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Control Methods and International Standards for Grid-forming Inverters
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Abstract

With the rapid development of renewable energy and energy storage systems, there are more
and more power generation devices based on inverters, referred to as inverter-based resources (IBR).
The traditional power system mainly generates electricity through synchronous generators. However,
renewable energy and energy storage systems mainly convert direct current (DC) power into
alternating current (AC) power through inverters and then transmit it to the grid. In the early stages
of renewable energy development, the amount of renewable energy was still small, and the main
inverter control method is grid-following, which, as the name implies, follows the voltage and
frequency of the grid and provides active and reactive power to the grid. Research shows that if grid-
following inverters are used continuously and their share exceeds 30%, grid instability will occur.
Therefore, to increase the grid stability, the application of grid-forming inverters has gradually
received attention. However, grid-forming inverters have different control methods. Understanding
various control methods will help understand the characteristics of grid-forming inverters. This study

introduces the characteristics, model parameters and applications of grid-forming inverters.
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Planning and Construction Practice of the Longtan Energy Storage System Project
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Abstract

This article uses Taipower’s Longtan Energy Storage System Turnkey Project as an example to
illustrate the planning process and construction content of the energy storage system construction.

The project’s engineering contents include: planning and design, infrastructure, equipment
installation, pipeline engineering, equipment testing, adjustment testing, performance testing and
verification, and reliability testing. If classified by system, they are grid-connected equipment (high-
voltage gas-insulated switchgear, transformer), energy storage equipment (PCS, energy storage
container, HVAC, energy management system), auxiliary power supply equipment (DC charger, UPS,
low-voltage switchboard), emergency generator, surveillance system, fire protection equipment, etc.
In addition to the above, the content of this project also includes education and training after

completion, and maintenance and warranty after completion.

FR#EEE (Key Words) © & Jy##i 247 (Power Conversion System, PCS) ~ ££EES B 4% (Energy
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The Impact of Reserve Capacity Market Operation Mechanism on Power Supply Stability
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Abstract

The substantial growth in the generation capacity of grid-connected renewable energy and the
proportion of this power generation has not only led to a serious shortage of reserve capacity, but
also brought unprecedented challenges to power dispatching and stability of power supply. In view
of this, many countries have proposed various countermeasures, among which the reform of the
market mechanism of reserve capacity (i.e. capacity market) has become the focus of attention. Since
the contribution of renewable energy to reserve capacity will gradually decrease as its penetration
rate grows, the costs of reserve capacity and overall electricity prices in foreign power markets have
continued to rise in recent years. This study aims to analyze and compares the reliability standards,
considerations and criteria for setting reserve capacity targets in various countries, and examines the
criteria for determining whether a power generation source can provide qualified reserve capacity.
With the help of case analysis of the costs and transaction prices of reserve capacity, the paper further
analyzes the advantages and disadvantages of international capacity market mechanisms and
operation modes of market transaction, as well as the reasonable pricing of reserve capacity
transaction to serve as reference for establishing the market mechanism of reserve capacity in Taiwan.
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Power System Operation Practice under Extreme Accidents - Taking the 403 Earthquake in

2024 as an Example
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Abstract

At 7:58 am on April 3, 2024, a strong earthquake of magnitude 7.2 (referred to as the 403
Earthquake) occurred off the coast of Hualien, causing a total of 3,240 MW generating capability in
several power plants to trip one after another. The system frequency thus dropped to 59.46 Hz,
causing the first stage of the under-frequency load shedding scheme to be activated and automatic
tripping out of the pumped storage generator. In addition, offshore wind turbines far away in the
Taiwan Strait were unable to supply power because the inductor equipment detected shaking, causing
the line to trip. The system lost a huge amount of power in a short period of time, but except for a
very small number of power transmission equipment damaged directly by the earthquake, no serious
power outage occurred. This kind of power dispatching experience is truly rare. This article records
in detail the impact of the 403 Earthquake on the power system and provides relevant operation

experience and suggestions for reference.

