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Study of Intelligent Fault Diagnosis Technologies for PV Systems
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Abstract

The installed capacity of photovoltaic (PV) systems in Taiwan has exceeded 7GW. The
operation and maintenance mode of these small and medium-sized distributed generation
resources is different to that of traditional large-scale hydro or thermal power plants.
Therefore, it is important to develop fault diagnosis technologies for PV systems. This paper
first introduces the important components of a PV monitoring system and the requirements of
relevant international standards on monitoring parameters. Next, this paper investigates the
commonly seen PV fault types. Then, this paper summarizes various PV fault diagnosis
techniques in detail, including methods of electrical and non-electrical measurement, artificial
intelligence (Al) models, comparison of measurement and simulation, statistical and signal
processing, online and offline diagnostic technologies, etc. Finally, this paper proposes
potential technical challenges concerning PV fault diagnosis in the future, including the
requirements for model accuracy, complementarity and correlation among various diagnostic
techniques, the trend of Al applications in PV fault diagnosis, and the importance of real time
multiple faults disgnosis. The contents in this article may serve as reference for PV

maintenance and fault diagnosis in Taiwan.
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Using Protective Net to Shield Electric Field of Overhead Transmission Lines
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Abstract

Protective net may yield favorable results in shielding low frequency electric field.
Based on electromagnetic theory and the regulations formulated by the Power Supply
Department of Taiwan Power Company, this paper aims to calculate the intensity of the
electric field intensity generated by transmission lines; apply a finite element numerical
analysis software titled COMSOL Multiphysics to simulate the situation of setting up
protective net under the conductor of a 69kV single-circuit line; and discuss the shielding
effectiveness of the net surface of different sizes and metal materials, to serve as a

reference for future review, design and construction.
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A Study of Using PC Program to Calculate 69kV Line Protection Relay Setting
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Abstract

To protect 69kV transmission lines, Taipower applies differential current relays (87L) as the
main protection, while multi-zone distance protection relays (21/21N) and directional
overcurrent relays (67/67N) as the back-up protection. Currently, the latter (back-up protection)
uses Aspen software to manually calculate the protection coordination time interval (CTI). When
calculated by the 69kV PC-based program, the relay setting of 21/21N not only considers
transformer impedance, but also apparent impedance to ensure comprehensive protection. In
addition, the program may automatically select any line segment for calculation, which can
increase work efficiency and lessen human errors. Proper adjustment of the delay settings of each
21/21N zone has a positive influence on the accuracy of protection and the acceleration of
accident isolation time as compared with before. The contents of this study includes using
KenTing P/S and FengKang P/S to demonstrate comprehensive digitalization of power stations,
applying 69kV PC program to calculate the two regions 21/21N three-zone transmission line

protection setting, and discussing the resulting-in benefits.
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The Application and Development of Energy [oT upon the Smart Grid Architecture of Kinmen
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Abstract

The power system in Kinmen is an islanding power grid; in other words, not connected to
the main grid in Taiwan. Therefore, it is suitable to be used as an early-stage demonstration field
for the future development of smart grid and Energy Internet of Things (EloT) in Taiwan. In
order to further expand green energy and smart energy-saving facilities, the operation of civic
power plants (CPPs) is implemented to inspire the development of smart green energy
communities and profit sharing. Not only that, it may also stimulate public participation,
strengthen the linking between local communities and the entities of renewable energy, create
local employment opportunities, and promote harmonious local relations. This research aims at
establishing the first CPP case in Kinmen, at the same time introducing new EloT technologies to
build a virtual power plant (VPP) demonstration system. The results of this research may serve as
reference basis for developing related technologies and policies for the Taiwan main island. This
article summarizes the development status of the CPP in Kinmen. In addition, the future net load
curve of Kinmen is estimated according to the possible scenarios of its future renewable energy
to analyze the potential problems in Kinmen. Accordingly, this research proposes the architecture
of VPP and operational modes for demand response. A VPP platform with Blockchain-based

demand response and green energy trading has also been planned and implemented.
REgEsE(Key Words) : AKERL (Civic Power Plant) ~ FE#EEERL (Virtual Power Plant) ~ FEJR
YI4d (Energy Internet of Thing) ~ 35 & 8 (Demand Response) ~ EEHE##H -5 (Blockchain
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A Study of IEC 61850 Substation and GOOSE Service Application
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Abstract

In response to more and more decentralized energy integrated into the power grid and the
promotion of smart grid development, Taiwan Power Company (TPC) is committed to promoting and
implementing IEC 61850 to enhance the flexibility of dispatching by integrating communication
interfaces and protocols. TPC has implemented IEC 61850 in its substations year by year, looking
forward to integrating information of various equipment-through the efforts of digitalization and
standardization. Compared with traditional substation control methods, the IEC 61850 standard
introduces the Generic Object Oriented Substation Event (GOOSE), which allows intelligent
electronic devices (IED) in bay level to communicate with each other. In this paper, we will analyze

the GOOSE service and related cases in foreign countries.
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Abstract

