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An equivalent simplified model for a complex heating network with a balance
between solution speed and privacy
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Abstract: The high dimensionality of an electric-heat energy system model will lead to great difficulty in analysis. For
this reason, an equivalent simplified model of a complex heat supply pipe network is proposed, which combines solution
speed and privacy. First, based on the topological characteristics of the heat network, a topological simplification method
of the heat supply pipe network is proposed. It can be flexibly simplified, and an equivalent simplified model of the
complex heat supply pipe network is established based on the simplified pipe structure and parameters. Secondly, a
rotating standby model is established by taking into full consideration the influence of CHP units’ heat-determined power
mode and thermal inertia of the heat network on the rotating standby capacity. Then an electric-thermal energy system
dispatching model that takes into account the equivalent simplified models of several complex heat supply pipe networks
is established. Finally, the information gap decision theory (IGDT) is used to deal with the relationship between system
cost and wind power uncertainty. The example results analyze the simplification effect of the heat supply pipe network
topology simplification method under different degrees of simplification, and verify that the proposed model is applicable
to the optimal scheduling of the electric-heat energy system. This effectively reduces the optimization model solution time.
This work is supported by the National Natural Science Foundation of China (No. 52007103).
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Fig. 1 Simplified schematic diagram of heating pipe
network topology
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Table 1 Heating pipe parameters of zone I and II

it il Ry KB/ R
WA WA .
WEAYh) WE/(h)  [W/mC)] m T AR/m*
0 1 0 1000 0.518 210 0.3078
1 2 0 1000 0.518 1773 0.3078
2 3 331.87 55099 0.518 705 0.3078
3 4 0 219.12 0.461 2493 0.1075
4 5 80.03 80.03 0.461 285 0.1075
4 6 10.73 10.73 0.302 1149 0.036
6 7 128.36 128.36 0.461 1749 0.1075
2 8 0 449.01 0.518 1821 0.3078
8 9 0 61.9 0.518 462 0.3078
9 10 61.9 61.9 0.466 246 0.1385
8 11 0 387.11 0.441 120 0.2173
112 294.05 0.441 693 02173
12 13 0 239.17 0.466 153 0.1385
13 14 88.94 88.94 0.461 54 0.1075
13 15 139.96 150.23 0.461 954 0.1075
15 16 10.27 10.27 0.288 1302 0.0216
12 17 13.9 54.88 0.351 960 0.0547
17 18 0 40.98 0.302 465 0.036
18 19 7.53 7.53 0.277 993 0.0154
18 20 33.45 33.45 0.302 216 0.036
121 0 93.06 0.461 414 0.1075
21 22 25.7 257 0.302 390 0.036
21 23 0 67.36 0.42 462 0.0794
23 24 17.21 17.21 0.302 120 0.036
23 25 3.22 50.15 0.351 408 0.0547
25 26 0 46.93 0.351 273 0.0547
26 27 13.37 13.37 0.302 75 0.036
26 28 0 33.56 0.302 90 0.036
28 29 15.32 15.32 0.277 219 0.0154
28 30 18.24 18.94 0.302 645 0.036

0.001 25, 1810
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fBetE, ALTEIEME E 725 BEE N 15, 104 8. 64 5.

4 NERE P B TS 2—7 5 R R
B 1 RETESHOT L, Horb, IS — I ik
BT MHRIET A0 BRI 5 11 6 AL PRI IE R AR
HHE 4 T, AR IO S5 T A A2 2 A 0T AR A
1 BB KN T 64.58%, H7&H T 2 {1
BEAT T I SEEE R e, AR TR (R TE AN i
F 4 HAREMSERLEE 2—7 SEEAMERE 1 Xttt
Table 4 Comparison of equivalent simplified models 2—7 of the

heat supply network with the baseline heat network model 1

B AW AR BELK ] SRR
s PR A % /m A [W/(mC)]
1 30 31 19 899 6.082 8293.965
2 30 31 7047.697  6.082 8293.965
3 15 16 7047.697  6.944 8293.965
4 10 11 7047.697  7.189 8293.965
5 8 9 7047.697 7213 8293.965
6 6 7 7047.697  7.465 8293.965
7 5 6 7047.697  7.117 8293.965
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Fig. 5 Heating system node 0 heating temperature of zone I
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Table 5 Error analysis of heat source return temperature of

models 2—7 relative to model 1

sl HiEH KR ZELSHE/C PR ZE/C
2 30 3.6259 -0.325
3 15 0.8992 -0.0248
4 10 1.8987 -0.000 049
5 8 1.5953 -0.003
6 6 3.0248 -0.0069
7 5 3.6098 -0.0415

