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and oxy-fuel combustion plant
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Fig.2 Energy flow of multi-energy system
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Fig.3 Model solving process
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Table 1 Costs comparison of three scenarios
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400
200 |
zZ
=
=
-200 }
-400 }
00:00 04:00 08:00 12:00 16:00 20:00 24:00
i Z1
PAERETRIN m IR o BRSFHL

BRI = EHP © GB " AC

6 HRIHANEHNER
Fig.6 Thermal power output result of scenario 3

160

120 |

80 |

/MW

40 1

04:00 08:00 12:00 16:00 20:00 24:00
i %1
AC ~ EC — A%

7 BHEIHRIEHNER
Fig.7 Cold power output result of scenario 3
Hi 18 S (18 6 n]J, S 3 H A RER I B g
L LLAR FE M, M T 200 MW, 0] LA Sk 45w i A
W2 P2G B Y h AT 3K, LIS BT B IR 1Y

SEATHAN . Hir 01:00—09:00 Hf, b BERS 7] Py JXUAE,
WA B ATk 313 MW, 17T H 17 fif e oK AU H
200 MW 2247, AR D BT LR SRR be L ) i A
I, 15 FL i 9 0 AR ) R /0, s A% I H T R B A
EHP il # Bt A #ffr . 10:00—12:00 B, HL 671 faf 75
SREHEINE] 350 MW DL b, (15 & SR ]
HEHNE] 290 MW, B LATE Z A9 AR 22, 38 0 T
fife A PO E P I 36 T L s BB XU R T, R AR AR
20 MW, (K] MR SR AL H 0T % T 1 o, #EL A g
FEULE R SR MR D) 2, 7E 13:00 Z 5, KU H
FIFRUIGME] 200 MW D) |, S 7 763 2 17t 3 oK
F14) [ s S R RE VR 1) 52 4T 40, W Al /D 1 o R
THAE , BRI AU, i U e ) R Ty Bl =2 02D
e 2SI ) R R LR A

H 7 AL, AR A B (1B EC 3%, iX
A EC HlR%0R T AC, {HFE 10:00 ZJ5,AC
HLH 73800, F5 50 )& 7E 10:00 B, EC H S{Uk 16.5
MW, AC H 73R3) 111.5 MW, X2 T4 10:00
ZJa HRAm L BT DL R G4l S EC g,
B AC O PLSE IR, 1B 8 Sy 3 R R
&R

400

04:00 08:00 12;09 16;00 20;00 24;00
= 51 ETL;%Z Y53
8 ERMERTHAER
Fig.8 Output results of oxy-fuel combustion plant
Hil&l 8 n I, 5t 1 AU E M) 4 fy
TERL R /K, 1 LR B 8 U b i ) f iy th 1 7K F
350 MW, 13755+ 2.3 s SR BE ) B
321 MW, R FE T 5t 1 A WE P2C W4,
Y 2 3 i P2G Bearfiefs i) AR CO, Bk
HNRIRAMIRZH AL T, T8y ), i
Yt 1 8 P2G Bt , o 1D I U,
I RO ). B9y 3 Bl T RSBk
T
HITET 9 I, S5 | B HE O & T35 2.
3, Horp R B v B RSO R 7 v, SR R AR T
TY5 2.3, 95 | PRGEBA P26 B& , RRESE I
CO, i [ A T, SO BRHF R B . 5t 3 i Bk
HecR SRR T 75 2, (U700 Ik Bt v T 37 5

300

20

IR/ MW

10

(=]

(=]




2 HEHEAR 144

R/t
(CREVC I RV -

0:00 04:00 08:00 12:00 16:00 20:00 24:00
)
=I5l IR - IHE3

9 &=
Fig.9 Net carbon emissions

20 st 2 MR BOARR AR S~ 6 1, TR
3 BYRAB ST IS B i B HE R AR T 5 ¢, {XAE 09:00
B HECE S 5.8 t,7E 10:.00—12.00 Bfi55] 6.3 t, H
JEATET 09:00—12:00 B it 67 fif 4 22, T XUHS H g
b TFARAIRAS | FR G0 I 3 214 il /L B 47l %6 REAE
S g ), PR SRR HE O A BT T o
4.4 REESH

SR T Z e R 4T, REIETT B
ARG S BB LAS B 520 o HE TP RRE A 045 K
FL BAR NI SR AR AR, R I AT b ZEBIF KR I
AR5 RIRM RS LA RGBT BEA Y2
441 KHSA R

1 T oAl Y AR B R TR TR o
7, SRR AR 23 XoF B % W R BE 5 SR A R
10 1 S5 AR R IAS , LG 23 BT RO AR £ 72
xR HF 2 5 R G AT SR B R, nE 10
NS

