 

as follows:
1.  In al l  hydrogen blending tests, the 

hydrogen content in the fuel could be 
quantitatively regulated, and the MGT 
system was able to maintain stable 
operation at the designated power output.

2.  As the hydrogen blending ratio increased, 

the CO concentration decreased. For 
example,  under  30 kW and 40 kW 
hydrogen co-firing conditions (10 vol.% 
H2 ), CO concentrations were reduced 
by approx imate ly  63 % and 70 %, 
respectively.

3.   As the hydrogen blending ratio increased, 
the NOx concentration increased. For 
instance, under 30 kW and 40 kW 
hydrogen co-firing conditions (10 vol.% 
H2 ), compared with natural gas-only 
operation, the NOx concentration (@15% 
O2 ) increased by approximately 10 times 
and 4.4 times, respectively.

4.   The CO2 emissions from the MGT system, 
under various test conditions (with or 
without hydrogen blending), exhibited no 
significant differences, with an average 
measured volumetric concentration of 
approximately 1.60 vol.%.
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Research on Performance Test of Micro-turbine Generator Set 
Using Hydrogen Mixed with Natural Gas as Fuel
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Hydrogen product ion by methane 
pyrolysis technology is regarded as a 
bridging technology for hydrogen production 
from fossil fuels to renewable energy. In this 
study, we discuss the current development 
status of hydrogen production technology 
in methane pyrolysis. There are three main 
technologies introduce: thermal pyrolysis, 
plasma pyrolysis and catalyst pyrolysis, 
which are different in terms of cracking 
temperature, solid carbon form, hydrogen 
content ratio and technical readiness status. 
The report also provides the technology 

status of  companies involved in  the 
technology development, including Monolith, 
Graforce, HiiROC, Susteon, Hazer Group, 
Hycamite, BASF and Ekona Power Inc. As 
low-carbon hydrogen production is pivotal 
for the future of the hydrogen economy, the 
report further analyzes the key parameters—
carbon emission factors and hydrogen 
production costs—of three mainstream low-
carbon hydrogen production technologies 
(SMR with CCS, electrolysis, and methane 
pyrolysis) to evaluate the developmental 

 Monolith

Graforce Hi iROC Susteon
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Study on Methane Pyrolysis for Hydrogen Production and 
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The Shenao Power Plant, located on the 
northeastern coast of Taiwan, is situated in 
a complex terrain surrounded by mountains 
on three sides. After the decommissioning 

recognized that its location, being on the 
windward side of the northeast monsoon, 
holds significant potential for wind energy 
development. Therefore, this study attempts 
to analyze the feasibility of wind farm 
development in the Shenao area based on 
IEC standards, assessing the site's potential 
for renewable energy development.

This study utilized a calibrated and 
validated wind lidar system, compared 
with meteorological tower data, to conduct 
over a year of measurements, collecting 
wind data for the Shenao site. Using this 
data, essential wind energy assessment 
parameters required by the IEC, including 

ex t reme  w ind  speeds ,  w ind  shea r, 
turbulence intensity, Weibull distribution, and 

the WindSim wind energy calculation 
software was applied to evaluate wind 
distribution and annual energy production, 
aiming to assess the potential benefits of 
establishing a wind farm in the Shenao area.

The results indicate that the Shenao 
site can meet IEC standards under certain 
condi t ions.  The wind energy densi ty 
of the site, as calculated using CFD, 
is approximately 300–400 W/m². After 
micrositing three commercial wind turbines, 
the estimated annual energy production 
is approximately 8.4 GWh, with a capacity 
factor of about 16%, comparable to the 
capacity factors of typical onshore wind 
farms.

 

2007

 

 

 

(
1)

  IEC 

1

The Research of Wind Resource Evaluation by CFD Analysis in 
Sheng-Ao Area
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This study aims to investigate the 
stabi l i ty  per formance of  an offshore 
floating wind turbine platform. A numerical 
mode l  o f  t he  f l oa t i ng  p la t fo rm was 
established, defining the geometric mesh, 
mass distr ibut ion model,  and inert ial 
characteristics of key components. The 

of the mooring system's connection and 
anchor points. Regarding the analysis 
methodology, the research combined 
f requency-domain  and t ime-domain 
analyses. First, hydrodynamic diffraction 

and radiation characteristics were analyzed 
in the frequency domain. Subsequently, 
irregular wave environmental parameters 
were set to conduct time-domain coupled 
dynamic analysis. The study focused on 
evaluating the coupling mechanism of 
dynamic loads and motion responses, as 
well as analyzing the structural motion 
response and trajectory characteristics in 
the time domain, to verify the stability and 
safety of the floating platform in offshore 
environments.

2050

JONSWAP
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Wi th  the  con t inuous  inc rease  in 
Taipower's annual power generation and 
procurement, alongside the development of 
Taiwan's energy policies, future low-voltage 
demand-side management measures will 
play a crucial role. Although implementing 
demand response and time-of-use rates 
at the customer end can bring multiple 
benefits to power companies, such as 
supply-demand balance and grid stability, 
it's difficult to achieve these cumulative 
effects if the incentives are insufficient to 
attract users. Therefore, it's essential to 
design smart and energy-efficient home 
energy management system functionalities 
that increase user willingness to participate. 
This research proposes a study on home 
energy management system functionalities 
applied to mobile devices. It plans to 
develop a mobile app integrated with an 
energy management system and conduct 

The mobile app proposed in this research 
will integrate the AMI smart meter's Route 
B communication module and smart home 
appliances, combined with power data 
analysis technology, to implement power 
overview and energy-saving scenario 
applications, serving as a demonstration and 

reference for future smart living and demand 
response integration.

The subsequent chapters are arranged 
as fol lows: Chapter 1 introduces the 
research background, objectives, and 
scope of work; Chapter 2 presents a 
review of domest ic and internat ional 
l i terature and appl icat ions related to 
home energy management promoted by 
power companies; Chapter 3 introduces 
application development tools; Chapter 
4 p lans and designs the HEMS APP 
application, following the software design 
process including requirements analysis, 
system architecture planning, front-end user 
interface design, and back-end data flow 
interface design; Chapter 5 focuses on the 
front-end APP interface implementation, 
including the homepage, AMI monitoring, 
smart appliance monitoring, and scheduling 
interfaces; Chapter 6 covers data model 
establishment; Chapter 7 develops back-
end data access programs; Chapter 8 
performs application deployment and 
functional demonstration to ensure program 
behavior aligns with various smart home 
appliance scenarios; Chapter 9 concludes 
the research.

•  

APP

APP AMI

Route B

•  
APP

AMI
AI

•   

Android iOS

1

Mobile-Device-Based Home Energy Management System 
Application Research
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In response to the international net-
zero emissions trend, the proportion of 
low-voltage users adopting smart home 
appliances, electric vehicles, renewable 
energy, and energy storage devices is 
gradually increasing. With policy support 
and the maturation of related technologies 
and markets ,  low-vo l tage users  are 
g radua l l y  t rans fo rming  f rom s imp le 
electricity consumers into prosumers, 
with the opportunity to participate in the 
electricity trading market. This further 
reduces the burden on the regional power 
grid and provides returns, propelling the 

users with distributed energy resources, 
to further achieve off-grid autonomous 
operation, energy management systems 

can be used to integrate and dispatch 
distributed power resources, assisting 
Taiwan Power Company in maintaining the 
balance between power grid supply and 
demand. Especially when a large amount of 
renewable energy is connected to the grid in 
the future, the system power flow changes 
rapidly. Strengthening the resilience of the 
regional power grid and enhancing the grid's 
ability to accommodate new distributed 
renewable energy sources are inevitable 
trends. Therefore, this project aims to 
analyze the load management and dispatch 
mechanism of distributed energy through 
the low-voltage user energy management 
system and consider Taipower's short, 
medium and long-term promotion strategies.

•  

(Consumer)
(Prosumer) •  

•   

1

The Study on the Application and Roadmap of Customer-side 
Energy Management System
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In light of Taiwan's energy policy and 
the international trend towards net-zero 
carbon emissions, in addition to increasing 

demand-side management strategies 
plays a crucial role in maintaining grid 
stability and a balance between electricity 
supply and demand. To promote the 
application of automated demand response 
technology, our institute completed several 
research projects in 2024, including the 
implementation of the integration and 
interface between OpenADR 2.0b VTN and 
VEN ICT systems, the development of the 
API interface for the automated demand 
response OpenADR 2.0b VEN and energy 
management system programs, and the 
porting and development of embedded 
systems for user-end software compliant 
with the OpenADR 2.0b standard. With the 

rapid development of ICT and the release of 

at the end of 2023, this study aims to align 
with international trends by researching the 
OpenADR 3.0 specification for Automatic 
Demand Response and conducting a 
feasibility analysis of its integration with 
OpenADR 2.0b. Compared to OpenADR 
2.0, OpenADR 3.0 has many improvements 
and new features, including information 
simplification, greenhouse gas emissions, 
grid layout adjustments, and capacity 
management communication coordination. 
It provides power companies with simpler, 
safer, faster, and more reliable two-way 
information exchange, while also increasing 
the willingness of third-party equipment 
suppliers to integrate it, thus contributing to 
the future development and promotion of 
automated demand response.

•  

113
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OpenADR 2.0b VEN
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OpenADR 112
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1

Study of Integration with OpenADR 2.0b
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This research project aims to conduct a 
systematic diagnosis of Taipower's existing 
intelligent customer service system. Through 
in-depth investigation of the current situation 
and analysis of pain points, it will clarify the 

customer experience, and then propose 

for a next-generation intelligent customer 
service system. In response to the current 
bottlenecks in Taipower's customer service 
system, such as the need to improve 
response accuracy, optimize operation 
guidance,  expand serv ice channels, 
strengthen responsiveness, and reduce 

focus on four core aspects: "Human-Machine 

and Value of Human Customer Service," 
"Human-Machine Co-learning: Building a 
Dynamically Optimized Intelligent Learning 
System," "Virtual Character Interaction: 
S t reng then ing  Immers ive  Cus tomer 
Experience," and "Multimodal Integration: 
Enhancing Seamless Customer Service 
Experience," to plan the development 
blueprint for the customer service system. 
This research covers case studies of 
international benchmark companies, service 
process diagnosis and design, optimization 
of intelligent AI customer service functions, 

and practical application scenarios of 
human-machine collaboration. It serves as 
the strategic foundation for Taipower's future 
intelligent customer service development. 
Furthermore, it incorporates generative AI 
and RAG (retrieval-enhanced generation) 
technologies to strengthen the system's 
semant ic  understanding,  knowledge 
application, and autonomous learning 
capabilities. This further enhances the 
system's resilience in dynamic responses 
and high-pressure scenarios, helping 
Taipower establish a new benchmark for 
intelligent services and digital transformation. 
It is anticipated that after the system goes 
live, this project will gradually increase the 
usage rate of intelligent customer service to 

on human customer service. Through 

design of diverse application scenarios, it 
will help Taipower build a high-performance, 
rel iable, and f lexible next-generation 
intelligent customer service system to 
support the company's long-term goals of 
digital transformation and resilient services. 
Ultimately, it will realize user-centric digital 
resilient services and strengthen Taipower's 
sustainable competitiveness and value in 
smart services.

•   

1

Development and Feasibility Study of the Latest Intelligent AI 
Customer Service System in the Electrical Industry
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This research project aims to develop 
a  Meter ing  Equ ipment  Management 
System for  Taiwan Power Company, 
incorporating full lifecycle management of 
metering devices such as energy meters, 
PTs, CTs, MOFs, MIUs, and securi ty 
seals. The system covers all operational 
stages including procurement, allocation, 
installation and removal, maintenance, and 
decommissioning. It also integrates with 
Taipower's existing systems—NCPS, NBS, 
and RNIS—to synchronize registration 
forms and customer data, ensuring data 
consistency and completeness. Additionally, 
a mobile application is being developed 
to enhance the efficiency and accuracy 
of field data reporting, thereby improving 
the timeliness and digitalization of on-site 
operations.

During implementation, the project 
team rev iewed ex is t ing  opera t iona l 

procedures and mapped out workflows 
across all stages, while collecting practical 
requirements from the Headquarters and 24 

a set of standardized digital processes was 
established in alignment with Taipower's 
current regulations. The system enables 
comprehensive recording of metering 
equipment lifecycle data, helping to reduce 
overall management costs and improve 

The  p ro to type  sys tem has  been 
developed and tested through multiple 
simulations. A comprehensive deployment 
strategy has also been formulated, with 

corresponding mitigation plans, to ensure 
the system's stability and practicality when 
scaled up for use across all 24 regional 
branches in the future.