Urbr 2 PR RS BE RN TR AL 8OR, AR SO R A AR
Y5 Ae g F ARG R P AR Y, LA X S TRk
HRISHNFR 6. H1FR 6 ATLFERHER 5 b T
73.33% A TR R, HAEER NS EEE BR
MO, RETHMHEE N, SEHTERAGRY

%6 1RE 5 HHRMEESH

Table 6 Heating network pipeline parameters of model 5

TOOW SR FER RRERR . e
Moom Bthy  E/Avh)  [WAmTC)] ferm T A /m?
0 1 0 1000 0.518 210.000 0308
1 2 331870 1000 0.654 2419.411  0.388
23 57231 668.130 0.686 1466.802  0.405
3 4 263897 610.899 2.287 1180.713  0.642
4 5 87707 120.558 -0.514 452753 0418
5 6 226444 347.002 2.532 793.944 0504
6 7 19420  32.852 2.636 465529 0.084
7 8 13432 13.432 -1.839 58.545  0.038
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Fig. 7 Thermal output of each unit under the two models

Bl 8 AW AR T LB JE L. HIE 8
AT, PR H g B AR —3, A CHP #L4
1 1 CHP #L4H 2 7£ 20:00 fF7ERLK IR Z(—4.2524 MW
42524 MW). X2 AR 5 H1 CHP HLAL 2 (1)
e JITE 20: 00 B IGIN, A AT AT IR R BN FL Y
JiHK, Al CHP HL4H 2 78 20: 00 i E Y 380,
[R5 & 7 CHP AL4L 1 B H J32% (0], {8 CHP #l
4 1 7E 20: 00 i HL H F398070

7 T PIPIERY IR 1 TR RS ST T
e b RCE LA 0 B R AR 1R 22 AN 0.12%, K H
MLZEL PR 18 P2 R AR R 25 R AR 0.15%, B0IE T A
SRR A A I S B TSR S T r AR
TR ERftE . AL Z R, BT CHP HL4L#kH 047
TE—EwzE, HIARE A RZEWMMHXER, 258
—0.32%F1 0.48%. {HAA AR TR 1, B 5
(1) CHP HLZH A H &5 s e/ o PR 7
A FAR 2N, AUR-0.03%. [FRF, A7 S [

TIER/MW
(=) (=]

(=]

IR /MW

/MW

/MW

IR /MW

LR /MW

20w mm
200 RS R LA
150}
100}
500 |
0 LELL
00:0004:00 08:00 12:00 16:00 20:00 24:00
I Z1)
(a) BV AR S IR FL AL AL H 7
200 ™ g gm0 1 L
BURS JHLLALL
150+
100}
5°'IIIIIII| H|IIIIIII
0
00:0004:00 08:00 12:00 16:00 20:00 24:00
E]
(b) BB LR ALS LA L HE g
O mm e
607 RS K L2
50}
40}
30}
20t
10}
0
00:0004:00 08:00 12: oo 16 00 20:00 24:00
(c) ffﬁﬂlﬂffﬁisk HUpLZE2 8 g
70 ™ S o kA
60 i rpLAlLs
50 H
40t
30 H
20}
10+
0
00:0004:00 08:00 12:00 16:00 20:00 24:00
15} %)
(d) AR VRIS RLS K HALZE3 H
100 I {57 CHPALALL
sol BEH5 CHPHLALL
60
40+

553
O

<

00:0004:00 08:00 12: 00

16:00 20:00 24:00

(e) ﬁiﬂlﬁuﬁis CHPWﬂl ML)



ik #, G

SHE LSR8 FEE 5 R W ) A2 2% (AT 19X S5 (L T A A

- 115 -

100

I #5701 CHPHLZH2
HiA5 CHPHLZH2

4:00 08:00 12:00 16:00 20:00 24:00
%1
(F) #E R FIBER S CHPHLA 2 F
8 MR TENERL S

Fig. 8 Electrical output of each unit under the two models
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Table 7 Comparison of scheduling results under two models

o F AR RAT)T SRR R RIS
FUBHLAL KB 1 KHBL 2 KBS CHPBLALL  CHP BLA 2
1 7.7657 33.8898 22.6777 21.2769 24.0756 22.6432 5.1264 137.4553 32.8
5 7.7751 33.9334 22.6443 21.2769 23.9989 22.7522 5.1247 137.5055 9.8
RER 0.12% 0.13% -0.15% 0% -0.32% 0.48% -0.03% 0.04% 70.13%
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Table 8 Comparison of scheduling results in two cases
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Fig. 9 System backup supply results
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Table 9 Wind power uncertainty and cost under different

cost deviation coefficients

L% a AT T8
1 0.0276 138.8801
2 0.0542 140.2556
3 0.0796 141.6301
4 0.1048 143.0057
5 0.1300 144.3801
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