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Abstract: The conventional flexible retrofit plan for coal motor sets is difficult to eliminate the potential life loss
and equipment safety risks caused by frequent and rapid load changes to the thermal system. In order to improve
the long-term safety and economy of coal-fired power units participating in deep peak shaving, a “healthy peak
shaving” technical route for coal-fired power units based on hydrogen energy storage system is proposed, with a
domestic ultra supercritical secondary reheat 1 000 MW coal-fired unit as the application object. The indirect
carbon emission reduction significance of peak shaving coal-fired power hydrogen production is demonstrated.
On this basis, the matching degree between different hydrogen production processes and the production conditions
of coal-fired power plants were analyzed. It was believed that solid oxide electrolysis cell (SOEC) hydrogen
production was the comprehensive optimal plan. Based on this, a principle design scheme for SOEC coupled
coal-fired power peak shaving was proposed. Finally, a financial analysis was conducted on the new plan using
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the annual load curve. The calculation results indicate that, the SOEC assisted deep peak shaving of coal-fired
power can increase the annual revenue of the example unit by 236 million yuan, and obtain other benefits such as
equipment lifespan extension, consumption reduction, and carbon reduction. The relevant conclusions have
reference significance for guiding the healthy and safe operation of peak shaving coal-fired power units.
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Fig.1 Principle of hydrogen production by alkaline water electrolysis

[ 2 PEM R fEFI SR
Fig.2 Principle of hydrogen production by proton exchange
membrane electrolysis

4) BEARAAA A H A

SOEC DVAEMAL. LB RE AR . A
FHRIR MR, SOEC iz Tl ik 700~1000 C,
el T AL R RO AR, AR R R
/>, SOEC il RCEAIAS] 95% LA |, J&ATfa Hafig/K
HFIEF AR R T PeR e AT 0,
FHOR S LR AR AE L 3 AR

http://rlfd.cbpt.cnki.net

SOEC A% Lo Ml A B 1% F B & I AN
PRPRE, MRS e R E ML R, 25 B A
S RAEMEART, DR A, TR P
SOEC HEAE A KMBLMEA U E Y. FiE¥ R
SRERHEE IR AT T 2023 /£ 4 H 25 HERAGH
GenStack E2500 [i] {4 S A0 H AR e HE 7=, LB
7 ) S LI FRAE 3.16 (KW h)/m3 ChreEtRie, R IRD,
b A Sl 2 i) S B FRUFEAIR 31.3% . 10 000 h K
FasE MR ASR (HARELHLERD /T 10 mQ em?,
200 X ERIR GRS ASR /NT 5 mQ em?, FEHIH
e LA S st AT sEbE . b4k, GenStack HiHEr”
mit B 20%~200% %8 V)& #GE Bl /T 1 min
FELIHE AT BT TE] Y, R 0% A e el A2 SRS FELATLZE 1T 3R
W 3R, I LY B R IR A 3

2 SOEC #| SN E B IAIESEZRT

LIRS, SOEC A7 S AWK,
WaFHmE. HIRSeRE. AR mE R hE
P R S M 26 AF (700~1 000 C). FE/KFES .
IRRA L S S5 5 K ] B HIAE P S AR A 1 i
Ab, JEEBNIAE S 5 IRE TG A RS HIRRY,
SOEC BN R WHERAL, JLHIEE TR
MflE R, XER —H A RENREE.




136 #AL R 2024 4
70.0
HHV 39.7 (kW-h)/kg
60.0 4‘?’ .
LHV33.3(kW-h)/kg | ALK(2MPa) JN -
i 1 ‘
PEM(2 MPa) y |
~ 50.0 _ =
= . 2 MPalf 4 fie #6 1 \LK H byt |
> "‘--'-""l --------------- =¥ D — 1—---Ir ————————————— l"‘) PEMN
= 40.0 (4 . 1} A ! ! ! '
% # f;!:—{ 1 ! : : :
) 7\ He 1 1 1 | 1
> BRI TR e : P i
T HEEEE YN -1 : . =1
e = ipee el
Hifigd g i E = s =1
1 ) | 1 < I <1
1 ) | ) 1 1
10.0 = - - -
: SOEC(2MPa) | | | | !
: I | I | 1
0 1 + | 1 L 1 ! 1 Ll 5 1 1 L
0.90  1.00 .10 1.20 130 140 150  1.60  1.70 1.80  1.90  2.00
3 FRITIERABEFE L
Fig.3 Comparison of energy consumption of different hydrogen production technologies
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Tab.1 The main design parameters of boiler
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Tab.2 Design value of flue gas temperature

