_ E S TR AR
WILEY

S AcBMEASNA

Smart Grid:Technology and Applications

[(HrE =] EAI - RKMWHE 5 (Janaka Ekanayake)
[BrE=-+F] ZEEE - FIIE7S (Kithsiri Liyanage)
S #dh (Jianzhong Wu)

[AZ<] REE#&E L (Akihiko Yokoyama)

[RE] Ex - E&H(Nick Jenkins)

I

MinlE % W HEE XITF FIF

SMART
GRID

TECHNOLOGY AND APPLICATIONS

HLbk Tl HH i3t

CHINA MACHINE PRESS YWILEY




XFHFH

EXKBEBHRFERNBEHH
RzRiRit . EREAR~. FIA
WMHERSEERK (ICT) F
mRMERERAENEZR. &
REEB M A ST AYIC TRE DTS
. ENsuthEsl T—EB
RERET. A BB/TTERER
MNEEMS, HEERTTICTHE
ACEEMER [R5 R FH PSS REER
RIS REXEIIRIN A -

ABEEBES. BFHNITE
MIEREHRARAR .. Ere
IEf &2 SRR E A A\ e &8 MR

BiRiE, JLIEEHRERIE
KR, BFABREFINEN
BT EReEB ML F BRI
A, BEUEKOAREFRLTHFR
EEIFIARBREREZmEEX




[ B HL TR S RE B2 AR A

SHEBRMRASNA

[ #E=2-F] RBARLE - BEKHIHESL (Janaka Ekanayake)
[ME2F] RS - Al A (Kithsiri Liyanage)
X &Y (Jianzhong Wu)  F
[ BA] #AZ AL (Akihiko Yokoyama)
[#%E] RS - B2 (Nick Jenkins)
e Rk om REE XEE O FF

S

o

oA T ¥ d R



AAiammied TR MIEOR SN, e T SHER iR M R Stia
FTRE B SEAEEAR (1CT), feRk, M Fd & A b soR, LUK
REVFIF 190 55 T SR O BT F) FL ) v 1 BB RE B AR o A it it ) £t
X RE R W (907 T BT EAT TR oMy, 5 mT DA T S 4R A RE
WIASE A SRl B IS 5 07 PE BT 2

AP AR TR MR, AShie. REIRSN ) TREAE AR
GABHE LMY A H SURAF R T A IS B 20bE TR T (63 REHL 1)
ARG SR TR AR AN LS5

Copyright © 2012 John Wiley & Sons, Ltd.

All Right Reserved. This translation published under license. Authorized
translation from English language edtion, entitled Smart Grid: Technology and
Applications, ISBN: 978-0-470-97409-4, by Janaka Ekanayake, Kithsiri
Liyanage, Jianzhong Wu, Akihiko Yokoyama and Nick Jenkins, Published by
John Wiley & Sons. No part of this book may be reproduced in any form without
the written permission of the original copyrights holder.

AAS R SCHRA T R Wiley SEAHU Tl tH OB S R, A28 Hh it
HAEAVE, AR AT MER D I R a2, AT, #
ENIL5E

AR EER G RES B 01-2012-5201 5,

EHBERSEB (CIP) #iE

HEEHME ARG A/ () BN - JRENHETE (Janaka Ekanayake)
SR IMERIESERE . —Jbat: MUl H kL, 2016. 11

(EPRH R TR H AR EMN)

A AL Smart Grid Technology and Applications

ISBN 978-7-111-55038-9

[.OF-- 1I.OHE---QVfi--- 1. O Geda il - M -1F5
V. DTM76

rh i RRAS I B R CIP Bl A% 5 (2016) 5239223 %5

B Tk At (ki T FER #7225 WRECSHAD 100037 )
WX, B P SUARgeE. Bk

TR, W OB Bt . SR

TULEH], 2 ¥

AT FE SEER 45 A R /] BRI

2017 4E 1 H45 1 WS 1 IRENRI

169mm X 239mm - 16. 25 EI3K - 294 T-¢

0 001—30007H}

PREBS . ISBN 978-7-111-55038-9

EMr . 79.000C

JLEAAS, i s ol BIoT, PO, fAH RATER
EENA P 45 R 55

R4 & ifiek . 010-88361066  HL T. B K. www. cmpbook. com

B HAL . 010-68326294 Ml T H 1. weibo. com/cmpl952
010-88379203 4 B OM. www. golden—book. com

HE LB iR H # IR HE MRS M . www. cmpedu. com



¥ & 7

Bk MR E R WOy A, BAEFHNIARERMNERA, BEEK, &
BEHA, B AEHEA G EENGEERNTAEN, UL LH L
APXENERARCRRRE, AREHERN L 2%, TELE, EHKE,
WRERRAR, RIERERE, ENEATHLOLESE N, LAXH P T E,
By, EE, B R RIS ER S, AT EREE., L ERERFGEIR
Ktk K FWERELRES T, mTRAFEIFE GG S, WEE R tE
REST N, ZEEATHREANKEAER, BT EENERENIRE LAWY
R G R,

