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Abstract

Under the trend of global net zero and energy transformation, distributed energy resources
(DERSs) such as renewable energy, energy storage, and electric vehicles are massively integrated into
power grids. Despite of serving as an effective resource, DER nevertheless makes a power system
more difficult to maintain supply and demand in balance, due to the characteristics of intermittency
and low visibility, compared to traditional power plants. In order to properly control DERs, advanced
countries such as Europe and the United States have conducted researches and experiments on DER
integration and virtual power plants (VPPs) to explore low-cost, low-carbon and stable solutions.
The contents of this article include integration of demand-side and DER resources, cases of mature
business models adopted in foreign countries, and the opportunities and challenges of participating
in electricity markets, to serve as reference for the development of DER integration and VPPs in

Taiwan.
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Abstract

Based on the experience of demand response (DR) of foreign residential and commercial
customers, small-scale low-voltage (SSLV) customers when mass gathering may help electric
utilities achieve the effect of peak load shaving. In addition to reducing the peak demand and the
pressure of maintaining supply and demand in balance, DR participants can also obtain rewards of
rebates to achieve a win-win situation for the electric utility and the customers participating in DR
programs. In view of the low adjustment flexibility of DR programs, when combined with energy
management systems and smart home appliances to automatically adjust the usage of appliances,
according to the electricity prices of different time periods, the flexibility of SSLV customers and
benefits of DR programs may thus increase, and the inconvenience of traditional manual control on
the contrary decrease. In this article, we propose a feasible business model applicable to Taiwan
based on the experience of low-voltage DR programs in foreign countries such as California and

Japan.
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DR Potential Investigation and Case Analysis of Industrial Users
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Abstract

This article takes industrial users as the target, and cooperates with Taipower’s regional sales
offices, by the aid of the Esgator model, to conduct interviews with users of the same industry nature,
and according to their process procedures and equipment types, collect and establish the process
characteristics of various types of industries, and evaluate their potential to execute demand response
(DR). Apart from using AMI data analysis and questionnaire survey to evaluate the potential of DR,
the procedures established is this study have been actually applied to 63 users in 21 industries, and
the characteristics of the industrial process are collected from on-site interviews. The contents of this
article may serve as reference for the electric utilities and energy service companies (ESCOs) in

Taiwan for future DR participant recruitment.
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Abstract

This paper proposes the development and application of the VEN (Virtual-End-Node) client system
that complies with the OpenADR (Open Automated Demand Response) communication protocol.
Although the existing VEN client system provides benefits such as high execution efficiency, easy
maintenance and integration, the lack of information security considerations in the system reduces the
willingness of third-party system integrators to use it. Therefore, in order to strengthen information
security protection, this paper refines the existing OpenADR 2.0b VEN client system, introduces the
HTTPS secure network transmission protocol and the RESTful API authentication mechanism to ensure
data transmission security. In addition, to enhance the practical value of the VEN client system, this
paper selects two currently operating automated demand response VTN platforms for communication to
verify that the VEN client system can actually participate in demand response programs. The VEN
system developed in this paper has successfully passed all the test items of the OpenADR Alliance
certification tool, including registration, demand event, report, Opt service, general and Profile A, to

ensure that the messaging conforms to the OpenADR 2.0b protocol.
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Benefit Analysis of a Time-of-Use Rate Adjustment Pilot Program in Taiwan
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Abstract

With the introduction of a large number of solar photovoltaic energy, the net peak load of the
power system in Taiwan has gradually formed a so-called Duck Curve. To deal with this situation,
Taipower introduced a pilot Time-of-Use (TOU) rate for users to choose as a response to mitigate
tight power supply at night; in parallel with a price protection mechanism for users to choose to
adjust their electricity consumption patterns without risk; at the same time, think about how to
effectively communicate and promote to all users in the future. In addition to the rate adjustment of
on-peak and off-peak periods, in this study we refer to the practices of foreign power companies to
adjust the relevant electricity rates in response to the growth of renewable energy and changes of
power supply structure, as a reference for Taiwan.

