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C HBER N S G
— - HBEEHRE
(A ERBTELWARERETTFIRE T 2001 FF£ o REKG
MEREFT2EE [EEE 8 E /1 =424 (PES, Power Engineering
Society) 2001 £ E £ 4477 A 158 £ 19 8 £ @ KB EFHRIT - 4
# 3 x T Temperature Sensitivity Analysis of System Power Profiles ; » st &
WX TEH AL A RSB BEMRESH ) HMEHN T A 18 B ZIEH
% .35 % (Control Center Issues)#a4k % » EIABALIE E N\ E 3/ ML Panel
Session Z# XEH G ABAMFARARARBRER  BENE A 4253
XX BEREEARE > AP EREAHA AR EPRI £ IEC TCS57 2%
IE T/ N iTe)— 2 P eh 548 BB 2 & @ B3R 4F ¥ (Multi-Vendor
Interoperability Testing Activities)» 2 ZBRRA AL T E B HILEBIL A
%,3€ 48 ¥ . (ISO, Independent System Operators) & & 3% # & € 8% + & RTOs
(Region Transmission Operators)ff & % 69 € /1 483842 A & 3 % 42 (Electric
network model information exchange) @ A4 4% sk 22 69 82 R LR T A 4
éﬁ%?’i\i@ﬁ s Ak @3 ABB 23R ESCA N3 dEmEHRXt4d EPRI
Fax Ty dE FMEAR | (Common Information Model, CIM) &5 5 &
RE A — AP S EREBFLELRARFE T H — KRB ARRKSL  ABB
BYRE R BN A LEIS) NS RHBX A [ Progress Report on CIM XML for
Model Exchange Interoperability Test ;» ESCA /2 3) % % 2 % X % " Price
Responsive Load in the De-Regulated Environment » i & & £ F B AE A |
ZHAERREEFAARREA 2B ERRESAL P (RDC, Regional
Dispatching Center)ﬁii?&(?— EHAHBESARRKEBHEARL T V) &
WEHEBERBRENALERIEFT B EN 2SI EHATHE 7055
A AL E S N B ey Br T R Hél"i/\’\#ﬁ
% 4k u2 A BC Hydro & /7 2 8 % % 3% " Current State of BC Hydro
EMS , & "a Future Application Environment for BC Hydro EMS ;- 4t #} BC
Hydro iz 4| ¥ wth A 4B ERERZ AR INMERA > I BRE HdofTHF
¥ A 85 R 510 4 S (EMS) 45 £ 3728 EMS £ 4 -
B m PR E A N 3) 8 £ 23 X " Market Based AGC with online



Bidding of Regulation Reserves ;> # L 4ofT# R iF T/ 8 S TixH %
Y(AGO) i — TR EEEZMBEHT  AXEHEE  REHHSHE
E‘ﬁ%#—r(real-time generation bidding)Z_ B #% -

L ERERZBXHHARIPITEBBEHALEIMARZIER R
BEBREREFXALTATHNIBRRADAKRZ ARARESERRR
HARPHEEZRAEMREM I HWHBEZILRHERRAD 24 AR

------- GILE > THAHALSHABRATHABERETELN 24 - RIE 89
LT L RBEA®RBGBIET A2 BTFF3EL8EH 25854 MW)&y
EBEAA N ARARBFERRAABEHARESHER EEREE
HABH I'CT3h 593.6MW 2488 24T R e8P ILE (A
BEEH) 62IMW thix » #E3%E 27T4AMW - it RBHRE S 4.4% >
EbPaxmp afiast ICHARELE 23MW (ARER P REF AR
7608MW ¢4 3.85% ) MER P a#EN ICH A REMLE27TIMW (A F
ER P N B4 4990MW 89 54%) M ¥R P BHREIEH 1C &8 KR

B2 36MW (AT 2R P REEH 12,760MW 85 0.28%) -
BNHERPORERATALERAALAS  BEEAICHER
Wh SA%RERPRZAE38% ML ERPHRTEFEMARLEA BA
BB ERRES BRI ERPLBERMREAGRREARBGEAE
0.05~0.1 » UMK T ¥R P A REFEEF I'CH 8 $1£38H0 0.28% -
HRHERY> 24N EEHRERAERALELF 128569078 A T4 38584
0.79 lﬁlm%lC&f}l\%zﬁéﬁéﬁ ’’’’ 4bgi@7bu25%

(=) ~ Ak g KAk 3L A 2> 8] (Hydro Quebec) | & B Bh3f A 81 f MR B R

Mg

1.Hydro-Quebec & /1 /2 3] th 5t TR

hoE Rkt % E 71 2 8 (Hydro-Quebec) & #2 Ao & K b 54 B AR
BEEHDE  VUNHBETERANAKNEE  HTEEFTEA 3151 F
KW > ® %4t F 84585 @ A& 4 (Churchill Falls)ag K /7 TR 28 & iE 542
BKW TP A S| BRATE 28 B XA TR E 60 KW AR
KAER 3 EAVER 24 BN EBETR) B] BEHAETHE -
Hydro-Quebec EH A3 A 350 ZEA P EFEERESHA A& 91.5%
(B20EP) BEXRLALIE %N E ) ZE M F 15 0.4%(14000 £ ) »
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AR B A5 0.1%(3500 F) o R¥E A A4 £ 2000 F 1 A 14 8653299 ¥

KW(E % 2% & 5 24 1600 3 KW)» 1 5 i% 5 ik 92%¢ b %, % & 70%

MR PHEE ERERAL Y - AR P A EIF(duel Fuel)sg & 23 %

g (EHRETAARMAZR)

Hydro-Quebec & ¥ 7: 8% F & B2 Mission) ' R T2 A P et EEF K

o HFRATERBIAF:

(AR A M eh Pt R ALk SR

(2)4E iR 4 32 (Energy Conversion)$1 4 /& & £

& Hydro-Quebec ¢4 F R R EH 55620 L BT - £+ 4 450 A K

B BRI ARGABMAR  BRANREHIERERA P RO QB R

B -

Hydro-Quebec % & —r#t X #2 R MR B 2148 a TR TA4E -

Hydro “Quebec & 20,676 4 § T.>2000 £z % T & 1900 18 & (& & 5 1424
) %4 Hydro-Quebec 4.5 % R AR FLAT > RARATEH € 246 H 2000

iwm 114 {5 hu¥s85 8.1% » Hydro-Quebec & 17.3%8E h#n k8] £ B o

Hydro-Quebec #98E 4 #1997 £ 5 A 1 B B4 # % & ¥ 35(Wholesale

Market) B4 > M4 AT ¥ 8 B F TG -

Hydro-Quebec & 19 £F 2 8 & 65 K & AR B 5-1% & (joint venture) 2 8] B

% Hydro-Quebec Bl &/ 3)(HQDE A 20 F 823K B L5 > (158 M

4% 8y & 18 48 T #2(Directlink, 180MW Interconnection & Murraylink

225MW interconnection) » P B K [ 69 K f&] & Bk Meiya Power IPP &4 77 A 4

AL LANBETHRQOMW)EZILE » AN BHERE—FkE

7300 B &y 5 B T 4% Transelec> ¥ A& © 5 5 EE — & 300MW

K 71 & Bx(Fortuna) & B & &4 230 KV & E # & 4 T #2 TransMantaro > & %

¥Ead &k BEE 7 L (Connetic)#y Cross Sound ik & R & B i 4%

(325MW) «

B 1% B4 5 AR B AT 569 HQ Capitech % B /2 3] B & P48 B 7 68 R FH

D N R Y T NONEI R - T O S SO AR i il ?L,F%é"ﬁi(Mlcroturbme)

ESH G eiRE S 0 lhe Xk F HQ Capitech HHif —#E A 6y H L K

BEXTh > HHEZHEARSEE S 2000 F X £ Nasdaq £ 77 22 3]
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New-Energy /8] 89 BR Z 3% T 30% -

2. B B3 A BT
Hydro-Quebec 4+ #5 £ ~ T ¥ RBUR#AE R P A48 R 2 47 (Energy
Analysis) & ¥4 % 3% (Event Management)#) F 3RS > U B E R T ¥ 695
FHREHMEE HAPRERAPAEFZANT O EMRS > Hit
Hydro-Quebec # 2000 4 B 45 #] A #7144 & & 3t 2847 » 2000 & &4 5000
BIFAAGMW AL GElKVATTFXETR  #AAEEERA
i £ 0 BATMER MV90 &9 B8 83 & 047 #3871 B 3% 3 26,000 18 KV &
FRE AL > A 2004 FRTREZAR SO000BTHA P 6B BH/R L%
(ﬁ##%l%AAMR&%y@ﬁlﬁ%ﬁAMRﬁéb%ﬁTﬁﬂ%ﬁ
38 6 B HURFS Bt BRFS o BHURES A RIR
A, BEIRSAT
(D15 548 P e ey & 4 ¢ 4(15-minutes interval load profile)
(2)A & & 4240 (Consumption Summation)
(3) 4k 2 38 3
B. ¥4
(1)Bp aF & & 439 (2)#2 A 18 #¢(Process Tracking) °
BHURA G ZRAR A 4 2001~2002 F R 4T BMARAE 6y A Gt &
(Pilot Project) » * £ 474 300 B AL ¥ A P & 4 Bp 8% E 18 (real-time
pricing) > 2001 £ %] 2003 4 M i 47 F #2464 % #t(Data Warehouse)#1 A £ 49
3% % % (Web Server) &2 £ B 3K
2003 P46 E XA P 958 T R E A48 B k60 B HIRFS -
T ERAE RE
(1) A £t %857 642 £ (Billing Date Choice) » # 2001 FBi44 3 847 -
Q) EE& R KR ERKE A4 E(Billing Consolidation) » #¢ 2002 #
Plis ik 8y i4T o
AMR 9 A B FREA G A A S0 T -
3.8 #45 B B4 B Rate Department (E&H&K ) 8 & -
Hydro-Quebec - LB 4 28R P B BN AT T HIRRLBILLE S
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% % % #)| B (Rate Regulation Board) * /i 2 &8 RAZ F M 45
(1) & #% ® #t(Load Factor)
(2)&-#2 A P B 18 #5 4% (Rate Structure for every Category Customers)
Q)L ERIBIA RS HE -
Hydro-Quebec & & #4514 38 E £t £ 700 BEE A £ R 800 L&A P 3%
8T 1500 8 EFXABE A 0 08B 15 44860 A T R B E H(Interval
Data) » £ ¥4 1000 pE A EEELBHBRA LT XKEHR > A4 500
PRAPEAETELAHERALTREM -
® tt Hydro-Quebec &4 & #45MHER DA B[ LAAL > B ALH
R BHRE N EREERITE ﬁ#%'fi?]ﬁ’élﬂ’?é@ét% o
HaBEnAassdn TREAE ¥ -HE9&83A P & Hmm(Load
Composition) & 4 3548 % B kb > FIAE— F 8760 /8565 & HAFH AR b
#.(8760 Hours Load Duration Curve) B
9 Hydro-Quebec £ 42 R A HHAREHBTREF AT F=23
FTH4+oBg  SEEESENME 145 AT LOB T L 1] 2 AskE
B TERAEBENE I BEREFEALALRZAEALELTT 20085
BREBRAPEEERRARMERL  FEEATHER

