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A Discussion of Demand-side Energy Internet from the Perspective of Integrated Operation

Interoperability Protocols for Distributed Energy Resources (DERS)
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Abstract

This paper evaluates operation difficulties caused by ligh penetration of wind / solar
renewable energy (RE) productions that the power system mught encounter in year 2025. The
paper then reviews three studies on the demand-side protocol of power ufility, conducted by the
Bureau of Standards, Metrology and Inspections (BSMI): (1) The use cases of applying OpenADR
to integrated operation of the ADR (automated demand response), on aw-conditioning (AC) load,
and the DERs, both of demand-side mucrognds; (2) The OpenADR / IEC 61850-8-2 data
conversion standards designed for the reverse power (RP) operation of demand-side microgrids by
resource aggregators (RAs) to fulfill Taipower’s nteroperability requirement; (3) The Wi-SUN use
cases of B-route (between smart meters and smart home/bmlding energy management system
HEMS/BEMS) to meet the NCC (National Comnmimcations Commnission) requirement. In the
final part of thus paper, we evaluate the deficiency of these demand-side DERs and ADR protocols
when dealing with lugh-penetration of RE in 2025. Based on the evaluation results, we then
investigate the design concept of demand-side energy internet (EI) and make suggestions on the
future development of demand-side EI in Tarwan.
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Research and Application of Smart Grid Architecture Model
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Abstract

One of the major challenges in today’s electric power system 1s the mtegration of renewable
and distributed energy resources(DER). Due to the volatile behaviors and the decentralized
locations of these distributed energy resources, a complicated adnunistration of bidirectional
energy flows 1s necessary to balance generation and consumption. In order to meet the rapid
growth of these DER_ the power system needs to transform into a Smart Gnid and a Smart Gnd
Architecture Model (SGAM) needs to be developed. Therefore, proper tools and analytical
methods are essential to support the development. Tlus paper adopts the reference architecture
model to analyze the interoperability of the SGAM. A use case 15 conducted and five
interoperability layers m the SGAM are analyzed. Cooperating with other domain experts, we’ll
carry out future study and make improvements, and then deternune more Smart Grid scenarios and
use cases by adopting SGAM.
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R&D and Application of Interoperability for Renewable Energy — A Case Study of Real-time

Information System for Private Renewable Facilities
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Abstract

In order to capture the real-time generation data of private PV plants, this paper bwlds a
demonstrative infrastructure to collect and transmut PV data. The real-time generation data
collected from more than 100 PV plants have been integrated into tlus infrastructure. An
estimating model based on IDW upscaling method has also been implemented The model
estimates the power generation of unmomnitored plants by using the data from nearby monitored
plants. The RMSE of the model 15 0.042 kW/kWp, and the ratio of monthly estimated energy
generation to the reference data 15 89.22%. Furthermore, we give some suggestions for amending

the renewable energy regulations.
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A Study and Discussion on Interconnection of Distributed Energy Resources
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Abstract

Distributed Energy Resource (DER) 15 a technology and power system using grid to connect a
variety of small power generations and energy storage equipment. Unlike distributed power
generations, cenfralized generation, such as coal-fired, gas-fired, nuclear, hydro and other large
traditional power plants, usually transnuts the power generated over long distance to the load
through transnussion lines. In contrast, distributed power generation 1s a regional, decentralized,
modular and more flexible power generation technology. Since DER. 1s located close to the load
side, thus the transmission line losses could be reduced and energy efficiency could be optinuzed.

Tlus paper introduces an important element of DER integration development - mformation
interconnection, which 1s also one of the keys to the success of Smart Gnd. Through the
international standard IEC 61850 established by the International Electrotechmcal Commnussion
(IEC), all kinds of common DER data are standardized at the source so as to facilitate the data
collection and real-time dispatch performed by Distnibuted Energy Resource Management System
(DEEMS) in the firture.
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Disturbance Recorder Implementation in IEC 61850
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Abstract

