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1. ol A1

1.1 SOHA|E
ahze] REAE AR 2ulAkdA Tke] RAlRke] % b
ol 95% oS AXElAL o, olF T L - FFEo] FFHAL UE

AlZpel wls 71A ool o]Foixa Q. A S5 d U A|(Balancing
Energy)9} R ZAH]X(Ancillary Service)7} Z=wAlde] Fa AgdEoln
GHS2 o] ohd Ak A Felolt.

18 12 WRHSH AFIF ERCOTS 2

ERCOT Bilateral Market

Electricity sellers Electricity buyers

\
Serving ’

Entities

Private bilateral
Resources >

Retail
Customers

Balanced schedules of loads -

VS - resources. Also information
on transactions required to
support reliability.

£X : ERCOT Board Orientation, ERCOT

QSEx BHAlks &8 TREdd FadSe] dABtes ARl =3
WA 8 (Balanced Schedule) [ 2" HZAH| 2 AlE-S ERCOTO]| A|
Z3}al, ERCOTE EE QSERREH 3+ oy X|(Balancing Energy)e} HZ
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18 13 ERCOT MHAES Heli+=

——p Key Information Flow |:| Non-Regulated Organizations
Power Flow m Regulated Organizations

Qualified Scheduling Entity (QSE)
' N A '

v v v

Power Load Aggregator
Resource » Marketer » Serving > ((g)gtignal)
(Optional) Entity (LSE) P

\ 4
J1aWoisny/Iawnsuo)

ZX : ERCOT Board Orientation, ERCOT

1.2 204A|E

A Aol s iﬂﬂ*l%}—% ERCOTO| AvfgwgA W74 2 7
FAE £ - TE 59 g4 5 HeEske e eln. Anrpt &
e HAE deete dabe o2 2o O &HApE 71 avleE Al
(CR, Contestable Retailer)ol|Z] Fg5GAe] HAS AHsHH Q) 2vjaggA
+ 2HRR] AIHE ERCOTO| §H&kal BERCOTE &H|AF B F/uid3|AL
(TDSP)OllAl W78AA Haghdl X @F/ M HSIAKTDSP)lAl Al o]
H 83 9 fdd AZrolgE iUH%'éL AolA FHafokgiet,

20143 9 *‘/\1 oUA] AJA&e] 71AL $40.64/MWholl o, o]= 2013
W($33.7/MWh) Kt} 21% g5st Aot ol HA7tArbAe] 20134
$3.70/MMbtudllA 20143 $4.32/MMbtu®E 17% ‘53 AR =4 7]QsH
Aoz Bl

3HA, 20149 ERCOTS] E4Q8E 2013\ KT} 250 F718lgon, Hojw
3H69,783MW, 8€ 10¥, 2015) <A HAH] 1.2% F7Fsk3it).
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8 14 ERCOTS B4 MER2=m

Average All-in Price for Electricity in ERCOT
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£X : 2014 State of the Market Report, ERCOT
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=9 zonal 717 AGEHE HeiFI gl Ae) vl Mk 1Ag
Uehl= Ze & 5 3ok West A|99] 714 A&702 10004F F=
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Zonal Price Duration Curves
5300
Frequency of Prices
4250 <50 $0-550 550-5100 $100-5200 > 5200
Houston 44 7779 757 128 52
= North 43 7986 546 127 58
= $200 South a4 7885 583 175 73
E West 49 7334 1025 232 120
(=9
© 5150 -
g ._ ——Houston
£ $100 —;l:::: ]
;E . —West
T ¢50 4—
S0 . - - r r r T - —\
($50)
1] 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
MNumber of Hours

£X : 2014 State of the Market Report, ERCOT
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(] 06:00 : ERCOT AAAE X
O FQdS, BEANE Fod5 FHE, 72 5
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o RS EUE 3t olYA|FFAIE (Balanced Schedule) 2 A2
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— EROOTE AlEAES] 84 e 2 $7AIF Soll digh AEw4 Al
] ~11:15 : ERCOT7} QSEAIZ A& AE 27 Ex
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245 784l
O QSEx HZA{n|2d gt JHAE A=
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O ERCOTT= ATAEE FAstaL HaA| thAldngs ol

£X : ERCOT Fundamentals Training Manual 2011
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z9 292 M FTFHA e EXAHIEE A ARE diilske
Tujget, A7z 108 doll AAEHE dUA A 7 gy BA]
2 AP QF2 EREA o] FofAaL, AT skFEHC AR . oy
AXAF] AG7IzEe 158 A BAu|s A AgrIzEe 14710
1=
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wew olgd A%, drldude Susjor gtk S8l m2xzol g1

N AT 7P 8ol & TAVIEY U B &% d7|dHEg 8
Fgoz AL o,
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oi\
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Congestion(OC)& s Ast7] £Igt o|B[=& own|ght} 15 ERCOTS| tiA]¢fH]|
g A 29 A gad 2o 3, 144 30874 di7]du e dEds
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Figure 32: Ancillary Service Costs per MWh of Load
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Z£X : 2014 State of the Market Report, ERCOT