(Z)Ak 42 # Consolidated Edison &/ A3 B 8 PIRBR EME TR B AL 8 BE L %
4 B A 4T
1.3t B0 E 4 ok i@ (PLT) A P IRF
(1) & 38 & #}(broadband Data)fk# : PLT ( Powerline Telecommunication
Technology ) 424 F p %k T4 4 4%  PLT #3242 1.5 Mbps ~ 12 Mbps
TRk AsN A peik(DSL)e) R A8 - PLT 4864 IERFS
(broadband service) £ E A A EA L HEIL T — B G FE ey atb &8
LES $:1:0
(2)48 3% & 3% AR % (Telephony Voice Ip Services) :
PLT # A&7 REERT R & ERIEE IR % E3E(Voice over 1P,
VOIP) &4 T3t B > @SB T AHRARAKA R EERA - PLT
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e EERAFRERA P EXME -

(31§ 1% 72 AR 75(Video-on Demand) : A PLT A P ey —JERRRIFEAE X
— o [ AR HURA(Video on demand)fX & FLSR AR #5 £ & 7 (broad-band
service provider)®y Bt A kMG - BREEALRKAEH L AT LA
#2 5# % % (bandwidth) & 35 417 89 F1 28 -

(DR 4 B/ FPA (FEE) R -FEALES -
2.PLT T ¥ & & RRH
(D). AMR: i E L F 88 AMR T REERAALETHEE B

HAELRCRETI300E 68HEFLRTER PLCTUE AMR £ X 8

hu% g o PLC w3R4t T B B3 R IR A B IS RS 49 AE

(2)IDSM : B F R\ EHE
(3). & ¥ 5% % AR A% (utility efficiency service) :

PLT &4 IDSM TR ETEXEFT RO TENOMBRAER
(Mﬁmme’ﬂMjﬂﬁ&ﬁ§%ﬂ&&%m%%%%hﬁﬂ%*'
_g °
(4).#] £ & % & S (Niche utility products): load balancing, peak-shaving » #|

AEHGREEREMA—EE R e RAIERT LA BENE

Z s EEH M EUE L #2LkE(System Performance) -

3.5 % PLT 4935 :

PLT T % S4E60 & H RS EIA e T A AER 56742 PR (2.4 kv
~v%h)&ﬁﬁﬂwv~6%w% AL RHEXEARPREEX
%ﬁ%%ﬁ%if@%&UMym%%%ﬁ%o
(WDPLT R EETUERAENGER LG EF AL LGB AEE -
(2Q).PLT THZ# %% A Hm%ﬁm%%%ﬁmﬁﬁﬁﬁﬁn%¢ﬁa4

kv ~ 35kv)HAKE(600v A TF)E A4 L -

G)PLT 4B M H T EMAPRBET EANFE > A E L T —18"Last
mile" &) A2 R T ik o



i@ 4 46y "Last-mile" 89 SRR AT 114 > BN A BAFTHER P 3 3L A%

S RBMTHELYTHENIIBMEE -

D&~ F - FREHEBGTR
1&& 1 600v A F » ¥ /& (medium voltage): 2.4kv ~ 35kv o
& & 1 69%v Uk o
mE R AIEE 548 PLT 235 % Last mile 894 4% -

) ALBEREHBEE-—HBRTHEL I3 10 EEE: MERTSHERATHLE
BN TERAEABRGEMERF S BREL T > B RH % By
PLT @3 SR e B E ML BAE LK PLT W FIAE & o

(6) £ EEBRTHEH L4 PLT BB — 5 E A mpt
(A). & #4489 3% (Data Network)

B)E &
(C). 48 3% % 18 15 1% 8 25 (network traffic directing nodes)
(D). 13 3% Av 5 %5 (repeater)
(E). 3 1& B 12 35184 % (coupler)
(F). B 4% -
ABHMEE  ARBENG last-mile L2 @BMEFH L - # 5T &
FLHRNABEE TS SR T ERUMAANBWMEA 48
HA - FIREFE RN ABRES R BB ERET Sk
% #4#(high-speed data links) T 4 PLT i@ 21 & % if 4 5 %58 % 44
REFWHE - BEE ‘Hf‘ﬂﬁ%’f&@i R B R MR B
WIRLHRFZAR -
BE#ETHMAMKTHBNABBEETERTEBY —BEAT
i# 18 Ambient £ 4169 ¥ Bi8 6 B EH M AE KB L F A TR
E-BRETEMELBLARHALHER - AERE - SR
FoTRRL -
RERTHAEEMBEEATAMIBL ZHE -

o



(LR TURELE AR B(ETAEE Snode, ¥ B R & 2 X-
node * ¥ i A U & 25 GateWay-Node ( GW-Node ) & # 3& 3R %
repeater-ode (R-node) #f PLT :IRIFE E R EX 8 TR RIKEET
%4 o
EAUAERTHRBRIERBERZEEMEBARRN - REZ S 4
ERAAR - HEURLSERYE MATEFLBEVMEBENRTRALE
Bl R PREREL L AR TERESBAATRET 24
YA °
#k @ AMBIENT 7, 3] 57 45 &9 4% 8 &) & & A #8 & % (passive
inductive coupler)##:2 T LA 64 RIA - (T BREBEEHR B k80 B H
ERF4£4500 MmARFRAXEF G —RAMAETRERER L
BFPREXBE FAFATEKERLA R BEFESFHMAEIRSY
2)
(C)mss i@ 1548 &p 26 -
HBT4BFBERAPOSTRERL  AATERTHB ELE —ut
WHEBEE > L AT HERaEE - LR ARREE (router) -
WS R BIEIEN IO S RILA HNTREIE PLT @M% > 3
e EE ke A S A m g EHARBE TR MR TS FRENTAH
e EAZLBNM TAREZINGHEERBREEEETH -
(D)1% 3% #v 3% % (repeater )
& PLT 12 3% /&Fﬁﬁ_ﬁﬁféa BEBERFEZIREE CYH  E5
3% B 7T hwig B B A PLT ,ﬂs;% B PLT ik &8 & 2] SR T akik 45
SR AR ST T Bik@id R PLT SNSRI ER A EH K
S o {335 o3k % /A AL TR M LA AP PLT 3L T4 L0 e
BE&E o
(E)E 2 A O & 25(Home Gateway Node) : GW-Node % PLT #4742 4% 438
% Jit BR 7 (in-home service)#94%#] ¥ » in-home service .35 & #4938

8



(ko L K4B35) > W32 TEMRF VOIP» &gk FRK@EHE -
FRAOHEEZE —BEEALEE  TRE-BRELFHFA PLT 45
e ST 45 S04 B A 244 AR S SR MO SR LR IRER 0 Bl 8% PLT BUigakdik A R A%
BHRETHEASAEERAMBEHE IR ELGHF LM TIERME
At -
4 BRRA

{3k st —% PLT B8 L 8% & S B4R

(1) % %43 % 22 #%(System Level Architecture)

(2)E 8 /& 744 (Physical layer Components)

3) 35 st (Network layer Components)

(V& SKATFE24E b — AR RERT  FROFMREAMER
3k~ BIEIy o
EBARES ARG B AN PLT 2T E AT
thEHHEER o BBy AsER AR TS ey PLT @ -

QFER A 22 TERTHEBOETHEE - WEREE A ISO
ﬁﬁﬂ%%ﬁ@®$w%%%%@%ﬂﬁ%%@ﬁ%%@mmmMm
Data link layer)fr & 704 » 83045 6045 PLT #3544 69 ) #E 38R

)mes B stk - B ISO MK R 4 4 @ OSI % = & Network layer &) 7T
45 a4EZNIRG e E B T £ 35 3 AR 2R 6958 & (routing) B 4% 0 1A
R 4% E3%(VOIP) - 5:iE A M(VOD) AR & ¥ MR oy & 4% & A 43k
VPN (Virtual privating netw‘ork) °
LA B AR D ERE R xkb{L\%H&#}iiﬂ(enterprise model) ¢.3% #| B

SREFHELE L AT RILAHTRMEE  BNERREE - L 2 @Y

bk 45 L5 B A P 3k 693 % AR » X (tree and branch) @3 R - 8 & F

G TR RS EAB AN B S A% MR R o5 X EEs A BB B E g o
EREACHEBREEI et AL R CREB AT E R TEA A



AT B RS PR
S RGPS AE
AGRMEESEXATERSREYRELERALRE > AAERKE
3o @MAEEK o BBRBE -
(D&Ezgx3
EBHE AR AMRATERTEKY PLT @ -PLT B 05
W5 VRmsE L B AT IWNode) s BLEFROERTEAET
Fir 4 S-Node » & 3EAF #ii1E A 6935538 B 49 R-Node » ZHE BT UR
#2x 4 B YA O & B5(Gateway Node, GW-Node) -

Q)% S FE o fE -

APLT i 45 @AM — 4 PLTEE2 ARG E - RLE -~ &1E
E ha 3% B (rep. ~*or) > KI5 SE B (bandwidth) ~ i p SR PR AR08 B #R
T s R o

B.#& PLT % 4uit $yey 8B 42 ¢ 435 — L&Y AR B (Scalability) £ —3BE &
HWEE CEBAFE—REENLRAPL FREEBMRY AT ERTHEBY
FUESTHRABRKEABIELTFREREGFRAAKGZY - @BEETIU
Fes Moy e 5 m PLT 2 %69 P33 o
BAGFRAPLPERE R @RS ERRLES > Rt R i oA
FRRIRBENE - ABAHTHFAP EARZFNIER - 3258 o
£ A2 (Injection Point) e SAX A °
F—REHOIERBE %’J%\jw%éﬂa IR R B R R AR EE

C. MBBEHR  AHOMBTATLE ST - TRLT LIEMB S
WRAMBE - BB XIERNEHMUMBNETHRELR P RE R
Tl B ER  URABTHTELERLTURGARBERT -

D. 2% aN @B RIEE M Rk THAERRHETHERBR
(snooping), L BRBRAHMIERER PR CHBITEERART S &
2EEE LG BEAMSRHLBALRE
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E. &4 85— AP HAERIT-EMENRREMAARIEER > Mk
HIBBMITEEMSLARY - HEERBTHESLLZERE - AR - RS S
T URFAAHEINREERFRAERL -