•  
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Demand  response  i s  one  o f  t he 
important resources of the power system. 
It is necessary to prepare a tools for the 
colleagues of responsibility of each business 
branch who are responsible for demand 
response, to help them understand the 
characteristics of the users, as well as 
feasible demand response methods, suitable 
demand response plans, etc. This project 
plans to provide an information system for 
colleagues in the district business office 
who are responsible for recruiting demand 
response users, based on the compilation of 
the methods and characteristics of various 
industries implementing demand response, 
supp lemented by past  ana lys is  and 
statistical results. This will allow colleagues 

in the response business branch to obtain 
information related to the user in advance 
before visiting high-voltage users, and 
initially understand the methods that the 
user can implement demand response. At 
the same time, by combining the compiled 
industry characteristics, colleagues in the 

and practical when explaining to recruit 
users, which is closer to the user's process 
and electricity behavior, and increases the 
chance of user participation. In addition, 
through the compilation of experiences 
with users of the same type of industry 
and process, users generate peer effects, 
increasing the will ingness of users to 
participate.

2022

1

Research on the Query System for High-Voltage User Demand 
Response Characteristics
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With the rapid development of smart 
grid technology, power companies are 
facing increasing challenges, especially 
in  detect ing unauthor ized electr ic i ty 
usage. Traditional methods of detecting 
unauthorized electricity usage mainly rely 
on whistleblowing, line inspections, and 
investigations by police and prosecutors, 
which consume a lot of human resources. 
To reduce resource waste and improve 

domestically and internationally have begun 
exploring the use of artificial intelligence 
(AI) technology for analyzing unauthorized 
electricity usage.

The purpose of this research is to 
investigate the feasibility of developing 
an AI-powered unauthorized electricity 
usage detection and decision support 
system. The proposed system will analyze 
data from low-voltage Advanced Metering 
Infrastructure (AMI) to identify potential 
cases of unauthorized electricity usage in 

Changhua, Chiayi, and Hsinchu areas. It 

usage by Taipower's business units.

usage habits between individual users, and 
the scenarios that rule-based methods may 

anomaly detection AI technology to monitor 
the electricity consumption and power quality 
data. This technology learns the normal 
electricity usage data model of users. When 
the electricity usage data deviates from the 
normal range, the system analyzes and 
provides a list of abnormal users and their 
suspicion levels. It also provides key factors 
for determining unauthorized electricity 
usage, serving as a reference for Taipower's 
business units to prioritize their inspection 
schedules,  effect ive ly  concentrat ing 
inspection resources on users with high 
suspicion of unauthorized electricity usage.

AMI

1

Feasibility Study of Integrating Smart Grid with AMI Data for 
Analyzing and Detecting Unauthorized Electricity Usage



111

2

1. AI

1
2. 

2
3.  AI 

 kW  kVA 

 1 AI

 2 AI



Abstract

112

As per Taiwan's energy policy, the 
penetration of renewable energy is expected 
to exceed 20% beyond 2025. This shift 
will reduce system inertia and increase 
power generation fluctuations, posing 
challenges to grid frequency and supply-
demand balance. To address these issues, 
Taipower has developed Electricity Trading 

systems and demand response resources, 
aiming to stabilize the grid. However, the 
diverse nature, technical capabilities, and 
dispatch applications of other distributed 
energy resources (DERs) require further 
research and integration to maximize their 
potential. This is essential for advancing 
energy transition and electricity sector 

reform while maintaining grid stability. At 
this research stage, we have completed 
an analysis of international practices, an 
inventory of domestic distributed resources, 
and an initial plan for future technical 
capabilities, enhancing the framework for 
distributed resource utilization. By studying 
international examples and comparing them 
with domestic scenarios, we aim to clarify 
the control parameters, capability ranges, 
metering standards, and market planning 
for various distributed resource dispatch 
strategies. The project's outcomes are 
intended to assist Taipower analyze and 
optimize the use of distributed resources, 

5 8
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43GW

1

A study on Distributed Energy Resources Applications for Grid 
Operation Services Enhancement
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Electric power big data refers to the 
vast amounts of data generated during the 
production, transmission, distribution, and 
consumption of electricity, including power 
consumption patterns, user behaviors, 
equipment status, and climate changes, 
etc. In recent years, Artificial Intelligence 
(AI) technology has developed rapidly. 
Using machine learning algorithms, patterns 
or features can be extracted from vast 
amounts of historical data to forecast future 
demand, helping power companies respond 

posed by renewable energy, ensuring supply 
and demand balance.

A micro-region typically refers to a small 
geographic area, such as a community 
or district. This research combines big 
data with AI to create a micro-region 
assessment index system, based on the 
Ministry of the Interior's statistical district 
classification system. The six metropolitan 
areas are subdivided into 93,783 "micro-
regions," which are finer than the smallest 

government statistical district. These regions 
can be restructured based on the user’s 
concerns about specific locations and 

regional assessment while enhancing the 
effectiveness of integrating external data. 
The unique, objective, and comprehensive 

regional assessments.
To  be t te r  a l ign  the  mic ro - reg ion 

assessment index system with industry 
needs, this study collaborates with real 
estate developers and general retailers to 
pilot the concept of the index system. By 
utilizing historical regional data accumulated 
by the industry players, the micro-region 
assessment index is compared with current 
market evaluation methods. Two companies 
applied the index to optimize data models 
and assist in store site selection. The results 
indicate that the index improves the quality 
and efficiency of decision-making for the 
industry.

•  
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•  
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Micro-Region Potential Forecast
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The ongoing liberalization of the global 
electricity industry, coupled with big data 
analytics enabled by smart meters, has 
created new opportunities for diverse value-
added services. These services foster 
more dynamic interactions among utilities, 
consumers, and third-party partners, 
cultivating a more interconnected energy 
ecosystem.

Non-Intrusive Appliance Load Monitoring 
(NIALM) is a key technology enabling the 
commercialization of these smart energy 
services. Its technical framework comprises 
several core stages: Data Collection, 
Feature Extraction, Signal Analysis, and 
Appliance State Recognition.

This project  involved an in-depth 
analysis of prominent international NIALM 
initiatives and business models, such as the 
EU's CleverGuard Project, Japan's TEPCO 
Energy Gateway, and Sense Labs in the 
United States. Additionally, we conducted 
a systematic review of the latest academic 
literature, including journal articles and 
survey papers on NIALM. This research 
established a comprehensive overview of 
global NIALM technology and applications—
from data collection and feature extraction 
to classification modeling and deployment. 
T h i s  o v e r v i e w  o f f e r s  i n s i g h t s  i n t o 
commercial products, service applications, 
technical challenges, and potential business 
opportunities.

The project successfully developed a 
high-performance NIALM sensor equipped 
with a high-performance CPU, a high-
precision ADC, and dual-loop current-
sensing transformers. These components 
enable edge comput ing capabi l i t ies, 
including automated waveform recording, 
event detection, and feature extraction. 
The sensor is Wi-Fi enabled and utilizes 
IoT communication protocols to transmit 
extracted transient features to a cloud 
platform.

To date, the system has been installed 
in 10 residential households and deployed 
at 2 demonstration sites. These installations 
have enabled the collection of a reliable 
transient feature dataset, which is crucial for 

recognize the six target appliances.
One of the most significant technical 

challenges encountered was the scarcity of 
appliance feature data. Collecting reliable, 
high-quality transient data in real-world 
residential environments without disrupting 
daily routines proved to be a major hurdle. 

variation in appliance models and brands 
across households.

Despite these challenges, the project 
achieved an appliance recognition accuracy 
of over 80% for the six target appliances 
across the participating households, thus 
meeting its primary technical objectives.

(Non-Intrusive Appl iance Load 
Monitoring, NIALM)

George W. Hart

CleverGuard - 
Energy Gateway - Sense 

Labs NIALM

NIALM
NIALM

1

Development of a Non-Intrusive Appliance Load Monitoring 
Platform Based on Transient Features for Commercial Application
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The operation of the electricity market 
can be signi f icant ly impacted by the 
variability in the accuracy of electricity 
demand forecasting. The performance of 
electricity demand forecasting is greatly 
influenced by data variations, and there is 
no single prediction model that consistently 
outperforms all others. Additionally, a single 

model may not be able to meet the diverse 
electricity demand prediction requirements 
for different residential users. Therefore, 
considering ensemble approaches to 
predict low-voltage Advanced Metering 
Infrastructure (AMI) electricity data can lead 
to better predictive performance.

•  
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Application of Ensemble Methods for Residential Electricity 
Forecasts Based on Advanced Metering Infrastructure Data
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Taiwan's renewable energy installation 
capacity in Taiwan has increased rapidly 
in recent years, with a high penetration 
of renewable energy. The net load curve 
der ived  f rom the  s i tua t ion  changes 

pattern has emerged.Taiwan's renewable 
energy penetration rate has exceeded 20% 
many times during the occasions of winter 
when the power system is lightly loaded, 
as well as summer while peak loaded. It 
was updated to exceed 50% on February 
11, 2024. This shows that the operation of 
the power system is necessary to take into 
account the power generation condition of 
renewable energy. Generally, traditional 
power system dispatching strategy mainly is 
to operating generators to meet the demand. 

However, in a power system dispatching 
strategy driven by renewable energy, 
power consumption should follow power 
generation. Hence, Taiwan has officially 
rearrange the electricity price time zone in 
2023 to respond to the high penetration of 
renewable energy through a demand-side 
management mechanism.

Demand response is one of the demand 
side management tools, and its methods 
include: "peak load curtailment", "increasing 
off-peak load", and "load shifting".The 
mechanism of utilizing "increasing off-peak 
load" type demand response to increase 
system net load becomes a critical issue for 
dispatching strategy that should be actively 
studied while renewable penetration rate is 
high.

•  
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1

Research on the Excess Supply Demand Response Mechanism 
for High Renewable Penetration Abstract
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With the development of renewable 
energy and the digitalization of power 
systems, Virtual Power Plants (VPPs) have 
become an essential technology for energy 
management. VPPs integrate distributed 
energy resources (such as solar power, 
wind power, energy storage systems, and 
controllable loads) to simulate functions of 
a traditional power plant, enhancing grid 
stability and optimizing energy dispatch. 
By leveraging cloud technology, artificial 
intelligence (AI), and the Internet of Things 
(IoT), VPPs help reduce grid load stress and 

utilization.
Load forcasting is a key technology for 

ensuring stable grid operation. By utilizing 
historical data, weather information, and 
machine learning algorithms, it predicts 

future electricity demand. Load forecasting 
can be categorized into short-term (minutes 
to days), medium-term (weeks to months), 
and long-term (months to years), each 
serving different purposes such as real-
time dispatching, electricity trading, and 
infrastructure planning. Accurate load 
forecasting enables VPPs to allocate energy 
resources more efficiently, reduce power 
supply costs, and lower carbon emissions.

This study focuses on short-term load 
forecasting, targeting 15-minute load over 
the next seven days. We construct a load 
forecasting model by considering climate, 
temporal factors, and historical load data, 
aiming to assist virtual power plants in 
executing ancillary services on the Electricity 
Trading Platform.

 

1

Research on Short-Term Load Forecasting Applied to 
Virtual Power Plants
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This study proposes a comprehensive 
data cleaning and forecasting methodology 
to address the frequent issues of substantial 
missing values and anomalies in Advanced 
Metering Infrastructure (AMI) data, aiming 
to enhance demand forecasts for high-
voltage and low-voltage users. Through 
Exploratory Data Analysis (EDA), we found 
that some users’ records were incomplete 
and contained abnormal timestamps and 
outliers. Finally, we extracted essential 
consumption patterns via Functional Time 
Series Analysis (FTSA), reducing high-

dimensional time series to several principal 
features, and integrated them individually 
with ARIMA, ETS, and Random Walk (RW) 
models to forecast AMI data for 2023 and 
evaluate forecast performance. The results 
show that, for low-voltage users, "NIPALS 
Imputation + FTSA + ARIMA" achieved 
the highest accuracy, effectively capturing 

of approximately 98.11, RMAE of 8.685, 
and MAPE of 11.57% for two administrative 
districts (Lis), significantly outperforming 
ETS and RW.
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Metering Infrastructure, AMI)

(Exploratory 
Data Analysis, EDA)

 ID 
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Cluster ing of Appl icat ions with 
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1
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8.685 MAPE  11.57%
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RW 
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Regional Electricity Demand Prediction and Analysis of 
Peak-Off-Peak Discrepancies
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The Bureau of Energy, Ministry of 
Economic Affairs (MOEA), in order to 
promote the integration of energy storage 
systems with solar photovoltaic (PV) power 
generation equipment (hereinafter referred 
to as PV storage sites) so that PV power 
can be discharged according to schedule or 
used to execute schedule commands after 
storage, thereby promoting the maximization 
of feeder utilization rate and to increase in 

the number of solar PV power generation 
equipment. In accordance with the "Year 113 

Formula", the government is now revising 
the "Key Points for Bidding and Capacity 
Allocation of Solar Power Generating 
Equipment" to implement the bidding, 
dispatching and billing rules for solar energy 
storage system.

