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ABSTRACT
Environment and financial matters provide careful attention to electric vehicles (EV) and economical 
power resource benefits. There is an answer suggestion for increasing the effect of this benefit that is 
using the Potential of electric vehicles. The capacity for electric vehicles needs getting ready for Smart 
Dispensation Systems (SDS). Demand response schemes, as an appropriate gadget using the potential of 
ratifier in the perfect organization of the framework, grants dynamic closeness in the system of control 
supporters implementation shift and these undertakings, in the essential situations, can grant the demand 
requirements decreasing, in a short time period. In the proposed paper, endeavors to give a multipurpose 
schematization of EV in view of the keen lattice maintainable resources, wear vulnerability brought 
about by unlimited resources and EVs, due to the demand response undertakings, EV cell accumulating 
structure, restrict the performing expenses and the amount of force system contamination, by improving 
methodology. Enhanced advancement calculation is used for dealing with the propelling issue. Working 
expenses dropped considerably additionally using financial pattern of the request reaction and vehicle 
charge/release and intelligent plan in the times that the heap is little. Viability of the suggested strategy is 
connected to 94 standard transport power framework.
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1. INTRODUCTION 
A. Problem Definition

Reduction in sources of fossil fuel, hard 
strategies on reducing peripheral contamination, 
the expense of building new installations in the 
current electricity network, inefficiency of the 
recent network, require for increasing the factor 
of power, require for gain in security of supply, 
expanding and increasing reproducible power 
resources permeation, rise of electric vehicles 
(EV), etc., an incentive to transport the current 
power network into a intelligent network. An 
intelligent network is faced with enhancing power 

resources development like dispensed production, 
management of demand side, electric vehicle and 
system of the reserve. Managing of these resources 
needs a method of the impressive control that can 
maintain the reliability of the energy network at the 
appropriate level [1].

The predictions suggest that in spite of the 
fact renewable energies have some advantages 
compared to nonrenewable energies, the growth 
of the fossil energies will be more than that of 
renewable energy in two decades from now. There 
are various reasons to justify the matter and more 
important ones are the lower final expense of 

http://creativecommons.org/licenses/by/4.0/.
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power production using fossil fuels compared to 
renewable energies despite the significant decrease 
in price of wind turbine, solar arrays, etc., in 
recent years and higher reliability of nonrenewable 
energies, with assumption of availability of fuel for 
fossil power plants compared to unpredictability of 
the time and level of availability of initial sources of 
renewable energies [2].

The rising infiltration of dispensed power 
sources connected to the conduction and 
dispensation networks is introduced new tests in 
management and functions of energy units. Several 
available solutions have presented for ambiguity 
action of reproducible resources. Changing the 
non - active users into active ones according 
to the demand response program, in sync with 
reproducible resources  to compensate their 
uncertainties in an intelligent network. According 
to the response of demand,the program leads to 
more adaptability in function and power system 
programming [3].

B. Review
In [4], a new real-time managerial method 

is proposed for coordination of a number of 
electric and V2G vehicle charging in an intelligent 
dispensation network.

In [5], electrical vehicles roles in the 
management of demand-side and network 
equilibrium in Britain power network is assessed. 
The results suggest that electric vehicle owners can 
benefit from participation in V2G programs in 
market equilibrium.

An innovational method is presented in [5] for 
minimization of electric vehicle charge expense 
using the incentive-based demand response 
programs in a set-out market. The results suggest 
that the maximum demand could be decreased 
according to presented control methods for electric 
vehicles.

A navy method of load management for an 
optimum charge of hybrid cars in order to decrease 
maximum load is presented in [6] and execution of 
new game theory with the purpose of minimizing 
the charge expenses for vehicle owners is discussed.

Using the electric vehicles, especially V2G 
compatible ones with the ability to inject power to 
the network in emergencies moments is considered 
one of the transportation system solutions for 
avoiding the production of environment pollutants 
[7].

In [8], an optimum schematization is presented 

by combining electrical vehicles and household 
appliances in the smart micro network. Providing 
electrical energy using clean energies such as 
wind and solar energies will result in less pollutant 
production in the power system. With regard to the 
increasing price of energy carriers, the operation 
expense of thermal unit increases on a daily basis. 
On the contrary, reproducible power resources 
like solar and wind are low-operation-expense 
sources, but their problem is their intermittent 
and uncertain nature [9]. The ambiguity of power 
production in these sources causes problems in 
power system operation schematization. Ambiguity 
in inaccurate parameters is considered using fuzzy 
systems method or probabilistic methods [10].

In [11], a centralized charge schematization 
is proposed for smart parking using the real 
movement/parking patterns of electric vehicles. The 
proposed method is compared using two known 
and practical mechanisms and the usefulness of the 
presented strategy is proved. In this model, the aim 
is to maximize the parking profit and the number 
of completely charged electric vehicles. Whereas, 
previous studies mostly focused on aims such as 
operation expense minimization.

The optimum schematization of dispensed 
repositories devices is proposed to improve the 
security with regard to power system limitations 
and considering unit commitment and system 
security constraints in [12].

In [13], seamlessly action of electric vehicle 
and reproducible production sources in a smart 
dispensation system is considered. In this paper, 
in order to deal with complications and problems 
caused by integration and incorporation of electric 
vehicles and renewable production sources, a form of 
the aggregator is introduced as a mediator between 
consumers including electric vehicle owners and 
dispensation system operators. Furthermore, 
electric vehicles are calculated as demand response 
bars which can take part in subsidiary services by 
gathering reserve for the system. Also, the results 
suggest that integrated schematization of electric 
vehicles and renewable Vehicles can reduce the 
negative result of the ambiguity of these sources.

In incentive-based plans, electricity companies 
require consumers to decrease their use in specified 
times or move it to other time by contracts and 
some incentives. Moreover, some incentive-based 
demand response programs allow consumers or 
their representatives to participate in the electric 
energy market directly as manageable loads and 
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present suggested price-magnitude and desired 
schedule. In addition to, the price-based response of 
demand programs attempts to decrease electricity 
use in max hours or move it to off-max hours, using 
higher prices in max hours or the time when the 
network reliability is jeopardized and lower prices 
in off-max hours [14].

C. Contributions
For this purpose, there are several stages and 

cases that are presented as follows:
· In the first step, the programming is for the 

standard dispensation network. At this situation, 
the power current is acting without the resource of 
energy.

· In the second step, the programming for the 
network is carried out by using of non-reproducible 
resources and (EV) electric vehicles by an intelligent 
algorithm and due to the minimum expense of 
operation and network dissemination. 

· In the third step, the reproducible resources 
are gathered to the network and the programming 
is carried out again.

· In the fourth step, unsteadies comes from 
reproducible resources are considered. 

· In the fifth step, the response of the demand 
plan is gathered to the assimilation.

· In the last step, the entire the above steps are 
done for the actual network.

2. ISSUE STATEMENT
In this paper, we try to investigate the 

multipurpose schematization of an electric vehicle 
according to the reproducible resources in the 
smart network and by attention to the program of 
demand response and battery repository system of 
the electric vehicles, cover the uncertainties caused 
by renewable resources and electric vehicles. Next, 
we try to reduce the operating expense and emission 
using proper methods of optimization. For covering 
the ambiguity caused by renewable resources like 
the wind power plant and photovoltaic systems, the 
Monte Carlo strategy is used.