F. Apmwit B £R Pty CPERA S E BLER LB EA 5 -
ﬁﬁﬁ%%ﬁ%%%%T%K@%%%ﬁ@%ﬁuﬁAﬁﬂﬁﬁﬁ
T EHEREBE AR REERSET -

AL ERBHEAT APREESCT —ERIOTN 24 - £ B84
& e e AR R BT e ho 3k EARAE P o

:Fr-

B
6.5 5%

FRE o adE  (D)PLT #EHK Q)86 K & k()4 8% X (line-
conditioner) °

PLT $ti54# & EAYSRMNARBEHALRBEET IR L MALR
HEBEVMBRERLTS -

PLT #54 R T/t ERINRTL HERERCATIA P OHE
> TEBITRET24%69EH -

B AL R T R A ERGEEREBRIRGTEAR- LT
bS] Ll B AE G AR L B RS R A R B4R b 8k ISO (International
Organization for Standardization) M X 2 4 F @ OSI Aa$ E ey % —
(Physical layer)$1 % = /& (Data link layer)Z f& 4o &-3f 4~ ©

U EZABE A LIBRRLLA YT R B 89 K AR L4500 A% T &
38 o

7T
B

(1) PLT #3544

PLT $tif s REBAOBAE —REBRBIREZ_RB(EHELR)H R ® M
B EHREI 84

HAFEMPATRBAEY (LB THIR) L EHRENTAE - RAOGHIEK
A SAEAERI R MAYAFOTEARBEMAER MBI TES AR
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N RTRHEESEHRE - REROBAAKEMEL -

ST N LG5 S R4%  Ambient A BEREHN R HBRERATE —HEH
BBt E > RS FBNERAFE N ENRERENEPRE ERHE
Jo R - BERBSHBNRGIMARE > AERITNEEX TR o
st BEAE B I S AL T ) R AR S B AR SUARBR VR IR -

WM B AR e RE A B © R IR T (Spread Spectrum) 2
# % 44R % T 345 OFDM (Orthogonal Frequency Division Multiplexing) « i& #
GRATTHETFREARZENAKRERTEN  HLCHRZNRALERTH
Bl BLTEBRAATASEERGPAELEM - LT L H(Wideband
Noise) » F# ~ % 2%4&(multi-path) R 44 ~ R X2 A P L E A8 -

ABSEAS N BBERX I RBATORITTH BB RATA GRS
BR o —fE%EFFHARFEHRAARBETER  MEXBLHEE T HE
AL Riaba P AYEMER - ¥R RARMAE R (DEEFIRF
7](Direct Sequence) ~ (I1)3& % 33 (Frequency Hopping) 4% #7 -

(). E 38 3 5] ¢ 3508 0 BR800 B 9A 9 2 A s BBH) F — A6 B AR B
(PRN, Pseudorandom number)Bk %7 5 7| fo LA 3 4 -

PRN & Bk #6748 % (1§ 2 A #k 0 2 F chip rate)i®& &7 B3k &£ - BT A%
EHE e RAE— AR EMBEFERN - AR TAL —BEHAEGPRNA
RAEALERER -

(A5 B4 F I 5 400 HMBUL S IR4K PRN 91 3 4 B ettt fn

TRBEIE - MIB R FERZINEMNEE o SRTREREMGIREREZ— B

BB A5 RBE SR 5T - BB oh B RS A BURB 848 KB AL
Bt -
C.RSAH AT 2

- R&# & & 1% (Cross-talk interference) :
ENEG LGSR BRERAWFENIZILEE R IREL S
FiER D Atbeh IR LB T R AE R -
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c H SR RAHE R X R
- #9242 ¢ PRN 7T 42443 5 BABAGY1E 14
* TR AR &
- BN TCAEF LRI RN EH D ERS  BEBAE R ERE R
2 RV IERWEEHTFR -
D. AR »% % T #45 : OFDM
A X »-38 % T 4547 OFDM(Orthogonal Frequency Division Multiplexing)%
& (message)is B ThA—BAENHBEFO L L1FE -
RRZMBEEEAHARFHBOFEREAREAR  dNREEAZ M A
EXF QB HERATRES AL ACBRYRAXMACEINHI M
BEREH 4 Bk 2 ey & & (cross-talk) Bl A8 2N % 2SI ETIEG AT
LA 3% o — 4B ¥ F] 4% 9% (Inter-symbol) Fe] [5 2R A% Fx o AE 47 808038 9 485 6 7T A4
Ao o E XA OAM » #4848 X FSK» B X 48424F QPSK K 4k 4y o
(Mg R HoA ey A% BAAL L F RN R E 514 1 ¥ #8448 (Discrete
Fourier Transform)é@x% o B b O AR IE 8 3T -
—EEREABBEGERE  BHEAKRFIINEREATAL - &
AR E—EEFEREREY BRAMAGEMNRRAE SR LA T
H 2 — B4 569 % ft(equalization)  FERATTHEIR S E AR F > ™ AT A4+ ¥
RRBBBIAFCERE ARG S ERMREMLR S
(IDEMZ GRS G E S FARGETUELRBAT G EERMIEHE -
4 B AL B R R ) éﬁ‘ﬁﬁﬁrf'n}?;it T &KX & e9R3R -
R — B ARESLE (channel estimation) &4 38 4 18 42 =T LA 3242 AR 25
%3 (Decoder)# i 12 5548 18 &9 B 3. 3% 4o R SL13 5% #8 3Lk (signal-to-noise ratio) o
B b 0L 3B 7T AR A3 3548 15 2R L AR SR 18 & & 8 (degradation) ©
(E)OFDM &4 254 W1 -
(D). %Mk % €828 T -
(D FRTFHEASHED D BT

\
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(II1). $ 70 16 A M 28 2R BB AS M SR 3R RAFHEFR -

(V). 3 4t B i B JEHAFRARRERA -

FAELL R & ¢

PLT $#t 4B E Hhp 2 eyt RmAies s -

BB RRRER aE —BRLLA BN BSHARKBHEGHR -
BRRROGRHOEHIE  RBRE 0 F—RBEKEL > BHHILHITH
AGC » Rk

RHBRRORBETHEGEHRREEFAR TR LR EITLNE L &R
T g B M - 153k radnse B ¢ 4000hm 2| 25 ohm -

WIBLL ARG FALLIE 3RS & PLT SIEM A8 A/D 36 R i i #
RLIEE - M A/D 3832 R E 2R MK XK NERoHEME TR - D/A &
BB BER TR RS RABLERALCHERAAZSREZELEE MR
HEA PS5 BRI R A 043 12 SRR 32 B (DSPYHAT B & 5 R IR ERARE IR 2
ey — A ERERE -

GH#HFEMB T LR AHFTEHMACE RE -

MAC B #7284 2] K 88 /% 69 B 312 5 44 4 487 55 (packet buffer)-MAC

RBREBMIEE B REEKENEN -MAC BLATRIKETHRE I A
ik 2 B ey @ 0 424 25 ¥ B (point-to-point) 89 [E A ~ A HHEE - MAC
BRRMARGOEMIPBESE - L35 A P IH - BB 133553 tb(Line SNR) ~ &
HAui@ 443t - MAC B/ RO THALE R @R EHaEREIE

B

()45 5 -

BEORTHRBANMERINZREXBTERTERE -BEOBLIBERA—R
REL(FTE)R —REEHLMRB)OE R ZRRFEX T THEGER L’
BEE)LEW - —@AE—o) OB FRRBANMAEEENRE  HELRREER
TERECERALEBELE
AYEBEE—EE-—REBETH



PR iEA R A RIRA 4 kv B 35kv RECE RTINS 0 £
W E A LA —REEHHERMGTEPIL -

PR e A B — 18 & R T 1L &) B % 4 F (long leakage-path
imMWﬁE%%%E?@ﬁ%ﬁi BTG R R A g TR TR
TR REA -G RERTEER - VERO B TUAR JHAEK
o FAsbeBAmwEirE R E B (o [R8% & % Insulation Transformer) o

PR BRDHEA KL ATRABE T AP R AT MALIENA
BERARBETLLBREILHZNRERGPIL ° SRR IS S ARE R

SERRARPABLER - MV BB HEAKEHAE TR X 485 % (passive
inductive coupler)#y ¥ B 454 -

BRE %45

BERSZHRHATEEARTERE RO KEmRTLKF 1
BEoBANEE  EEAXMTHRTLER - KRERLOESERATRT

% 600V R E ik 200A -
&R $8 4 % 4wt (Ferrite core)i% ag, » A —B4x4% > T LA BB 5
CAMASBREN _RETH L REBLORIZAARTHE ZHRE
Bl {2 TUAALEN -
Ambient 2 3) 1 /A 49 CPE R/B 4546 %5 A S s & 89 R o] £
&) — R4y 0 TR E B 4845 (capacitive coupling) & 4 R % &4 Fa &k » CPE 1K
PR 3846 5 4 81,4 — {847 3 L3R
CPE 1&JE 454 aa’rwﬁ/\ﬁrﬁ&a*ﬁ“(PCB)m ERXNRZEEECLE
BREANSBERANDTR °
3) hBEELE
ABBALE B EATRRMERE L EATRERTAEABYNE R
HHBHBAENBERSENRRMAHENRFGRTEH/E -
BBALE BN ARERETRIF —BRERKE—RBBT 3% ©
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BEARTEEWESREBA R AXLEFATRB ALK ER LR
EERE@ELBRAE—RUEFEENER -
+ & it 8% § % % (shunt capacitor) & & /£ ¥ &

REgadHgzi ARRETEL B—RATRIHTEZNR
HANEEEROARALTENRTRIEMAEERER UMY LML IR
$oeEcTRA TS ARGHBETE RS

# b # B o 87 7% B B (cut-out switch) » TR R - HH R 5 &M
B (sectionalizer) BIE 4 #H N P RETHR LEFRHBMEF L RABENR

R,

B pbho # L8 EE B R B SE1E 55 (RE) 69 3848 o 1F A8 H
M, EBNBEENETERERTHAB s R EL LA —REZLIER
BEAE  mAR-—BEHELZASEREE PR REIHRE -
£) X.(clamp-on)i st S M E £ EEETEB Y P RE TR ERKMEILE
B b et @38 st SARF)SER GG ML » B LT LUK D K B #3832 3%
W F e A R REE IR A A AR T YR SRS B SHLE
BEEEEETR” #EsE” (hotstick) LA A4 -

BHERRMBRITARZEAYRE _RARBEE M S4ERMH—
1B4E 353518 - W REXAMPB I ES R (KE) 9 PG LA AR
—BIEBEBPHEZ R TURERBEBEER SR H A TR LR
JE R R P E(cross-talk)EEHATEMBRERSIEEMNBS -

7. 4838 B LA %*ﬂré@&sis@sﬁéﬁ%
AT ERTEB LR EHERT > HNEB R ENRE,F S RBEY
MEEIFR LA |
BB B4 4 A — 188 2(Node)™ B A H 54563 A £ 4% ¢
(1).S-Node : % E /£ % T Fidh
(2).X-Node : 3% E BT YR BEwm -



