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Peak shaving control model of power load participation system considering day-ahead spot market risk
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(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: The “dual-carbon” policy issued in China has further promoted the development of new energy sources based
on wind and photovoltaics. The integration of a high proportion of new energy sources into the grid has also brought
about system peak shaving problems. To increase the system's peak-shaving capability, the power adjustable load can be
incorporated into the system's peak-shaving gradually, so that power loads can participate in spot market transactions to
achieve indirect peak shaving effects. However, there is a certain income risk when participating in the spot market
transaction. Therefore, this paper proposes a load-participating system peak shaving control model considering the risk of
day-ahead spot market. First, it analyzes the mechanism of the power load participating in the system peak shaving.
Secondly, given the current conditions of the domestic electricity spot market transaction mechanism, and based on the
VaR method and extreme value theory, the risk of power adjustable loads participating in the day-ahead spot market
transaction is analyzed quantitatively. Then, considering the uncertainty risk of wind power, photoelectric and basic load,
it establishes a two-level control model of load participating system peak shaving. It considers the risk of day ahead spot
market, and then converts it into a single-level mixed integer linear programming problem through KKT condition.
Finally, an example simulation is used to verify the effectiveness of the model proposed. It shows that the proposed model
can improve the load income while ensuring the peak shaving effect, and provides a feasible new idea for system peak
shaving with the background of day-ahead spot market transactions.
This work is supported by the National Key Research and Development Program of China (No. 2018YFE0208400).
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Fig. 1 Schematic diagram of system day-ahead peak shaving
impact after new energy access
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Table 1 Adjustable load information of a certain area in China
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Fig. 2 Schematic diagram of influence of adjustable load on
day-ahead peak load regulation before and after regulation

Al SR 5 RIS S

A A S ST S, AR
SR A 5 BT AN, B 51
R T I, U2 g B i i R X
SRR S H TR BT IR,
fif Al AR AF U o

2 BhHAES5 RIS NS

2.1 BhRTETS S BRI SRR S HE

A AT 25 H AT 7 Rl RE
2, THEBHEEM SRR IHER. K3
A5 Zy WU IS Y R AL

1) NORFEH BEIRHLAL AR L KA, S VR EYR
Yyulife H AT T3 DO AR M AT Fi e, A SR BERT
REVEHLEL I B2 1747 F At &b, JFBLH AT
I s e 775

2) [ Py HATEL G 3 e A T
FRRN, AR B FL g A7 gy b R T ST HR AR R A
bR

3) ZH HATEL ST s S — T &,
HE RS /N T b e g G AR LAY, 3 DA T
9, A BAT HE R B A FR AR LA
2.2 HEIREHIA 5 K 74

1) FF VaR PR XU

HLAT TS BB IO AS BeBh - SR B e TN
W2E. TR H IR E MEAE 2 R R
HEFRR, SREMMHRKTIZE L. KT
PRIy HEBE A VaR 577 k5 H AT LB i 4 X
Bz, ABise F AT 40 2 e A IEZS 20 A o

TS S HRT a5 %, Hlis i
1%-5 SN R R 22 D XU (9 BRI RBEAE H
R EE 3%, P2 n DB, t

SRR By B SRR BT RAMX, 7E I
Bt SRS 55 SR i AT O, %
HS T RO IE S 2045 OB B, B
R ~ N(,0%), FIFIAEKIIL VaR B9
TSRS H RT3 5 AR, 2 4 T
G N I A Al s k(D).
7=WT(E-R) Q)

A W =W, L W, T AR i i, 47 n
B 55 B RIS 55 5 o 4R 1 e B
E=[E,L .ET A n 45 W3 4 i &
R=[R,L ,R,J" o n 4k 507 L B0 ik

SR T ST 4 G I 2 28 o B
w5 E el

p, =WTE-W )
oﬁ=1mﬂF2W (3)
n R
o,
F, = o) 4)
ot

A F, O n s I A% 7 22X TR o
NBENAZ B HE T A% ReAITT 225 pg =g, L
e 1709 n EHE TN AR BE R, g IBENLAS
& R

B X (1) 7T 45 47 far I B 28 2 IR AN TR S 40 AT
N (u,,072) » BE— DRI G A A7 N FRLUSC 25 o 1) PR 1L
VaR, w(G)Irs.

2
V(1) = u, — A*c? :_%WTFOF%W +WTE-W Ty,

®)
LA, A AR EEME.
2) FE TR AE F S 1 XS B VaR
1 H AT 5% 77 3 AN A ORI B i A ) vT
e, TEHEMNm S RAEEN T, FINSEbRE H
PIARAE FE 1120, JEA AR W — N EME u, BE

PSR X, I 2 2(6) I 5 A
P(x*<x+u|x*>u)= P(u<x*<x+u) _
P(x>u) ©)
P(X" < x+u)-P(X"<u)
1-P(x" <u)

FIERY x AR SO B FE0 A, (7)) s



.58 - ® A EREP B EH

1—[1+ Qjé E#0
Gy (¥) = d

X
1-exp| = =0
5] ¢

X, &0 BRNMBTEMFHESE. gL
5 u MRS, & RA—IRIAL, BAFR
(8). B & SiEFHME eu) =R WA(9), e(u) i
W FEAEHR S g 2
BU) = BUy) = &(U,) - (u—uy) €))
B
e(u)_E(x|x>u)—m 9)
MR AE RS T AR, 455 VaR THETTE,
WHE BASMEER T 00 5k ¢ 133 R Var, W
(10)Fr7m o

¢
_us Bl N
V(c)_u+€{1 (N @ c)j] (10)

()

Robe N MREAZR: N, BB A

5 P s 50 5 1 3 e R 32 5 B0
SEREARHETSEH T, G 3 BTk, (g
SRR AR R G . REARAE LR 43 A
M. EENMIE. oL, S RN kA
Ko e EAMG, MERALRYE, T L
SRR T A, R 55 5 H TR T
AT M E R R, X SEE i B
BRI AR, Y 1007 MR 7 G5, RS
AN, 45 B u, 5T Rl BRI A5 5

—— Geib R Ak 940

— FRa it R 038

.3
440 444 448
L]

1 2% T £(x)

50 2 ol 2|0 40 60
i fif Tl 340 Fox/ T3 oG
3 EAEM BRI R IR RN ARG 5

Fig. 3 Statistical distribution of transaction price data of

a domestic spot market in a certain period
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Fig. 4 Two-layer control model framework for adjustable load
participation in system day-ahead peak shaving
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