14) CSC : Commercially Significant Constraint

15) Zonal Congestion& zone¥} zone Alo]e] EF-S YeERH™, Local Congestione zone
Wl BXE Ei
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712 W S0l AR ARLEANAl O] vlEEY, ERCOTW S| ZoneZt
-‘ﬂ CRRE doJA|= 9] ERCOT HAAAIA wiiE=m AHHo=z Fd
AAqjelxe] EFo2HE HojA= CRRZ sUgH A o] AdEol7
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2 17 CRR Auction Revenue
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1 2014 State of the Market Report, ERCOT
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At} 2014¥%er AVAEL CRRS FE3H=d] 37,5009HE  AE3F9EY
CRR A2fA}Eo] A& "k =2 49 1009+ T,

1% 18 CRR Auction Revenue and Payment
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$120
2013 2014
Auction Revenue: 5333 Million Auction Revenue: 5375 Million
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£X : 2014 State of the Market Report, ERCOT
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1. 4 A43} ¥

1 :‘],74] == Bkz]Ad H]_%.E]:,Q_ 66 o]o—‘l o 1:::] =] 1;].] H:‘],
ERCOT~/‘| 2015 d o 5 == O 77,1 VIW A y -T-©
= 1 QL olo] 6 [slfe) 0
= 20154 8¢ 10¢ 9,783MW, of|H]-&2 15.7%°]|c},10)
=1 L= [=E] ;|,7;” =1y SPS| I
J8 19 ERCOT HEY o MM
Report on the Capacity, Demand, and Reserves in the ERCOT Region, 2015-2024
Summer Summary
Load Forecast, MW: 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Total Summer Peak Demand (based on normal weather) 69,057 70,014 70,871 71806 72,859 73,784 74710 75631 76,550 77471
less. LRs Serving as Responsive Reserve =1,251 -1.251 -1.251 1,251 1251 1.251 1,251 “1,251 -|.251 -1,251
less: LRs Serving as Non-Spinning Reserve o 0 o o 0 o o 0 o
less: Emergency Respanse Service {10- and 30-min ramp products) 827 -1.071 1.071 1.071 -1.071 1,071 1.071 -1a71 -1 E|71 -1,071
less: TDSP Standard Offer Load Management Programs -265 -265 =285 -265 -285 ~265 -265 -265 -285 265
Firm Peak Load, MW 66,714 67427 68,284 69,219 70272 71,197 72123 73044 73963 74,884
Resources, MW: 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Installed Capacity, Thermal/Hydro 84412 64412 64412 BAAI2 BABT2 63572 63572 63572 63572 63572
Capacity from Private Use Networks 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344
Non-Coastal Wind, Peak Average Capacity Contribution {12%) 1,203 1.203 1.203 1,203 1203 1.203 1,203 1203 1,203 1.203
Coastal Wind, Peak Average Capacity Contribution (56%) 841 841 U 941 841 a1 841 941 941 841
RMR Capacity to be under Contract o a 0 i} 0 0 o o 0 o
Operational Generation Capacity, MW 70,899 70,899 70,893 70,899 70,059 70,059 70,059 70,059 70,059 70,059
Capacity Contribution - Non-Synchronous Ties, MW 817 517 517 517 517 817 517 517 a7 817
Switchable Capacity, MW 3,496 3,496 3,496 3,486 3,498 3,496 3,486 3,496 3,496 3,496
less: Switchable Capacity Unavailable to ERCOT, MW 470 -B24 -824 -824 -B24 -824 -524 -524 -524 -524
Available Mothballed Capacity, 1,833 1,933 1,933 1,933 1,933 1933 1,833 19833 1,933 1,833
Planned Resources (not wind) with Signed 1A, Air Permits and Water Rights, MW 324 1,685 ana 3118 3118 3,358 3,358 3358 3,358 3,358
Planned Non-Coastal Wind with Signed 1A, Peak Average Capacity Contribution (129%) 354 936 1419 1119 1119 1118 4119 1118 1198 1119
Planned Coastal Wind with Signed I, Peak Average Capacity Contribution (56%) 13 205 :95 395 395 395 395 95 395 395
less: Retiring Capacily 0 0 0 0 0 (] a 0 o
Total Capacity, MW 77186 78,947 an,ssa 80,654 79814 80,054 BO354 80,354 80,354  BO,354
Reserve Margin 15.7% 17.1% 18.1% 16.5% 13.6% 12.4% 11.4% 10.0% 8.6% 7.3%
{Total Resources - Firm Load Forecast) / Firm Load Forecast

ZX : Report on the Capacity, Demand, and Reserves in the ERCOT Region, 201572024, ERCOT(2014.12)
(28 20914 A EH ERCOTS] F& wAYL HAA7t2olw, 20001t
SHHRE S HjFo] ok e & T Uk

12 20 ERCOT H=2RE MHH|S
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ERCOT Board Orientation, ERCOT
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£X : 2014 State of the Grid Report, ERCOT
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= oHE&2 71E 125%14] 20119FE 13.75%= =90,
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J8 22 ERCOT ¥4 ofH|&
RESERVE MARGINS 2000 - 2016
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ZX : ERCOT Board Orientation, ERCOT
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a8l AJA7EEY] Fauke 2 Fofdls titE S8UFE I
H|g Ak ol g3t}
2. A A oF

