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Abstract. There are a large number of potential schedulable resources in the integrated energy system of
electricity, heat, cold, and gas. However, most of these energy sources are currently operated separately, with
low system flexibility, low energy utilization rate, and serious abandonment of wind and solar energy. In order
to improve the flexibility of integrated energy systems and the capacity of renewable energy consumption, an
economic dispatch of community-integrated energy systems considering demand-side coordinated response is
proposed. Firstly, according to various energy characteristics, mathematical models of various energy forms
are established, including wind energy, photovoltaic, gas turbine, gas boiler, and other component characteris-
tics modeling. Secondly, an economic optimal scheduling model of community-integrated energy system consid-
ering demand side response is established, including the constraints and objective functions of the optimization
model, and the optimization model is solved based on the Yalmip toolbox and Cplex solver in Matlab software.
Finally, the effectiveness of the proposed strategy is verified by a simulation example.
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1 Introduction

Electrical energy consumption is necessary for all areas of
modern life, covering households, enterprises, construction,
farming, teaching, medicine, research, and innovation [1].
The installed capacity of new energy sources such as wind
turbines and photovoltaics is increasing year by year
[2-4]. At the same time, industrial, commercial, and resi-
dential users need more and more forms of capacity, but
most of these energy systems are currently operating sepa-
rately [5]. The separate operation of power, heat, cold, and
gas energy systems leads to low system flexibility, low
energy utilization rate, and serious abandonment of wind
and light. The combined scheduling of electric heating
and cooling gas is a little obvious, which can effectively
improve the operation efficiency of the whole system, reduce
the waste of different energy sources, reduce the operation
cost of the system, and improve the stability and flexibility
of the system [6].

To balance social development and environmental
protection, it is urgent to seek the optimization of energy
structure and the efficient use of energy [7, 8. In recent
years, the integrated energy system has developed rapidly
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[9]. Integrated Energy Systems (IES) refers to the coupling
of electricity, gas, heat, cold, and other energy sources,
which can effectively improve energy utilization efficiency
and promote sustainable energy development while meeting
the diversified energy use needs of the system. Compared
with the traditional distributed energy system, the inte-
grated energy system is a complex system that includes a
variety of energy sources, such as electricity, gas, heat,
etc. Specifically, the system contains a variety of different
energy resource inputs, and has many different forms of
output and transportation, is a regional energy interconnec-
tion system. It is not just a simple superposition of multiple
resources, but at the system level, for the comprehensive
complementary use of different energy sources, coordinate
the mutual conversion between various energy sources, to
achieve the most reasonable results and benefits [10]. The
coordinated and sustainable development of multi-energy
systems is the inevitable trend of the development of inte-
grated energy systems in the future. Therefore, integrated
energy systems have broad development prospects.

At present, the potential of integrated energy systems
is increasing [11, 12]. In the aspect of IES model construc-
tion, according to the difference between load and equip-
ment output, Power to Gas (P2G) technology and gas
turbine technology are used to cut peak and fill valley in
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the literature [13], and the index of peak shaving and valley
filling is introduced into the objective function, and the
optimization is established. In reference [14], the multi-
energy complementary strategy was used to increase the
consumption of renewable energy. The TES system includ-
ing the coupling of cogeneration units and electric heating
equipment was studied, and the energy storage characteris-
tics of the heating network were considered. Literature [15]
established a multi-objective IES scheduling model and a
real-time demand response model based on energy prices.
Reference [16] pointed out that it is limited to relying solely
on the energy storage system for regulation. Therefore, on
this basis, a composition of electricity, heat, and hydrogen
is proposed. In [17, 18], for multi-energy complementary
systems, the minimum sum of energy purchase cost and
operation and maintenance cost is taken as the objective
function of the system, and the corresponding optimal
scheduling model is established. Reference [19] constructed
an integrated energy system of “cold-heat-electricity-gas”,
and established an operation optimization model of region-
ally integrated energy systems with the objective function
of net profit, energy utilization efficiency, and load match-
ing of regionally integrated energy systems. In literature
[20], a comprehensive energy system containing electric,
hot, and cold systems was studied. At the same time, it is
proposed that the flexible load in the integrated energy
system participates in the optimal operation of the system.
However, the modeling methods for flexible loads of electric,
hot, and cold were single, and the differences in energy use
characteristics between loads were not taken into account.
Literature [21] puts forward energy management strategies
to reduce IES operating costs, establishes flexible electrical
and thermal load models, and divides electrical loads into
two types: transferable load and reducible load.

