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At present, integrated energy systems have received extensive attention, but there is no basic framework for stability analysis of
coupled systems. +e injection of a large amount of renewable energy also has a great impact on the stability of the system. +is
paper focuses on how to analyze the static stability of the coupling system with uncertainty, which mainly considers the un-
certainty of wind power generation and photovoltaic power generation and also considers the influence of P2G technology on the
whole system. Firstly, this paper analyzes the principles of wind power generation and photovoltaic power generation and
constructs the probability model of renewable energy power generation power.+en, the three-point estimationmethod is used to
process the data, and the probability distribution of the unknown quantity is obtained by probabilistic power flow analysis. Finally,
the probability distribution of each eigenvalue is obtained by analyzing the sensitivity of the characteristic roots to the voltage.
+us, the static stability of the system is judged. +e applicability of proposed methodology is demonstrated by analyzing an
integrated IEEE 14-bus power system and a Belgian 20-node gas system in this paper.

1. Introduction

With the in-depth study of renewable energy [1, 2], wind
power generation and photovoltaic power generation are
connected to the grid in large numbers. But, the intermittent
and random nature of renewable energy will have a great
impact on the power grid.

+e peak period of renewable energy is probably the low
valley period of power grid load resulting in great waste.
Considering that the reaction is unlikely to be complete, P2G
technology will eventually produce a gas mixture of hydrogen
and methane [3–6]. At present, many studies show that
existing natural gas pipelines can be used to accept mixed
gases generated by P2G technology [7]. Moreover, the mixed
gas can be fed into the gas network to realize the bidirectional
conversion between gas and electricity, which increases the
coupling between the gas network and the power network. In
this way, cross-regional and large-scale interconnection be-
tween electricity and gas can be realized, and the advantages
of optimal energy allocation can also be realized [8, 9].

And, randomness is the uncertainty of exponential value.
+e generation power of renewable energy depends on the

amount of energy at that time, and the amount of renewable
energy is affected by many natural factors and is not con-
trollable, which brings uncertain data to the system. +is
makes it difficult to judge the state of the system. It is very
important whether the system can run stably [10, 11]. +e
common way to obtain the running state of the system is the
traditional power flow calculation, but the traditional power
flow can not deal with the uncertain data brought by re-
newable energy, so it is necessary to use the uncertain power
flow calculation to obtain the running state of the system.

At present, there are three methods for calculating
probabilistic power flow: fuzzy mathematics method
[12, 13], probabilistic power flow method [14], and interval
analysis power flow method. +e basic assumption of fuzzy
distribution power flow is that the power demand boundary
of the system bus is uncertain and obeys a certain probability
distribution. Its solution set is some set of uncertain
boundaries. +e basic assumption of probabilistic power
flow and interval power flow is that the power demand of the
system bus is uncertain in a given interval. Among them, the
basic mathematical theory of probabilistic power flow is
probability theory. It represents uncertain data as a
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probability distribution and calculates its mean and vari-
ance. +e uncertainty of known quantities is dealt by the
Monte Carlo simulation method, semi-invariant method,
point estimation method, and other data processing
methods. +en, the probability distribution of the unknown
quantity can be calculated by the power flow. It takes into
account the random factors in system operation and can
better represent the characteristics of power system oper-
ation than traditional power flow calculation, so as to fa-
cilitate us to find out the potential dangers and weak links of
system operation.

Many papers have studied the probabilistic power flow
calculation of wind power generation and photovoltaic power
generation. In [15], the definition of probabilistic power flow
calculation is proposed, and the most basic solution method is
given. In [16], using the knowledge of probability theory, the
probability distribution of the known quantity is analyzed, and
the probability distribution of the unsolved quantity is finally
obtained. +e Markov chain quasi-Monte Carlo sampling
method is adopted, and the correlation of power generation
efficiency of multiple wind farms is considered to obtain the
final probabilistic optimal power flow, in [17]. In consideration
of the incomplete acceptance of wind power generation, in [18],
a probabilistic power flow calculation method is propose based
on the principle of proportional distribution and Latin hy-
percube sampling, which ensures the calculation accuracy and
greatly improves the calculation speed.