i H THA  75%THA 50%THA  40%THA
o O 966 896 817 760
i 1241 1194 1101 1035
G RS 3E 1 1241 1194 1101 1035
iR IS #s th 1152 1067 973 904
Fn I R O 1152 1067 973 904
R O 966 896 817 760
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Fig.4 Principle of SOEC assisted coal power peak shaving
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Tab.3 Unit load statistics

HUATIMW F/h & Ee/o%
200~350 550 6.36

350~400 873 10.09
400~450 1022 11.59

450~600 1455 16.82
600~700 1544 17.85
700~800 1333 15.41
800~900 1066 11.63
900~1 000 825 9.54
&t 8 648 100.00
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Tab.4 Water vapor distribution and hydrogen production

HLLH 47757
BH
200~350 MW 350~400 MW

EMZERE/(thY) 703.31 959.06
JTHRZRRE/(thY) 51.15 51.15
SOEC itk i< &/(t h'h) 8.06 0.38
SOEC HijiZ&y<&/(t hh) 238.90 11.38
SOEC JFkl 2875 &/(t h?) 21.58 1.03
SOEC HAER &/t hh) 268.54 12.79
SOEC =& #&/(t h?) 2.40 0.11
LI H)/h 550.00 873.00
SOEC il S & 1.320.00 99.91
AN 1419.91
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Tab.5 Quotation of electricity auxiliary service

A% HLAL /MW BEIRITOT (MW h)h)
0~5 550~600 100
5~10 500~550 200

10~15 450~500 400

15~20 400~450 500

20~25 350~400 600

25~40 200~350 1000
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Tab.6 Peak shaving compensation fees

. B4t g
HiH
200~350 MW 350~400 MW
T T IMW 275 375
if/h 550 873
W28 736 4537.50 3273.75
V=S &= TYib 7811.25
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Tab.7 Boiler Heat Loss and Efficiency

T H THA T 40%THA T
TS A A% 3.88 342
SRR A UK 35 1% 0.22 0.16
PR K 43 5] R AR K % 0.04 0.03
FEREIRRBR Y 0.08 0.07
R IEE AR K% 0.30 0.82
AR AR R I% 0.19 0.43
RN K% 0.10 0.10
SRR I% 481 5.03
BIPTHEAE (RALRAE) 1% 95.19 94.97
BRI R/t h ) 358.9 152.2

2 7 ATA, SRR A0%FE HY AT, K
K5 THAEZE 0.22 FH 4> 5, 1T 95%. iX
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200 MW SRS B 7 22 8 MR BOR B 5, P AR
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2515 t. P RME 7 FFER P, 350 MW #L
HULE A b 7 4T, T LA m AR AR
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SOEC #% B ERH AR, S I HUE L L% 8,
G A EN 11 352.16 t.
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Tab.8 Oxygen production

SH WLZH 514
200~350 MW 350~400 MW

HHE AAFIMW 275 375
SOEC JFR IR &/(th?) 21.58 1.03
SOEC =4 &/(t h?) 19.18 0.92
AL )/ 550.00 873.00
SOEC sl A /it 10 549.00 803.16
S fl) S Rt 11 352.16
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G B, WU 11 352.16 t A
170 229.44 t & A & 21. 7% = S e m A R B e
26%, IPFIFAMEM E AT E N 181 581.60 t. 1M
40%THA THL T, fatp ittt X &y 1.312.78 th,
Rl FRR, AT SCRF & SR E 138.34 he