(
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Research on Advancing Renewable Energy Data Applications 
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When a large amount of renewable 
energy integrating into power system, 
this impacts system inertia and system 
strength. System inertia is primarily related 
to frequency stability, while system strength 

the control and protection of inverter based 
power sources.

To address this, this research focuses 
on synchronous condenser. The study 
includes literature review, the construction 
and testing of a demonstration system, and 
power system simulation. The literature 
review covers how synchronous condensers 

can support power system operation, their 
working principles, methods for rebuild 
existing units, and key research topics. The 
demonstration system, which includes a 6.4 
MVA synchronous condenser, details the 
testing environment, procedure, and results.

F i n a l l y ,  u s i n g  t h e  D I g S I L E N T 
PowerFactory simulation software, creates 
synchronous condenser model and various 
system scenarios. The aim is to evaluate 
the support and effects that synchronous 
condensers can provide during events such 
as grounding faults and generator trips.

1

(Grid Forming)

2
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Th i s  pape r  s t ud i es  t he  demand 
assessment of real-time frequency regulation 
ancillary services in Taiwan's power system 
in response to the high proport ion of 
renewable energy. It integrates the minimum 
frequency prediction model for the N-1 event 
with the FRR and AFC frequency regulation 
reserve predict ion models for energy 
storage. A real-time prediction webpage for 
reasonable frequency regulation reserve 
capacity is established on the Taiwan Power 
Company's Wide Area Measurement System 
(WAMS) website. This webpage presents 
a trend chart of the estimated frequency 
of the maximum unit trip and the required 
frequency regulation reserve capacity. This 
forecast aims to ensure that the system 
frequency remains above 59.5 Hz during an 
N-1 event, based on the real-time frequency 
regulation reserve capacity of energy 
storage AFC. Furthermore, considering the 
energy storage AFC frequency regulation 
reserve capacity, the webpage estimates 
the trip amounts at 59.5 Hz and 59.2 Hz, 

providing a reference for system operation 
and dispatch personnel to schedule relevant 
unit operations. This webpage can be 
simultaneously accessed at the northern 
and southern CDCC dispatch centers to 
ensure the reliability of the power supply.

In the future, it can be integrated into 
the power trading center as the basis for 
purchasing FRR and energy storage AFC 
frequency regulation reserve capacity. In 
addition to purchasing reasonable FRR 
and energy storage AFC reserve capacity 
in the market on the previous day, it can 
also be used as the basis for real-time FRR 
and energy storage AFC procurement. 
As a reference, under the premise of 
stable system power supply, purchase an 
appropriate amount of frequency regulation 
and standby capacity to avoid cost waste 
caused by excessive purchase and system 
frequency disturbance caused by the largest 
unit tripping due to insufficient purchase, 
which t r iggers under f requency load 

1

N-1
FRR AFC

(WAMS)

N-1  
59.5 Hz AFC

1
AFC

 59.5 Hz  59.2 Hz 

CDCC

Estimation of System Real-time Frequency Regulation Ancillary 
Service Demand Using Wide Area Measurement System
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Research on the Development of PSS/E Automatic Analysis

This study develops an automated 
power system simulation platform integrating 
Python with the PSS®E to streamline labor-
intensive analysis. By combining a Django-
based web interface with modular APIs, 
the platform automates power flow, fault 
current, and transient stability simulations. It 
translates manual procedures into intuitive, 
graphical workflows, supporting batch 
parameter adjustments and automated 
report generation. The backend manages 

simulation execution and data parsing, while 
the frontend optimizes user interaction for 
parameter setting and result previewing. 
This integration signif icantly reduces 
repetitive workloads, minimizes input errors, 
and ensures consistency across routine 
power grid planning tasks. Overall, the 
platform enhances operational efficiency 
and provides a scalable foundation for future 
grid studies.
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T h i s  s t u d y  i n v e s t i g a t e s  V i r t u a l 
Synchronous Machine (VSM) technology 
in low-inertia power systems by developing 
VSG control models and conducting stability 
analyses. Using MATLAB and DIgSILENT 
PowerFactory, the research compares VSG 
performance with traditional generators and 
examines the impact of virtual inertia and 
damping on dynamic stability. Furthermore, 

a comprehensive evaluation framework 
is proposed for parameter selection and 
capacity sizing, considering constraints like 
RoCoF and load support. Validated by a 
real-world case study, this research provides 
a foundational reference for designing and 
planning advanced converter-based energy 
storage and renewable systems.

1
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The Study of Frequency and Voltage Control Model for Virtual 
Synchronous Machine



145

 1 VSG  2 VSG

 3 



Abstract

146

Traditional power system stability can 
be divided into three major categories: 
frequency stability, voltage stability, and 
angle stability. These are based on the 
dynamic characteristics of synchronous 
generator units. With the increase in the 
proportion of renewable energy, the stability 
of renewable energy has become a critical 
issue to address in the future. Inverter 
base resources(IBR) use phase-locked 
loop (PLL) technology to track the system 
voltage in order to supply power. The 

stability of the PLL depends on the short-
circuit ratio (SCR) of the system. When 
the SCR is  low, resulting in a weak grid 
condition that exceeds the design range of 
the PLL, IBRs are more prone to instability. 
Therefore, this paper first distinguishes 
grid conditions based on different short-
circuit ratios, then analyzes the potential 
instabilities of renewable energy in weak 
grid scenarios, their impacts on the system, 
and corresponding improvements.

1
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Using System Strength Indices to Assess Regional Renewable 
Energy Stability
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With rising renewable penetration in 
island systems, the shift to Inverter-Based 
Resources (IBRs) reduces system inertia. 
While Low Voltage Ride Through (LVRT) 
prevents tripping during faults, momentary 
power cessation still occurs. In systems 
with mixed equipment vintages, the slower 

recovery of legacy units causes sustained 
power deficits, escalating voltage dips 
into severe frequency drops. This study 
simulates these dynamics in a real-world 
system to evaluate the effectiveness of 
existing Under-Frequency Load Shedding 
(UFLS) schemes.

1

1130709
4

6

PSS/E DER_A

6

2

(Grid Following)

(114 )

CNS15382
PSS/E

Improving Under-Frequency Load Shedding in High-Renewable 
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In recent years, Taiwan Power Company 
has been act ively implement ing and 
replacing its substation systems with those 
based on the IEC 61850 international 
s tandard for  substat ion automat ion. 
Currently, the company has adopted a two-
level and one-bus system architecture.

Taiwan Power Company has applied 
the GOOSE (Generic Object-Oriented 
Substation Event) communication protocol 
specified in the IEC 61850 standard to 
develop its own GOOSE logic strategy. 
Therefore, this study first analyzes the 
GOOSE logic strategies and establishes a 
communication test platform based on the 
typical IEC 61850 substation architecture. 
The GOOSE logic strategies currently 
implemented by Taiwan Power Company 
are configured into the IEDs. Through the 

connection between actual IEDs and the 
communication test platform, the Sampled 
Values protoco l  is  used to  s imulate 
scenarios in which the GOOSE logic 
strategy is applied to the IEDs, in order to 
test the internal logic configurations of the 
IEDs.

This study establishes an IEC 61850 
communication testing platform, which can 
be utilized by relevant management units 
in the future to test updated GOOSE logic 

Furthermore, the application scenarios 
simulated by this test platform can be 
used for interoperability testing, to verify 
whether the configurations of IEDs from 
different vendors conform to the required 

1
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Research on IEC 61850 Communication Test Platform
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D r i v e n  b y  g o v e r n m e n t  d i g i t a l 
t ransformat ion pol ic ies,  Taipower is 
ac t i ve ly  t rans i t ion ing  to  IEC 61850 

As these digital substations rely heavily on 
Ethernet for critical real-time messaging 
(e.g.,  GOOSE and Sampled Values), 
network switch performance—specifically 
la tency and j i t ter—is paramount  for 

system stability and safety. This study 
addresses these challenges by applying 
IETF benchmark ing standards (RFC 
2544 and RFC 2889) to evaluate network 
switch performance. The results validate 
the testing methodology and provide a 
strategic reference for establishing future 

1

IETF(Internet 
Eng ineer ing  Task  Force)  

B M W G ( B e n c h m a r k i n g 
Methodology Working Group) 
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Steel towers are important supports 
for ultra-high voltage transmission lines, 
and most of them are located on hillsides. 
The hydrology, topography, geology, etc. 
of the hillsides will affect the stability of 
the slopes where the towers are located, 

Although Taipower has clear management 
points to inspect and maintain existing 
tower lines, due to the drastic climate 
change and the increasing frequency 
of extreme weather in recent years, the 
geological  envi ronment where many 
tower facilities are located has gradually 
changed, and the foundations of the past 
have changed. The structural design 
conditions may vary, and changes in slope 
stability may even cause safety issues 
for towers or lines. Tower maintenance 
personnel are often unable to perform 
tower inspections within the limited time 
after a disaster due to external factors 
such as blocked inspection roads or large-
scale landslides. In addition, considering 

the labor costs and the large number of 
lines and tower bases, how can they Using 
new technologies to assist in achieving the 
goal of immediate disaster prevention and 
early warning is an urgent task.

T h i s  p r o j e c t  c o m p r e h e n s i v e l y 
considers the existing communication 
technology and the distribution of Taipower 
towers in  mounta inous areas where 

introducing automatic monitoring of tower 
environment and ground, several towers 
are selected to install the transmission 
tower safety monitoring system, combined 
with satellite transmission technology as 
monitoring data. transmission method 
and conduct feasibility assessment. It is 
hoped that by combining satellite networks 
with telecommunication networks, the 
monitor ing system can communicate 
over the Internet in every corner, thus 
achieving the early warning goal of 24-
hour uninterrupted monitoring.

1
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Feasibility Study of Satellite Transmission for Tower Monitoring Application



155

1

1.

2.

OneWeb

3. 345kV ~ #19

4. (LEO)

4G

5. 6
( )

6.

