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Abstract: The planning and construction of integrated energy system is an important part of building a clean, low-carbon,
safe and efficient modern energy system. To solve the problem of insufficient flexibility and synergy in the joint planning
method of energy station and multi-energy network of integrated energy system, this paper proposes a sta-
tion-network-load collaborative optimization planning method of integrated energy system in which flexible distribution
of load is taken into consideration. Firstly, based on the graph theory and the P-median model, the integrated energy sys-
tem planning method is proposed, in which the flexible distribution of load is taken into consideration, including the
location of energy stations and the network layout considering the interconnection between stations. Secondly, the inte-
grated energy system operation architecture is constructed that takes into account network constraints, and a collaborative
configuration model of energy station equipment, load-side equipment and multi-energy network pipeline capacity is fur-
ther established. Finally, the station-network-load collaborative optimization planning model of the integrated energy
system is established, and it is transformed into a mixed integer linear programming problem to solve. Moreover, a system
planning scheme including energy station location, network layout and equipment configuration is obtained. The analysis
of an example shows that the method proposed in this paper can be adopted to effectively reduce the cost of system in-
vestment and construction and the power loss of network transmission, and to make the planning scheme more
economical and reasonable.
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Fig.1 Park-level integrated energy system structure
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Fig.2 Decoupling of multi-energy network planning for

integrated energy system
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Table 1 Comparison of device configurations in different scenarios
Y CHP/kW GB/kW EB/kW AC/KkW HP/KkW EC/KkW ES/kWh  HS/kWh PV/KW WP/kW fic B A T3 7t

S1 9500 4000 800 5000 21 800 9800 7100 5600 12 000 6000 2248.273

S2 9500 2500 800 4400 21 600 9400 6700 9600 12 000 6000 2222.122

S3 10 000 0 0 3600 22 800 10 600 0 6000 12 000 6000 2109.849

S4 10 000 0 200 4200 23 000 9600 0 5000 12 000 6000 2106.149
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Table 2 Energy distance results of station-load network plan-

ning in different scenarios

st HMAERE/(MW km) #AEEEE/(MW-km) AP fE FE/(MW -km)
S1 53.112 111.615 57.501
S2 46.144 111.615 43.988
S3 44567 108.225 49.819
S4 46.144 111.615 43.988

®3 Y5t S35 S4 (ki ML R 5817 4G
Table 3 Results of station-station network planning and oper-

ation in scenarios S3 and S4

_— sl AE AT O W AERE/(MW km)  H SRR HMW
ST T R
{13, 1-5,2-3,
{2-4} 34.624 11.414 40.535 23.860
2-4,4-6}
{1-3,2-4,
46} {2-4} 17.462 11.414 22.639 25413
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Table 4 Results of station-load network planning and opera-

tion in scenarios S3 and S5

SHaT ) it S3 75NN S5 5 S3 21K
s fthE 44.567 51.445 6.878
ML RERE  #A 108.225 75.800 —32.425
/(MW -km) % 49.819 26.566 —23.253
SR HL 199.209 243.731 44.522
(SEIRVIE S 510.831 355.418 -155.413
/MW s 85.529 36.540 —48.989
/Y] CIES S 6.552 8.010 1.458
fEfae A 66.478 42,987 -23.491
/MW s 11.625 5.616 —6.009
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Fig.5 Result of system network planning for scenario S6
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Table 5 Result of the cost indicator of the planning option

- BANCE  shEMg SRS BT EME SRR

WAIG RAIG RATIG AIE i
SI 2248273 0 791470 8481.170 11534381
S2 2222122 0 700.687 8304227  11238.554
S3 2109.849  199.192  722.957  8022.015 11054564
S4  2106.149 118440  700.687  7967.814 10893.923
S5 2079.801 125469 675710  7780.611 10 662.587
S6 2071156  76.797 650.724  7730.779 10 529.956
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Table A1 Electric/heat/cold demand power peak data of load nodes
o o AL 5 AL 10 ) HEOGAEIA) AZFE(11 ARRE3 A)
i fuf ikl BEIRREY
1 /kW kW BIKW /KW kW BkW /KW kW A IkW
1 Tolk A H/ 1172 10 548 0 1289 11 603 0 1231 11075 0
2 Tl A7 g FL/HA 879 879 0 967 967 0 923 923 0
3 T A7 A i, 1172 0 0 1289 0 0 1231 0 0
4 Tk A7 g H 1099 0 0 1209 0 0 1154 0 0
5 JE R A A /A 1172 1563 1172 1289 859 2149 1231 2871 0
6 JE R A A /A 1172 1563 1172 1289 859 2149 1231 2871 0
7 Tl A7 g FEL/HA 806 3223 0 886 3545 0 846 3384 0
8 JE R A A A/ 1099 1831 733 1209 403 2417 1154 2307 385
9 Tk A A/ 879 1465 586 967 322 1934 923 1846 308
10 J& R A FH /4 1099 1 648 0 1209 1813 0 1154 1731 0
11 i 7 i A/ 1099 659 440 1209 242 967 1154 692 461
12 i Ml 47 A FH/ 4 1172 1758 0 1289 1934 0 1231 1 846 0
13 JE R A A/ 952 1587 635 1047 349 2095 1000 2333 0
14 J& B A Ao R/ 879 1319 0 967 1450 0 923 1384 0
1.0 v 1.0 1.0 ¥
- N [ | / N\
" .8 A\ .85 o glean, 2\
A 081 el | X 08 . N 081 ™ | 7 W
& 0.6 2 0.6 et 12 0.6 T et
= 0.4 \ R 0.4 . R 0.4
02'——%%%‘5—«»—%%% ek Oz——EE‘lﬁ%—@—mljJ%é s 02'*%%%*%%% —— ¥ I
0-.I.I.I.I.I.I.I.I.I.I.I.I O.I.I.I.I.I.I.I.I.I.I.I.I O-uI.I.I.I.I.I.I.I.I.I.I.I
2 46 81012141618202224 2 46 81012141618202224 2 4 6 81012141618202224
fif [8)/h ff [E)/h A [8]/h
(a) iU 2= B8 B H 47 o 1T 28 (b) B ZE #1041 fiur iff1 £k (c) & Z= ML H 1 1o T 28
KAl TolkfasiidiEzE, EE54Z 08 H 5 frih 4
Fig.A1 Typical daily load curve of industrial load transition season, summer and winter
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Fig.A2 Typical daily load curves of residential load transition season, summer and winter
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Fig.A3 Typical daily load curves of commercial load transition season, summer and winter
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