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ABSTRACT Offshore micro integrated energy systems are the basis of offshore oil and gas engineering.
In order to evaluate its operational risks and ensure the safe development of marine resources, a risk
assessment scheme for offshore micro integrated energy systems based on a risk fluid mosaic model
is proposed. Aiming at the current situation that the traditional equipment material-energy conversion
model has a large amount of modeling and does not fully reflect the system structure, a material-energy
conversion model based on unified modeling is constructed, and a risk function is introduced to analyze the
material-energy of the power equipment under risk conversion; At the same time, a risk fluid mosaic model
based on the system structure and material-energy carrier is constructed to describe the dynamic behavior of
risk from the material-energy flow; Aiming at the fact that the traditional risk grading model cannot reflect
the overall risk of the systemwhenmultiple risks are involved, a multi-weighted system risk gradingmodel is
proposed to describe the overall risk situation of the system under multiple risks. The validity and rationality
of the model and method proposed in this paper is verified by using an offshore oil and gas platform in the
Bohai Sea as a simulation example.

INDEX TERMS Offshore micro integrated energy system, unified modeling, risk fluid mosaic model, risk
grading, risk assessment.

I. INTRODUCTION
Offshore oil and gas engineering is of great significance to
achieve sustainable energy development [1]. Offshore micro
integrated energy system (OMIES) is an important way for
offshore oil and gas development [2], [3]. It not only cou-
ples multiple energy and material flows, but also faces vari-
ous risks due to the complex marine environmental factors.
In order to ensure the safe and stable operation of OMIES,
it is necessary to scientifically control its risks.

The reference [4] summarizes the current research status
of the reliability of component modeling, system robust anal-
ysis, and coupled risk analysis in the energy internet. Ref-
erence [5] summarized the research status and prospects of
integrated energy system reliability and risk modeling, evalu-
ation algorithms and indicators. Reference [6], [7] established
the material-energy conversion model of the main equipment
by describing the structure of the energy system, However,
the modeling work is complicated, and there is no sufficient
description of system structure. Reference [8] proposed a risk
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assessment method based on the steady-state power flow of
the coupled system and the optimal load reduction model,
which took into account the random risks of new energy
output and load fluctuations, but the analysis of random
risk-induced factors of system output equipment was not
complete. Reference [9] aimed at assessing the reliability of
the electro-thermal interconnection system, and established
an evaluation scheme based on the client’s maximum ther-
mal power output model and a reliability index based on
electro-thermal characteristics. Reference [10] constructed an
electro-thermal coupled power flow algorithm based on the
steammedium, and proposed a risk assessment scheme based
on supply-demand benefits. Although the above research has
proposed risk and reliability assessment schemes from dif-
ferent perspectives, it is not clear enough about the coupling.
Reference [11] modeled the Energy-Hub energy distribution
process and analyzed the impact of gas network faults on
the power grid. Reference [12] transferred the uncertainty
of the gas network to the failure of the gas turbine and
described the characteristics of risk transmission through
coupled equipment. Reference [13] established a reliability
model of complex behaviors among different subsystems of
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the energy system, and analyzed the influence of control
methods on system reliability. Reference [14] analyzed the
electric-gas coupling system in detail, and studied the impact
of natural gas unit failure on the power system cascading
failure. Reference [15] proposed a general risk assessment
model for combined power and natural gas networks, which
quantitatively analyzed the system risks considering power
and natural gas network failures. Reference [16] established
a system reliability model based on intelligent agent com-
munication and energy hubs, and realized reliability evalu-
ation with fault location, isolation and recovery functions.
Reference [17] based on the impact of energy storage on
energy supply, established a reliability model under different
operating strategies of the energy storage link of the inte-
grated energy system, and quantitatively analyzed the rela-
tionship between multiple energy storage and energy supply
reliability. Although the above-mentioned risk and reliability
analysis based on coupled power flow and Energy-Hubmodel
can reflect the change of risk with energy flow, it ignores
the material-risk transfer relationship in the system. Refer-
ence [18], [19] established a risk grading system model for
power systems, but it’s difficult to characterize the overall
system risk when multiple risks are involved.