High penetration of electric vehicles will lead 
to significant changes in the load curve. In other 
words, the smart network may use V2G smartly as 
a dispensed power source. All of these, add deep 
complexities to the smart network schematization 
and operation in a way that the operation requires a 
new method and more precise calculation sources. 
In this complex state, smart calculation methods 
for solving large-scale problems in an acceptant 

time, are very important. With simultaneous 
developments in recent technologies, increased 
concerns regarding the environmental effects of 
using fossil fuels and decreasing trend of these 
fuel sources, the topic of generating clean and 
sustainable energy has attracted a lot of attention. 
Moreover, by implementing renewable energy 
sources, the consumers will only have to pay 
for production expense and not transmission 
and dispensation expenses and direct expenses 
regarding the health lesion and environment 
cleaning. Energy expenses, ambiguity in production 
and environmental concerns, has obligated the 
revision of energy sources configuration and has 
led to the development of various sources of clean 
and renewable production. Electrical vehicles 
can provide a significant amount of demand-side 
management. Using their repository systems, 
these vehicles help the intermittent and fluctuating 
production sources like solar and wind production 
have more permeation. The power network is one 
of the very complicated systems ever made by 
human and one of the areas in which we can apply 
various optimization targets due to ambiguity and 
restrictions in operations.

There is no question in global warming and the 
absolute role of fossil fuel vehicles in this matter. 
Hence, we have to replace fossil fuels with clean 
fuels. Moreover, it is demonstrated that electric 
and hybrid vehicles require less maintenance. Also, 
governments offer significant loans for buying 
electric and hybrid cars (in the US, these loans 
are mostly paid by the federal government). On 
the other hand, we witness that in long term, the 
expenses of hybrid and electric cars are much less 
than those of fossil fuel cars (only 4000 $ during 
five years just for fuel price difference). Therefore, 
in order to save the earth from phenomena such 
as global warming and decrease the operating 
expenses, it is recommended to replace the fossil 
fuel vehicles with electric and hybrid ones [15].

A. Smart network
For the purpose of giving a clear understanding 

of the smart network, NIST has provided an 
intuitive model, Figure 1, which can be used as a 
reference for different parts of the electric system 
where the smart network has been standardized. 

B. Demand response program implementation neces-
sity

The electric energy in the power system level 



76

Giorgos Jimenez

Journal of Smart Systems and Stable Energy, 1(1): 73-104 Winter 2022

cannot be stored extensively, hence, the available 
capacity should always equal or exceed the overall 
consumers of the system.

Sometimes during a year, the system’s 
consumed power will increase severely, and 
without considering the demand responses, the 
required production capacity in order to provide 
power and reserve for this time would increase 
too. Whereas, power plants installations are very 
expensively and time-consuming, but by utilizing 
demand response program, the use  in these hours 
will be decreased by the consumers who are willing 
to decrease their use  and as a result, spending on 
establishment of new power plants for overcoming 
short term extreme increase in load each year 
would be averted [15].

Furthermore, demand response can increase 
system reliability. Because the loads in this program 
can mitigate the system capacity or local restriction 
by decreasing a portion of their use. In emergency 
times or when the system reserve level is low, the 
dispensation company inevitability has to ration 
the consumers’ power in order to avoid successive 
outage and maintain the system integrity; but 
providing load reduction services by consumers 
will lead to a reduction of losses caused by the 
unwanted power outage [17].

C. Smart dispensation network schematization
dispensation networks as the last loop of power 

systems, have a lot of influence on reliability and 
consumers’ satisfaction. Moreover, most of the 

losses of the network occur in this section. Hence, 
optimum schematization of energy sources with 
proper objective functions has a lot of influence 
on expenses reduction and network reliability 
increase. Studies on dispensation network 
schematization have been attracting significant 
attention in dispensation companies’ studies for 
a long time. Nowadays, due to more population 
density and electricity demand increase, making 
the dispensation systems smart is one of the 
essential needs. Since usually 80 to 90 percent of 
the problems that affect the consumers’ reliability, 
occur in dispensation networks, implementation of 
smart network in this voltage level can improve the 
network reliability.

Since the future networks in the urban 
environments will be far more compact and energy 
provision with proper reliability and lower expense 
is required by customers and dispensation network 
schematization, using smart dispensation networks 
is not only a solution but also an essential need. In 
smart networks context, using electric vehicle and 
renewable sources (solar and wind) as the most 
reliable and accessible energy sources. In order to 
optimally use new energies and electric vehicle, 
smart dispensation networks schematization is 
very important [18].

D. Modeling and mathematical formulating of 
energy resources programming issue

In intelligent dispensation network schemati-
zation, the objective is to minimize the operating 

 

Figure 1. Overview of smart network 

   

Fig. 1. Overview of smart network
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expense and contamination and obtain dispensed 
productions energy and electric vehicles recharge 
and discharge in a 24-hour period. In this case, ac-
tive power is attended, so the power factor of the 
dispensed productions is considered one. With 
regard to smart networks schematization problem 
modeling, the power of dispensed productions is 
considered as consumers. Due to the fact that in 
the discharge state, the electric vehicle injects the 
power to the network, they are considered as con-
sumers. In charge state, electric vehicles receive 
this power from the network. The studied networks 
in this paper, are standard 33-bus axial dispensa-
tion network and real 94-bus network, which are 
described separately in section 4. Dissolving the 
electric vehicle and power resources programming 
issue is as explained in the coming section:
1. The first is the axial bar current for the 

dispensation network without the resource of 
the energy and the contamination and power 
network function expense in the investigations 
period of time are deliberated.

2. Non-producible resources and electric 
vehicles are combined to the intelligent 
network programming, so, the expense and 
contamination operations are reduced at first 
in the single-purpose model and then in the 
multipurpose model.

3. The producible resources are combined to the 
intelligent network programming, so, the 
expense and contamination operations are 
reduced at first in the single-target model and 
then in the multipurpose model.

4. The ambiguity caused by producible resources 
are attended in this level, afterward level 3 is 
reiterated.

5. In this level, the plan of demand response is 
combined with the energy sources programming 
and level 3 and 4 are reiterated.
In energy resources programming issue in 

intelligent dispensation network, the parameters 
below are assumed:
· The amount of demanded electric load in each 

hour
· Electricity price in each hour
· Rated specifications of the production units
· Rated specifications of the battery
· Network specifications
· The cross-price elasticity of demand matrix 
· Reward and expense coefficients of a demand 

response program
In the resources of energy programming issue 

in smart dispensation network in this paper, by 
inputting the problem’s assumption and solving the 
problem, we are looking for an optimum answer for 
the following variables:
· Generated electric power in each unit in each 

hour
· Electric vehicle charge and discharge power
· Total operation expense
· Contamination of the overall network

D.1. bar current 
The method of the bar current used here is 

expanded according to the infusion of the bus 
to branch flow (IBBF) and flow of branch to bus 
voltage (FBBV) matrices. The extracted matrices 
prepare new explanation regarding the connection 
among the buses voltage, flow of branches and 
injected current by means of buses. The connection 
among infused flow and flow of branch is presented 
as equation (1):

[ ] [ ][ ]B BIBC I=        (1)

the That, [ ]I and [ ]B  area vector of branch 
flow and infused flow of every bus, orderly. IBBF 
is a schart above triangle matrix, where all the non 
- zero items are+1. Some methods for creating this 
matrix is as explained in the coming section:

1. ( )( )1m n× −  is a dimension of the IBBF 
matrix for a dispensation network with (m) 
branches and (n) buses. 