AErFe] 7 T3 IdF T e AT §53Y &
2 #esl= Aotk BRCOTIIME 54 Aoke F 7HA] Wo=z #ash

| Zone7te] AlokS 34

(

o} AA, A Balancing Energy Market)2 &

sh= WHo R §F AR ZFE A o|llE fAlEk] fl3l A ALk
o] S ZAsH=UYl o|& Zone?t ZRFE|(Interzonal Congestion)2} ),
EA, Zone ollx AkS #HEfshr] st w4 WAS B3 X dase

Local Congestion &7} )t}

Houston
Zone

£X : 2010 State of the Market Report, ERCOT
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ERCOT Alt&lo] F&Ee] ¢)&= Scheduling, Pricing and Dispatch(SPD) 3
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& ARES. ERCOT SPD ZR2IHS Fall AARE APolA A=
Ae 3, Zonette] FHEZS o7
Me] Zoneo 2 Fi3kal 57He] CSCE 4Ag & CsCH &= 1
Jall AARE APelM SHEFS £017] fal AREd.

[ 23 ERCOTS 47] Zoneo® FHE3}AL Zoned 5712 CSCs2 ZF
gkslste] BEE3E Aolt}d, 5709 CSCse= (O West to North, 2 South to
North, 3 North to South, @ North to Houston, (5) North to West= T3
Hol lom, s sPD 2RI Yo & §EAEHS HoFa gl
o}, old mr=W North Zoned 333k o AHS 2 Zonel & HU+=

_
)
=

o o
S

ol - . Houston
The numbers in { ) are L : # South FZone

1 — X T
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£X : 2010 State of the Market Report, ERCOT
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k. 2010d9lli= West to North, North to Houston, South to North =2
o

2 Ego] o] wAslydt}. E3], West to North WS 158 7tAo =2

AZE 15%2] 7|7 FoF FHAeko] AP oJujolt), mwdl yjEHow
Houston ZoneL HA&E4Q] 0 2] North Zonel ZRE| Adst zzHL
TEHUETE AS & 5 Uk

H 4 CSC &8¢ s3dH™ e ¥ Bd 3H=Y (20104)

Average Actual  Avg. Physical Limit -

CSC 2010 Average Physical Limit Flow Avg. Actual Flow
(MW) (MW) (MW)

North to South 1155 955 200

North to Houston 2991 2497 494

South to North 580 355 225

West to North 2077 1563 514

£Xx : 2010 State of the Market Report, ERCOT
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Zonal observations: 5:00 —9:00 on September 3, 2010
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Minutes

Z£X : 2010 State of the Market Report, ERCOT

[2¥ 25]%= West to North®] Zonal A|&3} Nodal A% A3kra)e] 44
2 Z85E vuslgled], olE Fd Nodal Ads = ¢ S99
487t ZolAE AS & F Utk Zonal A StollME A o] &E
o] HHLSE 64%C]A%, Nodal A1 o= 4 o8-8 83%=
et o] Asw HE MW - BAAIY] ARG Afolrh EAfskal Uyt
shaprlole RRwo] AL @Ee] YA, Nodal Aol £9€ B85 &
%l -850 FolAl= A2 Adsitta & 4 vk
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3. A% 7F

20151d2] AMuou]&2 18.52%= A= o] ERCOTO| AA|H oz HHet
ArerlE 71 13.75% 52 3T ZoR oldd. (' 26 =] ERCOT
o] FHaAdvldul&e 7|E 125%M  13.75%F  FFERITE. ERCOTS
Eastern Interconnect ¥ 9WA]|Ze} DC AANES ztar Jow ZHZF 1,106MW

o] FHLFS At 3o, SAATA Q0] 7hssitt

a8 26 m3 7[Zt ek , RHE, offH|=
Demand (MW| 015 016 2007 018 2019 200 200 02 0 W83 0
Total Internal Demand 69057 70014 70871 71806 72859 73784 74710 75631 76550 77471
Demand Respanse 1917 1917 1817 1917 1917 1917 1817 1817 1917 1917
Net Internal Demand 67140 68097 68954 69889 70942 71867 7,793 73714 TA634 75554
Resources (MW) 015 2016 2017 2018 2019 2020 0010 2022 053 20U
Anticipated 76751 71673 78478 79360 78760 78760 79060 79,060 79,060 75,060
Prospective 79574 B14B6 82891  B43bl 84972 85343  B6014  8G384 86755 87126
Adjusted-Potential 79574 81588 83172 84580  &5251 85621 86291  BGER3 87033  874M4
Reserve Margins (%) 015 2016 20017 2018 2019 2020 2021 2022 2023 20X
Anticipated 1431%  1406% 1381% 1355% 1102%  95%%  861%  725%  593%  4.6d%
Prospective 1852% 1966% 2036% 2071% 1978% 187%% 1816% 1719% 16.24%  15.3%%
Adjusted-Potential 1852% 1981% 2062% 2002% 2017% 19.14% 1854% 1757% 1661%  15.68%
Referance Margin Level 1375% 1375% 1375% 1375% 1375%  1375%  1375%  1375%  1375%  13.75%
Excess/Shartfall (MW) 015 2016 2017 2018 019 200 01 202 03 204
Anticipated 379 V) 43 (139 (1937) (2989 (3742) (4790) (5836 (6.882)
Prospective 3203 4025 4556 4863 4275 3594 3212 2534 1859 1183
Adjusted-Potential 303 4127 4737 5081 4554 3873 3490 2813 2138 1462