+e state of the system is often obtained by power flow
calculation to judge the static stability of the system. Static
stability refers to the ability of a system to operate stably after
a small disturbance, which can be used to find the weak
points of the system. In order to ensure the safe and reliable
operation of the system, it is necessary to analyze the static
stability of the system [19–21]. +e randomness and in-
termittency of renewable energy will bring great fluctuation
to the system and affect the static stability of the system.
However, probabilistic power flow calculation is different
from traditional power flow calculation. +e result of un-
certain power flow calculation is the probability distribution
of system running state, not a set of fixed running values. So,
this causes some difficulties to the static stability analysis.

Not only the power grid has static stability but also the
gas network has static stability. Because the gas transported
in the gas network is flammable and explosive, the stability of
the gas network is also very important. But, P2G technology
will use extra power to electrolyze water to get combustible
gas and put the resulting mixture into the gas network. It will
lead to changes in gas characteristics specific gravity (SG)
and gross calorific value (GCV) and influence the operation
of the gas grid. If a more accurate stability analysis of the
integrated power-gas System is required, we should further
the model of the gas network with gas mixture and calculate
the power flow according to the newmodel.+ere are several
papers on integrated power-gas systems. Yang et al. [22]
modeled integrated power-gas systems, taking into account
the uncertainty of pipeline parameters. Considering the
different response time of gas network and power network,
the optimal operation strategy is studied by power flow
calculation, in [23].

To the best of authors’ knowledge, there is little con-
sideration that the stability of a system with uncertain data,
and no consideration that the uncertainty of renewable
energy and the consumption of renewable energy by P2G
technology’s together. Of course, there also is no consid-
eration that the static stability of integrated power-gas
systems static with wind power generation and photovoltaic
power generation. To solve these problems, the main con-
tributions of this paper can be concluded as follows:

(1) An probabilistic power flow calculation method
considering P2G technology is proposed. It not only
considers the impact of the uncertainty of renewable
energy on the system but also considers the impact of
the gas mixture produced by P2G on the gas net-
work. +is makes the static stability analysis of the
system more practical and more accurate.

(2) Based on probabilistic power flow calculation, the
probability distribution of the power system static
stability probability distribution of power system is
analyzed. Considering the influence of uncertain
data on power system, the confidence level of system
stability can be obtained by analyzing the probability
distribution of the unknown quantity. +e potential
dangers and weak links of power system operation
can also be judged through the data.

(3) Not only the stability of electric power network but
also the stability of gas network is considered. +e
uncertainty of renewable energy is analyzed, and its
influence on the stability of gas network is obtained.
In this way, it can effectively judge whether there is
pipe blocking phenomenon in the gas network, so as
to prevent accidents to some extent.

+is paper is described in detail as follows. Treatment of
uncertain data on wind and photovoltaic power generation
is described in Section 2. An uncertain power flow calcu-
lation method considering P2G technology is described in
Section 3. Static stability analysis based on uncertain power
flow calculation is described in Section 4. Finally, the case
studies are carried out on the integrated IEEE 14-bus power
system and a Belgian 20-node gas system in Section 5, and
conclusions are given in Section 6.