This article introduces a risk function that includes the risk
factors of equipment, builds a material-energy conversion
model of the output device based on the risk function, char-
acterizes the material-energy conversion relationship under
risk, and establishes a risk fluid mosaic model based on the
system structure, which analyzes the dynamic behavior of
risk through energy-material flow. In addition, a multi-weight
system risk grading model is constructed in this model,
which can scientifically evaluate the operating risk
of OMIES.

II. THE RISK MODEL OF OMIES
A. THE REAL-TIME OUTAGE PROBABILITY MODEL OF
EQUIPMENTS
As shown in Figure 1, OMIES usually consists of living,
energy supply and production process systems, which are a
variety of energy and material flow coupled systems. Unlike
conventional integrated energy systems, the energy between
OMIES is more closely linked, and energy regulation and
scheduling are difficult to rely on external systems. Besides,
the importance of OMIES requires it to have more reliable
energy transmission and supply than conventional integrated
energy systems. OMIES is powered by natural gas or diesel,
but fluctuations in material flow will cause uncertainty in
energy supply, and fluctuations in energy supply such as
electricity and heat will directly affect the stable operation
of platform production and process systems.

In OMIES, the equipment operation-stop status is affected
by factors such as the offshore operating environment and
real-time status. Therefore, three factors are considered
into a two-state outage model including: equipment aging,

FIGURE 1. Structure diagram of OMIES.

weather, and real-time operation status of the equipment-
outage [20]–[23]. The real-time outage probability model is
as follows: (1)-(2)

λ6 = λold + λave
Z + S
S

R− λave
Z + S
S

(1− R) (1)

P =
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nor
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(
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where λ6 is the comprehensive equipment outage rate; λold
is the equipment aging failure rate; λave is the average equip-
ment failure rate; Z is the time period when the device is
in normal weather; S is the time period when the device is
in severe weather; R is the failure rate of the device under
severe weather; P is the time outage probability of the device
in real-time; F(ξ, ξnormax , ξ

nor
min , ξmax , ξmin) is the effect function

of the equipment real-time operating parameters on the equip-
ment outage probability; ξ is the relevant parameters of the
equipment operation; ξnormax is the maximum parameter value
for the normal operation of the device; ξnormin is the minimum
parameter value for the normal operation of the device; ξmax
is the maximum parameter value of the equipment between
the critical conditions of operation and shutdown; ξmin is
the minimum parameter value of the equipment between the
critical conditions of operation and shutdown.

B. THE MATERIAL-ENERGY RISK CONVERSION MODEL
BASED ON UNIFIED MODELING
Figure 2 is the OMIES material-energy flow diagram, which
reflects the process of material and energy conversion in the
system through various types of equipment.

Traditional material-energy conversion takes equipment as
the basic unit. After detailed analysis of the system structure,
the material-energy input-output relationship is modeled
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FIGURE 2. Material-energy flow diagram of OMIES.

according to the structure of different equipment [6], [7].
However, for systems with many types of output equip-
ment, this modeling method will make the modeling scale
large and fail to reflect the correlation between the output
equipment. This section uses a unified modeling method
to describe the material-energy conversion relationship of
OMIES output equipment. In the unified modeling process,
the material-energy source of the system is constant. It is con-
verted into different forms of materials and energy through
various types of equipment. Taking OMIES as an example,
the system has material-energy conversion mode such as
electricity to heat, gas to heat, and gas to electricity, but all
the energy of the system comes from associated gas and diesel
through different forms of conversion, so the unified model-
ing method is used to uniformly process the material-energy
sources of all output equipment. The functionF(x1, x2, x3 . . . )
is used to describe the system structure that affects the output
of the device, and the systemmaterial-energy conversion rela-
tionship is expressed in a unified model. In addition, the tra-
ditional material-energy conversion model cannot reflect the
output status of the equipment under risk, and the material-
energy relationship of the equipment under the risk can reflect
the change in the amount of equipment material-energy con-
version when the risk occurs. Therefore, a risk function is
introduced into the material energy conversion model based
on the unified modeling method, and a risk output model of
the device is constructed, and the material energy conversion
relationship under risk is described. The material-energy risk
conversion model based on unified modeling is shown in
equations (3)-(6).

