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N-R LR HL-R 2 RR IR BE It 135 7 i 43 3R
R — ik A B R AR IR N S R G AT
REVIR M, |1 T H 3 P55 A5 AN R EH
WEIRAN PQ T W 2 RO VAR R ST AR

fift EH AR ML & THR AR A, ik 2 frn, 2
FORTF D7k T RAR A B A R, v 1 S
W (L AF AR A TSR 25 R DL 3R 4 F0 5, i H AR B Y
PV 5 S A TC P 4 5 0.221 095 pu F
0.221 379 pu,
R2 BAEENTRANMIENT EH gERITEER
Tab.2 EF calculation results of EHs when power

balance node is external power network

i HL )2 (pu) KRS E/ (m’/h)
EH1 0.021 053 333.333 333
EH2 0. 000 000 370. 370 370
EH3 0. 189 474 222.222 222
EH4 0. 000 000 555. 555 556

DA O & 2 /A, i &M EH3 5
EH4 i i UIR P, MIERAR R F, AR EH3
Hi L 25 $240E P, EHA JHFER F, L EH3 £ 302
M T EH3 1 EH4 Y, 67 4 F0 AR G far A ], B H T
VERLEUR ], S8 P, F, BTSRRI, ) B
4R 5 AT, ik — R IR B R KRR A T
i JERE, BT SRR A e PV T AEA
TYPPRE Ik R R R S R 2N H X R 2
BI/NT 0. 01% , H it 5 il (8] 445 20 980 0 ) 5k 1 A%
SCHE H ) FL - 22 AR TR g U 25 S kSR i Tk i
IEHfE
6.2.2 EH A% REFHF 5

W -2 RR IR W S B R G rh e iy Iy
OO 16 M ) ) B S 17 A4 DG
BEE RGN B WAL B H ) 458 4T T R AR
X E EHL 217 T FEL 8K, 1E A o 7~ 15
SLERIEN 1.02 pu, RG HAMSBATS . F
FHAR SCHE () L - 22 RE VR B ) B I 22 S5 Ak SR A
e, KA L e R AR 4R A T Y FL TR AR AR R
TR ANER 3 PR, M) A R R T AT
FANE 6 Fr 7~ , KAR A 8 it 2 AT SR
K7 iR,

