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Abstract. In this paper, a production simulation method of regional integrated energy system considering
the randomness of the scene is proposed to solve the production decision problem of integrated energy system
including wind power, photovoltaic and other intermittent renewable energy sources. This method firstly
establishes the typical scenario set of the integrated energy system operation with the corresponding random
probability through cluster analysis. Secondly, taking the regional integrated energy system as the object, a

production decision model and algorithm with the goal of minimizing the expected energy consumption cost
are proposed. Finally, the effectiveness of the model algorithm is verified by a case study.

1 Introduction

As an important tool for power planning, operation
scheduling and reliability analysis, production simulation
has been widely studied and applied. The traditional
production simulation is mainly to optimize the
production situation of the generator set, consider the
random failure of the generator set and the randomness of
the load, so as to calculate the target value of generating
capacity, system production cost and reliability index of
each generator set under the corresponding operation
mode. In terms of algorithm research, since the early 1970
s Booth put forward since the stochastic production
simulation algorithm based on convolution operation,
after more than 40 years of research, the domestic and
foreign scholars have put forward the direct convolution
method, flourier series method, the piecewise linear
method, the cumulant method (semi invariants method),
equivalent power method of classical analytic algorithm
is proposed [1-2]. The core of this algorithm is to
transform the sequential load curve into the continuous
load curve. The effect of the random shutdown of each
generator set on the continuous load curve is shown as the
continuous load increases, forming the equivalent load
continuous curve. The above algorithm generally adopts
the continuous load curve and ignores the timing
characteristics of the load, so it is difficult to deal with the
problem of stochastic production simulation of time-
dependent power supplies. Later scholars put forward a
series of stochastic production simulation algorithms for
power system considering time series characteristics [3-
4].

In recent years, with the maturity and development of
intermittent renewable energy power generation
technologies such as wind power and photovoltaics and
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the construction of an integrated energy system
characterized by "multiple energy complementarity and
coordinated operation", The production simulation of an
integrated energy system with a high proportion of
intermittent renewable energy has also become the focus
of researchers [5-6]. Aiming at the above problems, based
on stochastic programming theory, this paper establishes
a random production simulation expected value model
with the goal of minimizing the energy consumption cost
of the regional integrated energy system, proposes the
algorithm steps using scene clustering and genetic
algorithm, and analyses. Through typical cases, the
feasibility and effectiveness of this method are verified.

2 Typical production scenarios for
integrated energy systems

According to the scale of energy supply and geographical
distribution, the integrated energy system can be divided
into user-type integrated energy system, regional
integrated energy system and cross-region integrated
energy system. Among them, regional integrated energy
system is the main form of integrated energy system,
which aims to meet the energy demand of cold/heat,
electricity and gas in a certain region. It is formed by the
coupling connection of intelligent power distribution
system, medium and low pressure gas supply system and
regional thermal system. The operation scenario of the
integrated energy system is influenced by the natural
resource conditions and user demand, and the output and
load power of renewable energy generation represented
by wind power and photovoltaic power generation show
a certain randomness. Suppose there are m random
sources in the system, and the active power of the random
source j at time t (outflow is positive, inflow is negative)
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isP;;, then in the time period T, the system "random
source" time-series scene can be expressed as :

Py -+ Py - Py
S=|P1 - Py - Pp (1)
Py =+ Py - P

i=12-7n j=12-m

Where: is a sequence scene matrix of random source;
Time periods are divided into time periods, Unit time
At=T/n.

Set the sample number of random source timing
sequence scene as, then the typical scene set of the
regional integrated energy system is {S; }, k = 1,2,---,K .
Considering the similarity and difference between the
time sequence scene samples, the clustering algorithm
(C4.5, k-means, Support Vector Machines algorithm, etc.)
was used to obtain the typical regional integrated energy
system configuration scenarios, K’ < K. For the typical
scenario of category d, the sample mean of the same type
of scenario is used as the quantitative description of this
type of scenario, that is:

sc’i=z’<;—zs", d=12-,K (2)
qd=lj(—d, d=12-,K (3)

Where: Sy is the typical scene matrix of class d; kg is
the number of samples included in the typical scenario of
category d; qu is the corresponding distribution
probability of the typical scenario of class d in the sample
space.

