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Fig.1 Schematic diagram of simple ring network
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Table 1 Reactive power compensation of PV nodes
e wmm O s amem EUHE
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8 0.945 -100.7 19 0.997 337.7
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Table 2 Comparison of calculation results

for power system

i B ATIMES A R
T A SR/ rad B A/ rad
8 09450  -0.3294 09450  -0.3293
12 09350  -0.8641 0.9350  -0.8640
15 09250  -1.0486 09250  -1.0486
19 09970  -0.0338 09970  -0.0338
27 09470 0.0806  0.9470 0.0808
31 09197 0.2616 09197 0.2617
32 09191 0.2450 09191 0.2451
33 09193 0.2494 09193 0.2496
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Table 3 Energy flow calculation results of heat network

A PR / °C AR / °C
1 100.0000 29.7453
2 99.8603 29.7695
3 99.6285 29.7786
4 99.1680 29.8271
5 99.2744 30.0000
6 98.5900 30.0000
7 98.5336 30.0000
8 98.2538 30.0000
9 98.1419 30.0000
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Table 4 Comparison of calculation results for

natural gas system

MM FAIE T S
TR KR/ S/ S/ S/

bar (m*-h™) bar (m*-h™)
1 60.0000 — 60.0000 —
2 59.7006 365300 59.7006 365300
3 59.2098 103390 59.2097 103390
4 59.4395 138625 59.4395 138625
5 59.2009 93285 59.2011 93285
6 58.2096 -93390 59.2097 -93389
7 59.4393 -68625 59.4395 -68626

BOIE IR o LTRSS 6 T BRIk A A
I, AT EEARA 6 U RI AT S, [a] it B AT i 14K
VRN R 20
3.4 B4 TR G BETR M B B RER 5T
BAF) 4 LA — S BR i XS 2 G R IR R0 A 7], 36
UEAS SCHT S e T ik A e o % AR GEAE SCHk[ 13 ]
SR EERL LA TS , B T FIRR T RS
il ik CHP ML BEAT# &, R s i 2 o, |
HEBHB Al GB 43 il 2 /8 B 3749 i A1 AR
RN AT

f—_————

/
R AR | /’ CHP HLAH DA BAR
_____ ‘ prees 2%
} / [ —<EB,
/ l
GB, ¢ ; !
. [ HB L _ !B,
| / o N —ei=to— 0
GBX GBZ‘ GB4 // HB(, HB2 HB7 EB; I EB4 EBs
F——-—-p I
\ ! / o——o——0o i
\ ! / HBg HB; HB, :
\ ! / E 7 I E 10 IEBI]
Vo o—o—o ER T TYER,~ T°
Vo HB,, HB, HB, "% | e
vy ° o
\ HB; EB, EB,,
\ }// HB,,
\ 2
¥ HB,;

GB;
= =M, — T, - - RIRMZ
B2 WhsarENEGEEE

Fig.2 Structure diagram of example for urban IES
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Table 5 Comparison of calculation results

under different models

CHPfIEH b AR R K X
FEiY K/ HEAA i/ WEm S/ W/
MW I /MW MW (m*-h?') MW

WIAE  0.8511 0.5200 13711 10181.38 0.1757
B 1.0312 0.6400 1.6712 10219.73 0.1036
WG 0.7310 0.4400 1.1710 10155.76 0.2247
WA GE 0.8917 0.4794 1.3711 10190.00 0.0668
WARE 07040 0.667 1 13711 10150.00 0.5715
WH A 0.8511 0.5200 13711 10181.38 0.2779
WHLMT 0.8511 0.5200 13711 10181.38 0.0736
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Unified energy flow calculation of back / forward sweep method in

urban integrated energy system
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Abstract: The energy flow calculation of IES (Integrated Energy System) is complex and the algorithm is
not uniform after decoupling,so taking into account the core position of the power system in IES,it is con-
sidered to apply the back / forward sweep method commonly used in distribution network to the urban IES,
and a unified energy flow calculation of back / forward sweep method in urban IES is proposed. Through
the detailed analysis of the impact of the integration of wind power, photovoltaic and other new energy
sources on the actual distribution network and the operating mode of the heating network, the traditional
back / forward sweep method is improved to increase the applicability of the algorithm to the actual power
grid and heating network. For the natural gas network, the idea of de-looping is adopted to deduce and
obtain the linearized compensated airflow method, so as to realize the improvement of the back / forward
sweep method suitable for the natural gas network. Finally,the correctness of the proposed algorithm is veri-
fied, the static and dynamic characteristics of IES and the capacity of wind power absorption are analyzed
through cases,and case results show that this algorithm not only realizes the unification of energy flow cal-
culation methods,but also has the advantages of simple programming and low requirements for initial values.
Key words: integrated energy system;back / forward sweep method; distribution network ; compensated airflow

method ;unified algorithm
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Table B1 Power system line parameters