2. If there is a situation that branch l located 
between buses i and j, the whole of the columns 
for the matrix of i-th bus must be replicated to j-th 
column and the entrances of the line of the l-th 
branch and j-th column are put +1.

3. The second level is iterated until all of the 
branches of matrix IBBF are proven.

The connection between bus flow and bus 
voltage can be presented as equation (2)

[ ] [ ] [ ][ ]0V V BCBV B− =   (2)

In the presented equation, [ ]0V  and [ ]V  are 
primary voltage for buses (no load) and vector 
of buses voltage, orderly. The equation (3) can be 
presented as these equations:

[ ] [ ][ ]V BCBV B∆ =   (3)

In equation (3-3), [ ]V∆  is:
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[ ] [ ] [ ]0V V V∆ = −  (4)

The BCBV schart matrix that contains non-
zero entrances indicating impedance of the line, is 
presented in three steps:

1. For a dispensation network with n buses 
and m branches, ( )( )1n m− ×  is the BCBV matrix 
dimension.

2. Line l can be located between buses i and j, in 
this situation, all of the matrix columns for i-th bus 
must be replicated to the column of the j-th and the 
entrances of the j-th branch line and first column 
branch are put to line Zij impedance.

3. If all of the BCBV matrix branches are proven, 
step 2 will be reiterated.

Merging the equations (1) and (3), we can get 
the connection between the voltage of bus and flow 
of bus insertion:

[ ] [ ][ ][ ] [ ][ ]V BCBV BIBC I DLF I∆ = =     (5)

Eventually, with respect to the statements, 
the bar current of an axial dispensation network 
may be gained by utilizing iteration strategy and 
equation (6).

( ) ( )k re k im k i i
i i i j i k

i

P jQ
I I V j I V

V

∗
 +

= + =   
 

 
 

[ ]1k kV DLF I+   ∆ =        (6)

[ ]1 1
0

k kV V V+ +   = + ∆   

That, k demonstrate the analogous counter’s 
number. Therefore, it can be presented that utilizing 
this strategy, we just require a matrix of DLF for 
computing bar current that is too impressive in 
decreasing the time of computation.

D.2. Losses formula
The formula of active casualties in axial 

dispensation network is presented utilizing the true 
flow and insistence of lines, casualties of reflexive 
utilizing imaginary flow and insistence of the lines 
utilizing equations (7) and (8): 

[ ]2
Loss lineP B R =     (7)

[ ]2
Loss lineQ B X =     (8)

D.3. Modeling of wind power 
Wind power produced by the speed of wind 

varies from the site of the wind farm. The turbine 
output power may be specified utilizing the wind 
turbine power curve. The turbine of wind is planed 
in a way so that it may begin producing at the 
velocity of connection, V ci, and switch off in Vco 
speed. The evaluated power Pr is produced when the 
speed of the wind is among the evaluated speed of 
the wind, Vr, and disconnection velocity, Vco. There 
is a nonlinear relationship among the output of the 
producer power and the speed of the wind that the 
wind velocity is among the producer junction speed 
and evaluated the speed of the wind. Therefore, the 
produced power, Pi, that is commensurate to the 
special speed of the wind, SWi, is achieved from the 
following equation [19]:

2

0 0

( )

0

i ci

r i i ci i r
i

r r i co

i co

SW V

P A B SW C SW V SW VP
P V SW V

SW V

≤ ≤


× + × + × ≤ ≤= 
≤ ≤

 ≥

 
                       (9)

In this article, an ordinary wind power production 
model with a junction, evaluated and dis-junction 
velocity of 25, 14 and 4 meters per second, orderly, 
and a max output of 1 megawatt is used.

D.4. PV modeling 
The radiation conversion to power of electric 

operation utilized in this article is according to the 
presented equation [19] :

PV PVP S gη= × ×  (10)

that, PVη  is the proficiency of the solar cells, 
PVS is the whole region of solar cells in solar farm 

and g distinguishes the radiation of solar.

D.5. Objective functions
The function of multi-purpose optimization is 

described as the following statement:

{ }Cost EmissionMinimize F ,F    (11)

D.6. Function of expense
The whole function expense of the dispensation 

network in the existence of electric vehicles, 
dispensed productions and the response of demand 
is computed utilizing the presented method like the 
following statement:

CostF F1+F2+F3=  (12)
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· Component F1  presents the expense of 
the whole function by DP. The defined function 
contains 3 sections. The first section is correlated 
with fuel cell and diesel producer DPs, the 2-th 
section contains the expense of the wind power 
plant function and the 3-th section presents solar 
cell function expense.

,Diesel ( ) ind ( ) ( )1 FC DG W DG PV DGF C C C= + +  (13)

In equation (13), FC,Diesel (DG)C  demonstrate 
units of fuel cell and diesel producer function 
expenses. The factor of power in dispensed 
productions are supposed to be 1, therefore, just 
active power can be seen in the equations. In this 
situation, the function of F1 just contains the 
expense of non-producible function.

{ }
1 1

,Diesel ( ) ( , ) ( , ) , 1,...,
DGNT

t DG
FC DG DG DG t DG DG tC P C t T

= =
= × ∀ ∈∑ ∑   

 
(14) 

 
                                                                                        ( ) ( ) ( ) ( )

2
DG,t DG,t DG,tDG DG DGDG DG DG,t DGC a u b P c P= × + × + ×

    
(15)

Where DG (DG,t)C is DP production in time t, 
DG (DG,t)P  is fuel cell active power production and 

diesel producer DPs and a, b and c are fuel cell and 
diesel producers DPs expense coefficients, orderly. 

DGu( ,t) is a variable of binary that will be one if the 
DPs are in the current and 0 if the DPs are switch 
off.

The turbine of wind and solar cell are settled on 
buses 19 and 27, orderly.

The expense of wind turbine function, 
Wind (DG)C , and expense of solar cell function, 
PV(DG)C , are represented in equations (16) and  

(17):

( )1 1
( ) ( ) ,

windNT

t wind
Wind DG wind t DG wind tC Pλ

= =
= ×∑ ∑

  (16)

( )1 1
( ) ( ) ,

pvNT

t pv
PVPV DG PV t DG tC Pβ

= =
= ×∑ ∑   (17)

that ( )DG wind,tP  demonstrate wind unit produced 
power, windë  show the factor of the wind turbine 
function expense, ( )PVDG ,tP presents the solar unit 
produced power and PVâ  demonstrate the factor 
of the solar cell function expense.

· The Function of D2 shows the expense 
accompanied by purchased energy from the 
network:

( ) ( )Grid t t
1

Grid2
T

t
F P C

=
= ×∑       (18)

Grid (t)P  is need active power of network and 
Grid (t)C  is the expense of network energy in time t.
· The function of F3 shows the expense of 

electric vehicle recharges and discharges.

