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ABSTRACT: From February 15 to 19, 2021, a rotating
outage due to load-shed occurred in the power grid of Texas
in the United States, causing widespread global concern. In
this paper, an overview of the power grid and electricity
market in Texas was introduced firstly. Then, this paper
sorted out the occurrence and development process of the
accident with time as the main line, and paid attention to the
operation status of the electricity market during the accident
period. Moreover, the causes of the three major problems
such as imbalance between supply and demand, high
electricity price, and financial crisis in the accident were
analyzed. Finally, this paper summarized the experience and
lessons of power outages, and put forward relevant
enlightenments to the construction of China's electricity
market.
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Fig. 1 Texas grid

ERCOT 1 57 & #AF M 2600 1555 F7 [ L it
MRS, 75 TN 75% M HA R 90% (1) H
Jififa . ERCOT fEAAE&EANIA, E17IRTT 6
FEARIEH ) KRG 5EME, PR T R 4ERE 60 Hz
M RGMR, e s . BRI %N,
ERCOT & 45 4 A 8k 74 800 km 4 H 28 2
I 680 &R HIMLA, JHp iR 32 R TR
KRR, HURNRS . BMNBA PS5 =R
107514 MW, SRR K BRI & F b L
2R . YRS, A 2021 4F 1 AR SERRR H
wmH, BRI HEEN 10 744 GW-h, 5 35%; X
JIRHEAN 7702 GW-h, itk 25%; BRIEKR HE
N 6803GW-h, kL 22%!°7,
1.2 HATHEHR

FIME 1995 I T SE . 1996
., ERCOT N AFEHE A 1S0, Btk
WIZAT. 1999 4F, X THBMSUE 7 5ERE
E, 3METFEE X T % (zonal market) 442
IR SE 137, 2010 4, QEPit, T8
T 1 (nodal market)BUAt 7 X 5 17 1%
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Fig. 2 Installed capacity and its proportion of
each fuel type power generation

7390 H 7 T 3% 72 B — RE & T ) (energy only
market), REVEET Y. N TELHN TR
W& FH R AR BN (L, ERCOT T 2014 4E5I A
SIS £ FH AN B 16 & (real-time reserve price adders,
RTRPA), Jo Vit & BN 7E 5 45 95 U5 i ) B BE
Tt T AL 2 R AL AL L R AT . RTRPA 4
15 min t1H—X, fELELREFHEEREZ
ITEM T RME I FAR, TRRHN

Axrre = Vi —Bm) x 7(R) (1)
qrb: V ARSAGNE (value of loss load): B,
N I BR Y #% (locational marginal price);  7z(R)
FRFATER R, ML & R /N T /N H
BRI, HAE N 1.

2015 5, 4 T Aok ] S R B2 I T SR AN
SRR, ERCOT 5l T Wl SEMEFZ A0 % 3 &
(real-time reliability deployment price adders,
RTRDPA). RTRDPA Wt T H Jor] FEMENLAHA A
(reliability unit commitment, RUQC)E 1 frf £% H i
HEEEME I ZER, WRRN

Axrror = A= Py (2)
AP Ay RUC it fir & FHH 108 0 I R RE =
k.

RTRPA #1 RTRDPA £ ERCOT 43t [ Py 5 1
A —ANXIRGE— 1. ERCOT SER 737 4 K H#
REfE . ARG ICE HE, SE 85 5 AU f AN (real-
time settlement point price, RTSPP)H] &/~ A

Frrse = B + Arrre + ArTrop (3)
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2.1 BERRSERILE

ERCOT ®E | —EWHEHN AT, B
TE T 8IS AT 2 A R K A RG T . 4
RO T LR SR AERF AT, ERCOT 23 [A] 1T
W2 5% KATIE 4T % 1 % (operating  condition
notice); 4IsAT % FH 43 7l/hT 3000, 2500MW H.
WUYICIEAE 30 min W PKE R, ERCOT i id #4
LA E R T 2 53 KA S % ) (advisory)
55 15 ¥ (watch) il 25 12,

BB, His TN T 2300MW I, fE
TR SVEHR(BEA) UGS, BER v A sk 2540
PR E BT . 2021 4E4ZE ERCOT H2# & H 55
VEALFE M B 24 F R %5 (responsive reserve service,
RRS). K200 ik 55 (emergency response service,
ERS). BBkt O, FFoRm N &, Aidet
i 2800MW!, EEA $E43 0 3 AN, A
T fih R 5 B RGeS BN 3 B