Inspired by the aforementioned issues, this paper pro-
poses an economic dispatch of community integrated energy
system considering a demand-side coordinated response.
Firstly, mathematical models of various energy forms are
established according to various energy characteristics,
including fan, photovoltaic, gas turbine, gas boiler, and
other component characteristics modeling. Secondly, the
multi-energy complementary optimization model including
electricity, cold, and hot energy forms is established, and
the load-side demand-side response is taken into account.
Finally, Matlab software Yalmip toolbox and Cplex solution
are used to solve the optimization model, and the concrete
expression of energy Internet multi-energy complementarity
is given.

2 Integrated energy system composition

The schematic diagram of the regional integrated energy
system is shown in Figure 1, which mainly includes three
energy subsystems: electricity, cold, and heat. Among them,
the power grid, gas turbine, photovoltaic power supply, and
gas boiler are the energy input of the integrated energy sys-
tem; The electric boiler can convert electrical energy into
thermal energy, the electric refrigerator can convert electri-
cal energy into cold, and the absorption refrigerator is the
liaison element of the cold and hot system, and the three

liaison elements realize the mutual conversion between
various energy sources within the integrated energy system.
The load types are generally divided into flexible load and
rigid load. The flexible load can participate in the demand
side response of the integrated energy system, while the
rigid load cannot. The flexible load can be divided into
translation load, reduction load, and transfer load.

3 Multi-energy complementary optimization
operation scheduling model of regional
integrated energy system

The multi-energy complementary pre-day optimization
operation scheduling model of the regional integrated
energy system, which includes electricity, cold and hot
energy, is established to optimize the pre-day optimization
operation of the integrated energy system according to the
predicted output and load information of photovoltaic and
other new energy sources, making the integrated energy
system run economically. In the field of optimization, the
optimal scheduling model belongs to the category of plan-
ning problems. A complete optimization model includes
the constraints of the optimization model, the objective
function of the optimization model, and the decision vari-
ables of the optimization model, which will be analyzed in
detail later. Constraints of multi-energy complementary
optimization operation model of regionally integrated
energy system containing electric, cold, and hot energy.

3.1 Constraint conditions of multi-energy
complementary optimization operation model for
regional integrated energy system

1. Power grid purchase and sale capacity constraints

The integrated energy system cannot purchase or sell
electricity to the power system in excess of the maximum
allowable power value of the line, that is

{ O S Ppur(t) S Plink.max : apur(t)
0 S Psell(t) S Plink.max . (xsell(t)

(1)
where Pjik.max 1S the maximum running power of the line;
Otpur (1), Ocen(t) indicates the status of power purchase and
sale; Py,.(t) is the power purchased from the grid; Pyp(?)
is the amount of power sold to the grid.

2. Constraints on the output capacity of photovoltaic and
wind-distributed power supplies

The maximum active power output of the photovoltaic
power supply cannot exceed the capacity of the photo-
voltaic power supply, that is

0 < Ppy(t) < Sy (2)
0 S Pwind(t) S S\vind (3)

where P,, is photovoltaic active power output; Pying
is wind active power output; S, is the capacity of
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Fig. 1. Integrated energy system composition.

photovoltaic power supply; Sying is the capacity of wind
power supply.

3. Gas turbine operating constraints

Gas turbines mainly generate electricity and heat
energy through natural gas, and the relationship between
electric power and thermal power is

QGT(t) _ PGT(t)(l —Ner — ’71)

(4)

Nar

where Qgr(?) is the heat generated by the gas turbine;
Pgr is the electric power output of the gas turbine; ngr
is gas turbine efficiency; #; is the heat loss coefficient of
the gas turbine.