AEFNALH, FAHN BT ERERNF RN ELEFAERA (ICT), #
B, ME, BHEEHAEA, FEREANEERMWEENE N BT 5 R
K, FHAXAENG AR T W5 F X 87 k38 g W70, i
ATUAHEBEHE NN EMERS TENAE R, o, LEHFES
W, 2R 0 A 55 5L IR B R TR A + 0 R B ik, AR AR I e R W 7 T AT
AT BN E AT, EAENBERMNEE, ELAEH,

AENEENFAHE, FHENHR, TRgsheNOEHERECER, A
FARK, BHMNESELXMES, REAFHNEE, REEHELAL, B A%
EAT, AR TFRBERESNA, URBERALEE, B4, PREENETER
REFENAPIA, BT FENANGE, ZAKE, B, A6 L0 THRE
F3, ARARA LN ABEEZHRNME, FEEHF—E,

KA mismEARBEF TREENBITREAH, MmEaxE1, 5,6,
T8 EWMBEE, KWMAFE9, 10, 11, 12 EWEEF, EHEATE 2, 3 5H
BE, XZANFTE4EZNHE, 2 58F, XN, RATENTEH TR,
Bu, BH, kT, KE, A+R, LA%E BRE, HFER. NEE. TR,
BRI, GHETFRE, AFWHARTTHEEINER AR/ ¥4 (61203100)
o m R EART NS H (2016MS42) By, Eihk mEHE, &E, R
MM I B TEF AL EEFERTHEFLBRFALTHFEEEML
T, RAE AR B AT DL

HTEZKRTHR, #ho A —RERZ 24, BiES KEHERITFHRE,

b3 g
2016 48 H Ak S R2#



& & W Jr

Janaka Ekanayake

Janaka Ekanayake T 1990 3K 5 #f £ 2~ K M4 /Z B I (Peradeniya) K % Hy
WASHETFTIREFEFM, HT195 FEAEEMHHAFHRZEEAZR
HREATEE ¥, fE R EREEFEKR (Cadiff) K¥FH—4 7R,
ERZMGERMAERTIAFRAGHFIRANHR., W EEFTRE T HEHF
MARTHA, THERRELLSFN, iz -4 EMTAF, IET (¥(ETHE
HA¥4L) 4+ IEEE [RAS5EFIRFHS (£)] B4R/, IESL (#F
EIRIRF¥2) 2R, MAERAEXRT 0 2B MBMTHX, F6F3 K
=

Kithsiri Liyanage

Kithsiri Liyanage £ # 2 2 FRuUE LT A FH A 58 F & ZH&K, T
1983 FHRBMALERL T AFH T FFLFAMA, FT 191 FRERALAFITFHE
+FA, M7E 1993 ~1994 FlE G AEEETAFHA TR RANEF AR, FT
2008 ~2010 FEER T AF B A GHEHATE P CHETEFH, AKXT
OABXRTHEEENNASERH AN BX, HARTHEENERENTH
ICT (FREREEHA) KA,

Jianzhong Wu

Jianzhong Wu 45 F 1999 4£ 2001 £ 412004 £ £ EH K2 Kk FH G ¥+
MM LA, Y HEEREAFEHR, T2006 FmNEMATHFAE, B
2008 FI s R R K F TR FR P, oy EEZFR 7 maFd b ik
AR, AEER AR EFLTE ML ELTE, £h IET, IEEE
f1ACM [HEMWES ($£)] 27, AEXRTI042BAX, H#E6F1 AL%F,

Akihiko Yokoyama

Akihiko Yokoyama 45| T 1979 4£ | 1981 441 1984 4£ 7 H KK ¥ K F 3k 15
+, BEMEEFMA, B2000 FRECTATAFHAIERARR, YENT
F¥HEEMNAFMRAHK, WNAZOTAPRAEFLHR, G EEHE
FEHETEEN R R AN G EE, Fa M, R I ARSI TEF2 (IEE]) W



BRER, BRIV SNAHKF¥S (JSIAM) | IEEE X CIGRE ( E Fr A & F #

Nick Jenkins

Nick Jenkins T 1992 ~2008 4F7& & #1 s A & T1E, HEHAEFi £k K F 8
THARBEL VST, EF4ENTVYRNALET, BF5EE£XEFER,
EFdAkRFE, AT XTHARBEIEATHEARFENRFZRHIE, H
B#TZ IET, IEEE X 2 X TR 8y« £, % CIGRE #9748 & &, 2009 ~2011
A2 R A E T EAR A AR S IR E B9 Shimizu 17 B %3,