2

 1 ~ #166



Abstract

156

Design of AC and DC Hybrid Microgrid Control System

I n  r e c e n t  y e a r s ,  t h e  i n c r e a s i n g 
penetration of renewable energy sources 
(such as Photovoltaics) and the growth 
of electric vehicles (EVs) have escalated 
the demand for power system resilience 
and energy efficiency. Conventional power 
systems, which heavily rely on large, 
centralized power sources, are susceptible 
to widespread blackouts caused by grid 
disturbances. This project aims to address 
this challenge by integrating renewable 
energy, energy storage systems, and 
various loads to construct an AC/DC hybrid 
microgrid system with uninterruptible power 
supply (UPS) capability. Given that energy 
storage batteries and PV systems are 
inherently DC components, and many loads 
are DC-powered, this project adopts a DC 
power supply system. This approach not 

by minimizing multiple AC-DC conversion 

losses but also provides the flexibility to 
support DC charging/discharging for electric 
vehicles, promoting diversified microgrid 
applications. To overcome the challenge of 
low inertia inherent in power electronics-
based systems, the AC/DC hybrid microgrid 
system employs the virtual synchronous 
generator (VSG) control technology. VSG is 
capable of simulating the swing equation of 
a traditional synchronous generator, thereby 
endowing the microgrid with necessary 
virtual inertia and virtual damping. In the 
islanded mode, the inverter will act as a grid-
forming, utilizing VSG to establish stable AC 
voltage and frequency references, thereby 
maximizing the system's power quality and 
disturbance rejection capability. Therefore, 
this study can provide a reference for the 
company's future application of AC/DC 
hybrid microgrid systems.
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With the increasing penetration of 
Distributed Energy Resources (DERs) 
and the growing demand for microgrid 
deployment, ensuring system reliability and 
establishing unified verification standards 
have become critical. Taipower established 
the Shulin Microgrid Verification Field 
to validate the functionality of microgrid 
controllers and key equipment, such as 
Energy Storage Systems (ESS) and Diesel 
Generators (DG), prior to site deployment. 
This study, referencing the IEEE 2030.8 
standard, conducted a comprehensive 
simulation and analysis of various operating 
scenarios. Key tests included planned and 

unplanned islanding, seamless transfer, 
steady-state is landed operat ion, and 
synchronous reconnection. The results 
demonstrated the system's capability to 
achieve seamless transitions between grid-
connected and islanded modes using Grid 
Forming (GFM) technology. Additionally, 
the coordination between ESS and DGs 
under high-load conditions was validated. 
This study not only verifies the resilience 
of the specific equipment intended for the 
Green Island project but also establishes 
a standard procedure for future microgrid 
performance testing.
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The Measurement and Analysis of O-RAN Base Station

This project first collects and analyzes 
smart grid communication standards and 
requirements while studying Open Radio 
Access Network (O-RAN) testing standards. 
Next, a spectrum analyzer is used to 
measure wireless signal parameters of 
O-RAN base stations, and relevant data 
is collected. Additionally, the system’s 
uplink and downlink throughput is tested to 

further investigate its feasibility for smart 
grid integration. The research findings 
will provide insights into the performance 
of O-RAN systems, serve as a technical 
foundation for private enterprise network 
deployment, and enhance the company’s 
technological capabilities in the field of 
wireless communications.
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As wireless communication technology 
becomes increasingly popular in smart 
grids, power plants must confirm whether 
electromagnetic impact before introducing 
them. In this project, the research site 
covers the Distributed Control and Data 
Acquisition System (DCDAS) of the current 
generator sets, including both the Mitsubishi 
Hitachi (MHI) DIASYS Netmation system 
and the General Electric (GE) Mark VIe 
system of Datan Power Plant. 

By conducting on-site measurements 
and analyses of the DCDAS under various 
4G/5G electromagnetic conditions, the 
electromagnet ic resi l ience of cr i t ical 
instrumentation and control systems can 

be verified in Fig.1. The electromagnetic 
susceptibility evaluation method established 
in this research provides a systematic 
framework for assessing the impact of high-
frequency electromagnetic interference 
on DCDAS systems in power plants in 
Fig.2. Furthermore, the research findings 
will be further extended to other areas of 
Taipower to ensure the stable operation of 
power equipment, serve as an important 
technical reference for the introduction of 
new-generation wireless communication 
technologies such as enterprise private 
networks in the future, and enhance 
the safety and rel iabi l i ty  of  wire less 
communication technology applications.
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On January 10, 2020, a large-scale 
power outage occurred in the Penghu area. 
Our institute immediately simulated the 
accident with a real-time dynamic simulation 
system. After observing the actual relay 
records and simulation results, it was found 
that the accuracy of the voltage simulation 
in the Penghu area was still insufficient.
Therefore, in order to improve the simulation 
accuracy of the Real-Time Digital Simulator 
(RTDS), an Automatic Voltage Regulator 
(AVR) with the same model and parameters 
as the one currently operating online at the 
Jianshan Power Plant was constructed.
Through Hardware-in-Loop (HIL) technology, 

the excitation signals from the physical 
AVR device were introduced into the RTDS 
simulation system.However, enabling the 
AVR device to simulate live signals in the 
laboratory is not just about building the 
device itself, but the load of the AVR in the 

By using the HIL capability of the RTDS, the 
simulated power system model is connected 
to a physical AVR. The proposed approach 
is applied to evaluate how AVR responses 
affect voltage control in the Penghu area 
power system. In addition, simulation results 
from previous power outage investigations 
are reviewed and discussed. 
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With the increasing penetration of 
inverter-based resources (IBRs), their fast 
dynamics, unique fault current behavior, 
and lack of inherent inertia introduce new 
challenges to power system stability and 
protection. Conventional electromechanical 
transient models are insufficient to capture 
these phenomena, making electromagnetic 
transient (EMT) simulation essential. To 
address the complexity and inconsistent 

qual i ty  of  exist ing EMT models,  th is 
research reviews international standards 
and ut i l i ty  pract ices and proposes a 
standardized EMT model specification 
and validation framework, establishing 
a  s y s t e m a t i c  p r o c e s s  f r o m  m o d e l 

enhance simulation accuracy and practical 
applicability.

1

 Overview of Requirements and Validation Procedures for 
Electromagnetic Transient Models of Inverter-Based Resources
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Taiwan government has announced 
its 2050 Net-Zero Emissions Goal in 2020 
and subsequently released key strategies 
to achieve this goal. These strategies 
include industrial transformation, expansion 
of renewable energy, and transportation 
electrification. Among them, transportation 
electrification and decarbonization are 
identified as critical short- to medium-term 
measures for carbon reduction. Relevant 
pol ic ies include purchase subsidies, 
construction of charging infrastructure, 
and research and development of key 
technologies. However, areas with high 
concentrations of electric vehicles (EVs) are 
often located in densely populated urban 
regions, which has faced feeder capacity 
bot t lenecks.  Al though Taiwan Power 
Company has been expanding feeder 

capacity through the Power Grid Resilience 
Enhancement Program by constructing 
substations, the continuous growth of EVs 
still poses challenges that require additional 
mitigation measures.

To address this issue, in addition to 
increasing feeder capacity on the supply 

a viable solution. This study examines the 
communication protocols and standards 
between key nodes in EV energy supply, 
with the aim of establishing interoperable 
data exchange mechanisms. Furthermore, it 
collects and analyzes international practices 
adopted by charging station operators 
and power utilities for EV management, 
providing a valuable reference framework for 
the company in developing future policies 
and systems.
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Research on IEC 61850 XMPP Testing and Applications 

The overall planning of the national 
smart grid was revised in February 2020, 
drawing on the smart grid development 
strategies of advanced countries and 
adopting a problem-solving approach. 
Among the key initiatives for advancing 
the smart grid is the establishment of 
an application and testing platform for 
Distributed Energy Resources (DER). 

In alignment with overall planning of the 
national smart grid, Taipower is tasked with 
the construction and implementation of the 
smart grid. The plan integrates seven key 

focus areas, including “grid management” 
and “ICT infrastructure.” Among these, the 
adoption of IEC 61850 and the integration 
of DER are prioritized.  This study conducts 
analysis and testing of IEC 61850 XMPP 
applications, along with related ICT and 
use-case research. The goal is to establish 
corresponding testing and verification 
mechanisms in preparation for the real-
time monitoring needs arising from the 
large-scale integration of distributed energy 
resources into the distribution system.

1

XMPP

DER
XMPP

XMPP
XMPP

DER
DER

2

1. DER
DER

2. XMPP
XMPP

XMPP 1
3. XMPP

XMPP
XMPP

IEC 61850
XMPP 2

4. XMPP XMPP
XMPP

XMPP
XMPP

XMPP 3
XMPP
4



173

 1 XMPP

 2 XMPP



Abstract

174

 3 XMPP



175

 4 XMPP



Abstract

176

With the energy transition and net-
zero policies, renewable energy is rapidly 
developing all around the world, which has 
significantly impacted the power grid. This 
study aims to analyze the Cyber-Physical 
System (CPS) technologies for PV system 
applications. This study includes a collection 
of literature related to CPS technology and 
analyzes the current and future potential 
PV management and application needs 
in Taiwan. We focus on the capabilities of 
smart inverters that comply with CNS 15382 
or IEEE 1547 and conduct practical testing 
and validation. In addition to being familiar 
with Modbus communication and control 

technology of PV inverters, the IEC 61850 
information model for smart PV inverters 
is establ ished to meet varying future 
monitoring and control requirements. Finally, 
it proposes the necessary architecture 
and software/hardware requirements for 
establishing a PV CPS testing system 
to support various potential tests and 
applications in the future. The future goal is 
for preliminary assessments and validations 
of power operation, dispatch, and regulatory 
s t ra teg ies  through th is  CPS tes t ing 
system when planning and formulating 
ICT management practices related to PV 
systems.
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This research focuses on cybersecurity 
risk assessment and protection strategy 
development for secondary substations 
under the IEC 61850 standard. With the 
development of smart grids, substation 
au toma t i on  sys tems  a re  becom ing 
increasingly complex while facing more 
cybersecurity threats. Through a systematic 
Industrial Control System (ICS) security 
risk assessment methodology, this paper 
explores the risk assessment process 
and implementation in the IEC 61850 
environment. We developed specialized 

platforms for asset vulnerability scanning 
and analysis, as well as network behavior 
identification, providing practical methods 
and tools for power system cybersecurity 
management. The study also proposes 
targeted protection measures, including 

baselines, and continuous monitoring. 
The research findings provide important 
references for substation operators and 
equipment manufacturers, contributing to 
improving the overall security and reliability 
of smart grids.
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This study analyzes cybersecurity 
challenges and governance strategies for 
Distributed Energy Resources (DERs). While 
international cybersecurity frameworks exist, 
they need continuous updates to address 
diverse scenarios and evolving threats. 
Policies are moving toward stronger legal 
enforcement, practical guidance, and clear 
accountability. DERs systems face complex 
secur i ty issues due to decentral ized 
deployment, diverse devices, and multiple 

protocols, requiring multi-layered defenses 
like defense-in-depth and secure-by-design 
approaches. By reviewing recent incidents, 
the report recommends countermeasures 
for  protocol  vulnerabi l i t ies,  physical 
security, remote access, and supply chain 
risks. The study emphasizes developing 
a comprehensive governance framework 
integrating policy, architecture, threats, and 
protection strategies to strengthen energy 
security and system resilience.
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Driven by the global energy transition, 
Taipower faces challenges in integrating 
fragmented internal data with rapidly 
changing market intelligence. This paper 
proposes a generative AI framework utilizing 
Large Language Models (LLMs) to construct 
a  "Power  Sector  Domain Bra in . "  By 
employing domain-specific fine-tuning, the 
system synthesizes professional expertise 
wi th  rea l - t ime data,  us ing hydrogen 
technology t rends and in ternat iona l 

e lectr ic i ty  pr ice volat i l i ty  as pr imary 
application cases. The research addresses 
c r i t i ca l  techn ica l  hurd les ,  inc lud ing 
knowledge fusion, model accuracy, and data 
security. Results indicate that this approach 
significantly enhances predictive analysis 
and strategic decision-making. This study 
provides a strategic roadmap for Taipower’s 
intelligent transformation and serves as a 
model for the broader energy industry.
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As the world actively promotes green 
energy to respond to climate change, the 
Taiwanese government also plans to achieve 
the goal of completely decarbonizing the 
power system by 2050, with renewable 
energy accounting for 60-70%. However, the 
high uncertainty and variability of intermittent 
renewable  energy poses s ign i f icant 
challenges to the stability of the power 
system. In response to the challenge of the 
increasing penetration of renewable energy, 
our company continues to build battery 
energy storage systems (BESS) and static 
synchronous compensator (STATCOM) in 
many locations across Taiwan.

Th is  p ro jec t  uses  PowerFac to ry 
software to establish a power system model 
for Taiwan. By designing multiple N-1 fault 
scenarios, the response characteristics of 
BESS and STATCOM under voltage sag 
scenarios are simulated and analyzed to 
explore the performance of BESS and 
STATCOM in mitigating voltage sags in 
addition to their original purposes when 
power supply accidents occur. It also aims 

to understand whether these devices can 

improve the reliability and flexibility of the 
power grid.

The simulation analysis of this case 
shows that although BESS and STATCOM 
have the ability to increase the lowest point 
voltage when a voltage sag occurs, the 
degree of improvement is not significant. 
STATCOM performs better than BESS in 
improving voltage sag, and the case with 
the largest voltage improvement is the 
one using STATCOM, which increases the 
lowest voltage point by 0.4219%.