By adjusting the electricity tariff and shifting the peak load time zone to the evening, this study
aims to guide users to change their behaviors of energy use, and analyze the changes in the test users'
electricity consumption behaviors, participation impact and satisfaction. At the same time, we collect
information on foreign electricity rates due to changes in power supply structure, integrate domestic
and foreign information, and identify target users under different schemes to propose tariffs that are

in line with the needs of users and Taipower so as to create a win-win results.
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Abstract

Under the background of worldwide energy transition and booming development of renewable
energy (RE), energy storage system and demand response, many countries have invested in the
research and development of smart grid related technology and energy management of electricity
consumption. Virtual power plants (VPPs) integrate controllable demand-side resources and
information communication technology to form a virtual aggregation service system to explore the
potentials for electricity market efficiency and power system flexibility improvement. With the
accelerated development of vehicle electrification in recent years, many countries have studied how
to relieve the impacts of EV charging through smart V2G charging and behavior management, to be
in line with the worldwide trend and serve as a solution dealing with RE intermittency. In this
research, we collect the electricity consumption management and business models of electric vehicles

(EVs) and charging piles in foreign countries to serve as a reference for the future planning of Taiwan.

R # e (Key Words) - & 8 i (Virtual Power Plant) ~ EE#fH (Electric Vehicle) ~ pH R
(Business Model) °

oW T N A A TR
W E VY LE
PGB E A A RS EF R



SATET LR PAH

Regional Load Analysis of Electric Buses in Taiwan
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Abstract

In response to the 2050 Net Zero Emissions (NZE) target and the Ministry of Transportation and
Communications’ policy of “full electrification of passenger buses by 20307, this study, using a system
dynamics software titled Vensim, established a regional load analysis module for electric buses in Taiwan
to evaluate the annual electricity demand increase of electric buses in six major cities ( Taipei, New
Taipei, Taoyuan, Taichung, Tainan, and Kaohsiung) by 2030. The study conducted surveys on passenger
transport operators through the design of questionnaires, and interviewed the traffic bureaus and
passenger transport operators in those cities to collect regional characteristics of passenger buses and
verify key parameters so as to establish an analysis module. The results of this study show that the demand
increase of electric buses in the six cities due to electrification are as follow: Taipei City will add 125.93
~277.05 GWhs, New Taipei City will add 105.16~231.35 GWhs, Taoyuan City will add 29.11 ~64.03
GWhs, Taichung City will add 63.65~140.02 GWhs, Tainan City will add 19.93~43.85 GWhs,
Kaohsiung City will add 38.42~84.52 GWhs. The results of this study may serve as a reference for

formulating the coping strategies of the power grid and policy for demand-side management measures.

BESEEE (Key Words) © &#)-(Electric Buses) ~ 255K [i#% #(Demand-side Management) ~ £ #4y
fir(Load Analysis) ~ £ 4t & /72 (System Dynamics) °

* AL B PR 3 B AT ~ 44K R S SR IR A A TR A 9 38 R
w4 9 I A 9 40T PR



2% 2 5, =X NI I h
g%%&r s P RFEZFARBET R
Integrate Multi Behind-the-Meter Resources into Dispatchable Virtual Power Plant

A *
Cheng, Chih-Wen

'

2020 FEERE B FLFEJFE 2 B & (Federal Energy Regulatory Commission, FERC)7EAfi 2222
SRATELER < (Order 2222) » MEFZ I AR IR S B Ty i85 - DUBRER ~ RO & 488
FISEME - SRR e R Mt BB AYPREX - ik Guidehouse Insights THG! » PR Ry 7y AE R EE BT
floReER R I R E O - PEIT 2029 5 » 2 ERTH M4 AE )5 %5 2 (Flexible Energy Capacity) » i
2020 2 55.8GW i 3 f% £ 150.3 GW = P5IT 2023 - RF4IMY » BN EEE D oL BRI 2
FRCEEZEE 31.2% - fEE Al AERETRAVAHEIE A - I B AE R - B 8 i 7
B B R G AV AR - BB E] A8 Ry b BRI AR B 0T 3 B B I (I 46 4R 1 e 38 /i /fic /&5 R = S A
PESERE . BB IREIRIT AR R RAF R o MEME - BN E NG G 0 12
Bt FE ~ RIS AIRE e ey BBk 75 - Chess A EM SRR - FRaELNE
FEE T GEMEKE-AT R REmSE P

