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Abstract: As an important realization form of the energy Internet, the integrated energy system enhances energy utili-
zation efficiency through multi-energy complementation and market mechanisms. However, it introduces more risk at
the same time. To ensure the safety of the integrated energy system, the importance of establishing a risk assessment
system for the integrated energy system has become increasingly important. This paper identifies and explores the
risk factors in the integrated energy system, divides the risks into three categories: risks in planning, dispatch and
operation. A comprehensive risk evaluation index system is established. Furthermore, the corresponding preventive
measures or countermeasures are proposed for each type of risk to improve the resistance of the integrated energy sys-
tem to various risks. Finally, in the case studies, the harm grade caused by different type of risk to further control
the risk based on the risk assessment is evaluated and the effectiveness of the results are verified. It is found that the
proposed method improves the risk management level.
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Figure 1 Schematic diagram of regional integrated energy

system structure and multi-body energy flow
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Figure 2 Optimization method of energy hub planning

scheme for IES considering operation risk
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Figure 5 Efficiency variation under different endurance

capacities after the collapse of energy hub 3
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capacities after random node collapses
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Table 2 Parameters of combined heat and power system

- A/ kW PRI R FEHLELCR
PR AL 500 0.300 0 0.356 7
AR AR I 400 0.883 6 0. 000 0
PR 500 0.872 1 0.000 0

RI BTRLRAABRBERKETHELH
Table 3 Parameters of tie-lines and pipelines of

each sub-system

B i/ kW B/ (kW h / m?)
A L O K 24 2% 500
. 44 199 3k 246 75 500
< 9 % 46 75 2 000 9.97

K4 BB REN
Table 4 Energy price of each system

EREMN/ O/ (KW « h))
¥ 2% 2, Bk

U I B -t B it B
i HL 1) 1. 000 0. 750 0. 400
e £ Y 0. 850 0. 600 0. 350
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Figure 7 EHO income deviation under uncertain scenarios
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Figure 8 EHO income deviations after optimizing

CHP power module under uncertain scenarios
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Table 5 Tie-lines and pipelines of each

sub-system constraints kW
BE K PRSP
HHS AR RSB A I A i
1 500 2 000 500
2 2 000 5 000 1500
3 1 000 2500 500
4 3 000 10 000 3 000
5.3.1 AEEBAT I RE = XA A F RS

BATIRBL

TE R B 5 AKX A v oK 2 J8 S AT KUK B B 4 X
1Y N TN RO L N N e A CRE e P T Ry
K9 7R s BRI AR AL3E AT R ANEK 6 s & T R4
s T MR R PR R 7 s .

B9 B, YRR S A 2 42 A JS . e A ) 14 ~ 18
5T L R T A AT KD L B L ABLAA 0. 96 A2 AT
B2 0. 94, 85t TR EBITILEL. BRI A
BT 5 25 32 B 00 A2 A an B 10 BT 7R 0 9 B R 1Y
B E S HLIRAHE Y 1S B M RE A B A
e RWIF AT LA F) 30. 61 MW, 3 T 2k % 14 2%

WA (30 MW) ., roeime M 1,090 0 FEAE ] 0. 980 2,
FWHRRC B BITERHIRE.,

1.06 ‘ 1.06
1.04F % 1.041-\\
5 102 1.02
£
Z 100 1.00
2 .98 0.98
0.96 0.96
0.94 TR Y’
0 10 20 30 0 10 20 30
EPS 7 4, EPS 5 4
(a) ¥ AHI (b) AT

B9 AHZEBEFAGHESTRLENT .G
B M Sl R
Figure 9 Comparison of node voltages distribution in

EPS before and after the energy hub integration
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Table 6 FEnergy hub layout without considering

operating risks

ARl 15 A% 1 K
i i . Y i 5. I I

1 24 5 2

2 22 7 3

3 9 10 4

4 16 9 5

R7T AFERBFAIEHEANRTESL
AT 5 3B AT R e 48 AR
Table 7 Operation risk index with/without

considering operational risks

BARERA 7 opsnode 7 eps. line 7 dhs 7 ngs
B AT
AR

1.0100 1.090 0 1.200 0 1.490 0

0.993 9 0.980 2 0.860 7 0.7119
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Figure 10 Comparison of distribution power flow in

EPS before/after the energy hub integration
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Figure 11 Comparison of temperature distribution in

DHS before/after the energy hub integration
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Figure 12 Comparison of distribution node pressure in

DHS before/after the energy hub integration
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Table 8 Energy hub layout considering

operation risks
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Figure 13  Voltage distribution in EPS after energy

hub layout optimization

0 5 10 15 20 25 30 35
EPS 5 45

14 #MERABEANFT EHRNE EPS KB HAASF
Figure 14 Power flow distribution in EPS after energy

hub layout optimization
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hub layout optimization
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Table 9 Operation risk index after energy
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hub layout optimization

7 eps.node T eps. line T dhs T ngs
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