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ABSTRACT The rapid development of renewable energy and the continuous growth of peak load bring new
challenges to the dispatching capacity of generation side. In view of the possible mismatch between power
generation of renewable energy and the load, we propose an integrated optimal dispatching strategy model
of power generation and consumption interaction in this paper. Among them, the generation side resources
include wind power, photovoltaic and battery energy storage and the load side dispatching resources include
transferable load, interruptible load and electric vehicles. The model takes the benefits of generation side and
the benefits of load side as objectives. Moreover, three different dispatching orders are put forward, which
are random dispatching, interruption and transfer of load before electric vehicles charging and discharging,
electric vehicles charging and discharging before interruption and transfer of load. In addition, we propose
seven different dispatching combinations based on the optimal dispatching order to analyse the response
ability of different load side dispatching resources. Multi-objective Genetic Algorithm and the method of
technique for order preference by similarity to an ideal solution are applied in this study to obtain the
optimal results. It can be identified that the response ability of different load side dispatching resources is
different, and the overall dispatching can improve the benefits of generation side and the benefits of load side.
Meanwhile, the proposed strategy considers the willingness of the load to the greatest extent and effectively
improves the utilization rate of wind and solar power generation.

INDEX TERMS Generation side resources, load side dispatching resources, integrated optimal dispatching,
dispatching order, dispatching combination.

I. INTRODUCTION
With more and more renewable energy such as wind power
and photovoltaic are connected to the power grid [1], there
are still some problems in the process of dispatching gener-
ation side (GS) resources, such as insufficient peak regula-
tion capacity, serious wind and solar abandonment [2]–[4].
In recent years, the rapid development of adjustable load
and electric vehicles (EVs) provides abundant load side dis-
patching resources (LSDRs), which brings an opportunity
to improve the problems encountered in the process of GS
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dispatching [5], [6]. Therefore, considering the interaction of
wind power, photovoltaic, battery energy storage, adjustable
load and EVs is the main trend to improve the matching
relationship between renewable energy and load.

At present, scholars have carried out some research on
the integrated optimal dispatching of power generation and
consumption interaction. Munoz et al. [7] established a two
stage decision-making model of ‘‘day-ahead and real-time’’
to coordinate the optimization of renewable energy and load
side (LS) resources on two time scales. Parvania et al. [8]
proposed the model of transferable load (TL) and applied it
to the day-ahead optimal economic dispatching model with
wind farm. Themodel improved the flexibility of dispatching.
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Similarly, Qiu et al. [9] proposed a generation dispatching
model, which considered the cost of interruptible load (IL).
The model took the economic optimization of power grid as
the objective function. The results showed that the proposed
model was more robust to random changes and could be
flexibly dispatched in power generation dispatching. In addi-
tion, considering the mobile energy storage characteristics
of EVs, Chen et al. [10] proposed a dispatching strategy for
mobile energy storage of EVs in collaborationwith renewable
energy. The strategy analysed the charging and discharging
of EVs to dispatch. Liu et al. [11] established a source-
load coordination economic dispatch model with the goal of
maximizing wind power consumption and minimizing the
operation cost of the system. In the above research on the
integrated optimal dispatching strategy considering power
generation and consumption interaction, most of them are
limited to consider the single LSDRs. At the same time, they
seldom consider the influence of the participation of EVs, TL
and IL on the resource dispatching of GS.

In the study of integrated optimal dispatching considering
power generation and consumption interaction, the LSDRs
have different response capacity and response characteristics
at different times, which can optimize the load curve and
promote the consumption of renewable energy [12], [13].
Sun et al. [14] established the model of TL and IL. It was
verified that the dispatching of adjustable load can adjust
the load curve reasonably and realize the economic opera-
tion of the system. Considering the transfer of cooling load,
heating load and electric load, Hu et al. [15] constructed a
multi-objective optimization model. The model considered
the factors of economic, energy and environmental, and opti-
mized the load curve reasonably. In addition, Ju et al. [16]
designed four strategies based on the error characteristics of
wind power and the dispatching potential of load in multi-
time. It made full use of the load resources under multi-time
and effectively improved the wind power consumption level.
Boulanger et al. [17] concentrated a large number of EVs
together to improve the charging and discharging capacity
of EVs. In order to optimize the load curve, the EVs were
dispatched in a cluster mode. The above studies provided
a good theoretical basis for the analysis of the response
characteristics of LSDRs.