Em =
a∑
i=1

qiViF(x1, x2, x3 . . .)f (α) (3)

Qn =
b∑
j=1

qjVjF(x1, x2, x3 . . .)f (α) (4)

f (α) =

M∏
k1=1

αk1 · (
N∑

k2=1
αk2)

N
(5)

F(x1, x2, x3 . . .) =
n∏

K1=1

xK1 · (
m∑

K2=1

xK2) (6)

where Em is the power output of a device; Qn is the thermal
output of a device; Vi is the i-th fuel input of the power output
device; qi is the i-th calorific value of the fuel; Vj is the j-th
fuel input of the heat output device; qj is the calorific value of
the j-th fuel; F(x1,x2,x3. . . ) is the mathematical relationship
between fuel feed and energy output, x1, x2, x3 . . . are factors
that affect the amount of feed and energy output, Which
includes the factors affecting the structure of the device and
the system. The value is 0∼ 1, xK1, xK2 represents the system
cascade and parallel parts. The expression of F(x1,x2,x3. . . )
is determined by the device and the system structure and
can be expressed as a substance-energy conversion factor
represented by a constant. f (α) is the risk function, α is the
risk impact factor, and the value is 0 ∼ 1. The expression of
f (α) is determined by the external risk, equipment risk and
system structure, and M and N are constants related to the
system structure.

Compared with the traditional modeling method, the uni-
fiedmodelingmethod reduces the systemmodeling workload
in the material-energy conversion model in OMIES, unifies
the input and output of material-energy, and improves the
problem of insufficient system structure correlation. At the
same time, the introduction of the risk function enables
the material-energy conversion model to reflect the output of
equipment under risk.

C. THE RISK FLUID MOSAIC MODEL OF OMIES
Fluid Mosaic Model (FMM) is a hypothetical model of mem-
brane structure in biology. The model describes that the cell
membrane structure is formed by inlaying a movable globular
protein in a lipid bilayer. During the transmission process,
Globulin is an important carrier for the transmembrane trans-
port of substances. In OMIES, the device is like a cell lipid
bilayer, which forms the basic skeleton of the system. The
material flow and energy flow are like globular proteins,
which are embedded in the basic skeleton to carry the input
and output of the system. Therefore, the structure of OMIES
can be equivalent to biological membrane FMM. In addition,
the energy-material flow analysis starts from the energy flow
model, the material flowmodel, and the energy-material flow
feedback model, and analyzes the material-energy transfer
and transformation process in OMIES [24]. Risk can be
further expressed by the system’s material-energy transfer
and transformation, so OMIES energy flow and material flow
are considered as risk carriers. The structure of OMIES is
similar to FMM. The energy flow and material flow in the
structure are considered as risk carriers. Therefore, based on
the introduction of risk factors and the establishment of a risk
matrix, a risk fluid mosaic model (RFMM) is proposed to
describe the system risk flow process, as shown in Figure 3.
However, due to the differences in the operation mode and
structure of each part in the system, RFMM cannot generalize
all risks, and needs to be modeled separately for each part’s
characteristics.

Therefore, according to the above analysis, establish a dis-
tributed model based on RFMM for the following four parts
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with different characteristics: Energy to Energy Risk Flow
Model (EERFM), material-energy risk Material to Energy
Risk Flow Model (MERFM), Material to Material Risk
Feedback Model (MMRFM), and Energy to Material Risk
Feedback Model (EMRFM). This distributed model is based
on the system material-energy flow analysis process, which
reflects the flow conditions of risk in the four parts of material
flow, energy flow, energy-material flow coupling, and process
feedback of OMIES. The distributed modeling approach used
in this section based on the system structure risk flow mosaic
model applies to both OMIES overall risks and individual
parts of OMIES risks, which comprehensively characterizes
system risks.

1). Energy-energy risk flow matrix
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(7)

where vector o represents the energy output matrix; matrix ρ
represents the risk flowmatrix; matrix e represents the energy
conversion relationship matrix; vector I represents the energy
input matrix.