(3).R-Node : &% & 4212 5% #u 3% % (repeater)ss;
(4).GW-Node : 3% & F 2 A U (home-gateway)s e
BEMEBLALERT XERER P — BN T L5 AR F5(gateway terminating
service) » E X X T 5 F %A %4 F W% (in-home network)#9:E4% » p
M 438 6,35 & 45 T B IR 4 P W15 2 Homeplug(# M &2 E 47 1@ 3 in-home
PLT) » Rt B 3% 42 49% Home PNA(Home Phoneline Networking Alliance)
P Nk e
Bk A ERGEHERIBEARBER  RBBENHE - R LY
QO,S ~ R EMMWHB ) E AN T CRM - ERHBERARIIKE
ZR(BEHsEER)RF =R (WB R EFRE I -

(1).4 T /786 25 * S-Node
GEMBREERRINTEEHI O TEABTELFER  REMLE
83 F B s X # ¥k & CLEC (Competive Local Exchange Carrier) % & F#£
AR K POP » A T AR » 24 B4 &5 K F) ¢4 /& B0 55 (WAN) R @ -
REMRBR L EEEMREREREB AT L @B -
BRGTNREN S AERTSHEATUEL TN — AR L 48
SEEB RS TMBRAEREREENREWI B A EHETE
AR Pl ANAHTE R -RAZENELTUHMAWANY
BT
FERE A 8 B R iﬁi#ﬁ]%%.ﬁ(WAN pipes)&#y % Fig & ~ RE MM A
2% 1% 4% 8) 25 (redundancy node) » B4k 4 T LUK I B B AR R SRR
MR 0 BN IR AR B 4 E R(standby power)
HEHBLLBELEARMSZENETNRRE (ko PLT EIEH)L T 4
BN RE TR LR THAREESEEERATHUER  MEE—ENE
R o PRAEMRB S RAHABGRE  OESEBE ~BE AR
BEGES URATEEHEIHAERMETAHTEER - B3I AHY T/
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EERE ARTEAGTY  ARER > PAEFEBRERFC-
() %R K& X-Node
SBREHBTRERASLE  (DTRREKIBEERTROEE - 2)F

JB B2 E 4745 3R A% H 0 Ao 9% B (repeater) © & A P 3G ho by R LB B AR A
BAEOABE  RB - ARBAHEUAEFRAEN I EARERR - R1E
BRI Hoor E 23 b E(router) A A AR M4 EE TG LIRANE
T  wREEZHENNERL > ARHETTLEERAS - ABHRE
B EOBCERBEHBHARRERY -

GUREHBR —EHALBERNERARLE CLAEA—BAEETHE
AR R TURAEN@EER BT AE SR SR EH o o g
B 55 B 2k & g FE 4 8] 3X(Conformance Testing) é3& & ] 3¢, [ & SR S
KERABE » R RAGH AR SR B R
Bl 4 287 % & % 8 25(X-Node) * 2 5840 3% & & Z5(R-Node) & % & A &) 26
(S-Node)
(3).4Z 35 4o 7% % & 25 © Repeater Node (R-Node)

AR AR RREERTRAIAERABRARANET LD

W HE > BFCHREIRALEERA A -
(4).FEADEZ . Gateway Node (GW-Node)

PLT &2 E 4% %% i@ RMIE &Y 452535 A A P 3% 69\ 0 & 25(Gateway Node) >
AR PLT MR R EHKO R @ - AU G T HE At BmEHF LR
FARGBBHERERE -

FPRBRFHEE E—ER H%%@ X #93% (Ethernet) %, i& Fi % %] [E 5 4
USB (Universal Serial Bus) & T F W5 T2 VOIP K £ 228 %14 E % POTS

8935 F s o

TERE I ERT 045 8 &3 A (AMR) A E K & & 22 (DSM) 4, 7]
SGE A AL PLT 4 4 -

AU 8 85 ey 454 s bR AE 53 P 9 4838 (in-home networks)4w & 428> £

o\ g
o/ig
&
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B 42 4% 5% i@ 21 in-home PLT (Homeplug) » % K i & 3% 498 Home PNA (The
Home Phoneline Networking Alliance & f§#%)89 &4t A ©

BEAE TR IFLHEFTEAND EHIL(GW-Node)#h B & -

—~ HEATFBRE

R~

—_— &

1

90 £ 7T A 1T B 474 £~BTF
WNWHETAISB~I B 2wBRERETIREZS 100l FFREX

E

9ETAHWB B TEWERBLAEN NN EHFE AN EARAE
AT -

90 £ 7 H228~2608 . F8d (onsolidated Edison EH 3] PIRE
A EE Ok B B3k & A S PR Bl

90 =7 B 27 B~28 B ik &aa¥~ 4 3b)

AT 3 ENT RIS

LT A2 W XEIFI K IFEE 25 4B 45 REH N2 0B m &R
LB AL XA AN PUTE REMESE

THRARZERX  REET
MESZETFABETAEZNZIERRDA LML ARERBBRRRER
LTS B REMRENN B BES LB HEARY AL A B

GILE > THALL4EERAEATAEARTIER N 2745 - BRIE 89
ELEBLAGREAHEBEIFETH 26 8BFF 3 L% a4 25854 MW)
&4

R BIBAICTHMWIBOMW 24 8 M MALATREBLILE(H
BT ER2IMW b 34633 £ 27AMW ik R I1E32 £ A 4.4%
EPEERPAREA ICHEHEILT23MW(LHEEA P RE 8 H
7608MW &4 3.85% ) MEMA P AREHA 1T a8 HEILE 27IMW (4
FERP REARAOOMW ¢554%) T ERP & HRAIEHA 1T & #

FAL B2 3MW (BT YR A RE A 12,760MW 85 0.28%) »
BARERAFPORERATALEREAMALS  BELAICHER
WA SA%EER P RZAE38% MIERPHRTEFLARLREAR
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ARG B AR EN ) — BRI ERAP X BEMRELAGRAE ERIFHR
24 0.05~0.1 > AR T ERP AREFREH ICH & HAE3E A 0.28% -

BEEREP LGN BERRERREFAELESF 128565 0-18 A F 4 3
ey 0-79 miBAt ICHEH4M A REILELH 2 5) -
20 hxBEERZBEH% A EA A Z Y (hang AERE T
ARTEHARAGREBIEHEREREER > ASREN AN E
WA S(hEHXHIRFRLMEEA P X 8 RBELREFFEE
BEALH AR EaR2HE  RAES WA ASFEENHRE
BAR G Ao KRB RRBR AR EZ &Y MAPEZRHEBEK
REBSZABWAMICAHEINZARTARIYE T2 WNE
N El e ER -

3. RMETHTABRFHALEIHARN EAMREZIZLARBEK
REMWMZ X CEF SR L EXEF R LRXENNE2@
B EHR

S ERMBILATALNFABEREZLREA P B IR BT B IR E

HEEARE TGS
Hydro-Quebec A N34 000 MABTE SN0 FEBHBRALRE IR E
AEMREAGTERS AR AP A RAEREBTRFIALRE N
B0 ARBREH APLTAEREFTENERR -
HERPIRRABHGREEHNETEH -
MBFBESFARL248RFABBFLAEHERALFATEN G4 A
EETROAPMEERAIREANESE ) A6 EHRH A REH AL
)5 o

=~ ¥ Consolidated Edison &4 23 #EH PREREME TR EHE L 4
B RETES AILEEORTS -

1 - PLT £ 246 538 B oBME & 3% S 42 4769 e 8
(1).# A P RRFE%% DSL -



$c40 A P AR A @34 (DSL, Digital Subscriber Line) B &7 #% B #HE 8k
EARPWTHRETHE 8 Mbps M54 L EA 2 4R E A
1 Mbps

{82 d BN TR R A IE B 4o o3 5A(tap) B 4E R3fr e A P
P A ®]i2 T 1 Mbps M £1% 128 kbps 8932 & - m AR R ¥4y - DSL 5
HHABRMITET PLT ey B REAEMBATK - T AP IRF
mg# ey DSL E A EENER  RPALEETEL DX
BB SSNEUNMIEME MBR LS EME R R IHIEHEHE 0 TR

—RRERARESY  REGRER mATHAERHD - T3
NI ERZE A BEER  BATHEABBEARLAZREH
k3t ey o

raEey > BAGBRBANBEHPLERTUAEXY—RHRXRAHEL
BEF G, M L PLT TR HEE I EBNFH A TERMBARIRKRER
BER - mMAARNEERIGABRTAA — 2 =@, TRIGENE

%@@%°
(2).T1 22 4.(T1 Trunks)
T1(1.544 Mbps)Z& — B EF#H LR - EIE N RS K

NE M TEREER CRETHROEGER - AMEBA HEH
BEANSBEERBEE  —REBER DI HBIARTREMA T1 #
Bty o LTI AZ—A2AHBAMAMALGRZH -

()M A -

K RTHAR ++=P%ezr43 Bk ER R T HRRER

Heemp - MAPEZLBE—ARRGHEN RERBEIKE SR
W diEM c N BRSO REREFH R AFEED2HL L
E bt A P s A% i B4 3] 435 (Web) &y 12 B R AE 56 kbps #94Kig » #1—
Az T IEHE A SRR B AR -

(4). % 4 EAR T HEHIEH © Cable Modem
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FREAEBRRESTEEONAREHELRKERAL - NELRT
ﬁ%ﬁﬁﬁ@k%%%ﬁ%%ﬁﬁ%ﬁ%%’@&w&g%gym%m
B BEHERRFE > ERERBERFORMBERALE » AR REY
REAAMBRNERAARERTERO ZHB oM SHREMNAE
BRERBRBRAPHANDEIEABRA B -