At the same time, gas turbines consume natural gas
while generating electric energy and heat energy, and the
relationship between the amount of natural gas consumed
and the output power is shown in the equation

_ Par(t)At

Var(t
ar(?) NarIne

(5)

where Vgr(1) is gas turbine volume consumption; Lyg is
the low calorific value of natural gas; At is the scheduling
interval.

At the same time, considering that the gas turbine out-
put cannot exceed its upper limit and lower limit, that is

PGTAmin S PGT(t) S PGT.max (6)

where Pqr min is the minimum output of the gas turbine;
PG omax 1s the maximum output of the gas turbine; Pgr is
the output power of the gas turbine.

Gas turbine output should also meet the upward and
downward climbing speed, that is

—7aTdown At < Per(t+ 1) — Par(t) < rerupAt

(7)

where rgr.up and TG .down are the maximum up-and-down
climbing speeds of gas turbines.

4. Fuel cell operating constraints

Fuel cell output constraints should be met
PFC,min S PFC(t) S PFC.Inax

(8)
where Prc(t) is the fuel cell output at time # Prcmax
Proin are the maximum/minimum output power of
the fuel cell.

The constraint on the maximum up and down climb
rates is

_TFCAdownAt < PZ_CI : Xfc - Pfc : Xfc < rFC.upAt

(9)

where 7pc .y, and Tpc.down are the maximum up-and-down
climbing speed of the fuel cell.

5. Gas boiler operation constraints

The output of the gas boiler cannot exceed the upper
and lower limits of the output, so it should be met

QGB.mian(j}B S QZGB S QGBJU‘:LXXiGB
where Qgpmax 1S the upper limit of gas boiler output;
QcB.min 18 the lower limit of gas boiler output; X E’B is the
variable 0-1, 1 indicates the on state, 0 indicates the off
state.

The maximum ascending and descending climbing
speed constraints are

GB GB
_TGB.downAt < il Q1 < rGBleAt

(10)

(11)

where r¢p .y and 7GR down indicate the maximum climbing
speed of the gas boiler.

6. Electric boiler operation constraints
The electric boiler input should be less than its maxi-
mum input power, that is
O S P?B S PEB

max

(12)

where PFB

s 18 the maximum input power of the electric

boiler; P];:B is the input power of the electric boiler.
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The constraint on the maximum up and down climb
rates is

_rEB,downAt S QEP] : Q?B S TEBAupAt (13)

where rgp.up and TR down indicate the maximum climbing
speed of the electric boiler.

7. Operation constraint of electric refrigerator

The output cold power of the electric refrigerator cannot
exceed the maximum output power of the electric
refrigeration

0<C™ <t

max

(14)

where C’fgx is the maximum output power of the electric
refrigerator; C,];:c is the output power of the electric
refrigerator.

The constraint on the maximum up and down climb

rates is
_TEC.duwnAt S C];:_fl - C}ZEC S rEC.upAt (15)

where rpc .y, and TEC down indicate the maximum climbing
rates of the electric refrigerator.

8. Operating constraints of absorption chillers

Absorption chillers supply the cold load of the inte-
grated energy system, and the output cold power should
be within the limit value, that is

0< <o (16)

max

where C2° is the maximum output power of the absorp-
tion refrigerator; C’fc is the output power of the absorp-
tion refrigerator.

The output power of the absorption refrigerator is also

affected by the climbing speed, that is

AC AC
_TACAdownAt S C,;Jrl - Oz S T'AC.up (17)

where 7o yp is the maximum ascending climbing speed of
the absorption refrigerator; Tac.qown 18 the maximum
downward climbing speed of the absorption refrigerator.

