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Probabilistic power flow analysis of integrated electricity-heat energy system

based on GMM and multi-point linear cumulant methond
LIAO Xingxing',WU Yi*, WEI Zhinong' ,HU Wei*, YANG Zijun’,SUN Guoqiang',ZANG Haixiang'
(1. College of Energy and Electrical Engineering,Hohai University,Nanjing 211100, China;
2. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China)

Abstract: A multi-point linear cumulant method based on GMM (Gaussian Mixture Model) considering corre-
lation is put forward to calculate the integrated electricity-heat energy system PPF (Prababilistic Power
Flow). The power flow model of integrated electricity-heat energy system is constructed, and the source-
load uncertainty model of the system is proposed using GMM. In view of the uncertain output variables,
the calculation method of integrated electricity-heat energy system PPFEF based on cumulant method is pro-
posed, thus the probability density functions of related output state variables are calculated quantitatively.
The multi-point linear method is adopted to overcome the large linearization error owing to the nonlinear
problem of integrated electricity-heat energy system. Moreover, the proposed PPF method further considers
the correlation between electric and thermal loads. Finally, the Cornish-Fisher series expansion is used to
fit the probability distribution of state variables. The proposed method is proved to be fast, accurate and
practical in the modified Bali integrated electricity-heat energy system case.

Key words:integrated electricity-heat energy system;Gaussian mixture model;prababilistic power flow;cumu-

lant method ; multi-point linear; correlation
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HLp o, JRAED) AR 1 MW, BEERL I 6 KV, SR CL. 3 C2. #apirh, Fusift ki 70°C,
T KR E A 30 Co KIIB G 1 =0.294x10° m/s, /KZHJE p=958.4 kg/m®. M B W% C3. £
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Table C1 Power network line parameters
2 Eotd 2k

e o s FLBH/pu Hi/pu
1 1 2 0.0003524 0.0001719
2 2 3 0.0002304 0.0001124
3 3 4 0.0003117 0.0001521
4 4 8 0.0004337 0.0002116
5 8 5 0.0002711 0.0001322
6 5 6 0.0002169 0.0001058
7 6 7 0.0003524 0.0001719

& C2 WEMHSIM AT B 1 h R

Table C2 Definitive current load power

TR H AT MW TR MW
1 0.2 5 0.2
2 0 6 0.2
3 05 7 0
4 05 8 0

& C3EMHERA AR ARINER
Table C3 Definitive current heat load power

TG HAiF MW T R B IMW
1 0 17 0.0805
2 0 18 0.0805
3 0.107 19 0
4 0.145 20 0.0805
5 0 21 0.0805
6 0.107 22 0
7 0.107 23 0.107
8 0.107 24 0.107
9 0.107 25 0

10 0.107 26 0.107
11 0.145 27 0.107
12 0.107 28 0

13 0 29 0.107
14 0.0805 30 0.107
15 0 31 0

16 0.0805 32 0.3797




Table C4 Thermal network line parameters

&= CA RO MBLIESH

. Wi mE kE B fEMEE KR
AL #&R /m m (W * mK?Y)  BEfem
1 1 2 2576  0.125 0.321 0.4
2 2 3 97.5  0.040 0.210 0.4
3 2 4 51.0  0.040 0.210 0.4
4 2 5 59.5  0.100 0.327 0.4
5 5 6 271.3  0.032 0.189 0.4
6 5 7 2354 0.065 0.236 0.4
7 7 8 177.3  0.040 0.210 0.4
8 7 9 102.8  0.040 0.210 0.4
9 7 10 2477 0.040 0.210 0.4
10 5 11 160.8  0.100 0.327 0.4
11 1 12 1291  0.040 0.210 0.4
12 11 13 1861  0.100 0.327 0.4
13 13 14 1362  0.080 0.278 0.4
14 14 15 418  0.050 0.219 0.4
15 15 16 1168  0.032 0.189 0.4
16 15 17 1364  0.032 0.189 0.4
17 14 18 1364  0.032 0.189 0.4
18 14 19 449  0.080 0.278 0.4
19 19 20 1364  0.032 0.189 0.4
20 19 21 134.1 0.032 0.189 0.4
21 19 22 417 0.065 0.236 0.4
22 22 23 1611  0.032 0.189 0.4
23 22 24 1342  0.032 0.189 0.4
24 22 25 521  0.065 0.236 0.4
25 25 26 1360  0.032 0.189 0.4
26 25 27 1233 0.032 0.189 0.4
27 25 28 61.8 0.040 0.210 0.4
28 28 29 952 0.032 0.189 0.4
29 28 30 1051 0.032 0.189 0.4
30 31 28 706  0.125 0.321 0.4
31 31 7 261.8  0.125 0.321 0.4
32 32 11 201.3 0.125 0.321 0.4
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Table D1 The first seven CM of Partial nodal voltage