ZX : 2014 Long-Term Reliability Assessment, NERC

ERCOTS th 7ol thejis wese ax7h =AshA e, ERCOT
2 olglgt s vig] Al HW A oAu] HI|, FEE]] B
Av)e] AT £H], DC AAS S8 Q2 FERHY AEF 9 5

o] AL B 55 st Hoh
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ERCOTE ol o) Aeue} 550 H& el 238 2498 4+ e
TS BRI glofol ). AHOR WS te olEd ALY
e olgEn B geblbam WMy n3REE PPAE EolA] Hn,

A AR A Tl dEes A% Skl Aw wAlE AsH
Hr}, o]#gt EA|2 on|go] BEEA & 79, ERCOTS EECP(Emergency
Electric Curtailment Plan, H]QA] F3F 7H=)S 2AsHA] € Zolt}. EECP=
Aebpsnal, A Ask, DO ol 8w vl W T, 507 BB
TS & EF

ERCOT®|A] UVLS(Under Voltage Load Shed, AAYA] Hsixieh= &

%

2E 1 4500MW, HEA/EZEQA ¢ 2400MW, Eleadtdpa] ¢ 340MwWet
o] o]Fofxity, thE A Hoxfe] F71AQl UVLS zdo] a=HZl &F3le

AbaL BS} Coll= H8=R] o,
} 2ol dAE 7] SlE Als
st gleadde] 99| UVLS Ald2 NERC &7 ARl

733} Wetol
c2 2% & 9 A9 A IS ) Sgeln ERCOTE AT Py
of Werom /b4l UVLS Ade JEshA) e ik

ERCOTol= @AY Azlmel gake mla wat dulel s4s o4z

Al Ag =] YA o}, ERCOTS &% Aol thsf| HAeF 7] 7%
AAAGH AATHE T <l
@& 7] 10%E O FARbete] kst dgolx AEsa s F54
4 7 JoA M Filss HlEA] FoE ol8stal, S 23A
oF2 ERCOTO| AAISh= AP 7IRke] AAIE el 71&8ke] 2o o]Fo|X]
| =t

elAl2o] RPSO)| oJshH 2015W7FA] 5,880MW, 2025\ 37FA= 10,880MW
TR AR HuE AEEER stgon, on] 202587kA]e] A4

>
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= Q= dElolth. Al ERCOTY| HEAlE 9%
2 @A 8.7%%] &Fto] AlEl Ve Aew, u

Fo g ARSIt} o|m] "aks ME Ao FHbHA
7V w4 SAEHAL o, FF AR FHHNRT} GAks Aol YA
Aol gArkz AME eld A 35
YT F At} o]Bgk o]F=E PUCTE CREZ(Competitive Renewable
Energy Zone, A3 U= AR olUA] detx]) HA4 Ao dstow
$509] rEe] FHA AES FskaL o, FHEUHORE Qg HAkE A

$oh Uvix) Aele] 8RS Sisia gk
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HEAY

1. A8 93 3 =24

ERCOT A1golAlE PUCTZ % - il AlgiAte] 54 189 £9e 98

dglol FUSH] uhgel “SH 2F o] SAaFoluE k. WAA
£ A sS4 g gl sl A A, AYAGAE SA

8% u0) g IR T Qon oF I vise aFel Tyt

8 27 ERCOT dEemg +d

Other <1%
Transmission & Distribution
17%
Retail Generation
2% 4%

Z£X| : ERCOT Board Orientation, ERCOT

ERCOTY AFQF A4S Ew wAuv]g&o] 54%, AvjAldA} H|&o]
20%, % - WA H]go] 17%, 7IE} 87 1%5 RS o] wAH]E-o
= dsHel SAERNEE ¥FHET

74 70 TRAEE A Feld, M 247 EE ERCOT 29
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ERCOTS North, South, West 5 37] Adoz HHv IQ 8= E=1
Agggiet, o] F3l 1F Aol dtE S AgY FJRE ATt
a1, 7 25 Ak AHES.