9. Constraints on the operation of the energy storage
device

Take the battery as an example. Overcharging and
over-discharging of the battery will affect the operating
state of the battery. Therefore, the limit of the charged
state of the battery must be within the safe and reliable
range, that is

SBAT.min S S?AT S SBAT.max (18)
where SgAT max and SpaT.min are the safe upper and lower

limits of the battery charging state.
A battery can work in only one state at a time

Xcha . X9 = (19)

where X' ?he‘, X ;hs the variable 0—1, 1 indicates the on state,
0 indicates the off state.

When the battery participates in the optimization oper-
ation of the integrated energy system, the state of charge
needs to be equal at the beginning and end of the dispatch-
ing cycle, that is

SEAT gt (20)

where SOBAT is the charged state of the battery at the
beginning of the scheduling cycle when the battery partic-
ipates in the optimization operation of the integrated
energy system.

To ensure the working lifetime of the battery and
improve the overall operation economy and reliability of
the comprehensive energy system, the battery cannot be
charged and discharged too much.

0 < P < 0.2Epap X
) ) (21)
0 < P < 0.2Bp,p X

where Epat indicates the rated capacity of the battery;
Pﬁhe‘ is the charging power of the battery in the 4 period;
P?is is the discharge power of the battery in the ¢ period;
X;fh“L is the variable 0-1, indicating whether the battery
is in the charging state. 1 indicates that the battery is
in the charging state, and 0 indicates that the battery is
in the non-charging state. X ?‘S is the variable 0-1, indicat-
ing whether the battery is in the discharge state. 1 indi-
cates that the battery is in the discharge state, and 0
indicates that the battery is not in the discharge state.
Similarly, the charge and discharge times of the battery
will affect the operating lifetime of the battery, and then
affect the overall equipment investment cost of the compre-
hensive energy system, so it is necessary to control the
charge and discharge times of the energy storage equipment
to ensure the working time of the energy storage equipment.

%ZfTZJ xcha _ X§}1a| < N?AT

i+1

1 T is dis
§Zt:1|X?+1 - Xz'l

where N ?AT is the safe charging times of energy storage

(22)
S NQBAT

equipment; N ?AT is the safe discharge times of the energy
storage device.

10. Translational load constraint

Translation load is a kind of flexible load, which can be
translated into the whole section to relieve the load pressure
of the integrated energy system in a certain period of time.
Taking translatable load Ly, as an example, Ly, can be
represented by a set of vectors with a certain continuity,
where %, is the initial time of the translatable load and #p
is the continuous time of the translatable load.

., Pshift e, 0 (23)

te+10 " tyttp—17

Lshift — |:0, e, Piilift7 Pshift
It is assumed that the time interval to which the shiftable
load can be shifted is [ty., fp.+1,...,tn ] Considering
that the shiftable load needs to be shifted as a whole, the
initial value of the shiftable time interval must be satisfied.
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If it is not satisfied, some of the shiftable load will exceed
the shiftable time interval.

Sshift = {[tshf7 tshf + 17 e tD + 1]? tS} (24)

’ tsh+ -

Whether load translation is carried out at the initial value
can be expressed by the vector X" X — 1 indicates
that load translation is carried out at this initial value,
and X?hlf“ = 0 indicates that no load translation is carried
out at this initial value.

shift shift
{[xie x

S ] 9
where thl“ =1 indicates the shift load in period i
Xt =0 'indicates no shift load in period i.

In order to facilitate the integrated energy system
scheduling, the shiftable load generally carries out only
one shift, so X‘,j.hif“ should meet the constraint.

Z thift =1 (26)

7v'esshift
11. Transferable load constraint

Transferable load means that the load of a certain
period can be transferred to another period, to achieve
the purpose of peak cutting and valley filling. Taking trans-
ferable load Lin., as an example, X"™" indicates whether
load transfer is performed in the corresponding period,
X" =1 indicates that load transfer is performed in the
period, and X{™ = 0 indicates that load transfer is not
performed in the period.

Xtran — [thran’ X;ran, e th{an] (27)
At the same time, the transfer power will have certain con-
straints, and the transfer load cannot be completely trans-
ferred, so as not to affect the daily life of users in the
park, so the constraints should be met

thanptlan < Pnan < XnanPtlan (28)

min max

where Pfr’l“l‘; is the transferable maximum; P™" is a trans-
ferable minimum.