The power system may experience a 
sudden voltage sag due to natural disasters, 
external forces, equipment failure and other 
factors. This is an unavoidable situation in 
power operations. Users who are sensitive 
to voltage sags can install UPS in front 
of sensit ive equipment to reduce the 
interference caused by voltage sags. This is 

of technology and investment.
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In recent years, the penetration rate of 
renewable energy has continued to increase, 
and renewable energy is mainly connected 
to the gr id through power electronic 
converters and Inverters. In the future, a 
large number of power electronic converters 
will gradually replace traditional synchronous 
generators. Power electronic converters 
and Inverters lack the characteristics of 
physical inertia and damping. Therefore, 
when a disturbance occurs in the power 
system, it will cause drastic changes in 
frequency, resulting in high rate of change of 
frequency (RoCoF). In order to improve the 
above problems, improvements in control 
technology for power electronic inverters 
can be used to overcome the problems of 
low inertia and low damping of the power 
system. In recent years, grid-forming 
inverters have been used in power systems 
to enhance system stability and resilience. 
Grid-forming inverters have functions such 
as independent output voltage and output 
frequency, islanding operation, and black 

start. However, grid-forming inverter is just a 

of control methods. The more common 
control methods include: (1) droop control; 
(2) virtual synchronous generator/machine 
(VSG/VSM) control; (3) virtual oscillator 
(VO) control, etc. Among them, virtual 
synchronous generator/machine control 
is the most commonly used grid-forming 
inverter control technology, which has 
dynamic characteristics similar to traditional 
synchronous generators, such as inertia 
and damping characteristics. Therefore, 
this project firstly introduces the above-
mentioned grid-forming inverter control 
technology, and then deeply discusses the 
benefits of virtual synchronous generator 
control technology. Finally, i t  collects 
and analyzes the international power 
grid specifications of virtual synchronous 
generators from the perspective of power 
electronics. This project can be a reference 
for future appl icat ion of gr id-forming 
inverters or virtual synchronous generators.
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With the grid connection of power 
electronic equipment (such as converters, 
charging piles, and energy storage systems), 
the harmonic content of the power grid has 

safety and lifespan of transformers. The core 
destructive mechanism of harmonics on 

in losses and thermal stress. In terms of 

caused by high-frequency harmonics lead 
to an increase in AC resistance, causing 

a surge in copper losses. In terms of the 
core, eddy current losses are proportional 
to the square of the frequency, making 
high-frequency harmonics the main cause 
of core overheating.According to field 
tests conducted by Taipower at Longtan, 
Dongshan, and Changhua Industrial Park 
projects, although current data comply with 
the IEEE 519-2022 standard, harmonics 
are indeed significantly present in large-
scale energy storage and renewable energy 
projects.
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To provide value-added and user-centric 
electricity services while reducing power 
losses, it is important to consider Taipower’s 
current three-phase three-wire 220V supply 
system. Under this system, users who need 
to operate single-phase 110V electrical 
appliances must install additional low-
voltage autotransformers, which negatively 

The focus of this research project is 
to explore the implementation of a new 
220/110V three-phase four-wire low-voltage 
power supply design. The study examines 
key aspects such as transformer capacity, 
installation location, and three-phase 
imbalance analysis. The representative 
distribution feeders from Taipower are 
selected to apply the proposed new low-
voltage supply model. The study then 
evaluates the benefits by analyzing its 
impact on power losses, voltage and 

current imbalance, and overall performance 
improvement in the distribution feeder. 

The introduction of a new low-voltage 
three-phase four -wi re  power  supply 

enhancing the quality of power services but 
also demonstrating the company's proactive 

in terms of cost savings, users who can 
directly obtain the required 110V low-voltage 
supply will be able to avoid the expenses 
associated with installing or replacing low-
voltage transformers, thereby reducing 
the overall cost of power conversion. 
Secondly, the energy-saving and carbon-
reduction benefits are also significant. 
When users no longer need to purchase or 
install transformers for voltage conversion, 
it effectively reduces equipment energy 
consumption and carbon emissions, further 
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According to ADCC monitoring in the 
Chia-Nan Power Supply District, the system 
voltage of the Qigu-Nanbin-Jiangjun line 
reached a maximum of 170kV in April 
2023, exceeding safe operational limits. 
This overvoltage is largely attributed to the 
capacitive reactive power generated by 
underground cables in renewable energy 
hotspots, particularly during low-generation 
periods. This project utilizes DigSilent 
PowerFactory to establish renewable energy 

photovoltaic (PV) converters for reactive 

power control to improve system voltage. 
The study reviews international standards 
(such as IEEE 1547-2018 and CA Rule 21) 
and conducts field tests at the Nan-Yan-
Guang and Xing-Lun PV plants to evaluate 
various control strategies, including nighttime 
reactive power absorption and Volt-Var 
control. The results confirm the feasibility 
of using PV inverters for voltage regulation 
and provide technical recommendations 
for converter scheduling and grid code 
compliance to mitigate overvoltage issues in 
high-penetration renewable energy areas.
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As the proportion of renewable energy 
increases, the presence of power electronic 
equipment in the power grid also grows. The 
inverter is the most commonly used power 
electronic device in the grid. Inverters can 
be classified into Grid-Following inverters 
(GFL) and Grid-Forming inverters (GFM). 
Examples of GFL applications include PV 
Inverters, inverters with PQ control, and 
inverters with rate of change of frequency 
(RoCoF) capability. However, with the 
increasing penetration of renewable energy, 
the Grid-Forming inverter has become a 
crucial technology for grid stability. In recent 
years, various countries have established 
relevant regulations and control techniques 
for GFMs. Furthermore, the GFM regulations 
or standards set by different countries are 
used to evaluate how GFMs can provide 
stable output power and output voltage 

in response to grid disturbances or faults. 
Currently, the GFM regulations or standards 
in Europe, the United States, Australia, 
and the United Kingdom are relatively 
comprehensive. In Asia, taking Japan as 
an example, the current GFM regulations 
or standards are still under development, 

standard documents available yet. Only a 
draft table of contents and a plan for the 
GFM regulations exist, but Japan's approach 
to formulation is also worth referencing. 
Therefore, this project aims to collect the 
relevant GFM regulations or standards 
from Europe, the United States, Australia, 
the United Kingdom, and Japan. This 
information will be provided to our company 
as a reference basis when formulating our 
own GFM-related regulations or standards.
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Overview of Global Grid-Forming Requirements,  EPRI, November, 2024.
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As the proportion of renewable energy 
increases, the application of microgrid 
has gradually become popular. Generally, 
microgrids can be divided into AC microgrids 
and DC microgrids. AC microgrid is now a 
common architecture. However, the outputs 
of most renewable energy and energy 
storage are DC voltages. Moreover, the 
most loads can be powered by DC voltages, 
such as LEDs, DC electric vehicle charger, 
computers, etc. Therefore, to integrate 
renewable energy with the AC microgrid, the 
output DC voltages of the renewable energy 
need to be converted into AC voltages 
and then connected into the AC bus of the 

AC microgrid. The loads also need to be 
integrated with the AC bus through AC/
DC and DC/DC converters, resulting in a 

year, experts and scholars have proposed 
DC microgrids to integrate renewable energy 
and loads on the DC bus. According to the 
research, the advantages of DC microgrids 
include low transmission loss, no need for 
phase and frequency synchronization, and 
easy integration with renewable energy. In 
addition, the solid-state transformer (SST) is 
acting a bridge between AC bus and DC bus 
and is one of the important components of 
DC microgrids.
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Increasing distributed renewable energy 
reduces mechanical inertia, challenging 
power system frequency stability. This study 
utilizes OPAL-RT simulations to compare 
Grid Following (GFL) and Grid Forming 
(GFM) converter controls. GFL inverters, 
acting as dependent current sources, 
reduce system inertia and prolong frequency 
settling times. Conversely, GFM inverters, 

specifically using Virtual Synchronous 
Generator (VSG) control ,  operate as 
independent voltage sources. Results 
demonstrate that VSG integration provides 
essential virtual inertia and damping. This 
significantly enhances stabil ity during 
generator tripping events and in weak grid 
environments, offering a viable solution for 
low-inertia systems.
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Research on Transformer's Dissolved-gas Analysis and Diagnostics 
Base on Power Plant Transformer Asset Management System

As the heart of power systems, the 
reliability of power transformers is critical. 
To ensure long-term reliability and prevent 
unscheduled outages, the study establishes 
a web-based Power Plant Transformer 
Asset  Management  System wi th in  a 
Virtual Machine environment. The system 
integrates six functional modules: User 
Account Management, Dissolved Gas 
Analysis (DGA) Data, Test Data Analysis, 
Transformer Equipment Management, 

Major Overhaul and Electromechanical 
Incident Management, and Spare Parts 
Management. By leveraging systematic 
data collection and international diagnostic 
standards (such as the Duval Triangle and 
Electric Technology Research Association), 
the system enables personnel to monitor 
equipment health in real-time, facilitating 
the strategic transition from Time-Based 
Maintenance (TBM) to Condition-Based 
Maintenance (CBM).
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This s tudy ut i l izes measured CG 

across main island Taiwan from 2010 to 
2024 to establish a 20 kA-and-above GFD 
grid map. This map clearly illustrates the 
distribution of lightning hazards throughout 
Taiwan, serving as a critical reference for 
the lightning protection design of outdoor 
power facilities and buildings. Furthermore, 
by employing numerical analysis and the 

natural breaks classification method within 
MapInfo, the 'GFD Grid Map for Taipower 
Transmission Network' was developed. This 
map accurately identifies the hazard types 
and risk levels for specific transmission 
tower numbers, enabling the screening 
of severely threatened towers and the 

the precision and effectiveness of lightning 
protection measures.
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I n c r e a s i n g  r e n e w a b l e  e n e r g y 
penetration has reduced power system 
inertia, challenging frequency stability. 
This study develops a MATLAB/Simulink 
frequency response model for the Taiwan 
grid, integrating TGOV1, dReg, FRR, and 
VSG components. Validated against 2021–
2024 historical events with a minimal 0.019 
Hz error, the model simulates extreme low-
inertia scenarios during future Lunar New 
Year periods. Results indicate that traditional 

MW contingency. However, combining 1,000 
MW dReg with a 90 GWs inertia limit, or 
adding 300 MW FRR, effectively secures 
the 59.5 Hz safety threshold. Furthermore, 

physical inertia requirement, enhancing 
renewable hosting capacity and providing a 
technical roadmap for Taiwan’s future power 
dispatch.

Evaluating the Appropriate Reserve Capacity of Power System Under 
High Penetration of Renewable Energy by Frequency Response Models
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Improvement of the Boiler Shootblower of Talin Power Plant

1

800MW
26.6

13.3

106 107

2

No. 1 and 2 units of Talin Power Plant 
are ultra-supercritical boiler units with a 
capacity of 800MW. The horizontal length of 
the boiler is 26.6 meters, therefore the total 
travel of the long-range soot blower needs 
to be 13.3 meters, which is the longest soot 
blower in coal-fired power plants in Taiwan 
at present. No. 1 and 2 units of Talin have 
been in commercial operation since 2017 
and 2018, and soot blowers in the high-
temperature area of the boiler have been 
utilized for many years. Several structure 
broken accidents affecting the operation 
stability of the unit have occurred recently. 
As a result, it is necessary to analyze 
the root cause of the structure damage 
accidents and develop improvement 
methods.

In this study, the inspections of the 
material composition and the measurement 
in vibration while advancing and retracting 
of the soot blower are carried out. After 

by material analysis, the model for the 

method is constructed. the root cause of 
the structure broken could be identified 
based on results of the simulation and 
the experiment. Hence, the improvement 
methods according to the root cause and 
feasibility of implementation are provided. 
For instance, fine-tuning the geometric 
dimensions of the soot blower to improve 
the ability of the structure to endure fatigue 
is applied. Additionally, the external flow 
field of the soot blower tube are analyzed, 
and then the contour of the outer tube would 

effect of the disturbing turbulent flow. The 
validity of the proposed improvement 
methods would be demonstrated by the 
simulation to reduce the abnormal operation 
situation and improve the operation reliability 
of the unit.
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1

7~9
GE7HA.02

( 1) FEM

Datan Units No. 7 to 9 belong to the 
GE7HA.02 gas turbine produced by the GE 
Company. The gas turbine is fundamentally 
different from the traditional steam turbine. 
It is assembled from several structural 
parts. However, past research has lacked 
the effect of turbine vibration in this gas 
turbine. Through this research, we measure 

the geometric dimensions of the turbine 
rotor and blades, establish a 3D model, and 
perform FEM modal analysis to explore the 
vibration characteristics of the gas turbine 

shaft. The analysis results can be used as a 
reference for operation and maintenance by 
power plant operators.