( ) ( ) ( ) ( )1 1
arg , arg , arg , arg ,3

VNT

t V
Dis ch e V t Dis ch e V t Ch e V t Ch e V tF P C P C

= =
= × − ×∑ ∑   

          (19)

( ) ( ) ( ) ( )1 1
arg , arg , arg , arg ,3

VNT

t V
Dis ch e V t Dis ch e V t Ch e V t Ch e V tF P C P C

= =
= × − ×∑ ∑

Where Dis charge (V,t )P  demonstrates the power of 
the v-th vehicle discharges, Charge (V,t )P demonstrates 
the power of the v-th vehicle recharge power, 

Dis charge (V,t)C shows the expense of the v-th vehicle 
discharge energy, and Charge (V,t)C  shows the expense 
of the  v-th vehicle recharge energy in time t.

D.7.function of  the contamination
The function of the contamination brought in 

this article is for nonrenewable and the network of 
power. The function of the contamination makes of 
two parts. 

EmissionF F1 F2= +   (20)

· The function of F1 shows all of the 
contamination by the DP in a special time (of t=1 
to t=T).

( )

{ } { }
2

1 1

1 1

1
DG

DG

NT
DG DG,t

CO
t DG

DG,tDG

t ,...,T DG ,...,N

F Em P E ,
= =

∀ ∈ ∀ ∈

= = ×∑ ∑   
          (21)

That  
2

DG,t
COE  demonstrates the price of carbon 

dioxide contamination in nonrenewable DPs.
· The function of F2 shows the contamination 

accompanied by power production units in the 
basic network.

( ) 2

,

1
2

T
G r i d t
COG r i d t

t

GridF Em P E
=

= = ×∑      (22)

That  
2

G r i d ,t
COE  shows the price of the median 

carbon dioxide contamination in the basic network.

D.8. Problem restricts
Equilibrium of power is the first constraint in 

the intelligent dispensation network programming 
issue. This constraint shows the parity between 
the production and the usage in a system of 
power that the following statement belongs to the 
equation:
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( ) ( ) ( ) ( ) ( )

( )

1 1 1 1

1

, ,

,

, , arg

arg

DG PV V

V

windN N N N

DG wind PV V
N

V

t DG t V t

V t

Grid DG wind DG t PV DG t Dis ch e

t tCh e

P P P P P

D P Loss

= = = =

=

+ + + +

= + +

∑ ∑ ∑ ∑

∑
      

 (23)

That  Dt is the total demand of the network in 
time t, Losst shows the total losses of the network.

Power of dispensed production and discharge 
and recharge of the vehicles are got as changing 
from the issue of the optimization and equation 
(23) can present as follows:

( ) ( ) ( ) ( ) ( )

( )

1 1 1 1

1

, ,

,

, , arg

arg

DG PV V

V

windN N N N

DG wind PV V
N

V

t DG t V t

V t

Grid DG wind DG t PV DG t Dis ch e

t tCh e

P P P P P

D P Loss

= = = =

=

= − − − −

+ + +

∑ ∑ ∑ ∑

∑

 
        (24)

In this situation, the power of the network is 
computed employing equation (24). To prevent 
violation of the network’s total power from the 
allowable value, the technical construction of the 
power network is present as follow (25):

( )
max
subGrid tP P≤         (25)

max
subP  is the greatest amount of drawn active 

power from the basic station
The power saved in electric vehicles in every 

sample is the discharge and recharge power 
variation furthermore the initial power saved in 
the battery; while this constraint as the parity 
constraint in every electric vehicle is presented in 
equation (26):

( ) ( ) ( ) ( ), , -1 , ,arg argV t V t V t V tStored Stored Disch e ch eP P P P= − +
  
(26) 

          

That  Stored(V,t)P is the power saved in “v” vehicle 
in time (t) and Nv shows the count of electric 
vehicles.

The primary condition of V2G batteries 
equilibrium, Stored(V,1)P , is placed as imported 
information earlier than the optimization.

Equation (27) presents the greatest amount 
of the discharge restriction in every vehicle that 
is for preventing contravention of electric vehicle 
recharge power from the allowable value.

( ) ( ) ( )

{ } { } { }
, , ,arg arg

1,..., , 1,..., , 0,1V

V t V t V tDisch e Disch eLimitP P X

t T V N X

≤ ×

∀ ∈ ∀ ∈ ∈
 (27) 

         

That   DischargeLimit(V,t)P shows “v” vehicle 

discharge constraint in time (t) and (V,t)X shows 
a binary factor of “v” vehicle recharge that is one if 
the vehicle is startup recharged and 0 if it happens 
in other respects.

The greatest amount of recharge restriction for 
any “v” vehicle is outlined by equation (28) that 
is located to prevent violation of electric vehicle 
recharge restriction from the allowable value. 

( ) ( ) ( )

{ } { } { }
, , ,arg arg ,

1,..., , 1,..., , 0,1V

V t V t V tCh e Ch eLimitP P Y

t T V N Y

≤ ×

∀ ∈ ∀ ∈ ∈

   
          (28)

ChargeLimit(V,t)P  shows the recharge constrain 
of “v” vehicle in time (t) and also Y(V,t) is a binary 
factor indicating discharge of vehicle “v” that will 
be one if it is discharging and 0 if it happens in 
other respect.

By attention to equation (29), a “v” vehicle can’t 
charge and discharge simultaneously in one period.

( ) ( ) { } { } { }, , 1, 1,..., , 1,..., , , 0,1VV t V tX Y t T V N X Y+ ≤ ∀ ∈ ∀ ∈ ∈ (29)

In equation (29) if ( ),V tX is one, in this situation 

( ),V tY should be zero that shows the electric vehicle 
is recharging.

For  modeling technical constraints of dispensed 
resources and predicting contravention of a special 
value, equations (27) and (28) shows as follows:

( ),
max

DG t DGDGP P≤         (30)

( ),
min

DG t DGDGP P≥    (31)

max
DGP shows the greatest amount of  allowable 

power and min
DGP is the lowest amount of allowable 

power for every DP.
D.9. The response of demand to economic 

designing
A linear demand function is the easiest and the 

most usual kind of designing of the relationship 
among the expense and demand for electricity 
which is presented as:

( ) ( )D i b a P i= − ⋅   (32)

That D(i) is the demand for electricity and P(i) 
is the expense of electricity. a shows the gradient 
and b shows the y-intercept demand function. 
Utilizing the self-price demand for electricity 
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(demand to expense sensitiveness), like as the 
following statement:

( ) ( )
( )

( )
( )

,
P i P i

E i i
D i D i

∂
= ×

∂   
(33)

By putting equation (32) in equation (33), 
the self-price demand for electricity (demand 
to expense sensitiveness) can be computed by 
equation (34):

( ) ( )
( )

,
a P i

E i i
a P i b
− ⋅

=
− ⋅ +

        (34)

The assumption is that electricity has been 
presented to consumers with 3 several expenses of 
P(i), P(j) and P(k) for low-usage, medium- usage 
and max usage times. That p(i) demonstrate the 
electricity expense, euros each kilowatt hours, 
the client uses D(i) kilowatt hours. likewise, for 
expenses of p(j) and P(k) euros each kilowatt, D(j) 
and D(k) kilowatt hours of energy are utilized by 
electricity clients, orderly. utilizing this strategy, 
the value of money that the users pay, (I), can be 
computed by equation (35):

( ) ( ) ( ) ( ) ( ) ( )P i D i P j D j P k D k I⋅ + ⋅ + ⋅ =   (35)

utilizing equation (32), P(i), P(j) and P(k) can 
be computed by equations (36) to (38), orderly:

( ) ( )D i a
P i

b
− +

=         (36)

( ) ( )D j a
P j

b
− +

=         (37)

