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Power System Penetration Testing Cases and Defense

FERtRZE

Application Research

This research project is based on the
research on the construction of IEC 62351
power system robustness and compliance
testing platform, further conducts
vulnerability scanning and penetration
testing, and extends the test objects from
the original testing platform to energy
storage information communication model
control system and solar photovoltaic power
generation system .

This test plan covers three areas:
IEC 62351 power system robustness and
compliance testing platform, IEC 61850
energy storage information communication
model control system, and solar
photovoltaic power generation system and
smart monitoring platform. The IEC 62351
power system robustness and compliance
testing platform is a specially set up
information security testing environment. It
is mainly used for functional verification and
safety training of information security tools
and is farthest from the real environment.
The IEC 61850 energy storage information
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and communication model control
system is located in the laboratory and
includes some simulation settings and
some physical equipment, providing a
test scenario between the real field and a
pure experimental environment. The solar
photovoltaic power generation system and
smart monitoring platform is located on the
roof of the second test building in Shulin
District. Although it is small in scale, it is the
test object closest to the real field in this
case.

The test project includes two parts:
vulnerability detection and vulnerability
verification. Vulnerability detection uses
SecDevice for comprehensive vulnerability
scanning and detection, while vulnerability
verification uses Metasploit to verify the
attack feasibility of known vulnerabilities.
Both systems (SecDevice and Metasploit)
are installed on the same laptop and need
to be connected to the local area network of
each site for testing.
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Establishment of Annual Power Resource Utilization Plan Platform with PLEXOS Model

The annual power resource utilization
plan is the basis for Taipower's power
production and sales plan and fuel
procurement plan. The net-zero emission
policy, the development of renewable
energy, and environmental protection
restrictions all bring challenges to power
resource planning and dispatch scheduling.
In order to improve the annual power
utilization planning process, this research
establishes an integrated procedure and
interface with PLEXOS software as the
core, constructs the parameters and
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constraints required for the power planning
simulation, while considering the available
fuels and resources of the year, along with
environmental protection policies, the IPP
unit contract, historical performance, load
forecast, and various external constraints.
Lastly, visualization tools of this project
provide a comparison of the simulation
results under different scenarios, and
could assist in responding to future load
changes or various policies affecting power
utilization.
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Research on Electricity Tariff Cost Allocation Method in Response to Energy Transition

This study aims to analyze the impact of
changes in Taiwan's electricity industry on
cost allocation for different customer types
and propose a revised method. Given that
Taipower’s current allocation system no
longer reflects changes due to renewable
energy development and carbon neutrality
policies, the study draws from international
practices in the U.S., Japan, South Korea,
Canada, and Denmark. It suggests a time-

RAEADHERRELAAEFEER
NEBIHZ—> EEADERNB
B BENMEN L AREERERE
Nl E & E EZ E BB P AR
B RFDE—EHRERKAE > @
HIEREBAEZRE > B LIRS
o~ RN EL ~ R SR HE R B F 13
SR ELBRILRHAE > WERE
BREGHABZNEZTHEEBERN
2 RENREDED AN SE LT
A EREERIBR

IR BB R BN & E
YR D B AW B ] KB E B AL
Kotk e MENETEZEHREE !
(1) REFLEBREEZ A HIE
R BHIEE  (2) REIPEREBILEA
AMI ZE T BB D& 2 B ESF

1. RIRA TP R E R EER SN E
EZ > (1) A A D # % E
BRstHE > AENREEMRE
St R ERAKEDEK
HIk > BESR AR EE DB
IR IRMEGR > BHRBARE
BENREDECEEAGHE -
RSB B ERS URABIRMN
TAE > RIRFEE & KB

based cost allocation approach, such as
allocating generation demand costs based
on net load peak hours and transmission/
distribution demand costs based on gross
load peak hours. Special recommendations
for large customers like data centers are
also made, and the feasibility of itemized
billing is explored. Additionally, the study
includes revising the electricity cost analysis
tables for different customer categories.
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Research on the Integration of Supply and Demand Resources in Kinmen Low-
Carbon Island: Taking the Promotion of Low-Carbon Community as an Example

In line with Taiwan's 2025 green
energy penetration rate of 20 percent and
the implementation strategy of Kinmen
Low Carbon Island 2.0, under the carbon
reduction concept of replacing centralized
power plants with decentralized power, this
study uses two smart photovoltaic energy
storage projects with 3kWp solar installation
capacity and 5kWh energy storage system
built by National Quemoy University(NQU)
to research on optimized operations. A
smart photovoltaic energy storage system is
a decentralized small power plant controlled
through the Energy Management System
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of the Internet of Things. Two storage
systems are built at NQU’s parking shed
and NQU’s Zhongshanlin Campus. Among
them, the NQU’s parking shed site has been
undergoing trial operation and adjusting
relevant parameters since early September
2023, and it was officially opened to the
public for use after the opening ceremony on
February 22, 2024. The main loads of the
two demonstration sites are mainly electric
motorcycle charging and night lighting for
the NQU’s parking shed, while the main
loads for the NQU’s Zhongshanlin Campus
are classroom lighting.
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Feasibility Study on Low-Voltage Consumers' Participation in

Power Resource Aggregation

In the context of energy transition,
countries are enhancing power supply and
implementing policies to meet electricity
demand. International cases of demand
response for low-voltage customers
have shown significant improvements in
energy efficiency and overall consumption,
underscoring the potential for such
initiatives. Currently, Taiwan’s demand
response programs primarily target
high-voltage customers, creating an
opportunity to refine strategies for low-
voltage customers based on international
examples. This study aims to explore a
future aggregation model for demand
response among low-voltage customers
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in Taiwan. To develop a feasible model
for demand response among low-vol.
tage customers in Taiwan, this research
aggregates commercial and residential
customers and conducts a feasibility study
focusing on three dimensions: "equipment
control roles," "types of demand response
services,"
The study analyzes customer participation
behaviors and assesses current
engagement in the electricity market.
Additionally, it evaluates the benefits of
energy storage systems for low-voltage

and "feedback mechanisms."

residential and commercial customers in
demand response, as well as the future
potential of these applications.

B STR AT SR ~ M ~ SRR
B~ SR EFEREERFZ2H
BTS2 R > TUASEERERD
ZRPAER AREENERR
CEEBRMEBEIBIRGREENR
B AMRESHERBES
R BEEBERF I NEEERT
EREEMEX T%@H)ﬂ %I]
HEBENE
HRA%MIEITEEJ_Fﬁﬁﬂ%}E' T%ﬁ%ﬁﬁ

ﬁﬁ)f' HESRENITARIBIE
ETEERERESZEITHMZE

?‘)%L/(iﬁﬁgﬁﬁ}f‘?}ﬂﬁﬁé}iﬁﬁz
FRERRERBEER S  EMmiHE
BEBRERRHEERERGZHE
REE o




REREREMA :

B EERBERENXZETEA
BRI tHARERFEE  BEEHRS
TIHRAEZEDHIUE RN ATFSEM
BFRE > MBRERZ2AEFERNEERN
TEMHIEER > EALHBEMET IS
EJ?IijH ZKEHJ’LE;TGEZS%I /7—/9“ /£
s BAREFFINRZZOBEH (B 1)
RERI-E > 2EEBRAR2EEER

BERAKRED  BEOHXRSFaEABRES
P « BERRFIREELEEZE > BT

B2HETHE (B 2) - A THEARIBRET
RRTARZEE  RETRmEZANTIE
% AEERIARLOESHE > UKkEHE
I%Zﬁkxﬁl%% (B 3) > FEEHARER

EE%F“* EIEARFAPPESR  EAF
Z’J};zuézuﬂf BN - BB B AEBERE -
-4 E-{ ! WA

couthe ERRTHSTESR
Colffomia Edison SR EHER
EENETE
=F
mh ENEENguY
BEERETE
Sunrun HEEEREETR
_— =M Nice Grid EENETE
=@ Voltalis ERRCEEEES
AGL Energy EEETR
WM EnergyAustralia | ERRIEER
Evergen SRiETheE
= MCEEs® ERESEs aAn
nHKHLE EENETR
#INE  SP Group EENETE
BRIAGR | SH R
B 1 EIMEER

TEREER I  MAT AR Bl B8R = A Bt
& o

~F

X

ERGRER (B 4) PREAFR TS
FERE 2 49.86%  Hh o XIERFPEMR
K= B8 FIIMER(E 0.26kWh » HiL
NREERPRAE > BEEMENREAER
ERNERAMEERFAPET  tEREN
IR RLRY (5.05kWh) o tE4h » R 1TASD
MERPERRE AN m D ITERET
BE—FFRHEEFE HUE A BURE
FAREE - AAREZVBAUEBHRER
#H2H > PRIAIIAERKRBEIRIE B
BiZsEihBR s BRPRHSFKRGR
HEE > ABBRERESNERIZEHAEF
N EIRE  (REEBNBERNZEE B
TEMEBLKEME o

BN B
gk REED % B
Bn SNEESR I WYE| &
MR EEENITE BEER
EH =REn BB
st HREEs EEE
=TSR o = =i L
sl REER L RElE
EHM SJHEFRE
M HLEMEIE M RIEH
an ETEME % REE
BY ERAERNLISE
an RJRFAE
Mt SRS BB
MRS RWEAE
TERELIREEE

b
%
£
=
EH
=
B
R




= (—) BisEiTasl

¢ RGHERTRBLRETRS - WREKELLE
WEBESN . GURZNERSeN
¢ EEENREEERNAR - 5T ol

v MERAMIBSETR - + 3585 SEEBEAM -

CHFMERERERREMRD

v RERENBCTEURRELMR ARG - EN
RECRRRRAEIRERTSA

Y HERMESHZRECERERLNLIARES
£ - EREEFNGEARE - -ANLEIERFN
RITSmENE - FEmEREMHES

v Enel XRGOGOROSF - S £ 510M2500Mm
e R LR & PRGN

v BENSFEINERHTRTEMRE - MEDER
EHINTHRZER - (RNTREFSRPAR
REEER) sRESEAIATEN - AAR
A2 - S SkEVPP

BERIZER | AR

B RNAR

v ERE - SR GRS - SRS 0

HERSEFIRE - 2. BDEHRELS AR

v GEAMBECASEYSEHNGE  SNRAE
HONEZAEERANRNERE

v BSARRENLERE - ERoEmERERES
aNE - MERRERRE

+ FREEALRBENRY  HBRHTEEEN

¢ FERCWI2222% &% 54 M5 =R N iEe
BB - 2 ERTONSOM S 8 KA - 258
MERERIOOLW - HEE - REWRESS

v WMAEMORE & M=l NE SR e EE
et - N REEIT R ERR

v ERRSENHRETIEA - 20225 Sunrunkt
ISO-NEHLRMEBRSRSRT SR O LR EE
e -  INTEREE EEEEARERE - %
et PR T R {oTndiE ]

2 FEHEEIMERERZ ERISTLLR

Eig-¥498 |

Eom-®miz 8

ERIZER | AR

3 BERRMEHIHIERE




WEAGER | WRAUER | AEERBE
_ i) Psnnssia T BE | @R |EHERREER
‘T..m !

 EWAE - STl 12636
m"'“m -ﬂ'ﬁ -19.43% 'lﬁﬂ'!._ b
EWEE. SRANTL 8% $ m M L . *m%
A - RS0 B/ 330 am® 316 I
W . 203 0% § 3,540 2% 173 Kw/ 2
ARES - EE 0% $4650 -0 3% -39
R .. 805 0% $ 1410 B .g1% 97,98 a0 |
S - oL n% $5.390 12 41% 4247
WWAD - R E0E 46% $6.580 2.66% -40.46
FOES0 6% 54,840 3. 56% 331
EEES0 54% $4,500 T -315 e
TS0 ﬂm_ 57,550 a3 747 1811 e inrE
mm § 3,460 -6.19% -196
§2.700 122

BRIOR | AR
. 4 E%ﬁﬁﬂfﬁrnﬂ

i)
B
2
=
==
B
BX
LS

RGBS EREEERE (| )



1
v

This study aims to create the value
of data from smart meterinfrastructure by
transforming daily electricity consumption
data into energy management strategies.
It explores and develops innovative value-
added and extended applications of different
energy management modes to promote
broader energy-saving behaviors and
thereby enhance social welfare. The primary
tasks include analyzing the business service
models of value-added applications for
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Research of Big Data Application and Innovative Service on Electricity Retailing

smart meter data both domestically and
internationally, collecting and analyzing
household electricity consumption patterns,
developing behavior prediction techniques
and application tools, conducting conceptual
proofs, exploring the feasibility of extending
service models, and reviewing the outcomes
of Taipower’s current cross-industry
collaboration trials with home appliance
dealers to refine and extend methodologies.
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Development of Smart Underwater Monitoring System

Object detection technology was
applied to develop an intelligent underwater
monitoring system. The object of observation
was the number of fish species in a specific
area. It could be regarded as an innovative
application of artificial intelligence. The main
results are as follows:

1. This research work was largely
divided into two parts: hardware setup
and software development and system
integration. The hardware setup was
performed by Sheiho Power Plant. It had
been completed and subsequent monitor
maintenance work continues. The research
and development of intelligent software was

ESS - B F:

carried out by the TPRI, and subsequent
system software and hardware integration
was also completed.

2. Object detection technology could
be regarded as an advanced application of
image classification. This study developed
an underwater smart ecological monitoring
system as an application example of object
detection technology. Its core function was
to capture underwater images at regular
intervals. After object detection, the detected
species and quantities were stored in the
database, and then the changing trends in
the quantities of various species could be
released through the Internet.
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Research on Treatment Technology of Total Residual Chlorine in Release Water

In the past, the residual chlorine in the
Taichung Power Plant’s effluent was high or
even exceeded the standard. However, no
residual chlorine or similar oxidants were
added during the treatment process, and the
influent water quality also met the residual
chlorine standard. Therefore, it is necessary
to find the source of the pollutants. And
processing methods.

The measured value is highly affected
by pH, the measured value above pH 2.0
increases with the decrease of pH, and the
reagent is invalid below pH 2.0. Using the
average measured value of each sampling
point, it is found that the contribution source
of the measured value may be between the
boron removal fast mixing tank and the sand
filter tank, and it is speculated that it may
be caused by the chemical added in the

LSS BH B

chemical dosing procedure.

The effect of activated carbon on
residual chlorine is not obvious and unstable,
and activated carbon equipment already
exists on site, so the availability is low. Hypo
only needs a low dosage to reduce the total
residual chlorine value, but the reaction time
is about 3 hours. Commercially available
chlorine removers require a higher dosage,
but the reaction time is shorter than that of
hypo, and the total residual chlorine value
can be effectively reduced in about 1 hour.
Considering the feasibility and economy of
the Taichung Power Plant site conditions,
it is recommended to use hypo as a daily
treatment procedures, and commercially
available dechlorinators can be used as an
emergency response plan.
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Feasibility Assessment of Automated Foam Control Combined with

Al-Based Detection of Surface Foam in Power Plants

Thermal power plants use cooling
systems to reduce temperature indirectly
after power generation. However, seawater
disturbances and protein production
during seasonal changes or typhoons
often lead to irregular foam formation.
Additionally, the use of seawater flue gas
desulfurization equipment can exacerbate
this issue. The resulting foam not only
affects the appearance but also pollutes the
environment, causing public concern.