LR o S RLEH/Q HLHL/Q A A D H kW A T D) D Tkvar
1 0.0922 0.047 100 60
2 0.493 0.2511 90 40
3 0.366 0.1864 120 80
4 0.3811 0.1941 60 30
5 0.819 0.707 60 20
6 0.1872 0.6188 200 100
7 0.7114 0.2315 200 100
8 1.03 0.74 60 20
9 1.044 0.74 60 20
10 0.1966 0.065 45 30
11 0.3744 0.1238 60 35
12 1.468 1.155 60 35
13 0.5416 0.7129 120 80
14 0.591 0.526 60 10
15 0.7463 0.545 60 20
16 1.289 1.721 60 20
17 0.732 0.574 90 40
18 0.164 0.1565 90 40
19 1.5042 1.3554 90 40
20 0.4095 0.4784 90 40
21 0.7089 0.9373 90 40
22 0.4512 0.3083 90 50
23 0.898 0.7091 420 200
24 0.896 0.7011 420 200
25 0.203 0.1034 60 25
26 0.2842 0.1447 60 25
27 1.059 0.9337 60 20
28 0.8042 0.7006 120 70
29 0.5075 0.2585 200 600
30 0.9744 0.963 150 70
31 0.3105 0.3619 210 100

w
N

0.341 0.5302 60 40
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Table B2 Thermal system line parameters

LBRT  AEKEm 3 KR T A3 18] 7K EE T C A3 G A5 Dy A kW

1 60 100 — 0
2 80 — — 0
3 80 — — 0
4 50 — 30 100
5 90 — 30 100
6 95 — 30 100
7 80 — 30 100
8 90 — 30 100
18
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Fig.B3 Hot water mass flow rate of each branch
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Fig.B4 Schematic diagram of natural gas system unraveling
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Table B3 Natural gas system line parameters

KBRS HEKEmMm  FEEAMM KSR (m® - bt
1 30000 1000 3000
2 40000 600 1150
3 55000 800 2000
4 50000 600 4000
5 10000 950 —
6 44000 600 —
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Table C1 Multi-period load parameter table of power system

T St BEA DA IMW

' 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9
1 0.026 0.026 0.020 0.020 0.026 0.026 0.026 0.026
2 0.200 0.200 0.170 0.170 0.200 0.200 0.200 0.220
3 0.500 0.420 0.480 0.480 0.570 0.610 0.580 0.610
4 0.800 0.800 0.820 0.820 0.800 0.800 0.800 0.800
5 0.800 0.800 0.800 0.800 0.800 0.800 0.800 0.800
6 1.100 1.100 1.100 1.100 1.110 1.110 1.200 1.200
7 0.800 0.800 0.800 0.800 0.850 0.850 0.850 0.850
8 0.170 0.170 0.182 0.182 0.160 0.160 0.160 0.160
9 0.128 0.128 0.138 0.136 0.116 0.116 0.118 0.126
10 0.170 0.170 0.170 0.170 0.180 0.180 0.180 0.180
11 0.582 0.582 0.582 0.582 0.472 0.472 0.472 0.472
12 0.174 0.174 0.170 0.170 0.100 0.100 0.100 0.100
13 0.676 0.676 0.596 0.596 0.659 0.659 0.659 0.659

Bt 6.126 6.046 6.028 6.026 6.043 6.083 6.145 6.203

T S B PI A IMW

G 9~10 10~-11 11~12 12~13 13~14 14~15 15~16 16~17
1 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026
2 0.220 0.220 0.220 0.220 0.220 0.220 0.220 0.220
3 0.550 0.610 0.750 0.750 0.650 0.680 0.750 0.750
4 0.810 0.800 0.800 0.850 0.800 0.800 0.850 0.750
5 0.800 0.800 0.800 0.850 0.800 0.800 0.850 0.850
6 1.200 1.200 1.100 1.100 1.200 1.200 1.100 1.200
7 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850
8 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160
9 0.127 0.126 0.126 0.126 0.126 0.126 0.126 0.226
10 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180
11 0.472 0.472 0.472 0.472 0.472 0.472 0.472 0.472
12 0.110 0.110 0.110 0.110 0.100 0.100 0.110 0.110
13 0.659 0.659 0.661 0.661 0.640 0.640 0.661 0.671