2. Data Processing

2.1. Wind Power Generation. +e height of the weather
station wind meter may not be the same as the height of the
fan wheel shaft, so it is necessary to convert the wind speed
measured by the wind meter into the wind speed at the fan
wheel shaft height when calculating the wind power gen-
erated. +e relationship between them can be expressed as

v � v0
h

h0
 

a

, (1)

where v is the wind speed at fan shaft height, h is the height
of fan shaft, v0 is the wind speed as measured by a wind
gauge, h0 is the height of the wind gauge, and a is the
roughness of the ground, which is usually 1/7 in the open
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space. Some studies have shown that the average hourly
wind speed in a year conforms to the Weibull distribution
[24], but the study, which looked at 24 hours a day, suggests
that turbulence, which varies in wind speed over short
periods of time, cannot be ignored [25]. +e intensity of
turbulence can be expressed as

I �
σv

μv

, (2)

where μv is the mean of wind speed and σv is the standard
deviation of the wind speed. Considering the influence of
turbulence on wind speed, wind speed distribution can be
expressed as a normal distribution. So, the wind speed
probability density can be expressed as

f(v) �
1

���
2π

√
σv

e
− v− μv( )

2/2σ2v . (3)

+e relationship between the output power of wind
power generation and wind speed can be expressed as

Pw �

0, v< vin,

v − vin

vN − vin
PN, vin ≤ v≤ vN,

PN, vN ≤ v≤ out,

0, v> vout,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

where PN is the rated power of wind turbines, vin, vN, and
vout are cut in wind speed, rated wind speed, and cut out
wind speed, respectively. +e mean and the standard de-
viation of the output of the wind power generation can be
expressed as

μpw � 
+∞

0
Pw(v)f(v)dv,

σpw �

�����������������������


+∞

0
Pw(v) − μpw 

2
f(v)dv



.

(5)

2.2. Photovoltaic Power Generation. Daily exposure hours
can be obtained from the data from weather stations. +e
total amount of daylight radiation throughout the day can be
expressed as

H � HL a + b
s

sL

 ,

SL �
2
15

Ws,

HL � τH0,

(6)

where HL is the intensity of solar radiation entering the
Earth’s atmosphere, a and b are constant coefficients, SL is
day length, Ws is hour angle, H0 is the radiation angle of the
outer layer of the Earth’s atmosphere, and τ is the air

transparency coefficient. +e air transparency coefficient
generally fluctuates between 0.4 and 0.8. Its probability
density function can be expressed as

f(τ) � c
τmax − τ
τmax

e
λτ

, (7)

where τmax is the maximum air transparency coefficient and
c and λ are determined by the maximum air transparency
coefficient and the mean value of air transparency coeffi-
cient. +ey can be represented as

c �
λ2τmax

e
λτmax − λτmax − 1

,

λ �
2r − 17.5119e

− 1.3118r
− 1062e

− 5.0426r

τmax
,

r �
τmax

τmax − μτ
,

(8)

where μτ is the mean of the air transparency coefficient.
+erefore, if the total daily radiation amount is known, the
probability density function of a day’s light intensity can be
expressed as

R(t) �
1

���
2π

√
σR

e
− t− μR( )

2/2σ2
R( 

. (9)

Most of the existing studies use peak watt power to
calculate the photovoltaic power generation. +e daily ex-
posure hours can be converted to peak watt hours and
expressed as

D(t) � 0.0116H(t), (10)

where D (t) is watts peak hours and 0.0116 is the conversion
factor and in h·cm2/cal. +erefore, the output power of the
photovoltaic power can be expressed as

PR(t) � Pfη D(t), (11)

where Pf and η are the peak watt power and efficiency of the
photovoltaic power generation respectively.

2.3. /ree-Point Estimation Method. +e three-point esti-
mation method is the Taylor series expansion of the function
Y� h (X) associated with the n-dimensional random variable X.
+e probability density of Y is obtained by estimating Y at three
points using the higher order moments of X. +e taking po-
sitions and probabilities of these three points can be expressed as

Xi � μx + ξi · σx( , i � 1, 2, 3,

Pi �
(−1)

3− i

ξi ξ1 − ξ2( 
, i � 1, 2,

P3 � 1 − P1 − P2,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(12)

where μx and σx are the mean value and variance of x
variable, respectively, Pi is the probability of taking the ith
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point position, and ξi is the measurement coefficient of the
position of the ith point; it can be represented as