09 28 SMY Z=HE Hi

L

Z£X : ERCOT Board Orientation, ERCOT

(28] 28]2 ERCOT At 4% Z2AEC digt A3ztodz}, 7]3E

Pe NFHom wAFR otk F 34~ owfLTte] AA AW Al
Aabe et Pk ZeAEe] P 9 il 12-287480] LaxE, of
Aol A, RPdE 4, A Wb BaA A eli, NEE BA

I o|AbE] Hal Fo] EFreo] it fAlZIEe] HE| 12~ 3174de] &8
o, @397t 333, BeAdy eI, o, Fed ol EdrEh
Z2AE] HMee 9~397K9o] L FHM, A, M|, i, v, AdaA]
B, AR d Fo] £3HEn

ERCOT A|¥e] At Fd%e] S42 9F8 /M5 fidste], 765kve
S vkl 2607 &, 345kvy FA0L2 nkd® 1508 Eele] H]g-o]
299 $ANRS 2 Aol A=
5~ 10%E aLsiof s},
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—» GENERATING
ENTITY (GE)

ISO E-MAIL TO GE
WITHIN 5 WORKING

=K
ERCOT ISO ERCOT ISO

QUALITY ASSURANCE

CUSTOMER
INFORMATION SHEET
COMPLETE & SIGNED

DAYS

INCLUDES LIST OF
DATA MISSING

L

1SO E-MAIL TO GE
ACKNOWLEDGMENT
WITHIN 5 WORKING DAYS

ISO FEE RECEIVED
($2,000)

DATE STAMP &
DATA REVIEW

SET UP & INTIAL SECURITY
STUDY ADDITIONAL
CHARGES WILL APPLY
\_FOR ACTUAL STUDY WORK /

ERCOT ISO

ISO Ss

RE!

1SO SS SECURITY

BASED UPON GE
DIRECT CONNECT
UTILIZING PTI TPLAN
SOFTWARE PACKAGE

GE AGREES TO

SECURITY i AdE N ENTERS ERCOT ADR OR
WORKING STUDY $20,000 DEPOSIT, WITHDRAWS REQUEST

FORM ISO REGIONAL

TRANSMISSION STUDY GROUP j
ASSIST SCOPE

$20,000 WILL BE APPLIED
TO STUDY COSTS

\

GENERATION ENTITY

CEIVED

May be replaced by ERCOT Standard

1SO WORKING WITH Interconnection Agreement

GE & REGIONAL

TRANSMISSION DEVELOP STUDY STARTS
STUDY GROUP SCOPE WITH INTERCONNECTION
TOTAL COST EST AGREEMENT
& TIME TABLE NEGOTIATIONS

DEVELOPMENT INTERCONNEC

S8 STUDY &
TRANSFER
ANALYSIS

STATE LOAD
FLOW CASE(S

»

BUILD

DEPENDS ON DYNAMICS
scope oF \_CASE & STUDY.
STUDY &
DATA
RECIEVED
FROM GE

BUILD STEADY

AGREEMENT
SIGNED

M3

WORK PERFORMED
BY ISO REGIONAL
TRANSMISSION
STUDY GROUP

1SO INVOICES GE
OR REFUNDS EXCESS
STUDY COSTS

STUDY REPORT

COMPLETE GE PUBLIC

COMMITMENT
TO CONSTRUCT

1
I
BUILD SYSTEM |-Y :
PROTECTION .
CASE & STUDY. !
STUDY ‘
» REPORT \
> 1SO, GE & i
i M4a TP REVIEW ; GE MODEL IN ERCOT
Z£X : ERCOT Board Orientation, ERCOT
HA7] SARE gk A= v 2oy A, EEAARE At
o] A& ek AFJE A 24 87418 ERCOTO| AlEsHAl =4,
ERCOTS AH] &4 Aldstal At dxdd] 7k ma 7hekz<l




A& AN AZB WA oS ARE nfFoR )i

Ae FYSA Hm, AT WA A2 HRT B A FERE B3

A ERCOTIl 843 4 otk $7% A4 ARH B2 AP

B3 AF g AP Hel, WA} S Adae AR Fe
] _

A 27 - 7R ARl gk 7L ks EE ) sy
g

(1] 2013 o] &4
A& Aol whel AelEar, JEYPoke 1S00M A78eE EFHEHIME
Ag3stt, $AHE S A8l BHIARE FFHE $2,0008 HHSkaL, F
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71§ Heto]l chot chG

1. AR Aol

BlAl~= Texas Senate Bill 7(1999)S E3l 7]&29] 880MW 1Re] AdH]
2lofl 2009 37bA] 2000MW TR} A5 AAAGNIR] Huj g AHEES kg
o}, ESF RPS Aol Ygst 31 -AEH REC(Renewable Energy Credit, 27|
Aodx] 25l AR)E =ste] fsA4% EdHS =4ttt 200539
Texas Senate Bill 205 7]&¢] RPS AEE & | A& 430t 2015
W74 5.880MW, 202537141 10,880MW TFEe] AlAAUA] & AA

=2 SRor], ofF SoMw H] FeENE PUSES Su o) =

oL

CREZs(Competitive Renewable Energy Zones, 73320l AR YL =] )
Zogafol WiAvleh SRk AT710E gl A Sk

i

8 30 ERCOTS @ SHUMAH| 74 MY

12,000
W Cumulative MW Installed 11,024 11,024

nMw

m Cumulative Planned (Signed Interconnection Agreement) oIS
e 1,624 1,624
10,000 9,550

9,400
ERCOT Wind Installations

by Year (asofmarch31, 2011)
8,000

= ERCOT is #1 in the U.S. in
wind production.

