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Abstract: The existing thermal power flexibility renovation plan is difficult to eliminate the thermal system life
loss and unit safety operation risks caused by frequent and rapid load changes. In order to effectively ensure the
safety, economy, and health of thermal power units participating in grid peak shaving, a full capacity and long life
peak shaving technology scheme for thermal power units based on the coupling of solid oxide electrolysis cell
hydrogen production technology (SOEC) and burner local oxygen enriched combustion technology (OEC) is
proposed and constructed. Taking an ultra supercritical 1 000 MW secondary reheat unit as an example, energy
efficiency calculation is conducted on the SOEC-OEC system participating in power grid peak shaving at a depth
of 70%~100%, and the results are compared with that of the conventional alkaline water electrolysis hydrogen
production (ALK) system. The results show that, the energy efficiency of the extraction electrolysis hydrogen
production system in SOEC-OEC is as high as 49.86%, which is about 26.40% higher than that of the ALK
system. The oxygen enriched combustion system can reduce the boiler exhaust gas by up to 23.7%, reduce the
unit coal consumption by 2.83 g/(kW h), and reduce the carbon emissions by about 2.82 t/h. In addition, the
SOEC-OEC system can also bring excess peak shaving subsidy benefits, hydrogen sales revenue, oxygen
enrichment and coal saving and carbon reduction revenue, as well as equipment life extension benefits to the unit,
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fully ensuring the economic efficiency, safety, and environmental protection of the thermal power peak shaving

process.

Key words: thermal power peak shaving; SOEC; OEC; economy; health
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Fig.1 Comparison of hydrogen production energy consumption
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Fig.2 The SOEC-OEC coupled peak shaving system
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Tab.1 Design parameters of the boiler

i H BRL  75%THA 50%THA 40%THA
I GRS/ (L hY) 2753 1985 1285 1023
I AFEIRIR S/ C 610 610 610 610
A R R C 1250 1194 1101 1035
fRET S O RIR/C 1164 1067 973 904
IREHEFE R/t h ) 371.6 275.3 191.0 152.2
B AR

URfr B % 95.30 95.19 94.98 94.97
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Tab.2 Energy consumption of commercial SOEC devices

A 3 H A kW i) ZUEFE/ (kW-h) m3)

b R 3600 3.60

Z£[® Bloom Energy 100 3.37

JEE BT 31 25 4.20~4.50

f#[# SunFire 2600 3.60

FHE IR 3.48

Jeut B <3.80
LSRR 202 3.60
IR 28 >600 3.35

WL EH R 3.50




128 A% & 2024 4
WA 2, HHUA TR P SOEC % i) A bt s
FEN 3.6 (KW h)/m3, NI
2) SOEC & #tk SOEC B TAERf, K% 1 1 |
F P U R AR VR B A B B Bl e e —
SOEC il A ReFeR I 5. - 7
1 m3 SRR T 7020 44.643 mol, Xf P
R -7 9% 44.643 mol [ SR K A8 UK . B R LLLE
fi it R KA RN 85%, AR RGH semm | 25| [ Ak
th oK P EAER

SOEC ZEHE JH#E 3.6 kW h [ RE, FTFEFEIKZES
4 0.945 kg..

R 1 HdE, 40%%05E )1 FHLA RS
2.557 5 kg/(KW h), KEK MR K 3.6 KW h 1]
HLfE, b BN AL 9.207 kg /K&, XM TR
7K 78S B A SOEC i HL IR 7815 .

Zi b, SOEC &M HRILECA 9.743,

) KERFE NI KHNHM &R EHIE,
SOEC-OEC Z AT EREHANLAL 40%%E I~
K HLEE, BTA 400 MW, 5 87 [ 7875 & 1 023 th,
MR FER} LT H 5 1 H 7R VR o 927.78 th, X R
I N 362.77 MW, [Hlt, SOEC-OEC R4 IIhH
N 362.77 MW,

3.3 ARAIL

HiE— iR RGRR, Wt T AR ENOR A
1, SOEC-OEC R4iH) LAz 3 frox. &
T8 ¥%itd, SOEC REM TIFRET AN
950 C, A=A ME WM EAIR SR
BE, Wit T 2 9 “PERRIAIMINGE 7 R AT A
A, [ECRGE T T SOEC 2815 BGRB8 K

