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A Study on Technical Requirements for Non-conventional Power Resources Participating in

Ancillary Service Market
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Abstract

The Electricity Trading Platform unveiled in July 2021 by Taiwan Power Company
paves the way for non-conventional power resources, €.g., energy storage systems, demand
response, co-generation and renewable energy, to trade their dispatchable capacity in the
day-ahead ancillary service market (AS Market), which comprises three products, namely
frequency regulation, spinning and supplemental reserves.

This study focuses on the technical and regulatory designs, including capability
requirements, pre-qualification, metering and telemetry, and registration procedures, for
non-conventional power resources to participate in AS Market. The regulatory study
presented in this paper is expected to formulate a preliminary technical guidance for
potential participants, such as owners of storage equipment, aggregators of demand
response and entities of co-generation. Thus, the flexibility of Taiwan’s power system can

be further enhanced to cope with the rapid development of renewable energy.
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A Research on Power System Inertia
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Abstract

As the proportion of renewable energy increases, the equivalent inertia of power systems
will gradually decrease. Consequently, power systems will face situations of increasing
ROCOF, decreasing reserve capacity, and drastic frequency variations. Therefore, power
systems shall incorporate the factor of system inertia into the planning and operation
considerations. The major contents of this paper is based on the research results of a project
commissioned by Taipower, including estimation methods for inertia, important parameters
that affect frequency response of a power system, critical inertia of a power system, unit
scheduling strategies in line with inertia constraint limits, renewable energy integrated with the
power system of Taipower, and the establishment of various prediction models by considering
different accident scenarios and renewable power penetration. In terms of the strategies to
improve frequency responses, this project discusses how to improve power system inertia
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through control strategies aiming at renewable energy and energy storage systems, along with
conducting a equivalent model for the purposes of simulations and system analyses. In
addition, a structure of the program interface for power system inertia has been established to
record PMU low-frequency events of the power system of Taipower and to estimate/simulate

the system inertia at the time of low-frequency events with the aid of PSS/E.
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Operation Mode Applicable to Domestic Electric Vehicle Charging Facilities
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Abstract

Accompanied with government policy related to electric vehicles (EV), the electricity
demand for domestic electric vehicle (EV) charging facilities and the number of
installations are expected to grow significantly. Due to the future needs for infrastructures
and communication standards of EV charging facilities, issues such as power line
deployment of EV charging facilities, energy management strategies of charging point
operators (CPO), and international communication standards of EV charging facilities
should be further investigated to serve as reference for Taiwan Power Company.

This paper aims to introduce the basic architecture of charging station management
system (CSMS) and the EV charging power scheduling optimization algorithm developed
in this study. Based on the proposed architecture, we have accomplished three integrated
simulation/demonstration of three systems, namely CSMS, demand response management
system (DRMS) and electricity load management optimizer (ELMO), along with user
interface platforms for each of the three systems, and a demonstration site of charging piles

and busway power wiring in the basement of Taipower’s Taipei City District Office.
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By R E* Bt #*
Yang, Hong-Tzer Liao, Jian-Tang
EER* B Ak B[4S FE FH
Lee, Yi-Jui Wu, Yi-Syuan Kuo, Ting-Wei

m '

P A RE R Ry TR B 5 e i BB B A ] B 2 BRI > 21T H AT B e HE Y
KIGREEAE 11355 - 5 R RIERREZE > HEBRIHRAE L iR E 2 DR BT =
BRIEIMATEE R4 - FARE AR A PR T IR i RAVA TR > HAREIRES
e BV AR 2 B - AR IMBHSNEE (AL Z BAS nTRE SRR & A - U H e AR R AR A
TyZRHE—B T - AL B EREIRBERA B h &kaE S bR S AV KIZRESR B /P - BHEEH
PR e Z fERe R EEDL - WHREEIL ~ T - MEZERFERE - FASEAFER
REER - A CRISHE RS 2 RIZREF S AMEFEE - Kitiime FElt
IR Z R RNEERE - HEVITE R n RIS & L&A S > S BUF#

BA(E R BRI E 225 -

Abstract

Renewable energy (RE) is regarded as an important technology-indispensable for carbon
reduction and the development of a sustainable environment. However, two most widely used
technologies, namely solar and wind power generation, are both susceptible to weather factors.
Short-term weather changes may cause drastic power output fluctuation and cause consequential
effects to the power grid. Energy storage system (ESS) is the most common output smoothing
solution among the others. Although owners of RE facilities are responsible for stabilizing their
own power output, additional costs of ESS may nevertheless reduce their earnings. Therefore,

further research is needy before formulating relevant regulations.

