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Flexible peak-regulation dispatch of an oxy-fuel combustion integrated energy
system considering dynamic oxygen-supply constraints

Luo Ruijun', Tang Xiaoling', Xiong Wei', Liu Xingyan®, Zhao Jing', Zhang Tian'
(1. College of Electrical Engineering, Guizhou University, Guiyang 550025, China;
2. Power Grid Planning Research Center, Guizhou Power Grid Co., Ltd., Guiyang 550002, China)

Abstract: [Objective] With increasing renewable penetration, thermal power units are shifting from baseload
generation to flexible regulation. For integrated energy parks containing coal-fired units, deep peak-regulation
capability is essential for renewable accommodation and low-carbon operation. Oxy-fuel combustion power plants
(OCPPs) offer advantages in low-load stable combustion and CO: capture, but their available downward regulation
is constrained by the power consumption, ramping limits, and start—stop characteristics of the air separation unit
(ASU), together with the boiler’s real-time oxygen demand. Assuming instantaneous oxygen supply may therefore
overestimate feasible regulation capacity. This paper proposes a flexible peak-regulation dispatch method for an
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oxy-fuel-combustion integrated energy system considering dynamic oxygen-supply constraints and liquid oxygen
energy storage (LOES) buffering. [Methods] An electricity—oxygen—hydrogen—carbon coordinated dispatch model
is established, explicitly representing OCPP operation, ASU oxygen production, power-to-hydrogen (P2H)
hydrogen production and by-product oxygen generation, LOES oxygen charging and discharging, hydrogen storage
and utilization, and CO: capture. During deep peak-regulation periods with surplus renewable generation, additional
electricity consumption is allocated to ASU, P2H, and LOES charging, converting surplus electricity into storable
oxygen and hydrogen material flows. These materials are released in subsequent periods, thereby temporally
decoupling oxygen and hydrogen production from their consumption. LOES is placed between ASU production and
OCPP demand as an oxygen buffer, reducing the dependence of low-load OCPP operation on real-time ASU output.
A grid—park bilevel optimization framework with iterative response feedback is further developed: the upper-level
grid adjusts the dynamic peak-regulation compensation price according to regulation demand, while the lower-level
park coordinates unit output, ASU, P2H, LOES, demand response, and CO: capture to minimize net operating cost
and release feasible downward regulation capacity. [Results] Case studies under the specified parameters and
operating conditions show that the proposed method improves deep peak-regulation performance while preserving
oxygen-supply feasibility. Compared with the traditional operating mode, the cumulative deep peak-regulation
response reaches 596.8 MWh, an increase of 47.6%. Daily operating cost decreases by 15.1%, while direct carbon
emissions, calculated from coal and natural-gas combustion net of captured and stored CO-, decrease by 77.7%.
The results confirm that coordinated ASU-P2H-LOES operation transfers flexible electricity consumption to
renewable-surplus periods and uses stored oxygen and hydrogen across time, supporting continuous oxygen supply
and CO: capture. [Conclusion] Oxygen and hydrogen material-flow buffering mitigates the restriction imposed by
dynamic ASU oxygen supply on OCPP downward regulation. The proposed method strengthens low-load stable
combustion, continuous carbon capture, and low-carbon flexible operation in thermal-power integrated energy
parks.

Key words: oxy-fuel combustion integrated energy system; deep peak regulation; oxygen-storage time-shift
decoupling; dynamic peak-regulation compensation pricing
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Fig.1 Electricity-oxygen-hydrogen-carbon coordinated operation architecture of the oxy-fuel combustion integrated energy
system
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Tab.1 Parameters of the main system equipment
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PEY/MW 150 A 1% 20
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" 0.45 — —
P2H. ASU 23}
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Tab.2 Energy prices and key economic parameter settings
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Fig.4 Convergence curve of the upper-level algorithm in the
bilevel optimization model
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Fig.5 Source—load power balance under the ASU-LOES
oxygen-storage time-shift decoupling strategy
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Fig.6 Oxygen—hydrogen operation and balance in the

integrated energy park under ASU-LOES oxygen-storage
time-shift decoupling
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Fig.7 Carbon balance and LOES operation under ASU-
LOES decoupling
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Tab.3 Comparison of economic and deep peak-regulation
flexibility indicators under four schemes