If the duration of the transferable load is not limited, the
frequency of switching of electrical equipment in the park
will be frequent, and the operating life of the user’s electrical
equipment will be affected. In this regard, it is necessary to

limit the minimum duration of the transferable load, that is

t+ Ttr an__ |

min

Z Xtran > Ttran (Xtran

min X3 (29)
=t
Since the transferable load operation only transfers the load

but does not reduce the load, the total load before and after
the load transfer will not change

T
SO Xmmpen — pi (30)
i=1

where P™ is the total power before the transferable load

Sum

is transferred.

12. Reducible load constraints

The reducible load refers to the direct cutting operation
of the load to ensure the balance of supply and demand of
the integrated energy system. Take L., as an example

Lcut = [Piut7 Pguta Tt chl“lt] (31)

X" indicates whether the load is reduced in the corre-
sponding period, X" = 1 indicates that the load is reduced
in the period, and X cur = 0 indicates that the load is not re-
duced in the period.

Xcut = [Xiut7 X;utv T 7X?Il’lt] (32)
Load reduction will affect the comfort of users, taking the
indoor building as an example, the reduction of cooling load
will lead to excessive indoor temperature in summer; reduc-
ing the heat load will cause the indoor temperature to be
too low in winter, which will lead to a poor user experience.
Therefore, it is necessary to set the minimum duration of
load shedding, the maximum duration of load shedding,
and the upper limit of the number of load shedding.

t+ T:‘l;ltn 1
Z X(‘ut > T;lltn (Xmlt X(;Etl) (33)
=1
t+ T
> (1-x) =1 (34)
=t
T
> XS N (3)

13. Power balance constraint of integrated energy
system

Power balance constraints mainly include electric power
balance, thermal power balance, and cold power balance.
The electric power balance of the integrated energy system
is shown in equation (36)

(P;)ur _ Pjell) + P;vind 4 PIZJV 4 P?T 4 PfC 4 (P?IS _ P;‘ha)

_ PEB + PEC + P}_)asc + Ps_hift + PQ'an + Pc_ut

36
i=1,2,-, T (36)

The thermal power balance of the integrated energy system
is shown as follows

Q?T + Q]:DB + QZGB + (Qdis _ Q;hd) _ Q;AC
_ Qli)ase + Q?hifl, + Q(;ut7 (37)
i=1,2, -, T

where Q?m is the rigid heat load; Q?hift is the transferable

heat load; Q" is reducible the heat load.
The cold power balance of the integrated energy system
is shown as follows
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Table 1. The constraints of the multi-energy complementary optimization operation model.

Constraints Constraint type
1 Power grid purchase and sale capacity constraints equation (1)
2 Constraints on the output capacity of photovoltaic and wind-distributed power supplies

equations (2) and (3)

Gas turbine operating constraints equations (4)—(7)
Fuel cell operating constraints equations (8) and (9)
Gas boiler operation constraints equations (10) and (11)

Operation constraint of electric refrigerator equations (14) and (15)
Operating constraints of absorption chillers equations (16) and (17)

3
4
5
6 Electric boiler operation constraints equations (12) and (13)
7
8
9

Constraints on the operation of the energy storage device equations (18)—(22)

10 Translational load constraint equations (23)—(26)

11 Transferable load constraint equations (27)—(30)

12 Reducible load constraints equations (31)—(35)

13 Power balance constraint of integrated energy system equations (36)—(38)

C;-AC + C:_EC + (C;ﬁs o
i=1,2,-, T

Csha‘ . Cbaso _ C?hift + Csut7
3 ) ? 2 7 (38)

where C’}i’a‘SC is the rigid cooling load; C’?hiﬁ is the transfer-
able cooling load; C"" is reducible the cooling load.

The constraints of the multi-energy complementary
optimization operation model of the integrated energy
system are shown in Table 1.