6,000 - Our capacity is three times

the amount of #2 (lowa).
4,785

- If Texas were a separate

4,000 country, we’'d be #5 in the

world.

2,875

2,000 1,553
1 385
1,173

2000 2001 2002 2003 2004 2005 2006 2007 2008 2002 2010 2011 2012 2012 2014

ZX| : Experiences in the Texas Nodal Market, ERCOT
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Fol drFer WatEE Ae uisk=tl, dubdos AAHR] Fant-ey
[e]

23l= AL gujgitl, o|E Eo], ERCOTIAANE AgFart =5 A9
AMI(Advanced Metering Infrastructure)E& 53+ AH|A}e] ¢ HEQF 9|
w8 A9 AEFeE 2 Pl oM, AN A A ¥ %
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Y aaw Agsrton Bgais ASS
W Apelsh Bgo] eulgot ouAle FHE WYY 4 9}15

Se& LaaRsE A8t ERCOT AP

M Business-as-Usual B Expanded BAL B Achievable Partcipation O Full Participation

1 |

Peak Demand Reduction Potential
(GW)
5 N
| L
NN
[

a T T T T T T T T T T
IS TH NY OH PA NC GA CA FL ™

ZX : 2009 National Assessment of DR, FERC
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[2% 310e]l oJs FERCE 2019%W7bA] €Ak: A H9] F=ouh-g- Zhaje
2 19GWE F7IEha 9lem, o] ERCOT Hu| %ol 20~25% 71 2 A
o7 FAskL .

ERCOT A Ao 2] LaaRs= 37 A|AollA] Responsive o] & olu}
Non-Spinning  oH]8-& HZ XH|= Aol Algsh= AS W3ith. LaaRse
AR Aol B A3}k o] ERCOTY 71 EAAE WE & Qlojof &)
i AA ARNE ZFa Qlofok gt} Responsive  olH]Ee Ak
UFR(Under Frequency Relay) H|E HF3loF sfaL, F3alo| A Xx|¥ UFR
A5 Furt 59.7Hz Hop gtod AFmo g Re|wojo} s} wdk BUL
2 AqUA AN 8T8 sEeEHS e FolE Ao, olelgt #8771
= 94 A= ARESHA] AL ot FUH o R HolHE A & =

HjZ gFolol @ BULE oulg Aol maaul Alge] ofeld

1,800
m Offer Not-A d . .
er Not-Accepte Load Resources are limited to providing
@ Market Procured no more than 50% of Responsive Reserves
1 500 = Self-Scheduled
",

N

Responsive Reserves (MW)
@ ©
8 g

JFMAMI JASONDJFMAMYI JASOND|JFMAM) JASOND|JFMAMI JASON
2010 2011 2012 2013

Z£X : 2013 State of the Market Report, ERCOT
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20133 129 7]F 0 & LaaRsE 2,950MW 59| FHF%5Ho] FH S}
olgfgh orjHL oA Aol FeshA| XSFAIRE Responsive ofH]H Al
ol FofslAu 3] 2] Non-Spinning of|H]2 Aol Frofst 5= Qi)
(29 3212 LaaRs2] FEZA] 2013Wd0)] 4 7|0 & Responsive of[H|E A]
ol AlTE S BHoF) (29 3200 2 dU7|FOE laaRse] FEH =
Responsive oH]& AlZ}ol] FF % LaaRs®] 42 1,150MWE ZIPATE Al
Fro] EAZ 1,150MW7} LaaRse] FE|2 AlFE < A+ Responsive ofH]
g AR AlsE 5 Se dAAZE HAdv 1,150MWE 2012'3744] AR
2 A 201335E 1400MWE g 2FEAT 2011d0]
Responsive oH|lo] 283} 79 F<oll 3] FAAsiddet] 2 ol 2
717kl AAZE g5l 4d] 2 e UERLY] et

LaaRsT Responsive ©f|H]| &

A, FIFZ4, non-spinning oH|8 Al elli= FHofdlA] ST} Responsive
ou|E APge] AL LaaRs7} dn|goz AFdct stujgle AAdoz 313
B wlgo] sow], wafe] FHlE ARFEeR e sen nad 4 9
o, BHARE, non-spinning oB|E Ao 7B AkE el ¢ xoH, F
ez olle Agel A9t Larot A4 EeE J16H

Q) BiEo] EAls}7] wEolth

L
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F2 P 5 A

1. g1 22 A%

PUCT7} 20031 9ol Nodal vl A& 7Hsl=s ERCOTO A%
0]% Texas Nodal Program& %38l 7] Zonal AIFolA AL A1, 7154
A|, SCED, CRRS ¥35}l+= Nodal22] Al o]ddS 2010 12¢ o|3¥5}F3ict
Nodal Market> ERCOT A& Wjollx e wlinf w21S #AAs] H3IA|7]aL
ATt
#H 5 ERCOTC| Zonal A&t Nodal A& H[1