2). Material-energy risk flow matrix
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(8)

where vector EN1 represents the energy flow output matrix;
δ represents the material-energy risk flow matrix; Eq1 rep-
resents the material-energy conversion relationship matrix;
vectorM1 represents the material flow input matrix.

3). Energy-material risk feedback matrix
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where vector M2 represents the material flow output matrix;
σ1 represents the energy-material risk flow matrix; Eq2 rep-
resents the energy-material conversion relationship matrix;
vector EN2 represents the energy flow input matrix.

4). Material-Material Risk Flow Matrix

M3
1

M3
2

M3
3
...

M3
m−1
M3
m


︸ ︷︷ ︸

M3

=



σ l11 σ l12 · · · σ l1m
...

...
. . .

...

σ lk1 σ lk2 · · · σ lkn
σ s(k+1)1 δ

s
(k+1)2 · · · σ

s
(k+1)n

...
...

. . .
...

σ sm1 σ sm2 · · · σ smm


︸ ︷︷ ︸

σ2

×





l11 l12 · · · l1m
...

...
. . .

...

lk1 lk2 · · · lkm
s(m+1)1 s(m+1)2 · · · s(k+1)m
...

...
. . .

...

sm1 sm2 · · · smm


︸ ︷︷ ︸

Eq3



W1
...

Wk
Wk+1
...

Wm


︸ ︷︷ ︸

W


(10)

where vector M3 represents the material flow output matrix;
σ2 represents the energy-material risk flow matrix; Eq3 rep-
resents the material-material conversion relationship matrix;
vector W represents the material flow input matrix. In for-
mulas (9)-(10),M2 andM3 contain both the same substance
and different substances, which need to be distinguished
according to the corresponding part. Since σ1 and σ2, Eq2
andEq3 are also in the feedback part, their elements represent
the same, but have different values.

Each element in the substance and energy conversion
matrix of the above model is the calculated value of the
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FIGURE 3. Material-energy flow diagram of OMIES.

conversion relationship of the corresponding part [24], and
each element of the risk flow matrix is the value of the
operating state of the corresponding equipment under risk.
The value is between 0 and 2, 0means no output of the device,
1 means normal output, greater than 1 means overrun of the
device, and a value between 0∼ 1 means derated operation of
the device, the specific value is determined by the operating
characteristics of the device.

Themodel proposed in this article uses energy andmaterial
flow as a risk carrier, covering all the transfer and changes of
energy and matter in OMIES. It analyzes the OMIES from
four aspects: energy-energy, matter-energy, matter-material,
and energy-material. The transfer process of random risk with
energy and material flow describes the real-time risk status of
OMIES in more detail.

III. QUANTITATIVE ANALYSIS AND ASSESSMENT
PROCESS OF SYSTEMIC RISK
A. RISK INDICATORS
Based on the risk index of the independent energy supply sys-
tem [20], the system decoupling and energy network delisting
risk indicators shown in Table 1 for the OMIES are proposed
to characterize the state of material-energy coupling of the
risk to the system and the impact on the structural stability of
the energy grid.

B. MULTI-WEIGHTED SYSTEM RISK GRADING
Risk grading is a quantitative analysis of the severity of each
risk. Through the risk grading, the system risk status can be
analyzed. Risk grading is divided into two parts: one is the
grading of the severity of each risk index, and the grading
scheme is shown in Appendix A; the second is the grading
of the degree of influence of various risk indicators on the
overall system. The traditional method for quantifying the

TABLE 1. OMIES risk indicator.

overall risk of the system is to multiply the risk probability
by the risk consequences, and then grade it according to the
obtained results [18]. However, this method cannot directly
express the overall system’s risk status due to the different
dimensions of risk and consequences. Therefore, scientists
first grade each risk index and then quantify the severity
of the system risk [19], such as equations (11)-(12). This
method improves the risk probability and different dimen-
sions. When multiple risks occur simultaneously, this method
cannot quantify the overall system risk. Therefore, in this
section, a multi-weighted system risk grading model is pro-
posed, such as equations (13)-(15). The model is divided
into three types according to the degree of risk, and then
the weighted sum of the three types of risk severity, which
is the average of various levels, and finally the weighted
sum of the obtained result and the severity level of risk
probability. The result is the overall risk profile of the system.
The model takes into account the different risk dimensions
and the situation when multiple risk situations occur, laying
a good foundation for the quantitative analysis of OMIES
risks.