H1 & 10Ca) RTAT, BEFE WA UAS 1 B0 A W7 4
I, 2 AR GEB AT BAS B IR T R AR
f5%H 0.6 3G INE] 2.6 )5, 35 1.2.3 Mis4T SUsiA
ARSEEN T 303 796,266 J7 G 230 T, fi
Y 1 sty SR 55 2.3 ZE AR, M
Yiit 2.3 Z IR AR 22 BE /0N, 3o th T 5 75 2
3HHLL, 5 | A CE P26 B, NRERF AR 1Y
COFAL I RAR B R G, AT & 0 iz 17
AR, TS 2 UE IR P2G B T H, 5 3
M P2C HEEMEeR) B fr i, e T ES
il ENLHI A S, g5 3 B AT BRA BRI

Hi [ 10(h) AT, #ARF AR A8 Al 25 0] 2 GE Y ¥
B HEIBCRAT R o BE & BORE A AR B A W8 o,
ARG HECR A WS>, b3 5 1 Ry
HEBCRERRAR T 62 v, 35 2.3 70 Bl FEAIK 17 41.6 ¢ A0
29.9 to JXJE R A HRRE AR 5 2 AR SR b F
TR TE, T R G2 /b oL T 1 ), (A
e HECR: R R

=

0.6 1.0 14 18 22 26

TR A AL
(a) BRBLEA R BB AT AR [R5
—=— 751
160 -
@ 140 5t
5
= 120 \
ﬁ: \
100
80

0.6 1.0 1.4 1.8 22 26
B RAAE B
(b) BABESA O H B 5

10 KERARBESH
Fig.10 Sensitivity analysis of thermal power cost
4.4.2 RIS REUEZ A
BE IR 1.5 50/Nm® 1 & 4 55/Nm*,
BRUCHEIE Ry 0.5 J0/Nm*, 3 A5 F I R G817 8
A5 AR R AR N A 11 Frs .
50

300 | B 52
53

L5 20 25 30 35 40
RIRSAHE/ (G + Nm ™)
(a) RERTMAEITIBAT A A () S

180 | —— 5l
2
o~ L
5 160

5 20 25 30 35 40
FIRUM /(G » Nm)
(b) RIRTANHE R 1R 5
B 11 RASHEREESH
Sensitivity analysis of natural gas price

R

Fig.11
HIPE 11 (a) AT RUE ) BEH RIR TN I IS



145 Al AT P2G 5w AURBEIR G s AT 1 2 RE R R BRI

RGBT RIRAWAE AR I, KAR M H 1.5
JG/Nm* K5 4 50/Nm’ i, 5 1 13817 8 s 1
T 136.2 JioG, Midm st 2.3 {36 T 82.6 Jiots
74.7 TG Y%k 2 3 RGBT RNA R 11
Kgte , KR RETHE 2.3 FiE T P26 &4,
RERETE—EFEEE B COLBE 40 RARA, LA /D e
T IR G T R A FE I

B 11(b) JB/R TIEARF RS T B R G
BRHECR AL . RAR MR 1.5 J0/ N 34 i 5]
3 70/Nm’ I, 55 1,23 dilid ik e 4 F T %
g S BIREAL T 28.9 1,26.9 t M125.7 t, XfEi T
KRR BARET R & B 13, & ARk ke
FL T HE T ARG TR A8 oA T T A A R A, BT
PUH G HE R A o o 2 R AR M A% Ak 2231 i 3] 4
Jo/Nm’ I 375 1,23 B i B Rk BT,
SRR T 118 t 141 t F1 17.5 to XEH T RR
SRR I SRR RS B T e E A
PR ) R AR W E AR T s i — 2P
PEm, R 2 hEZ 3
4.5 REBARHEEMETRERLETISHT

H1 T XU 4 T 75 5 52 310 4% i DR R A S i, A7
TEB AR KA E M, 23 %F R 58 A Ak V8 B 77 A —
SE BRI, PRGBS XL F AN 1 2 Pk R e Ak 14
Wi S AT OB

o IR AS A 5 T BT, A XL o g
IR LA R B A S B0 A A A, st
(28) iR o

ch
Cr{Pload,[ + PEHP,t + PEC,t + PEL,/ + PES,t -

P(bh:: - PG'I‘J - PN,L _PWT,L =0} =a (28)

Al Py, 0 REZIE XU D BRI S8 o B8
FACE; Cr{ - } o { -} R Ry Rl R

IR H T SR 2 B m] A TR B R s,
)@ B R = (29) B

P, -P

" P, <P, <P,
PFZ_PFI
1 P, <P, <P,

ppy=q 0 (29)
PF_PF4
Py < Py < Py,

PFS_PF4
0 HAth

Kb P KA T BNEL; Py P Pis Py N
B SRR JEE ek OB AR 1 SRR S8, ml il 3 (30)
i€ o

Py =wP, 1=1,2,34 (30)
K o 7 HB A B, i KU S g D s B0

P, T
30 1o 7 AT 5 0 2K 0 0 T N A B A P 2 R Ak
NHENEL, WX (31) Fs .
(2 - 2a)a)zpy” + Qa - l)a)lpycvt
PN,z -P - PEHP,t - PEC,t - PEL,! - PE};,Z =0
(31)
A AE(24) IR BB A R B A5 K
a , PR 3 B RGEHATIAR R, R 2 WElE
JKAF- o A 0.70 BE AN ZE 1.00 3755 3 Y RGEIB1T 5
AR 5 R HE R X L
*2 AREERFKETHR 3 HIEIT
BRARS & ERTEE
Table 2 Comparison of total operating cost and