This article takes solar photovoltaic (PV), accounting for the highest RE penetration in the
energy policy planning of Taiwan, as an example to develop ESS scheduling algorithm for the
purpose of RE output smoothing. Based on historical regional power generation data, including
northern, central, and southern Taiwan, an optimal installed capacity of ESS may thus be
determined, along with considering the influences of different penalty rates, PV power
curtailment strategies, and sharing ESS capacity amid PV farms in different regions. The results
of this study may serve as a reference for solar energy companies and government agencies to

draft their investment plans or regulations.
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Abstract

To serve as reference for Taipower to cope with government policies, e.g., energy
transformation and electricity market reform, this study uses the methods of Delphi
Questionnaire and Analytic Hierarchy Process (AHP) Questionnaire, on review of an energy
technology roadmap made public by the International Energy Agency (IEA), to analyze various
electric technologies through the measures of screening and ranking. The results of this study
may help establish an internal consensus within the organization, on the topic of 2030 TPC
Foresight Electric Technologies, so as to improve the efficiency and effectiveness of resource
utilization. Based on two scenarios and four technology grouping, we list eleven foresight

technologies for Taipower' to carry out the follow-up R&D configuration.
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Methods to Evaluate the Operating Reserve Requirements under High Renewable

Penetration Scenario
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Abstract

The ancillary service (A.S.) market platform, developed by Taiwan Power Company
(TPC) and commercialized in November 2021, includes three submarkets-ancillary services
Regulation Reserve (RR), Instantaneous Reserve (IR) and Supplemental Reserve (SupR). The
mission of A.S. is to maintain frequency stability and security of the power system under
normal and abnormal conditions-also known as operating reserves. According to the
government’s set goal to boost renewable energy (RE), installed capacities of photovoltaic and
offshore wind power shall respectively reach 20GW and 5.6GW in 2025. Consequently, system
inertia will decrease due to high RE penetration and result in significant frequency
fluctuations. To maintain reliability and resiliency of the power system, it is necessary to
quantify the aforementioned A.S. in a prudent way.

This paper introduces the market rules regarding A.S. of the areas of high RE penetration,

“ e.g., ERCOT, PJM, AEMO, NGESO, EirGrid and OCCTO, to serve as reference for TPC to “

quantify the requirements of Operating Reserve.
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Day-ahead Solar Power Forecasting Based on Weather Classification
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Abstract

Solar power forecasting technology basically includes procedures of data processing and
establishment of forecasting models. There is close correlation between power generation and
solar irradiance. Correspondingly, when solar irradiance can be predicted accurately, the
accuracy of solar power generation forecast can be significantly improved. However, there is
still a lot of room for improving solar irradiance forecasting due to the limitation of numerical
weather prediction (NWP). Therefore, it is important to improve the accuracy of related
forecast technologies, such as data processing. According to literature review, classification of
weather patterns is an important method for data preprocessing among others. When different
weather patterns can be classified, the corresponding prediction models can be established, and
the forecasting accuracy can be improved effectively. This paper attempts to establish a variety
of methods to classify weather patterns. The aforesaid methods include typical clustering
classification, season-based classification, time-based classification (morning or afternoon),
and the classification according to data’s amplitude and variance. The research results
demonstrate that forecasting methods based on weather classification can improve the

accuracy of day-ahead forecasts.
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A Study on Wind Turbine Frequency Regulation Technologies Applicable to TPC Power System
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Abstract

The generation of offshore wind power in Taiwan will significantly increase in the coming
years. How to maintain the frequency stability of power system has become an important issue.
This paper discusses in details the structure of wind turbines and main frequency control
technologies, e.g., droop control, inertia control, step inertia control and fast power reserve
control, which will be written into user-defined PSS/E models to simulate the actual frequency
responses of TPC power system. The simulation results demonstrate that the use of inertia
control technologies may help achieve frequency improvement related to increasing transient
frequency nadir. The results of this research may serve as a reference for Taipower to plan and

design the frequency control mode and mechanism of wind turbines.
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Abstract

Taichung Area Dispatch Control Center (TADCC), a division of Taichung Power Supply
Department, is responsible for the operation and dispatch of the transmission network and
related substations with voltage below 161 kV within Taichung, Changhua, and Nantou. The
work content of TADCC includes alarms triggered by equipment failures, power grid
equipment failure handling, notification of various power outages and power restoration
operations, recognizing the actions of protection relay and fault causes, and figures such as
voltage, current waveform, amplitude, circuit breaker action sequence, and equipment failure
displayed on the oscilloscope screen. This paper studies various information generated by
power grid equipment failures and seeks to utilize practical experience to improve the

operation and scheduling of power grid.
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