To address this problem, we have
developed an automated foam suppression
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system that utilizes artificial intelligence
deep learning. Our system can accurately
detect foam formation and automatically
activate a foam breaker, ensuring timely
foam removal. By employing a Raspberry
Pi 4B and a convolutional neural network,
the system achieves a high accuracy rate
of over 99% in foam detection. This solution
provides a convenient and effective way
to prevent foam accumulation and reduce
environmental impact, eliminating the need
for manual intervention.
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Efficiency Evaluation of Synthesized Adsorbent Using Coal Ash

As recently observation from National
Oceanic and Atmospheric Administration
(NOAA) of the United States, average
carbon dioxide concentration in atmosphere
has reached to 419.13 ppm in May
2020. Developing technology to remove
CO, from flue gas and air is one of the
solutions for the global warming issue.
Among the techniques, utilizing chemical
solvent in absorber has become one of
popular methods in the field of carbon
capture. However, the above solvent
absorption process is an energy extensive
process. Carbon capture process with less
energy consumption is needed to realize
commercial operation of CO, capture
in large scale. According to theoretical
calculations, solid adsorbents consume less
energy during capture process and may
have potential to commercialize.
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This study synthesized solid adsorbents
using fly ash from Taichung Power Plant and
Linkou Power Plant. The fly ash underwent
silicon source extraction at 80°C for 3 hours,
followed by high-temperature melting at
650°C for 2 hours. Using hydrothermal
and microwave synthesis methods, the
solid adsorbents were completed. The
LK-MCM-41 obtained via hydrothermal
synthesis had a specific surface area of
312.51 m?/g, outperforming TC-MCM-41 at
49.35 m?g. The LK-MCM-41 also exhibited
strong CO2 adsorption capabilities, with a
maximum adsorption capacity (qmax) of
3.0281 mol CO, / kg adsorbent at 30°C,
compared to TC-MCM-41's 2.6195 mol CO,
/ kg adsorbent.
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Micro-Test Zone of the Carbon Capture Pilot Plant: Waste Heat of Solid Adsorption Process Integration
Analysis and Evaluation of Process Scale-Up

In recent years, atmospheric carbon
dioxide (CO,) concentrations have continued
to rise. According to the NOAA report
from October 2024, the global average
CO, concentration in the atmosphere has
reached 421 ppm. On April 21, 2022, Taiwan
passed a regulatory amendment, renaming
the "Greenhouse Gas Reduction and
Management Act" to the "Climate Change
Response Act". This amendment was
officially enacted following a third reading
on January 10, 2023, formally revising the
national long-term carbon reduction target
to "2050 net zero emissions " and further
strengthening the regulatory framework for
greenhouse gas emissions control.
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This study applies solid adsorption-
desorption technology to capture CO, from
power plant flue gas. The experimental
process first removes acidic gases from
the flue gas using a water-washing
method, followed by moisture removal
via a membrane-based dehumidifier.
Subsequently, a one-stage or two-stage
CO, separation procedure is implemented
to effectively capture CO, from the flue
gas. Throughout the study, experimental
design is utilized to evaluate the operational
efficiency of the system, while continuous
process improvements and optimizations
are conducted to enhance the stability and
efficiency of the capture technology.
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Micro-test Zone of the Carbon Capture Pilot Plant: Modification of Stripping Process for Solvent-based CO, Capture
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Due to significant carbon dioxide
emissions from human activities,
atmospheric CO, concentrations have been
rising annually, exacerbating the greenhouse
effect, and driving extreme weather events.
To address this, countries discussed carbon
market cooperation and climate financing
during the 29th Conference of the Parties
(COP29) to the United Nations Framework
Convention on Climate Change (UNFCCC).
Taiwan has also pledged to achieve net-zero
emissions by 2050, aiming to limit global
temperature increases to within 1.5°C.

Among carbon reduction measures,
one approach is integrating carbon capture
equipment into existing facilities to capture
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CO, from flue gas. This study tests chemical
absorption-based carbon capture technology
by installing CABS equipment at the Taichung
Power Plant. Common techniques, such
as rich liquid splitting and multi-stage heat
exchange, are employed to reduce the
energy consumption of solvent regeneration
and alleviate the condensation load of the
product gas. Tests demonstrated that an
AMP/PZ solvent blend (2:1 ratio) achieved
the best regeneration energy efficiency with
minimal NH; emissions. Future research will
explore combining physical and chemical
solvents and assessing their impact on tail
gas pollutants..
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Study on Manganese-based Supports for Preparing Low Temperature SCR deNOx Catalysts

The most widely used SCR deNOx
catalyst is V,05-WOQO,/TiO,. It is a metal
oxide catalyst with a reaction temperature
range of 300°C~400°C. Compare with high-
temperature type catalysts, the reaction
temperature of low-temperature type
catalysts can be decreased to 80°C ~200°C.
It can be installed at the end of flue gas and
has the advantanges of easy maintenance
and long lifetime. This study mainly used
MnOy as a major metal and combined with
active metals such as Ce and Fe to obtain
SCR deNOy catalysts. According to results,
if Na2CO3 neutralizing agent is changed to
(NH,),CO,, the water resistance and deNOy
efficiency can be effectively improved. The
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optimal catalyst ratio is Mn:Ce:Fe=8:1:1.
The TiO, supports can be added or not
added, which has little impact on catalyst
activity. Furthermore, under the conditon
of SO,=100ppm, the deNOy efficiency only
dropped slightly which means that catalysts
have not only high water resistance but
also good sulfur resistance. This study
successfully synthesized the catalysts
by low-temperature calcination. The heat
treatment is at lower temperature and for
a longer time. Compare with the catalysts
obtained by high-temperature calcination,
they have similar deNOy efficiency and N,
selectivity.
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Feasibility Study of Fine-grained Bottom Ash as an Alternative Material for Fly Ash
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This study explores the applicability
of ground bottom ash for cement-based
materials. It is expected to be used as a
substitute material for fly ash to enhance
the application value of dry bottom ash
in Taichung and solve the problem of
insufficient fly ash supply in the future.
During the research process, we first set the
target for bottom ash grinding with reference
to the particle size distribution of fly ash in
Taichung. The final particle sizes D50 of
the ground bottom ash were 16.31 ym and
11.56 pym respectively. Then we tested the
grinding bottom with reference to CNS 3036
requirements for fly ash. Gray nature. The
results show that the surface of the ground
bottom ash is irregular and porous, the water
demand is about 1% higher than that of fly
ash, and the activity index exceeds 80%.
The ground bottom ash of both finenesses
meets the physical and chemical properties
of CNS 3036 Class F fly ash. Require.

When ground bottom ash is used to
partially replace cement by weight compared
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to fly ash to make concrete, it can be found
that the compressive strength development
trend of the specimen containing ground
bottom ash is consistent with that of fly ash,
and the test group has a higher strength
increase compared to the control group.
In this study, a thermogravimetric analyzer
was used to evaluate the decomposition
temperature of calcium hydroxide, and
the loss on ignition method was used to
estimate the calcium hydroxide content
of each sample. The results showed that
when the age increased from 28 days to 91
days, the calcium hydroxide content in the
control group tended to increase, while the
test group containing fly ash and bottom
ash decreased instead. It is speculated that
this is due to the consumption of calcium
hydroxide by the pozzolanic reaction.
Therefore, after moderate grinding, the
bottom ash can react in cement-based
materials and can be used as a substitute
material for fly ash. Materials with smaller
grinding particle size have higher strength.
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Study on the Properties of Co-fired Wood Pellet Fly Ash as Concrete Admixture
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According to the national standard
CNS 3036 and the Regulations Governing
Administration of Reuse of Enterprise
Waste(Promulgated by the Ministry of
Economic Affairs), coal-fired power plants'
boilers are permitted to co-combust wood
pellets up to 10% (by weight). The resulting
fly ash from this co-combustion, known as
co-fired fly ash, can be used as a pozzolanic
material in concrete. However, in order to
comply with government carbon reduction
policies, Taiwan Power Company(Taipower)
conducted a test burning operation in Unit
5 of the Taichung Power Plant, using wood
pellets as a partial substitute for fuel. A
third party was commissioned to test the
properties of the co-fired fly ash material,
concrete properties, and on-site production
trials in order to confirm the performance of

concrete using co-fired ash.

The test burning operation in Unit 5 of
Taichung Power Plant collected coal fly ash
and co-fired fly ash(at 3.4% w.t.). According
to the test results, both types of fly ash meet
the requirements of CNS 3036 Class F and
exhibit similar properties in both fresh and
hardened concrete. Additionally, there is
no significant difference in the production
process and equipment energy consumption
of ready-mix concrete plants.

Based on the comprehensive test
results, this can enhance the confidence of
precast concrete manufacturers in the future
when using co-fired fly ash from Taiwan
Power Company. This provides Taiwan
Power with an additional option in its efforts
to reduce carbon emissions.
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Feasibility Analysis of ESG Promotion Plan for Waterbirds Conservation on Salt Pan Wetland

In recent years, international
organizations have shifted focus from net-
zero carbon emissions to biodiversity
conservation, launching several key
initiatives, such as the Kunming-Montreal
Global Biodiversity Framework (approved
in 2022), the Taskforce on Nature-related
Financial Disclosures (TNFD) Framework
(published in 2023), and the upcoming
Conference of the Parties (COP 16) to
the Convention on Biological Diversity
(scheduled for late 2024).

Since 2016, Taipower Company has
focused on ecological research at the
Yongan Wetland, accumulating extensive
bird distribution and terrain data, and has
successfully filed two patents: "Water
Level Regulation Method for Wetland Bird
Habitats" and "Large-Scale Wetland Bird
Habitat Depth Measurement Method".
These patented technologies can be widely
applied in wetland habitat restoration,

industrial facility impact assessments, and
improving conservation performance. They
hold particular value for large enterprises
that need to disclose their biodiversity
performance under the TNFD framework.
Taipoer Company has also gained
valuable experience in wetland restoration,
demonstrating its capability to support
companies in fulfilling their biodiversity
commitments with technical expertise.

Taipower Company has introduced a
sustainable index-linked loan scheme, which
allows companies to reduce their financing
costs by using biodiversity indicators to
secure interest rate reductions from financial
institutions. This innovative financing model
benefits enterprises, financial institutions,
and society by promoting investment in
biodiversity protection. It also accelerates
the integration and application of biodiversity
indicators, making a significant contribution
to green finance development.
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The Application of Underwater Remotely Operated Vehicle in Benthic Ecological Studies

Because of its user-friendly, low-cost, live
image system, and multiple scientific device
capability, remotely operated vehicle (ROV)
has been widely used in all kinds of marine
research and engineering. In this study, we
have used a portable ROV to investigate
the benthic ecology around the water inlet
of the Shen’ao Power Plant. As farther away
from the inlet of open sea, as smaller of the
sediment grain size. Whether in the Coral
Area with strong ocean waves or in the calm
Deep-water Area, we could find specific
local benthic organisms. In the Buffer Area,
new benthic immigrants might migrate from
the ambient species pools to the newly
hatched microhabitats. For the research and
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development requirements, the electrical
facilities or marine ranching equipment
might be constructed in the water inlet of the
Shen’ao Power Plant. The Buffer Area or
the middle of Deep-water Area, which keeps
away from the disturbance-sensitive coral
reefs, would be suitable locations for the
associated construction. The highly diverse
local benthic communities could quickly
recover from the ambient reserved habitats
and mitigate the environmental impacts
of related engineering projects. The keep
developing of ROV technology will improve
the sustainable energy spreading of the
Taiwan Power Company.
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In Response to the Future Development of Large-Scale Renewable
Energy, Applications for Large-scale (Transmission-level) Energy Storage

As part of the energy transition, our
country has set a goal to achieve a 20%
share of renewable energy by 2025.
However, the increasing penetration of
renewable energy is posing challenges to
the stability of the power system. In recent
years, many countries have implemented
battery storage as a complementary
measure to the development of renewable
energies, integrating appropriate levels
of battery storage systems to support
grid power supply and provide reliable,

FREAS B 75

safe, and economical benefits. This study
specifically examines the demand and
application technologies of battery storage
systems in Taiwan's power system by 2025,
exploring scenarios involving extensive use
of renewable energy combined with storage
systems. Using the PSS/E software, the
study simulates the application of battery
storage systems, focusing on aspects such
as virtual inertia, ancillary services, and
support for system voltage.
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Research on the Intelligent Antenna Applied to Enterprise Private Network

Smart antennas, frequency selective
surfaces (FSS), intelligent reflective surfaces
(IRS), and metamaterials have been
incorporated into the 3GPP Release 18th
standard, playing a crucial role in enhancing
beamforming and MIMO techniques for
5G new radio communications. These
innovations aim to improve signal strength
and achieve full coverage. According to
recent academic papers, these technologies
can assist in indoor communication and
support space-air-ground integrated
networks (SAGIN). Depending on the
context, reconfigurable intelligent surfaces
(RIS) can be installed on fixed platforms
or mobile platforms, improving loT signal
coverage and reducing interference.

To meet the needs of Taiwan's 5G
enterprise private network spectrum
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(4.8GHz-4.9GHz) released by the National
Communications Commission (NCC) and
the MODA Private 5G Promotion Office,
Taipower company has developed a fixed
frequency selective surface by using
a aperture-coupled resonators (ACR)
structure to let only 4.8-4.9 GHz radio
frequency pass this spatial filter structure.
Besides, a tunable frequency selective
surface technology by anisotropic properties
of liquid crystals has also been designed.
We can apply these technologies in power
generation, transmission and distribution, to
provide comprehensive network coverage
across power-related loT systems, reduce
low-frequency noise interference on power
control equipment, and reduce base station
deployment costs while improving spatial
and energy efficiency.
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Wind Turbine Tower and Blade Damage Surveillance and Noise Control

This research project focuses on
enhancing wind turbine efficiency and
reliability while minimizing environmental
and community noise impact. By developing
intelligent detection for blade and tower
damage and investigating noise reduction
strategies, the project aims to precisely
monitor turbine conditions. The plan includes
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creating an intelligent blade inspection
module, studying tower base damage
indicators, and exploring noise reduction
feasibility. Anticipated outcomes seek to
advance wind turbine technology, expanding
its applications in renewable energy and
promoting positive acceptance of green
energy in society.
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Feasibility Assessment Study of Power Plant Residual Hydrogen Reuse Technology

In response to the international trend
of climate change promoting the net-zero
transition, hydrogen energy has been seen
as one of the country's 12 key strategies
for net-zero carbon emissions in the future.
Hydrogen energy and fuel cell technology
have the characteristics of both power
generation and energy storage. At the same
time, it is a power generation technology that
can achieve zero pollution. Datan Power
Plant uses seawater electrolysis to produce
sodium hypochlorite to prevent marine
organisms from being attached to circulating
cooling water tubes and equipments. So
far, the hydrogen derived from seawater
electrolysis is directly released into the
atmosphere. If the released hydrogen can
be effectively used as fuel source for fuel
cell power generation system, it may be a
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potential energy utilization and clean power
generation technology.

This research takes the seawater
electrolysis equipment of the Datan Power
Plant as the main research subject, and
aims to perfect and improve the hydrogen
fuel pre-treatment equipment, integrate the
pre-treatment equipment and the fuel cell
power generation system, and formulate a
suitable operation and maintenance strategy.
The research works were completed
through past research results, laboratory
simulation tests, plant field tests, and gas
treatment technology concept verification,
and new field equipment is installed to verify
the feasibility of the technology. Finally,
based on the previous research results,
we propose the benefit assessment and
implementation stredegies.
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Planning and Construction of Green Energy Smart Education
Training Park of Training Institute Kaohsiung Training Center

The meeting on September 11, 2021,
entitled "Inventory of Hardware and
Software Facilities Requirements for Smart
Grid Training," resolved to develop the
Kaohsiung Training Center into a smart grid
training center.Based on the principles of
integration of building load requirements
and system planning, relevant hardware
and software training facilities will be
gradually established.In addition to a solar
photovoltaic field, existing building rooftops
will be planned for the installation of solar
photovoltaic modules with assistance
from Department of Renewable Energy.
Simultaneously, facilities such as the
Advanced Distribution Management
System (ADMS) exhibition hall planned by
Department of Power Distribution and the
IEC61850 substation automation training
classroom completed by Distribution of
Power Supply will be integrated.This
integration will combine distributed energy,
energy storage, and loads to assist the
Kaohsiung Training Center in planning
and building a microgrid capable of energy
creation, storage, and conservation.The
introduction of the IEC61850 communication
standard into high-voltage distribution
stations and other electrical infrastructure will
achieve interoperability in the power system,
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enabling future integration with Distribution
Renewable Energy Management Systems
(DREAMS) and acceptance of Advanced
Distribution Management Systems (ADMS)
dispatch.

