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Power grid risk-based decision-making considering real-time operation situation of transmission component
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Abstract: There is inconsistency between the economy and reliability of power grid operation during power grid optimal dispatch
and control decision-making. In order to co-ordinate the inconsistency, a risk decision model is constructed taking into account the
real-time power grid operation. The model is based on the concept of risk. The goal is expectation maximization for load revenue.
The amounts of decision making are the generating capacity and load cut. The constraints include state constraints before and after
the incident or coupling between these incidents. The model combines power grid risk assessment theory with power grid decision
theory, enriches and develops the power grid risk decision-making theory. Finally, a numeral case is proposed to prove the validity
and feasibility of the model.
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Fig. 1 Relationship between the outage probability of
transmission components and its load

2 RREIRERE
2.1 BRERH
S HLAL A
Coi(Fe) = a, - K, (D
e a AHLAL G BB A R 0SB R RSAS 22 8
By, AHLAL fan A DB, X BB I LA
FRPEIEZPER, R AT ]2 Bee MR iR e i b4 LK
A ARLAE R -
LTSRS
B (P)=¢- P, (2
A, e N s i A A D D) R AR
WU PRI LI ES 1R 2l FH e 2
CRi(PGOi’PGki):aAi|Psz’_PGOi| (3
b a,, LA R R AL D AR o B 3 AR
AR W S A 2l
ClL(rn)=a, r, (4)
Sl AR RSN R R U TR S VAR iR )
g AT -
2.2 JLANiEl R A9 Ak 2R 15 AR
2.2.1 fr e s IE B A I ) SR AR ) A
N T AEEE 1 PR i B G SIN =R R
s (5) PR, R ool Lon] LIRS A
L~ L~ Ly MfREAL
L=L+L +L,

_Lmax . g Ll S Lmax

norm normal

_Lmax < L2 < _Lmax

ab-normal — normal

Lmax < L3 g Lmax

normal ‘ab-normal

(5



-90- CE R R R EEL

X o) fr T e MR SRR L, . Ly [H]
MR ARKIE
prmax _prmin L. —

pr(L) = prmiﬂ + max _Lmax
‘ab-normal it

ormal ( 6 )
I?rmax B prm'in . L2
L:;:-Xnurmal - L:l:r)r(nal
2.2.2 HLZH oyt 2l B P R Bl Y R M A0

iy Ak 2
s (3) o, ML S D S S R 9

EATHRME, XHEGIANNER o « o » W7D
PR .
(7

o] >max(0, P, — )

o, >max(0, P, — PL)

Ht, X (3D BT, AHBREE LR
A Wl (8) P

CR(PS. Py =ay (o] +a)) (8)
2.2.3 TAR SR AEIE R
KH N-1 PR AR, T 52 R AEERAR D,
TR DU A R

(D) BEERSKABHAR I, BITEEAN T
BEMS SIS TG IR PR R AT VP AR

(2) HT AW RIS 5T XS sk, B
EMISIEAENEZ PSS T

DRI, SEPE SR E A R OIHEE, BERF A SER
AT ) JK A
2.3 BB T R R AEE

ARSCMIBAT KSR A, LR IS AT as A
KAk B, ZOREMEETAR SRR RIELT
RS EATM RS G L. o, Igs il
IS RRA, W GEFR T T, A EIEHLAL
RERAS . SRS LA S DR A 2 M
T 147 14D £ 2 FH 4
2.3.1 HAreR %L

Max { pr(L)s°+y) pr"(L)S"} (9

|

A_(

Ny

k=1

S* =Y B, (P)-D. Co, ()= CL)  (10)
iePL iePG iePL

S* = ZBLi(PIf(i)_ Z CGi(P(fi)_
iePL iePG

11
> CR(FS,P)- Y. CL(r)
ie PG iePL
Nlr
pri(L)=1=3 pr(L) (12)
k=1

X 9~ (12) e LS HE oL A T
AR, prd(L) « prf (L) A RIALTJC AR A
RARES . I RAIRSHIMER, —H R A

W (12) Fion: §O. SEA N M AL T AR g
PERARZS S FE ke R ARSI XS NS s PL A
HL I ] T R D Dh ) s PG O FL M ALAL
iy T T B0 SR N Y s T
2.3.2 A4t

TRAR AR R AR RTINS & AN PAR AT A 5 16 H
N RGUSATARAS TN L LA

DY Pi+>. =Y P, (13)

ie PG iePL iePL
Li+L,+L = A(k)(PS - B, +r) (14)
P <pl<pm™ (15)
Ligmat < Ly < L (16)
_L‘:I:-Xnormal = Lz < _L‘::rxmal an
Lot < Ly < Ly omal (18)

X (13) ~ a8 i k=0,1,2--,N,; L(k) Ak
G ThIh R Ak Ao Fa Tk
ST E 5 S N DDA OG- Y L
AT IhE st Ry e S A ) s
P PO RN D ThER W R BRI
Hy o L™ N COEE DI AR AV R ) 6