To sum up, most of the existing studies focused on
the response capacity of single LSDRs, and did not fully
reflect the response capacity of different combinations of
LSDRs. Besides, there are few comparative studies on differ-
ent LSDRs participating in dispatching. Compared with the
existing studies, the major contributions of this paper can be
summarized as:

1) An integrated optimal dispatching model of power
generation and consumption interaction is established.
Among them, the GS resources include wind power,
photovoltaic and battery energy storage. The LSDRs
include TL, IL and EVs.

2) An integrated optimal dispatching strategy is proposed.
In the strategy, in order to encourage the LSDRs to

FIGURE 1. The integrated structure of power generation and consumption
interaction.

better respond to the dispatching, the LS declares elec-
tricity price itself when participating in dispatching.

3) Considering the dispatching orders of various LSDRs,
the dispatching results under different dispatching
orders are compared. Based on the optimal dispatch-
ing order, the dispatching results of different combina-
tions are compared to analyze the response ability of
different LSDRs.

The rest of this paper is organized as follows: mathemat-
ical models of power generation and consumption resources
are given in Section 2. In Section 3, the integrated optimal
dispatching strategy model of power generation and con-
sumption interaction is established. Results and analysis of
simulation are discussed in Section 4. Then conclusions are
drawn in Section 5.

II. MATHEMATICAL MODELS OF POWER GENERATION
AND CONSUMPTION RESOURCES
The integrated structure of power generation and consump-
tion interaction is shown in Figure 1. It is mainly composed
of photovoltaic power station, wind farm, battery energy
storage, TL, IL, EVs and traditional load. This section mainly
establishes the resource model of each part.

A. MODEL OF WIND TURBINE
In wind farm, the output of wind turbine is determined by the
wind speed and the output characteristics of wind turbine. The
power of wind turbine is calculated by [18]:

Pw (v) =



0, v ≤ vin
v3 − v3in
v3r − v

3
in

Pr, vin ≤ v ≤ vr

Pr, vr ≤ v ≤ vout
0, v ≥ vout

(1)

where, Pw (v) is the power of wind turbine, Pr is the rated
power, vin is the cut-in wind speed, vout is the cut-out wind
speed, vr is the rated wind speed, v is the wind speed at the
corresponding time.

B. MODEL OF PHOTOVOLTAIC CELL
The output power of photovoltaic array is strongly nonlinear,
which is related to solar radiation intensity and ambient tem-
perature. The following simplified model can be used and the
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power of photovoltaic cell is calculated by [19]:

Pp = fpYp
IT
IS

[
1+ αp

(
Tc − Tc,STC

)]
(2)

where, fp is the derating factor of photovoltaic array, which
represents the ratio of actual output power of photovoltaic
array to rated output power, Yp is the output power of battery
under standard test conditions (the illumination is 1kW/m2,
ambient temperature is 25◦C, no wind), IT is the solar radi-
ation intensity of photovoltaic panel, IS is the illumination
under standard test conditions with a value of 1kW/m2, αp is
the power temperature coefficient, Tc is the operating temper-
ature of the battery board, Tc,STC is the reference temperature.

C. MODEL OF BATTERY ENERGY STORAGE
The battery is used as the energy storage system in this paper.
The charging and discharging of the battery energy storage
can be expressed by Eqs. (3) and (4) [20].

(1) When the battery energy storage is charged, Pbes (t) ≥
0, the quantity of electric charge at time t is

Ebes (t) = Ebes (t − 1)+ Pbes (t) ηbesc (3)

(2) When the battery energy storage is discharged,
Pbes (t) ≤ 0, the quantity of electric charge at time t is

Ebes (t) = Ebes (t − 1)+ Pbes (t) /ηbesd (4)

where, Ebes (t) is the quantity of electric charge of battery
energy storage at time t,Pbes (t) is the charging and discharg-
ing power of battery energy storage at time t , ηbesc and ηbesd
are the charging and discharging efficiency of battery energy
storage, respectively.

In order to prevent the battery energy storage from over-
charging and discharging, the remaining energy of battery
energy storage should be kept within a certain range.

SOCmin ≤ SOC (t) ≤ SOCmax (5)

where, SOC (t) is the state of charge of battery energy storage
at time t , SOCmin and SOCmax, respectively, are the upper and
lower limits of the state of charge of battery energy storage
with values of 0.5 and 0.9.