Modal Analysis of the Gas Turbine GE7HA.02 in Datan Power Plant

2

1. 7-1 7-2

2. 

42 79 108Hz
U ( 2) S ( 3) W

( 4)
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Study on Analysis of the Structural Resonance to Diagnose the 
Damage Status of Turbine Blades

1

During the repair  or regenerat ion 
process of turbine blades, applying various 
non-destructive tests to evaluate the 
damage status of blades is the key issue. 
However, non-destructive testing requires 

to use different media for preliminary 

level of damage to the blades. It is difficult 
to investigate the impact of damage on 
structural behavior without the accurate 
judgment standard. Therefore, the diagnosis 
and analysis technology for the blade 
damage based on structural behavior by 
connecting the corresponding resonant 
frequency and structural modal stress 
effects would be developed by this study. 
Additionally, the testing criteria would be 
standardized to improve the sensitivity of 
structural damage detection, and variation of 
the response to structural vibration would be 
analyzed to establish a basis for diagnosing 

the structural condition of blades in this 
study.

As a result, a vibration modal detection 
system for the gas turbine blade would be 
developed to identify suitable frequency 
bands and sensors for detecting damage 
mechanisms in this study. The vibration 
measurement device in high-frequency 
would be constructed to acquire the natural 
frequencies of blades. Simultaneously, 
a geometric model of the blade would 
be established to analyze the structural 

method. The detected spectrum of the 

the simulation analysis results. And then, 
quantitative standard indicators of the blade 
damage status will be established according 
to the statistical method. By integrating 
measurements and simualations, a detection 
system for diagnosing the blade damage 
status will be developed in this study.
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( 2)

SEM

SEM
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S Cl
S Cl

During the major overhaul of Linkou 
Power Plant Unit 3, a crack was detected 
on a first-stage blade of the low-pressure 
steam turbine (LPT). Historically, such 
damage at this specific location has been 
unprecedented at the plant. Typically, 
steam turbine blade damage occurs most 

blades are relatively rare. Consequently, 
a  comprehens ive  fa i lu re  ana lys is—
encompassing metallurgical, mechanical, 
and computational fluid dynamics (CFD) 
analyses—was imperative. The objective 
w a s  t o  c o n d u c t  a  h o l i s t i c  d a m a g e 
assessment to elucidate the crack initiation 
mechanism in the first-stage blade. These 

findings serve as a critical reference for 
future operations and maintenance, aiming 
to reduce the operational and maintenance 
costs of similar generating units. Based on 
the analytical results, the mechanism of 
crack initiation and propagation is attributed 
to the accumulation of corrosive species, 
which caused grain boundary weakening at 
the fracture site and significantly reduced 
fatigue life. Furthermore, this region acted 
as a local stress concentration zone subject 
to relatively high tensile stress. Under 
prolonged operation, this combination led to 
intergranular fracture, serving as the crack 
initiation point, with subsequent propagation 
driven by operational cyclic loading.

Root Cause Analysis of the Rotating Blade in the First Stage of 
LP Turbine in Linkou Power Plant
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The Housing Guide Plate located 
upstream of the Heat Recovery Steam 
Generator (HRSG) of Unit 4-1 at the Datan 
Power Plant was found to have completely 
fallen off in February 2024. Preliminary 
investigation suggests that the cause 
was the fatigue fracture of the structural 
connection bolts, but further mechanical 
analysis is still required. The function of 
the guide plate is as a fixed flow deflector 
(guide vane) to direct the exhaust gas from 
the gas turbine into the HRSG. Its collapse 
would affect the efficiency of the HRSG, 
necessitating a shutdown for several weeks 
of maintenance, which i n turn impacts the 
security of the power supply. The OEM 
proposed a structural modification—the 
installation of additional cross-beams—to 
prevent a recurrence of the same incident. 
The effectiveness of this modification also 
needs to be further confirmed through 
mechanical analysis. This analysis utilizes 

the Finite Element Method (FEM) for 
the structural mechanical analysis of the 
guide plate. This is combined with a fluid 
dynamics estimation of the Kármán vortex 
shedding frequency generated when the 
high-temperature, hot combustion gas from 
the gas turbine flows past the plate. It is 
hypothesized that this frequency couples 

Hz) of the plate's structure, which likely 
caused the structural vibration. The long-
term cyclic stress led to high-cycle fatigue 
failure at the modal stress concentration 
points (the H-beam joints), ult imately 
resulting in crack penetration and structural 
failure/collapse. The OEM's proposal to 
install additional cross-beams is expected to 
increase the structure's natural frequency, 
thereby avoiding the resonant frequency 
potentially caused by the fluid flow. This 

feasible.

Fracture Mechanics Analysis of Bolts on the Front Guide Plate of 
No. 4 Unit of DaTan Power Station
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Root Cause Analysis of No.2 Generator Stator Failure of Datan Power Plant

1

GT2-3 GT2-1

(SCC)

1
2

3

4

2

GT2-3
GT2-1

GT2-1 GT2-3

This study investigates the root causes 
of stator damage in the GT2-3 and GT2-
1 generators at the Datan Power Plant. 
The root cause of stator damage is found 
to be stress corrosion cracking (SCC) and 
high-cycle fatigue in the through-bolts, 
leading to cracking and eventual bolt failure. 
This failure results in uneven axial stress 
distribution in the stator core, increasing 
friction between the core and through-
bolts and enhancing core vibration. These 
factors collectively cause wear between the 
core laminations and through-bolts, leading 
to insulation damage and interlaminar 
short circuits, ultimately resulting in core 
lamination and through-bolt melting. Material 
analysis reveals corrosion at the neck of 
the through-bolts and martensite formation 
due to thermal stress in the damaged 

area. Mechanical simulation shows that 
the natural frequency of the through-
bolts is close to the operating frequency 
of the unit, prone to resonance and stress 
concentration. Through material analysis, 
mechanical simulation, and vibration modal 
testing, this study confirms the relationship 
between through-bolt resonance and crack 
formation. Recommendations are proposed 
to reduce the likelihood of similar incidents, 

the guiding angle at the neck of the through-
bolts, applying a corrosion-resistant coating, 
and adjusting the natural frequency of the 
through-bolts to avoid 60 Hz and 120 Hz. 
The study concludes that GT2-3 and GT2-1 
stators share the same failure mechanism, 
with GT2-1 representing an early stage of 
failure similar to GT2-3
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2.  
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This study develops an optimized 
deep learning-based defect detection 
model for blade spray welding processes 
using vibration-derived time–frequency 
representations. Tri-axial vibration signals 
collected by smart tags are transformed 
into Mel-spectrogram images via short-
time Fourier transform (STFT) and Mel-

A V G G 1 9  m o d e l  p r e - t r a i n e d  o n 
ImageNet is adopted with transfer learning 
to distinguish normal and abnormal process 
states. Without modifying the original 
network architecture, an enhanced input 
representation is proposed by stacking Mel-
spectrograms from three vibration axes into 
the RGB channels of a single image, thereby 
increasing input information richness while 

maintaining architectural compatibility.
Experimental results show that the 

proposed design improves accuracy, 
precis ion,  recal l ,  and F1-score f rom 
approximately 90% to over 94%, with 
training accuracy exceeding 94.85% and 
stable convergence. Group-based cross-
validation achieves an average accuracy 
of 95.4% ± 1.68%. Additional analyses, 
i nc lud ing  ca l i b ra t i on  cu rves ,  sco re 

strong discriminative performance, reliable 
probability estimation, and the absence of 
data leakage. The results demonstrate that 
effective integration of multi-axis vibration 
features significantly enhances defect 
detection performance in blade spray 
welding processes.

Research on an Optimized Deep Learning Defect Detection 
Model for Blade Spray Welding Process
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1
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This study evaluates the residual life 
of No.6 coal-fired boiler components at 
Taichung Power Plant, which has been in 
operation for over 20 years. The assessment 
covered the main steam pipe (MS), main 
steam valve (MSV), high temperature 
reheater pipe (HTR), reheater outlet header 
(RHO), secondary superheater outlet header 
(SHO), and platen superheater outlet short 
pipes. Non-destructive metallographic 
replica technique was applied to examine 
creep voids, microstructure degradation, 

zone (HAZ). Hardness measurements were 
performed on base metal, weld metal, and 
HAZ. Fifteen heat exchange tubes were 
removed for mechanical property and 
chemical composition analysis. Based on 
MLAS and accumulated in-house database, 
creep life consumption was evaluated. Most 
components showed creep life consumption 
in the range of 10–70%, and the estimated 
remaining service life is approximately 4–36 
years under normal operating conditions.

Life Assessment of No.6 Coal-Fired Boiler in Taichung Power Plant
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1 

 1 2 3 4 5 AVG

MS-1

126 127 121 125 125 125

171 172 143 169 167 169

161 155 154 163 160 159

MS-2

119 118 115 117 118 118

140 139 148 143 148 144

160 156 153 160 164 159

MS-3

118 122 120 122 125 137

153 172 176 172 165 170

159 161 169 166 159 162

MS-4

113 111 113 115 114 113

166 157 156 155 174 160

162 163 161 161 168 162
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The Microstructure Database of No.3 HRSG in New TUNG-HSIAO Power Plant

1

 3-1 3-2 
168

2

892.6 MW
15.6 Mpa / 601.7

2GT+1ST
2 

1
1.

2.
 3-1 3-2

HRSG3-1

The purpose of this study is to establish 
the data for microstructure and hardness of 
the heat recovery steam generators HRSG 
3-1 and HRSG 3-2 of Tung-Hsiao #3 during 
the construction stage. Metallographic and 
hardness sampling was carried out at a total 
of 168 locations, including HP3O, HP4I, 
HP4O, MS, IP1O, IP2I, IP2O, HTR, as well 
as SMS, MSV, HTR and BP in the turbine 
hall, as a basis for future life assessment. 
The evaluation methods employed non-
destructive replica metallography to obtain 
in-situ metallographic information of each 
component, supplemented by rebound 
hardness testing and ultrasonic hardness 
testing to measure component hardness. 
The main conclusions of this study are 
as follows: 1.The material database for 
the HRSGs of Tongxiao Unit 3 has been 

successful ly establ ished. 2.Abnormal 
meta l log raph ic  examina t ion  resu l t s 
indicate that, for HRSG 3-1,3-2 and the 
turbine hall, the anomalies are mainly 
abnormal microstructures observed in the 
base metal, weld metal and heat-affected 
zone. 3.Analysis of carbide precipitation 
shows that carbides are observed at most 
locations, with only a few locations showing 
no apparent precipitation; it is recommended 
that these be continuously monitored during 
future major overhauls. 4.Hardness test 
results show that, at several locations of 
P91 material, the hardness of the weld 

the reasonable hardness range for P91. 
After additional heat treatment, the hardness 
at these locations was reduced to within the 
acceptable range.
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Remaining Life Assessment of No.1 HRSG in Nan-Pu Power Plant

1

1
/

2 2
2

1 2
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/
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107 #1

2

23
#1

1-1HRSG
1-2HRSG

MLAS

( )
20~60%

20~40%
20~40%
20~40%

The purpose of th is study was to 
evaluate the residual life of the #1 HRSG 
components at the Nan-Pu Thermal Power 
Plant, which has been in operation for 
23 years. The integrity of several critical 
components was assessed, including the 
main steam pipe in the turbine building, the 
main steam pipe elbows of HRSG 1-1 and 
HRSG 1-2, and the outlet headers of the 
1st and 2nd superheaters.The inspection 
of  these steam-carrying components 
was performed using non-destructive 
meta l lographic  rep l icat ion to  obta in 
both regular replicas for microstructural 
observation and detailed assessments of 
carbide morphology, creep cavity evolution, 
and general microstructural degradation. 
The consumed creep life was evaluated 

us ing  the  MLAS (Meta l lu rg ica l  L i fe 
Assessment System) originally developed 
by MHI. Results of the examination indicated 
that the consumed creep life in the heat-
affected zones (HAZ) was approximately 
20–60% for the main steam pipe, 20–40% 
for the main steam pipe elbows, and 20–
40% for the 1st and 2nd superheater outlet 
headers, respectively. Based on a nominal 
design life of 40 years for the #1 HRSG 
boiler components, the estimated remaining 
life under normal operating and maintenance 
conditions is approximately 16 to 32 years. A 
few sampling locations exhibited early signs 
of spheroidization, and the carbide clusters 
showed initial dispersion characteristics. 
These areas should be cont inuously 
monitored in subsequent inspections.
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1
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20
112 1
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The purpose of this study is to evaluate 
the residual life of No.4 HRSG components 
of NanPu power plant, which has been 
operated over  20 years .  The safe ty 
critical components were assessed in this 
study included the high pressure main 
steam pipe,medium pressure main steam 
pipe,secondary superheater outlet header 
and stub tubes,secondary reheater outlet 
header and stub tubes. The inspection 
method of these steam delivery pipes 
was conducted on the microstructure of 
regular replicas and extraction replicas, 
and evaluating the consumed creep life 
was based on the life assessment system 
which is called MLAS (Metallurgical life 

assessment system) has been developed by 
MHI.According to the researches in the past 
of our company, and referring to MLAS, all 
the test results were gathered and analyzed. 
Then all the consumed creep lives and 
their remaining lifetimes of the pipes can be 
evaluated. The test locations (HPMS-6、
HPMS-8、HPMS-11、HPMS-12、HPMS-
14、HPMS-15) of creep lives on pipes and 
tubes are in the range of 30~60%. All other 
locations of their creep livees on the pipes 
and tubes are in the range of 20~40%, and 
their evaluated remaining lifetimes are in 
the range of 24~32 years under normal 
operation and maintenance circumstances.

