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Inverter Applications based on Virtual Synchronous Generator Technology and Analysis of

International Grid Codes
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Abstract

Encouraged by government policies, the penetration rate of renewable energy continues to
increase, and renewable energy is mainly connected to the grid through power electronic converters.
In the future, a large number of power electronic converters will gradually replace the traditional
synchronous generators. However, power electronic converters lack the characteristics of inertia and
damping. Therefore, when a disturbance occurs in the power system, it will cause drastic changes in
frequency. In order to overcome the above problems, improvements in control technology for power
electronic converters can be used to overcome the problems of low inertia and low damping in power
systems. The aforementioned control technology is called virtual synchronous generator (VSG). This
study introduces the VSG technology and uses the simulation software DigSILENT PowerFactory to
verify the operating characteristics of VSG in the power grid. In addition to using Green Island as a
case for simulation, this study also analyzes the current international power grid specifications for
VSG.
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Research on Estimating Resonable Operating Reserve Quantity for Various Ancillary Services

under the Condition of High Penetration of Renewable Energy Generation
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Abstract

In recent years, Taiwan’s energy policy has been continuing to promote renewable energy, with
the goal of increasing the installed capacities of solar energy generation to 20 GWs and wind power
generation to 6.9 GWs by 2025. However, renewable energy has intermittent and unstable
characteristics. As its proportion in power system gradually increases, various ancillary service
assessment methods designed based on the traditional system architecture will face challenges. On
the other hand, the domestic ancillary service trading platform had been officially launched since
November 2021. Taipower must adjust its past thinking in preparing for ancillary services and
effectively combine internal and external resources to ensure system stability and security.

In the past two years, the research team has developed estimation and verification methods
tailored for the various ancillary services of Taiwan’s power system. These methods are based on real
practices and key conditions of ancillary service projects from global major electric utilities, as well
as the unique characteristics of the domestic system and the development of renewable energy. To
ensure that the estimation results align with the system’s actual needs, the proposed methods for
calculating the required operating reserve for various ancillary services were validated using
historical data. Additionally, an estimating platform for ancillary services was created to assist
Taipower in determining the appropriate operating reserve for these services.
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Abstract

Sudden pollutant emission incidents may cause high concentrations of pollutants to be released
into the atmosphere instantly, which will have a significant impact on the air quality in nearby areas.
When an air pollution incident occurs, understanding the dispersion of pollutants is crucial for
disaster prevention and rescue work. This study uses the HYSPLIT atmospheric dispersion model to
analyze the scope of an air pollution incident caused by the fire of a telecom equipment factory at
Shenkeng on February 20, 2024. The analysis results show that the HYSPLIT’s spatial distribution
simulation results of pollutants are consistent with the air quality monitoring data. In addition, in
order to strengthen the implementation and application of HYSPLIT model pollutant forecasting, a
real-time computation and display system for pollutant trajectories and concentrations was developed
on the web. By using this system, disaster prevention/relief personnel and decision-makers can
understand the transmission path and diffusion range of pollutants, so as to formulate corresponding
emergency response measures and enhance the effectiveness of air pollution disaster prevention and

response strategies.
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Abstract

In the previous research, error patterns were analyzed for transmission line data. A variety of
error patterns were sorted out, and repair methods were designed for each error pattern. Based on the
data characteristics, it was positioned as Errors on Transcript without Unique Solution, and the
Misstep Principle was further proposed as a rule to be followed in the process of establishing an
automated processing mechanism. Through the Misstep Principle, an automated processing
mechanism for Errors on Transcript without Unique Solution can be established in a generalized
manner. However, in many cases, due to the superposition of multiple error patterns, the automated
processing mechanism needs to be repaired multiple times before a legal revision can be obtained,
which consumes a lot of computing time and space. In this research, the establishment of a Repair
Tree and the concept of the minimum number of repair steps are used to strengthen the application
depth of the Misstep Principle in the process of automated data processing. By comparing repair
modes such as Depth-First Repair, Bounded Depth-First Repair and Breadth-First Repair, this
research successfully optimized the process of automated data processing and improved the

efficiency of automated processing.
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Abstract

Since 1979, Taipower has promoted demand response measures to guide users in managing
electricity consumption, and continues to promote the improvement measures. This study aims to
develop a low-voltage user demand response plan and user execution tests, which are remotely
controlled by the energy management system and can cooperate with Taipower’s dispatching, so that
Taipower’s automatic demand response platform can integrate with the ADR services of various types
of user cloud systems, as well as performing load control and load clipping potential analysis. In
addition, in this study we recruit campus, commercial and residential users to participate in the load
shedding test, thereby introducing Taipower’s smart load adjustment measures to low-voltage users,
and through the control of air-conditioning equipment to clip system peak loads and improve the
dispatching efficiency of the power system.

In addition to the above, in view of the implementation methods of various low-voltage demand
response plans, this study introduces third-party service providers to expand the benefits of user
aggregation and scheduling, and based on the experience of cooperation with users and the test
execution results, proposes an island-wide low-voltage user promotion strategy to expand the scale
of low-voltage user participation, improve the application efficiency of demand response, and help
improve demand response measures, expecting to serve as a reference for the formal demand
response plan.
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Capacity Upper Limit Test and Future Prospects of the Hsinchu ADCC 2nd Dispatching and

Monitoring System
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Abstract

Since the commercial operation of the Hsinchu ADCC 2nd Dispatching and Monitoring System,
its data point capacity, affected by the demand for new substations, large-custumer monitoring
systems, renewable energy monitoring and the construction of IEC 61850 substation in the Sixth
Transmission and Substation Project, has already exceeded the design upper limit. In order to slow
down the consumption of data points and ensure the normal operation of the system, 5 program
modifications have been made to expand the system data points, the ratio configuration of different
types of data points (EDB_PidToldx) in the monitoring system has been adjusted, and the
intermediary RTU has been adopted without creating a temporary location to control the usage of
data points. However, when adjusting the EDB_PidToldx data points in 2011, it was found that it
could no longer increase the number of system points, and the situation of insufficient data points
was still imminent.

To extend the operating life of the Hsinchu ADCC 2nd Dispatching and Monitoring System, the
company has changed some main hosts to a virtual machine architecture, but has not yet established
a test system for the virtual machine environment. As mentioned above, this project uses virtual
machine equipment borrowed from manufacturers to establish a test environment that simulates the
environment of the Hsinchu ADCC 2nd Dispatching and Monitoring System to verify whether the
upper limit of EDB PidToldx points can be successfully expanded. In addition, the steps and
operation time of the Hsinchu ADCC 2nd Dispatching and Monitoring System database construction
such as DB POP and EDB after the expansion are completed are recorded in detail.
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