Based on the electricity usage, load
profile, distributed energy resources, and
islanded operation requirements of the
Kaohsiung Training Center, plans for a
500kW/1MWh lithiumion battery and a
96kW/380kWh flywheel energy storage
system will be developed.Additionally, from
the perspective of improving building energy
efficiency, it is recommended to introduce
a Building Energy Management System
(BEMS) into the internship building, where
the proportion of electricity used for cooling
exceeds 80%.This would involve installing
suitable variable frequency drives on the
chilled water system, deploying necessary
processors, actuators, sensors, and
communication networks.

Furthermore, by integrating existing
teaching resources at the Kaohsiung
Training Center. Assisting in the planning
of the IEC61850 microgrid education and
training platform.This initiative aims to
establish the Kaohsiung Training Center as
a distinctive green energy smart education
and training park in southern Taiwan.
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Study of the On-Grid Operation and Fuel Source Purification
Technology for Hight Temperature Solid Oxide Fuel Cell

"2050 Net Zero" is a global consensus
action on energy transition in response to
the extreme climate changes induced by
greenhouse gas effects. According to our
country's energy structure demand by 2050,
9-12% will be supplied by hydrogen energy.
Renewable energy will trend towards
maximal expansion. If hydrogen technology
applications can be integrated, they will
contribute to achieving the 2050 Net Zero
emissions goal.

This study focuses on two main topics:
hydrogen power generation and production.
In particular, it examines the selection and
performance testing of desulfurization
catalyst materials related to hydrogen power
generation. Through SEM/EDS analysis
of the catalyst samples, it was found that
the probable causes are speculated to
be associated with the duration of the
experiment, fuel flow rate, and the proportion
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of odorant added to the fuel. Additionally,
in the analysis of SOFC (Solid Oxide Fuel
Cell) system grid-connection technology,
two structural configurations are currently
available to meet the grid's islanding
operation requirements. One is the SOFC
system with a supercapacitor module, and
the other one is the SOFC system with a
battery energy storage module.
Furthermore, the hydrogen production
topic focuses on Anion Exchange Membrane
Electrolysis technology (AEMEL). The
main achievement of this research is the
development of a 5 kW electrolysis stack
with a tested hydrogen production power of
up to 5.5 kW (electrolysis current density of
1.82 Alcm?). The energy consumption for
hydrogen production is approximately 50
kWh/kg H,, and the electrolysis hydrogen
production efficiency can reach 80% (HHV).
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The Investigation of New Energy Industry's Development

As countries around the world
increasingly focus on carbon reduction
issues, it directly affects their energy
policies. Promoting renewable energy
has become a consensus. However, the
development of solar and wind power
has promoted for many years in various
countries, and although there have been
no breakthroughs in power generation
technology, the significant increase in
installed capacity has given rise to many
issues such as grid integration, plants
operation and maintenance, and power
generation forecasting. When the proportion
of solar and wind power generation reaches
a certain level, the intermittent nature
of power generation cannot be easily
ignored, and the importance of grid-related
technologies such as power generation
forecasting increases. In addition, the high
generation proportion of solar and wind
power has prompted manufacturers to
compete to invest in the development of
management systems and operation and
maintenance technologies to maximize
power generation efficiency.
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In contrast to the well-developed solar
and wind power, the related technologies
of ocean energy and hydrogen energy are
also increasingly valued by countries around
the world. The ocean covers 70% of the
earth’s surface, and if we can utilize the
energy stored in the ocean, it will become
a constant and abundant source of power
supply. Especially for Taiwan, which is
surrounded by ocean and lacks independent
energy sources, it should actively develop
ocean energy-related technologies. In the
modern era of vigorous development of
various renewable energies, how to store the
electricity generated by renewable energy
for appropriate use is also an important
issue. Hydrogen power has recently
become a research topic that has attracted
attention from various countries, and there
are still many challenges to be solved from
hydrogen production, transportation, storage
and utilization. This research will analyze the
development of related technologies such
as solar energy, wind power, ocean energy
and hydrogen energy, in order to facilitate
the planning of future research directions.
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The Development of Generation Forecasting System for Changhua Costal Park Solar Power Plant

In recent years, the Taiwan government
has been actively working towards energy
transition and net-zero carbon emission
goals, with the development of renewable
energy being one of its key policy objectives.
The government has set a target for
Taiwan's energy transition by 2025, aiming
for 20% of the electricity generated to come
from renewable energy sources, with a
specific goal of achieving a PV installed
capacity of 20,000 MW. Taiwan Power
Pompany(TPC) has set a target of 500 MW
of solar PV installed capacity by 2025, and
has been gradually establishing landmark
PV projects. In 2019, TPC established
the Changbin PV Station, located in the
Changbin Industrial Zone in Changhua, with
an installed capacity of 100 MW, which at
the time set a record as Taiwan's largest
single PV station.

PV is greatly affected by weather and
sunlight conditions, leading to unstable
power output. By integrating energy storage
systems, the efficiency and reliability of solar
PV generation can be improved. Energy
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storage systems can store electricity when
PV output exceeds demand and release it
during periods of insufficient sunlight or peak
electricity demand, balancing the power
supply and reducing power fluctuations.
Additionally, energy storage systems can
store or release energy according to power
demand, reducing the strain on the grid
caused by the intermittent nature of solar
PV, helping the grid to achieve peak shaving
and valley filling, and optimizing load
management. The Changbin PV Station
also installed a 1.5 MW/1.5 MWh energy
storage system at the end of 2020 to reduce
fluctuations caused by the intermittency of
renewable energy, ensuring stable power
integration into the grid.

Owing to let the O&M technicians of
large PV station grasp the future PV output
conditions, and to facilitate smoother
integration of PV stations with energy
storage systems, this research plans to
establish a PV power forecasting system for
Changbin PV station, providing predictions
for the next 96 hours.
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Development of Rapidly Deployable Wind Power Forecast Technology

With the push for energy transition
policies, offshore wind farms in Taiwan are
being built one after another. These wind
farms are much larger in scale than any
existing onshore wind farms, leading to a
rapid growth in Taiwan's total wind power
capacity. Current wind power forecasting
models use observational data for some
of their inputs. But to make accurate
predictions for new wind farms, the models
need enough historical observational data
for training. This causes the forecasting
system to lag behind real-world conditions,
making the predictions less reliable for
dispatch teams.
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To solve this problem, a new forecasting
system is being proposed. This system
won’t rely on observational data to predict
power generation. The study will first
compare observational data with two
sources, RWRF(Radar Weather Research
& Forecast) and MDAS(Mesoscale
Dynamic Analysis System), to pick the
better performing one for the model output.
WRF(Weather Research & Forecast) data
will then be used as input, and machine
learning will transform low-resolution data
into high-resolution formats. This process is
called Al downscaling. The study will explain
how to build this forecasting system step by
step.
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To Make the Web Page of Distribution Planning Information System Combined with Feeder GIS

To accommodate the increasing
adoption of renewable energy sources, this
research analyzes all renewable energy
from approved applications to distributed
ones for each feeder. The system utilizes
distributed computing technology to quickly
calculate the grid connection capacity
information of feeders all over Taiwan. It
can provide users the ability to evaluate
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new application cases through grid impact
analysis by calculating the impact of grid
connection on transformers, conductors,
and other equipment. This allows them
to review whether they meet Taipower's
regulations and calculate recommended
feasible solutions. This can significantly
reduce the time required for review and
improve efficiency.
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Analysis and Research on the Construction of the Information and Communication
System of Integrated Household Smart Meter, Water Meter and Gas Meter

Previously, we’ve completed the
construction of the Community Energy
Management System (CEMS) and the
Home Energy Management System (HEMS)
in the dormitories of Fengshan Xingda and
Nuclear Power Plant in 2011, strengthening
the solar power generation equipment and
storage. It can improve the usage efficiency
of the system, and provide effective island
power dispatching strategies during power
outages and more complete community
smart microgrid applications. In order to
continue the aforementioned smart green
community-related project results and
comply with the future development trend
of the digital information era for residents,
it is planned to use the company's AMI

REES - BN

client (Route B) module configuration
advantages to integrate household smart
electricity meters, water meters, and gas
meters into one resource. Construction and
analysis of the communication system, and
the development of a three-meter-in-one
(electricity meter, water meter, gas meter)
communication gateway. The three-meter
data was uploaded to the CEMS website for
presentation to evaluate its communication
transmission performance, and Kaohsiung
Fengshan was selected to test the whole
system. Smart electricity meters, water
meters, and gas meters are installed in
the dormitory area for system testing and
verification.
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Practical Implementation of ICT Interface between OpenADR 2.0b VTN and VEN

With the recent launch of the power
trading platform, demand response not
only brings benefits such as grid stability
and supply and demand balance, but as a
power trading commodity, demand response
also provides users with innovative and
diverse business model applications. Among
them, the automated demand response
communication protocol OpenADR plays an
important development foundation. Since
its establishment, it has been included in
the IEC62746-10-1 standard and is widely
used in the global energy service trading
and ancillary service markets. In particular,
our company is the only electrical industry
in Taiwan that actively promotes the power
trading market. In order to be in line with
international trends, this research has
conducted research on VTN and VEN
communication interfaces of OpenADR,
software development, and docking tests
with actual online systems to strengthen
userside power management. Connected
to the power grid, it lays the foundation for
the future application of automatic demand
response technology. This research has
developed the OpenADR 2.0b client VEN
message transmission interface, introduced
HTTPS information communication security
encryption technology, and completed
the docking of VEN with the existing VTN
platform of the Institute of Comprehensive
Research and the low-voltage ADR test
platform system to complete various
message exchange tests. Provides clients
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with VTN system platforms that comply
with the international standard OpenADR
2.0b, and can perform all automatic demand
response OpenADR 2.0b protocol interface
functions such as IV registration connection,
power consumption reporting, schedule
setting and demand response events. In
addition, this study also completed the
collection and analysis of the OpenADR
2.0b specification of the automatic demand
response international communication
standard and the application of related
demand response solutions, providing
important reference guidelines for promoting
domestic demand responserelated
applications for low-voltage users in the
future. The subsequent chapters are
organized as follows. The first chapter
introduces the research background,
research objectives, research content and
expected results of this project; the second
chapter introduces the automatic demand
response application and the OpenADR
communication protocol specification; the
third chapter builds the OpenADR 2.0b
VTN power supply. Industry-side platform;
Chapter 4 implements OpenADR 2.0b
VEN client system development; Chapter
5 introduces the OpenADR communication
protocol certification process and inspection
results; Chapter 6 introduces the message
exchange test between the VEN system and
the actual VTN platform; Chapter 7 provides
conclusions with suggestions.
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The Communication Protocol Construction and Development Research of Home Micro-grid HEMS Integrates OpenADR and TaiSEIA

Following the widespread adoption of
low-voltage demand response programs,
this research establishes a smart home
demonstration site in Taiwan Power
Company's Shulin District, featuring a living
room, meeting room, and workspace. The
site implements smart switchboards and
home energy storage systems integrated
with OpenADR 2.0b and Home Energy
Management System (HEMS), combined
with AMI smart meters and TaiSEIA
101-compliant smart appliances. Through
HEMS integration with smart appliance

A = 1: O Pr

controllers and smart speakers, the
system enables remote and voice control
capabilities via dedicated Wi-Fi networks.
The OpenADR 2.0b protocol gateway (VEN)
interfaces with Taiwan Power Research
Institute's VTN platform, allowing smart
appliance load control and energy storage
system discharge management, while an
islanding mechanism automatically activates
during power outages to maintain household
power supply and reduce disaster-related
losses.
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Research on OpenADR 2.0b VEN and EMS API Interface Development

In view of Taiwan's energy policy vision,
the government is actively expanding
and promoting green energy-related
policies, which will subsequently drive the
rise of the solar energy, energy storage
and electric vehicle markets. Facing the
integration of heterogeneous resources,
the user-side energy management system
(EMS) is crucial. However, if EMS can
comprehensively consider demand-side
management measures and participate
in time-based electricity prices, demand
response programs and power market
transactions, it can bring multiple benefits
to the electricity industry, such as supply
and demand balance and grid stability. In
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order to achieve the above purpose, this
project has established and developed the
OpenADR 2.0b client VEN communication
system and EMS interface research.
OpenADR, as the automated demand
response communication protocol standard,
has been incorporated into the IEC62746-
10-1 standard since its establishment and
is widely adopted. The OpenADR 2.0b VEN
and EMS program API interface developed
in this project establishes a communication
channel between the electrical industry
side and the user side EMS to prepare
for the future promotion of demand side
management mechanisms such as demand
response and trading markets.
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Research on Embedded System Porting of OpenADR 2.0b VEN Software

In response to the recent implementation
of air-conditioning policies in primary and
secondary schools across the country, the
user-side energy management system
(EMS), in addition to integrating loads,
pv and energy storage system to achieve
optimal power usage efficiency, EMS has
also taken demand-side anagement into
consideration by resource scheduling,
and participation in time-based electricity
prices, demand response programs, and
power market transactions, which can
achieve multiple benefits such as electricity
savings, supply and demand balance, and
grid stability. In order to strengthen the
connection between EMS and the power
grid, this project has researched and
developed a client-side VEN embedded
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system that complies with the OpenADR
communication protocol. OpenADR,
as the automated demand response
communication protocol standard, has
been incorporated into the IEC62746-10-
1 standard since its establishment and is
widely adopted. The OpenADR 2.0b VEN
embedded system developed in this project
can be installed on Raspberry Pi or other
hardware devices. In the future, it may be
provided as a product device, allowing
consumers to join virtual power plants or
power aggregation services, creating new
innovations for the company. business
model and increase revenue, enhance the
company's image and competitiveness, and
lay the foundation for the future development
of user-side power management.
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Study of Discussing Seal Management Policy and Disposing Management System

This study will first analyze the existing
seal lock monitoring system to determine
how to incorporate information technology,
New Counter Processing System (NCPS),
New Billing System (NBS), Handheld
Computer-reading System (HCS), etc.
Subsequently, apps for seal lock monitoring
system and seal lock operation records
would be developed to record seal lock
storage, receipt, new product returns,
depreciation, utilization, disassembly and
data reporting. Furthermore, inventory
review, personnel management, work log
creation, serial number, meter inventory
management, data group management,
meter record management, workload
management, Current Transformer
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(CT) installation management, Potential
Transformer (PT) installation management,
anomaly management and management
information system could also benefit
from computerization would represent an
important milestone for the system.

A seal lock management system and
a seal lock operation data reporting apps
will be set up to collect and disassemble
information through a simple mobile
interface, and to provide a maintenance
record for the seal lock management team.
Overall, we aim to take advantage of the
advances in information technology to
reduce the manpower required for data
management.
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Research on the Function Development of Next-generation Power Distribution Map

With the improvement of power
distribution information technology in
recent years, the demand for geographic
information from various systems has also
increased. In order to meet the needs within
Taipower for power distribution geographic
information and to avoid duplication of
development of interface formats and
functions, it is necessary to explore the
data model for system integration, and to
improve the functions and architecture of
the existing geographic information system.
In addition, in order to meet the application
of distribution networks after a large amount
of renewable energy is connected to the
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grid, the distribution topology model must be
simplified and provide distribution equipment
attributes to support distribution system
grid connection analysis and management.
Through introducing relevant standards
to achieve the development of a next-
generation geographic information platform.
The goals of this project include analysing
and integrating the standard data export
format requirements of Taipower's business
units, developing a power distribution
geographic information data sharing system,
and verifying the standard data export
format and the compatibility and usability in
other platforms.
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Research on the Application of BIM Technology to the Design Data of Consumer Electrical Equipment to

Enhance the Delivery of Graphics and Data and Computer-aided Regulatory Review

The “Lighting / power application
approval service” and “Lighting / power
application data management system” have
gone live in 2022. The former service system
provides the online application to people
who have pre-review drawings needs.
The latter system helps TPC to manage
application documents and archives, and to
enhance work efficiency of drawing review.
The entire system was officially launched at
the end of 2022, and feedback from actual
use has been collected as a basis for further
improvements.

To further improve the efficiency of
drawing reviews, the development of
pre-review and co-review management
functions has been completed. Additionally,
training sessions have been conducted for
24 branches and the Electrical Engineering
Technician Association's members. Moving
forward, necessary support will be provided
in line with the plan for the official system
launch.