FEHRERANNLBRERBENRALZGAAEFAL BTN EE L
BRIBLENHGUNSBEAREHRTE  EREHEOE N - BLF L
EREAGOEHBRAEEAN DI mOEER L -

AW PLT A AAFPESHENBAS R B EEHAEYAE
BRI AATEYRF AN —RELERESHKBEEETL 50 £ 3] 200

BRE mEBEEEZREBETRAEZHEENOALAHTRIET D -
Ambient JaHf— AR P TEM 1 2] 10 Mbps ey B4 % - 2 RiE
PR MEsERRTREMESR -
o FRERNENERERAGERGEEEESERIE > EETHA
Fib RAAEE - @5 - #5535 (Internet telephone) B 3% % % % 41§
B OPLT TG EH S X ERBRABEM Y EMBEL -
(5). & 4. T & .18 & (Wireless Local loop) :
AN AT BN HE > R P B TUHEAERMAERBRAER
BB ER P @R EE LA ey Last-mile" N -
o T ARG BATEEMRA-—SRTAEYELELTERER
Rt eMBOREAERP AMBERE(b)ZMERRENAL £
REFECH S ERRRS 2B EEMMHERTHEEHBE ¥
W F IR ERHBRKEFARSHOVETAA -
EARGBRHAHLALRTHEFREETANERTFELRK UA
ABRFEPHTRABEMRXEAREENREABARYRAE - A A
Hut 2 4B AT X MR EAAMME - A LRE - REREWR
H B % > @ PLT 472 A Lk ey R B 5P -

q>t°
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(6). #. 4k (Fiber optics) :
AGEBRB|RZHNATIENSREREHR - BATERTTHEDTH
FLEBRRREASBERIHESTANIREHNA P RELBERE
oo RHAMMELRARTIEES BRIRRES  FEARATERE
A B %y R 38 (Right of Way) 2 A TRERRAHEB TR 21
TEMRPLTHER N WENBENG O EEHBFALBRLE RA
TEAGBANRTEBIRMSRENELNRAEEEE
2+ PLT &4 %5 ¢
(A). i & M (Coverage) :
THERHREARFLIN L OMERKEE 2 TZRHLEN
LE R4 ENE - BREEREFEH—EEE > BLPLTHXT
R BERARRN
BRAM  EHEABAERELNTRBEECARANEARLE F XY
RAM BB HEIFE -
(C)fg B4t -
Ehs@M PLT R @A T HaftheBif > B0 d
% #54E % 0 Ao (Gateway) © X £ % (Switch) & #k 82 14 R 1% 438
bR R R X B -
(D)&E /1 4 -
EHAKABENEBRMAGRERE T E/FPLT BiMGm AR E1%
%éﬁéﬂﬂgé@kﬁﬁ%ﬁﬁﬁ °
(E)B 9 » — s KA EILRMEGERPELTYO&®R  EHERL
AR -
(F)A5hEE R M Ao T A 2 52T AAE PLT 89 %1t -
S AN Z BRI
—~ PLT £4H - BARFHENEREL
(.22 2R 44+ Consolidated Edison & /723 (ConEd) #hhEAist &
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(Pilot Project) :
Ambient 2 3) $14a#9# ConEd TH 23 #2000 48 B 16 91— % 4
4200 2T RBNHHCLT AR E
A4 £ 5 B e % F .u(ConEd Learning Center)&) 50 R & 42 £ 41
G ik PLT @34 B/TEE HE 6 SR EIR @ SR 3R A
#8782k o % — #9131 £ (Alpha-Testing) £ 2000 4 11 A 20 B 7 ARl =
% - #R3tE N RA e % Z(Multi-point) B3Rt & 0 4H4 10 2] 25 EAEE
BB #2001 £5 B 5% AR
% = #93+ £ (Beta-Testing) © ALK > # 100 BEEMA P #H& K 2] 1000
BRE #2001 F 12 A 7&K
FuoodastE 2002 AR E R AR PLT 69 1t R T REA PR e
s~ @ T (VOIP) » FEHRM(VOD) ~ & 2 A1 E
BRELECBER - FPIAFER)ER P ARG L
BRETEEHRE %%ﬂ%‘“;kﬁ%ii(IDSM) AW
T4 0 AR R B %%Wﬁ’%%ﬁwmﬂ%%¥ﬁ$
AR S A K& &b -
(2).ConEd & /1 % 3) A& % Ambient PLT 2 3] ¥ 30 % & € (Advisory Board)#) —
KEE:
T ConEd EH R RKEAABHNEEN > AMTERLRRERLAS
X /% J. Bennett Jonston B BT 4 %1% Rudy Boschewitz B € B v A
Ambient ¢93%8E &€ ANEREMTH 2 ERARKINAN -
(3).Ambient PLT # 8 $Hi7ké‘3 F 1% &4 % % B Sumitomo Electric Industies
NE)H2000 &7 A 11 B 437 & @ Z(Letter of Intent) £ B A AR i# 47 PLT
hdstd URERHKANHAE PLT £ 8 ASREHTIHGERATIT
.}i °
SEI €4 &4/, 3) 2000 £8 55NN B £4 123 4§ £ L > SEI 4 2000
£ 12 B5 8% 12 B 6 8%xR%—E&ayH 4R A(Alpha Phase Joint
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Testing)» f& K IR E 77 /> ) i 18018 E A 8 PLT # B8 #6938 2034 & 120
1BE # e @ILmE MR MERNE R EFRF -

J£ B AKIRE PLT B3 A2 438 A 500 R 424 ConEd & /7 3] i3
Xey SOR % T 10 42368k » HEIEIRFS 69 R3KIESE A 350 R 4,82 ConEd #9
S0RBRS T 7/1E8E8EE -

(4)2001 1 B 25 BAFBET\EELAEYPLIT L EHATEETRAE —
BEFEANROEREHPR - BRF PSR H IR RNCLE o @R
zmm%%g£ﬁ2§;4mﬂoﬁzm1#Ei%@ﬁ%%&}%wﬁ
(Networked Beta Testing) °

(5).2000 4 12 A 42 k4542 & /1 22 8] (Detroit Edison) 52 a& % — M Fx 5 #1 25 78]3X
(Alpha Test)

(6).PLT 4= Alpha Test % — R34 & > PLT #9 & & % #Hi& % (Throughput
data rate) i 8 Mbps > M2 & #%ik % (raw data rate)A2 i& 25 Mbps °

— ~ %
1. £# F it £ R4 4 Consolidated Edison & /7 2 8] R J& 45 4% Edison & A 2
AUARBA FARERERERTHENMWHATERAGLARALRE
RIBPITHEIRES - ABTHE - RLARBRESRELAETHABE LI GRA
PhoBmEs - HENXIGHTLA B RFRERBE T —EERGH
CEAFE R
2. G kA P RERTRENBMOALRER - H AL THA
23R P BT RAEL SRR EBREEEE  RTRS - 8 5%
AOEBUERBEENELARS TS RASTOHE GiLhmeE s -
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Figure 4 shows the S-Node, R-Node and X-Node.
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Temperature Sensitivity Analysis of System Power Profiles

C.S.Chen J.C.Wang M. S.Kang
Deparument of Electrical Engincering
National Sun Yat-Sen University
Kaohsiung, Taiwan 804

Abstract- This paper proposes a novel methodology to estimate the
impact of temperature rise to the system power consumption. The load
survey study is performed to derive the typical load pattens of the
residential, commercial, and industrial customer respectively. By
analyzing the relationship of customer power consumption and
lemperature, the temperature scnsitivity of power consumption for
cach customer class is determined. By intcgrating the typical load
patterns and total energy consumption, the daily power profiles and
load composition of Taipower system has been obtained. With the
load compositions and temperature sensitivities of all customer
classes, the hourly increase of system power loading duc to
temperature rise is solved. According to the study, the peak loading of
Taipower system will be increased by 585 MW or 2.4% of the system
power demand for cach 1°C temperature rise. The actual Taipower
system loading is uscd to verify the accuracy of the temperature
sensitivity solved by the proposed method. It is concluded that the
power increase due to temperature rise has been mainly contributed
by the usage of air conditioners in the commercial and residential
customers.
Keywords: load survey, power profile synthesis, typical load
patterns, femperature sensitivity

1. INTRODUCTION

With the economic development and the increase of
national GNP, more and more air conditioners are used in the
commercial and residential sections. The air conditioning load
has contributed more than 35% of the system peak loading in
Taiwan Power Company (Taipower) to result in the
deterioration of system loading factor during recent years.
Many main transformers in the substations, which serve the
urban areas, have become over loaded in summer. A single
fault contingency in distribution system often causes serious
outage problem for the service customers.

To enhance the operation of Taipower system with such a
high percentage of air conditioners more effectively, a load
survey study has been performed in Taipower since 1993. The
power consumption of more than 968 customers over different
service classes has been collected. By analyzing the power
consumption of all test customers in the same class, the typical
load patterns of each type of customers can be derived. The
system load profiles and load composition are therefore
derived according to the hourly load contribution of cach
customer class. To assess the impact of temperature change to
the system power loading, the temperature sensitivity analysis
of the power consumption is performed for each customer class
by investigating the relationship of customer power
consumption and temperaturc. Although the power
consumption of air conditioners under different temperature
conditions has been estimated by field test {1-4], it is still a
tedious work to include the load models of end use components

J. C. Hwang
Department of Elcctrical Engincering
National Kaohsiung Institute of Technology
Kaohsiung, Taiwan 804

C. W. Huang
Power Rescarch Institute
Taiwan Power Company

in the study for the system wise load study. By the field
measurement of power consumption for the sample customers,
the temperature sensitivity of each customer class can be
evaluated more effectively by statistics methodology.

Stratified Random Sampling 10 select |
the customers for load survey study |
I

Y
llnsumson of intelligent meters to measure |
the power consumption of test customers |

Create the sequertial files of customer |

power consurption aflcr bed data |
detection by Chi-square aralysis |
I T -
— Derive the typical load patterms “‘—"“‘L“'—"‘;
Rmu‘m of each customer class JI 'Sol'wt}:lcrvummi
power corsumplion| T ' y of power |
by each Tt i consurmnption for cach !
L class from S LSynlhsis of power system profiles, ;__ CWStoner class
—
) Detenmine the merease of system power
j e ion due 1o temp change for each

customer class 1o update the system load profile |
Fig. 1 Temperature sensitivity analysis of system power consumption

II. STRATIFIED RANDOM SAMPLING OF LOAD
SURVEY STUDY ([5-7}

For load survey, it is important to select the proper
customer size for load study so that the typical load patterns
derived can effectively represent the load behavior of the class.
Since the customers within the same service class often
illustrate more similar load characteristics, the stratified
random sampling strategy is used in this paper to select the test
customers for meter installation to record the power
consumption. The total sampling size of the test customers is
determined according to the pre-defined confidential level and
the budget available for the load study. The total population
size and variances of customer power consumption within each
class are considered in (1) to determine the total sampling size
of test customers. The total sampling size is then allocated to
each class as defined by n, in (2) according to the weighting
factors, which are determined by the variance of power
consumption and total customer number in the class.

(EN,S,)?
LN n)

n= m
DATRERT
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where  n: total sampling size of test customers

H: total customer classes
Sh,Si: class variance of customer power consumption
Ni,N;: total customer number of class h
B:sampling error bound with (1—«) confidential level
According to (2), more customers have to be selected for
the class with larger variances of power consumption. On the
other hand, only few customers are selected for the class with
smaller variance of power consumption because of the
consistency of power profiles among the customers. By this
manner, the typical load patterns of all customer classes can be
solved with the same level of accuracy. Table 1 shows the total
customer number to be selected for load study in each customer

class.
Table | Samplc and population size of customer layers in Taipower district

. population | sample
layer Customer class description size size
1 |residential(1-¢ » 110V) 3,127,665 | 103
2 {commercial(1-¢ * 110V) 372,672 86
low voltage composite commercial 5
3 la-¢ - 220v) %86 | 3
low voltage composite non commercial
4 (3-¢ + 220V) 441 16
5 |low voltage industrial(3- ¢ - 220V) 72,018 109
high voltage composite commercial 9
6 3-¢ + 11KV) 1,466 125
high voltage composite non commercial
7 laeg » 1IKY) 1254 | 114
8 |high voltage industrial(3-¢ * 11KV) 4,779 306
extra high voltage industrial
% |3-¢ - 69KV or 161KV) 147 74
sum 3,581,428 | 968

I1I. PROCESS OF CUSTOMER POWER
CONSUMPTION DATA

In this study, 968 customers are selected by the above
sampling method and the intelligent meters have been installed
to measure the customer power consumption within every 15
minutes. The notebook PC is used to retrieve the customer
power consumption once every 3 months. To prevent the
- analysis bias due to abnormal power consumption, the Chi-
square test is performed on the customer power consumption to
identify the existence of bad data in (4). Fig. 2a shows the
original power consumption of a test customer and three data

of abnormal power consumption are detected.