TRAREEAT A A0 5 50 k N o R ISR
N S |

P > max (PI™, PY 1, AT) (19
P! <min(P™™, P} +r,AT) (200
o<r <P 2D

XL 9~ QD F: ory o o A RBEHLAA
Dyt B DR 1 B AV AR ) AT N
TEFHORAS T BT FO VR ' SR 3 TR) o
2. 4 FREIEY KA
g, PO PRSP 2R R WK
(22) FrizR.
{Pu"'ru :Pu (22)
PLki +rLki :Pu
B HARREJRTE, W=l (23) Pos.
MaX{p°(L)S°+ipk(L)Sk}=

k=1

Y, Z aP, +
P _ 1 _ k iePG +
gau[ ;pj .

Z(au +ei)rLi
iePL
Max Z aP+ =
5, iePG
Zpk Z%;(W:"'W;)"'
k=1 iePG
Z (au +e )rka

iePL



% W, %

S U R TS AT AR B A T U R - 91 -

N Za,Pg’ +
1_ k ie PG +
( ij (e, +0)r

iePL

Min > aPi+ e (239
v, iePG
Zpk Zam(wf+w:)+
k=1 iePG
(e, +e)r
iePL

ﬁ (23) [:F|7 EE‘%:C’:Z@[})I‘[?‘:’T%A%&7 -LZ*%EE

iePL

LG RIE T B .
H br & 50
Mn@&wm%WWH

X x* prf (L)

> prt(LF (X, X*)

k=1

s.t. Q4
(X" =0, k=0,1,---,N,
ffx*<o0, k=01L-N,

g" (X, X" <0, k=0,1,--,N,
A X0 XN R L R SRR T S AR
£t pr (L) WEE RN, 22 oot
B LI, 32X B L A AR A e A i v 1Y i
HLTCAFEAT I & A(X) ~  £(X) 23 750 S P AR = A
KA SRR A A T A A RS G N A U A
GFRAW; (XX A IS PIRE S &
THAR A [R] R ORI

AFLEC (24) 2 AR R e, T
FH R T SR

3 BHIRESR

3.1 HHIEAEE

ASCHH Matlab #2745 IR BRI T SR A . LA
3 T ARG A, e X XU R AR AT T AL
BT, B2 g 3 S EE A, R 1~ 3
Mg R ML Fifers HrEICPEAHOCSEL, et
R A S AR R E RS R AT =5 min, 4
S AT HLRE A, G 3 TR AL, AR T
fF 1~3 s iR 5 L AR DG, JER ootk
s E M T AT TG G

L
B 2 31imEMEHE
Fig. 2 Topology of 3-bus system

x1 ZEBABEXFESH

Table 1 Unit characteristic data

o lr a;/ ay,/ P./ P/
(MW/min) ($MW)  ($MW) MW MW

Gl 10 10 0.5 10 70

G2 7 20 0.6 10 70
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Table 2 Load bus characteristic data
P o,/ e/ B,/
($/MWh) ($/MWh) MW
L 100 60 61
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Table 3 Transmission device characteristic data
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1-2 0.2 0.001 0.001 18 20
1-3 0.1 0.001 0.038 36 40
2-3 0.1 0.001 0.001 36 40

3.2 BNt
3.2.1 40T

R B UE A ST (P 35 LR, X HLZE
=AEBL R AR, O 1L T 2 R Aot
B HAF B ZE R e, A5 s 2R 20 ol B H B />
i SRAE, 0L 3 R NATSCARY, g5 506 L mT WL
* 4,

F 4 FERITLES
Table 4 Analysis of the result

- B,/ F.,/ prs B/
MW MW $
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43.50 17.50 0.009 2 908.41
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Table 5 Impact of the maximum transmission outage
probability

fiF L Pyomw B, mMw o pro H/S
TE 1 495 11.5 0.001 789.09
TH 0L 2 495 11.5 0.01 818.76
] 495 11.5 0.02 851.74
150 4 495 11.5 0.03 884.71
1L 5 49.24 11.76 0.036 904.49
1H0L 6 46.29 14.71 0.037 907.05
&L 7 4350 17.50 0.038 908.41
TH0L 8 415 19.5 0.039 908.71
L9 415 19.5 0.04 908.71
150 10 41.5 19.5 0.05 908.71
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Table 6 Impact of the transmission normal limits

P,omvmw  B,mw pro o RBRTS
T 1 49.5 115 0.001 789.09
L 2 49.5 115 0.02 851.74
T 3 49.5 115 0.04 917.69
1L 4 49.5 115 0.05 950.66
T 5 49.5 115 0.052 957.25
1L 6 46.24 14.76 0.054 963.09
T 7 4242 18.58 0.056 966.74
1100 8 38.85 22.15 0.058 968.40
1L 9 37.5 23.5 0.06 968.53
i 10 375 23.5 0.08 968.53
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