BE $Esr (Key Words) © (& 48 H1#k (Under-frequency Load Shedding) ~ & #4H (Pumped Storage
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Frequency Control, AFC) o
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Abstract

Under the trend of energy transition, there have been many cases of implementing demand
response (DR) for low-voltage users internationally. In addition to the significant improvement in
electricity efficiency on the demand side, the overall electricity consumption has also shown positive
feedback, which shows the development potential of implementing DR for low-voltage users.
However, the current DR programs in Taiwan are mostly implemented for high-voltage users, and
the model of aggregating DR for low-voltage users in Taiwan in the future remains to be explored.

This study aims to aggregate low-voltage commercial and residential users and design a
feasibility demonstration of DR based on “equipment control roles,” “DR service types,” and “DR
feedback mechanisms,” to observe the behavior and situational patterns of users participating in DR
and further analyze the current status of low-voltage users participating in the electricity market.
Additionally, this project integrates the application of energy storage systems (ESS) to assess their
impact on the effectiveness of user participation in DR, as well as the future development potential
of energy storage systems for low-voltage users. Finally, considering Taiwan’s electric industry
environment and the 2050 net-zero emissions policy, a blueprint for the short-, medium-, and long-
term development of Taiwan’s low-voltage DR and participation in the electricity market is proposed.
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Factors Affecting Nitrogen Oxides of Thermal Power Plants and the Countermeasures
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Abstract

The government pays more and more attention to environmental protection issues. Although
thermal power plants can provide stable power generation, the pollution problems caused by such
power plants have gradually attracted public attention. Among them, the impact of emission
pollutants such as nitrogen oxides (NOx) and sulfur oxides (SOx) is particularly important. Through
tests and experiments on pollutants by domestic and foreign scholars, we are provided with precise
scientific evidence. This paper discusses the factors affecting NOx emitted by coal-fired power
plants. In summary, the factors affecting nitrogen oxides provide a basis for the control of pollutant

emissions from thermal power plants.
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Development Trend of Intelligent Efficiency and Evaluation of Energy-Saving Benefit
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Abstract

“Energy efficiency” is regarded as the “priority fuel” for the global net-zero transition.
Intelligent efficiency will drive energy efficiency improvements and create new visions, while
developing innovative energy efficiency solutions and business models. This paper studies the
current status and trends of international intelligent efficiency policies, smart devices and smart
homes, evaluates the energy-saving rates of major smart devices and smart homes at different levels,
and proposes strategic recommendations for the development of intelligent efficiency in Taiwan,
which may serve as a reference for government agencies, state-owned enterprises or private
enterprises to promote intelligent efficiency policies or actions. Intelligent efficiency is not just about
improving the efficiency of individual equipment, but also emphasizes the integration and
optimization of building electrical equipment. Energy management system is the key technology for
the integration of building electrical equipment and is also a necessary equipment for building
intelligence upgrade. Smart buildings are an area of intelligent efficiency application with high
energy-saving potential, especially when extended to grid-interactive buildings. Regarding the
development strategy of smart efficiency in Taiwan, this paper proposes the following
recommendations: (1) Expand the promotion of smart energy-saving labels; (2) Expand the
construction of energy management systems; (3) Subsidize smart energy-saving demonstration
projects; (4) Promote a smart energy-saving financing system.
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Practical Experience of Using Virtual Reality in Shield Tunneling
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Abstract

Virtual Reality (VR) is a simulated 3D space created by computers. Users use head-mounted
devices and handles, and at the same time use spatial sensors to detect the equipment on the user’s
body, sense the spatial coordinates of the real world and bring this information into the virtual space
simulated by the computer to combine them together, giving the user the illusion of being in a virtual
space and able to interact with 3D models.

This paper aims to introduce the project of “161kV Datan (A) ~ Meihu Line Pipeline Turnkey
Project (Second Work Area)” commissioned by the Northern Construction Office of the Power
Transmission and Transformation Engineering Department of Taipower in cooperation with the
government’s policy goal of developing offshore wind power. The entire underground cable pipeline
of the afore-mentioned project is located in Hukou Township, Hsinchu County, on major roads and
densely populated residential areas. In order to reduce the impact on traffic, interference with the
public and crossing rivers and Taiwan Railway tracks, shield tunneling method is employed. This
paper explains how Sinotech Engineering Consultants, Ltd. applies virtual reality to occupational
safety and health education and training in shield tunneling, in order to provide practical R&D

experience for reference.
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