D. MODEL OF TL
The TL is that the users change the load of electricity con-
sumption period according to the electricity price or incentive
measures. In the load transfer mode, the users don’t need
to reduce the living needs or interrupt the production task
and only need to change the time of power use. The total
power consumption is kept unchanged during the period,
so that the living demand and total production will not be
affected. However, the power consumption of each period can
be flexibly adjusted within a certain range [6].

In the process of participating in GS dispatching, this paper
considers to transfer the unimportant load whose load is
greater than wind and solar power to the period when the load
is less than wind and solar power. And the time when the load
is less than the wind and solar power does not belong to the

peak period. After load transfer, the load of each period is the
original load plus the increased load, and then the reduced
load is reduced.

PtrLafter (t) = PL (t)+ Ptru (t)− P
tr
d (t) (6)

where, PtrLafter (t) is the total load after load transfer at time t ,
PL (t) is the original load, Ptru (t) is the increased load at time
t , Ptrd (t) is the reduced load at time t .
In the dispatching process, it is necessary to ensure that

the total load after transfer is not greater than the wind and
solar power, and the transfer period is the period when the
load is greater than the wind and solar power. At the same
time, the total amount of TL before and after transfer should
be kept unchanged in a certain period of time. The constraints
are shown in Eqs. (7) ∼ (10).

PtrLafter (t) ≤ Pwt (t)+ Ppv (t) (7)

Ptrmin ≤ |P
trl(t)− Ptrb(t)| ≤ Ptrmax (8)

t trmin ≤ t ≤ t
tr
max (9)

24∑
t=1

Ptrb(t) =
24∑
t=1

Ptrl(t) (10)

where, Pwt (t) and Ppv (t) are wind power and photovoltaic
power at time t , respectively; Ptrb(t) and Ptrl(t) are the total
TL before and after transferring at time t respectively; Ptrmin
and Ptrmax, respectively, are the upper and lower limits of the
total TL; t trmin and t

tr
max, respectively, are the upper and lower

limits of the transferable time.

E. MODEL OF IL
The IL is the load that can be interrupted during peak period
or emergency. It refers to the implementation of load inter-
ruption operation in specific period, such as peak load period,
according to the interruption contract signed in advance. It is a
kind of demand response mode that makes certain economic
compensation to the users who perform interrupt operation
after the event [21].
When the load is greater than the wind and solar power,

the load interruption is executed. After the interruption,
the load of each period is the original load minus the inter-
rupted load.

PinLafter (t) = PL (t)− Pind (t) (11)

where, PinLafter (t) is the total load after load interruption at
time t , Pind (t) is the load interrupted at time t .
Similarly, the upper and lower limits of IL and interruptible

time are constrained.

Pinmin ≤ Pin(t) ≤ Pinmax (12)

t inmin ≤ t ≤ t inmax (13)

where, Pin(t) is the total IL at time t , Pinmin and P
in
max, respec-

tively, are the upper and lower limits of the total IL; t inmin
and t inmax, respectively, are the upper and lower limits of the
interruptible time.
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F. MODEL OF EVS
The survey results of the U.S. Department of transporta-
tion on U.S. household vehicles in 2001 were statistically
analysed in [22], and the return time of the last journey
of the vehicles was approximately normal distribution. The
starting charging time is the return time of the last journey,
so the starting charging time satisfies the normal distribution.
Its probability density function is shown in Eq (14).

ft (t) =



1

σt
√
2π

exp
[
−(t − µt )2

2σ 2
t

]
(µt − 12) < t ≤ 24

1

σt
√
2π

exp
[
−(t + 24− µt )2

2σ 2
t

]
0 < t ≤(µt − 12)

(14)

where, µt = 17.6, σt = 3.4.
EVs are limited by users’ driving habits. In the process of

participating in GS dispatching, the starting time of charging
and discharging of EVs is determined by analyzing the rela-
tionship between return time of EVs, wind and solar power
and load.

When PL (t0) ≤ Pwt (t0)+ Ppv (t0),

Tchar = t0 (15)

When PL (t0) ≥ Pwt (t0)+ Ppv (t0),

Tdischar = t0 (16)

where, Tchar is the starting time of EVs charging and Tdischar
is the starting time of EVs discharging.