In recent years, our country has
gradually invested in and applied all aspects
of BIM(Building Information Modeling). BIM
can completely visualize the relationship
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between the various spaces inside the
building and the power system. In the design
step, the possible potential problems of all
parties can be effectively checked, and put
forward the correction plan in advance to
greatly reduce the construction cost.

This research project incorporates
Building Information Modeling (BIM) for
the review and the verification of the user
electrical equipment design data of Taiwan
Power Company's users. Importing BIM
for the design of the power system, this
project seeks to provide a reference for
TPC to promote automated review and
inspection mechanisms in the future. The
power system design data of the building
is imported into the model, and produce
related data, such as load schedule, short-
circuit current, voltage drop calculation.
Introduce relevant software such as
BIM models into current regulations and
principles, and provide analysis and
verification of the BIM to review regulations
and related regulations, to achieve the goal
of electrical equipment design data review
and verification automation.
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Research on the Query System for High-Voltage User Demand Response Characteristics

Demand response is one of the
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,
supplemented by past analysis and
statistical results. This will allow colleagues
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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
district business office can be more specific
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 willingness of users to
participate.
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Improvement of Automation of Geospatial Data Processing for Power Transmission System

The government of the Republic of China
is planning to achieve zero-emissions before
2050, thus renewable energy connection
to the power system is very important
right now and in the future. To mitigate the
insufficient hosting capacity on feeders,
more and more renewable energy has been
connected to the transmission system, and
this is why Geospatial Information System to
view hosting capacity on Transmission lines
is important for speeding up the connection
of renewable energy. However, the current
data of transmission lines are not in a
standard format for that errors may occur
during the transcription of the data by human
beings manually. To bring up a service to
show hosting capacity on transmission lines,
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it is important to build an automation of
transmission line data processing.

In the previous research, an principle
called misstep principle was proposed as the
foundation needed to build an automation of
data containing errors on transcript without
unique solution, which is the case to which
the transmission line data belongs. Misstep
principle was utilized in this paper to build
an automated processing program for data
of the underground cables and overhead
transmission lines. By the proposed repair
method Breadth-First Repair to replace
the previously adopted Depth-First Repair,
the comsumed time of repairment can be
reduced.
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A Trial of Virtual Power Plant Integrating Electric Vehicle Business Model

With the accelerated development
of vehicle electrification, in recent years,
many countries have been studying how
to ease the impact of charging behavior on
virtual power plants through V2G charging
behavior management and intelligent
methods. According to the analysis of
McKinsey, an international consulting firm,
from the perspective of the power system,
optimizing the charging time and speed
of electric vehicles through centralized
coordination and intelligent guidance will
likely change the type of charging load
curve, make charging behavior smarter,
and reduce the costs of investment or
optimization on power grids.Therefore, the
concept of power supply and dispatch also
need to be integrated into the charging
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and discharging behavior characteristics of
electric vehicles. This project has collected
electricity management and business
models of foreign electric vehicles and
charging piles participating in the electricity
market through the pilot research on the
business model of virtual power plants for
electric vehicles. Users of different resource
types including aggregated renewable
energy, energy storage, electric vehicles,
and electricity loads have been recruited to
participate in this test. For the virtual power
plant test implemented in this project, a cost-
benefit analysis has been conducted based
on results, and a short, medium and long-
term development strategy and promotion
blueprint for Taipower's virtual power plant
have been formulated.
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Trails and Benefit Analysis of Energy Storage System for Demand Response

This project aims to conduct the trials of
energy storage demand response program,
analysis of benefits and development of
mechanisms to address the challenges of
increasing penetration of renewable energy
sources, net-zero, and energy transition
policies. This project includes the following
works in order to increase the willingness
of users to participate and to maximize the
benefits of energy storage: 1.To collect
information on international practices, trials
and results of energy storage demand
response programs, and to benchmark
cases from countries such as the US and

REAS BB

Japan. 2.Recruit energy storage users
(including obligatory behind-the-meter
storage users) with a capacity of up to 1MW
to trail the "Renewable Energy Obligation
Storage Pilot Scheme" and carrying out
benefit analysis, mechanism validation and
rebate payment. 3.0rganize an experts
and stakeholders seminar and provide
think tank service to Taipower on related
issues. Finally, Based on demand response
trials and international benchmark studies,
propose an enhanced demand response
mechanism and plan short, medium, and
long-term promotion strategies.
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Feasibility Study of Integrating Smart Grid with AMI Data for
Analyzing and Detecting Unauthorized Electricity Usage

With the rapid development of smart
grid technology, power companies are
facing increasing challenges, especially
in detecting unauthorized electricity
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
detection efficiency, power companies both
domestically and internationally have begun
exploring the use of artificial intelligence
(Al) technology for analyzing unauthorized
electricity usage.

The purpose of this research is to
investigate the feasibility of developing
an Al-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 Kinmen areas. It
will provide a confidence score to prioritize
field inspections for unauthorized electricity
usage by Taipower's business units.
Considering the differences in electricity
usage habits between individual users, and
the scenarios that rule-based methods may
not cover or find difficult to cover, we apply
anomaly detection Al 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, effectively concentrating
inspection resources on users with high
suspicion of unauthorized electricity usage.
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A Study on Distributed Energy Resources Applications for Grid Operation Services Enhancement

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 Platform to efficiently utilize energy
storage 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
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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,
and provide specific recommendations.

EREEREBEZERET » K
EES:ZESEEEE,%HZ%EE o £8 F3 2 Uy
ERELEESE  WHEHRAE
WRFTAYBEEL - 2030 FH L AR
HESHETEABCGW EKES
% % O LERYBS AU RER - H B RN

MESHENBHETHZEERE
IR fg'gjj 2?75@ RimE
AERI BT EBEE

%EF—}E?DD ’ @"\mé,%%ﬁi_ﬁ*"*
7t o Eiﬂﬁ\ﬁiﬁm ,utbﬁi%,ﬁ@ééﬂk
BEE > BNRAEEBEZTH
BIR LX&EE%E’J%%EQE'I‘E%%
HEAIBIR o
PTHANERZBERBERE
2 ARBRMPMRZIEBHE ~ =

HRMMKREBEENERZAEMNN
BRERET)  MNERERTZEH
WL}%%?TE’IE%T X EH

EZE ERRENEGER S F
BrZEHE D AEEK > M HE

FEEBEBMERNIGBIE » AR

FAE ~ BT ~ LUK BIARTS
% o At > DN E R Z BB M
R BEBRARAERAL A+
DEHEMREE > TENE—TIE
FEMEBEREN  RABNAEE
BRZITTHRMEEZENE > WO BlE

HEEREDZEK > EERICE
NEFEE > HEEREERIE B

A



1.HTERXBEREENRZRAHES 4 MEARKREIZEDHANERZERT
BomABRZAEEES LB Mo DITERHENHEEZ T
TEEREE ° UREHBIRMZER °

2. DITERBEANFAERNE DERERIE S5 RIBERNEBEIRXZRBEREIFAER
w0 #t¥ DER R B A EETRM Al A D R ERIBMHEEHEER
BEEZ D e AR#5 2 RIATIEE ©

3.70M2030 FEMEKR XEAETE 6. MRALRANEIHNAEREHE
DER ZEBABE KM B THHE AR Z MRS AR o
EENRBEGRMHEZEHERR
7 o

i
%
2
=
EE
2
B
g

RERERER

WFEAMIERENER > HE 113 F BN BEARCBERZ2EST
&> RECENTYIRBEIFER UK HHBER2EHED -
1. BEEREEENRZAH D NINER (2) TR DB IR D48 ~ HEIIEE
sH R BB S B AT A 8 BEEE T Z AT 5T CAISO »
(1) TR ISOXMEHL - BEEBIB NGESO ~ ERCOT % 7 # ®X &

FEIREAEESRSE IE (B)

BN BHEHEBR REFTHENEK
B A 52 A 2 NYISO ~ PJM ~
CAISOZREREB > wREM
NN EZEH BN ERRS > 615
CAISOHNKXREBERZER
BRmI5ES ; NGESO ZE IR

BREREZEXBREN BEERSE
HERZHAERE I BEHEH
NGESO * fa/# TenneT Z E & &
AER RN DT EBERS N
RETZ MR ~ 2EPERE R
= o



= (M) AP iEREEREERE

2 ERIRSETESHABERZEREE

RS

(1) T ERBELEER  AIHAERE
REEFERRE - BERS : BERS
EREZDHAERESRFIERRE
TR E > BEABRREME -
BHRE JEREBH > WHER
REBEEEZN » —RKEME
FEZ BMIGH) o

(2)eA A E R FL ~ DER 2 HFH
ErRzaBEMEEBEL I
DfRZEE#E BERBER 7T
BENRREAGRETZEE Y 85
BERRE RNFE afgEER
MEBNRZ T a » sTTHEEEN
S PR o I 5 S AE I W SR R IE
sz EENPEIE o

3. RITHE 2 BAM AR LB EAT

(1) TR BAESER i ~ DER 2 &8
VAT ¢ BN AR R S AN H B AR 75
BIED MEEE > BIEE5E - BIE ~
BRBEEHEZEABERRIE KME
KBRZSEBRI > URDFTIARRK

BNRREBEE (EAVTRAER
g o

RQ)TEXRREHKREHI L 5~ DERZ
BB | MEREEREVLTEERR
BRZEBMERAERR > BiERER
BB AR Y RETEKR N BREC

BEF o

4. DN ERE G Z TR R

fiTA 47 o

(1)5ER DER B EHEHARFH ~ &
SR EEMIN REFERTER
RBEENZEFZE > BTEMHER
HEBIERES 2 EEES ; 10
MREREIMHE M7 o

(2) DRI ERFIR L 2 =R AR

N PN AEBRETHENRKZ
HR EREES TRV L REE
BBEEREEREBERRENZR .
BRERABE  BMSFEMEZ
S TR 1L Python #1517
EEEEATHERES 2 REE
B HF ] DB 2 BERG o
AREZEEREUEBHE 2 HERBHERK

BB 1 P ©



% oon Qi ET "%ﬂa-
@Hﬁi . {ﬂ““ 'aa;i' mpmﬁﬂ

Ihﬂhﬂﬂ-ﬂhhﬂuﬂud

BRIRR | AT

i}
%
=2
o
EE
2
B
LS

FEIREAEESRSE IE (B)



= oyt

3‘}15&2#137\‘% B8

= (M) RFIRFSERREEE

EEEE

‘ﬁ@*ﬁ‘ A= e

78 (LR

Development of a Non-Intrusive Appliance Load Monitoring Platform based on Transient Features for Commercial Application

In response to the trend of global
electricity liberalization market, new
technologies, the use of big data from Smart
Meter, and the Internet of Things(loT) are
leading to a greater variety of services and
interactions between customers, utilities and
third parties.

NIALM is a powerful technique with the
potential to improve energy efficiency, to
reduce energy consumption and to facilitate
data economy and business services. The
fundamental stages of NIALM framework are
data acquisition, feature extraction, signal
decomposition, and appliance identification.
NIALM technology can be used in a wide
range of applications, including energy-
efficiency improvements, reducing electricity
use and costs, demand response and
detecting anomalies in activities of daily
living of elderly people.

This project uses NIALM technology
with high-frequency transient features to
identify ten kinds of electrical appliances
in the residence such as a refrigerator, air

REAS Bi - HE:

conditioner, dehumidifier, washing machine,
rice cooker, water heaters, TFT-TV, induction
cooker, hair dryer, and dryer. The result
shows that the overall load identification
accuracy is more than 90.7%. Furthermore,
the result of the load identification accuracy
for the six appliances is 95.6%. The result
of the high-frequency steady-state features,
ex., real power, reactive power, and total
current harmonic distortion is less than that
of the proposed method.

In order to further commercialize
previous research results and accelerate
the construction of future business
service models, “Development of a Non-
Intrusive Load Monitoring Platform based
on Transient Features for commercial
application” is proposed. This project is to
assist the Taipower Company in constructing
a complete technology development,
commercial product and service platform,
as well as planning a business model for
subsequent promotion.
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Loss of Load Probability and Load Modification under Increased
Penetration of Renewable Energy Resources in Power Systems

The increase in the penetration rate of
renewable energy will completely change
the load curve of the system according
to foreign experience. That is, the duck
curve will gradually form. To respond to the
impact of the duck curve on the company in
advance, we should explore the supply and
demand data of the company's electricity
consumption as soon as possible. Through
data analysis, we can further understand
the possible adjustment of future electricity
prices and analyze users' likely electricity
transfer behavior through simulation so that
Taipower company can develop managing
strategies.

Because of the fairness and efficiency
principle of the electricity rate design,
follow-up research will focus on reasonably

RS Bi B

evaluating the loss of load probability or
the generation capacity value allocation
at different hours. Most value evaluation
processes of generation capacity allocation
in foreign countries use statistical trend
analysis and Monte Carlo simulation. With
the deployment of renewable energy in
Taiwan, a certain degree of accumulated
data can be used for subsequent statistical
analysis.

This research is to build a simulation
model for the impact of electricity price
adjustments through the integrated supply
and demand data of the big data platform,
through the latest big data analysis methods,
and a simulator with adjustable parameters
in order to reduce the subsequent work in
electricity rate design.
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Research on Expansion Study of Solar Power Combined with PV Energy
Storage and Application Regrading Renewable Energy Meter Data

The Bureau of Energy, Ministry of
Economic Affairs (MOEA), in order to
encourage solar photovoltaic (PV) operators
to install storage systems in combination
to provide part of the renewable energy
for nighttime electricity demand and to
strengthen the overall grid stability, have
officially announced on June 28, 2022,
the "Operation Guidelines for Bidding and
Capacity Allocation of Storage Systems in
Combination with Solar Photovoltaic Power
Generation Equipment in the Republic of
China for the Year 2022".

The solar PV energy storage billing
requires flexible dispatching with the
dispatching office, and the 15-minute load

A s = : A pr

profile is used to calculate the storage
system charging and discharging power
and solar power generation, and different
rates are applied to the flexible charging and
discharging time. In the future, in response
to the growth of renewable energy, to
promote the policy of photovoltaic storage to
increase the flexibility and scalability of the
system operation, it is necessary to have the
relevant photovoltaic storage performance
analysis, and to conduct in-depth studies
and research, so that Taipower can
cooperate with the policy implementation
and review the appropriateness of the
adjustment contract and various regulations.
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Research on the Excess Supply Demand Response Mechanism for High Renewable Penetration Abstract

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
derived from the situation changes
significantly, and the so-called "duck curve"
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.

REAS BB

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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A Study on the Function of ROCOF Relay in Kinmen's SPS and Underfrequency Load Shedding Mechanis

&

The value of rate of change of frequency
in the power system can assess the severity
of disturbances, inertia estimation, load
shedding, islanding operation, etc. For
load shedding, taking action before nadir
of frequency can strengthen the overall
shedding mechanism. Kinmen power
system couldn't meet the N-1 criterion
for no load shedding for generating units
before, prompting the installation of a
special protection system for fast action
before frequency nadir, still in use. However,
the current bus structure and generation
scheduling operation differ from the original
conditions; thus, the special protection

A s = 1: A Pr

system is a transitional measure. After
improvements in operation constraints,
it should return to normal mechanisms.
Analyzing generator cascading tripping
events in this study, comparing different load
shedding mechanisms like special protection
systems, rocof relays, and ufls relays, rocof
relays can enhance existing mechanisms.
Base on current Kinmen's power system
structure , bess rapid discharge, and
generation operation scheduling., the
most critical scenario involves N-2 events.
Properly reducing under frequency trip
settings for solar power inverters can
address inverters tripping.
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Research on Power Flow and Fault Current Calculation Method for Power System with High
Penetration of Renewable Energy

Unlike traditional synchronous
generators, IBRs exhibit unique power
characteristics within the grid. Additionally,
the deployment of renewable energy
system and energy storage system follows
a dis-tributed generation architecture,
contrasting with the traditional centralized
generation model. These sig-nificant
differences in generation unit characteristics
and architecture pose considerable
challenge the planning scheme for future
power grids. As the number of renewable
energy generation units increases annually,
it is essential to pursue clean energy while
maintaining the stability and quality of the
overall power system. This necessitates
further in-depth discussion and simulation
of reasonable output scenarios for
renewable energy and the short-circuit
current characteristics of IBRs to ensure
the power system can withstand these
changes.