( ) ( )D k a
P k

b
− +

=         (38)

By putting equations (36), (37) and (38) in 
equation (35), equation (39) can be gained:

( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )2 2 2 2 0D i b D i a P i P k a b P j P k a I− + ⋅ − ⋅ + + ⋅ ⋅ + − ⋅ = 

( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )2 2 2 2 0D i b D i a P i P k a b P j P k a I− + ⋅ − ⋅ + + ⋅ ⋅ + − ⋅ =  (39)

By gaining D(i) from (39) we can compute ( )
( )

D i
P j
∂
∂

utilizing the expressed equation:

( )
( )

( )

( ) ( )( ) ( ) ( )( ){ }
2

2 2
1

22 2

2

4

D i a P j a b
P j

b a P j P k a b P j P k a I

∂ − ⋅ ⋅ + ⋅
=

∂
 + ⋅ − + + ⋅ + − ⋅  

 
         (40)

utilizing the cross-price elasticity of demand 
description, the flexible cross-price elasticity of 
demand (for a period of  i-th against j-th) can be 
expressed as equation (41)

( ) ( )

( ) ( )( ) ( ) ( )( ){ }
( )
( )

2

2 2
1

22 2

2
,

4

a P j a b P j
E i j

a P i b
b a P j P k a b P j P k a I

− ⋅ ⋅ + ⋅
= ×

− ⋅ +
 + ⋅ − + + ⋅ + − ⋅  

   
       (41)

Accordingly, for a period of 24-hours, the self-
price elasticity and cross-price elasticity become 
a 24×24 matrix that is presented in the following 
statement:

( )
( )
( )

( )

( ) ( ) ( )
( ) ( )

( )

( ) ( ) ( )

( )
( )
( )

( )

1 11,1 1,2 1,24
2 22,1 2,2
3 3,

24,1 24, 24,2424 24

D PE E E
D PE E
D PE i i

E E j ED P

∆ ∆        ∆ ∆        ∆ = × ∆            ∆ ∆       

 

  

   

    

 

 

 
         (42)

The diagonal inputs of the presented matrix 
show the self-price elasticity and inputs of the 
non-diagonal show the cross-price elasticity. The 
column of j-th in this matrix shows how changing 
in expenses in the j-th period can influence the 
expenses in the other periods.

Some demands of the electricity can’t change 
from 1 period to another period (like as lightings 
of the public) and there is no difference in loads 
to be on or off. The demands that are presented 
by self-price elasticity, own one-period elasticity. 
By changing the usage from D0(i) (initial usage) 
to D(i) by users, the demand shift as follows in the 
response to the amount distinguished as award and 
punishment:

( ) ( ) ( )0D i D i D i∆ = −    (43)

If A(i) unit of money has paid as an award to 
the client each kilowatt hours decrease in demand 
in (i) period, the whole award that paid caused by  
paid reward because of taking part in the program  
of demand response Pr( D( i ))∆  is presented as 
equation (3-44):

( )( ) ( ) ( ) ( )0Pr D i A i D i D i∆ = ⋅ −         (44)

Therefore, if a client has taken part in programs 
of demand response and has not carried out their 
obligation in accordance with the convention, 
in this situation they are punished. If the put 
convention demand for a period of i-th described 
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as IC( i ) and the punishment for the told period 
is Pen( i ) , Pen( D( i ))∆ is the whole punishment 
because of demand growth:

( )( ) ( ) ( ) ( ){ }0Pen D i Pen i IC D i D i∆ = ⋅ − −   (45)

By the usage of that ( )( )B D i  is the electricity 
user’s income in the period of i-th from D( i )
kilowatt-hours electricity use, the electricity 
desirableness of client in i-th period is according to 
the following formula:

( )( ) ( ) ( ) ( )( ) ( )( )U B D i D i P i Pr D i Pen D i= − ⋅ + ∆ − ∆   (46)

Due to the rules of classic optimization in for 
maximizing the electricity desirableness of client, 

( )
U

D i
∂
∂  should be 0, therefore it will be like this 
statement:

( )
( )( )
( ) ( )

( )( )
( )

( )( )
( )

0
B D i Pr D i Pen D iU P i

D i D i D i D i
∂ ∂ ∆ ∂ ∆∂

= − + − =
∂ ∂ ∂ ∂

 
          (47)

When we solve equation (47), we gain equation 
(48):

( )( )
( ) ( ) ( ) ( )

B D i
P i A i Pen i

D i
∂

= + +
∂

       (48)

The electricity desirableness of client that used 
usually is a second-class function that is presented  
as the following equation (3-49):

( )( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( )

0
0 0 0

0
1

2
D i D i

B D i B i P i D i D i
E i,i D i

 − = + ⋅ − ⋅ +     ⋅  

  
         (49)

That ( )0B i is primary income because of 
primary demand ( )0D i  and ( )E i,i  shows self-
price elasticity of electricity demand in period 
of i-th. By compputing ( )( )

( )
B D i
D i

∂  and putting it in 
equation (48), we can gain equation (50): 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( )

0
0

0
1

2
D i D i

P i A i Pen i P i
E i,i D i

 − + + = ⋅ + 
⋅  

  (50)

therefore, utilizing equation (50), the demand 
of client  in i-th period is gained like the following 
formula:

( ) ( ) ( )
( ) ( ) ( ) ( )

( )
0

0
0

1
P i P i A i Pen i

D i D i E i,i
P i

 − + −   = ⋅ + ⋅ 
  

 
          (51)

The uses can change from a maximum period of 
usage to a minimum period of usage. This action is 
named elasticity of multi-period and it is presented 

by the elasticity of cross-price. We can present 
the following equation according to the  cross-
price elasticity and by using the demand function 
linearity:

( )
( )

1 2 3 24
D i

Cons tant for i, j , , , ,
P j
∂

= =
∂

     (52)

In this situation, we can organize the linear 
equation (53) that this linear equation will manage 
the relationship between the demand and the 
expense [20]:

( ) ( ) ( ) ( )
( ) ( ) ( )

24
0

0 0
01

1 2 3 24
j
i j

D i
D i D i E i, j P i P i i , , , ,

P i=
≠

= + ⋅ ⋅ − =  ∑ 

       
       (53)

( ) ( ) ( ) ( )
( ) ( ) ( )

24
0

0 0
01

1 2 3 24
j
i j

D i
D i D i E i, j P i P i i , , , ,

P i=
≠

= + ⋅ ⋅ − =  ∑ 

If the award and punishment are taken into 
consideration, the model of multi-period can be 
presented as the following equation (3-54) [21]:

( ) ( ) ( )
( ) ( ) ( ) ( )

( )
24 0

0
01

1
j
i j

P j P j A j Pen j
D i D i E i, j

P j=
≠

 
 − + −   = ⋅ + ⋅ 
 
  

∑
 

                        (54)

The composition of modeling of multi and single 
-period demands is for the economic modeling of 
the demand response. Therefore, by incorporating 
equations of (51) and (54), the economic model 
of the demand response according to award and 
punishment can be presented  as equation (55):

( ) ( )

( )
( ) ( ) ( ) ( )

( )

( )
( ) ( ) ( ) ( )

( )

0

0
240 0

01

1

j
i j

P i P i A i Pen i
E i,i

P i
D i D i P j P j A j Pen j

E i, j
P j=

≠

 − + −  + ⋅ 
  = ⋅ − + −   + ⋅
 
  