Remaining Life Assessment of No.4 HRSG in Nan-Pu Power Plant
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The purpose of this study is to establish 
the data for microstructure and hardness 
of MS,1RHO,2RHI,2RHO,2SHO,3SHI,3
SHO, RH By Pass pipes in Dalin#2 USC 
power plant during construction stage. 
The evaluation method is to obtain the 73 
metallographic data of each component 
by the non-destructive replica method, 
and measure their hardness by applying 
the re-bound hardness method. The main 
conclusions of this study are as follows:1. 
This research project has inspected parts 
and components of Talin Unit#2 basing on 

database 2314-0904 established in 2023. 
2. The 11 microstructure have microcracks. 
3. In terms of the strength of P22 and P12 
materials, 1 BM hardness are lower than 
120HV,2 BM hardness are over 170HV, 
and the hardness of 4 WM sites are lower 
than 180HV. In the P91 and P92 materials, 
9 BM hardness are lower than 180HV the 
hardness of 13 WM sites are lower than 
200HV.4. It is recommended to track the 
abnormal location of the microstructure and 
hardness.

The Evaluation for Condition Tracking of No.2 Boiler in Dalin Power Plant
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1

#1~3
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OD 38 mm  T 2.6 mm
1.1MPa

210 371.1
100 112 #1-2

U
1

SA192CD SA213 T11 SA213 
T22 ER70 ER80
ER90 (
670 700 )

2

ASME

SA192CD
SA213 T11 T22

SA192CD 171.9 - 
178.6HV 152.6 - 157.6HV
T11 204.6 – 204.6HV

186.2 – 188.7HV T22 211.2 – 
214.3HV 164.8 – 166.7HV
#1 #2 #4 (ER70)

ER70
#12(T11/

ER80/T11 675 / 70 min)

2 3
680 / 70 min

This study focuses on the low-pressure 
superheater elbow sections of Units #1–3 
at a NanPu thermal power plant. The 
original design material is SA192CD. 
Three  mater ia ls—SA192CD,  SA213 
T11, and SA213 T22—were evaluated in 
combination with ER70, ER80, and ER90 
welding consumables under different post-
weld heat treatment (PWHT) conditions 

these variables on mechanical properties 
and microstructures were investigated to 
select suitable welding combinations and to 
evaluate the properties of U-bend elbows 
after annealing, thereby improving boiler 
tube welding quality and unit operational 
reliability. The results are summarized as 

follows: 1. After annealing, the hardness of 
the U-bend elbows decreased, indicating 
a reduction in residual stresses induced by 
cold bending. 2. Abnormal microstructures 
and relatively low hardness were observed 
in the welds of #1 full, #2 full, and #4 
lower weld passes (ER70), which are 
attr ibuted to welding process effects 
causing discrepancies in microstructure and 
hardness of some ER70 welds. 3. Among 
the experimental parameters, condition 
#12 (T11/ER80/T11 with PWHT at 675 °C 
for 70 min) exhibited the best welding and 
PWHT performance. Additionally, annealing 
the elbow sections at 680 °C for 70 min 
provided favorable welding material quality.

Evaluation of Welding Conditions of Heat Recovery Boiler Tubes 
in Southern Thermal Power Plant
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Research on Construction of Monitoring System of Status of
Boiler Tube of Linkou Power Plant

1

 3 
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 5  111 
 1  2 

 1  2 
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2

1. 1
( 1) 1

2. 1 (
2)

There  a re  3  superc r i t i ca l  s team 
generators in Linkou Power Plant currently, 
and the 3 generators have operated for 5 
years. Since 2022, Linkou Unit 1 and Linkou 
Unit 2 have suffered from ruptured boiler 
tubes, and ruptured boiler tubes cause 
boiler out of service. In these ruptured boiler 
tube accidents, boiler tubes had longitudinal 
c racks  and  c i r cumfe ren t i a l  c racks . 
Longitudinal and more severe cracks might 
be a creep phenomenon of boiler tubes. 
Circumferential cracks might be a thermal 
fatigue phenomenon of boiler tubes. In 
order to understand what cause longitudinal 

cracks and circumferential cracks of boiler 
tubes and avoid boiler out of service, this 
research constructs a monitoring system of 
status of boiler tubes in Linkou Unit 1.

The monitoring system measures and 
records temperature of boiler tubes in 
Linkou Unit 1. In addition, this research 
analyzes data of temperature of boiler tubes 
and speculate cause of longitudinal cracks 
and circumferential cracks. These data show 
temperature of parts of boiler water wall is 
higher than that of neighborhood. Operators 
of power station can refer to these data and 
make better operation.
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There  a re  3  superc r i t i ca l  s team 
generators in Linkou Power Plant currently, 
and the 3 generators have operated for 5 
years. Since 2022, Linkou Unit 1 and Linkou 
Unit 2 have suffered from ruptured boiler 
tubes, and ruptured boiler tubes cause 
boiler out of service. In these ruptured boiler 
tube accidents, boiler tubes had longitudinal 
c racks  and  c i r cumfe ren t i a l  c racks . 
Longitudinal and more severe cracks might 
be a creep phenomenon of boiler tubes. 
Circumferential cracks might be a thermal 
fatigue phenomenon of boiler tubes. In 
order to understand what cause longitudinal 

cracks and circumferential cracks of boiler 
tubes and avoid boiler out of service, this 
research constructs a monitoring system of 
status of boiler tubes in Linkou Unit 3. The 
monitoring system measures and records 
temperature of boiler tubes in Linkou 
Unit 3. In addition, this research analyzes 
data of temperature of boiler tubes and 
speculate cause of longitudinal cracks and 
circumferential cracks. According to the 
analysis of data of temperature, Operators 
of power station can refer to these data and 
make better operation.

Research on Temperature Measurement of Boundary of Boiler
and Creep in Linkou Unit 3

2

1. 3
( 1) 3 2. 3 (

2)
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Research on the Use of Low Sulphur Fuel and Biofuel in Diesel Units

1

( 1)

2

In response to environmental emission 
regulations, the Company has successively 
conducted trial burns of low-sulfur fuel 
oil in its diesel generator sets. To comply 
with these measures, CPC Corporation 
meets the required sulfur content by 
blending diesel into the fuel. However, this 
blending process alters the fuel's viscosity-
temperature characteristics. Consequently, 
it is necessary to either adjust the fuel 
inlet temperature to satisfy the Original 
Equipment Manufacturer’s (OEM) viscosity 
requirements or modify the blending ratio. 
Therefore, conducting research to evaluate 
the potential impacts of using low-sulfur fuel 
on diesel generator sets is essential.

Fur thermore,  the net -zero power 
transition is a high-priority issue for the 

Company. Al though diesel  generator 
sets are characterized by high fuel costs, 
lower efficiency, and limited capacity, 
their fast-start capabil i ty makes them 
irreplaceable in terms of grid resilience. 
Reducing emissions from these units would 
contribute significantly to the net-zero 
transition. Converting to biofuels is one such 
decarbonization method, as evidenced by 
numerous international cases. Although the 
Company’s original plan to include biofuel 
conversion in its decarbonization roadmap 
has been temporarily suspended, it remains 
necessary to conduct preparatory research. 
Invest igat ing the exact  composi t ion, 
quality control specifications, and potential 
operational impacts of biofuels will serve as 
a vital reference for future re-evaluation.
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1

( 1)

( 2)

(DES) 3

This study focuses on combustion 
kinetic and thermo-fluid simulations of the 
annular-type combustor used in large-
scale power generation turbines. The 
analysis includes design assessment 
of each component in the complex DLE 
combustor structure and evaluation of 
how its aerodynamic characteristics in-
f luence downstream f lame behavior, 
cooling strategy, and mechanical design. 
A literature review, was first conducted 
on heavy-duty industr ia l  gas turbine 
combustors, multi-nozzle configurations, 
and interactions among multiple swirling 
f lames.  Af termath ,  es t imates  target 
simulation parameters based on reasonable 
ranges obtained from prior studies, then 
investigates the complete upstream and 
downstream flow path, combustion-CFD 
module applicability, damper air-distribution 

effects, air-allocation rate assumptions 
and verifications, distribution patterns of 
simulation results, and their correlation with 
monitoring measurements, followed by an 
analysis of numerical stability and time-
scale relationships. Then, integrates and 

technical issues, and proposes future 
research improve-ment plans followed by 
addresses the numerical-stability problems 
using higher-resolution turbulence models 
and suggests strategies to improve the 
prediction of heat-release target parameters. 
In final stage of this research, summarizes 
the com-pleteness of the developed CFD 
techniques,  d iscusses how they can 
be positioned for practical engineering 
appl icat ions,  and proposes possib le 
engineer-ing extensions of the analytical 
methods established in this study.

The Combustion Simulation Improvement of Dry Low Emission Combustor



257

1. 

2. 

SGT2000E V84.2
NOx

2

 1 

 2 EDM

 3 O2/CO/CO2 DES



Abstract

258

1

( )

ASTM A106 Grade B
( 1) (ARKO 
531) (Nalco TRAC 
100 MEGALON MC-407)

( 2)
( 3)

(IC) (ICP)

( 4)

2

1. (ARKO 531)

93%
0.03 mpy
(<1.0 mpy)

2. (ARKO 531)
0.1% 2%

0.2%~0.5%

This  s tudy  a ims  to  eva lua te  the 
corrosion inhibition effectiveness of the 
Service Water System at the Dalin Power 
Plant.  By employing electrochemical 
techniques and water quality analysis, 
the performance of the currently used 
silicate-based inhibitor was compared with 
commercial molybdate-based alternatives. 
Experimental results demonstrated that 
all tested inhibitors exhibited excellent 
corrosion inhibit ion efficiency at their 
opt imal  concentrat ions.  Notably,  the 
currently used inhibitor displayed stable 
resistance to pitt ing corrosion across 
all tested concentration ranges.Based 
on a comprehensive evaluat ion, i t  is 

recommended to continue the use of the 
current inhibitor. However, a review of 
the currently low operating concentration 
is advised to prevent the system from 
approaching the threshold of failure due to 
dilution. The conclusion suggests revising 
procurement specifications by tightening 
acceptance criteria for corrosion rates and 
establishing comprehensive monitoring 
indicators, including pH, conductivity, and 
metal ions. By implementing rigorous 
inventory management and anomaly 
diagnosis protocols, the risk of equipment 
perforation can be mitigated, thereby 
ensuring the operational safety of the power 
generation units.