BT 6.164 6.213 6.255 6.355 6.224 6.254 6.355 6.465

R Sy B R IMW

G5 17~18 18~19 19~20 20~21 21~22 22~23 23~24 24~1
1 0.026 0.026 0.026 0.026 0.026 0.026 0.026 0.026
2 0.220 0.220 0.220 0.220 0.220 0.220 0.220 0.200
3 0.850 0.850 0.850 0.830 0.790 0.790 0.730 0.700
4 0.750 0.750 0.750 0.750 0.850 0.850 0.850 0.830
5 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.800
6 1.180 1.200 1.200 1.200 1.120 1.100 1.100 1.100
7 0.850 0.850 0.850 0.850 0.860 0.820 0.850 0.830
8 0.160 0.150 0.160 0.160 0.160 0.160 0.160 0.170
9 0.226 0.229 0.226 0.226 0.126 0.126 0.126 0.128
10 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.170
11 0.472 0.472 0.472 0.472 0.472 0.472 0.472 0.482
12 0.110 0.110 0.110 0.110 0.110 0.110 0.110 0.110
13 0.671 0.671 0.671 0.671 0.661 0.661 0.661 0.676

At 6.545 6.558 6.565 6.545 6.425 6.365 6.335 6.222
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Table C2 Multi-period load parameter table of thermal system

T Sy Be AT 1Y 5 AR IMW

' 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9
6 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
7 0.55 0.56 0.56 0.56 0.55 0.55 0.55 0.55
8 0.70 0.70 0.71 0.71 0.70 0.63 0.63 0.65
9 0.75 0.75 0.75 0.75 0.75 0.75 0.72 0.75
10 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
11 0.45 0.45 0.45 0.46 0.45 0.45 0.45 0.45
12 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
13 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15

J588 6.05 6.06 6.07 6.08 6.05 5.98 5.95 6.00

T Sy BT 9 5 AR IMW

% 9~10 10~-11 11~12 12~13 13~14 14~15 15~16 16~17
6 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
7 0.55 0.55 0.57 0.55 0.55 0.57 0.58 0.54
8 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
9 0.79 0.79 0.79 0.75 0.75 0.79 0.79 0.79
10 1.05 1.05 1.05 1.05 1.06 1.09 1.05 1.05
11 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
12 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
13 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15

J5838 6.02 6.02 6.04 5.98 5.99 6.08 6.05 6.01

T Sy Be AT 3 5 AR IMW

' 17~18 18~19 19~20 20~21 21~22 22~23 23~24 24~1
6 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15
7 0.55 0.54 0.56 0.56 0.56 0.56 0.56 0.56
8 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.64
9 0.75 0.79 0.79 0.69 0.72 0.74 0.75 0.75
10 1.05 1.07 1.05 1.07 1.07 1.07 1.07 1.07
11 0.45 0.42 0.45 0.51 0.51 0.51 0.51 0.51
12 0.25 0.25 0.25 0.26 0.26 0.26 0.26 0.26
13 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15

J=878 5.98 6.00 6.03 6.02 6.05 6.07 6.08 6.09
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Table C3 Multi-period load parameter table of natural gas system

TR S B AT SR (m® - h )

£k 1~2 2~3 3~4 4~5 5~6 6~7 7-8 8~9
2 1.00x10°  1.10x10°  1.20x10°  1.25x10°  1.00x10°  1.00x10°  1.00x<10°  1.00x10°
3 2.00x10°  2.00x10°  2.00x<10°  2.00x10° 2.10x10°  2.00x<10°  2.00x10°  2.00x10°
4 1.15x10°  1.15x10°  1.15x10°  1.15x10°  1.15x10° 1.15x10°  1.15x10°  1.15x10°
5 1.00x10°  1.00x10°  1.00<10°  1.00x<10°  1.00x10°  9.00x10*  8.00x10°  8.50x10*