G = round(ε0GSP + ξ0GCS ) (11)

ε0 + ξ0 = 1 (12)
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L = round(ε1LSP + ξ1

× (ς1

N1∑
t1=1

LCS1
t1

N1
+ς2

N2∑
t2=1

LCS2
t2

N2
+ς3

N3∑
t3=1

LCS3
t3

N3
))

(13)

ε1 + ξ1 = 1 (14)

ς1 + ς2 + ς3 = 1 (15)

where G and L represent the overall risk level of the system;
GSP and LSP represent the risk occurrence probability level;
GCS , LCS1t1 , LCS2t2 , LCS3t3 are the severity levels of each risk
consequence; ε0, ξ0, ε1, ξ1, ς1, ς2, ς3 indicate corresponding
weights; round(•)indicates rounding.

C. THE RISK ASSESSMENT PROCESS OF OMIES
Based on the characteristics of OMIES, the following evalu-
ation steps are designed in consideration of the gas grid, heat
grid, and grid operation strategies:
Step 1: Enter the original data to form system information;
Step 2: Analyze the system energy flow to form the initial

state of the system;
Step 3: Perform status sampling to determine whether there

is a faulty device. If not, proceed to step 3, and if so, proceed
to step 4.
Step 4: Generate fault information, analyze the network

topology, and determine whether there is a decoupling phe-
nomenon. If not, go to step 6;
Step 5: Network reconstruction, analysis and reconstruc-

tion of network energy flow;
Step 6: Energy flow analysis to determine whether there

are accident consequences, if not, go to step 8, if so, go to
step 7;
Step 7: Analysis of risk incidents of the system;
Step 8: Determine whether the sampling is completed,

if yes, go to step 9, if no, return to step 3;
Step 9: End.

IV. CASE STUDIES
In order to verify the rationality of the model and evaluation
scheme in this paper, taking an offshore oil and gas platform
in the Bohai Sea as an example, different scenarios were
designed to evaluate the risk of the system. Since the model
in this paper is also applicable to the OMIES subsystem,
this section considers single and double faults, analyzes the
impact of the coupled system on the power system, and eval-
uates the OMIES risk situation. Because the coupled system
has the same analysis method for the gas network and heat
network, no analysis is done in this paper.
Scenario 1: Study the risk status of independent grids

in OMIES with traditional independent system risk assess-
ments.
Scenario 2: Investigate the risk of power system affected

by gas-grid coupling (with diesel supplement).
Scenario 3: Investigate power system risks affected by gas-

grid coupling (without diesel).

TABLE 2. Probability of outage of some equipments.

Scenario 4: Investigate the risk of power system impacted
by the coupling of heat networks

Table 2 is a comparison of the outage probability of a gas
turbine and a line in different scenarios in scenarios 1 and 2.

S1 is the equipment outage probability of the independent
power grid; S2 is the equipment outage probability taking into
account the gas-electricity coupling. As shown in Table 2,
taking into account the gas network coupling, the probability
of gas turbine outage is greater than the probability of outage
in the independent power grid, and the line outage probability
is the same. It is because the gas turbine is a gas-electric
coupling device and will be affected by the coupling system,
while the line is an electrical equipment and is not affected by
the coupling system. The analysis shows that the traditional
outage model does not consider the impact of risk transmis-
sion. Although the probability of outage of equipment that
takes into account multi-energy coupling is high, it is more
helpful to the operation and maintenance of OMIES.

