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ABSTRACT : [Objective] High renewable energy penetration exacerbates power-system stability challenges, particularly
concerning frequency security and short-circuit current adequacy. Conventional cost-driven scheduling methods may violate
these dynamic security limits. However, directly embedding detailed nonlinear security models into scheduling model is
computationally prohibitive. This study addresses this gap by proposing a practical and tractable solution framework to ensure
the dynamic security of power systems with high renewable energy penetration. [Methods] A rescheduling-based iterative
framework is proposed that enforces dynamic security through simulation-guided constraint generation. This method first
solves a conventional scheduling model. Subsequently, high-fidelity dynamic security assessments—including frequency-
response analysis and short-circuit analysis—are performed on the resulting schedule. Upon detection of security violations,
sensitivity-based linear security constraints are generated and incorporated into the scheduling optimization formulation. This
process iterates until all dynamic security criteria are satisfied. [Results] Simulations on the HRP-38 test system demonstrate
that the proposed approach converges efficiently to schedules that are both secure and economically competitive. It effectively
eliminates dynamic security violations while incurring only a modest increase in operational cost, thereby validating its
capability to maintain system security while preserving economic efficiency. [Conclusions] The framework presented in this
study offers a practical and tractable pathway to reliability-aware scheduling in systems with high renewable penetration.
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Fig.1 Diagram of the power system scheduling of

different kinds of resources
1.1 RS EEE&E
1 1 2R G AL G AL AL R B8 Tn] i — i DL 28 5% et
BRI R G AN R RSB T R
minZE(CiUuw + Czndgvt + C;’ng[)

teTge@
vind ind v v st
s.t. Pg.r’ Rg,z’ P::,“; > R‘:inz( ’ PF.\r’ RS,‘N Rs,(;r’ E.v.r = 0
1
‘xg,t’ ug.r’ dg,z E{O’ l} ( )

P F, .0, eRgeGuweWoveV
seS,teT,beB,le L, F(2)—(6)
K CVLCPLCE 5 R K LA B FFAILAS A= AL
JAS RIS IBATIRAS 3 P, P P P 53 50 R K L AL
41 R HLLL IR FIfERE R TR, R R
R 3 ) R KR AL XU AILEE DGR R e R 4 1Y
PR A B s x,, u, d, 5 R SR ML ) 455k
A TV § AP S B NAERE R ST fr RS
F, R8T 0, R 1T 5S35 2/ G oo/ W ol V) s1S
tTbIB LAY 3 K AL R ALAL Dk i RE &R
g5 AL RS

el EEA AL (D) B T K LA 1Y )5 454k
SHERFEWE TR, FEARK02)—6)%
W T A 2R T 4 R AR Akas A AR

1) XU HLA

P+ R < AP
Pl =R 20 (2)
Ry < A Py
A A Sy KU BLAL w 7 ¢ B 20 B9 T R 0 o
P A KU HLEH w0 BOZERLZS & 5 e S KU LA w B B
KA LA
2)61k
PP+ R < ADPY
Pr, = R" >0 (3)
R, <Al P
AT g 2GR v BT D L PR etk e
AR LA AR 5 e G IR v BB R A5 A9
3) KHALA

P,,+R,, <Py,
ngl - Rg,L Z nggvt
< nax D
R, <r"Px,,
up
Pg,l P;,r lgxgz lag +u’gleg
_ < down
Pg.l—l P N xg,l—lag + dg,ng (4)
ug,L - dg‘l = xg‘l - xg‘l—l
t—1
> G
xé = dg.tTg
(-
=1
G, off
z (1-x,.)>u,T,
=g ol

KPP ol KL g BRI T 5
o KL HILEEL B9 B R LA 5 e ey 3510 Ry K HRLAIL
S b R B3 70 7O 43 5]y e F HLE
R FERF ]

4)BERERSE
P+ R < P
Py = R = =P

E",t=0

Es,t = ‘ stor (5)
Es,r—l - Ps,t—ln.s’t > O

0<E_ <E,

Ril([)l’ S rnlaXP‘:‘Ul’

o P R RE s AU DR i s BV O R T HOIR S 5
E Sy e R RS s i A RE s B R & e

5) WKL
-w<f,,sm

F, = Bz(aum - 0/(—“)

SP o+ D P Y P > -

geny we oy Jey sens (6)
D _
zFl,r-l_zFl.r_Pb.t_o
len)?® len)*®
-F,<F , <F,

http://www. cepc. com. cn



4 By

47 &

X B ER B LI D50, .0, 73 0 L e 3
AR 19 AR AR 08 Q) 0 OF 53 B R IERE R A
b KL AL SR S RE R A ER Q).
O | DR DN X (N =R R IO ES s =Se N DU X (B
AT BB BE R Py, N R b AL B BT 5K
F RS L2 5
1.2 BhERESH

TG LA R BE A = (1) M 3 T /ML ) &
GLEARIBAT AR o BRI, 7E = LA T AR e TR B i
st N B AS B0 KR LA A 8 B2 LR 0k
W XFP L AR T AR S B R G I 2 SR B AN A )
AL, AN 2 BT

0.1r

.
T 1Y i

A | tim
70'90 10 20 30 40 50 60
HF[A] /s
(a) IR %4
101
8 L
6

JL it HLVRIEA/pou
(=] 554

-2
—4t---------=
6 . . . . . . )
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
iR /s
(b) FHE% R4

2 BARGHEREHK

Fig. 2 Dynamic security issues of the power system
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Fig. 3 Re-scheduling-based scheduling framework
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AW/ WAMTE
1 10.71
2 10.76
3 10.81
4 11.05
5 11.13
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Table 5 Comparison of scheduling results of different
methods
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