SOCEVmin ≤ SOCEV (t) ≤ SOCEVmax (17)

where, SOCEV (t) is the state of charge of EVs at time t ,
SOCEVmin and SOCEVmax, respectively, are the upper and
lower limits of the state of charge of EVs with values of 20%
and 90%.

III. THE INTEGRATED OPTIMAL DISPATCHING
STRATEGY MODEL
A. THE INTEGRATED OPTIMAL DISPATCHING STRATEGY
The integrated dispatching strategy considering power gen-
eration and consumption interaction proposed in this paper
is to integrate the LSDRs into the dispatching process of the
GS, so as to realize the overall optimization of the power gen-
eration and consumption resources. The specific dispatching
process is shown in Figure 2.

The dispatching process of GS includes two cases: wind
and solar power is greater than load and wind and solar
power is less than load. When the wind and solar power
is greater than load, in addition to the conventional load,
there is residual power. After integrating into the LSDRs,
the remaining power dispatching includes on-grid, battery
energy storage charging, EVs charging, etc. Based on the
time-of-use electricity price, if the price of power grid is
the peak time price, it is on-grid. If the price of power grid
is the valley time price, the battery energy storage will be

FIGURE 2. The integrated optimal dispatching of power generation and
consumption interaction process.

charged and a certain number of EVs will be selected for
charging.

When the wind and solar power is less than the load,
the dispatching mode includes power purchasing from power
grid, battery energy storage discharging, EVs discharging and
interruption and transfer of load. These modes can be used
for the insufficient part after supplying the conventional load.
Based on the time-of-use electricity price, if the price of
power grid is valley time price, it will be purchased from
power grid. If the price of power grid is peak time price,
the battery energy storage will be discharged. If it is not
enough, a certain number of EVs will be selected for dis-
charge and the load will be interrupted and transferred.

If the dispatching requirements are met, the above dis-
patching information will be fed back to the LS, and the LS
will respond according to the feedback information. In order
to encourage the LSDRs to better respond to the dispatching,
the LS is compensated by reducing or increasing the electric-
ity price. That is to say, the LSDRs will quote itself when
participating in the dispatching, but it should be in line with
the actual situation and cannot be quoted at will. Therefore,
the dispatching process is based on the following assump-
tions: 1) In order to avoid random declaring the price on the
LS, the declaring is carried out within a certain range, but
the real-time price mechanism in the electricity market is not
considered. 2) In order to simplify the calculation, the unified
declaration is selected. In other words, based on the time-
of-use electricity price, the declared price of TL and EVs
charging is 0.9 times of the time-of-use electricity price. The
declared price of IL and EVs discharge is 1.2 times of time-of-
use electricity price [23]. 3) A certain number of LSDRs are
preset to participate in the dispatching, but not all of them are
involved in the actual dispatching. 4) For the LSDRs, the elec-
tricity declared by each user remains constant. 5) Lithium
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battery electric vehicle is selected as the dispatching object,
and the impact of short-term charging or discharging on it can
be ignored. Based on the above-mentioned model of EVs,
when the EVs arrive, it will be charged and discharged for
1 hour within the range of the state of charge.

B. OBJECTIVE FUNCTION OF THE MODEL
Based on the above-mentioned dispatching strategy, a dis-
patching strategy model is established with the objective
functions of maximizing the benefits of GS and maximizing
the benefits of LS.

(1) Objective function 1: the maximum benefits of GS.
It includes the benefits of power supplied by wind farm, pho-
tovoltaic power station and battery energy storage to the LS,
the benefits of on-grid, power purchasing cost and operation
and maintenance cost.

F1 = max[CU + CG − CC − CO] (18)

CU =

24∑
t=1

4∑
i=1

(−1)i+1p∗i (t)c
∗
i (t)+

24∑
t=1

p(t)cb(t) (19)

CG =

24∑
t=1

pb(t)cb(t) (20)

CC =

24∑
t=1

pm(t)cm(t) (21)