Figure 4 is the risk analysis of a compressor failure (exclud-
ing diesel supplement) under RFMM. NC-C indicates the gas
supply network connected to the compressor, GT and BT are
the gas turbines and steam turbines in this part of the gas
supply network, EN4-EN17 and EZ20 are the power nodes
and branches that represent risks, and HS is the heat source
network, NC-P indicates the associated gas production part of
the production process system, the order of the parts indicates
the risk order of the system under fault simulation. When a
compressor fails, the gas supply of the gas network is reduced
by 0.25, which causes greater pressure on the power grid
and the heating network. Voltage offsets and power violations
occur at the corresponding nodes and branches of the power
grid, and the heating network has insufficient heating. And
when the gas supply is reduced, the power output of GT and
BT is reduced by 0.25 and 0.4, and the grid nodes 4, 5, 11,
and 12 have a three-level risk of voltage deviation, while the
nodes 14, 15 and 16, 17 have two and one-level voltages,
respectively. The above simulation results show the material-
to-energy conversion of the equipment under risk, reflecting
the risk transfer process from the perspective of material and
energy changes. It shows that when using RFMM to charac-
terize risk, the energy-material flow is used as the carrier to
convey the system risk more clearly.

Figures 5 and 6 show the first-level risk-related situation
of the power system node voltage and branch power obtained
through simulation of each scenario. Different risks are faced
when the system fails due to the different operating methods
of each electrical node and branch. It can be seen from
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FIGURE 4. OMIES simulation analysis based on RFMM.

FIGURE 5. Percentage of first risk of power system node voltage in each
scenario.

FIGURE 6. Percentage of first risk of branch power in power system in
each scenario.

Fig. 5 and Fig. 6 that each node and branch in scenario
3 has the largest proportion of first-level risks, scenario 1 has
the second largest proportion of risks, and scenarios 2 and
4 have the smallest proportions. Based on Scenario 1 and the
introduction of the gas network in Scenario 2 and Scenario
3 does not affect the operation of all nodes and branches,
but because Scenario 2 has diesel as a supplement to the
gas supply interruption, there is no need to consider energy

FIGURE 7. Load shearing risk probability graphs of power systems in
each scenario.

supply failure caused by gas supply failure Can reduce the
risk, so the risk probability of scenario 2 is lower than that
of scenario 1. Scenario 3 lacks diesel supplementation, so the
uncertainty of system energy supply cannot be ignored. The
decrease in gas supply caused by gas network failure will
supplement gas and heat by increasing the electrical load,
resulting in an increased probability of power system failure.
The failure of the heating network affects the production
process, causing part of the load to be derated or cut off.
Instead, the risk probability of the power node voltage and
branch power is reduced, so scenario 4 has the lowest risk
ratio. At the same time, Figures 5 and 6 show the probability
of first-level risk for each electrical node and branch in the
same scenario. Taking scenario 1 in Figure 5 as an example,
the probability of the first-level risk for nodes 5, 17 is higher,
and node 1 is relatively low. The data is important for the
operation and maintenance of the system. The above analysis
reflects that it is difficult to reflect the actual risks of OMIES
by only performing a risk assessment of an independent
system. The risk analysis method based on material-energy
flow analysis combines the coupling characteristics of the
system to objectively evaluate the risks of OMIES.

Stable load operation is extremely important for offshore
platforms. Figure 7 shows the load shedding risk situation in
scenarios 1-4. Due to the different fault locations and compo-
nents of the power grid, the load is divided into two levels,
so the load shedding risks are different in each scenario,
and the probability of the third level and the first level is
higher than the second level. The uncertainty of gas supply in
scenario 2 is transformed into system economic risk, so the
probability of the first and second load shedding risks is lower
than in scenario 1, but because the gas supply interruption of
the living platform requires power supplement, the probabil-
ity of small load removal becomes higher. In scenario 3, the
risk of interruption of energy supply is increased, so that the
probability of the first- and third-level risks of load shedding
will increase. Scenario 4 considers the impact of the heating
network and analyzes the load shedding risks at various levels
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FIGURE 8. Risk of power nodes under preset faults.

TABLE 3. Equipment risk probability under preset faults.

of the power grid. The fault in this article only considers the
double, therefore, the probability of primary and secondary
risks is low and the probability of tertiary risks is high. The
above analysis is mainly based on the impact of gas and heat
networks on the power grid. Since the analysis methods of
the effects of gas and heat networks on heat networks and
power grids and heat networks on gas networks are the same,
no further analysis is performed.