ARENEALTEELREAREL T RNEZLTE, £EHAAENLE
R, EZHMBHALRENELSRABEREA (ICT) FINEE A R4, A
S SR T DA T A AR L P 7 RRAR AR, A P BOR R R S HE Y ICT 45 %
HREAATE, AR, RENFAFERNBRAATELE LT — L ICT &4
i, EXHBGERAFXLPARRLE (HE) FHLEZ L,

B NEEEARERNBER-EAN TN, HEH g BET T
FMEHRRETES 50N ZAMNEATY, b NI UREEFRERR
R, HEFABRE L XETHARENAR, 9, x TEHLURNATELR
EXE, FE, vEH, OXRMRMNEFEZRHMXEE T AN ZFH, cREERLE
B HE 5% AR AR A e Tk A B K |

KB B E ARG — Bt e m F AR ANt 5 WM, il
BAMEHTREFAB 2R, RELSHWERENNE A TE, EAH LA X
SEMTATRARBATT AIERNET, X EE TREN RAANREART AL X
P N E R R e A

KEREFNEFE, BR, HEZ |, XEMXENARLESHRERF
HEFTHEEESE, CREFINHAARIENET, AT HEEFEL N ZAHK
e

1) #1HLHICT (£2~4%F);

2) B2¥ontkE, ME, BHREHMLER (£5~8F);

3) B3 WMo NE I EFEBERAR (F9~12%),

KERTWZAEFE A EAAMBIAT IS, Sl RABE T L Ly T ¥
BEMLERETNE, F2~4F, £5~TEUREI~11 FX A B4 X% F ik
—b, ExAAMERGTEENREET S, #BH2~5F, £0F, £ 12 %
ENENE B Y,

REBANBLTET AR ERA, TUHEFRFR TEEARA R B8R K
2, UBB I EF i NB F i MR+,



NS L

RANEFRABENREER R TR B FRP L, ZAEMNNTE, K
B IR F E R, A EERMRE AT, S&C HRAMMARFTELAE . K
TRANE, BAREATMRRAKEE S HEARARFTELFTFL L ARSR
ey K E W, JEH R John Lacari X A 5 # 8 & ] fr e = 3 T4E; Jun Li-
ang, Lee Thomas, Alasdair Burchill | Panagiotis Papadopoulos, Carlos Ugalde — Loo
Folnaki Grau £ AN E S FE, 11 TRF 12 FRE W E E; Mahesh Sooriyaban-
dara AT B ZH B %ﬁﬁ', YL % Luke Livermore, Kamal Samarakoon, Yan He. Sug-
ath Jayasinghe X Bieshoy Awad % A % ¥ i # Bf .



20 W 1 R I

2-D 2-dimensional Yk

3-D 3-dimensional =4

3G 3rd Generation mobile systems FEABIHE RS

3GpPP 3rd Generation Partnership Project F =AM H

ACL Asynchronous Connectionless Link S0 TC I R
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ADMD After Diversity Maximum Demand Ja ZREER R R
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ADSS All-Dielectric Self—Supporting A5 A AR
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ARIMA Autoregressive Integrated Moving Average H [ H RS 345 8
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BES Bartery Energy Storage

BEV Battery Electric Vehicles

BPL Broadband over Power Line

CB Circuit Breaker

CC Constant Current

CI Customer Interruptions

CIM Common Information Model

CIS Customer Information System

CML Customer Minutes Lost

COSEM Companion Specification for Ehergy Me-
tering

CSC Current Source Converter

CSC- Current Source Converter High Voltage DC

HVDC

CSMA/CD  Carrier Sense Multiple Access/ Collision De-
tect

CT Current Transformer

CTI Computer Telephony Integration

CV Constant Voltage

CVT Capacitor Voltage Transformers

DAC Digital to Analogue Converter

DARPA Defense Advanced Research Project
Agency

DB Demand Bidding

DCC Diode—Clamped Converter

DER Distributed Energy Resources

DES Data Encryption Standard

DFIG Doubly Fed Induction Generators

DG Distributed Generation

DLC Direct Load Control
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DMS
DMSC

DNO
DNS
DR
DSB
DSI
DSL
DSM
DSP
DSR
DVR
EDGE

EMI
EMS
ESS
EU
EV
FACTS
FCL
FCS
FFD
FM
FPC
FSIG
FSK
FTP
GEO
GGSN

Distribution Management System

Distribution Management System

Controller
Distribution Network Operators
Domain Name Server
Demand Response
Demand-Side Bidding
Demand-Side Integration
Digital Subscriber Lines
Demand-Side Management
Digital Signal Processor
Demand-Side Response