3.2 Objective function of multi-energy complementary
optimization operation model for regional
integrated energy system

The multi-energy complementary optimization operation
model of a regional integrated energy system containing
electricity, cold, hot, and other energy sources aims at sys-
tem cost. The daily cost of an integrated energy system
includes system power purchase cost, distributed power
supply operation cost, etc., so the objective function is

min F' = Fgiq + Fpg + Fpar + Fre + Feg + For + Fap
_'_F(’,

cut

+ Frs + Fac + Frc + Fes + Fgy + FY

tran

+F . + F

shift cut

+ Fshift + F gut (39)
1. Power purchase costs for integrated energy systems

The integrated energy system needs to buy electricity
from the grid when it lacks power, and the integrated
energy system can sell electricity to the grid when it has suf-
ficient power, so the cost of unified power purchase of the
integrated energy system within a dispatching cycle is
related to the purchase and sale of electricity.

T
_ e pur
FPUY - E ilepur.iPi

. ) (40)
FSQH = Z i=1 K:Cll.’i Pie

where K, is the purchase price from the power grid for

the integrated energy system; K, is the price of electric-

ity sold to the grid for the integrated energy system.
Therefore, the purchase cost of the integrated energy

system is
Fgrid = Fpur - Fscll (41)
2. Photovoltaic, wind power supply operating costs

The distributed power supply in the integrated energy
system is generally composed of photovoltaic, wind, and
other new energy sources. In this paper, only photovoltaic
and wind power are considered in the integrated energy sys-
tem, and the total operation cost of photovoltaic and wind-
distributed power supply within a scheduling cycle is

FDG = iTlewindP;;mnd + Z ij;lKI)’UP‘z?v (42)

where Kiq is the kilowatt-hour cost of wind-distributed
power supply; K, is the kilowatt-hour cost of photovoltaic
distributed power supply.

3. Operating cost of gas equipment

The operating cost of gas equipment (gas turbine, gas
boiler, and fuel cell) in one dispatching cycle is shown in
the equation

T T
Far = Zz‘:1KgaS V?T + Zz‘:lKGTP?T

T T
FGB = Zi:lKgas VZGB + Zi:1KGBPZGB (43)

T T
Frc = Zz‘:lKg“ Vfc + Zy}:lKFCPZFC

where VS’T is the natural gas consumption of the gas
turbine; Kgr is the KWH cost of the gas turbine; V?B is
the natural gas consumption of gas-fired boilers; Kgp is
the kilowatt-hour cost of the gas-fired boiler; Vfc is the fuel
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Table 2. The objective functions of the multi-energy complementary optimization operation model.

Objective functions Objective functions type

Total cost equation (39)

© 00 N O U W N

Power purchase costs for integrated energy systems equations (40) and (41)
Photovoltaic, wind power supply operating costs equation (42)

Operating cost of gas equipment equation (43)

Operating costs of electric boilers, electric chillers, and absorption chillers equation (44)
The operating cost of energy storage equipment equation (45)

Shifting load compensation costs equation (46)

Transferable load compensation costs equation (47)

Reducible load compensation costs equation (48)

cell gas consumption; Kpc is the kilowatt-hour cost of the
fuel cell; Ky is the cost of natural gas.

4. Operating costs of electric boilers, electric chillers, and
absorption chillers

The operating costs of the electric boiler, electric chiller,
and absorption chiller in one dispatching cycle are
respectively

T

Fep =Y KepQ"
T

Fro = KpoCr© (44)
T .,

Fac= Zi:lKAC C'Ii\c

where Kgp is the operating cost factor of the electric boi-
ler; Kgc is the operating cost factor of the electric refrig-
erator; Kac is the operating cost factor of the
absorption refrigerating machine.