ξi �
α3
2

+(−1)
3− i

�������

α4 −
3α23
4



, i � 1, 2,

ξ3 � 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(13)

where αi can be expressed as

αi �
Mi(X)

σi
x

,

Mi(X) � 
+∞

−∞
X − μi

x f(x)dx,

(14)

where Mi(X) is the center distance and f (x) is the
probability density function. Because the three-point
estimation method is used, the center distance and lambda
coefficient are only required up to the fourth order. So, we
know that α1 � 0 and α2 � 1 from the above formula. After
determining the position of the point, the value of the
unknown quantity at each point can be obtained by the
function Y � h (X). According to the probability of each
point, the estimated values of the center distances of Y can
be expressed as

E Y
j

  ≈ 
3

i�1
Pi · [h(X)]

i
. (15)

So, the standard deviation of Y can be expressed as

σY �

�������������

E Y
2

  − E
2
(Y)



. (16)

+e uncertain data in the system are processed by the
three-point estimation method, and the three pick-point
positions of each uncertain node can be obtained. +en,
substituting these three points into the power flow calcu-
lation, respectively, can obtain the estimated value of each
point. Because one of the three pick points for each un-
certain data is the mean, so if the number of the uncertain
nodes in the system is N, the number of power flow cal-
culations will be 2N−1.

3. Probabilistic Power Flow Calculation

3.1.ElectricNetwork. In the electric network, in addition to
the line parameter resistance and reactance, each node
also corresponds to four variables, which are active power,
reactive power, voltage amplitude, and voltage phase
angle. According to Kirchhoff’s law, the iterative equation
of power flow calculation in electric network can be
written as

ΛPi � P
sp
i − Pi � P

sp
i − Vi 

j∈i
Vj Gij cos θij + Bij sin θij ,

ΛQi � Q
sp
i − Qi � Q

sp
i − Vi 

j∈i
Vj Gij cos θij + Bij sin θij ,

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(17)

where G is the electric conductance, B is the electric in-
ductance, P is the active power, Q is the reactive power, V is
the voltage amplitude, and θ is the voltage phase angle.

3.2. Gas Network. In the gas network, in addition to the line
parameters, pipe length, pipe diameter, and friction coef-
ficient, each node also corresponds to two variables, namely,
air pressure and gas flow rate. +e pressure drop function
due to line parameters can be written as

f
GL
ij � C

GL
ij sign πi, πj  sign πi, πj  · π2i − π2

j  
0.5

, (18)

where CGL
ij is the pipeline coefficient, f is the gas-flow rate, π

is the gas pressure, and sign(πi, πj) is the sign function.
According to Kirchhoff’s law, considering element

characteristics and network topology constraints, the flow
deviation equation of gas network nodes can be written as

Δfi � f
GD
i + f

GG
i + f

CHP
i + f

GB
i + f

GS
i + 

NGN

j�1
f
GL
ij + 

NGN

j�1
τGCij ,

(19)

where fGD
i is the gas flow from gas grid load consumption,

fGG
i is the gas flow from gas generator, fCHP

i is the gas flow
from gas turbines, fGB

i is the gas flow from gas fired boiler,
fGS

i is the gas flow from gas source, fGL
ij is the pipeline flow,

and τGCij is the flow rate consumed by gas compressors.

3.3. P2G. Because the gas mixture makes the SG and GCV
in different positions of the gas network different, there is
not only one variable of pressure at each gas node; but two
variables of SG and GCV need to be increased. +erefore,
the known quantities of relaxation nodes in the gas
network are pressure, SG, and GCV, and the unknown
quantities are gas flow rate, the known quantities of the
load nodes in the gas network are the energy require-
ments, and the unknown quantities are the pressure, SG,
and GCV. +ere will also be nonmixed air source and
mixed air source in the gas network. +e known quan-
tities of nonmixed air sources are gas flow rate, SG, and
GCV, and the unknown quantities are pressure. +e
known quantities of the mixed air source are the gas flow
rate, and the unknown quantities are the pressure, SG,
and GCV.
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According to the knowledge of fluid mechanics, SG
and GCV of each node of gas network can also be obtained
by iteration. +is paper mainly considers the influence of

the gas mixture of natural gas, hydrogen, and methane
generated by P2G on the gas network. So, SG and GCV
can be expressed as