EiELEn HEL HE2 O HE3 JiE4
ZHH RN /(MW h)  596.8  512.0 4520 4044
PRI Sz 4 A T o6 109.8 1059  101.5 93.6
RIRFATT T 66.3 74.5 82.8 67.3
W2 5 5 EAF A TT 76 -15.6 -10.1 -7.0 18.6
RIS/ T3 70 417 39.1 36.6 34.7
) L RS AR T3 7 11.9 10.2 9.0 8.1
5 SR LA TG TG 25 32 35 4.0
B/t 133.2 144.6 153.2 156.9

&3 ATH: HHE 1 HBTEamRARN 1332 7]
TG, TS 2734 4 3 AIFRAK 7.9%- 13.1%A1 15.1%,
HAETZITEB R RIS TR R A Bk A
R BEE, AR5 SEAARA N-15.6 Ti
TC, BRI SRS R RRIE 41.7 JIoG, BT
Z 4 2T 20.2%. HARAIE T IR AT Bkl
AP S 22 e R RIS

TERIEETTH : 77 % 1 B &N 596.8
MW h, #H%E 4 25 47.6%, FW LOES %Al
SCHL ASU 5 OCPP B} /Pl JF I A 2R . 7
K 2WITHE 3 S 60.0MW h, #H] P2H Bl A S
g AW F TR R ARE ) HP TR 1 BRTE 2
JRE 84.8 MW h, 1KHI LOES fif & A 6L S 5h &
AR ERIET . TR 1 BIsT AR, Hritiy
B TR AR & R BLIRS) ASU. P2H il
LOES i&17.

4.4.2 s B HRIL &
AL T 4 M7 ERAHEBOCE TR RO EE
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Tab.4 Carbon-emission indicators under four schemes

XX 9
fahn HE1 HE2 HE3I HE4
THECE/ 786.1 17115 18548 35314
[RGEISS =T 32429 22647 20520 0
AR S B/t 40290 39762 39068 35314
05 %% 4 JRHPE /% 71.7 51.5 475
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48R, FTEERHHECN 786.1t,
N AT R, BITE 4 FK 77.7%. XUiHE
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VI B 70 4 S BN BB, A ASU Hill %5 OCPP
FH4, AN S giris AT I e 4 R % SR it SR 5%
F I COAHHEIK
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SIREHER, $NBR CCS SERr s 7 &, A4y
HLAREHE . AT 4 R2EiE, JHER W T £ H
B R Z 57 & 4 HiE 2 .
4.4.3 ) 5 AME WA BUF] 57
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Tab.5 Comparison of different LOES configurations under
a fixed peak-regulation compensation price

TjiH TR A J%EB
LOES e N
AMEMHE [#] % Bl
HIig47 A/ T3 7t 136.9 147.4
SR E/(MW-h) 568.3 510.2

% 5 R, LLEhAAME AN 51 0.69 J0/(KW-h)
VE N EN RIS, Bt B LOES {15 7] FKIs 1T A I
TR R e S B, 15 AR S I B TR ORI M
AIAT IR P P AR

53X shAMEME LOES 77 % R it
NEH 568.3 MW-h # % 596.8 MW-h, H4IE 5.0%;
J& LOES J5 Z{¥H 510.2 MW-h #% 512.0 MW 4,
HEIE 0.35%, Ui B ZORI LOES g%
7o
4.5 UMK
4.5.1 ASU A7 fit 71 SR AT

AT ASU 7 HE S5t R FE 4 SR s, K
Hoe s bR & N EE DI 60%/h . 40%/h Fl
20%/h, EscR MRS MEN S . AR ASU
&I 23T (1) B HIR e & L3 6.

&6 IR ASU AR TR IHRBMNE
Tab.6 Cumulative deep peak-regulation response under
different ASU ramp-rate constraints

ASU Jed -FR 4 LOES &itmis  J& LOES Ritmk
/(MW h) /(MW h)
60%/h 596.8 512.0
40%/h 565.2 483.1
20%/h 554.9 419.9
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