5. The operating cost of energy storage equipment

Within a scheduling cycle, the operating cost of energy
storage equipment (battery, heat storage tank, cold storage
tank) is shown in the formula

§ :T ha vrche T o
Fpar = . K P;hd X;’hd + § :i:1 Ko P;hb )(;11b
F = . K cha YCha T K dis Ydis 4 5
TS — =1 cha* QL i + 1 dis* QL i ( )
F — T f( C(:ha Rcha + T [~( Cdis R dis
s = j=1" cha i ) i=1" dis i i

where K, is the cost coefficient of energy storage
equipment; Ky, is the discharge cost coefficient of the
energy storage device. K.+ is the cost coefficient of a heat
storage tank; K is the cost coefficient of heat release in a
heat storage tank; K, is the cost coefficient of filling a cold

storage tank; K ;. is the cost coefficient of a cooling storage
tank.

6. Shifting load compensation costs

The compensation costs of movable load (movable elec-
trical load, movable thermal load, and movable cold load)
are respectively

. tshe —tp+1 .

e __ poshift shift 2 sh+—tD shift

Fshn‘t F(Obt " sum i=t XL
sh—

t  __ pwhift  ~hift Ztsh* +~tp L Coahift
Fshlft Fcost* ' qum : =ty Yl (46)

c shift shift tslH» tD+1 shift
thlff - Frogt C%um ’ § : R

=ty

where F*M ig the cost coefficient of translatable load;

cost

P g the total transferable electrical load; F*M is the

sum cost

cost coefficient of transferable heat load, and Q™™ is the

sum

total transferable heat load. Fzﬂ‘sftt is the cost coefficient

of the translational cooling load, and C™™" is the total

sum

translational cooling load.

7. Transferable load compensation costs

FP Ftran . Z X;ranP;ran (47)

tran cost
ich

where F"™ is the cost coefficient of transferable load.
Reducible load compensation costsThe compensation cost
of the reduced load (the reducible electric load, the redu-

cible heat load, and the reducible cold load) is

(‘\lt = F?s:tz 0 'Xcut Pcut
Fly = Pt Y 0.V Q" (48)

LUt _ Fcut Z 0 Rcut Ccut

cost

where FO is the cost coefficient of electric load that can
be reduced; Fer.. can reduce the cost factor of heat load;
Feut 1ndlcates that the cooling load cost factor can be
reduced.The objective functions of the multi-energy com-
plementary optimization operation model for a regional

integrated energy system are shown in Table 2

3.3 Regional integrated energy system multi-energy
complementary day optimization operation
scheduling model to solve the overall process

The optimal operation scheduling model of a regional inte-
grated energy system with electric, cold, and hot energy
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Renewable energy output forecast data

Load forecast data
Electric load Heat load Cold load
Rigid electrical load Rigid heat load Rigid cold load
Reducible electrical load Reducible heat load Reducible cold load
Translational electrical load Translational heat load Translational cold load
Transferable electrical load Transferable heat load Transferable cold load

l

Optimization objectives
(1) System power purchase cost
(2) Operation cost of DG
(3) Gas equipment operating costs
(4) Operation cost of electric boiler
(5) Operating cost of electric refrigerator
(6) Operation cost of energy storage
equipment

Constraint conditions

(1) DG output capacity constraints
(2) Gas turbine operation constraints
(3) Fuel cell operation constraints
(4) Gas boiler operation constraints
(5) Electric boiler operation constraints
(6) Operation constraints of

electric refrigerator

MATLAB Yalmip toolbox and Cplex solver are used
to solve the problem.

Fig. 2. The solution process of the optimal operation scheduling model.

400 w
—— Wind
= —<a— PV i
£ 300
5
£ 200
Q.
=
L
Q -
2100 M
g
=9}
—<—<—<—<< . : <<
0 5 10 15 20 25

Fig. 3. The forecast data of wind and PV output power.

includes multiple energy forms and energy conversion, with
many decision variables and large solution space. According
to the day-before forecast data of wind turbine output and
load power, the controllable variables in the controllable
components and flexible loads are taken as the decision
variables, and the operation limitations of the controllable
components, the supply and demand power balance in the
system and the inherent limitations of the controllable load
are taken as the constraint conditions, and the daily operat-
ing cost of the system is minimized as the optimization
objective. Among them, the constraints of the optimization
model have been introduced in detail in Section 3.2. The
objective function of the optimization model has been intro-
duced in detail in Section 3.1 of the paper. The proposed

w
73
S

T
I Rigid electric load
(7| Reducible load

[ Translational load
(I Transferable load
—%— Total electric load

w
=)
S

Y
G
=3

%)
S
S

7y
3

15}
S

Predicted electrical load/kW

%3
S

Fig. 4. Predicted electrical load.

optimization model is a mixed integer programming model,
in this regard, this paper uses the Yalmip toolbox and
Cplex solver to solve the problem based on Matlab soft-
ware, and the solution process is shown in Figure 2.