#*3 EH ABENIMETEHET AT EH BERITEER

Tab.3 EF calculation results of EHs when power

network balance node is EH

G FLT) 2 (pu) KRS/ (m’/h)
EH1 -0.224 651 437.916 134
EH2 0. 000 000 370. 370 370
EH3 0. 189 474 222.222 222
EH4 0. 000 000 555. 555 556
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Fig.6 EF calculation results of power network
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Fig.7 EF calculation results of natural gas network
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Fig.8 EF calculation results under different operating modes
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Appl.Tab.1  Power network load node parameters
Appl.Tab.5 Calculation results of power node
T Uik - 1 fif | .
B R voltage under different methods
A/ (pu) JCH/ (pu) B/ (pu) LI/ (pu) —— — —— —
1 0 0 10 0. 09 0.033 4 —'ﬁ l{_:_'\ %#ﬂﬂ?ﬁﬁjﬂi( {Zt‘.*) N;R J}ﬁgﬂ»%{z‘.( {£¥)
2 0.12 0.0434 | 11 0.015  0.004 4 MR/ (pu)  AHfA/rad BRAE/(pu)  AHFA/rad
3 0.0613 0.0214 || 12 0.0303 0.0104 1 1.02 0 1.02 0
4 0.152 0.0524 | 13 0 0 2 1.005752 -0.023949 1.005761 —0.024 048
5 0.10 0.043 4 14 0.070 3 0.020 4 3 1.004 836 -0.026 508 1.004 844 -0.026 617
6 0 0 15 0.1213  0.040 4 4 1.007307 -0.024 003 1.007 319 —0.024 099
7 00813 0.0234 || 16 0.1303 0.0584 5 1.004 594 -0.029 104 1.004 603 —0.029 223
8 0 0 17 0 0 6 1.019704 -0.027328 1.019734 =—0.027 411
2 0 0 - — — 7 1.005472 —0.031838 -0.031 838 —0.031 967
B2 RS 8  1.009977 -0.038496 -0.038 496 -0.038 648
= Z 9 1.004 980 -0.032 311 -0.032 311 -0.032 441
Appl.Tab.2  Power network line parameters 10 1.004 489 -0.032785 -0.032785 -0.032 915
2k K BB (pu) ik BB (pu) 11 1.004249 -0.033 101 -0.033 101 -0.033 232
12 0.110 7+j0.002 82 || 9-10  0.009 94+j0. 002 905 12 1.002825 -0.032725 -0.032725 -0.032 856
2-3 0.009 94+j0.002 905|| 10-11  0.017 395+j0. 003 01 13 1.014 898 -0.036 248 -0.036 248 -0.036 373
2-40.009 94+j0. 002 905|| 10-12 0. 009 94+j0. 002 905 14 1.004 281 -0.033 449 -0.033 449 -0.033 580
3-5  0.009 94+j0. 002 905|| 10-13 0. 041 4+j0. 002 46 15 0.989 155 -0.028 570 —0.028 570 -0.028 692
4-6  0.041 4+j0.002 46 || 11-14  0.017 395+j0. 003 01 16 1.005589 —0.033 939 -0.033939 -0.034 070
5-7 0.009 94+j0. 002 905|| 12-15 0. 110 7+j0. 002 82 17 1.017 518 -0.018 415 -0.018 415 -0.018 513
7-8  0.026 13+j0.002 43 || 14-16 0. 017 395+j0. 003 01 e
7-9 0.009 94+;0. 002 905|| 16-17  0.017 522+j0. 088 2 it 0.024 338 0.066 259
/s
k3 RASWMESH
Appl.Tab.3  Natural gas network parameters k6 BAMENSEETEER
A S/ (m/h) FeJi/bar BT EAR/mm KIE/m Appl.Tab.6  Power network node voltage calculation results
; 0 Voo Y TR W) W/ [ R (e e
3 110 0 54 400 3 000 1 0.985737 -0.014796| 10 0.986 479 —-0.01 4933
4 ~ 0 45 400 1 000 2 0.985737 -0.014796|| 11 0.986234 -0.015 259
5 _ 0 46 400 2 000 3 0.985487 -0.014827|| 12 0.984 780 —0.014 872
6 _ 0 6.7 400 1 800 4 0.987325 -0.014851| 13 0.997 603 —-0.016 287
7 _ 0 6-8 400 2200 5 0.985919 -0.014 894| 14 0.986266 —0.015 618
3 100 0 8.9 400 2 800 6 0.999 985 -0.018296|| 15 0.970822 -0.010 552
9 - 0 — — — 7 0.987487 -0.015105|| 16 0.987 601 -0.01 6123
8  0.994710 -0.017263|| 17 0.999 740 0
&4 AREFETRASMELERITELER 9 0.986983 -0.015019] - -
Appl.Tab.4 EF calculation results of natural gas
. fik7 RASNMERERITEER
network under different methods )
. & R () N-R M Bk () Appl.Tab.7 EF calculation results of natural gas network
W'/ (m?/h)  FEBE/bar Wi/ (mi/h)  JERE/bar LESTEN W/ (m>/h) JEF%/ bar
1-2 2467.130 854 199.510 186 2 467.352 896 200. 786 247 1-2 2 733. 733 948 237. 696 306
2-3 110 1. 959 448 110 2. 600 643
2-4 2023.797 520 1 824. 178 187 2 023.990 125 1 824.929 397 23 110 1.953 405
4-5 250.618 192  9.489 758  250.593 730 9.489 758 2-4 2 290. 400 615 2207.789 021
4-6 1295.474764 492.700 854 1295.215 669 491.204 233 4-5 443. 119 292 28. 166 261
6-7 417.696 986  57.283 085  417.730 402  57. 166 530 46 1 320. 897 070 35. 083 252
6-8 655.555556 171.671 323 655.621 116  171.705 225
89 555.555556 154.877 774 555.555556  155.027 133 6-7 443.119 292 64. 449 881
H 6-8 655. 555 556 171. 674 323
JHE 0.015 283 0.023 164 8-9 555.555 556 154. 877 774

/s
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Differentiated solution for energy flow of electric-gas multi-energy microgrid

PENG Han-mei, LIU Jian-feng, LI Cai-bao, SU Yong-xin, TAN Mao
(College of Automation and Electronic Information, Xiangtan University, Xiangtan 411105, China)

Abstract: Multi-energy interconnection on the distribution network/user side can be realized by multi-energy mi-
crogrid , which is an important entry point for achieving energy utilization improvement and efficiency improvement.
Aiming at the diversity of EH operation modes in the multi-energy microgrid and the energy flow characteristics
difference of the power network and the natural gas network, an energy flow differentiated solution method for elec-
tric-gas multi-energy microgrid is developed in this paper. It solves the power network and natural gas network
based on decoupling, and recursively solves the energy flow of the power network based on the analytical function,
and uses the linear approximation method to solve the energy flow of the natural gas network. The node types of EH
are processed and its energy flow calculation model is established. When solving the power network, the analytical
function equation of the power node is constructed, and the analytic function of the unknown variable as a power se-
ries is expressed, and the finite term power series coefficients is recursively solved, then the Padé approximation of
the finite term power series are constructed to judge the feasibility of the solution. Finally, correctness and effective-
ness of the proposed method are verified with the energy flow calculation of electricity-gas multi-energy microgrid
example system.

Key words: multi-energy microgrid; energy flow calculation; differentiated solution; analytic function; recursive

solution