3 Production simulation models and
algorithms

3.1. Objective function

In this paper, with the goal of minimizing the
comprehensive Energy consumption cost of the Regional
Integrated Energy System within the production
simulation cycle, RIES random production simulation
model is established, and its objective function is shown
in equation (4).

min f = E[Z?q(ﬂ'il Ci P + 2721 G g+ 2221 Cye — Cex) : At] (4)

Where:
Ckt = Ckp " Pkt T Cikq * Qie Q)
Cot * P P,<O0
Cex — {Cgt . th th =0 (6)
st Ext Tyt =2

Where, E is the expected value operator; n is the total
number of time periods corresponding to the scheduling
period; At is the length of unit time; n, is the number of

power sources; ny, is the number of heat sources; n,, is the
number of cogeneration units; ¢; is the unit generation
cost of the power source i; ¢;is the unit heating cost of the
heat source j; ¢y, is the unit power generation cost of the
cogeneration unit k; ¢y, is the unit heating cost of the
cogeneration unit k; ¢y is the unit price of electric
quantity purchased online by RIES in the period t; c; is
the unit price of grid electricity of RIES in the period t;
p;: 1s the power generated by the power source i at the
time period t; g is the heating power of the heat source j
at the time period t; p;, is the generating capacity of the
cogeneration unit k in the time period t; g, is the heating
quantity of the cogeneration unit k at the time period t; P,
is the power injected by RIES into the external public grid
at time t.

3.2 Constraint condition

During RIES operation, power balance, thermal balance,
unit output upper and lower limits, charge and discharge
capacity, heat storage capacity and other constraints
should be satisfied [7-8].

3.2.1 Power balance constraint

Py+P, +P, =Y p,+> p+P, (D
i=l k=1

Where, P;; is the power load demand at the time period t;
Pyosse 1 the power loss of the power network at time
period t; P, is the charging and discharging power of the
electric energy storage facility in the period t (discharge
is positive, charge is negative).

3.2.2 Thermodynamic equilibrium constraint

U e

QLt + Qlasst = Z Qit + Z th + Qst (8)
i=1 k=1

Where: Q;, is the thermal load demand at time period t;
Qyoss: 1s the thermal network loss power at time period t;
Q,; is the heat absorption and release power of the heat
storage facility in the period t (positive heat release and
negative heat absorption).

3.2.3  Power supply output constraint

pimin sz Spimax (9)

Where: p; is the output of the power supply i1 ;
Pimax » Pimin are the upper limits of the power output i
respectively.

3.2.4 Heat source output constraint

qjmin qut qumax (10)
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Where: q; is the output of the heat source j at the time
period t; jmax » 4jmin are the upper and lower limits of
the reservoir output j respectively.

3.2.5 Thermoelectric
constraint

coupling operating

Prmin (Qk ) < P S Prmax (Qk)

(1)

qkmin (pk ) < qkt < qkmax (pk)
In the above formula: py, is the generating output of the
cogeneration unit k in time period t; Prmax(qx) >
Piemin(qi) is the upper and lower limits of the generating
output of the cogeneration unit k; gy, is the heating output
of cogeneration units k in time period t; qrmar(®r) »
Qinin(Dr) are the upper and lower limits of the heating
output of the cogeneration unit k.

3.2.6 Battery storage facility chargeldischarge

constraint
Psmin < th < Psmax (12)
ESemin < ESet = ESemax (13)

Where: Py is the charging/discharging power of the
battery energy storage facility in time period t;
Ponax » Psmin are the upper and lower limits of
charging/discharging power of battery storage facilities;
ES,; is the energy state of the battery storage facility in
time period t; ESeimax » ESemin are the upper and lower
limits of the energy storage space of battery energy
storage facilities.