This report aims to analyze the power
flow and fault current issues that need to
be considered in fu-ture power system

RESS - BH - B

planning as Taiwan’s power grid transitions
in line with the energy trend. Power flow
simulation results indicate that, under
scenarios with an increased proportion of
regional renewable ener-gy in Taiwan’s
power grid, there are no issues of overload,
overvoltage, or undervoltage during
normal operation. During short-circuit
current simulations, the research team
observed that some unit parameters in the
grid model required correction. Analysis
confirmed that, after parameter correction,
the simulated short-circuit current results
showed a significant decrease.

Based on these findings, the research
team recommends that future grid planning
and analysis con-sider more practical
grid expansion scenarios and better
incorporate various influencing factors.
For grid model unit parameter modeling, it
is also suggested to use actual data, and
renewable energy sites can be included in
the model through equivalent aggregation
models to achieve simulation analysis
results that are closer to actual scenarios.
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Research on the Tolerance of Generator Sets against Voltage Sag

In recent years, Taiwan has experienced
serious power outage incidents. Three-
phase short-circuit grounding accidents are
prone to causing a sudden drop in voltage
in neighboring systems that leading to the
tripping of nearby large generators and
disconnection from the grid. The system
lost its power supply capability that causing
frequency decline and triggering the
automatic protection mechanism of the grid
(underfrequency load shedding), resulting in
power outages for some users. This article
will investigate the tolerance of generators
to voltage drops, and propose relevant
improvement suggestions to enhance the
resilience of generators to grid accidents,
ensuring system power supply stability.

This article collects relevant regulations
on system voltage, discussing topics
including the continuous operation capability
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of units under low(high) voltage and the
range of system voltage. Next, reviewing
relevant accident cases of generator tripping
caused by voltage drops to understand the
reasons for accidents encountered by the
grid system. Following this, based on the
current regulations of Taipower, Voltage
Ride-Through curves are established to test
whether all generator units can maintain
stable operation. In order to understand the
impact of accidents on power plant units,
this article simulates three-phase grounding
accidents occurring at all 345 kV bus in the
Taipower system with a fault clearance after
6 cycles (without considering line tripping)
and observes the response of the power
plant units. Finally, the simulation analysis is
summarized, and improvement suggestions
are provided.
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Analysis of the Impact of Energy Storage Systems on the Maximum Hosting Capacity of Distribution Feeder

The Taiwan Power Company's Dispatch
Center plans to achieve an accumulated
energy storage system capacity of 1GW
by 2025. By integrating a large number
of energy storage systems into the power
grid, the goal is to provide rapid charge
and discharge capabilities for frequency
regulation auxiliary services and peak
shaving, thereby maintaining system safety
and stability. Given that a high proportion
of current energy storage systems are
connected to the distribution network,
it is necessary to address the impact of
large-scale energy storage integration
on distribution feeders to ensure stable
operation. This article analyzes appropriate
strategies for integrating energy storage into
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the grid, referencing the Dispatch Center's
automatic frequency control auxiliary
service charge and discharge curves and
operational conditions. A power estimation
model for energy storage system charge
and discharge is established. The analysis
evaluates the maximum grid-connected
capacity of each feeder without violating
voltage magnitude limits, current limits,
reverse power flow limits, total line loss
limits, and total voltage deviation limits,
thereby assessing the impact of energy
storage systems on distribution feeders. This
outcome can serve as a reference example
for district business offices in evaluating the
grid-connected capacity of energy storage
charge and discharge systems.
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Enhancing Low-Frequency Load Shedding Mechanism with Wide-Area Measurements

Under-frequency load shedding relays
are the last resort to prevent a system
blackout. While they are easy to set up and
maintain, but cannot accurately determine
the amount of power lost or how much load
to shed. We hope to use high-resolution
synchronized measurements from wide-area
systems to shed load quickly and accurately,
addressing these limitations.

In theory, combining synchronize phasor
data with communication can improve

LS B 755%

the reliability of load shedding protection
by issuing control commands based on
calculations. However, practical tests
are needed to confirm this in real-world
conditions.

To learn how other utilities are using
wide-area measurement for protection and
control, we surveyed 10 utilities about their
experiences with wide-area measurement
systems and conducted in-depth interviews
with two utilities that have more experience.
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Fesibility Study of Applying Network Analysis Technology to TPC Power System Vulnerability Analysis
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The main objective of this research
project is to integrate complex topology
theory and AC power flow models to conduct
an in-depth study on the vulnerability
of Taiwan's power system, providing
suggestions for improving the resilience for
Taiwan Power Company (TPC). The tasks
include collecting and analyzing foreign
strategies and case studies, evaluating the
applicability of existing quantitative indicators
for power systems, proposing vulnerability
indicators based on complex network
analysis, applying these indicators to
assess system vulnerability, and identifying
potential critical components. A 3D single-
line diagram of the power grid will be
established to visually inspect the system.
Subsequently, vulnerability indicators will be
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used to evaluate Taipower's grid vulnerability
and identify potential critical components.
These critical components and vulnerability
indicators will be displayed on a 3D single-
line diagram. All research content refers to
Taipower's transmission system planning
standards.

In response to cascading failure
scenarios, this study also proposes a
cascading failure model that uses AC
power flow calculations directly confirm
the vulnerability and potential collapse
conditions. Additionally, all software
tools developed during this research will
be provided along with computational
processes for future reference in planning
Taiwan's power grid.
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olid-state Technology in Power Systems

As the proportion of renewable energy
gradually increases, the application of
microgrid is becoming more and more
common. Most of the renewable energy
output is DC output, and the loads
can be divided into AC loads and DC
loads. Among them, the transformers
serve as the piviot point between power
generation, transmission, distribution, and
consumers, and play an important role in
power distribution. Therefore, this project
discusses the solid-state chracteristics and
applications of transformers. Its technology
can be divided into solid-state transformer
(SST) and hybrid transformer (HT). Among
them, the solid-state transformers using
power electronics technology has isolation
function and power factor correction,
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integrating AC and DC voltages, stabilizing
voltage and frequency, providing virtual
inertia, etc. In various applications, such
as data centers, charging stations, and rail
traction systems, there is the possibility of
using solid-state transformers. However,
there are still many challenges, such
as cost, life, etc. in applying them to
power distribution systems or microgrids.
Therefore, this project aims to collect and
organize the international applications
cases, key technology, and overview and
prospects of its applications in power
systems. This project can be a reference
for future application of solid-state
transformer (SST) and hybrid transformer
(HT).
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Transformer Design With Medium-Voltage Insulation for Resonant
Converter in Solid-State Transformer," IEEE Transactions on Power
Electronics, vol. 38, no. 8, Aug. 2023, pp. 9917-9932.
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Research on Power System Inertia and Technological Roadmap

Power system inertia and stability are
effected after renewable energy sharing
increases in power system. For this reason,
many researches focus on this topic. For
example, inertia estimation and virtual inertia
application.

This letter introduces power system
inertia, its importance and estimation
methods. Then describes few ways to
increase system inertia. In the other hand,
fast frequency response resources can also
decrease rate of change of frequency which
functionality similar to system inertia. So,
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the benefits from fast frequency response
resources are discussed by both operation
cases in Kinmen and simulation results.

Furthermore, this letter choses
Kinmen power system to trial system
inertia estimation technique. The results
are convergent and quite similar to past
research conclusion. Last, this letter
summaries future work on system inertia
including synchronize condenser, virtual
synchronize machine and inertia estimation
with extended applications.
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Study on the Introduction of Advanced Communication Technology
to Enhance Power Industry Management

This research introduces 5G
communication technology foresight,
and establishes a 5G enterprise private
network and mobile edge computing
(MEC) system in the TPC (Taiwan Power
Company) Shulin field. This POC (Proof
of concept) case is used to demonstrate
the combination of 5G and smart grid. The
high throughput, low latency, and massive
connection features in 5G can improve
renewable energy management efficiency.
This research completed the server system
test, carried out the wireless network system
configuration, integration and setting test.
And producesd research and analysis on
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related communication technologies of
smart grid at home and abroad, including
international smart grid application technical
standards and specifications, the application
of 5G and mobile edge computing, domestic
and foreign 5G enterprise private network
cases and 5G communication modules in
power systems, and summarizing the 5G
feasibility in the overall power field. In order
to demonstrate the advantages of 5G in this
research, the smart inspection system and
video streaming services are also planned
to present the convenience of mobile
management and mobile edge computing
performance of 5G networks.
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Study on Applying SDON to Power Grid

S HE AT TR SR

Optical communication networks offer
advantages such as high bandwidth, high
reliability, and low latency. By integrating
Software-Defined Networking technologies
into optical networks, the control layer is
decoupled from the physical transmission
layer. Through the SDON controller, which
manages optical transmission components
and packet handling, along with hardware
such as transponders and ROADM that are
capable of being controlled by software, it
becomes possible to control wavelength
routing and dynamically allocate resources.
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This not only leverages the inherent
technical strengths of optical networks
but also enhances resource scheduling,
increasing network flexibility and scalability.

This study analyzes the feasibility of
applying SDON technology in the power
sector and examines the SDON architecture
and its benefits in three distinct power
application scenarios. Finally, the study
provides future research directions and
recommendations for integrating SDON into
smart grids.
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Advanced Study of IEC 61850 Equipment Testing

Taiwan Power Company (Taipower)
continues to promote the IEC 61850
standard and is actively building IEC
61850 substations. In the past, various
brands of Intelligent Electronic Devices
(IEDs) used proprietary communication
protocols, making communication between
electrical substations and data reading
by maintenance personnel more difficult.
By utilizing the data format of the IEC
61850 standard, and integrating on-site
data through fiber optics and net-work
switches, data can be exchanged between
IEDs of different brands using the same
communication protocol with the substation's
Data Acquisition and Monitoring System
(SCADA). This enables improved monitoring,
control, measurement, and protection of
data, advancing communication between
IEDs. The construction of standardized
systems also ensures better compatibility for
future expansion and integration.

International standards can generally
be divided into four types of testing:
conformance testing, interoperability testing,
performance testing, and functional testing.
In Taiwan, the Taiwan Commodity Testing &
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Certification Center (ETC) serves as a third-
party testing laboratory for the conformance
testing of IEC 61850 Ed. 2 Server and
Client. Taiwan Power Company regularly
conducts interoperability tests, and GOOSE
performance testing has been verified by
third-party laboratories overseas, although
it has not been widely adopted. As of the
end of 2023, only 11 devices have obtained
the UCAIug IEC 61850 Certificate Class
A certification. Functional testing, due to
different on-site application scenarios,
maintenance personnel needs, and electrical
equipment factors, is generally conducted
by power companies before acceptance to
ensure that the equipment functions meet
user requirements.

This study analyzes the equipment
testing sections of the IEC 61850 standard,
collects the current methods used by
the company for IEC 61850 equipment
testing, and finally constructs the GOOSE
performance testing platform using
laboratory equipment as a reference for
the feasibility of performance testing in the
company’s future implementations.
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Positive and Negative Conductors Cable Cover Layers of the Grounding System
Adopt the Effect of Symmetry or Asymmetric Grounding

Due to the rapid development of our
country's industrial and high-tech sectors,
the transmission capacity has increased,
and existing lines can no longer fully
bear the load. Therefore, since 1965, the
implementation of underground cables has
begun to improve power supply quality,
reduce the impact of natural disasters,
address the large area occupied by
overhead lines, and enhance the urban
landscape. However, installing cables
underground also faces limitations from
the environment, roads, line structures,
and grounding systems. Therefore, before
planning line routes or changing wiring

REAS - BRBE:

methods, it is necessary to consider the
potential impact on the power grid after
construction and evaluate subsequent
maintenance costs. This project focuses on
studying the combined lines of underground
cables and overhead lines between Hsinchu
Park and Zhanglin Dacheng. It investigates
the characteristics of shielding layer loop
losses, induced voltages, and evaluates
the impact of grounding modes on line
maintenance, transient surges, grounding
faults, and short circuits in the short,
medium, and long term. Finally, it compares
the differences between calculated values
and simulation results.
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Research on the Monitoring and Operation of Distribution Systems Integrating
Renewable Energy and Load Measurement Information

To cooperate with our nation’s
renewable energy deployment and smart
grid technology development, this project is
aimed at establishing a resilient distribution
network. It's aimed at the Yunlin Branch,
so as to develop the application software
of power distribution monitoring and
operating. By integrating renewable energy
power generation and load consumption
data along with the employment of state
estimation techniques, the operation status
of distribution network is monitored precisely
in this project, so as to enhance the
performance of the distribution system and
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manage renewable energy effectively. The
project involves acquiring network topology
and equipment parameters of distribution
network, which is followed by data
organization and correction procedures.
Also, a distribution-type state estimation
program is used to derive operation electric
data that reflects current conditions, and
the distribution system network topology
model is updated. This provides power flow,
line losses and measurement equipment
status information for the reference of power
dispatch.
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Research on Application of Traveling Wave Protection Relay Technology in Taipower Transmission System

In response to the energy policy
target of the Ministry of Economic Affairs
that renewable energy installations will
account for 20% of the installed capacity
in 2025, renewable energy field sites will
be built in succession in the future, and
a large number of renewable energy will
be connected to the grid, requiring more
power equipment to maintain the stability
of the power supply system , the increased
feeders and equipment will increase the
chance of accidents, and the scope of
accidents will expand accordingly. It is more
important to isolate the normal system
and eliminate the fault points as soon as

RS B8 H%:

possible, so it is inspired by this project.
This project intends to test and verify the
performance of line tripping time and reduce
the error in calculating the location of the
fault point by installing the relay equipment
of new traveling wave technology on the
line section prone to accidents. In addition,
this case needs to conduct relevant
demonstrations and parameter optimization
adjustments, compare the differences
between this protection relay system and the
existing system, and evaluate whether the
calculation of the accuracy of the accident
point can be improved.
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Feasibility Study of Satellite Transmission for Tower Monitoring Applicationn

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,
and thus affect the safety of power supply.
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
environment 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
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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.

This project comprehensively considers
the existing communication technology
and the distribution of Taipower towers in
mountainous areas where communication
is difficult. With the goal of 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 monitoring system can
communicate over the Internet in every
corner, thus achieving the early warning
goal of 24-hour uninterrupted monitoring.
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Research on the Detection of Smart Meter Client Communication System (Route B)

In order to expand the benefits of the
AMI system, the meter-to-client Route
B system (AMI client communication
system) can be expected to flourish,
Taipower needs to improve the interface
channel (P2 channel) from the meter to
the client for manufacturers to follow in
the development stage, and formulate a
complete testing process to ensure that
the client communication module (Home
Area) provided by Route B vendors in the

future Network module, HAN module) and
the compatibility and stability of the existing
smart meter and FAN (Field Area Network)
module, for this reason, this paper designs
a set of Route B compliance test platform,
conducts "compliance test" and "Route B
interactive usability test", and confirms that
the problems that may arise in the field
can be found in the design stage through
practical tests.
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Research on Forward Communication Simulation System

In its digital transformation, Taiwan
Power Company digitalized traditional
grid functions, like Intelligent Electronic
Devices (IED) and Merging Units (MU),
while adding new features. Digitalization
brought communication challenges:
increasing data volume per millisecond,
higher low-latency demands, and stricter
communication security. 4G became
insufficient, necessitating alternative

REES BN B

wireless communication technology.

5G offers precise, controllable features
and private networks for data security
without third-party involvement. This study
set up two commercial wireless networks
to understand mobile communication
systems' network access and conducted
functionality and performance tests, marking
the company's first foray into advanced
communication systems.
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Research on TIP/O-RAN Testing Architecture and Methods

As the Telecom Infra Project (TIP) and
O-RAN Alliance actively promote network
interoperability, 5G networks are gradually
moving towards an open architecture.
The Open RAN architecture used in
5G enterprise private networks enables
businesses to build dedicated networks for
smart applications. Open RAN facilitates the
development of mobile networks towards
intelligence, openness, virtualization, and
interoperability, enhancing the deployment
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and operational efficiency of RAN and
reducing the cost of infrastructure.