Prob(y ! 2y.,)=¢a )
where:, 7| Threshold value of Chi-square distribution with

« significance level
By substituting the bad data with the mean power
consumption for the corresponding hours, the daily load
profiles are modified as Fig. 2b. After performing the bad data
detection, the sequential file of power consumption is then

created for cach test customer, which will be used for statistics
analysis to derive the typical load patterns for the customer
class.

Losad (KW)

50

45 s e

@ outlier

3s

30

3

20

Vs

10

H

¢ Date
Fig. 2a The original daily power ption of a test
Load (KW)

o Date
Fig. 2b The revised daily power consumption of a test customer

IV. TYPICAL LOAD PATTERNS OF CUSTOMER
CLASSES

To develop the typical load patterns for different customer
classes, the hourly power consumption of all customers within
the same class are integrated to solve the mean value and
standard deviation of customer power consumption by statistic
analysis. The daily peak value is used as the base to normalize
the hourly mean power consumption to derive the typical daily
load patterns of the customer class during each study season.

Fig. 3 shows the typical load patterns of three customer
classes during the summer season. It is found that the peak
loading of residential customers occurs at 9 PM when people
stay at home and use a lot of electric appliances such as air
conditioners (A/C), lamps and TV sets, etc. For the commercial
customers, the peak loading occurs during the business hours
from 8 AM to 10 PM with high percentage of lighting loads
and most of the A/C units are operated. For the industrial
customers, the loading variation is relatively smaller as
compared to the residential and commercial customers,
because of the implementation of load management and time of
use (TOU) rate.

[ Commercisl

12 3 4 5 6 7 8 9 3011 1213 1413 1617 191y 2021 2223 24
Time(hour)

Fig.3 The typical load patterns of three customer classes
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V. LOAD COMPOSITION

The load composition of a power system can be estimated
by the typical load patterns derived and total energy
consumption of all customers in the system. The monthly
energy consumption of each customer can be obtained by
retrieving the billing data from the customer information
system (CIS) in Taipower. The total energy consumption of the
residential, commercial, and industrial customers is calculated
by summing up the energy consumption of all customers within
the same class. According to the ratio of power consumption
and number of the weekdays and weekends in a month, the
total energy consumption by customer class i for all weekdays
E_ s determined. After allocating the total energy

consumption to each hour according to the typical load pattern
i in Fig. 3, the mean value of power consumption for customer
class i at hour j is then derived as (5).

P,
+D, * g2 ©)

H
2 P
bl

P, =E

e (X3

Where p ‘total weekdays
T’Li :typical load patterns of customer class i at hour j

By integrating the power consumption profiles of all
customer classes, the system daily power profile and load
composition can be obtained. Fig. 4 shows the synthesized
daily power profile and load composition of Taipei district in
Taipower for the summer season. It is found that both the
residential and commercial customers contribute most of the
power consumption while the industrial customers consume the
least power in the service area. The district peak load demand
is 2019 MW at 2 PM and the power demands of the
commercial and residential customers are 1038 MW and 928
MW respectively. The daily power consumption is varied with
the load behaviors of the service customers. Fig. 5 shows the
synthesized daily power profiles and load composition of
Kaohsiung district. With the development of the heavy industry
in the service area, the industrial customers have consumed
50% of the tota) district power demand. The residential and
commercial customers contribute 31% and 19% of the district
power demand respectively. The peak load demand of the
whole district is 1758 MW, which occurs at 3 PM. By
comparing Fig. 4 and Fig. S, it is found that the significant
different daily power profiles have been illustrated because of
the difference of load composition between Taipei and
Kaohsiung districts. Besides, the power consumption by
industrial customers remains very stable over the daily period,
while the commercial class consumes most of the power during
daytime period.

To verify the accuracy of the synthesized daily power
profiles and load composition in this study, the actual power
consumption of the Kaohsiung district has been recorded as
shown by the solid line in Fig. 6. It is found that the average
mismatch between the actual and synthesized load profile is
1.7%, which implies that the typical load patterns derived for
customer classes can represent the system load behavior very
accurately.
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Fig. 4 Synthesized daily power profiles of Taipei district for the summer
scason
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Fig. S Synthesized daily power profiles of Kaohsiung district for the summer
scason
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Fig. 6 Comparison of the actual and synthesized load curves (Kaohsiung
district)

V1. TEMPERATURE SENSITIVITY OF POWER
CONSUMPTION

Due to the usage of air conditioners in the commercial and
residential customer classes, the temperature rise always
introduces dramatic increase of system power demand in
Taipower. The interruptible load control has been implemented
to reduce the system peak loading during the summer season to
prevent the shortage of system capacity reserve. It is important
to investigate the temperature sensitivity of the power
consumption for each customer class in Taipower system.

The Pearson product moment analysis [8] is applied in this
study to find the relationship among the customer power
consumption, temperature and humidity. The two tail t-test in
(6) is then used to determine whether the relationship between
the above variables has reached the significant level.

r«/!—(_ :
= ©
where K is the degree of freedom and r is the correlation
coefficient

Table 2 shows the correlation coefficients and t values of
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the actual Taipower system demand, temperature and humidity.
In this paper, the significant threshold 5, o025 is set as 2.074
with 95% confidential level. The correlation coefficient of
power consumption and temperature is solved as 0.87 and the
corresponding t value is 8.3, which is much larger than the
predefined threshold value. This implies that the temperature
change will have significant impact to the system power
demand. The correlation coefficient of power consumption and
humidity is —0.22 with t value as —1.07, which means that the
variation of humidity will not cause too much change of power
consumption.

Table 2 Comelation cocfficients and t valucs of power consumption,

temperature and humidity.
Pn Tn Hn
' 1.00 0.87126 20.22208
P ) 332598 -1.06833
' 0.87126 1.00 20.4420
™ 832598 o 231118
N I 2022208 20.4420 1.00
t ~1.06833 231118 o

By performing the statistic regression analysis [9] of the
power consumption with respect to the temperature as shown in
Fig. 7, the power consumption can therefore be represented by
a polynomial function of temperature.

Residential customers

F

OO0~ =
PP Y-SR

065 070 075 0% 085 0% 095 100
Tn

Model Pn~0.26 +0.18 Tn +0.59 Tn*Tn Frequency : 94
F~105.268 Prob>F=0.000} R-square=0.698 P-mean=164.94 KW

T Prob > T
INTER 0.369 07126
Tn 0,12 09046
Ta*Tn 0729 04679
Commercial customers
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F=232.644 Prob>F=0.000) R-square=0.748 P-mewn=6304.01 KW

T Prob > [T}
12143 0.000}
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.
Industrial customers
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1201 meme e ey
TR ER i g ;k___..;‘_..-* [ 5‘0‘
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103 KA e e R
100 {72 ) >
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0.65  0J0 075 0830 085 05 095 1oa 105 LI0O
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Model: Pr=2.06 -2.57 Tn +1.52 Tn*Tn Frequency © §6
F=3.871 Prob>F=00147 R-square=0.085 P.mean=3328.28 KW

T Prob> M
INTER 2.99 0.0037
Tn -1.701 0.0928
Tn*Ta 1.342 0.069

‘ig.7 The statistic regression analysis of the power consumption with respect to the

temperature

With large R? value and small 95% confidential interval,
the power consumption of the residential and commercial
customers can be expressed as quadratic functions of
temperature in (7) and (8) respectively. On the other hand, the
power consumption of the industrial customers is randomly
distributed with temperature and less effect of temperature
change to the power consumption is concluded in (9).

Py =026 + 0.18T, + 0.59T 2 O]
Pc = 0.87 - 0.13T, +0.30T 2 ®)
Py =206 — 2.57T, +1.52T 2 ®

After solving the power consumption as functions of
temperature, the temperature sensitivity (TS) of power
consumption, which is defined as the percentage change of
power consumption for 1% temperature rise, can therefore be
derived. By differentiating the power consumption with respect
to temperature, the temperature sensitivities of power
consumption for the residential, commercial, and industrial
customers are obtained as follows.

TS, =018 +LIST, (10)
TS, =0.13 + 0.60T, (1mn
TS, =-2.57 +3.04T, (12)

Fig. 8 shows the hourly temperature sensitivities of the
power consumption for three customer classes. It is found that
the average power consumption will be increased by 1.6% and
1.1% for the residential and commercial customers when the
temperature rises by 1%. It is interesting to note that the largest
TS of commercial customers occurs at 8 AM instead of 2 PM
when temperature reaches the highest. With high temperature
at 2 PM, the duty cycle of most A/C units will approach to 1.0.
The temperature rise will not cause so much power
consumption increase as compared to the low duty cycle at 8
AM when the commercial customers begin their business.

18 TS —s— Residential —=— Industrial —~—Commercial
3
2.5
2
1.5
I
0.5
0 ¢ v
1203 45 6 7 1 9 10 11 1213 1415 16 17 1319 20 11 22 23 24
Time(hour)

Fig. 8 Temperature sensitivity of power consumption for customer classes

With the temperature sensitivity solved previously for each
customer class, the increase of system power consumption for 1
C temperature rise is derived as (13).

Ap:mvl’-”sc'*’c”sn'?% (13)

Because the power consumption of different customer class
has different temperature sensitivity the power consumption
increase of a service district due to temperature rise has to be
evaluated according to the load composition in the district.
Fig. 9 and Fig. 10 show the variation of system power profiles
for Taipei district and Kaohsiung district respectively when the
temperature changes by £2°C. With very high percentage of
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commercial loading, the power consumption of Taipei district
will be increased by 175 MW for 2°C temperature rise at 3 PM.
For Kaohsiung district which serves high percentage of
industrial customers with low TS, the power consumption
increase for the same temperature rise is only 85 MW.

Load(MW)
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P13 & $ 6 7 8 % 1011 1213 14 35 16 17 13 19 20 21 22 23 4

Time(hour)

Fig. 9 The variation of powcr consumption with temperature change
by #2°C for Taipei district
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Fig. 10 The variation of power consumption with tempcerature change
by £2°C for Kaohsiung district

According to the typical ioad patterns derived for each
customer class and total energy consumption by all customers
in the same class, the system load profile can be obtained by
integrating the power profiles of all customer classes. Fig. 11
shows the synthesized power profile and load composition of
Taipower system for July, 2000. The industrial customers
consumed 53% of the total energy consumption while the
residential and commercial customers consumed 31% and 16%
of the total system load respectively. The peak loading of
Taipower system is solved as 24765 MW at 3 PM.

Load(MW)

24000 | 3
7 Synthesized profile

Residential

Commercis!