This study proposes a machine learning based SVM (Support Vector Machine) binary
classifier model which uses parameters of active and reactive power collected by smart meters
as the input features to differentiate the on/off status of air conditioners. The proposed model
is tested out of 5 low voltage buildings in Kinmen county for the purposes of performance
evaluation and demand response load shifting estimation. The result shows that the recall
metrics are all above 85% during the period from June to September 2021, which indicates that
85% of the air conditioners with run mode time can be correctly identified by the proposed
model, and the maximum load shifting time is averagedly 220 hours. The results of this
research may serve as reference for future applications of low-voltage demand response,
aggregators to identify their potential DR users, and load shedding potential evaluation of

air-conditioners located in certain areas.
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Advanced Research on Communication Integration between Community Energy

Management System and AMI Clients
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Abstract

This project uses wireless communication technology to design and integrate the Route B
communication system for the apartment-style building of Fengshan Smart Green Community with
the purpose to improve the first domestic implementation of AMI meters to the last mile (Route B)
of the user terminal. The communication quality provides more and more extensive application
services through communication equipment. We select Wi-SUN RF communication technology to
develop a new Route B communication structure. Based on the existing communication system, the
smart gateway communication architecture is simplified, and the use of a signal repeater improves
the correction of Wi-SUN signals far away from the meter, providing another economical and
low-cost communication mode, also providing important reference for Taiwan Power Company to
build Route B communication equipment.

This time, the route B infrastructure of 366 households in the smart green communities of

B 3% AR
g E A 0 D AR
R TR



Xingda’s and the Third Nuclear Power Plant’s dormitory areas will be updated. The project includes
AMI meter HAN communication module, client communication module, meter gateway
communication gateway, etc. In order to effectively manage the operation of the installed
communication equipment, this project develops an exclusive maintenance platform to operate and
monitor the status of the equipment. At the same time, in order to solve the problem of the limited
hard disk capacity of community servers, a data backup system was built to periodically store the per
minute electricity data of 366 households through automatic scheduling to extend the data storage

period.
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5G Power Consumption and Its Impact on Electrical Energy
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Abstract

Accompanied with the evolution of communication technology and the increasing demand
of the public for the Internet, more and more devices will be connected to the Internet, so as the
accelerated pace of grid intelligence. The emergence of new communication technologies has a
great impact on the operation of power grids, e.g., increase of energy consumption, altering the
public’s electricity consumption habits, and grid communication of renewable energy. In view

of such technological changes, this paper aims to discuss the impacts of 5G on power grids.

8 $855 (Key Words) : 5G(5th Generation Mobile Networks, 5G) ~ fifE(Energy Saving) ~ £kt & FEAE
(Base Sstation Energy Consumption) ~ 25 =L E1ES 5125 (3rd Generation Partnership Project, 3GPP) °

%



E A 7

TR 8 G BANAEFERRR

A Research on Power Plant Wireless Communication Performance Evaluation

B g B>
Liao, Wen-Pin Liu, Yu-Heng
L AE* g 2 PRBLE*
Jiang, Wen-Zhuang Hung, Jui-Cheng Chen, Fung-Fei

wm '

AT Y B R IR A T EN AR R~ MR R AR o NI - B
— (LRI AR P (R B A 2 AT M — B D A EI eSS - B9t > AWHust i
AT H A 2 i ER B 48 R (o th 2 S SR il RS — 3 B > Ry — U R &
&t HAEEE 2 GBS AR ME R H R 2 ESHEHEERN 2 2% -

AENERAEEEEEEN R - A REFFEE /YR E - ERETIRA Z R
RN RE BRI © BTl Z SRR ES EiE i E RRL - S i et i & 3% o
PRAH < Pl = METTREAL - MRS B HISIE Z EER e (B 5 YRR ELES » [FR > bR A (A
ZHEE TG TEEY LIRS 0 & SRS R RISRG 2 - ik - HIAERE
A fle 28 T 7Y BE M B 45 SR Hh 45 5 Bt 15 B 8 B R ARAE DAL B AR A i — Qe s
R ARSHWIE -

Abstract

The application of wireless communication technology on smart grids has the features of
system scalability, flexibility and lower installation costs, so as it has been widely discussed
among electric utilities. In this paper, we first introduce the commonly used communication
technologies and wireless communication spectrum. Next, we evaluate the performance of
existing wireless communication systems, such as 4G, 5G and WiFi. At the same time, whether
there are unwanted interference signals in the spectrum currently in use are also analyzed. Lastly,
conclusions are drawn on the measurement results of the existing wireless communication
technologies applied to power plants, to serve as a reference for Taipower to plan its wireless

communication system in the future.
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