Mt 5.15x10°  5.25x10°  5.35x10° 540x10° 5.25x10° 5.05x10° 4.95x10°  5.00x10°

TR S B S S R (m - h )

Eike 9~10 10~11 11~12 12~13 13~14 14~15 15~16 16~17
2 1.00x10°  1.00<10°  9.00x10*  8.00x10°  8.00x10*  8.00x10*  8.00x10°  8.00x10*
3 2.00%10°  2.00x10°  2.00x10°  2.05x10° 2.05x10°  2.05x10°  2.05x10°  2.05x10°
4 1.25x10°  1.26x10°  1.26x10°  1.26x10°  1.20x10° 1.16x10°  1.26x10°  1.16x10°
5 750x10°  7.50x10*  7.50x10°  7.50x10° 7.50x10*  7.50x<10° 550x10°  7.40x10*

Bt 5.00x10° 501x10°  4.91x10°  4.86x10°  4.80x10°  4.76x10°  4.66x10°  4.75x10°

R SR B S ST SR (m® - b

£k 9~10 10~11 11~12 12~13 13~14 14~15 15~16 16~17
2 9.00x10*  1.05x10°  9.90x10*  1.00x10°  1.00x10°  1.00x10°  1.00x<10°  1.00%10°
3 2.05x10°  2.05x10°  2.05x10°  2.05x10°  2.00x10°  2.00x10°  2.00x<10°  2.00%10°
4 1.16x10°  1.16x10°  1.16x10°  1.15x10°  1.15x10°  1.10x10°  1.05x10°  1.15x10°
5 7.40x10°  7.40x10*  8.40x10°  1.00x10°  1.15x10°  1.00x<10°  1.00x10°  1.00x10°

Mt 485x10° 5.00x10° 5.04x10° 520x10° 5.30x10° 5.10x10° 505x10° 5.15x10°

%= C4 BMATHZATERERITERE
Table C4 Multi-period energy flow calculation data of coupling element
i B g MW CHP ft#/MW CHP ftHi/MW CHP #65/ (m® - h!)
1~2 2.420 3.702 4871 7.8879x10*
2~3 2.424 3.708 4.879 7.9007>10*
3~4 2.428 3.714 4.887 7.9135x10*
4~5 2.432 3.720 4.894 7.9262>10*
5~6 2.420 3.702 4.871 7.8879x10*
6~7 2.392 3.660 4.816 7.7984x10*
7~8 2.380 3.642 4792 7.7600>10*
8~9 2.400 3.672 4.831 7.8240>10*
9~10 2.408 3.684 4.847 7.8495x10*
10~11 2.408 3.684 4.847 7.8495x10*
11~12 2.416 3.696 4.863 7.8751x10*
12~13 2.392 3.660 4.816 7.7984x10*
13~14 2.396 3.666 4.823 7.8112x10*
14~15 2.432 3.720 4.894 7.9262>10*
15~16 2.420 3.702 4.871 7.8879x10*
16~17 2.404 3.678 4.839 7.8367>10*
17~18 2.392 3.660 4.816 7.7984x10*
18~19 2.400 3.672 4.831 7.8240>10*
19~20 2.412 3.690 4.855 7.8623x10*
20~21 2.408 3.684 4.847 7.8495x10*
21~22 2.420 3.702 4.871 7.8879x10*
22~23 2.428 3.714 4.887 7.9135x10*
23~24 2.432 3.720 4.894 7.9263x10*
24~1 2.436 3.726 4.902 7.9390>10*
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Table C5 Multi-period network loss

¥ 2% B B R R T 2R MW

HA 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10  10~11  11~12  12~13
B 05068 04995 05015 05019  0.496  0.4954 0.4988 05068 0.5037 05091 0.5162  0.519

#KM  0.0878 00880 0.0883 0.0888 0.0878 0.0858 0.0851 0.0864 0.0868 0.0868 0.0871  0.0858
I 2% 43 B B R Th MW

R 13-14  14-15  15-16  16-17  17-18  18-19  19-20  20-21  21-22  22-23  23-24  24-1

B 05071 05163 05239 05386 05454 0.5478 0.5509 0548  0.5312 0526  0.5238 0.5174
#RM  0.0862 00887 0.0873 0.0866 0.0858 0.0860 0.0870  0.0888  0.0896  0.0900  0.0902  0.0905
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