4000 | -
2000 §
o .
V203 4 5 6 7T 8 9 10101213 14 151617 18192020 22 23 4
Time(hour)
Fig. 11 The typical daily power profile and load composition of Taipower for
July, 2000

After solving the typical power profiles and tempcrature
sensitivity for each customer class, the increases of power

consumption. For the residential, commercial, and industnial
customers when the temperature rises by 2°C has been solved
as Fig. 12 The power consumption of residential customers is
increased by 1346 MW at 10 PM when most of the A/C units
are committed. During the daytime peak period, the power
consumption of both commercial and residential customers is
increased by 536 MW respectively. For the industrial
customers, the impact of temperature rise to the power
consumption is much less significant as compared to the other
classes.

AP(MW)

——Residential —=— Industrial —— Commercial
1600

Y2 03 4 5 6 7 8 9 1012 1213 14 15 16 17 18 19 20 21 22 2) 24
Time(hour)
Fig. 12 The increase of power consumption by each customer class for 2°C
temperature rise

Fig. 13 shows the daily power profile and load composition
of Taipower system with temperature rise by 2°c.  The system

peak loading at 3 PM is increased from 24827 MW to 25995
MW duc to the temperature rise. The peak loading of
residential customers is 9180 MW at 10 PM while the peak
loading of commercial and industrial customers occurs at 3 PM
with magnitudes of 5239 MW and 12910 MW respectively.
By comparing Fig. 11 and Fig 13, it is found that very
significant effect of temperature rise to the increase of power
consumption for both commercial and residential customers.

In this paper, the actual system power consumption of
Taipower is also used to perform the statistic analysis. The
temperature sensitivity of system power consumption has been
obtained and the increase of system peak loading for 2°C
temperature rise is solved as 1204 MW for July, 2000. By
comparing to the power consumption increase of 1168MW
solved for the same temperature rise in this study the mismatch
is less than 3% and the accuracy of the proposed methodology
has therefore been verified.

MW ~4—Residential  —%— Industnial  —*— Commercial

~

123456789101 R21BI4ISIKITIBIONDARBAU
Hour

Fig. 13 The daily power profile and load compasition of Taipower system
with temperature rise 2°C.
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VII. CONCLUSION

In this paper, a systematic approach has been proposed to
solve the temperature effect to the system power consumption.
By performing the load survey study, the typical load patterns
of residential, commercial and industrial customers have been
derived. According to the energy consumption of all customers,
the hourly power demand of cach customer class has been
solved to determine the load composition and daily power
profile of Taipower system. By statistic regression analysis, the
temperature sensitivity of power consumption for each
customer class is derived. The power consumption increase
caused by temperature rise has been evaluated by the load
composition and temperature sensitivity. It is found that
Taipower system peak loading during summer season will be
increased by 1168 MW when temperature rises by 2°C, which

has been verified by the actual system power consumption.
The system power loading increase is mainly contributed by
the commercial and residential customers due to the usage of
air conditioners. The system spinning reserve has been
significantly deteriorated by the summer peak loading. To
solve the problem, the load management of A/C cycling control
for the commercial customers has been investigated by
Taipower. This paper does provide a good reference for
Taipower to determine the system load composition and
identify the potential of system peak load reduction by air
conditioner load management for each customer class.
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Introduction

Electric Power Group. LLC
Provides management and strategic consulting services for the electric power
industry.
- Focus areas include industry restructuring, competitive electric markets,
emerging technologies, venture investments and start-ups
«  Vikram S. Budhraja, President
_  Chair, Consortium for Electric Reliability Technology Solutions (CERTS)
—  Advisor, State of California, Department of Water Resources

—  Formerly President Edison Technology Solutions and Senior Vice President,
Southern California Edison Company

Consortium for Electric Reliabilitv Technologv Solutions (CERTS)

«  Consortium of U.S. Department of Energy national labs,universities, and
industry partners; managed by Lawrence Berkeley National Lab

. Mission Statement — To research, develop and commercialize electric
reliability technology solutions to protect and enhance the reliability of the U.S.
electric power system under the emerging competitive electricity market
structure
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Electric Industry Restructuring in
the U.S. A.

- EPACT 1992

— Wholesale competition and open transmission access

« FERC Orders 888, 889 — April 1996
— Functional unbundling of transmission
— Voluntary formation QflSOs

«  FERC Order 2000 — December 1999
~ — RTO Compliance Filings on October 15, 2000
— RTOs Operational December 15, 2001

+ Independent System Operators started operating in 1998
+  Five ISOs covering 30% of electric loads operating
+  FERC Order to form four big grids in the U.S. — July 2001
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Reliability Events Cause Widespread Social
Disruption and Economic Damage and Are
Qccurring With Increasing Frequency

Year Event/Location Date
1996 WSCC Outages July 2, August 10
1997 Minnesota — Wisconsin Separation June 11-12
1998 Northeast Ice Storm January 5-10
MAPP Breakup June 25
San Francisco Outage December 8 -
1999 New England states system disturbances June 7-8
Mid-Atlantic area system disturbances July 6 and July 19
New York City Outage July 6-7
Long Istand Outage July 3-8
New Jersey Outage July 5-8
Delmarva Peninsula Outage July 6
South-Centrat States Outage July 23
Chicago Outage July 30-August 12
2000 California Experience - price spikes, emergency alerts,
load cunailments.
Eastern Interconnection — three times more time-
corrections as compared with past years
2001 Outlook - Blackouts forecast in California. Reliability
concems in New York, New England
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Managing Electric Reliability in the
Competitive Market Requires Integration and
Real-Time Information Management

: FERC
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CERTS Vision
Grid Of The Future

+ Competitive electric market structure

+ Deployment of new technologies to transform the static
grid to an intelligent, automatic, switched network

« Integration of distributed technologies for generation,
storage, control, communications to support reliability
needs of the grid and customer micro-grids

« Information transparency to enhance reliability
management through market mechanisms

« Customer participation in distributed generation, energy
management, market price signals
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CERTS’ Reliability Research Program

= Tools for real-time VARs and ancillary
id Mgmt. . L .
i ﬂ:> services monitoring and tracking by ISOs
Operations and Security Coordinators
Crid F::;’b""y [L__> Grid reliability monitoring tools and power quality
Power Quality
Reliability ﬂj . Analyze market behavior under different rules
and and market design to assess reliability impacts
Markets
o Uj> Assess impact of market price signals on load
Resouree responsiveness and reliability
ﬂ:\)> Impact of distributed generation and operation
Micro-Grids of customer microgrids on reliability
Crid n:"> Technologies, scenarios, indicators, phasors,
;::::. WAMS for an automatic switchable network
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CERTS VAR Management Tool Turns Data Into
Information — Capability Could Have Prevented 1996 WSCC
Qutage
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Restructuring in California

« System was not working -- high rates, regulatory gridlock,
competing visions.

« CPUC started the retail choice debate in 1994.
Stakeholders negotiated a solution, which became the
framework for legislation passed in 1996.

+ Everyone got some of what they wanted:

© — Utilities - Stranded Cost Recovery
— Customers - Choice, Rate Freeze
— Generators - Market Access

— Regulators - Competitive Market/Unbundling
» Market structure was a product of political consensus.
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California Market Description ‘98

« 50,000 MW peak load
+ 200 billion kWh transmitted per year
+ $20 billion electricity market -
— S$100/MWh average
— $6 billion energy market - $30/MWh average
« 800 generators — capacity surpluses in California and Western grid
+ Separate Power Exchange and ISO
- Utilities effectively out of the generation business
»  Multiple energy and ancillary services markets
+ Service unbundling
« Choice for all customers
+ Reliability through markets

@ EBectne Power Group Page 10 C EBT§_

What Caused the CA Crises?

Dry hydro in PNW and load growth in
Bfy western states eliminates surplus

Dysfunctional Market

FERC “hands-off" approach to

. . wholesale market regulation
California reserve margins

decline to single digits

-- no reserve respounsibility Siting and Permitting
Bottienecks

Reliance on Spot Markets
-- utilities required to sell generation Ry

No real-time price
-- no forward contracts Ty

signals to customers

Path 15 Transmission
bottlenecks limit south to

Spot market price of gas
north transfers P F &

spikes above S60/MMBtu
- 20-30 fold increase
NOx emission costs increase
10-fold to $45 per ib

Electricity prices averaged $317/MWh in Dec. 2000 - a TENFOLD INCREASE
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California’s Spot Market Costs
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steps In to buy power
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California’s Market Performance

I ) n’_‘> « Frequent and persistent
Price Spikes + Utilities under collections exceed $12 billion - PG&E

filed for bankruptcy in April 2001

» Seriously flawed
Market ﬂ:> + Dysfunctional
Design + Under Scheduling - Up to 14,000 MW or 30%

purchases by ISO during real-time

+ Emergency alerts increasing with frequent load
Reliability

interruptions, brownouts due to supply shortage

and transmission constraints
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California’s Market Design

Transition D California did it all at once in one giant step
- D Utilities were required to divest sooner, rather
Generation
Ownership than later
D Protected customers, but disconnected them
Rate
Freeze from the market
Narket D FERC concluded market for ancillary services
Power was competitive
Y D Reliance on spot market with entire demand
ar - . .
Structure clearing at a uniform price
@ Blectnc Power Groun Page 16 .S;E.EIQ

California’s Market Design -Cont’d

Forward IE> Limited or none
Contracts
Supply E> Reliance on markets and no planning reserve
Adequacy responsibility for Load Serving Entities
Multiple []:> Under-Scheduling in day-ahead market. ISO real-time
Markets procurement of 20-30% as opposed to normal 2-3%
Persistent shortages due to load growth and little, if
Generation [|;)> any, new power plants in the last 10-15 years
Supply
Neighboring utilities can bid up prices for the last MW
DB“E'O"‘" ﬂ:> without impacting the rest of their portfolio, while
sconnect California’s entire portfolio gets priced at the last MW
Demand ﬂ::) No real-time price signals to customers; no incentives to
Participation participate during rate freeze
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Cualifornia’s Electricity Actions

+ Create a power purchase portfolio to reduce dependence on spot
market, provide price stability and certainty.

- Expedite construction of new power plants. N
+ Implement aggressive conservation and demand management program.
« Optimize use of existing transmission and expand transmission grid.

+ Optimize and coordinate use of state hydro electric resources.

- Promote small distributed generation power plants.

+ Augment natural gas supplies, pipelines, and storage facilities.

@ Bectnc Power Growup Page 18 _C.:_.E-.EI.S_.