N2 SOEC # & I TAEEE, it T 190
ANFAEE CGRIESR B B RUd AR O Tk
— PRI RKZE SR 2 950 C, RIS
T A1 2R R

IEREA s

S D
A

R

=
SPRDSHT-1
HhoK [a]
B KRG

A

255 ARG

i T
i ifi T.;.;;—;“], ’J“I“J‘“TJL?U
4, = RV B ¢
~ =

3 SOEC-OEC Z& L 22
Fig.3 Technological process of the SOEC-OEC system
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Tab.3 Design parameters of the SOEC-OEC system
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Fig.4 Process simulation diagram of the SOEC-OEC system
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Fig.5 Technological process of the SOEC-OEC system

3R 5 TREIBIERET SOEC-OEC RLEHI SRR
Tab.5 Hydrogen production efficiency of the SOEC-OEC
system at different peak shaving depths

S 100%%5 & 90% %5 it 0% R TO%RE
” il Gl Gl A
o g L
(Tn flhfll) 451727097 3387953.23 225863549 1124764.35
Qo/(kJh) 7150944255 53632081.91 35754 721.27 17877360.64
Qe/(kJ hY) 1311377 635.0 983533 226.4 655 688 817.6 327844408.8
Qu/(kJh?)  55379206.31 41534 404.73 27689 603.16 13844801.58
Q2(kJh) 105105 635.30 78829 226.50 52 552 817.67 26276408.83
il S RE R % 49.846 49.857 49.846 49.645

TRPEANRESBN 23.22%, HFHILiHE
SOEC-OEC R4 HI R E MM &, 458 LK 6.
%% 6 SOEC-OEC R4 # RN ESHS &

Tab.6 The reduced air volume and flue gas volume in the
SOEC-OEC system

B 109%'@;5 go?/oqé;i so?/oqé;i 70%'@;%
T g g g U
AR (kg hY) 722763 542073 361382  17996.2
W R E/(kgh?t)  311267.6 2334507 155633.8  77503.1
KR B EL/% 2371 17.78 11.86 5.90
WSS (kg hY) 6297781 561853.7 493929.3  425731.0
JES =R L% 237 17.8 11.9 5.9

H# 5 %1, SOEC-OEC £ 4t 3 18] (1) f v
RERA 49.857%, 7 I H A7 %50y ¥ g 201 FH /4 i
B

HLfR A P ISR TR AR I R R RE 2 N
10 Jey i & AR Ca A Bos i 30%). —
J7 AR N GRS, R A 75, )
— 5, EEE T RER R, PR =R
b, DRI HEIE 00 R R A1 2 3 TR AR

AL 40% THA T &S XE 1312 779 kg/h.
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3.5 A RAYXT LLIFM

MR AT AEFA ) G2000 AR K HA iR A
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#KFE 1 000 MW R BIHLL, THE ALK R 41
ZREAL. G2000 & HiI A FAERUN 4.4 (KW h)/m?3,
ML () R B L RE, Toilk RIHLAL R RE &
J—H:ﬁ

Qx,

a= ) 2

A o NHIFRERL %; Q, NEUHE R A

i, kith; Qe NIHFERIHAE, kih; HLAMCREE
THH 48.95%. 115155 0=39.437%.

EL#nl %1, SOEC-OEC R ZiAHEL ALK & 5
45, BERURY) 26.40%, ML EE.
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Tab.7 The G2000 equipment parameters

BH Hiw
FeEEI(m® ) 2000
A K J1/MPa 16
B HAE/((KW ) m3) 4.3~45
TARIREEIC 9045
LA KOH J5i 52 73 %/% 30

3.6 A

SOEC-OEC ## I R G e i AN IR 1L

1) BHE AT HHEBRGFICE  HATHW
Xof - R Ve ()R 2 R L2H 2% B v (R SEAT BB FE e A
TREERRTR, I sikm . AHELE AL 20%~30%11)
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B AR (ks 60~70 JT/Kg, 853 Hb X BURF AN e
153 30~50 Ju/kg), Xf Ak H S I IR s A BRI A

3) FARMMIE MR X IR E AR e
AR T K, BRI T KWL e FE TS
B, fm TIRE, BrReR. BRI
LIRS BB I .

4) X EEHEFGIE SOEC-OEC R4k
G, HUZH E R K AR 2 1247 1 = ROCR X [H]
(A0%A7E H 1), # 1 RG0S M 8 v % e s T A3
AR AT 51 R R T RS MU, B R T
[

445 &

ASCHR IR EE Y SOEC-OEC i -k Hi i i
#%, ¥ SOEC 5 OEC T.EWAHME, StE4ik
L SE A MR, 1Z ARG HA LTI EARIEHA:

1) SOEC-OEC RZREALFiIL 49.86%, HHELH
ALK MG R GE, $ M2 26.40%:;

2) SOEC-OEC ZGAENLAH A, AT PR
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