H1Z% 7 T %0, 0% THA T RERIF RN 94.97%,
P RS R AR 20 920 kikg, #itAIEE
152.20 thh. W& SABAREAR S, ARHE SRR [15-16]
SRR, BUPRRTHIERE 0.65% 5, TE T R4
PR IR A 95.620%. IR R SR AS
A5, N SEPREER R E 151.17 th, BT
WAHE 1.03 to BEANE EURBEIAIR], JLRrTHE 142.49 ¢,
PLZ3 B2 SR WY R AT ) 2023 4E 5 H 17—23 H3R)
WEEN I M AR R 729 JUit i, B BRI E] A
W ail 10.39 Ji TG, AL 281.92 t/a.
32 BAITE
3.2.1 & & A

HHT, EWP SOEC HAR T EW R KNZ AT 5L
=M B, 2023454 H 25 H, 4F77RE 100 MW K
SOEC HiMfE HaIMb =Lk /e Liff 32 N2k, & 2k
R REREHEARAR A F R R, %A
A, SOEC R Suffiilih M ATE 2025 F-44 T F4 2
5000 Ju/kW, Z 2030 4K R %2 1000 JG/KW.

A5 H BRI SEOC # 8 | KAST BN
3.2t/h, HEAREN 12457 MW, LL24H7 SOEC #
el R A 5 000 To/KW T, HoA: P2l s A
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IS FH TR R E L4 ) SOEC 28, HIHFEMIR
BEZEA. HIEZDA. BRI IMHAGRAR,
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FEBACFEIRIE ., TP RIS iR, W&HTIH
%5, SOEC 5|2 # ke 54T IH %% FHTEN LA AT
A & AN, AR B AN T

BB IR B A ) B R A . HHER 4 W\l A,
ZALAE 40%THA H 1T, /N T FE B THE R
(#UH N 209 16.7 ki/kg) 152.2 t, 774 mEim it #4
7KK 1023 t/h. FEILiT5 SOEC W AEZ IR BTN M
4 &l 23 635.29 1.

HRH 2% 52 By SR I A 1Y) 2023 4F 5 H 17 H—
23 H it s A M 485 729 ot THEIKZE SR
AN 729X 23 635.29=1 723.01 J5 7G. K HL) %
R AS R 10 To/t, DR ER R /K Ay 158.86 15
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3.2.3 478 iz 4 A
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TRINAGERD . SOEC 4 At KR TAERT,
FRIAS LR EMHSER 10%, JriavEEnN
15.22 t, Z5FE N 11 095.38 J6. HNH e BE a1 R

TR ARG E N B b A8 SR A BB A T HIE , AT R
IR A -
33 FFHITE
A ELZE RS 2 5 A L3R 9
*R9 FiEHE B JIT6
Tab.9 Calculation of profit
g HE BRA 8
SAESR 4 969.96 15 4% il i 62 285.00
T M 7811.25 K7ES, 1881.87
WA AT 100.00 10 5iz 4k 349.09
BT 10.39 AR 111
Ait 12 891.60 it 64517.07
AR -51 625.47
52 5 FNE 10 659.53
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i b, &N\ SOEC #:HE )5, kBN
5.84 fF Yl A, M B LA AIE N
10 659.53 Jiyt, /DA 281.92 t/a.

445 iE

VAR, Bl [ OB RS (1) S, BT REVR
77 LR R IE I AN, o G P ML 1 2 5 1 e
REJIPEH T M ER . O KB RIEESUE T EE
LR, 2 THAKEIT R et 585,
ASCERIT T FE T i S A 7 2 L 0 A P L 2L A BR ¢
I A o

U BT K L S B I e i, SRR A
THBRATE AR A P B AT LT 1551 )3
TE T3 A AT 400 B 2 A ARG s oF1) P i) S A 2 1 A B A
H AL 2L Fe 0 R o P R 0 B R R 25 s
B BRI SR SR AW
PR RG . AEtEiE, B RENRE
L5515, 1000 MW BAKEHLALR ] SOEC 4
WK AR B G, 5 5.84 U B HH# B, 28 6 4F
EAFFEATIR 10 659.53 JoHEFlE, kb mHE
X 281.92 t/a.
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