∑

 
                        (55)

It’s better to say that according to the matrix 
of the expense elasticity of electricity demand, 
equation of satisfaction is presented as follows:

( )
( )

0

0

E i, j if i j

E i, j if i j

≤ =


≥ ≠
   (56)

3. PROPOSED ALGORITHM
A. procedure of particle swarm optimization

The common PSO can be presented as the 
following equation [22]:
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( ) ( ) ( ) ( )( ) ( ) ( )( )1
1 1 2 2* * *k k k k k k

id id id id gd idv v c r p x c r p xω+ = + − + −
( ) ( ) ( )1 1k k k
id id idx x v+ += +

    
                     (57)

Where, ( )k
idx  demonstrate the position of i-th 

factor in dimension d in the repitetive step of k, and 
( )k
idv  shows the velocity of that; ω  demonstrate the 

weight of inertia and ic  define the agents; 1 2  r and r  
are the equally scattered factors that are chosed by 
chanse at distance of 0 to 1. Furthermore, ( )k

idp  is 
the agent that shows the finest local position of 
i-th factor till k-th repetition that ( )k

gdp  shows the 
global finest position, that is gained in total swarm 
til k-th repitition. The following statements present 
the current of the particle swarm methode:

B. The suggested method
B.1. 3 kinds of sciencee pursuant to crowd

Conditioned sciencee is determined by 
utilizing all of the personal guidance positions. 
The conditioned sciencee for a region with two 
purposes is shown in Fig. 2, t, the obtained local 
place is separated into n parts samely for any path. 
This conditioned sciencee is used for the production 

of personal guidance for whole persons.
The principled sciencee is according to the 

minimum or maximum values of non-affiliated 
persons, and its plan for a region with two aims 
is demonstrated in Fig. 3 which is upgraded from 

1 1 2 2, ,  ,L U L U  to the ' ' ' '
1 1 2 2, , ,L U L U .

( ) ( )min ,    maxi i i iL f x U f x= =       (58)

We used the principled region later for gaining 
the global guidance of multipurpose particle 
Swarm Optimization with establishing the sciencee 
of topography.

Moreover, we used the normative science for 
making science of topography and eventually, 
amplitude is divided to networks where, any of 
these is classified because of its minimum or 
maximum hypercube limitations, also amount of 
non-prevailing particles located in the identical 
hypercube.

Details of topography  for a 2- purpose region 
has presented in Fig. 4. The science that is used 
for discovering the guidance of global, can be 
upgrading following to any production.

procedure 1. The generic Particle Swarm Optimization current 
1) Calculate the expense function for any of the particles. 
2) Upgrade the finest local/global finest position. 
3) Upgrade the position/speed for any particle. 
4) If the final terms are not met, go back to step (1), and if this metric is reached, 𝑝𝑝����is the finest position. 

 

procedure 1. The generic Particle Swarm Optimization current 

 

Figure 2. Situational sciencee 
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Fig. 2. Situational sciencee
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B.2. individual guidance
like to number of cultural goals, QPSO [23], 

one factor of particular’s position is changed with 
at random generated amount (s) in group which 
is selected by individual guidance of all swarm. 

On condition of overcoming an older particle 
with newer particle, the newer one can be used, 
otherwise, in thus situation the older particle will 
be used. In algorithm two the comprehensive 
procedure of this guidance has be explained.

 

Figure 3.Normative science 
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Figure 4. Topographical science 
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Algorithm tw: comprehensive process of a individual guidance 
For dimension (d) from i-th individual 
1) 𝑏𝑏��� � ��𝑥𝑥��𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑝𝑝��|� � �, �,� , 𝑛𝑛��; 

𝑏𝑏� � ��𝑛𝑛��𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑝𝑝��|� � �, �, � , 𝑛𝑛��; 
𝑏𝑏� � 𝑏𝑏� � �𝑏𝑏��� � 𝑏𝑏�� ∗ � � �

𝑛𝑛 �, � � �, �, � , 𝑛𝑛 
2) 𝑝𝑝� � ��𝑛𝑛��𝑏𝑏�, 𝑏𝑏����; 
3) Substitute the 𝑥𝑥�� with 𝑝𝑝� and obtain a new individual 
4) In case of dominating the old particle by new produced one 𝑥𝑥�, then it substitutes 𝑥𝑥�; break; 
Otherwise, new particle is ignored 

 
  

Algorithm tw. comprehensive process of a individual guidance
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B.3 universal guidance
Hypercube will chosen by the Roulette Wheel 

Selection by utilizing the science of topography. 
According to given information, a component of 
that has been selected by chance for the universal 
guidance. The probability of selecting a hypercube 
is contrarily proportional to the number of non - 
prevailing  personals in the identical hypercube. So, 
The iconic factor is used in this part for development 
of the probability of selecting the hypercube, that 
it’s non- prevailing personals are in the low level.

B.4 dominance standard according to the the 
hypercube

Based to [24], a new prevail standard is 
presented in this part. Position for every pair of 
components in non-prevailing system is used with 
one another attending to the value of expense 
function for determine the domination. In fig 5 the 
hypercubes that specified by gray are prevailed by 
hypercubes 3, 2

B.5 prosedure of Mutation 
This paper has done a multinomial mutation 

on every individuals. So, non-prevailing produced 

ones can add to the repository , and also 
multinomial mutation is applied on each of the 
repository ingredients, produced ingredients are 
added to the repository, and after that the repository 
is upgrade regard to prevails. On one ocasion, the 
gained offspring from particles in the repository 
is non-prevailing, it’s added to the repository. On 
one ocasion the offspring isn’t prevailed by any 
particle,in this situation it would be rejected.

The mutation that we mentioned above 
(multinomial mutation) is presented by [25]:

*m js s α β= +         (59)

In this case:

( )

( )( )

1
1

1
1

2 1, 0.5

1 2 1 , 

p

p

v v

v otherwise
α

+

+

 − <= 
 − −

               
          (60)

j ju lβ = −  

Also, p is an actual positive number; v is a 
randomly produced number with the uniform 
distribution that it takes place in the domain of 0-1. 

hypercubes 3, 2  

Figure 5. Hypercube 
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Algorithm three: upgrade function of predominant record 
Assume that the component f’ is a newly generated one, that is to judge from the entrance into the record (rep). 
1) Inter  rep, f 
2) If �∃𝑓𝑓� ∈ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓� � 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓�� afterwards 𝑟𝑟𝑟𝑟𝑟𝑟 � 𝑟𝑟𝑟𝑟𝑟𝑟 ∪ �𝑓𝑓�𝐸𝐸 
3) If ∃𝑓𝑓�𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓�� � 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓� � 𝑓𝑓 � � � 𝑓𝑓𝑓 afterwards 𝑟𝑟𝑟𝑟𝑟𝑟 � 𝑟𝑟𝑟𝑟𝑟𝑟 ∪ �𝑓𝑓�𝑓𝑓𝑓 
4) If �∃𝑓𝑓�𝑟 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓�� � 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓� ∪ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓�� � 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�𝑓𝑓� afterwards 𝑟𝑟𝑟𝑟𝑟𝑟 � 𝑟𝑟𝑟𝑟𝑟𝑟 ∪ �𝑓𝑓� 
5) Output rep 

 

Algorithm three. upgrade function of predominant record
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Furthermore, the spacing of dimension j is shown 
by jβ  

B.6. upgrading the storage 
According to [26], that the upgrading of the 

repository is by convergence or diversity indicator, 
upgrading in the resent action is according to the 
filled area. On one occasion the non-prevailing 
amounts of response decline the limited repository, 
first filled area for all of the sections in the 
repository will be computed, and then the section 
with the lower filled spacing will be deleted [27-30]. 
This process will gradually be repeated until the 
number of non-prevailing responses is identical to 
the limited dimension of the record. The upgrading 
process of predominant storage is presented in 
algorithm three.