In order to evaluate the risk of the system when electricity,
gas, and heat work together, this article selects some faults
as the source of the risk, and verifies the scientificity of the
proposed scheme. With line 9 as the primary failure object
(plot 1), line 8 and compressor 1 as the double failure object
(plot 2), the system risk was evaluated. Figure 8 shows the
risk situation of grid node voltage under a preset fault.

Table 3 is a quantitative description of the probability and
level of the preset fault wind, and Table 4 shows the risk
situation in this type of scenario. According to the actual
operating conditions of OMIES, ε1 is 0.4, ξ1 is 0.6, ς1, ς2
and ς3 are 0.6, 0.3, and 0.1 respectively. LCS1t1 includes risks
for heating network and grid risks, and LCS2t2 for gas network
risks, LCS3t3 is the economic risk, the risk conditions and the
overall risk status are shown in the following table:

Table 3 and Table 4 reflect the system risk situation. Taking
scenario 1 as an example, when the power connection line
9 is out of service, a power shortage occurs at the nodes with
10 nodes as the source of power, resulting in low voltage
quality at some nodes. To ensure system stability, consider
Load transfer to maintain the balance of source and load,
so there will be transfer risks, which will further lead to gas
network risks, energy network decommissioning risks and

TABLE 4. Consequences of system risks under preset faults.

economic risks. On the other hand, the above simulations
show that traditional models are difficult to quantitatively
describe the overall system risk when there are multiple risk
consequences, but the multi-weighted system risk grading
model presented in this paper can quantitatively describe the
overall system risk situation.

V. CONCLUSIONS
This paper constructs a risk output model based on risk
impact factors for offshore platform output equipment using
a unified modeling method. This model improves the prob-
lem of traditional output equipment modeling complex and
difficult to reflect the relevance of the system structure, and
describes the device material-energy conversion relationship
of equipment at risk. At the same time, a risk fluid mosaic
model is established, which uses energy-material flow as a
carrier to describe the risk transfer process from the per-
spective of material and energy flow. In addition, the risk
index of the micro integrated energy system is designed, and
a multi-weight system risk grading model is established to
quantitatively characterize the system risk. The rationality
of the proposed model and method is verified by designing
different simulation scenarios for an offshore platform in the
Bohai Sea. The simulation results show that in the risk assess-
ment of a single energy system, the risk of OMIES cannot be
accurately described because the risk of the occurrence of the
risk is relatively low and the effect of the coupled system is
ignored. The model proposed in this article takes into account
the coupling effects and presents a higher probability of risk.
It describes the risk transfer process based on the flow of
matter and energy, describes the risk situation, and shows
the same system when considering the effects of different
coupling systems through the comparison of different sce-
narios risk form. At the same time, the model in this paper
improves the current situation that traditional risk grading
models cannot reflect multiple risks. In addition, the simu-
lation results show that the traditional single energy system
risk assessment method cannot adapt to the development
status of the multi-energy coupling system. The OMIES risk
assessment needs to start from the material-energy coupling
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TABLE 5. Probability grading scheme for each risk system.

TABLE 6. Risk consequence ranking scheme.

FIGURE 9. Simulation gas network topology.

and take into account the impact of the coupled system to
describe the risk more comprehensively.

APPENDIXES
APPENDIX A
Tables 5 and 6 show the ratings of the risk occurrence prob-
ability and risk consequence severity of the offshore micro
integrated energy system.

FIGURE 10. Simulation heat network topology.

FIGURE 11. Simulation grid topology.

FIGURE 12. Percentage of secondary risk of power system node voltage
in each scenario.

APPENDIX B
Figures 9-11 show the gas network, heat network, and power
network topology. of the offshore micro-energy system.

VOLUME 8, 2020 76723



A. Zhang et al.: Risk Assessment of OMIES Based on FMM

FIGURE 13. Percentage of tertiary risk of power system node voltage in
each scenario.

FIGURE 14. Percentage of secondary risk of branch power in power
system in each scenario.

FIGURE 15. Percentage of tertiary risk of branch power in power system
in each scenario.

APPENDIX C
The power system node voltage and branch power secondary
and tertiary risk results obtained from simulation are shown
in Figures 12-15.
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