Dynamic Voltage Restorer

Enhanced Data Rates for GSM Evolution

Electromagnetic Interference
Energy Management System
Extended Service Set
European Union

Electric Vehicles

Flexible AC Transmission Systems

Fault Current Limiters

Frame Check Sequence

Full Function Device

Facilities Management

Full Power Converter

Fixed Speed Induction Generator
Frequency Shift Keying

File Transfer Protocol
Geostationary Orbit

Gateway GPRS Support Node
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GIS Gas Insulated Substations

GIS Geographic Information System

GPRS General Packet Radio Service

GPS Global Positioning System

GSM Global System for Mobile Communica-
tions

GTO Gate Turn—off ( Thyristor)

HAN Home— Area Network

HDLC High—Level Data Link Control

HMI Human Machine Interface

HTTP Hypertext Transfer Protocol

HVAC Heating, Ventilation, Air Conditioning

HVDC High Voltage DC

ICT Information and Communication Technol-
ogy

IED Intelligent Electronic Device

IGBT Insulated Gate Bipolar Transistor

IGCT Insulated Gate Commutated Thyristor

Ip Internet Protocol

IPFC Interline Power Flow Controller

IPng IP Next Generation

[Psec Internet Protocol Security

ITE Information Technology Equipment

KDC Key Distribution Centre

LAN Local Area Network

LCD Liquid Crystal Displays

LED Light Emitting Diodes

LLC Logical Link Control

LMU Line Matching Unit

LOLP Loss of Load Probability

M2C Multi—Modular Converter
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METI
MGCC
MMS
MOSFET

MPLS
MPPT
MSB
MTSO
NAN
NERC CIP

NOP
NPC
OCGT
OFDM
OFDMA

OLTC
OMS
OPGW
PCM
PDC
PET
PGA
PHEV

PLC

Multi Agent System

Message Digest

Metre Data Management system
Ministry of Economy, Trade and Industry
Micro Grid Central Controllers
Manufacturing Message Specification

Metal Oxide Semiconductor Field Effect

Transistor

Multi Protocol Label Switching

Maximum Power Point Tracking

Most Significant Bit

Mobile Telephone Switching Office
Neighbourhood Area Network

North America Electric Reliability Corpo-

ration— Critical Infrastructure Protection

Normally Open Point
Neutral—Point—Clamped

Open Cycle Gas Turbines

Orthogonal Frequency Multiplexing
Orthogonal Frequency Division Multiple

Access

On-Load Tap Changers
Outage Management System
OPtical Ground Wires

Pulse Code Modulation
Phasor Data Concentrator
Polyethylene Terephathalate
Programmable Gain Amplifier

Plug—in Hybrid Electric Vehicles

Power Line Carrier
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PLL
PMU
PSK
PSS
PSTN
PV
PWM
RFD
RMU
RTU
SAP
SCADA
SCE
SCO
SGCC
SGSN
SHA
SMES
SMTP
SNR
SOC
SVC
TCP
TCR
TCSC

THD
TSC

TSSC
UHV
UML

Phase Locked Loop

Phasor Measurement Units

Phase Shift Keying

Power System Stabilisers

Public Switched Telephone Network
Photovoltaic

Pulse Width Modulation

Reduced Function Device

Ring Main Unit

Remote Terminal Unit

Session Announcement Protocol
Supervisory Control and Data Acquisition
Southern California Edison
Synchronous Connection Orientated
State Grid Corporation of China
Serving GPRS Support Node

Secure Hash Algorithm
Superconducting Magnetic Energy Storage
Simple Mail Transfer Protocol
Signal to Noise Ratio

State Of Charge

Static Var Compensator
Transmission Control Protocol
Thyristor Controlled Reactor

Thvristor Controlled Series Capacitor

Total Harmonic Distortion
Thyristor Switched Capacitor
Thyristor Switched Series Capacitor
Ultra High Voltage

Unified Modelling Language
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UPFC Unified Power Flow Controller

UPS Uninterruptable Power Supplies

URL Uniform Resource Locator

UTP Unshielded Twisted Pair

VPN Virtual Private Network

VPP Virtual Power Plant

VSC Voltage Source Converter

VSC-ES Voltage Source Converters with Energy Stor-
age

VSC- Voltage Source Converter HVDC

HVDC

VT Voltage Transformer

WAMPAC Wide Area Monitoring, Protection and
Control

WAMS Wide— Area Measurement Systems

WAN Wide Area Network

WiMax Worldwide Interoperability for Microwave
Access

WLAN Wireless LAN

WLAV Weighted Least Absolute Value

WLS Weighted Least Square

WPAN Wireless Public Area Networks

XOR Exclusive OR
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