Zonal Al & Nodal AlZ&+

Transmission congestion rights Congestion revenue rights

o 'P ol x| AlEoOl "XHgPXI =

0|

SFEM o X|A| 2D ZAMH| A AlEHO

o Hiﬂl/\ Ao A2 si=d Almol | © ijaillﬂ |ME R 2 E=AE[A ARl
xx —

Portfolio-based offers by zone Resource—specific for local congestion

O of 5=otch oA of AAFH

il 2n AlA|Z X} 20
O of 158 OL:t |24 roﬂ;ﬁ;x ':1 29 (a2 15soich 28)
O CsColl 2fet Zonal ™=z 22| O AMERS WMAN /2 B
WM Ao cHsil Zone™ H T shift factors WM Aol cHal A A shift factors H &
HFEA| A CHal M= Mg
O MAIZH AlEOl CHEF Zoned AlEt sjz | O HE& TS LMP
O 235toll thsiME Zoned 7tE LMP XM

Z£X| : ERCOT 2009 Annual Report

[351%= Zonal A3 Nodal Al 7Fe] 543} po|E Qokste] tiH|3]
t}. Zonal Al oM+ CSColl 93] Congestion Management Zone(CMZ)o] A¥
Aeed, 714 =949 n)Fo £AE Moo ek 7HEaE g9 =3t
7o BAHEe] WAL o2 FAFor AHEH AA, 7pEe FHA
A, &, FA Ame] diFent F22 <lsjM AAE £, Aok At

o WESAol WA Zloltt. BA, A4S B UB, F, 53499 ¢
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= e we A, Adzos 4

ke szl M SHE ARl
£ sl me] BRY ¢ $9E dnol Felshs ARSI 2
S ug I A dE Foltt

£ X : Experiences in Nodal, ERCOT

Nodal Market® & o3&} HH pUC WHOE A AF &g of
3 2 s ¥tk Nodal MarketS 4,0007] ©]4e] NodeZ A% ™
CMZE thAleHA ©th TEXASS] Nodal AAIE %3 otk o] vlg Azt
o] o=t O 744 2lse] /R - FAHE AEst ZHAAAE oy
A Tl 7lofstar HAAG YA o], @ wd Z&AHY R -
A ZFollA e vgo] HHo| FHEHE FHoR 584 =R, QO £4
e AHA g - A9 AMES VRS R shk= FAF Soltt,

& A AE] 715 A AdE Zoneo® FEE Zonal AlAo] 4,0007] ©]
e =g FAEE Nonal Ao YAEchd, teat 22 Aulge] &
45 7S & Jdok. FAHCE At O APz R AEE

—L
=]
AR7HA Azl weEh T7IG Sde] e i FAF A4 71 7t



5, @ AEedel B84 BAA Frold 9a mHEsl AckRe) 7
Soue Aug AUIFos A it dd, @ AdHel Ao} sla &}

LAk Sz Folshs AFFeIABAA wEE Y] FFsstnE

E

2. ERCOTY &3 u|A 9%

2011 29 AA Foll BlAkze} FHAE AdeliE 59 dkow e
7} 95t 10 ol3te elrhs B wEe] PA] Ade BEG F90} wjae
vlhe Al Aok olEdt ¢ wiEo] 29 1d%E 29 42
ERCOTo] 224 210 oife] was7l sahd 7 5o 7|58 shey)
Aigict, 29 29e] WAk wFoR Qs d000Mwe] RS Adgon
o= 3209kEe] ZulAlolAl WS Fdrh 29 3ol LEn] wAT &
Az|eFo] F7 AdolbwA 180,000Me] Au|A} H&E YAk o] ARe]
AAE W8T GA] ERCOTS) tgrete Auind vhewt 2k,

H 6 ERCOTS & Hl& Hf

A8 - 2011 29 24 05:30 ~ 29 3 12:15
O AFAM @ AFHR <3 b B AY] AR = =5
=

- Z2=2] 2 snowstorm HH, & 50it]e] HHEAZ](7,000MW, AH]gake]

1:1]0

ol

0l0

=

8% ) o
* Houston 7]% 1 2/1 (HA -2.8TC, FHaL 21.7¢C) 2/2 (FA -5TC,
33l 2.8C), A% HALE( -11TC)

- Houston, Dallas, Fort Worth, San Antonio, Austin, Corpus Christi,

Abilene, Rio Grand Valley
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[ %-38FxA (Rolling blackout) A]Y
o 29 2% 0530 ~ : ¥3xH
o 29 29 12:00 ~ : ¥&}%A
o 29 2% 17:00 ~ : ¥3xH
o 29 39 12145 : FFAR %HXﬂ
* pgHEo R O3 AR 408) &

AlZH4,000mw)
Z=/2(2,000mw)

A, BAVEEH FA]

: $50/MWh = $2,000/MWh

Z£X : ERCOT Presentation to Joint Senate Committee(2011. 2. 15)

3. ERCOT ¥

ERCOTS] A3 AA
E9o] sl gHE gt

W meh ARV} AR 57 AE/ WE AR 5 5 we Hd50] A
o] BAES st v AFRES =obFal Slok Al AAY eluA 7
HE°l FF ERCOT= st A3 e wieaa sk=d 2 @4
Tl Ad=Solnh (L' 34]0l4 HXo] ERCOT| 2912 19993 417 llA
A ek 7007 o2 oyttt
J8 34 ERCOTE oI #HE 0|
800 —
&7
700 — X & 633
sgz 807
600 [—
a94