3.2.7 Heat storage facility suctionl/discharge
restraint

Qsmin S |Qst S Qsmax (14)
EShmin < ESht < EShmax (15)

Where: Q; is the heat absorbing/exothermic power of the
heat storage facility in time period t; Qgnax> Qsmin are
upper and lower limits of heat absorption/emission power
of heat storage facilities; ESy; is the energy state of the
heat storage facility in time period t; ESymax> EShmin are
the upper and lower limits of the energy storage space of
the heat storage facility.

3.2.8 Tie line power constraint

0<|P,|<P, . (16)

Where, Pypqy is the limit value of the switching power
of the tie line.

3.3 Algorithm flow

The method firstly establishes the typical scene set of
regional integrated energy system through scene

clustering. Secondly, based on the production decision
model, the production plan of each typical scenario is
obtained one by one. Finally, the expected value of the
production decision scheme is obtained based on the
random distribution probability of each typical scenario.

Enter RISE configuration parameters and nin scene
samples

}

Based on clustering samples, a typical operation
scenario of Ny, group was established

| |

The production decision model of RISE under the
scenario of class s was established

Il

| ;

The genetic algorithm solves the production
decision scheme of the s-class scenario

| Set up RISE production plan set in random scene

| Calculate the expected value of output production
decision scheme

Fig 1. Production simulation process

4 Case study

A regional integrated energy system includes 20 MW
photovoltaic power generation and 20 MW wind power
generation. Energy storage battery 2MW/2MWh;
Regenerative electric boiler 2MW/2MWh; Gas turbine
cogeneration system is SMW, generating efficiency is
27.1%, electric heating ratio is 0.64, industrial gas price is
2.75¥ /m3, and each combustion of 1m? of commercial
quality natural gas can produce 38MJ (about 10.6kw * h)
energy. The refrigeration system mainly includes: the
total cooling capacity is 3.6MW ground source heat pump,
the cooling energy efficiency ratio 4.4, that is, the ground
source heat pump consumes 1kWh of energy, the user can
get the cooling capacity of more than 4.4kWh, a cooling
capacity of 3.2MW base load refrigeration unit, the
energy efficiency ratio 3.3, and the general air-
conditioning equipment, the energy efficiency ratio
2.8.Among them, the electrical load does not contain the
electric load of the electric boiler. The initial energy state
of the energy storage system is 20% of the rated capacity.
Due to the limitation of space, two typical scenarios are
taken as examples in this paper. The corresponding
random probabilities are 0.52 and 0.48, respectively. The
cold and hot electric load and the power data of
photovoltaic and wind power are shown in Table 1 ~
Table 2.
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Table 1. Typical scenario 1 (MW) 19 18.76 593 28.74 0.89 7.69
photovoltaic wind 20 18.55 5.60 32.03 0.00 8.20
. cooling | thermal | electrical
Time | ™ "4 load load power power 21 17.39 6.07 37.52 0.00 13.70
generation generation
1 916 6.24 2439 0.00 17.87 22 14.85 8.20 39.71 0.00 15.79
5 310 350 2174 0.00 17.95 23 13.62 5.64 37.21 0.00 15.83
3 6.02 305 2011 0.00 17.40 24 12.42 5.39 32.35 0.00 18.70
1 Py 380 1917 0.00 18.99 The purchase and ;ale price of the external public grid
adopts time-of-use price to give full play to the leverage
3 529 422 18.82 0.00 17.52 role of price and mobilize users to consciously adjust
6 8.55 7.38 18.83 0.00 16.20 production plans and participate in peak and valley cutting,
7 14.89 6.59 19.12 0.00 15.17 balanced energy use and other demand-side responses, as
8 15.81 8.09 2035 0.00 1221 shown in table 3.
9 15.79 8.35 22.42 0.00 12.50 Table 3. Price of electricity purchased and sold online at time