Our company should have the capability
to validate and test Open RAN equipment
to ensure the devices we procure in the
future meet our requirements. This project
aims to analyze the testing framework of
international standards organizations and
conduct end-to-end testing using terminal
emulators, serving as the foundation for
further research.
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Research on Energy Consumption of 5G System

With the continuous development of
5G mobile communication technology, the
number of users is gradually increasing, and
the speed of obtaining information is getting
faster and faster. With gradual popularization
of 5G networks, a large number of base
stations have been deployed. Compared
with 4G networks, 5G networks use higher
frequency bands with greater signal
attenuation and require a higher number
of base stations and deployment density.
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Therefore, the energy consumption caused
by overall communication should be fully
considered during the operation of mobile
base stations. The current corresponding
energy-saving technology development and
the power consumption of base stations
under different usage conditions require
power company authorities to conduct
research and understand as the basis for
future countermeasures.
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Research on 4G/5G Safety Assessment of Power Plant Operations

M= B R R L 2R

In order to build a new generation
wireless communication system, it is
necessary to evaluate the performance
of the existing wireless communication
system as a reference for building dedicated
frequency dedicated network applications
in the future. In this paper, a power plant
is considered to conduct measurement
and evaluation of the existing 4G/5G
wireless communication efficiency, specially
evaluated for the control room of the
generator set. At the same time, whether
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there are interference signals in the currently
used spectrum is analyzed., which will
affect the construction and use of dedicated
frequency and dedicated networks in the
future. Finally, a conclusion is drawn on
the measurement results of the existing
wireless communication technology applied
to the power plant, which will provide an
effective reference for Taipower Company
to improve and plan the construction of a
new generation of wireless communication
system in the future.
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Research on DCDAS and Downstream Equipment Precision Optimization Mechanism

This research project uses Taipower
Dalin Power Plant as an example to
establish a time synchronization accuracy
verification test method for the main
synchronization clock source equipment of
the DCDAS of Unit 1, and can be extended
to the time synchronization performance
verification of the downstream equipment in
the system. Finally, the verification results
are compared. And make suggestions for
optimizing the time synchronization system
architecture. After the project is completed,
the experience of verifying the accuracy of
the time synchronization signal of the master
synchronization clock source equipment can
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be applied to the verification of the master
clock source equipment of the field control
system of other power plants of the power
company in the future. It not only ensures
the accuracy and consistency of power grid
system data, but also helps to improve the
stability, reliability and safety of DCDAS,
realize the optimization and intelligent
management of power generation operation.
Ensuring the normal operation of thermal
power plants can improve maintenance
efficiency and ensure the resilience of the
power grid by synchronizing the time of
downstream equipment.
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Accident Response Operation Simulation Verification and Transient Study for Taiwan-Penghu Submarine Cable
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With the incorporation of the Taiwan-
Penghu submarine cable into the system in
2021, in addition to providing another option
for stable power supply to Penghu, it has
also increased the grid connection capacity
for renewable energy in Penghu. This allows
the abundant renewable energy resources
to not only be used locally in Penghu but
also to transmit electricity back to Taiwan
through the Taiwan-Penghu submarine
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cable. To ensure smooth operation in the
future, the accident response procedures
prepared by the Department of Chianan
Power Supply Branch are verified through a
real-time digital simulation system (RTDS).
Moreover, the impact of a submarine cable
disconnection accident on the Penghu
system is analyzed under the scenario
where power flows from Penghu to Taiwan,
reducing hidden risks.
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The Analysis of Effective Grounding at Microgrid

Microgrids are named for their smaller
scale compared to traditional power grids.
Since the release of the IEEE 2030.7
standard in 2017, microgrids have been
defined by three main characteristics:1.
Clearly defined electrical boundaries: The
electrical boundaries of a microgrid must
be distinct, enabling it to be differentiated
from the traditional power grid.2.Controllable
and dispatchable resources: Microgrids
need a control system to manage and
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dispatch various resources, allowing the
distribution network to treat it as a single
entity.3.Independent operation capability:
Microgrids are permitted to operate
independently from the distribution network.

Microgrids can switch between various
modes. During the transition from grid-
connected to islanded mode, and in stable
islanded operation, insufficient grounding
effectiveness can lead to temporary
overvoltage (TOV).
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Analysis and Implementation of Electric Vehicle Charging Standard

In response to the demand for zero
carbon emissions, Taiwan government
is actively promoting the electrification of
transportation vehicles. However, their
massive power consumption also poses
a great challenge to the power grid. TPC,
the utility in Taiwan estimates that if all
transportation vehicles are electrified in
the future, the annual power consumption
will reach 205.3 billion kWh. To solve this
problem, there are two main approaches:
one is to expand the capacity of the power
grid. However, since areas with high
concentrations of electric vehicles are
often located in high density populated
areas, expansion projects are difficult to
proceed. Therefore, another approach is
to use existing power grid capacity more
effectively, which is the direction of efforts
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in various countries. The key to this is how
to build a bridge of communication between
electric vehicle charging facilities and power
companies.

Considering the active expansion of IEC
61850 in substations of TPC, and that IEC
61850 can also be used as a communication
protocol for distributed energy resource
data exchange there is potential for electric
vehicles to data model in IEC 61850 and
to communicate with utility. This study first
analyzes the method of distributed energy
resource modeling using IEC 61850, and
then combines the OCPP used in existing
sites and the international standard IEC
63110-1 to find a suitable data model for
electric vehicle and finally modeling it with
the ICD tool of IEC 61850.
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Study on PV Information and Communication Test Procedure with Integration Applications

This study analyzes different grid codes
and important international standards in
response to high PV penetration scenarios.
Various grid support functions that PV
inverters or control systems should equip
are also discussed. This study focuses
on the information and communication
interface of PV inverters with GSFs, or so-
called Smart Inverters. It is considered that
there should be more advanced control
capabilities beyond domestic PV regulations
and CNS 15382 standard to enhance the
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stability and flexibility of the power system.
Therefore, in addition to understanding the
ICT interface for monitoring and controlling
inverters of different brands, different
system integration methods and relevant
test procedures for such Smart Inverters are
also studied. Besides directly and indirectly
control through PV gateway, multi-inverter
integration control scenario is tested. It
is expected that BESS will be added and
integrated through IEC 61850 XMPP
platform in the next step.
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Research and Analysis of DER Information Communication Detection Platform

o bftth

The overall planning of the national
smart grid was revised in February 2020.
It refers to the direction of promotion of
advanced national smart grid and taking
"problem solving" as the guide. Among
them, the establishment of Distributed
Energy Resources (DER) application and
testing platform is a key task for promoting
smart grids.

In line with the overall planning of the
national smart grid, the mission of Taipower
is the construction and implementation
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of smart grids. The overall planning of
the smart grid program integrates seven
key areas, including grid management
and ICT infrastructure. Among these, the
implementation of IEC 61850 and the
integration of DER applications are key focus
areas. This study is based on Taipower’s
promotion of DER and IEC 61850, focusing
on analyzing DER communication standards
and testing tools, as well as planning a DER
communication testing platform.
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Construction and Application of Large-scale PV Plant Environment Monitoring and Integration Platform

This research plan takes Taipower’s
Zhangbin Solar Power Plant as a
demonstration site to build a solar
photovoltaic (PV) modules location
identification and image health diagnosis
information platform for large-scale PV
farms. At the same time, a variety of expert
diagnosis and analysis modules for thermal
anomaly, sand dust, and module pollution
are established. These diagnosis and
analysis modules can automatically analyze
the status of PV modules, optimize the
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scheduling of manual inspection, cleaning,
etc., reduce the cost of PV power plant
operation and maintenance, and accomplish
smart operation and maintenance of green
energy.

After the project is completed, the
experience in building the infrared thermal
imaging information platform of this project
can be used in the inspection of solar PV
modules in Taipower’s solar PV power
stations to improve maintenance efficiency.
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Research on 5G Private Network Security Protection Evaluation

The 111th Annual "Feasibility
Study on the Introduction of Advanced
Communication Technologies for Power
Industry Management" explored the
application of 5G technology in smart
grids, with a focus on renewable energy
management and enhancing the stability
and quality of power supply. Through the
high throughput, low latency, and large-
scale device connectivity features of 5G,
this study conducted a Proof of Concept
(PoC) and performed server system testing,
wireless network configuration integration
and testing. It also analyzed domestic and
international smart grid communication
technologies, examined international
standards, and explored case studies of
5G and edge computing applications in
power system communication modules. The
findings demonstrated the practical value of
5G technology in smart grids, emphasizing
the relevance of the Internet of Things (loT)
technology, especially in terms of real-
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time data transmission, monitoring, and
management effectiveness.

Although 5G technology offers significant
advantages in improving efficiency and
stability, it also introduces cybersecurity
risks, including the potential for attacks on
loT devices, man-in-the-middle attacks, and
security concerns at edge computing nodes.
To address these risks, this study conducted
a cybersecurity assessment of the 5G
private network PoC in the Shulin District,
following the loT cybersecurity protection
evaluation guidelines and the cybersecurity
testing guidelines issued by the National
Communications Commission. Methods
such as vulnerability scanning, penetration
testing, and impact analysis were applied.
The research outcomes not only contribute
to enhancing the security and reliability
of 5G private networks, but also provide
cybersecurity protection references for
future IoT and 5G application scenarios.
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The Impact of Distributed Renewable Energy Interconnection on the Line Loss of Distribution System

With the development of renewable
energy, there is an increasing reverse power
flow condition occurred at many substations.
This will impact the accuracy of the
distribution system line loss calculation and
decrease the overall visibility over the effect
of reverse power flow on the distribution
feeder line loss. Therefore, this project aims
at establishing a system to integrate big data
from various measurements such as the
power meters. On the other hand, according
to the Amendments to the Electricity Act in
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2017, the renewable energy can transmit
power directly through transmission and
distribution system, which will bring a
calculation gap to the current method used
for line loss statistical analysis. Therefore,
this project also aims at analyzing the line
loss through measurements and simulations
for different scenarios, including direct
supply and wheeling cases. The outcome of
this project is expected to be a benchmark
for updating the statistical method of line
loss calculation.
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Study on the Application of Power Quality Instrument in the Diagnosis of Large Photoelectric Field Converters

In response to the large amount of
renewable energy on the island connected
to the grid, power electronic devices such as
converters have been widely used in recent
years, and power converters are widely
used in various power devices. Although
power devices can be effectively controlled,
these power devices have nonlinear The
characteristics of the load will cause the
power system to suffer from serious voltage
flicker and harmonic pollution. This research
will go to various large-scale projects on the
island to measure the power quality data,
analyze the data, and establish a DIGSILENT
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model for interactive comparison.This
plan first went to the island's large-scale
photovoltaic field to measure the power
quality data of the converter, and searched
for the impact of voltage harmonics,
current harmonics or voltage flicker on
the equipment caused by foreign large-
scale photovoltaic field converters (such as
temperature rise, resonance damage, etc.),
and finally establish the DIGSILENT model
of large-scale photoelectric and wind power
field, and conduct interactive comparison
with the actual field.
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fth Impact of H|gh-alt|tude EIectromagnehc Pulse on Taiwan Power Grid Equipment

High-altitude electromagnetic pulse
(HEMP) is a type of electromagnetic
pulse generated by high-altitude nuclear
explosions (above 40 km). It is produced
by the interaction of gamma rays with air
molecules and the Earth's magnetic field.
The IEC categorizes HEMP waveforms as
E1, E2, and E3 based on their duration, with
E1 being the shortest and having the highest
electric field strength, potentially damaging
electronic systems.

This study analyzes the current status
and weaknesses of electromagnetic
pulse protection in domestic power grids
and identifies protective relays as the
most critical and vulnerable low-voltage
electronic devices in substations. Therefore,
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this research report mainly refers to
international standards related to HEMP
protection and EPRI technical reports to
conduct electromagnetic pulse tests on
protective relays and measure the shielding
effectiveness of buildings to confirm the
impact of HEMP on equipment.

This research investigates the impact of
HEMP on Taiwan's power grid equipment
and collects relevant technologies that
can mitigate the impact of HEMP (E1,
E2, E3) on power equipment. This
information can serve as a reference for
various departments within our company
to strengthen the protection measures of
power grid equipment and reduce the impact
of HEMP.
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Application Research of Wide Area Measurement System in Adaptive Protection Mechanism

This project explores the application
situation and operation and maintenance
experience of Wide Area Measurement
Systems (WAMS) in advanced countries
around the world through questionnaire
surveys, and collects adaptive protection
mechanism verification methods to initially

A s =1: A pr

evaluate the feasibility of introducing the
Taipower system. sex. In addition, we
conducted interviews with two power
companies in the United States to discuss
the application and future development of
PMU and WAMS.
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Harmonic Power Flow Tracking and Application Research of Renewable Energy Grid-connected Hot Zone

A Harmonics from renewable energy
can cause many negative impacts on the
power grid. Harmonics can distort voltage
and current waveforms, resulting in reduced
power system efficiency and unstable power
supply. In terms of equipment, harmonics
can cause overheating, vibration, and even
damage to electrical equipment, shortening
the service life of the equipment. In more
extreme cases, harmonics may cause

LSS BN B

protection equipment to malfunction and
affect the safety of the power system.

These impacts range from reducing the
efficiency of the power system to damaging
equipment and affecting power supply
stability and safety. Therefore, it is crucial
to monitor and mitigate the harmonics
generated by the integration of renewable
energy into the grid to ensure stable and
reliable operation of the power system.
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Risk Assessment of the Impact of Renewable Energy Backfeeding on Power
Transformers Based on Real-World Cases
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Taiwan Power Company has established
relevant specifications for renewable energy
grid integration. There is currently a lack of
research on the impact of reverse power
sources on power transformers in actual
systems. Therefore, this study analyzes
the impact of reverse power sources from
renewable energy on the service life of
transformers. First, this study establishes
the DIgGSILENT model (steady-state model)
and the ATPDraw model (transient model)
of power transformers, including E/S 345
kV 500 MVA autotransformer and D/S 161
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kV 60 MVA distribution transformer. Then
steady state and transient analysis are
carried out. Next, this study establishes the
three-dimensional electromagnetic field
model of these two power transformers.
The steady-state analysis results and the
over-voltage and over-current results of
the transient analysis are used as the input
source of this electromagnetic field model
to evaluate the mechanical stress impact of
the power transformers. Finally, this study
makes evaluations and conclusions based
on the simulation results.
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A Study of Power Ulilities Inspections and Anomaly Detection for Science Park by Quadruped Robots

Comparing with wheel-structure
vehicles, one significant advantage of
quadruped robots is its discrete contact
points through ground to overcome rough
terrain. Also, along with edge-computing
functions, quadruped robots are excellent
platforms for the deployment of machine
learning models to conduct autonomous
inspection. With such solution, it is possible

REAS BB

to improve occupational safety and extend
the lifetime of equipment. In this project,
robot will be deployed in Hou-Li P/S
substation, Hualien hydroelectric power
plant, and Wu-Jia 345kV underground
transmission line. In the future, drone will be
adopted into this mission to further promote
overall inspection ability.
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Taichung Power Plant #7-1 BFPT
regulating stage blade broke. This was the
first case of the same model. It affected the
power generation efficiency of the unit, so
the cause of the damage was analyzed.
For the Taichung Power Plant #7-1 BFPT
regulating blade, relevant design and
operation data were collected, dimensional
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Fracture Analysis of #7-1 BFPT Regulating Stage Blade of Taichung Power Plant

measurements and physical models were
established, material properties inspection,
metallographic analysis, modal testing and
mechanical analysis were conducted, and
finally the cause of damage and operation
were proposed. Finally, it was determined
that corrosion fatigue damage was the
cause of the entire incident.
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After investigating the related literature
and research on Circulating Water Pump
(CWP), most of them are about material
analysis and fluid mechanics, and few
of them focus on structural mechanics.
Therefore, this study is mainly based on
the Finite Element Method (FEM) and
combines with the flow field analysis in CFD.
The structural characteristics and damage
mechanism of the impeller in Talin Power
Plant are investigated from the point of view
of mechanics analysis, and the location of
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Mechanical Analysis of CWP Impeller in Talin Power Plant

its weak points is identified.