ΔSGi � SGi f
N
i + f

H
i + f

M
i + 

N0

j�1
sg fji  · fji

⎛⎝ ⎞⎠

− f
N
i SGN + f

H
i SGH + f

M
i SGM + 

N0

j�1
sg fji  · fjiGCVj ⎛⎝ ⎞⎠ � 0, ∀i � 1, 2, . . . , NG − 1 − Nnon−mixed( ,

ΔGCVi � GCVi f
N
i + f

H
i + f

M
i + 

N0

j�1
sg fji  · fji

⎛⎝ ⎞⎠

− f
H
i GCVN + f

H
i GCVH + f

M
i GCVM + 

N0

j�1
sg fji  · fjiGCVj ⎛⎝ ⎞⎠ � 0, ∀i � 1, 2, . . . , NG − 1 − Nnon−mixed( ,

(20)

where SG and GCV, whose subscripts are i and j, represents
the value of the variable at node i and node j, respectively,
and sg(fji) is a sign function of gas flow where sg(fji) � 1 if
sg(fji)≥ 0 and 0 otherwise. fN

i , fH
i , and fM

i represent the
gas flow of natural gas, hydrogen, and methane at node i,
respectively. For more information, please refer to [3].

+erefore, the Jacobian matrix of power flow calculation
for the gas mixture system can be expressed as

J �

zΔ P

zP

zΔ P

zθ
zΔ P

zV

zΔ P

zπ
zΔ P

zSG
0

0
zΔ P

zθ
zΔ P

zV
0 0 0

zΔ f

zP
0 0

zΔ f

zπ
zΔ f

zSG
zΔ f

zGCV

zΔSG
zP

0 0
zΔSG

zπ
zΔSG
zSG

0

zΔGCV
zP

0 0
zΔGCV

zπ
0

zΔGCV
zGCV

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

(21)

4. Static Stability Analysis

4.1. Confidence Interval and Confidence Level. A confidence
interval of a probability sample is an interval estimate of a
population parameter of this sample.+e confidence interval
shows the degree to which the true value of this parameter
has a certain probability of falling around the measurement
result. +e confidence interval gives the confidence of the
measured value of the measured parameter, that is, the
“certain probability”. +is probability is called the confi-
dence level.

For any system, there is no unique state in which it can
reliably operate. Instead, there will be a range within which
the system can operate stably. +e static stability analysis is
to judge whether the running state of the system at that time
is within this stable range. And, the uncertainty of data will
cause the fluctuation of system running state, so it is im-
possible to directly judge whether the running state of the
system can be in a stable range. In this case, whether the
running state of the system is within this range becomes a
probabilistic problem. To analyze the static stability of such
uncertain system is to analyze the probability that its run-
ning state is within the stable range. +ese are confidence
intervals and confidence levels in probabilistic knowledge.
+e confidence interval we choose is the range that the
system can operate stably. +e confidence level of system
stability is the probability that the system operating state is
within this confidence interval.