4 Case study

The forecast data of wind and PV output power are shown
in Figure 3, and the time scale is set to 1 h.

The forecast data for electrical load, thermal load, and
cooling load are shown in Figures 4-6, and the time scale
is 1 h.
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2507

200

T
I Rigid heat load

[ Reducible heat load
[ Translational heat load
—s7— Total heat load

150

100

Predicted heat load/kW

50

Fig. 5. Predicted heat load.
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Fig. 6. Predicted cooling load.
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Fig. 7. Time of use price.

The price of natural gas is 3.23 ¥/m?, the calorific value
of combustion is 9.78 km/m?, and the TOU price is shown
in Figure 7.

The interactive power with the power grid, wind power
output, photovoltaic output, fuel cell output, gas turbine,
and battery output is shown in Figure 8. It can be seen that
the integrated energy system realizes the consumption of
new energy and promotes the construction of a new power
system through a variety of multi-energy complementary
coordination and optimization.

The output thermal power of the gas boiler, gas turbine,
electric boiler, and heat storage tank is shown in Figure 9.

The output of the absorption refrigerator, electric refrig-
erator, and cold storage tank is shown in Figure 10.

Taking electrical load as an example, the changes in
electrical load that can be shifted, transferred, reduced,
and total electrical load are shown in Figures 11-14. It
can be seen that by participating in the demand side

1000

T
[ Interaction with the grid
800 [ Wind power
[ PV power
600 I Fuel cell output
E [ Gas turbine output
§ 400 f [ Battery output
3
2
35 200
&
3
S oH
-200
-400 L 1

th

Fig. 8. Supply power to load each equipment output.

400

T

[ Gas boiler output
[ Gas turbine output

300(7 |21 Electric boiler output
I Heat storage tank output

il

-100

Output power/AW

tlh

Fig. 9. The output thermal power of gas boiler, gas turbine,
electric boiler, and heat storage tank.

T T
[ Absorption refrigerator output|
[ Electric refrigerator output
150 |1 Cold storage tank output

Output power/kW

Fig. 10. The output of absorption refrigerator, electric refrig-
erator, and cold storage tank.

response of the integrated energy system with a flexible
load, the purpose of peak cutting and valley filling is
achieved.

5 Conclusion

In order to improve the flexibility of integrated energy sys-
tems and the capacity of renewable energy consumption, an
economic dispatch of community-integrated energy systems
considering demand-side coordinated response is proposed.
Relevant conclusions are as follows:

1. Mathematical models of various energy forms are
established according to various energy characteris-
tics, including wind, photovoltaic, gas turbine, gas
boiler, and other component characteristics modeling.
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[

]
T
T
T
T
I
T

mathematical model proposed in this paper and the

actual operation of the integrated energy system. At

present, it is only a theoretical analysis and has not
L HH yet completed the follow-up landing.

H H H I 3. The optimization mathematical model proposed in

: H . this paper is based on the accurate prediction of new

0 : R 2 » energy power generation and load of integrated energy

system, but there is still a gap with the actual opera-

Fig. 13. Reducible electric load. tion, and the inaccuracy of prediction needs to be fur-

ther considered in the follow-up.
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2. The multi-energy complementary optimization model
including electricity, cold, and hot energy forms is  Acknowledgments
established, and the load-side demand-side response
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3. Through simulation results, it can be seen that by par- ~ (5700-202311602A-3-2-ZN).
ticipating in the demand side response of the inte-
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