Research on Characteristics Evaluation of Corrosion Inhibitors for 
Service Water in Talin Power Plant
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1

(CCS)

This study focuses on simulating and 
analyzing the operational performance 
of gas-fired combined cycle units with an 
added carbon capture system. The results 
indicate that as the carbon capture rate 
increases, both the gross power generation 
and net power generation of the power 
plant significantly decrease, with the net 
power generation experiencing a more 
pronounced decline. This is primarily due to 
the increased auxiliary power consumption 
of carbon capture system related equipment 
and the increased steam extraction from the 
medium-pressure steam turbine to supply 
the steam required for solvent regeneration. 
Taking a 90% carbon capture rate as an 
example, gross power generation, net power 
generation, and net efficiency decrease, 
while auxiliary power consumption and net 
heat rate increase. Nevertheless, the carbon 

power plant's CO2 emission intensity.
To reduce the energy consumption of the 

carbon capture system, the study evaluated 
the impact of solvent regeneration energy 
consumption on power plant performance. 
Simulation results show that reducing 
solvent regeneration energy consumption 
can effectively improve the power plant's 
power  ou tpu t  and  e f f i c iency.  When 
solvent regeneration energy consumption 
decreases, gross power generation, net 
power generat ion, and net eff ic iency 
increase, and the net heat rate decreases. 
This improvement is mainly attributed to 
the reduction in steam required for solvent 

steam extraction from the medium-pressure 
steam turbine and consequently increases 
the extraction pressure and temperature, 
thereby maintaining the steam turbine's 
power output.

A Simulated Study on Operating Performance for Combined-
Cycle Units with Carbon Capture System

2

1. 

(Energy Penalty)
 90%  

CO2 

1
2

2. 
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Investigation and Research on Hydrogen Transportation, Storage, 
and  Hydrogen-Mixed Natural Gas Pipelines

1

;

1

2

In 2022, Taiwan's National Development 
Council unveiled its net-zero transition 
goals, with hydrogen energy identified as 
one of twelve key strategic action plans. 
Globally, hydrogen is recognized as a vital 
clean energy source for achieving carbon 
neutrality, with primary applications in power 
generation, industry, and transportation.

Aligning with this global trend, Taiwan 
Power Company is exploring the application 
of hydrogen for thermal power generation. 
The success of this initiative hinges on 
two key factors: the advancement of 

supply of clean hydrogen. Given Taiwan's 
energy landscape, which is similar to 
that of Japan and South Korea, imported 
hydrogen will be essential in the short to 
medium term. Over the long term, it will 
be able to do transition to produce green 
hydrogen as Taiwan's renewable energy 
capacity grows. The low energy density of 
hydrogen, however, presents a significant 
challenge for long-distance transport, a 
problem the international community is 

still working to resolve with viable storage 
and delivery solutions. Consequently, 
proactive researches and investigations are 
crucial to address potential issues before 

 Fur thermore,  fo r  shor t -d is tance 
hydrogen transportation within countries, 
besides using high-pressure hydrogen 
cyl inders/tankers and pure hydrogen 
pipelines, many countries, such as the 
United States and the United Kingdom, are 
injecting a small amount of hydrogen into 
existing natural gas pipelines as part of their 

hydrogen may still raise safety concerns 
because the small size of the hydrogen 
molecule leads to a higher tendency to leak, 
requiring improved sealing. Alternatively, 
there has the potent ial  for hydrogen 
embrittlement if pipelines are exposed to 
hydrogen over the long term. Therefore, it is 
necessary to conduct relevant investigations 
and researches on the technologies of 
hydrogen blending in natural gas pipelines.
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( 1)

MW

2

MW

2

1. MW

(AE)
(EPC)

2. 

3. MW

Hydrogen is regarded worldwide as 
a critical option for achieving net-zero 
emissions or carbon neutrality. Global 
hydrogen applications primarily focus on 
power generation, industrial processes, and 
transportation. Drawing on international 
practices, Taiwan's hydrogen roadmap 
is categorized into power generation, 
industrial process technology, and transport 
vehicles, with Taiwan Power Company 
primarily responsible for hydrogen co-firing 
applications in power generation.

In addition to the development of co-
firing technology, securing a sufficient 

supply of clean hydrogen is a strategic 
priority for Taipower. However, different 
hydrogen production methods result in 
variations in gas volume, composition, and 
pressure. Researching how to integrate 
these diverse hydrogen sources into power 
plant co-firing units is a prerequisite for 
implementation. Given that current clean 
hydrogen technologies are still in their early 
stages and remain costly, this project targets 
1~10 MW gas turbine units as a planning 
benchmark, utilizing them as a platform to 
evaluate hydrogen co-firing applications 
from various hydrogen sources.

Investigation and Evaluation Research on the Construction of MW-Level 
Hydrogen Co-Firing Power Generation Application Platform
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ISO/IEC 17025

114
(TAF)

6 3
96

(TAF)
10

7 300
9

1. -

2. 

3. 

4. 
5. 
6. 

7. 
( )

8. 

 
1.

To enhance the credibility of tests, the 
Chemical Testing Section introduced the 
Environmental Testing Laboratories and 
the ISO/IEC 17025 laboratory management 
system. In  2025,  the Envi ronmenta l 
testing Laboratory was certified by Taiwan 

The accredited scope includes 6 items in 
water and 3 items in toxicity characteristic 

leaching procedure ( TCLP ). The Materials 
Laboratory was accreditated by Taiwan 

Accredited scope includes 10 elements 
in Carbon and Low-Alloy Steel, 7 items in 
Copper Wires, 9 elements in 300 series 
of Aluminum Alloy, Coating Mass in Hot 
Galvanized articles, and Mercury content in 
Coal.
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SEM/EDS

3. 

4. 

FGD

 ESDD NSDD 
(ICP-MS)

5. 
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SF6

The major test content of Oil and Coal 
Testing Section is the inspection of fuels 
such as coal, fuel oil, natural gas, etc., the 
test of oil products such as insulating oil, 

analysis of SF6 gas and dissolved gas-in-oil 
and calibration of gas detectors for electrical 
power equipment. In addition to ensuring 

relevant data are further applied in fault 
diagnosis of electrical power equipment, 
lubricating oil monitoring and tribological 
failure detection. And  through the utilization 
of these diagnostic results to improve 
the efficiency of asset management of 
Taipower's equipment.

114
55,523

SF6 6324 
kg 2,581

1. 

(1) 

(2) 
DGA

114

(3) 114/7

(
) 23 kV GIS

GIT SF6

8/1
(4) 114/9 R/S

E/S
(

)

114/12/23

(5) 

A. 114 1 

B. 114 ( 67
) /

( )( )( )
C. 114 (

67 ) 
( )( )

D. 114 1

E. 114
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-6 
5 kcal/m3
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ASTM ASTM ASTM
ASTM
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114 ( )
6,432 10,024
3,217 2,314

10,528 SF6 111
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485   55,523

114 ( )

(E/S & D/S) (S/S)
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4. 0 5 10 4 16 35
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(1)
(2)

(3)

(4) (5)
(6)
(7)
(8)

1. 

(TAF) ISO 17025

-

2. 

600V

3. 
60Hz

4. 

5. 

IEC 60060-2(2010)
10kV~300kV

(TAF)
ISO 17025

6. /

7. /

The core business of high-voltage 
testing section includes: (1)Testing of 
power equipment, including transformer, 
arrester, fuse, and switchgear, (2)Inspection 
of testing power equipment for civil use, 
including transformer and switchgear, (3)
AC dielectric withstand test for power cable, 

(4)Measurement of partial discharge and 
diagnosis, (5)Calibration service for high 
voltage measuring system in Taiwan, (6)
Review of Type Test Report for Taipower 
Company, (7)Survey for electrical equipment 
accident of Taipower Company, (8)Short  
circuit test. 
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114

AMI( )

 

1. 
26 100   
82 1,927 FAN

13 144
2. 

99
198

3. 
1226

4. 
   401

5. 

6. 

7. 

8. 345kV

9. 

Taipower Company relies on electricity 
meters and inst rument  t ransformers 
for accurate electricity billing, and the 
Electricity Metering Section is responsible 
for their  cal ibrat ion and test ing. The 
Electricity Metering Section’s core functions 
encompass standard calibration, periodic 
testing, acceptance testing, and type testing 
of these critical components. As the quality 
of these components directly impacts 

improvement  in  test ing capabi l i t ies , 
techniques, and methods is paramount 
to ensure testing reliability and quality. All 
testing activities in 2025 were completed 

successfully, achieving all anticipated goals. 
Furthermore, we have continued to support 
the company’s 'Power Grid Resilience Plan' 
for transmission and distribution systems 
to ensure superior power stability. We also 
actively participated in technical seminars 
and planning for  the AMI (Advanced 
Metering Infrastructure) rollout. Notably, 
we introduced a new 'Single-Phase Meter 
Accelerated Aging Test' to evaluate meter 
reliabil ity, durability, and performance 
stability, while also estimating their service 
life. All acceptance and performance testing 
tasks were completed on schedule
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1. TAF
2. 

3. 

4. 
5. 
6. 
7. 

1. 

25,355
2. ISO

3. 

4. 

5. 
IEEE Std 644-1994

6. 

7. GOOSE

8. 

(1)
(2) (3)

(4) (5)

9. 

10.  

( )
(AVR)

11.  

12.  

( )

(
)

1. Establishment and maintenance of 
TAF electricity standard. 

2. Te s t s  o f  I n t e l l i g e n t  E l e c t r o n i c 
Devices and Relays in various power 
substations.

3. The  cha rac te r i s t i c  t es t  o f  new ly 
p u r c h a s e d  i n s t r u m e n t s  o f  e a c h 
b u s i n e s s  d e p a r t m e n t  a n d  t h e 
regular calibration of quality control 
instruments.

4. Overhaul and maintenance of various 
precision electronic instruments. 

5. I n s t r u m e n t  c o n t r o l  a n d  p o w e r 
monitoring system test. 

6. P e r i o d i c  o n - s i t e  c a l i b r a t i o n  o f 
i n s t r u m e n t s  u s e d  f o r  o p e r a t i o n 
indication.

7. H i g h  Vo l t a g e  I n s u l a t i n g  Te s t e r 
calibration and maintain. 
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(3) TAF ISO/IEC 17020
I0018

114 11 14 ~117
11 13 (114/3)

(4)  GT22

(114/6)
(5) GT2-1 UAT21

GT2-2 UAT22 Tr.
GT2-1

The task of Power Apparatus Testing 
Section is to assist Taipower and other 
companies with executing the new build 
electric Commissioning test, put-in service 
electric test, and maintenance electric test 
to assure the quality in compliance with 
specification. The under test apparatus 

includes Generators, Transformers, Circuit 
Breakers and Transmission line, etc. Test 
items include insulation, voltage withstand, 
partial discharge, winding sweep frequency 
response and dielectric frequency response 
test, etc.
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M677769 2025/9/8 2035/9/7 2027/11/30

I607341 2015/11/12 2035/11/11 2026/11/30
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US11710958B2
POWER SYSTEM 
WITH ENHANCED 
POWER SAFETY
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M601345 2020/7/3 2030/7/2 2026/9/10
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I776157 2020/5/22 2040/5/21 2032/8/31

I737531 2020/11/2 2040/11/1 2031/8/20

I818747 2022/9/28 2042/9/27 2042/9/27

JP3230297U 2020/11/2 2030/11/2 2030/12/22

M622213 2021/9/10 2031/9/9 2027/1/10

M638931 2022/10/31 2032/10/30 2026/3/20

I838934 2022/10/31 2042/10/30 2027/4/10

I731723 2020/6/19 2040/6/18 2026/6/20

I765754 2021/6/24 2041/6/23 2026/5/20

I839879 2022/10/4 2042/10/3 2027/4/20
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M630926 2021/12/30 2031/12/29 2028/8/20

M633553 2022/1/24 2032/1/23 2029/10/31

M633755 2022/7/4 2032/7/3 2027/10/31
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M658127 2024/2/19 2034/2/18 2027/7/20

M662577 2024/3/22 2034/3/21 2026/11/10

M674956 2024/11/7 2034/11/6 2026/9/20

M667069 2024/12/3 2034/12/2 2028/2/20

M678295 2025/5/15 2035/5/14 2026/12/20

M676716 2025/8/5 2035/8/4 2026/10/31

I404943 2009/6/18 2029/6/17 2026/8/10

I424878 2010/7/9 2030/7/8 2028/1/31

I409220 2010/12/8 2030/12/7 2027/9/20

I411192 2011/5/4 2031/5/3 2027/9/30
I431287 2011/10/28 2031/10/27 2031/10/27

I464418 2012/10/30 2032/10/29 2028/12/10

I550521 2015/1/28 2035/1/27 2026/9/20

I598217 2015/10/13 2035/10/12 2026/9/10

I587222 2016/6/29 2036/6/28 2026/6/10
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