4.2. Electric Grid Stability Judgment. Existing studies have
shown that the static stability of the power system can be
judged by calculating the eigenvalue of the Jacobian
matrix of power flow [26]. In this paper, the probability
distribution of the characteristic roots of the system can
be obtained by analyzing the results of the probabilistic
power flow. +en, the confidence level of the stability of
the whole system can be obtained by the stability cri-
terion. First, the characteristic roots of the Jacobian
matrix calculated by each power flow are obtained, and
then the mean value of each eigenvalue is obtained
according to the probability of taking points. It can be
represented as

λk ≈ 
3

i�1
Pi · λ(x). (22)

And, the covariance matrix of the characteristic roots
can be expressed as
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Cλ � JλCvJ
T
λ , (23)

where Cλ is the covariance matrix of the characteristic roots,
Jλ is the Jacobianmatrix between the characteristic roots and
the voltage, and Cv is the covariance matrix of voltage. +ey
can be represented as

λ1
⋮

λn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ � Jλ

V1

⋮

Vn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦Cvab � cov Va, Vb( , a, b � 1, 2, . . . , n,

Cvab � cov Va, Vb( , a, b � 1, 2 . . . , n.

(24)

+e probability distribution of each node voltage can be
obtained by the above formula, so as to determine howmuch
probability the whole power network can run stably.

4.3. Gas Grid Stability Judgment. +e gas transmission
pressure of natural gas will affect the operating pressure of the
pipeline itself. Appropriate operating pressure is an important
guarantee to ensure the stable work and safety of the pipeline.
When the gas transmission pressure of natural gas is too large
or greater than the normal gas transmission pressure, the gas
transmission pressure will have a great impact on the pipeline,
increase the flow rate of the fluid, and may directly lead to the
fall off or rupture of the pipeline interface. If the gas trans-
mission pressure of the pipeline is too small and the pressure is
not enough to reach the normal operating pressure, then the
gas transmission pressure cannot make the pipeline carry out
normal pipeline transportation.

+erefore, in the transportation of the gas network, the
pressure value of each node of the gas network has the
greatest influence on the safety. +e influence of the
fluctuation brought by renewable energy on the stability
of the gas network can be judged by judging the proba-
bility distribution of pressure of each node in the gas
network:

Ep ≈ 
3

i�1
Pi · pk,

σp �

������������

E p
2

  − E
2
(p)



,

(25)

where Ep and σp are the mean value and variance of
pressure.

5. Numerical Simulations

In this paper, the feasibility of this method is verified by an
integrated IEEE 14-bus power system and a Belgian 20-node
system, which is shown in Figure 1. For the IEEE 14-bus
power system, it has two GfG units (GfG1 at E1 and GfG2 at
E2), one wind turbine at E3 and one photovoltaic generator
at E6 in this paper. For the Belgian 20-node gas system [27],
the gas well at G1 provides traditional natural gas and serves
as a slack node with the reference pressure of 56 bar. +e gas
well at G5 and G8 provides synthetic natural gas and its SG

and GCV are known. And, the gas well at G2, G13, and G14
provides the mixture of synthetic natural gas and hydrogen
whose SG and GCV are unknown. It is assumed that there is
no gas leakage and the gases are completely mixed without
chemical reaction. +e pipeline parameters and gas load
demands are given in [28]. +e SG and GCV of different gas
supply source are shown in Table 1.

5.1. Renewable Energy Power Probability Density. +e data
used in this paper are from a group of wind power gen-
eration with 30 wind turbines. +e rated power of each wind
turbines is 2.5MW.+e cut in wind speed, rated wind speed,
and cut out wind speed are, respectively, 13m/s, 7.3m/s, and
13m/s. +e mean value of wind speed data is 5m/s, and the
standard deviation is 8m/s. +us, the probability density
function of the output power of the wind generator can be
obtained, which is shown in Figure 2.

In this paper, the photovoltaic generator is located at
104.4°E and 30.4°N. +e loss coefficient is 0.85. +e average
temperature during the day is 24°C. It is also possible to plot
the probability density of the output power of the photo-
voltaic generator, which is shown in Figure 3.