CO = 1twt · Com
wt +1tpv · C

om
pv +1tbes · C

om
bes (22)

where, F1 is the benefits of GS, CU is the benefits of power
supplied bywind farm, photovoltaic power station and battery
energy storage to the LS, CG is the benefits of on-grid, CC
is power purchasing cost, CO is operation and maintenance
cost, p∗i (t) is the type i load participating in dispatching at
time t (1 is transfer of load, 2 is interruption of load, 3 is
EVs charging and 4 is EVs discharging), p(t) is the load that
does not participate in the dispatching, pb(t) is the on-grid
power at time t , pm(t) is the amount of power purchased
from power grid at time t , c∗i (t) is the declared electricity
price of the type i load participating in dispatching at time
t , cb(t) is the on-grid price at time t , cm(t) is the price of
electricity purchased at time t , 1twt, 1tpv and 1tbes are the
operation time of wind farm, photovoltaic power station and
battery energy storage in one day, respectively;Com

wt ,C
om
pv and

Com
bes are the operation and maintenance cost of wind farm,

photovoltaic power station and battery energy storage in unit
time, respectively.

(2) Objective function 2: the maximum benefits of LS,
which is the difference of power consumption cost before and
after dispatching.

F2 = max[CB − CA] (23)

CB =

24∑
t=1

PL(t)cb(t) (24)

CA =

24∑
t=1

4∑
i=1

p∗i (t)c
∗
i (t)+

24∑
t=1

p(t)cb(t) (25)

where, F2 is the benefits of LS, CB is the power cost of
LS before dispatching, CA is the power cost of LS after
dispatching.

C. CONSTRAINT CONDITION
The constraints of the optimal dispatching strategy model are
as follows:

(1) In order to ensure a certain utilization rate of wind and
solar power, the ratio of the power provided by the wind and
solar to the load is used to reflect the utilization rate of wind
and solar power generation (UR).

R =
24∑
t=1

E(t)/
24∑
t=1

P∗L(t) ≥ Rr (26)

where, R is the UR, E(t) is the amount of power provided to
load by wind and solar power at time t , P∗L(t) is the load after
dispatching at time t , Rr is the rated UR with a value of 0.5.

(2) In order to avoid excessive peak shift during dispatch-
ing, which leads to ‘‘peak on peak’’, and to avoid excessive
load fluctuation before and after dispatch, load variance is
constrained.

µ ≤ µa (27)

µ = [
24∑
t=1

(
4∑
i=1

p∗i (t)+ p(t)− Pa)
2]/24 (28)

Pa =
24∑
t=1

(
4∑
i=1

p∗i (t)+ p(t))/24 (29)

where, µ is the load variance, µa is the rated load variance,
Pa is the average load after dispatching.

(3) Satisfaction with electricity price expenditure (SEPE)
is used to describe satisfaction evaluation of the load’ price
expenditure after responding to the dispatching.

s ≤ sr (30)

s = 1−

[
24∑
t=1

4∑
i=1

p∗i (t)c
∗
i (t)+

24∑
t=1

p(t)cb(t)]−
24∑
t=1

PL(t)cb(t)

24∑
t=1

PL(t)cb(t)

(31)

where, s is the SEPE, sr is the rated satisfaction with a value
of 1.

(4) Other constraints.

s.t. (5) , (7)− (10), (12)− (13), (17) (32)

D. SOLUTION METHOD
In this paper, the multi-objective genetic algorithm
(NSGA) [24], [25] is used to solve the model. A series of
non-inferior solutions can be obtained by using NSGA and
the Pareto Front is composed of a series of non-inferior
solutions. Then, the optimal solution is determined in the
Pareto Front by technique for order preference by similarity
to an ideal solution (TOPSIS) [26]. TOPSIS is an effective
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method commonly used in solving multi-objective problems.
Its basic principle is to sort by judging the distance between
the evaluation object and the optimal solution and the most
split. The TOPSIS is described as follows:

If there are m evaluation objects (a series of non-inferior
solutions) and n evaluation indexes (the objective functions),
then there is decision matrix X =

(
xij
)
m×n. Where xij repre-

sents the value of the i-th evaluation object in the j-th evalua-
tion index. AndM = {1, 2, . . . ,m} ,N = {1, 2, . . . , n}.
Step 1: Construct the normalized decision matrix Y =(
yij
)
m×n.

yij =
xij√
m∑
i=1

x2ij

(33)

Step 2: Assign weights to the evaluation indexes to con-
struct a weighted standardized decision matrix Z =

(
zij
)
m×n,

the matrix elements are

zij = wjyij (34)

where, wj is the weight of the j-th evaluation index.
Step 3: Determine the positive and negative ideal solutions