According to the analysis, the maximum
principal stress and the maximum von Mises
stress of the impeller are located at the
root area of the Leading Edge, and most of
the maximum modal stresses occur there.
There is also a potential for cavitation, so
this area is the structural weak point of the
CWP impeller. In the modal analysis, the
rated speed of the CWP is much lower than
the first mode frequency, so resonance is
unlikely to occur.
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Vibration Analysis and Improvement Assessment of Cooling Water Pipeline in Talin No. 6 Generator

SHlKE
a1

The cooling water pipeline of Unit 6
of Dalin Power Plant has suffered high
vibration during long-term operation, and
the occurrence of main and branch pipes
damaged are concerned. In order to
clarify the cause of pipeline vibration, and
evaluate the damage caused by vibration
to the pipeline and improvement strategies,
the analysis of the cooling water pipeline
vibration is proposed in this study. Based on
the results of the analysis, suggestions of
the improvement and following maintenance
strategies for the operational reliability of the
unit are provided in this study.

In this study, complicated pipelines
in buildings are concerned by using
the high-speed camera to measure the
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maghnitude and frequency of the vibration,
and vibration modes of the cooling water
pipelines. Additionally, reverse engineering
is implemented by using laser scanning to
establish the geometric model of pipelines
concluding entrances and exits. Next, the
model for the stress analysis based on
the finite element method is constructed
to simulate the resonance mode and
excited vibration state of the structure,
and the validity of the analysis model is
demonstrated by the measured results.
Furthermore, the simulation model is
employed to analyze the actual vibration
phenomenon of the equipment to evaluate
the method to reduce the vibration.
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The Mechanical Analysis of Da-Tan Power Plant 4th Gas Turbine Blade

The fourth-stage moving blade of the
501F GT in Da-Tan Power Plant is the last
stage blade. In order to understand the
mechanical characteristics and weaknesses
of the blade, it is necessary to carry out
relevant work for the normal operation
of the unit in the future, to predict failure
conditions in advance and to provide power
plant maintenance suggestions. The results
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of mechanical analysis can be used as a
reference for on-site maintenance. This
project establishes the geometric model
of the fourth-stage moving and stationary
blades, conducts CFD analysis of the
moving and stationary blades, stress
analysis and modal analysis of the moving
blades, and finally puts forward conclusions
and suggestions.
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The Datan power plant is located in an
industrial area, where there are many steel
mills with large power consumption. When
the loading at the customer end changes
drastically, the loading, torque, and speed of
the GT units in Datan may oscillate, and the
fatigue life of the units may be reduced due
to the repetitive stress over a long period. To
verify the effects of external loading changes
on the rotor of the GT units, a wireless
torsional vibration measurement system,
rotational speed, and current sensors were
installed in the GT units to collect data
over a long period to analyze the effects
of external loading changes. Then finite
element mechanical analysis and high
cycle fatigue analysis were conducted to
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The Influence of External Loading Variation on Rotating Speed of Rotor of GT Unit in Datan Power Plant

investigate the stress changes and fatigue
damage under various loading scenarios.

The results of the measurement and
analysis of the unit show that when the
external circuit load changes drastically,
the load, torque, and current of the unit
will cause localized oscillations for a short
period. After a long period, it will cause
fluctuations within a limited range. The
finite element mechanical analysis and high
fatigue analysis showed that the life of the
rotor of the GT units is not affected by the
daily fluctuation of the external loading, the
planned increase and decrease of loading
of the units, and the infrequent transmission
line failure.
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This project builds a CWP rotating
shaft model of the No. 2 unit of the NanPu
Power Plant and conducts stress and modal
analysis of the torsion and centrifugal
force of the CWP rotating shaft. It mainly
discusses the stress distribution of various
parts in the muff coupling area of the drive
and pump shafts, including shaft keyways,
parallel keys and muff coupling. The result
shows the location of maximum stress in
the shaft keyway coincides with the location
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Root Cause Analysis of NanPu Power Plant Circulating Water Pump Shaft Cracks

of the pump shaft crack. It is recommended
that these locations should pay more
attention to inspection during outage. The
result of modified parallel keys analysis
shows the maximum stress of the pump
shaft keyways reduced by 20%. Modal
analysis results show that the location of
maximum modal stress in the shaft keyway
is likely to be excited by torsion mode and
bending mode.
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The 7" steam turbine in Taichung
Power Plant has been operated more than
20 years. The materials of the HP/IP rotor
are composed of chromium, molybdenum,
vanadium, and steel. Under operating at
538 °C for a long time, it causes that the
materials occur creep and then generates
creep voids. Creep voids makes the
materials life decrease. Also, due to the
steam turbine operating multiple starts and
stops, the materials of steam turbine rotors
occur low cycle fatigue stresses and cracks,
and then it causes that the steam turbine
occurs a catastrophic failure. Therefore,
evaluating the material life of steam turbine
rotors can decrease the failures and the
risks of operating.

This research mainly evaluated the
material life of steam turbine rotors with
the 7" steam turbine in Taichung Power
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Materials Degradation Study of the Taichung No.7 Steam Turbine Rotor and Pipe

Plant. With the metallographic methods and
hardness tests, it can observe the materials
creep, low cycle fatigue, and temper
embrittlement of the HP/IP rotor, and then
it can evaluate the life consumption of the
materials creep and low cycle fatigue and
fracture appearance transition temperature
(FATT). Furthermore, the materials creep
of the welding around the main steam line,
the main steam valves, and the steam inlet
valve were observed by the metallographic
methods and hardness tests, and then the
life consumption of the materials creep and
failure can be evaluated. The materials
creep of the cotter bolts on the L-0 and L-1
side with the LP rotors were observed by
the metallographic methods, and then the
life consumption of the materials creep and
stress corrosion failure can be observed.
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The 8" steam turbine in Taichung
Power Plant has been operated more than
20 years. By observing the metallographic
microstructure and hardness, the material
life of steam turbine rotors can be evaluated.
The experimental results were as the life
extension and maintenance practice of the
steam turbine rotor. Observing the welding
around the main steam line, the main
steam valves, and the steam inlet valve
can evaluate the life consumption of the
materials creep and failure. The cotter bolts
on the L-0 and L-1 side with the LP rotors
can observe the materials creep and stress
corrosion failure.

This research mainly evaluated the
material life of steam turbine rotors with the
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Materials Degradation Study of the Taichung No.8 Steam Turbine Rotor and Pipe

8" steam turbine in Taichung Power Plant.
The results show that the life consumption of
the low cycle fatigue with the HP/IP rotor are
lower than 10%, and the life consumption
of the materials creep with the HP/IP rotor
are lower than 10%. Etching tests show that
the value of fracture appearance transition
temperature (FATT) is 260 °C, and it has to
keep the heat soaking time 5 hours during
the cold start process. The life consumption
of the materials creep and failure with the
welding around the main steam line, the
main steam valves, and the steam inlet
valve are 30%. The materials creep and
stress corrosion failure of the cotter bolts
on the L-0 and L-1 side with the LP rotors
cannot be found.
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The 5" steam turbine in Taichung
Power Plant has been operated more than
20 years. The materials of the HP/IP rotor
are composed of chromium, molybdenum,
vanadium, and steel. Under operating at
538 °C for a long time, it causes that the
materials occur creep and then generates
creep voids. Creep voids make the
materials’ life decrease. Also, due to the
steam turbine operating multiple starts and
stops, the materials of steam turbine rotors
occur low cycle fatigue stresses and cracks,
and then it causes that the steam turbine
occurs a catastrophic failure. Therefore,
evaluating the material life of steam turbine
rotors can decrease the failures and the
risks of operating. However, based on
increasing the operating efficiency and
resolving the erosion of the turbine blades
and components, the HP/IP rotor has been
replaced during the last overhaul with the
5th steam turbine in Taichung Power Plant.

This research mainly evaluated the
material life of steam turbine rotors with
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Materials Degradation Study of the Taichung No.5 Steam Turbine Rotor and Pipe

the 5" steam turbine in Taichung Power
Plant. With the metallographic methods
and hardness tests, it can observe the
materials creep, low cycle fatigue, and
temper embrittlement of the new HP/
IP rotor, and then it can evaluate the life
consumption of the materials creep and
low cycle fatigue and fracture appearance
transition temperature (FATT) and establish
the database of material properties with
the new HP/IP rotor. Furthermore, the
materials creep of the welding around the
main steam line, the main steam valves,
and the steam inlet valve were observed by
the metallographic methods and hardness
tests, and then the life consumption of
the materials creep and failure can be
evaluated. The materials creep of the cotter
bolts on the L-0 and L-1 side with the LP
rotors were observed by the metallographic
methods, and then the life consumption of
the materials creep and stress corrosion
failure can be observed.
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No 1 to 3 units of Nan-Pu power plant
use Siemens gas turbines in a 2-on-1
configuration. Non-metallic expansion joints
are installed at the exhaust duct and the
diverter damper to accommodate the axial
and radial displacement caused by the load
changes in the unit. For a long time, these
non-metallic expansion joints have had
poor performance and frequent overheating
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Establishment of Selection Standards for Non-metallic Expansion Joints of Siemens Units in Nan-Pu Power Plant

failures, and need to be replaced at the
maintenance intervals. Therefore, this
study collected the design data of the
non-metallic expansion joints and used
computer-aided analysis to analyze the
causes of the overheating in these joints.
Recommendations for improvement are
also provided to enhance the operational
reliability of these units.
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The Microstructure Database of New TUNG HSIAO #1 Power Plant Boiler

The purpose of this study is to establish
the data for microstructure and hardness of
SH-HP30, SH-HP4I, SH-HP40, MS, RH-
IP10, RH-IP2I, RH-IP20, HTR pipes or
tubes in Tung-Hsiao #1 power plant during
constrution stage. The evaluation method
is to obtain the metallographic data of each
component by the non-destructive replica
method, and measure their hardness by
applying the re-bound and UCI hardness
method. The main conclusions of this study
are as follows: 1. The Tung-Hsiao #1 HRSG
of TPC database has been completed.
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Sample plan includeed P91, 347H, SB407
material. 2. In the physical damage analysis
of the metallographic structure, it is found
that some abnormal microstructure are
existed in weldmetal or HAZ. 3. The P91
hardness of some weldmetal or HAZ
are higher then 300HV hardness. 4. We
conduct our purchased ASME SB407 tubes
to material test, some y' ~ M23C6 existed
in austenite matix. The microstructure are
the same with our sampled Tung-Hsiao #1
microstructure.

REPEE_ERALD S BAGZHE
FERHO - 2RBHEE 207 @
MEETHREBEBERE > &
MSBIEM BRI ERER  BRKEIL
SonaT a2 ERE o

MEABE R E > ZEMSER
BABTHHEEEE > UNEEE
TEEKBREMEE ) REERK
MWHEE  Z2MEEE » BT
EIBEENAN o c AR FEFEEHU
I ARFTSE AL B S — 9E i O]
WIBIEM B ERERZE > MERE
P91+ 347H ~SB407 2. & #8 4
B YBEES T o BIRHEER
B EREFETERSMEMS 3. &
PO1 ME » BEIRERATERN
ERERS > @5 300HV EE o
4. R Fr % 8% ASME SB407 71 & &
T 2EAKRTHEEM > FE
‘D& y' s M23C6 F_X4H » AR
EBRIEERAE R —E0 o



[ s

BERAR - AR SEIR
B 1 $EEAEE

| =—____ L =

ERIZER | AR
B 2 EE=EHHFHOEERMEB DGR

MRZE 828 #%ET > BT BBl 52X~ BIRF

{5
B
]
I
EE
=
BX
£

1B o e D AR ()

2



\0

MO ERR SR ERE S RAA SR S E D T E

Abnormal Microstructure Assessment of No.2 Coal-Fired of Linkou Thermal Power Plant Steam Pipe

m

The purpose of this study is to establish
the data for microstructure and hardness
of MS, 2SHO, 1RHO, 1RH pipes or tubes
in Linkou #2 USC power plant during first
overhaul. The evaluation method is to obtain
the metallographic data of each component
by the non-destructive replica method
and measure their hardness by applying
the re-bound and UCI hardness method.
The main conclusions of this study are as
follows: 1. The Linko #2 boiler of TPC has
been enter into TPC material database.
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2. In the physical damage analysis of the
metallographic structure, it is found that
five micro cracks at WM, T22 BM carbides
are slightly spheroidized at some 1RH
and 2SHI sites and some super304H BM
microstructure is abnormal at 2RHO and
3SHO. The DMW microstructure of WM and
HAZ are normal. 3. The T/P 91 and T/P 92 BM
hardness of 12 sites are lower than normal
hardness. 4. Sampling the WM composition
of DMW is show that the WM composition is
correct.
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This study focuses on the establishment
of a creep life assessment and abnormal
operation monitoring system for the
superheater and reheater tube banks of no.
5 -10 Boilers at the Taichung Thermal Power
Plant. The system utilizes operational data
extracted from the Distributed Control and
Data Acquisition System and measures the
oxide layer thickness of the tubes during
overhauls. Based on oxidation kinetics and
the Larson-Miller creep theory, the residual
creep life of the tubes is evaluated. The
abnormal operation monitoring system
employs Principal Component Analysis to
identify key operational data components
and uses Q-statistics to assess whether
there are anomalies in boiler equipment
operations. The achievements of the
project are: 1. Displaying real-time metal
temperature distributions of each tube bank.
2. Analyzing the creep life consumption of
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The Research on Development of Diagnostic Monitoring Boilers System

each tube bank during the current overhaul
to examine their relative levels of wear. 3.
Providing real-time predictions of oxide
layer thickness. 4. Real-time assessment
of creep life consumption for tube banks in
different areas. 5. Diagnosing abnormalities
in operational data and monitoring for any
irregularities. 6. Generating daily evaluation
reports on unit performance to assess
the operational status of the unit for the
next day. 7. Completing the development
and implementation of the diagnostic
and monitoring system for Boilers 5 to
10. Over the next two major overhauls,
the system parameters will be gradually
adjusted to provide precise maintenance
recommendations for tube banks, plan
optimal tube replacement strategies, and
reduce the frequency of unexpected unit
shutdowns.
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The purpose of this study was to
evaluate the residual life of #1 HRSG
components of Nan-Pu thermal power plant
which has been operated for 27 years.
The integrity of critical components was
assessed in this study including the main
steam pipe and header(MS), 1st superheater
outlet header(SH) and 3rd superheater
outlet header(SH) of HRSG1-1 and HRSG1-
2, pipe elbow position, HP & LP Drum...etc.
The inspection of these steam delivery pipes
was conducted based on the microstructure
of regular replicas and extraction replicas,
and the consumed creep life was evaluated
based on the life assessment system called
MLAS (Metallurgical Life Assessment
System) originally developed by MHI. The
report providesd reference to SIEMENS.
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Microstructure Evolution of No.1 HRSG in Nan-Pu Power Plant

Results of the examination indicated, the
consumed creep life in the heat affected
zone for MS are 30-60%, for SH1 and SH3
are 30-40%, for PE are 30-60%(11HRSG)
/ 30-40%(12HRSG), for HP & LP Drum are
30-90% respectively. In terms of the 40-year
life of #1 boiler components of HRSG, the
residual life is approximately 4 to 28 years
under normal operation and maintenance.
Isolated cavities and direct cavities were
found in 13 sample points shown as
following (MS-43 » MS-46 ~ 11HP-SH1-16-
up *~ 11HP-SH1-19-up *~ 12HP-SH1-16-up *
12HP-SH1-19-up ~ PE1-5 ~ PE1-7 ~ PE1-
8 ~ PE22-5 ~ PE12-6 ~ PE12-7 and PE12-
8). Both of these cavity locations need to be
kept track of.
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An Establishment of a Deep Learning Image Recognition Model for Boiler Material Metallographical

Boilers in coal-fired power plants often
operate in high-temperature and high-
pressure environments, and are therefore
prone to damage to metal structures.
In severe cases, boiler tubes may leak,
resulting in negative impacts such as
loss of power generation and increased
cost of alternative power sources. In the
past, in order to detect the degree of
deterioration of boiler tubes, metallographic
inspection and hardness tests were
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usually conducted. In recent years, deep
learning image recognition technology has
been able to detect defects quickly and
accurately. Applying it to the metallographic
identification of boiler tube materials can
speed up the inspection process and
increase the chance of correctly determining
the degree of metal deterioration. This study
mixes the VGG-19 network with SENets to
establish a boiler material metallographic/
hardness identification model.
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Research on Construction of Monitoring System of Status of Boiler Tube of Linkou Power Plant

mvl

There are 3 supercritical steam
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 broken boiler
tubes, and broken boiler tubes cause boiler
out of service. In these broken boiler tube
accidents, boiler tubes had circumferential
cracks. Circumferential cracks might be
a thermal fatigue phenomenon of boiler
tubes. In order to understand what cause
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 2. The monitoring
system measures and records strain and
temperature of boiler tubes in Linkou Unit 2.
In addition, this research analyzes data of
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strain and temperature of boiler tubes and
speculate cause of circumferential cracks.
According to the analysis of data of strain
and temperature, an apparent periodic pulse
of strain appears on diagram of strain. The
apparent periodic pulse of strain is caused
by wall blowers. Energy of strain caused
by wall blowers occupies a few proportion
of energy of total strain. Therefore, wall
blowers are regarded as one cause of
circumferential cracks of boiler tubes. In
addition, this research measured data of
strain and temperature of boiler tubes from
ignition, operation of full load and shutdown
due to broken pipe. Operators of power
station can refer to these data and make
better operation.
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In Taiwan's carbon reduction path plan,
the proportion of power generation from
thermal power units will be decreased year
by year. However, they will still play a crucial
role in stabilizing the power supply of Taiwan
Power Company during the transition to net-
zero emissions by 2050. Since coal-fired
power units have higher carbon emissions
per unit of power output than gas-fired
units, the company will prioritize replacing
coal with natural gas to reduce emissions.
Existing coal-fired units, such as the
advanced ultra-supercritical units in Linkou
and Talin power plants, will be retained
to enhance energy supply security and
leverage their relatively higher coal reserves
for emergency situations.