Today digital IEDs using IEC 61850 protocol for fault recording, protection and control (and
the exchange of critical data between them) are gamming acceptance and bringing about new
applications. In the past, the use of GOOSE messages for substation automation was linuted fo
trippmg schemes, triggermng disturbance recorders and providing position indication for
mterlockmng. If 1s known that disturbance fault recorders (DFRs) can provide crucial power system
status mformation, including fault records, swing records, event capture, and switchgear status. In
modern power substations that have been integrated using TEC 61850 standard, protective devices
publish tripping events to the LAN; DFRs can subscribe to those messages or commands to trigger
the appropriate channels (to save the information needed for future extended evaluation). In other
words, relays and recorders should continuously communicate, usmg GOOSE messages to track
power system behavior mn both fault and normal condifions. This paper explamns mteroperability
principles and discusses the benefits of IEC 61850 applications with DFRs. It describes real time
stmulations that use relay testing equipment to generate GOOSE messages associated with the
protection functions of a multifunctional line protection relay. Protective devices trigger the DFRs,
capturing the records for post-event analysis of the overall system Interoperability 1s venified by
using relays provided by two different suppliers.
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The Study and Application of CIM for Smart Grid
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Abstract

In response to the development needs of the smart prid, IEC has established a reference
arclutecture for power system management and information exchange WVarous standards are
established based on not only different aspects of power generation, transnussion, distribution,
decentralized energy, users, but also different levels of procedures, fields, substations, operations,
enterprises, market. Among all the standards, IEC 61850 1s the standard document for the new
generation power monitoring technology, and CIM 1s used as the information model for each
power system and the standard for information exchange Tlus article will explain the mformation
models and harmonization of these two standards.
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Market Fairness Issues for Smart Grids
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Abstract

The most important task for the liberalization of the electricity industry 1s to "show the
real-time value of electricity." Therefore, operations specific to smart grid such like real-time
dispatch, real-time metering, and real-time notification become the key factors to the success of
liberalization. Some faimess issues ., as a resulf, have emerged: (1) user selection of dynamuc
pricing, (2) allocation of smart grid mvestment costs, and (3) concerns about network information
securtty. In Tarwan, the umqueness of market design gives rise to additional factors that may

affect the market power: (1) user mformation monopoly and (2) the basis of automated
decision-making.
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A Study on Information Security and Applications of Smart Grid Interoperability
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Abstract

Smart gnids, the power gnds equipped with networking capability, are gammng populanty.
Since smart grid plays a key role in cnitical mfrastructure, the information secunity becomes the
most mmportant 1ssue. Tarwan Information Security Center at National Chung Hsing University
(TWISC@NCHU) established in 2005 has bemg focusing on the research and development of
information security mechamisms m smart gnids. In this article, we describe four specific topics
addressed by TWISC@NCHU, which are (1) secure remote firmware update, (2) IEC 62056v8-
compliant crypto module design, (3) defense capability of smart meter agamst side channel
attacks, and (4) information security montoring for renewable energy .

R #EA] (Key Words) : #)#4 5 #r(Firmware Update) ~ #7i:48(Internet of Things) ~ fi1%%(Cryptography)
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Abstract

The purpose of this article 1s to mtroduce the project of Open System for Energy Services
(OS4ES) i the Europe. According to the requirement of the Smart Gnd, a solution of
interoperabilify of energy services was proposed. There would be a common information model to
let the DER systems and the Smart Grid Actors share the same interface while commumcating
with each other. The project defined 13 use cases. It used the architecture which 1s suitable for the
DER systems and the Smart Gnd Actors. According to the use cases and architecture, the XMPP
muddleware, which 1s compatible with TEC 61850, was used. Finally, lab test and field test were
conducted for system infegration testing. The solution of energy service applications m Europe
would be a good reference for developing the energy services in Tarwan.
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Abstract

The smart gnd transmuts power mformation through commumecation facilities, and achieve
automation and mtelligence of power dispatching, power information disclosure, power system
protection through intelligent control. A variety of comnmmnication technologies are applied to the
smart grid. The various devices m the power gnd transmut information by way of selected
comnmmication technologies. Even though the same commmmication standard 1s used at both ends
of the mformaftion transmmssion, they may not be able to communicate due fo different
manufacturers’ different design . Problems like thus are called “interoperabulity’ problems.

In this paper, focusing on several common or trendy comnmnication technologies such as
G3-PLC, OpenADR and IEC 61850 employed in the smart grid, we will introduce and discuss
related tests and certifications from the perspective of mnteroperability.
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