4. NUMERIC ANALYSIS AND RESULTS 
In this situation, Portugal’s 94-bus distribution 

network with 15 kV voltage, 53.3 MW power and 
362.6 kw loss is considered which is shown in 

Figure 6. Firstly, the 94-bus is evaluated without 
any power resources, utilizing axial power current 
based on the daily electrical load. In this evaluation, 
the load power of the 94-bus network is computed 
and substituted according to the whole curve of the 
electrical load. In this situation, the power of every 
bus is extracted from every hour of the curve and 
separated to the buses amount in order to compute 
the energy of every bus in every hour separately. 
The expense of function in this situation is 7303.3 
euros and contamination is 32441 Kg. In order to 
analyze the effect of electric vehicles in decreasing 
the contamination and function expense, the 
following cases are analyzed:

A. case 1: decreasing the functioning expense in lack 
of reproducible resources:

The major network, non- reproducible 
distribution production (fuel cell and diesel 
producer) and electrical vehicles are designed in 
this situation. In this case, 4 dispensed production 
units are utilized. 2 units of the fuel cell are located 

 

Figure 6. Portugal’s distribution network 

   

Fig. 6. Portugal’s distribution network
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in buses 4 and 56, and 2 diesel production unit on 
buses 21 and 74. At this point, the schematization 
is conducted in the lack of solar and wind 
reproducible resources. The result of energy 
resources schematization problem is a recharge 
and discharge power of electric vehicles, dispensed 
productions and function expense. Equation (12) is 
the answer to the target function that is computed. 

Energy resource schematization power such as 
recharge and discharge of vehicles is presented in 
Figure 7  and dispensed productions is shown in 
figure 8. The electric vehicle discharge will increase 
if the energy cost is higher t that this matter can 
be seen in Figure7. As presented in Figure 8 we 
can see that according to the lower cost for diesel 
producer in comparison with the fuel cell, diesel 

 

Figure 7. Charge and discharge power of vehicles 
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Figure 8. Planned power of dispensed energy sources 
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Fig. 7. Charge and discharge power of vehicles

Fig. 8. Planned power of dispensed energy sources
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producer goes on for several hours. The curve of 
power equilibrium per hour is displayed in Figure 
9. According to the curve of power equilibrium and 
equation (23), use and production are the same 
in per hour. The outcomes of energy resources 
schematization are presented in Chart (1).

B. case 2: decreasing contamination in lack of 
reproducible resources:

The major network, non-reproducible dispensed 
production (diesel and fuel cell producer) and 
electric vehicles are programmed in this case. In 
this case, 4 dispensed production units are utilized. 
2 fuel cell units are located in buses 19 and8, and 2 
units of diesel producer on buses 27 and 13. In this 
level, the schematization is conducted in lack of 
wind and solar reproducible resources. The outputs 
of energy resources schematization problem are 
recharge and discharge power of electric vehicles, 
dispensed productions and contaminations due 
to the non-reproducible sources and network 
of power. The function of the target is computed 
utilizing equation (30). figures 10 shows the power 
of recharge and discharge of vehicles and figure 
11 shows the dispensed productions. Figure 10 

demonstrates that the discharge of vehicle is 
higher in hours when contamination is so high, 
for decreasing the whole contamination. In Figure 
11, we can see that according to the fuel cell 
lower contamination with comparison to diesel 
producers, the fuel cell goes on for several hours. 
The curve of the power equilibrium in every hour is 
shown in Figure 12. According to the curve of power 
equilibrium and equation (23), the production and 
use are identical in every hour. Chart (2) shows the 
outcomes of energy resources schematization. The 
thing that we understand is the contamination and 
detrimentsare minimized.

C. Case 3: multipurpose optimization
In this situation, energy resources schematization 

is performed with respect to both functions of the 
target (function expense and contamination), at the 
same time. utilizing equation (11), the issue of energy 
resources optimization is performed. The finest 
answer gained from this procedure and outcomes 
of dispensed productions resources schematization 
and electric vehicles beneath this the obtained 
response is shown in figure 13 and 14. In Chart (3), 
the outcomes of this multipurpose schematization 

 

 

Figure 9. The curve of power equilibrium  
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Fig. 9. The curve of power equilibrium

Chart (1): the outcomes of energy resources schematization in the first case 
 

Networks Operation expenses (€) Losses (kW) 
Traditional Net. 7303.3 2807.46  

First Case 3554.3 2750 
 
  

Chart 1. the outcomes of energy resources schematization in the first case
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Figure 10. Charge and discharge power of vehicles 
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Figure 11. Planned power of dispensed energy sources 
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Figure 12. The curve of power equilibrium  
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Fig. 10. Charge and discharge power of vehicles

Fig. 11. Planned power of dispensed energy sources

Fig. 12. The curve of power equilibrium



90

Giorgos Jimenez

Journal of Smart Systems and Stable Energy, 1(1): 73-104 Winter 2022

Chart (2): outcomes of energy resources schematization in the second case 
 

Networks Emission expenses (€) Losses (kW) 
Traditional Net. 32441  2807.46 

Second Case 27353 2702.83 
 
  

Chart 2.  outcomes of energy resources schematization in the second case

 

Figure 13. Charge and discharge power of vehicles 
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Figure 14. Planned power of dispensed energy sources 
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Fig. 13. Charge and discharge power of vehicles

Fig. 14. Planned power of dispensed energy sources
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Figure 15. Power equilibrium curve 
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Figure 16. Voltage profile of distribution network  
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Chart (3): the outcomes of energy resources schematization in case 3 
 

Networks Operation expenses (€) Emission Expenses (kg) Losses (kW) 
Traditional Net. 7303.3  32441 2807.46  

Third Case 4022 29277  2587.01  
 
  

Fig. 15. Power equilibrium curve

Fig. 16. Voltage profile of distribution network

Chart 3. the outcomes of energy resources schematization in case 3
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are located. Figure 15 demonstrates the curve of 
the power equilibrium in every hour. With the 
curve of the power equilibrium and equation (23), 
the production and use are the same in every hour. 
In addition, Figure 16 demonstrates the profiles of 
the voltage. Figure 16 demonstrates the betterment 
of the voltage profile in the position of the relation 
of electric vehicles and dispensed resources to the 
network. The outcomes show that kinking plug-in 
vehicle to the network, the schematization is in a 
manner that the vehicles are shifted in cheaper hours 
with low contamination. Furthermore, for helping to 
ameliorate voltage profile and minimize the expense 
and environmental contamination, the vehicles are 
discharged rather in max-load hours with more 
contamination.