Abstract

In 2020, the U.S. Federal Energy Regulatory Commission (FERC) issued Executive Order 2222,
which allows multiple distributed energy resources (DERS) to participate in electricity markets to quickly
and effectively improve the flexibility and resilience of power grids to cope with climate change
challenges. According to the estimate of Guidehouse Insights!!), due to the rapid growth of distributed
energy resource related technologies and a large number of grid connections, by 2029 the market of
global flexible energy capacity will triple from 55.8 GW in 2020 to 150.3 GW in 2029. On the fourth day
of the Lunar New Year in 2023, the instantaneous penetration rate of wind power plus photovoltaics in
Taiwan has exceeded 31.2% for the first time. With the continuous input of renewable energy, compared
with traditional energy, power plants have transformed into a relatively decentralized and composite type.
For this reason, Taipower has begun to readjust the planning of power supply, operation models of
generation, transmission, distribution and sales, and business models to prepare for the sustained and
rapid growth of electric power industry. In the past two years, domestic electricity trading platforms have
provided grid services, including frequency regulation, spinning and non-spinning operating reserves,
which have played a key role for the power grid.
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Abstract

To understand the global trend of decentralized grid in order to assist the energy transition in
Taiwan, this project investigates the development of distributed energy resource (DER) in Japan, the
United States of America and Australia, and summarizes the conditions for developing DER.

This project cooperates with National Chung Hsing University to actually establish self-
generated solar energy, energy storage system, demand response control equipment, NextDrive Al
energy management system (EMS) at Zhongxing Animal Farm, as well as introduce waste water
hydrogen production facilities. Through importing the above resources, the efficiency of energy
application is improved, and 37 tons of carbon emissions reduced a year.

In addition, from the simulated data of the pilot site, this project evaluates the economic benefits
of different system capacity under energy management system-controlled mode and concludes that
the economic benefit is the best when the proportion of self-use is high. As for the sales models of

the largest PV installations, under current domestic situations, the profit and internal rate of return
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(IRR) of all for sale model is the highest, followed by partial self-use model; and surplus power sold
to the grid with feed-in-tariff has the lowest profit and IRR.

Through field demonstration and domestic and foreign industry surveys, we suggest that the
industries of agriculture, fishery and animal husbandry should first improve their efficiency of energy
use, then take inventory and integrate the supply and demand resources of adjacent areas to form a
complete distributed EMS to reduce dependency on the central power grid, and participate in

electricity markets to create further benefits.
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Abstract

In recent years, in order to cooperate with the government's renewable energy (RE) policy,
Taipower has developed a transmission-level GIS visualization platform (TGIS) and a distribution-
level feeder GIS visualization platform (FGIS). Both of the platforms have been launched to provide
services. In consideration of different user interaction experience, the use of open map platform
technology for TGIS development can support map information updates more quickly. And the use
of map tile technology for FGIS development can provide services with higher system efficiency.

However, due to the increasing installation of renewable energy, in order to meet various needs
of geospatial information, it is necessary to develop a system to manage and integrate various RE
geospatial data, and through a series of data processing turn geospatial data into map tiles or images
to publish as corresponding map services. In addition, the original data can be processed, screened,
and released into a data API. On the other hand, through the mutual combination of map data and
API services, a web page map platform for internal/external display, can be established more
conveniently, quickly and precisely, to serve as an auxiliary tool for RE policy formulation, grid

connection planning, data research, among other related works.
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