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Thermodynamic decoupling and peak-shaving research on a 660 MW
coal-fired unit coupled with AA-CAES system
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Abstract: The large-scale integration of renewable energy poses significant challenges to the peak-shaving capacity
of coal-fired units. To enhance operational flexibility and address energy flow conflicts in typical coal-fired systems
coupled with compressed air energy storage systems during peak shaving, this study investigates a 660 MW coal-
fired unit using EBSILON software. Three energy storage schemes and two energy release schemes are proposed
and evaluated through thermo-economic analysis, focusing on thermal-time decoupling capability, peak-shaving
paradox elimination, and system performance. The results show that during energy storage, the scheme utilizing
intermediate-pressure cylinder exhaust for thermal oil heating achieves the highest thermal storage gain ratio (1.370)
and the lowest heat rate (8 814.976 kJ/(kW h)). During energy release, the scheme absorbing heat from No.3 high-
pressure heater drain outlet yields the minimum heat rate (7 547.945 kJ/(kW h)). After 8 hours of operation, the
system retains 38.503 MW h of utilizable thermal energy and reduces the peak-shaving paradox index to —0.041.
Parameter optimization improves the round-trip efficiency of the compressed air energy storage system by 2.702
percentage points and increases the unit’s peak-shaving depth by 2.481%. This study provides a viable solution for
synergistic optimization of coal-fired units and energy storage systems.

Key words: compressed air energy storage system; coal-fired unit; coupling system; thermal decoupling; deep peak
shaving; peak shaving paradox; round-trip efficiency
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Tab.1 Main parameters settings and verification results of
the AA-CAES system
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BH Wit E HEME AT R 2%
RERIREIC 25 25 0
FEAEHLAUE T IMW 20.000 20.015 +0.075
JEZRRALAR € T #IMW 20.000 20.000 0
ik RERT /D 2 2 0
BRERTK/h 1.190 1.190 0
B AHERL J1IMPa 0.600 0.600 0
BB JIIMPa 0.600 0.598 -0.333
i<k J1IMPa 10.000 10.000 0
NEREAL AR J1/MPa 9.500 9.500 0
FEGEHN R C 45 45 0
TR ML IR R/ C 174 174 0
IR Y% 59.500 59.450 -0.084
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X 2 RS e i I I LB e T 26 AT IR A3
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Tab.2 Comparison between the design and simulation
values of coal-fired unit under THA working condition

miH WilHE HAE HARHR Z%
HE FUA MW 660 660 0
FZEIREJI/MPa 28 28 0
FE#EARTiEI(Kg s 521.490 526.867 +1.029
FERIREIC 600 600 0
PR R /1IMPa 5.539 5.539 0
FIHZEIRIREEIC 620 620 0
4 E/MPa 0.0115 0.0115 0

% 3 30%THA T THARHA IR HE SHEBERT L
Tab.3 Comparison between the design and simulation
values of coal-fired unit under 30%THA working condition

TiH Bt H HAME AHXHE Z2/%
Hr i Th&RIMW 198 198 0
F KR F1IMPa 10 10 0
EHET (kg 5 160.251 161.264 +0.632
FERRIREIC 600 600 0
FIEIR K /1IMPa 1.604 1.604 0
FRAZERIREIC 570 570 0
5 [E/MPa 0.0115 0.0115 0
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Fig.1 Schematic diagram of a typical CAES-coal-fired unit
coupling system
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Fig.2 Schematic diagram of the coal-fired unit and AA-
CAES coupling system
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Fig.3 Schematic diagram of the coupling scheme in energy storage stage
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Tab.4 Simulation results of the coupling schemes in energy
storage stage

gE] FapE &L TE?2 JTi%3
HFEH/(I (KW h)) 8512541 9069.974 8833.102 8814.976
fitg P38 5 Ll — 0.645 1.358 1.370
PRAEEFER/(Q (kW h)Y) 315877 336561  327.772  327.099
VRIREEIC — 352.016  377.183  272.183
/(g s ) — 18 17.500 60

TR 1 MAEFKRAFRAE (1760 MPa,
353.016 C), Zidigs inFFHgl, I & R 7%
IR (1759 MPa. 228 C) &3t s /1 2 51K
JERLN E AR E, #E NEESFT (0.123 MPa.
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Fig.4 Schematic diagram of the coupling scheme in energy release stage

*5 BREMERMBEHREUER
Tab.5 Simulation results of the coupling schemes at the
energy release stage