To support this transition and ensure
a secure energy supply, the company
will adopt a diversified coal sourcing
strategy. Coal quality significantly impacts
boiler operations. Therefore, developing
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A Study on Establishment of Laboratorial Coal Combustion Technology

laboratory-based coal combustion
technologies for different coal qualities
is crucial. These technologies will help
identify potential combustion issues and
find appropriate solutions. Laboratory-
based methods, such as thermal gravimetric
analysis and drop tube furnace testing,
are essential for understanding the
combustion characteristics of different
coal types. Thermal gravimetric analysis
measures weight loss as the sample is
heated, providing an indication of the
coal's combustion rate. The drop tube
furnace creates an environment similar to
the high temperature of a boiler, providing
rapid heating of pulverized coal and a
shorter residence time. The development
of these two combustion testing methods
in this project will significantly enhance our
understanding of various coal combustion
characteristics, offering valuable insights for
coal blending strategies at power plants.
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This study utilizes thermogravimetric
analysis (TGA) combined with infrared
spectroscopy to investigate the reaction
mechanisms and the release characteristics
of volatile products during coal pyrolysis
and coke combustion processes.
Thermogravimetric curves and derivative
thermogravimetric curves were obtained
to analyze the decomposition behavior
and characteristic reaction temperatures,
while kinetic parameters were calculated.
Simultaneously, infrared spectroscopy
was employed to collect the chemical
composition and release patterns of the
volatile products.

The study found that the volatile matter
content of coal significantly influences
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Experlmental Study on Kinetics of Coal Combustion and Gas Phase Products

the weight loss behavior during pyrolysis,
with higher volatile content leading to
more pronounced weight loss. Although
an increase in heating rate accelerates
the weight loss rate, it delays the onset of
pyrolysis decomposition. Additionally, the
heating rate significantly affects the kinetic
parameters of coal pyrolysis and the release
characteristics of volatile products. Higher
activation energy indicates more difficulty in
bond cleavage. The increase in heating rate
delays the generation temperature of volatile
products and alters their release patterns.
While coke combustion requires higher
energy, the reactivity generally increases
with elevated heating conditions.
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Configuration and Analysis of Real-time Optimization mode for Power Plant Boiler

The De-NOx systems at Hsieh-Ho
Station were installed and completed in
1999. Since July 2001 severe furnace
rumbling has occurred at high loads,
especially on Unit 1. At that time, with
the help of professional optimization and
analysis software (UltramaxTM , USA), the
"real-time operation optimization mode"
was established in the load range of
380MW~400MW, and the boiler optimization
combustion adjustment and vibration
reduction task was successfully achieved.

This project will continue to improve the
construction and evaluation application of
the boiler optimization model. Based on the
analysis conclusion of the influence of the
main parameters, master the influence of
the five main operation parameters on the
boiler performance results such as furnace
combustion vibration, Opacity, NOx emission
values, etc.

Subsequently, the optimization model
was immediately promoted and applied
to the De-NOx optimization combustion
requirements of the Unit 3 boiler at Hsieh-
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Ho Station, and the following improvement

results were finally achieved:

(1)After 46 sets of optimization and
commissioning analysis at high load
(455MW), the reduction performance
reached 12%, and the NOx emission
value could be stably reduced from
the daily baseline of 153.1 ppm to
133.2ppm.

(2) After 54 sets of optimization and
commissioning analysis at low load
(150MW), the reduction performance
reached 22%, and the NOx emission
value could be stably reduced from
the daily baseline of 99.8ppm to
77.3ppm.

(3) The De-NOx optimized combustion
adjustment task of the unit 3 at
Hsieh-Ho Station was completed
immediately ,saving the company
approximately NT$360 million in FGR
equipment capital expenditure, and
achieving stable power supply for
the system and increasing available
power supply.
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A Study on Simulation of Combustion Field for Ultra-supercritical Coal-fired Boiler

This study focuses on simulating and
analyzing the combustion flow field in ultra-
supercritical coal-fired boilers. Although
similar studies have been conducted in
the past, it is necessary for new boilers to
perform analyses due to improvements in
computational software, the commissioning
of new power plant boilers, and changes
in operational parameters and coal quality.
In this study, a simulation analysis was
conducted using a model of an ultra-
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supercritical coal-fired boiler with two
different coal qualities and their blends,
comparing the combustion characteristics
of different coal qualities based on
simulation results. The results of this study
can understand potential issues during
combustion in ultra-supercritical coal-fired
boilers, supporting combustion tuning or
reduction of slagging and pipe breakage,
and serve as the basis for large scale coal-
ammonia cofiring simulation in the future.
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According to the global climate crisis,
the lead power nations has reached
consensus of net zero carbon emission.
Many commercial, envior-mental-frendly
legislations and policies are continuously
stipulated till nowa-days, so does R&D
assessments. In order to deal with the
unstable transition term of powering
transformation, several strategies are
continuously executed. Such as hydrogen
power development, increasing reusable
energy propotion, power plant with
integrated powering, are executed in a
way of transnational cooperation and
cross enterprise. As though, the ability of
carbon emission decreasing becomes a
dictator of national strength. This research
project mainly focuses on combustion
simulation among the hydrogen power
related issues. Across the research field of
hydrogen energy, from basic complex el-
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The Combustion Simulation Development of Natural Gas Blended with Hydrogen

ementary reactions combustion studying to
industrial engineering application design of
global reactions combustion, this research
positioning is practical industrial combustion.
This research constructs from paper
surveying of combustion with blended fuel.
The sensitivy analysis of natural gas with
hydrogen at certain conditions, such as
the variation of hydrogen addition ratio,
operating pressure, operating temperature,
and equivalence ratio, is the most focusing
reference of this research. Then, the
reactions amongst several such references
were chosen and applied on the low swirling
burner simulation in this research. Finally,
the results were validated with experimental
data. Furthermore, the constructed analysis
method and process can be extensively
applied to different types of combustors or
combustion engineering simulations.

s LTSS AE RIE S R AOE DA
BEESERNEERS -

G EETIEEIE 112 F
EERM I FEBMEEMERA
REEEQREBAZB2MEETIZ
FE R BU SRR SRR ~ 78 CAD &
RIBRIFRIZR RIS > UREIMA
Ealiai & CAD R E R VA&
CEAMAE £ AL 5 113 FE TN
sl EE 2 R AR M ER
e AR R ARIRRBIEET
EE ¥ 31 455 453 482 AU A0 A6 RA 1 /116 2 &
FEAMIRIE » =B IER R
Rz B2 > DUk UM 5 B
REZRARBEQMN G R EHE
TRENEERAERIIELLY -
DU R 5 R AL AN AB R 8) /1 E 2 H 8
HYRAIARLE ©



RERERER :

RIAFEEERERAREQINERE
BE > RRKEBEBEMREAZ NG
B ARAABRENBARBEKRS
T GE##H > BEEQIEE > RKREEL
BARBRARERTT GE HAE 2 IR 5
E > R GE AEMIER AR Z MEE
RS > BEARMEMEIIVERIAL

BRBRR | A TR M

RA o

MRFADESRM A AT ERIRSZ
WA EAERIRRIE 2 — > BB/ Bk
V& = 3% f 0 2 AT B BR SR NS IR BT » R
REJFERR E KRB R % 4 2 I8 5 R B oA
3 APREHRABRKETREREEZ
BEMRE o

1 RANS RAEERARIMAERE B EIZERIER

| 70MCHSE + 30%H2, 1IKW, phi - 08 |

BRIAGR | AR
2 FR/IEDM JRIEEAHNZm1E4H RANS £2 DES i SR (T AER

{5
B
]
I
EE
=
BX
£

1B o e D AR ()



g

BESAES

H

BREZRR ¢ AR M
3 JES 10%vol. ~ 20%vol. ~ 30%vol. Z BEEA (£ ) BERIITREEDT (45 ) L& e

radsl exit line = radial exit line i radinl el fme
o L
— bl -
_ —-——  — —
— -
- -
=
oTH - -
i ] CL%
- e 5

= S e hl i i
il il

Cromral anial line . Ceritral muaal line Leeisal apal hing

N

| ]

/}“
T

| |
i

]

i

T e
|

b

B WL BT N L T P gl iphled e age
TR UL S i - i - J P By
i DAY LB ] T it B o T wall ek LELE 18 b

BRAR | AH TR
4 SRS 10%vol. ~ 20%vol. ~ 30%vol.( EEA ) Z1E#H NOx DHhiER



coz| H20

]
!
b
'
»
o

4

==y o Ty

= = =

= = {8

£z - R
CO 3 W heat relesse rate

k| K2 3]

-
L L

HHITT

o
e
i
'gsifnmimmi*l

BRRIR | AR
5 JE& 10%vol. ~ 20%vol. ~ 30%vol. Z B4 E (CO, ~ H,0 ~ O, ~ CO) MEERE D HEHE
Ill:'% °

{5
B
=8
I
EE
=
BX
£

1B o e D AR ()

AR | BEERIRE | M8



(=

Research of Monitoring and Evaluation of Operation

Recently, benefit from progress of
hardware and software, performance of
computers upgrades significantly and
artificial intelligence develops and performs
excellently in many area. In area of power
plant, collecting and analyzing operating
data, and adjust machine to best operating
mode, can achieve nice result of decreasing
failure rate and increasing efficiency. Before
using artificial intelligence, it is necessary to
collect enough data. With enough data, then
artificial intelligence can construct accurate
operating model. However, performance
of diesel engines of power generation in
Tashan power plant is analyzed off-line
and data of diesel engines is not enough
for artificial intelligence. Therefore, it
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on of Diesel Engines at Tashan Power Plant

is necessary to collect enough data of
machine. Among data of power generation
of diesel engine in Tashan power plant, the
most important data is flow rate of heavy
oil, which is used as fuel. With flow rate of
fuel, then operators could calculate heat
rate and understand change of efficiency of
diesel engines, and then decide schedule
of overhaul. In order to collect flow rate of
fuel, this project construct image system of
flow meter of fuel and design a flow meter of
return oil.

Image system of flow meter of fuel can
collect image of flow meter of fuel through
local area network, and the flow meter of
return oil can measure flow rate of return oil
of diesel engine.
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The Verification Research of Force Impact from Inlet Water Channel
Flow Field to Butterfly Valve Disc in Linkou Power Plant

This study focuses on the flow field
characteristics of the intake channel at the
Linkou Power Plant, conducting an in-depth
analysis and verification of the forces acting
on the butterfly valve disc under various flow
conditions and valve openings. The aim is
to optimize equipment design and enhance
system operational stability. Through
numerical simulation, detailed modeling of
the flow distribution within the intake channel
was carried out to predict the forces on the
butterfly valve disc under different operating
conditions and to explore the hydraulic
behavior of the butterfly valve during actual
operation.

The results indicate that the flow
distribution within the intake channel and
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the valve opening significantly influence
the forces acting on the valve disc. High-
pressure zones and turbulence phenomena
exert unfavorable impact forces on the
butterfly valve, potentially leading to
equipment wear or operational issues.
To address these challenges, this report
proposes different structural designs to
evaluate the performance of the butterfly
valve under various channel configurations.
These include adjustments to the shape of
the intake channel and flow improvement
measures. Based on these findings,
operational recommendations are provided
to reduce the forces acting on the valve disc,
minimize hydraulic impacts, and enhance
the overall reliability of the system.
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Power generators in Chien-Shan Power
Station are Diesel engine power generators.
Cylinders and crankshafts are important
components in a diesel engine. It is
necessary to keep temperature of cylinders
in a proper range and lubricate bearings
of crankshafts sufficiently such that diesel
engines operate nicely. In order to achieve
the above 2 purposes, it is necessary to
cool down cylinders with water and lubricate
bearings of crankshafts with oil, and use
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Research on Controller of Temperature of Cooling Water and Lubricating Oil

controllers to keep temperate of cooling
water and temperature of lubricating Oil
in proper ranges. However, controllers of
temperature of cooling water of cylinder and
lubricant of crankshaft are discontinued.
This research uses new hardware and open
source software to construct a new controller
to solve problems of stop production of
controllers, and keep diesel engines of
Chien-Shan Power Station operate nicely.
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To enhance the credibility of tests, the
Chemical Testing Section introduced the
Environmental Analysis Laboratories (EAL)
management system and the ISO/IEC
17025 laboratory management system. In
1992, the Environmental Laboratory was
certified by EAL certification. The accredited
scope includes 7 items in water and 3 items
in toxicity characteristic leaching procedure

FHHE .

( TCLP ). The Materials Laboratory was
accreditated by Taiwan Accreditation
Foundation (TAF) certification. 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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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,
lubricants, hydraulic fluid, grease, etc., and
analysis of SF6 gas and dissolved gas-in-oil
and calibration of gas detectors for electrical
power equipment. In addition to ensuring

EBHE .

quality compliance with specifications, these
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.
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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,

EBRE .

(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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Taipower Company relies on electricity
meters and instrument transformers
for accurate electricity billing, and the
Electricity Metering Section is responsible
for their calibration and testing. 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
Taipower Company's profitability, continuous
improvement in testing capabilities,
techniques, and methods is paramount
to ensure testing reliability and quality. All
testing activities in 2024 were completed

ES HER

successfully, achieving all anticipated goals.
In addition, the Electricity Metering Section
provided support for Taipower Company's
AMI (Advanced Metering Infrastructure)
deployment through active participation in
technical discussions and planning. The
low-voltage communication interoperability
test platform was established on schedule,
and a Route B interoperability test platform
was also created. Testing of three HAN
module vendors has been completed, and
all acceptance and performance testing
were completed in accordance with project
timelines.
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1. Establishment and maintenance of 4. Overhaul and maintenance of various
TAF electricity standard. precision electronic instruments.

2. Tests of Intelligent Electronic 5. Instrument control and power
Devices and Relays in various power monitoring system test.
substations. 6. Periodic on-site calibration of

3. The characteristic test of newly instruments used for operation
purchased instruments of each indication.
business department and the 7. High Voltage Insulating Tester
regular calibration of quality control calibration and maintain.
instruments.
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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

FHHE .

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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