HE4T 4% <2 300 MW, ERE
BRI Sl BT
! 7E 30 min WIRE DORENLAL, BHCR
S L BHmE R
F2w '
I ARAR L X AT )
Lo, AT |
L EAXMRE
! $3% '
UELFd ERS, DIBFRIL. |
LN A
HE1T & <1 TS0 MW, | g4k
| HLBUITEIAE 30 min | | JEMIRRS, VIl
DUe AT ErEal - HES SRt
! 59.91HziA 15min | N TTDCTTCC DT
---------------------- EE
_____ RS
H6w
| BHEESS
HEAT & HI<1 000MW, | %78
| ELFHITEBAE 30 min | SRR
CATRE s BRERAR T S [X 455 A
! 59.91Hz A 30min ! LA T RE

B3 EEAfRZMHESERGHRELE
Fig. 3 EEA trigger conditions and

system operating steps
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2 H 8 H, ERCOT %% Fil 21 K iy A 2 KA,

RAGIGAT 28,2 H 10 H R AT H AR & hiE s,
2 A 11 HRAAFAEMIER . ERCOT 7 747 i
WA ER, WRAEFSE TR, 2 15 HET¥K
MBI S 7R, ERCOT 8 X WK
F AL BB S R A HE A B R, SR A R R
S it A 22 R AR FR T4

2 H 14 H 06:00—07:00PM, % Gil&17ik 3|
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ST I R FE VA R RS B A R A& R L R
K, T e Bl o 1 2R M AU TG . ERCOT
Z3R DOE M ARVFTE 2 A 14—19 H EEA 2E &
6], TP 5 TR s A PR 858 1 T R ] 17 T ¥ 0 2]
K H BB 2RI L ) R FL 55U . DOE AR (1
IR 1) 5 202(c) % kAT E 2 AN, R
YF ERCOT A A, ZEANLD. K. —%
el R K HERGE I FRAE ) & LA, DAY 2 H
JFER . #E—H, ERCOT BUY T FriEia B W
ML g iEiE, HETHRIE LA R
PTG, FEOR T Bt by % B, 75 IR
W SR N L
222 RBEfEH

2 515 BB, SRR R E X
g R, o K BB, 00:15AM, ERCOT
K EEAL Wiz, 01:07AM, _ETFA EEA2 2%;
01:20AM L7} EEA3 %%, szift it

Kl 4 9 01:23—02:03AM 1] 2 Gi i R ARk,
ERCOT V) fimmitit. v W, Bl K A S,
RGN E 60 Hz FFH46 TR, 59.4Hz LLRH)
RAHAFFLE T 4min23s, H/MEN 59.302 Hz.
ERCOT #t N\ EEA3 J&5, B ZI {8 1000 MW 471 fi 5
BRARA I 2 Y g B RESE, 73 5k 2] 3000,

60.20% 44000
<3500
60.00 13000
T 59.80 f — ARG 12500 E
% Bl 557 12000 &
}Eé 59.60 |+ 41500 _S
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Fig. 4 System frequency and load-shed
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3500MW. 4xH ZRiFHIE A 20000 MW, H2 i
Wi R BB 52277 MW, A5 AR EN
48.6%!",

2 H 16 H, 23K 90 PR P 5 o A0 5 42 )
PRI LRSI, 45 H TIE H A 8 5 v W Bk 3
4893204 11?1, ERCOT #5723 F 30k 23 71 43 B E
T WIAMRE T 40 JiFs 60 JiF ik, ff
T VAR (TE MR 27 ) A 76 819 MW, JA B A K 3
EEIEHNF S PN

2 717 H, % 09:30AM, 15M G H 1t
KN 334 JiF e SR RIBRAE > K EALARE T
%5, {H ERCOT EFRAIIA T ZHIU 14 000 MW
fitar, BRI Z @4 T rh v 0 I I 4% 2k 1) gt
Feg D, 85T B MK B SR e R AR T
Sty [P 55, FE 7N AT AR SRR R SRS 43
AT 4 M R LA . 17 H RS, fuf
FFEE LA 1000MW/h (3 2 U B 1, ERCOT
BATE LA LORERE T KL 8000MW g,
223 KEfH

2 718 H, KWEFLZEEIN, ERCOT T
12:42AM BUH T &5 — s hl ks 42 4, 2
H 19 H 10:00AM, EEA F$% 2 2, 11:00AM [
% 1 %%, BERCOT BEfMCHEBMEKEREKE
I R i RS 2 A 20 H,
5 L P AT 10 75, KR T G AR 42 e AR
98% 1 F1 (it Hi, ERCOT K B &5 B is AT & H M &
BEERAES, 2 H 21 H, ERCOT BUH T T
1554 KSR MIBIT & FE ST,