A+ and A−. {
A+ =

(
z+1 , z

+

2 , . . . , z
+
n
)

A− =
(
z−1 , z

−

2 , . . . , z
−
n
) (35)

z+j = max
i
zij, z

−

j = min
i
zij (36)

Step 4: Calculate the Euclidean distances d+i and d−i
between each evaluation object and the positive and negative
ideal solutions.

d+i =
∥∥zi − A+∥∥ =

√√√√ n∑
j=1

(
zij − z

+

j

)2
(37)

d−i =
∥∥zi − A−∥∥ =

√√√√ n∑
j=1

(
zij − z

−

j

)2
(38)

where, zi is the i-th row of the weighted normalized decision
matrix, corresponding to the j-th evaluation object.
Step 5: Calculate the posting progress of each evaluation

object and the positive ideal solution.

C+i =
d−i

d+i + d
−

i

(39)

It can be seen from Eq. (39) that when C+i approaches 1,
the evaluation object is close to the positive ideal solution.
Step 6: Sort C+i in descending order. According to the

ranking, the result closest to the ideal solution is the optimal
evaluation object, that is, the optimal benefits in this paper.

The specific calculation process is shown in Figure 3.

FIGURE 3. The calculation process of dispatching strategy model.

IV. RESULTS AND ANALYSIS
A. SIMULATION PARAMETERS
This paper focuses on the influence of different dispatching
sequences and dispatching combinations on the integrated
dispatching strategy of power generation and consumption
interaction. Therefore, the impact of load uncertainty on
the dispatching strategy is not considered, only from the
existing model and historical data. The load curve is shown
in Figure 4. Referring to the relevant data of a certain area
(105.0◦ E, 35.4◦ N), it can be seen from the China Meteo-
rological Data Service Center that the average illumination
is 4.32 kW/m2 and the average wind speed is 4.87 m/s. The
forecast data of wind speed and illumination in a day can be
obtained in the HOMER software [27]. The curves of wind
and solar power are obtained by using the power calculation
formula, which are shown in Figure 5 and Figure 6.

The capacities of wind farm, photovoltaic power station,
battery energy storage are 120 MW, 160 MW and 30 MW,
respectively. For the TL and IL, the power declared by each
user is 0.2 MW, and the charging and discharging power
of EVs are both 30 kW. This paper presupposes that the
number of TL users participating in the declaration is 100,
the number of IL users is 100, and the number of EVs is
4000. In addition, time-of-use electricity price is adopted for

FIGURE 4. The original load curve.
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FIGURE 5. The wind power curve.

FIGURE 6. The solar power curve.

TABLE 1. On-Grid electricity price and purchase electricity price.

TABLE 2. Operation and maintenance costs of GS resources.

both on-grid electricity price and electricity purchasing price
from power grid [28], as shown in Table 1. The operation and
maintenance costs of wind farm, photovoltaic power station
and battery energy storage are shown in Table 2 [29].

In the process of dispatching, the different orders and com-
binations of LSDRs participating in dispatching will affect
the results. In order to analyze the influence of different dis-
patching orders and dispatching combinations of TL, IL and
EVs on the integrated dispatching strategy considering power
generation and consumption interaction, three different dis-
patching orders are proposed, which are: Order 1: random

TABLE 3. Seven different dispatching combinations.

TABLE 4. The optimal solutions under three dispatching orders.

TABLE 5. The total number of LSDRS under three dispatching orders.

dispatching (without considering the order of three kinds of
LSDRs); Order 2: interruption and transfer of load before
EVs charging and discharging; Order 3: EVs charging and
discharging before interruption and transfer of load. In addi-
tion, seven different dispatching combinations are proposed,
which are random permutation and combination of three
LSDRs, as shown in Table 3.

B. RESULTS AND ANALYSIS UNDER DIFFERENT
DISPATCHING ORDERS
Taking into account the uncertainty of LSDRs, such as TL,
IL and EVs, Monte Carlo method [30] is used to simulate the
electricity consumption behavior of users. The NSGA is used
to solve the Pareto Front of the benefits of the GS and the
benefits of the LS under three different dispatching orders,
as shown in Figure 7 (a), (b) and (c).

The optimal solutions under three dispatching orders are
determined in the Pareto Front by TOPSIS, which are shown
in Table 4. In addition, the total number of LSDRs under three
dispatching orders are shown in Table 5.