net carbon emissions of scenario 3
under different confidence levels

dis
+PES,t + PCT,[ +

load,t

a BATEMA/TT b
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Low carbon scheduling of multi-energy system based on power to gas

combined with oxygen enriched combustion
WANG Can"?, LI Xinran', ZHAO Jihong’, TIAN Fuyin', CHU Sihu', WANG Aoqi'

(1. School of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China ;2. Hubei
Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station ( China Three Gorges University) ,
Yichang 443002, China ;3. Hunan Deli Electric Power Construction Group Co.,Ltd.,Changde 415009, China)
Abstract: Power to gas (P2G) technology realizes the mutual coupling of electric energy and natural gas, and plays an
important role in improving the economy of multi-energy system and reducing the carbon emissions of the system. In order to
solve the problem that the oxygen produced by electrolyzed water in the process of P2G conversion can not be fully utilized, A
multi-energy system optimal scheduling model is proposed based on the joint operation of P2G and oxygen enriched combustion
power plants. Firstly,the P2G process is divided into power to hydrogen process and methanation process. The oxygen generated
in the power to hydrogen process is delivered to oxygen enriched combustion power plant for use. Then,the CO, captured by the
oxygen enriched combustion power plant and the hydrogen generated during the power to hydrogen conversion process are used
as the raw materials for the methanation reaction,and the natural gas generated is supplied to the gas turbine unit for use, so as
to realize the full utilization of resources. Secondly, the joint operation model of P2G and oxygen enriched combustion power
plants is introduced into the multi-energy system,and a low carbon multi-energy system architecture based on the joint P2G and
oxygen enriched combustion power plants is built. Finally,a low-carbon economic scheduling model with the goal of minimizing
the operating cost of the multi-energy system is established and verified by setting up a scenario comparison. The simulation

results show that the proposed model effectively reduces the system cost and carbon emissions.
Keywords : power to gas (P2G) ; oxygen enriched combustion;carbon capture ; multi-energy system;low carbon optimization;

carbon trading
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Prediction of valve inlet water temperature and cooling evaluation of VSC-HVDC convert

valve cooling system based on random forest and bi-directional long short-term memory
TANG Wenhu', LIN Zekang', XIN Yanli*, ZHAO Wei', WU Liang®, JIN Jing’
(1. School of Electric Power Engineering, South China University of Technology , Guangzhou 510641, China;
2. School of Automation, Guangdong Polytechnic Normal University , Guangzhou 510665, China;
3. Shantou Power Supply Bureau of China Southern Power Grid Co.,Ltd.,Shantou 515000, China)

Abstract : In order to realize the intelligent prediction of valve inlet water temperature of a voltage sourced converter-high voltage
direct current ( VSC-HVDC) valve cooling system, a prediction model of inlet water temperature of VSC-HVDC based on a
hybrid model of the random forest (RF) and bi-directional long short-term memory ( BiLSTM) is proposed, and the cooling
capacity of the cooling system is evaluated on the basis of the proposed prediction model. Firstly,a RF algorithm is used to
analyze the importance of high-dimensional feature sets,which consist of all the monitoring variables of the valve cooling system.
Then the important characteristic parameters affecting the inlet water temperature are filtered out to form an input feature vector
with the historical inlet water temperature. Secondly, the feature vector is input to the developed BiLSTM prediction model to
train the model for accurately predicting inlet valve water temperature and quantitatively evaluating the cooling capacity.
Finally,a VSC-HVDC converter station in Guangdong power grid is taken as an example to verify the effectiveness and
superiority of the proposed method. Simulation results indicate that the accuracy of the proposed hybrid model based on RF-
BiLSTM is higher than that based on BiLSTM model, RF model, support vector machine (SVM) model and auto-regressive and
moving average ( ARMA ) model. Moreover, the cooling capacity is evaluated quantitatively and accurately. Analysis results
show that the cooling margin of this converter station is up to 98% , which indicates that there is a problem of overcooling and
energy waste. The evaluation result of the cooling capacity is well consistent with the field operation result of the converter
station, which confirms the effectiveness and the accuracy of the proposed method.

Keywords : voltage sourced converter-high voltage direct current (VSC-HVDC) convert valve cooling system ; machine learning;
random forest ( RF) algorithm; bi-directional long and short-term memory ( BiLSTM ) network ; valve water inlet temperature

prediction ; cooling capacity assessment
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