2.3 FHEHARE BT HETRR
2.3.1 PUCT FRmi%m4

2 A 15 H, 73 ERCOT H 75
I 2 F Fk 25 72 2> (public utility commission of
Texas, PUCT)F k% &4, f5ii EEA3 #
W R B 2 AN KT I 7 i

1 P55 iR MK T A RGN BIR
(system-wide offer cap, SWOC).

PUCT AN, T REUGEIT S, (g
Wb, T8 2 H 15 HRGERETEM A% — BEARE 1200
EI6/(MW-h), X5 EITFIPIEANRF. AL
Wb N 24 S W B A B, — BRI g, &

IR 5 e P IS B B K, T I A A A 1208 3 o v
Bl SWOC. Kk, PUCT ## ERCOT fE %44
WRAGFE ¥ EEA3 2% 2 Ml 547 3 J5 31 S B
fifai, ML IE RTRDPA, ZHEAE 2 H 15
H 22:15 IERA R

2) BREMA AT S BURIR M L FR (low cap,
LCAP) % .

ERCOT T, A7 1Ry 2 & sz
PRGN M R, 2R H U B B R U i R
(peaker net margin, PNM)iA&F|&E4E 315000 370
PIEMER, REMMN FREGEE N LCAP, Hit
HARXWT:

Le,p =max{2 000,50 F;,4} 4
RKH Poas WRIREAMHE .

FEIE R, FINRRIMAET, H4)
THHES 3] LCAP ¥ H 9000 3£ 70/(MW-h) ] & i
#r EMR(high cap, HCAP), SHUMBLTFE. B
I, PUCT 74 ERCOT fEi& %] PNM S fHE, &
{51 ] LCAP, 4k42¥; HCAP {E N SWOC. SEZpx
247", ERCOT 7E 2 A 17 H PNM #id H1H,
53] 445900 TG
232 #4 QSE FEAEREK

2 H 18 H, ERCOT &EAii 2 FIZHLHRILAk
(qualified scheduling entities, QSE) Griddy Energy
LLC 5 MQE LCC 43 5l Rk 118 7337 Ji £,
ERCOT R Bt &R S AT RGE A, T
BRI S 5ERIRIGK, TRIFIHRIE) 1
W EARAR G TRERE 5y 0 T 4 S5 I 454 it T
AR, 2 H 21 H, PUCT BHFEELW, ER
ERCOT ATMIEIEALEAL, MBRLEHE, FHfRAR
B RN, 2 B 22 0, HAEE M EUF
#R, ERCOT #5455 . 2 H 23 H, 4 PUCT
AL, ERCOT #E#FIH ik 4 123€ TR BLH
PR ZE I a3 BUASEURN AT BB 2, (R4 &l i )
T3 sl .

3 BB

LR E R, (Y ENMEFT R, TR
FRER T M AN ik B AT AR 1 I 5% FE ALK
HEINFIE F L@, FHkE )G, ERCOT
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1) HRFERS FEH TR G

ERCOT #4257 3R iy W AR K2 B2 L HL R T
P X R T B O IR AR AR G s
RAEHE, ERCOT UK T A& ZEFE A KP4
FRAEWIER 1 BTN

R1 AREEAKFEE KT BE R

Tab.1 Temperature indicators of four major cities in

different cold levels C
FER K P R} BT /e R e ] PR
IEH -6.7 -33 -1.1
LT -9.4 6.1 -39
R IE -122 -6.7 -6.7

2 715 H, &R A-13 C, B
T/ LR E BRI N-12 °C, AR RS
WBA-7°C, BERNRIENRAE. T =TS
SRR A, 130 KL 60%F 2% B2 A F B i 4 ist
%, R 2 F N B R R E TR, XZd
T GEZE T 5 2 H 14—20 H ey Fi
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H 15 4905 F %3] ERCOT B i 47 f W LA
T, FATHIEM 2 A 15 HilgkEs: % 18 H, &
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Fig. 5 Estimated load and available generation
2) KEHAEZHUE A PR o
P51 P L vy DB T A R, 2020 SR K
it R AEAE 8 15 H, IBF] 73821 MW J1 S fx
KA R AEAE 20194 8 1 12 H, I8 F] 74820 MW

PR, KB A i i AT R (0 T X S 2 S
i, (AR N R R R R~
AL AN 2 B UK R i B o T O LA T
H o AFNEA AR ZOR R LA eSS
M2, 2R, KRB AR ESR: KA
SOF OGRS, M UETE RGN R TR,
T RARAA IR LA UK. R
i 0 S BUN TR R BH RE A HAIR T IR K
1o B 6 NFHUP IR SR R R T IE R R .
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Fig. 6 Outage capacity of various types of
power generation resources