It can be seen from Table 4 and Table 5 that the benefits of
LS is the largest, but the benefits of GS is the smallest under
order 1. It shows that more users participate in the dispatching
under order 1, which is more flexible for users to participate
in dispatching and effectively improves the benefits of LS.
However, in order to compensate for IL and EVs discharge,
part of the benefits of GS is lost. However, for the order 3,
the benefits of LS is the smallest and the benefits of GS is
increased by 0.24% compared to order 1. It shows that the
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FIGURE 7. Pareto Front under three different dispatching orders.

dispatching results are not ideal under order 3, which not only
does not attract more users to participate in the dispatching,
but also reduces the benefits of GS. The results show that
different dispatching orders have a certain impact on the
dispatching results and the number of users participating in
the scheduling plays a major role.

In addition, the load curves under three dispatching orders
are shown in Figure 8. The SEPE and the UR are shown
in Figure 9.

It can be seen from Figure 8 that the fluctuation of load
curve under order 1 is the minimum, that is, the load vari-
ance is the minimum. The original load is optimized to a
certain extent. The second is order 2 and the last is order 3.
In addition, it can be seen from Figure 9 that SEPE and
the UR are optimal under order 1. It shows that when more
users participate in the dispatching process, it can maximize
the satisfaction of users, and make full use of wind and

FIGURE 8. The load curves under three dispatching orders.

FIGURE 9. Indexes comparison under three dispatching orders.

solar resources, which improves the level of wind and solar
consumption. To sum up, order 1 is the optimal dispatching
strategy among the three different dispatching orders.

C. RESULTS AND ANALYSIS UNDER ORDER 1
The above conclusions show that order 1 is the optimal, so the
results of order 1 are analyzed in detail. The number of TL
arranged at each moment is shown in Table 6. The number
of IL arranged at each moment is shown in Table 7. The
number of EVs arranged at each moment is shown in Table 8,
where the number of charging is positive and the number of
discharging is negative.

It can be seen from Table 6 to Table 8 that the number of
the LSDRs is different at each moment under the order 1.
Due to the limitation of driving habits, the number of EVs
participating in dispatching at each moment is quite different,
but the EVs participating in dispatching can meet the normal
travel demand.

TABLE 6. The number of TL.

TABLE 7. The number of IL.
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TABLE 8. The number of EVS.

FIGURE 10. The load curves under order 1.

The load curve under order 1 is shown in Figure 10. In the
low load period, wind resources are sufficient and the wind
power is greater than the load, while in the late peak period,
the wind power is less than the load. After dispatching, part
of the load in the late peak period is transferred to the low
period, which plays a role of ‘‘peak cutting and valley filling’’
to the original load to a certain extent. From 01:00 to 03:00,
the wind power generation is sufficient. From 11:00 to 16:00,
the solar power generation is sufficient. In addition to meet-
ing the load demand, the excess power is connected to power
grid. The energy storage chooses to discharge in the period of
high electricity price, so there are only a few discharges in the
dispatching process. However, due to the peak load at night,
the wind power generation is not enough to supply the load
demand, so the power is purchased from the power gird.

In addition, the power curves of LSDRs participating in
the dispatching is shown in Figure 11. The optimal dispatch-
ing strategy transfers part of the load from 19:00-22:00 to
01:00-04:00 and interrupts part of the load from 19:00 to
22:00. The dispatching of EVs is more flexible. In the low
period and 16:00-17:00, the wind and solar power generation
is sufficient. The EVs are charged, and the electricity price
is low during the low period, which can save the charging
cost. However, in the late peak period, the EVs begin to
discharge, which not only relieves the pressure of peak power
consumption, but also obtains the benefits.

D. RESULTS AND ANALYSIS UNDER DIFFERENT
DISPATCHING COMBINATIONS
In order to analyze the response ability of different LSDRs,
different dispatching combinations are studied based on
the order 1. The NSGA is used to solve the Pareto Front
of the benefits of the GS and the benefits of the LS

FIGURE 11. The power curves of LSDRs.

TABLE 9. The optimal solutions under seven dispatching combinations.

under seven different dispatching combinations, as shown in
Figure 12 (a), (b), (c), (d), (e) and (f). The optimal solutions
under seven dispatching combinations are determined in the
Pareto Front by TOPSIS, which are shown in Table 9.

