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Multi-time—scale robust scheduling optimization of industrial integrated energy
system under multiple uncertainties
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Abstract: To address the problems of carbon—intensive operation, complex multi-energy coupling, and the
difficulty of achieving both robusiness and economic performance under a single time-scale scheduling framework
in industrial integrated energy systems, a day—ahead and intra-—day multi-time-scale coordinated scheduling
method considering multiple uncertainties is proposed. First, an industrial combined heat and power model
integrated with renewable energy is established, and ladder—type carbon trading and integrated electricity—heat
flexible demand response are introduced to enhance the low—carbon and operational flexibility of the system.
Second, in the day-ahead stage, a two—stage distributionally robust optimization model is developed to address
multiple uncertainties arising from source-load forecast errors and electricity price fluctuations. Historical-sample—
based ambiguity sets and polyhedral sets are employed to characterize the uncertainties of source—load and
electricity prices, respectively, and the day—ahead robust optimal unit output schedule is obtained by using strong
duality theory and a column—and—constraint generation algorithm. In the intra—day stage, a rolling optimization

strategy based on model predictive control is designed to dynamically track the day—ahead schedule and correct
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real-time deviations. Case study results demonstrate that the proposed method can effectively improve renewable

energy accommodation, reduce operating cost and carbon emissions, and lower intra—day adjustment costs under

multiple uncertainty disturbances, thereby achieving a balance among economy, low—carbon performance, and

robustness.

Keywords: industrial integrated energy system; multi—time—scale; optimal scheduling; uncertainty
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Fig.1 Operational architecture diagram of the comprehensive

energy system for low—carbon smart industrial parks
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Fig.2 Topology diagram of the industrial integrated energy system
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Fig.8 Intraday forecast curve of wind and solar generation and multi—level loads
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Table 5 Results of different scheduling optimization methods at multiple time scales

Jrik /;ﬁ; : ”/'ffg”‘ : "?ffgﬂi Bt ion  SHERHEI R SRR
DO+MPC 44.61 36.25 8.36 2191.34 - 6.3
RO+MPC 45.62 40.97 4.65 2089.77 44.4 0
SP+MPC 42.66 37.58 5.08 2046.96 39.2 2.1

DRO+MPC 43.12 39.48 3.64 1964.64 56.5 0

DO J7 ¥ A B 75 18 KO K B far i) T 458 2 1) R
B P, JHL R o S 0 ) A T A A% A TSR
KRG U, HOETREEE SOATE DR O e i, B
T, 3P SHE W TG 638 1 H PN i B A L S T 452 2
A5 R G AE H I ZHE AT HLALH Ty R IR 38 T
SR RE , S 20 H P2 A 3R AR e HE R A
o SILFEET, DO J5 ¥k 0 3 XCR N 35 6 R A X T
1o U BHAZ T A SE BRI 8 R HT RE R I 3l 1 T 4
AE I, HAGIH R A PEARE AR AR5 N B . RO
Dy B 2 O Yy R AT AT $E T AN
SEMERIRAEE J7, R T XX R S RGAE
H i B 0 AR O 5RO K A T 4 i, 380 H g
VA RE AR . T H ORI R T AL T
H P9 ST LA 7, A B PG SE Y BE R 4 T
A R H N AR T DO J7 ik, W, RO 7 Y
EEDS SR S BN I e Y ey B
JE 4 TR) A 38 58 T AR VR AN e . Rad, B TR
Wesiit 37 5 T B9 AT A7k, RO J7 ¥ 78 28 3% 1 D7 T FEA1E
—ERHE . SP TR H AT A BAR AR, (H AR
T2 R ME AR, 25 S PR B B 4 4 A B, H

AR 2 B0 AR, S8 H N B BU T B £ (11
1E, R H SRS A AR R B AR, BT DO JF
2%, KT ROMDRO Jrik . MWAReIE A H N ML E ,
SP J5 1 1Y 33 KR M 55016 3085 DO 7 A i e L (3
FEAN R M SR A N AP AEAE — 5 B 3038 B AN A2 7]
i, MHZ R, DRO J7 ik [ B3 T oA 5 B A
5 it IR 5 RV RE 7, 6 48 55 1k g M 1 2 ) S R
TP . H RS TSP ATRO ZJA] Mk
H P B Be B AL 2H I 3% il A 88 DO F1SP 43 3l R R T
56.4% F1 28.3%; DRO J7 % [ & H PE $2 T+ 8 4
56.5% , LT RO F1 SP J7 vk , . B FL R A2 B2 A1 S PRt
B R X H AR R & EA . 1E4h, DRO Jrik
WA T IR KGOS, R RE S 7E 2 5 P
T A A5 P R R G B T R IR S AN
PERR AN S I . 5 BLIRIES, DRO J7 i i s HE ik =
AR, IF B DO k80 10.3%, dF— A et T H
FEACBRIZ AT 7 T PR3

PRI, A ST 4 DRO J7 ik RERS 7 H HiT B BB WL
LS PR ) SR TR 7E CRIE A = BT R UER K
SEFEAR A HE AR R B BEAIR H A& TE BAS |, iR 31



5 XX

www.hgxb.com.cn < 17 ¢

WL G st ERe S E .
4.5 HEMESW
451 wHhFRHEHGEHESK FERITTHH
BER L ANEB R ) 43 B FLAT (R 0% Bl 255 s 1 T 48 B
PEo AE H TR B SR 2 TR AN Bt 2 2 i A
W By, I3 B AR S R WA B SR 3 1 XU
T 4 AR GT HL Y AN 2 T T 2R G R R s
PR 52 M, 68 A 0 53 2 SR A 7 B0 PR 40 B, 5 SR
F 6K,

®6 BMMEERESHEBEER

Table 6 Sensitivity results of robust budget parameters

for electricity prices
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Fig. 14 Effect of renewable energy penetration on

total cost and carbon emissions
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Fig.13  Effect of carbon trading price on total cost and carbon emissions
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