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Probabilistic energy flow calculation for regional integrated electricity-gas-heat energy systems
based on an improved stochastic response surface method
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Abstract: As the impact of the correlation and uncertainty of photovoltaic (PV) and wind power generation on electricity-
gas-heat regional integrated energy systems (RIES) becomes more pronounced, analyzing the probabilistic energy flow of
the electricity-gas-heat RIES can provide an intuitive reflection of its operational state changes. First, considering the
correlation between PV and wind power generation and the uncertainty of random variables, an energy flow calculation
model for an electricity-gas-heat RIES that includes PV and wind power is established. Then, an stochastic response
surface method (SRSM) optimized by the Galerkin projection method is proposed to calculate the RIES energy flow, and
the probability distributions of the state variables of the energy flow are obtained to quantitatively assess the impact of the
correlation between PV and wind power on the probabilistic energy flow of the RIES. Finally, the proposed model and the
solution method are validated using an RIES formed by the IEEE 30-node power system/IEEE 69-node power system,
20-node heat system, and 24-node natural gas system. The validity and applicability of the proposed model and the
accuracy and speed of the solution method are verified by analyzing the effects of the correlation between PV power and
wind power on the probabilistic energy flow.
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Table 1 Expectation value and standard deviation of system

parameters with different algorithms

25 878 HIE(E FrifE 7
MCS 0.972 51 0.009 640
HIRG
SRSM 0.972 47 0.009 453
10
B PEM 0.972 56 0.009 489
FHL PR M L
~ UD-QMC 0.972 48 0.009 603
(b5 4 18)
G-SRSM 0.972 53 0.009 615
MCS 778.228 723 8.7962x107°
RIRERG SRSM 778.228 745 8.1142x107°
510 SR/ PEM 778.228 695 8.1355x107°
MPa UD-QMC 778.228 703 8.4792x107°
G-SRSM 778.228 706 8.5420x107°
MCS 120.9305 3.0311
M RG SRSM 120.9728 3.2498
EiE 4 PEM 120.9742 3.2501
B /(m’/h) UD-QMC 120.9504 3.1145
G-SRSM 120.9412 3.1037

=2 TEIEATRRITHE 4GS HEE
Table 2 Computational performance and accuracy with

different algorithms

AT RS TIPSR CTIRREEIRE/%

MCS 63.7 — —

SRSM 1.52 0.0130 3.312

PEM 2.56 0.0137 3.184
UD-QMC 0.87 0.0064 1.163
G-SRSM 0.62 0.0036 0.980
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Table 3 Mean value and standard deviation of node 10

voltage with different correlation coefficients

T 10 BURHRE/pou.

Wi RN P2
2] Pk 7
-0.8 0.9757 0.019 07
-0.4 0.9757 0.018 32
75 |
0.4 0.9760 0.017 33
0.8 0.9759 0.017 40
-0.8 0.9724 0.000 522
-0.4 0.9757 0.000 526
e
0.4 0.9756 0.000 531
0.8 0.9757 0.000 640
R4 TRBXAMTRANRGEE 4 REVENITEE

Table 4 Mean value and standard deviation of pipe 4 flow

with different correlation coefficients

B8 4 Pik/(m’/h)

Y5t AR R B .
WA bRk 2
-0.8 240.6365 6.3474
-0.4 241.9445 5.0033
e 1
0.4 243.2020 5.7623
0.8 244.5351 6.4086
-0.8 126.5809 28869
-0.4 127.2689 2.6319
Y 2
0.4 127.9305 3.0311
0.8 128.6317 3.3711
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Table 5 Mean value and standard deviation of node 10 gas

pressure with different correlation coefficients

7k HIR R

155 10 K /MPa

BT bk 2

-0.8 39.7211 0.015 446 5

-0.4 39.9740 0.015361 5
750

0.4 39.7038 0.0153676

0.8 39.7553 0.015 368 0

-0.8 28.2007 0.001 490 2

-0.4 28.1987 0.001 419 0
759

0.4 28.2019 0.001 4192

0.8 28.2165 0.001 4399
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