10 | 1587 | 824 | 2618 0.00 9.03 sharing (¥ /kWh)
11 1612 | 859 28.36 0.00 8.99 Online electricity | — )
Time rices on Time share online
12 1665 | 9.05 29.01 0.00 7.93 i p electricity prices
timeshare
13 16.78 8.79 28.64 8.45 8.22 1 0.47 03
14 17.69 4.26 28.33 11.71 343 ) 0.47 03
15 17.55 4.40 27.98 12.09 0.72 3 0.47 03
16 17.27 461 27.93 10.95 0.17 1 047 03
17 16.94 4.53 28.22 3.45 0.16 5 047 03
18 16.52 461 29.11 244 0.12 p 047 03
19 16.05 4.57 30.61 0.25 0.08 7 0.47 03
20 15.61 5.06 35.60 0.00 0.06 3 0.47 03
21 14.65 3.94 36.42 0.00 0.14 9 073 0.52
22 12.56 5.73 35.23 0.00 0.19 10 073 0.52
23 11.51 5.25 31.68 0.00 0.12 1 073 0.52
24 10.47 5.90 27.52 0.00 0.08 12 073 0.52
Table 2. Typical scenario 2 (MW) 13 0.73 0.52
14 0.73 0.52
i th | lectrical photovoltaic wind
Time cooling erma. electrica. power power 15 0.73 0.52
load load load . .
generation | generation 16 0.73 0.52
1 6.21 6.69 27.56 0.00 7.39
17 0.73 0.52
2 6.10 3.85 24.75 0.00 13.13
18 0.73 0.52
3 6.07 8.83 22.97 0.00 10.68
19 0.73 0.52
4 6.13 4.13 22.12 0.00 10.50
20 0.73 0.52
5 6.02 4.05 21.69 0.00 10.62
21 0.73 0.52
6 12.30 7.69 21.98 0.00 10.74
22 0.47 0.3
7 17.83 7.18 22.71 0.00 13.42
23 0.47 0.3
8 18.30 8.46 25.03 0.32 14.09
24 0.47 0.3
i 18.39 215 28.99 749 1.65 Based on the model algorithm in 2.1 ~ 2.3, the regional
10 18.76 7.84 31.30 13.07 14.07 integrated energy system production decision scheme
11 19.00 8.81 3222 16.46 16.93 considering the randomness of typical scenes is shown in
12 | 198 | 921 31.62 18.76 16.48 Fig. 2 ~ Fig4. Of which, energy supplied by
hotovoltaic(PV) power generation is 95.43 MWh;
13 20.46 9.73 29.96 19.16 17.11 p ( . ) P . g . K
Energy supplied by wind power(WG) is 234.14 MWh;
14 | 2038 | 376 28.02 18.01 15.69 Energy supplied by the external network(EN) is 321.79
15 20.62 3.91 26.79 17.34 8.24 MWh; The Combined heat and power (CHP) system’s
16 20.46 4.15 26.26 15.27 5.05 electrical generation is 91.58 MWh, and the heat
17 19.83 406 26,36 1218 445 generation is 143.10 MWh. The energy output of electric
- - - . - heating boiler(EHB) is 3.24 MWh; Refrigerating output
18 19.61 415 27.32 641 6.96 of ground source heat pump(GSHP) refrigeration system

is 317.77MWh; Refrigerating output of base load
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refrigerating unites(BLRU) 8.4 MWh. The expected
energy consumption cost of the system is 289,900 yuan.

Figure 2. Output plan of electrical sources

Figure 3. Output plan of heating sources

Figure 4. Output plan of cooling sources

5 Conclusion

The construction of a comprehensive energy system
characterized by "multi-energy complementation and
cooperative operation” is conducive to the improvement
of energy development and utilization efficiency. At the
same time, wind power, photovoltaic and other
intermittent renewable energy. It makes the planning and
operation of the integrated energy system uncertain. In
this paper, a production simulation method of integrated
energy system considering the randomness of the scene is
proposed. This method firstly establishes the typical
scenario set of the integrated energy system operation
with the corresponding random probability through
cluster analysis. Secondly, taking the regional integrated
energy system as the object, a production decision-
making model and algorithm aiming at minimizing the
expected cost of energy consumption are proposed.
Finally, the effectiveness of the model algorithm is
verified by a case study. The stochastic production
simulation method applicable to the reliability assessment

of integrated energy systems will be further studied in the
future to support the planning and scheduling decisions of
integrated energy systems.
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