It can be seen from Table 9 that the benefits of LS is the
largest under combination 1, but the benefits of GS is the
smallest. It shows that the participation of various LSDRs can
effectively improve the benefits of LS, but the benefits of GS
is damaged because of the large number of participation.

For combinations 2 and 6, IL participates in dispatching,
which makes the benefits of GS less. This is mainly because
of the need for price compensation for IL. At the same
time, the benefits of LS is small, which indicates that the
number of IL participating in dispatching is less. It indirectly
indicates that few users participate in load interruption. For
combinations 2, 3 and 5 with TL, the benefits of GS is great,
and the LS also has certain benefits. The main reason is that
the load is transferred from the peak time price to the valley
time price. While stimulating the load transfer, the GS loses
part of the benefits, but the GS gets the balance in other
aspects. Besides, in addition to combination 1, the benefits
of LS of combinations 3, 4 and 7 are larger. The common
point is that EVs participate in the dispatching, which makes
the dispatching more flexible and effectively improves the
benefits of LS.

The load curves under seven dispatching combinations
are shown in Figure 13. The SEPE and the UR are shown
in Figure 14.

It can be seen from Figure 13 that the load curve fluctuation
under combination 1 is the smallest. For combinations 2,
3 and 4, there are two kinds of LSDRs participating in the
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FIGURE 12. Pareto Front under seven different dispatching combinations.

dispatching, so the load curve fluctuations are smaller than
that of combinations 5, 6 and 7. At the same time, the load
curve fluctuation of combination 3 is the smallest, followed
by combinations 2 and 4, which shows that the TL has the
best effect in reducing the load curve fluctuation, followed
by EVs and IL. In addition, for combinations 5, 6, and 7,
the load curve fluctuation of combination 5 is the smallest,
followed by combinations 7, 6. The same conclusion is
obtained.

It can be seen from Figure 14 that the SEPE and the UR
under combination 1 are optimal. Similarly, for combinations
2, 3 and 4 with two kinds of LSDRs, the SEPE and the UR
are better than those of combinations 5, 6 and 7. For combi-
nations 2, 3 and 4, the SEPE and the UR under combination

3 are optimal, followed by combinations 4 and 2. Similarly,
for combinations 5, 6 and 7, the SEPE and the UR under
combination 7 are optimal, followed by combinations 5 and 6.
The results show that EVs can maximize the satisfaction of
users participating in dispatching, and has the best effect in
the use of wind and solar resources. The second is the TL and
the last is the IL.

In conclusion, EVs, as amobile energy storage unit, can not
only charge but also discharge. It can effectively utilize the
wind and solar resources and improve the level of wind and
solar energy consumption. Meanwhile, TL can effectively
reduce the load curve fluctuation. Therefore, EVs and TL
should be selected first in the integrated optimal dispatching
process of power generation and consumption interaction.

VOLUME 9, 2021 1347



Z. Liu et al.: Integrated Optimal Dispatching Strategy Considering Power Generation and Consumption Interaction

FIGURE 13. The load curves under seven dispatching combinations.

FIGURE 14. Indexes comparison under seven dispatching combinations.

The IL can increase the reserve resources in the peak load
period, and as an auxiliary in the dispatching process, it can
optimize the dispatching results.

V. CONCLUSION
In this paper, an integrated optimal dispatching strategy of
power generation and consumption interaction is proposed.
The GS resources include wind power, photovoltaic and bat-
tery energy storage. The LSDRs include TL, IL and EVs.
By comparing three different dispatching orders, the results
without considering the order of three kinds of LSDRs are
optimal. Furthermore, seven different dispatching combina-
tions are compared based on the optimal dispatching order,
which verifies that the dispatching strategy considers the
willingness of the LS to the greatest extent and effectively
improves the UR. At the same time, it plays a role of ‘‘peak
cutting and valley filling’’ to the original load to a certain
extent. Therefore, in the future, EVs and TL should be
selected first in the integrated optimal dispatching process of
power generation and consumption interaction and IL should
be used as auxiliary in the dispatching process, which can
optimize the dispatching results.

It should be pointed out that, in this study, the unified
declaration of electricity price is taken without considering
the diversity of declaration. Therefore, further studies will
focus on the diversity of declaration of electricity price and
the diversity of LSDRs participating in dispatching.
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