500 |— 449

400 [— poic:

300 (— 256 L

200 — o5

100 i1

0 1999 : 2000 -' 2001 : 2002 l 2003 l 200&1 2005 J 2006 ] 2007 - 2008 l 2009 l 2010

f B4

B =

[

o wRE EiAR B
QAR D87}, A7) <A

F 700of7e] 2]
T 2%}, Aol

i

COT workforce has grown by more

than

400 percent ovar the last decaa

Z£X : Story of ERCOT 2011 & State of Grid Report 2014
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4. Clean Power Plan 93 &4

20143 6¥Y v]= $HH T T0] Clean Power Plang AQFs}Sitt, &

ofe] WaHIES Ak

WEEE olatsbeae] ol thsf ARt

2030\ A=
olo} £

)
o
il
2

N
2l
o
=
%0,
)
2

=2
X

8,700MW A 2]

o,
il

Y
1S

ZHAIA

ooy
o4

20293714 9] HAEA 7] o

S thAlsH ] fls Al
A EAE AGAlsel &83t7] S8 AsHT o @
d Ao ofAsta ot
20%9% QdE dUA L

=2

ﬁﬂ@ﬂdx@lﬂ@a

e T2 UES st Agoz AgAtaAgex
S T} sk Zlolr, HlAkzol 3
A= 2020 @8H 20204 371A] AT+ 8531b CO2/MWhE
791 Ib CO2/MWhE {A| ZFEF o} gvk= Zolrt,
Ag o] &kl taiA] ERCOTS ok
, olRtEtea wlilE Ao <l 3,300MW
AMetstebd syt dA1E AR ddstH, #HAE A}
ANAAI7} AR-E ZlolH

REES Qs

F3e Hap &

A5
TS, AR SHAME zozovjﬁ}z]

=S Busjordt Alog oAttt

Generation Co, CcOo,
Technology Type Baseline CO; Limit $20/ton $25/ton
Retired Gas Steam (MW) 2,000 1,600 1,600 1,300
Retired Coal (MW} 800 4,100 4,100 6,500
Total Retirements (MW) 2,800 5,700 5,700 7,800
ZX : ERCOT Analysis of the Impacts of the Clean Power Plan 2014
% 36 2029E7tX[9] AXH YOl AKX & off &
Generation CO, CO,
Technology Type Baseline CO; Limit 520/ton 525/ton
Wind (MW) o 3,400 2,800 3,500
Solar (MW) 9,900 12,500 12,600 13,500
Combined Cycle (MW) o] (9] 0] 1,300
Combustion Turbine (MW) 4,600 1,000 1,000 1,000
Total (MW) 14,500 16,900 16,400 19,300

Z£X : ERCOT Analysis of the Impacts of the Clean Power Plan 2014
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1. ERCOT
- ERCOT Board Members Overview and Orientation (July 2010)
- ERCOT Quick Facts (July 2011/2012/2013/2014/2015)
- Overcoming Barriers to Smart Grids & New Energy Services (April 2011)
- ERCOT 2009 Annual Report (July 2010)
- ERCOT 2010 State of the Market Report (Aug 2011)
- ERCOT 2013 State of the Market Report (Sep 2014)
- ERCOT 2014 State of the Market Report (Aug 2015)
- Experiences in the Texas Nodal Market (Apr 2011)
- 2014 Demand and Energy Report
- ERCOT Analysis of the Impacts of the Clean Power Plan(2014)
2. North American Electric Reliability Council (NERC)
- 2010 Long-Term Reliability Assessment
- 2014 Long-Term Reliability Assessment
- Report on Outages and Curtailments during the Southwest Cold
Weather Event of February 1-5,2011 (Aug 2011)
3. Energy Information Administration of the United States http://eia.doe,gov
4. Federal Energy Regulatory Commission (FERC)
- 2009 National Assessment of DR
5. IEEE papers
- Evolution of Ercot Market (2005)
- Resource Adequacy in the “Energy-Only” Ercot Market (2007)
- Integrated Retail and Wholesale Power System Operation with
Smart-Grid Fuctionality (2010)
6. ONCOR & Texas Coalition for Affordable Power
- The Story of ERCOT(2011)
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ERCOTS A3 #e]ZZS Austinl] FiL *FAEHE Taylorel] FHA A}

1. ERCOT Austin : Executive and Administration Center
7620 Metro Center Drive

Austin, Texas 78744

512-225-7000

2. ERCOT Taylor : Operations Center
800 Airport Road (Physical Location)
Taylor, Texas 76574

512-248-3000

2705 West Lake Drive (Mailing Address)
Taylor, Texas 76574

(ERCOT $UF24)
ERCOTS- Azl &S zhsln 9o A7l OPUC (The

S

Texas Office of Public Utility Counsel)& %E38}e] HEsloF s}, =, 13}

R

H
Ao 2 www,opuc,texas, govel] HE:3 T3 ERCOTS HAE FH&3t}

_55_