5.2. Static Stability Analysis of Electric System. Using the
three-point estimation method to process the data, we can
obtain the three-point location and probability of wind
power generation and photovoltaic power generation. And
then, plugging those points into the power flow equation
can get five sets of results. Finally, the probability distri-
bution of eigenvalues calculated by each power flow can be
analyzed. Because the whole power system has 14 nodes,
including one slack node, four PV nodes, and nine PQ
nodes, there are 22 power flow equations in the power
system, namely, 22 characteristic roots. +ere are nine pairs
of conjugate characteristic roots, the 1st and 2nd, the 4th
and 5th, the 7th and 8th, the 10th and 11th, the 12th and
13th, the 14th and 15th, the 16th and 17th, the 19th and
20th, and the 21st and 22nd. Since the static stability of the
system depends on the real part of each characteristic root,
the effect of a pair of conjugate characteristic roots on the
stability of the system is the same. +e probability distri-
bution of the characteristic root real part can be obtained by
analyzing the five groups of characteristic root values,
which is shown in Figure 4. According to the curve in the
figure, it can be found that each characteristic root has a
high probability of falling on the negative axis, so the power
system has a good stability.

5.3. Static Stability Analysis of Gas System. +e impact of
renewable energy uncertainty on SG and GCV of each node
can be analyzed through the data obtained from the above
power flow calculation. Finally, the mean values of SG and
GCV at each node is shown in Table 2. +e fluctuation trend
of SG of node 14 affected by uncertain information is shown
in Figure 5, and the fluctuation trend of GCV is in Figure 6.

By analyzing the pressure value of each node in the gas
network, the probability distribution can be obtained, which
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is shown in Figure 7. It can be seen that the pressure of each
node fluctuates in a certain range. +e higher the ordinate,
the greater the possibility that the pressure of the node falls
there, the more stable the node is. It is obvious that the
pressure of Node 3 is the most stable, and Figure 8 is the
curve of Node 3.

Figure 9 compares Node 3, Node 19, and Node 20. It can
be clearly seen that compared with Node 3, node 19, and
Node 20 have great pressure changes. It can be seen that the
stability of node 19 and node 20 is very poor, which is the
weak link of the system.+is shows that the nodes at the end
of the network are very fragile. When we pay attention to the
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Figure 1: Integrated IEEE 14-bus system and Belgian 20-node gas system.

Table 1: SG and GCV of gas sources.

Natural gas Synthetic natural gas Hydrogen
SG 0.6048 0.58 0.0696
GCV 41.04 37.4 12.75
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Figure 2: Probability density function of wind photovoltaic power generation.
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Table 2: SG and GCV at different nodes.

Node SG GCV Node SG GCV
1 0.6048 41.04 11 0.58 37.4
2 0.5972 39.9413 12 0.58 37.4
3 0.5972 39.9413 13 0.58 37.398
4 0.5972 39.9413 14 0.5883 38.6338
5 0.58 37.4 15 0.5883 38.6338
6 0.5861 38.2952 16 0.5883 38.6338
7 0.5972 39.9413 17 0.58 37.4
8 0.58 37.4 18 0.58 37.4
9 0.58 37.4 19 0.58 37.4
10 0.58 37.4 20 0.58 37.4
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Figure 3: Probability density function of photovoltaic power generation.
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stability of the whole gas network, we should pay attention to
the stability of the terminal nodes.

6. Conclusion

+is paper constructed a coupling network model considering
renewable energy generation and P2G technology and did a
static stability analysis of this model. +is model takes into
account the influence of renewable power generation uncer-
tainty on the system. It also takes into account the impact of
P2G technology on the gas characteristics specific gravity and
gross calorific value of the whole network. In this paper, the
static stability of this model is analyzed by probabilistic power
flow calculation and characteristic root sensitivity method.+e
influence of data uncertainty on the stability of power network
and gas network is analyzed, respectively. +e confidence level
of the system can be obtained by determining the confidence
interval of power network and gas network.+us, the potential
danger and weak link of the system can be further judged. +e
feasibility of this method is verified by simulation based on
actual data.+e effects of the randomness and intermittency of
renewable energy on the stability of the system are visually
demonstrated.

Data Availability

+e data used to support the findings of this study are in-
cluded within the article.
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