il MCS SPLCM  i%%/%  MPLCM  %/%
B;:l 1.0228 1.0248 0.195 1.0238 0.097
[5 2.38E-05  2.76E-05  16.10  2.41E-05 1.330
r@il -9.11E-08  -9.51E-08  4.394  -9.21E-08  1.097
o
A o -1.01E-10 -1.25E-10 2412  -1.10E-10  8.940
2
L% 6.91E-12  651E-12 5791  6.92E-12  0.144
gﬁ -8.47E-13 -8.57E-13  1.183  -851E-13 0471
B;LT -1.04E-15 -1.37E-15  31.72  -1.27E-15  22.11
B;:l 1.0408 1.0458 0.480 1.0418 0.096
Bj“l 4.49E-05  4.88E-05  8.652  4.59E-05 2.228
r;# -1.01E-07 -1.10E-07 8934  -1.02E-07  1.086
T
I A -8.31E-10 -8.91E-10  7.217  -8.41E-10  1.202
4
;il 2.66E-11  2.96E-11  11.29 2.57E-11 3.280
E}:: -3.02E-12  -3.92E-12  29.79  -3.12E-12  3.310
r;AT -9.80E-15 -9.08E-15  7.358  -9.90E-15  1.020
% 1.0519 1.0596 0.734 1.0521 0.021
m 1.83E-05 193E-05 5460  1.85E-05 1.092
% 6.63E-08  6.00E-08  9.465  6.75E-08 1.809
By
IS A -7.22E-11  -6.92E-11  4.155  -7.19E-11  0.434
6
; -4.44E-12 -4.94E-12  11.26  -4.58E-12  3.110
% -5.03E-13  -5.31E-13 5565  -5.13E-13  1.987
B; 5.07E-16  5.74E-16 1335  5.27E-16  3.946
zD2 HHEEBRENEMETRTE
Table D2 The first seven CM of Pipe flow
il MCS SPLCM  i%7/%  MPLCM  #7/%
B;:l 0.6200 0.6201 0.014 0.6200 0.001
Bj“l 0.0171 0.0192 12.27 0.0170 0.586
# o 217605 229E05 5538  -219E-05  0.923
o
[N -4.00E-05 -4.60E-05 1499  -4.10E-05  2.498
|
8 é -4.48E-07 -5.48E-07  22.33  -4.39E-07  1.965
;}:: -431E-08 -451E-08  4.639  -4.41E-08  2.319
+

-7.36E-08  -9.96E-09 86.46 -7.96E-08 8.146

=




iE: MCS REFFFBRIRIMMER, SPLCMRRBSLMNER, MPLCM KERZ &MU ER, HIREAXARIEX

(28).

I;I\ 6.9462 6.8626 1.203 6.9562 0.143
g 10608 1.2608 18.85 1.0708 0.942

i B;:% 0.2530 0.2830 11.85 0.2630 3.952

g

g 00166 0.0196 18.06 0.0156 6.022

|

13 IZ}J;LI\ -4.37E-05 -4 57E-05 4.577 -4.47E-05 2.288
Q\ -897E-07 -8.70E-07 3.010  -8.60E-07  4.125
K; 7.32E-09 -8.12E-09 1092  -7.42E-09  1.365
% 0.6115 0.6258 2.329 0.6194 1.201
g 00167 0.0177 5.885 0.0168 0.603

o & -358E-05 -458E-05  27.94  -3.66E-05  2.217

g

2 1.42E-05 132E-05  7.017 1.47E-05 3.508

|

24 ;i; 5.16E-06 5.52E-06  6.859  526E-06  1.937
% -415E-06 -452E-06  8.735  -4.95E-06  19.26
E; -1.65E-07 -1.75E-07  6.066  -1.65E-07  0.153
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Fig.D1 Influence of power load fluctuation on the standard deviation of heat network flow
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Fig.D2 Influence of heat load fluctuation on the standard deviation of voltage
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Table D3 Voltage crossover probability of bus3
PR A= 1%

+1%
4.87

+5%
16.37

+10%
20.23

+15%
25.40

+20%
31.12
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