TiH Rk R 1L Ti%2
RN HFERI(KI (KW h) 1) 7600432 7547.945 7548.129
PHEI% — 47.702 47615
FRAERAER (g (kW h) 1) 282.031 280.107 280.106
MR AR (kg s7Y) - 19.095 19.428

HH3 5 Tl A, BEREMT Boks 5 #ha i) Fvg Rl 2
PRIERLZH AT DL BV ATLZH HFE R AR S HE 2R
HE L MITE 2 #hKIEE S5 N 198.794
193.041 C, HIE/KIREES N 234 °C o 72 7RI
MEAFREILT, 2 Fhos SRR B Fddh 7K 2 AH
I, AETHAEHLAIAFER . AR RbR I EFE R A
AR T 2 F7 KGR A SR =R BT
Bk, TR LRESMREILTER 2/, AR
MU ZAREE 2, [FRRETIARFERL T &
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EINH DR IGE, [BKE 3 SEinH ;s 1
5 2 G iR S E— P IRSCR B R R HEAORE
AR RE, BRI . fERRER B,
B FRATESS 1 IR IR 4 5 =ns
K28 H 25 KR, (7K 2 3 5 B s K #% Hi
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Tab.6 Comparison of thermal economic parameters
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Fig.6 Effect of the expander inlet air temperature on
relative change in heat rate

NRERREG RAMAGEARRE ), AR
5 SCHR[A8] AT R G TE A e 5 BE BB B I AFE 28 I
I [B) AR R AT X b . RN LA R

FEAERE I BE, DA% X B A ST R BB 41
RIEUEHE AT L. SCHER[A8]H, TR AR ML AL Y HRE
F N 7 865.104 kII(KW h), HHEA RS HIME N




5% 2 3

IrAkh 5F 660 MW BRIENIZH S5 AA-CAES Rl & R Gt MRS SR IR 5T 103

7 788.395 kJ/(KW h); A SCIR UG AL I FEZH N
8 512541 kI(kWh), # & RA MM FEFE R
8814.976 kJ/(KW ). {ERF AR R AT, JRIEHL
HHEAZERME, HIEH ;s SCR[18] R4 ro=0,
A RS no=1, R H A& 5841 8] fF#E e
1o HT-#EE SR IR OO A= TP B, B
REFT B 1 23 T A DA 546 WL R 2 IR R AT BB 28 %)
bt o SCHR[18]JE A AL ke 7 865.102 kI/(KW ),
HAGHAME )y 7 875.612 KI/(KW h); ASTEIAEHL
HPFEHN 7 600.432 kII(KW h), HE RGEHRFER
N 7 547.945 KII(KW ). STELZERERIH, BR RS
TERBRERY B IS AT R A AE A T 22 57 SCHR[18] 3%
Ginro=0, JRBLHSEA I KR AL RS
no=1, LI T SEA I AR o %2 YR T AN A
(RPEE A BRI . SCHR[18] 2R G 1ok 4 s 4 [l i
IRV USRI RFE SR, ARG NERAH 4
TSN B, B RRFER BT FERRRET B,
HR[18] Z 4t [F] 75 S Y FERR S ML 2 R i I s e
S, HAFERETRGHLA; A RSuE A
it BEMT BUIT B AF I FABE, A R TR AR 2 1 #
3.2 FARE- BT B AEFE M BE

KRICH G R BRI A Re i A7 T & #EE L I
BRI AP RS . B SRR RS [ PR R, S
25 SCHR[27] 0 78 Kk HETLAH B f s h 4R, 0 A
FEHEAT 8 h BRI 45 7. B 8 iR, 1
8h iy, WEMAIREEM 260 CFEafFZE 241 C, fit#h
MM 50.830 MW h B % 47.012 MW h, #fiEfrES
N 92.539%. FhH RGEEAEA ] A R
e AR — B JS, CAES R4ERR
15 () AR RE 5 (R0 B BRI ML 2 () e 2 D A5
38.503 MW h, i #JufifFAER) 75.749%.

2601 —s— EHER 951
—a— 5 G A
. 450 =
o 255 =
o =
B 149 @
2 250 %
e {48 E
245+ 43
Ha7
240 1 1 1 1 1 1 1 1
0 I 2 3 4 5 6 7 8

I 18]/

7 EFRE SRR ERAE T
Fig.7 Changes of the heat storage temperature and the heat
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Fig.10 Impact of the intake air temperature on round-trip

efficiency and comprehensive energy utilization rate of
the CAES system
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Fig.11 Influence of the air mass flow rate on steam turbine
heat loss rate and expander output power
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Fig.13 Impact of the compressor air mass flow rate on
downward peak regulation capacity of the unit
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