BB 6 v, BRI SR AL ZH AE 55 i IR
B AEA R R IR L, HARAHLA
FIE AR 2 H 15 HZRBn, ik ) I 4R
fEEfE . RGBER R KA =N 52277 MW,
YN RIEN AR 48.6%. 52 H 14 HHLL, 2
H 15—16 BRI FEZ 15GW, K H 7
NEEZ 4GW, HHH I TR 3GW, )
TFZ) 1GW. ERCOT A& Z=EAf WA THRI &
ARSI 85GW, HA 87% N KH, 9.7% MK
B, 1% KB AE . 78 m] B A B A7 ko
AR A BRI, 37%00 K LA
2, 20%M A AR IR K LA IS

3) MEARHL N S AR RE 1A IR -

ERCOT H3EEZREBHM . 8787 7E HiR
B, (HZTEF MMM, B4R e R [F 25 B
MR B ROIRL . B 7 8 ERCOT 540 X (1)
L 358 Gy 1 DL (A sk 1)

FEEARIEE 2 B 15 H, MR & A6 S
W FER S5, SPP Y A 4 K FEALZAF L
06:00AM, SPP %!ff EEA, 7T 16 H LJ-A 3
2%, W J5 TFaG E e A . R, SPP {E S ERCOT
REBMEFEAOX, 258 HIH R, —
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Fig. 8 Market performance
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2k, JE ik T I R 2T RE I I A AR RS, A
BEEEA b, o F O (R0 5 A HE 2 WM 2 3 ) R
ZATX P X S 2 FE R dh, Sl Il
(A RESUEIEiRN RV

4 XTEREETHERKER

D MBI RG], AR .

RNV AR R AT R iE, 35O ) 7 e
TRk B WAL I, ERCOT MR B EL N 28%,
R fE A E R MA BRI, REMGEL
9% AR FE o 2 HLZS B I 78 A0 B AN J2 I A5 F
FIENLHIRZ ORI, (HAT SR 2 55 o 1 ik gh o ik
XN R FAAE R R BBk, FHREE
JE SR I IR e A = A, SRR bR R E AN
BRI E R B SEARS A, i E
SRR BRI N NN B R & . FRIE
VAR T 1o R W 2553 i = v R e o [ T
M2 T A BRI T I P RRag AT T i . R,
Y TE HL 7T F G0 LRI A B v R AR i T A 1 R
Ho EMMRNZ, TE18 25 H R R I 2 %o H
TR, HREE G B A 2 A 2R R
B HH T ) R (AT R, R A A B, B AR
F O A 1 0 P R AT T R R . YR S
MTAFHt S RE; BWZEH, BN aE s
REJTMIEE T, 76 ILRAL A 75 B 0H Rl 45 e ) 1 100
B, BEOLIR AT i SE AL AT L, RS A X kK
I [A) 45 s BEARPM R DT T, B o v X LR
SV AR I R L 1 R T

2) IR R B, B K

AP AE R HE T, ERCOT WM & il i i
RS AE  BF ARAE A H B4 55 07 T
AR SR, N BRSNS S B, SERR R
SR B v AR R K . SR, 2020 AE3E
B “8-14” 4=, InM ISO K AT & IET
FH P e S i A FH L, [FIR S 3 7 SR
Wi N 22 A 75 0P JE . FE4RTH R S8 T4 Rt A it
FE b, T3 0 b R A 5 5 DU A A B
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TR 2 L, $RTHH R ST e
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FET G, A R R SR T I LA

AR, AN TR A BIRF 22 R B, T2
{5 LA, O oL T W OB e 32 T R A /N Y
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AR RN S SRS T s, ARt
RE VB AL PR W e 717 SR A5 AN T HL R S 4R %
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HLEE AN ARG, B DR E B 3 175 0 K B R 4
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FAT, AHEAETEM AL 0 E I O
ARz R, ERZRET I HH L.
Mol BRI, RIEHEAR
RKSEMIT R o K TEHE EENL ] 32 B2 il o
KRR, DA% EE IR REHAG K
RS, I, REAXIAHER. &%
BEAT R GE Az oy A B SEAL b, A S dE N 3R [ [
T 10 FL A B FE AR BE ML A e it A% o S 2 o
HEsHLE (R ohoE i . HEW ), RIEMCHS
BHCK. LS L BE 3 (15 DL T HLBCER AR I HL
], SR i) 5 A 24 TR DU B H AR AL A B

4) i R T 3 AR 20 AT A 4

ERCOT H Jy i £ sy F] — B4 T 1%
IBHORES, A Bk bR b R RE SR X
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