Reliability Agenda for the U.S.
Electric Industry

Demand Participation
~ Real-Time Prices

Electric Infrastructure
- Power Plants and

Performance - DGen
- Transmission Grid - Load as Reliability
- Fuel Pipelines Resource

 Workably Competitive

- Structure and design
- Understanding correlation between
design and reliability performance,

Reliability Management
Framework

- Statutory Authority

— Mandatory Rules

- SRRO

Monitoring

Intelligent Grid
- Real-Time Controls

~ Information Transparency
- Integrating Systems and
Processes

@ Bectic Power Grouo Page 19 CERTS,




SUMMARY

Electric reliability is critical to support economic growth

Reliability incidents are increasing and resulting in substantial
economic and social disruption
—~ 1996 WSCC outage impacted 7.5 million people and cost $2 billion -
— Poor power quality impacts the U.S. economy to the tune of $150 billion
— 1999 outages in Chicago, New York, New Jersey, and other reliability
events caused substantial economic and social disruption
California is facing tenfold increase in power costs and forecasts for
rolling blackouts

California’s market has not functioned properly costing the state
billions of dollars.

To manage California’s electricity crises, the state has entered into
long term contracts, expedited construction of new power plants, and
implemented conservation and load management programs.

New industry structure defining role of utilities, state, Power Authority,
ISO is still evolving.

@ Becric Power Groun ' Page 20 LCERTS




California’s Electricity Crises

Presented to
JIEEE-PES Summer 2001

Vikram S. Budhraja
President, Electric Power Group, LLC

Chair, Consortium for Electric Reliability Technology
Solutions

July 16, 2001 - Vancouver, Canada
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Outline

« Introduction

o Electric Industry Restructuring in the U.S.A.

+ Reliability Events Cause Widespread Damage with Increasing Frequency
«  Managing Electric Reliability in the Competitive Market
« CERTS Vision - Grid of the Future

« CERTS Reliability Research Program

+  Restructuring in California

+ California Market Description - 1998

+ . What Caused the California Crises?

+ Spot Gas Prices

+  NOy Emission Costs

« California’s Spot Market Purchases — Average Cost

+ California’s Market Performance

« California’s Market Design

» California’s Electricity Action Plan

+ Reliability Agenda for the U.S. Electric Industry
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Introduction

Electric Power Group, LLC
«  Provides management and strategic consulting services for the electric power
industry.
. Focus areas include industry restructuring, competitive electric markets,
emerging technologies, venture investments and start-ups
«  Vikram S. Budhraja, President
—  Chair, Consortium for Electric Reliability Technology Solutions (CERTS)
_  Advisor, State of California, Department of Water Resources

- Formerly President Edison Technology Solutions and Senior Vice President,
Southern California Edison Company

Consortium for Electric Reliability Technology Solutions (CERTS)

. Consortium of U.S. Department of Energy national labs,universities, and
industry partners; managed by Lawrence Berkeley National Lab

«  Mission Statement — To research, develop and commercialize electric |
reliability technology solutions to protect and enhance the reliability of the uU.S.
electric power system under the emerging competitive electricity market
structure

@ Electric Power Group Page2 CE RTS

Electric Industry Restructuring in
the U.S. A.

« EPACT 1992

— Wholesale competition and open transmission access

- FERC Orders 888, 889 — April 1996
— Functional unbundling of transmission
— Voluntary formation of ISOs

+ FERC Order 2000 — December 1999
= RTO Compliance Filings on October 15, 2000
- RTOs Operational December 15, 2001

- Independent System Operators started operating in 1998
« Five ISOs covering 30% of electric loads operating

« FERC Order to form four big grids in the U.S. — July 2001
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Reliability Events Cause Widespread Social
Disruption and Economic Damage and Are

Occurring With Increasing Frequency

Year Event/Location Date
1996 WSCC Outages July 2, August 10
1997 Minnesota — Wisconsin Separation June 11-12
1998 Northeast Ice Storm January 5-10
MAPP Breakup June 25
San Francisco Outage December 8
1999 New England states system disturbances June 7-8
Mid-Atlantic area system disturbances July 6 and July 19
New York City Outage July 6-7
Long Island Outage July 3-8
New Jersey Outage July 5-8
Delmarva Peninsula Outage July 6
South-Central States Outage July 23
Chicago Outage July 30-August 12
2000 California Experience — price spikes, emergency alers,
load curtaiiments.
Eastern Interconnection — three times more time-
corrections as compared with past years
2001 Outlook - Blackouts forecast in California. Reliability
concems in New York, New England
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Managing Electric Keliability in the
Competitive Market Requires Integration and
Real-Time Information Management

Customers
i FERC State :
Competitive Regulated Regulated ~
i - Utility Owned H

i - 150 Controlled

;F o o
s h
Distributed
Generation

Power
Generation

A
Power Mkis.
& Rellability
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CERTS Vision
Grid Of The Future

Competitive electric market structure

Deployment of new technologies to transform the static
grid to an intelligent, automatic, switched network

Integration of distributed technologies for generation,
storage, control, communications to support reliability
needs of the grid and customer micro-grids

Information transparency to enhance reliability
management through market mechanisms

Customer participation in distributed generation, energy
management, market price signals

@ Bectnc Power Groun Page & ,_Cvg.

CERTS’ Reliability Research Program

Y Tools for real-time VARSs and ancillary
id Mgmt. . o .
e ﬂ——_> services monitoring and tracking by ISOs
Operations and Security Coordinators
id Reliability R ERRTIE fenr :
Gri Retiability D Grid reliability monitoring tools and power quality
Power Quality
Reliabiity ﬂ:> Analyze market behavior under different rules
© and and market design to assess reliability impacts
Markets
: Assess impact of market price signals on load
Load as a . d reliabili
Resource responsiveness and reliability
ﬂ‘_J) Impact of distributed generation and operation
Micro-Grids of customer microgrids on reliability
Grid ﬁ:> Technologies, scenarios, indicators, phasors,
P‘_’:(‘:‘; WAMS for an automatic switchable network
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CERTS VAR Management Tool Turns Data Into
Information — Capability Could Have Prevented 1996 wscc
Outage
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Restructuring in California

+ System was not working -- high rates, regulatory gridlock,
competing visions.

+ CPUC started the retail choice debate in 1994.
Stakeholders negotiated a solution, which became the
framework for legislation passed in 1996.

» Everyone got some of what they wanted:

© — Utilities - Stranded Cost Recovery
— Customers - Choice, Rate Freeze
— Generators - Market Access

- Regulators - Competitive Market/Unbundling
+ Market structure was a product of political consensus.

@ Elecinc Power Group Page 9 .c.;.ﬁ RT§




California Market Description ‘98

+ 50,000 MW peak load
+ 200 billion kWh transmitted per year
+ $20 billion electricity market —
— $100/MWh average
— $6 billion energy market - $30/MWh average
- 800 generators — capacity surpluses in California and Westem grid
+  Separate Power Exchange and ISO
«  Utilities effectively out of the generation business
«  Multiple energy and ancillary services markets
« Service unbundling
» Choice for all customers
+ Reliability through markets

§ Bectnc Power Group Page 10 .g.g BI&

What Caused the CA Crises?

Dry hydro in PNW and load growth in
western states eliminates surplus

Dysfunctional Market

FERC “hands-off" approach to

California reserve margins wholesale market regulation

decline to single digits
-- no reserve responsibility Siting and Permirting
Bottlenecks

No real-time price

- 1o forward contracts signals to customers

Path 15 Transmission
bottlenecks limit south to

Spot market price of gas
north transfers po P &

spikes above S60MMBtu
— 20-30 fold increase
NOx emission costs increase
10-fold to $45 perlb

Electricity prices averaged $317/MWh in Dec. 2000 —a TENFOLD INCREASE

@ Bectnc Power Group Page 11 EEBI&

®
cElE
A%
e}

D 2T o yeohf B 0 1% {EL'O\} M%m\ )

) /9‘) Nox M%b‘ﬂ “Bon |o’;‘7i , 4s L/%_
MURTATE TR AL F (AR L/



Spot Natural Gas Prices
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California’s Spot Market Costs
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California’s Market Performance

i . ﬂ'_‘> + Frequent and persistent
Price Spikes + Utilities under collections exceed S$12 billion - PG&E

filed for bankruptey in April 2001

N

+ Seriously flawed
f\l{ir_kﬂ m + Dysfunctional
Design » Under Scheduling - Up to 14,000 MW or 30%

purchases by ISO during real-time

Reliability interruptions, brownouts due to supply shortage

and transmission constraints

D * Emergency alerts increasing with frequent load
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California’s Market Design

Teansition E> California did it all at once in one giant step
Generation ll:f> Utilities were required to divest sooner, rather
Ownership than later
[,:> Protected customers, but disconnected them
Rate
Freeze from the market
—— H:> FERC concluded market for ancillary services
Market .
Power was competitive
Y II:) Reliance on spot market with entire demand
Structure clearing at a uniform price
@ Becine Power Grows Page 16 LERTS

California’s Market Design -Cont’d

Supply |/
Neighboring utilities can bid up prices for the last MW

Forward H:> Limited or none
Contracts
Supply D Reliance on markets and no planning reserve
Adcquacy responsibility for Load Serving Entities
Multi D Under-Scheduling in day-ahead market. ISO real-time
ultiple
Markets procurement of 20-30% as opposed to normal 2-3%
Persistent shortages due to load growth and little, if
Generation []:) any, new power plants in the last 10-15 years
Regional ﬂ::> without impacting the rest of their portfolio, while
Disconnect California’s entire portfolio gets priced at the last MW
D No real-time price signals to customers; no incentives to
Demand

Participation participate during rate freeze

# Boctrc Power Group Page 15 CER




California’s Electricity Actions

+ Create a power purchase portfolio to reduce dependence on spot
market, provide price stability and certainty.

» Expedite construction of new power plants. .
*+ Implement aggressive conservation and demand management program.
* Optimize use of existing transmission and expand transmission grid.

* Optimize and coordinate use of state hydro electric resources.

*  Promote small distributed generation power plants.

* Augment natural gas supplies, pipelines, and storage facilities.
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Reliability Agenda for the U.S.

Electric Industry

Electric Infrastructure
~ Power Plants and

Demand Participation
- Real-Time Prices

Performance - DGen
- Transmission Grid - Load as Reliability
- Fuel Pipelines Resource

Workably Competitive

- Structure and design
- Understanding correlation between
design and reliabifity performance

Reliability Management

Framework Intelligent Grid
~ Statutory Authority - Real-Time Controls
- Mandatory Rules - Information Transparency
- SRRO - lIntegrating Systems and
Monitoring Processes
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SUMMARY

* Electric reliability is critical to support economic growth

* Reliability incidents are increasing and resulting in substantial
economic and social disruption
— 1996 WSCC outage impacted 7.5 million people and cost $2 billion -
- Poor power quality impacts the U.S. economy to the tune of $150 billion
— 1999 outages in Chicago, New York, New Jersey, and other reliability
events caused substantial economic and social disruption
* Califomia is facing tenfold increase in power costs and forecasts for
rolling blackouts

+ California’s market has not functioned properly costing the state
billions of dollars.

* To manage California’s electricity crises, the state has entered into
long term contracts, expedited construction of new power plants, and
implemented conservation and load management programs. :

* New industry structure defining role of utilities, state, Power Authority,
ISO is still evolving.
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