D. case 4: decreasing the functioning expense in the 
presence of reproducible resource:

The major network, non-reproducible dispensed 
productions (diesel and fuel cell producer), 
reproducible dispensed productions (solar cell and 
wind turbine), in this situation, the electric vehicles 
are programmed. In this situation, four dispensed 
production units are utilized. a fuel cell unit is 
located in bus 4, a diesel producer unit in bus 21, a 
wind turbine in bus 56 and a solar cell in bus 74. At 
this point, the schematization is performed in the 
presence of reproducible wind and solar resources. 
The output of energy resources schematization are 

recharge and discharge power of electric vehicles, 
dispensed productions and function expense. The 
response for the function of target is computed 
utilizing equation (12). The programmed power of 
energy resources containing recharge and discharge 
of vehicles is presented in figure 17 and dispensed 
productions is represented in Figures 18. As shown 
in Figure 17, the electric vehicle discharge is added 
in the situation that the energy expense is so high 
in order to minimize the whole expense. In Figure 
18 we can see that with according to the minimum 
expense of diesel producer with comparison to the 
fuel cell, the diesel producer goes on for several 
hours. moreover, utilizing reproducible resources 
in hours of max-load, usage of non-reproducible 
dispensed sources are decreased in these times. This 
will lead to more reduction in operational expense.

The curve of the power equilibrium in every 
hour is shown in Figure 19. According to the 
curve of power equilibrium and equation (23), 
the production and use are in the same amount 
in every hour. The outcomes of energy resource 
schematization are presented in Chart (4). In this 
situation, the ambiguity because of wind and solar 
resources have also been attended.

E. Fifth case: decreasing the contamination in the 
presence of reproducible resources: 

The major network, non-reproducible 
dispensed productions (diesel and fuel cell 

 

Figure 17. Charge and discharge power of vehicles 
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Fig. 17. Charge and discharge power of vehicles
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producer), reproducible dispensed productions 
(solar cell and wind turbine) and electric vehicles 
are programmed in this situation. At this point, 
the schematization is carried out in the presence of 

wind and solar reproducible resource. The outputs 
of energy resources schematization are a recharge 
and discharge power of electric vehicles, dispensed 
source and the amount of contamination because 

 

 

Figure 18. Planned power of dispensed energy sources 
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Figure 19. The curve of power equilibrium  
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Chart (4): outcomes of energy resources schematization in case 4 
 

Networks Operation expenses (€) Losses (kW) 
Traditional Net. 7303.3 2807.46 

Fourth Case (without ambiguity) 3291.1 2683 
Fourth Case (with ambiguity) 3191 2683  

 
  

Fig. 18. Planned power of dispensed energy sources

Fig. 19. The curve of power equilibrium

Chart 4.  outcomes of energy resources schematization in case 4



94

Giorgos Jimenez

Journal of Smart Systems and Stable Energy, 1(1): 73-104 Winter 2022

of non-reproducible resources and network of 
power. The response to the function of the target is 
computed utilizing equation (20). Power of vehicles 
recharge and discharge and dispensed productions 
are demonstrated in Figures 20 and 21, respectively. 
Figure 20 demonstrates that the discharge of 
vehicle is higher in hours when contamination is 
so high, for the purpose of decreasing the whole 
contamination. In Figure 21, we can see that 
according to the low contamination of the fuel cell 

with comparison to the diesel producer, the fuel 
cell goes on for several hours.

The curve of the power equilibrium in every 
hour is shown in Figure 22. according to the curve 
of the power equilibrium and equation (23), the 
production and use are the same in every hour. 
Energy resources schematization outcomes are 
presented in Chart (5). Since it is obvious, the 
contamination and casualties are minimized. In 
this situation, the ambiguity because of  solar and 

 

Figure 20. Charge and discharge power of vehicles 
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Figure 21. Planned power of dispensed energy sources 
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Fig. 20. Charge and discharge power of vehicles

Fig. 21. Planned power of dispensed energy sources
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wind resources has been also attended. utilizing the 
reproducible resources has led to contamination 
decrease particularly in hours of max-load and 
max-contamination 

F. case 6: multipurpose optimization
In this case, the schematization is carried 

out considering both functions of the target 
(contamination cost and expense of operation), 
at the same time. utilizing equation (11), energy 
resources optimization is performed. The finest 
gained response from this procedure and outcomes 
of dispensed productions resources schematization 
and electric vehicles beneath the gained response 
are represented in Figures 23 and 24. The outcomes 
of this multipurpose schematization are presented 
in Figure 25. Figure 25 demonstrates the curve of 
the power equilibrium in every hour. According to 
the curve of the power equilibrium and equation 
(23), the production and use are identical in 
every hour. The profile of voltage is also shown in 
Figure 26. Figure 26 demonstrates voltage profile 
betterment in case of relation of electric vehicles 

and dispensed resources. Obtained outcomes are 
shown in Chart 6. 

The outcomes show that connecting the plug-in 
electric vehicle to the network, the schematization 
is in a manner that the vehicles are recharged 
in cheaper times with low contamination. In 
addition, the vehicles are discharged in max-load 
times with more contamination for helping both 
ameliorate voltage profile and reduce expense 
and environmental contamination. In this 
situation, the ambiguity because of wind and solar 
resources has been attended besides. on the other 
side by considering the reproducible resources, 
it is anticipated that if the non-reproducible 
productions inflict high contamination and 
expense, the reproducible sources conduct high 
power to the network.

G. case 7: decreasing  expense of operation by 
considering reproducible resources and response of 
demand 

Cross-price and self-price elasticity matrices 
of electricity demand are represented in the 

 

 

Figure 22 curve of the power equilibrium  
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Fig. 22. curve of the power equilibrium

Chart (5): outcomes of energy resources schematization in case 5 
 

Networks Emission expenses (kg) Losses (kW) 
Traditional Net. 32441  2807.46 

Fifth Case (without ambiguity) 24769  2603.47 
Fifth Case (with ambiguity) 23728  2603.47  

 
  

Chart 5. outcomes of energy resources schematization in case 5
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Figure 23. Charge and discharge power of the vehicles 
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Figure 24. Planned power of dispensed energy sources 
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Figure 25. Power equilibrium curve 
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Fig. 23. Charge and discharge power of the vehicles

Fig. 24. Planned power of dispensed energy sources

Fig. 25. Power equilibrium curve
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appendage. The role of demand response program 
by considering of non-reproducible resources, 
reproducible sources and electric vehicle is 
analyzed in this case.

The major network, non-reproducible 
dispensed sources (diesel and fuel cell producer), 
reproducible dispensed sources (solar cell and wind 
turbine) and electric vehicles are programmed in 
this situation. At this point, the schematization by 
considering solar and wind reproducible resources. 
The output of energy resources schematization 
is recharge and discharge power of the electric 
vehicle, dispensed productions and expense of 
the operation. The response to the function of the 
target is computed utilizing equation (12). The 
programmed power of energy resources containing 
recharge and discharge of vehicle and distribution 
productions are demonstrated in Figures 27 and 28. 
As shown in figure 27, the discharge of vehicles is 
higher in the hour when the expense of the energy 
is so high in order to decrease the whole expense. 
In Figure 28, we can see that according to the 
minimum expense for the diesel producer with 
comparison to the fuel cell, the diesel producer 

 

Figure 26. Voltage profile of distribution network 
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goes on for several hours. Furthermore, utilizing 
the reproducible resources in max-load times 
results in minimum use of non-reproducible 
dispensed productions in these times. This has led 
to a more reduction in the expense of operation. 
Figure 29 shows the curve of the power equilibrium 
in every hour. According to the curve of power 
equilibrium and equation (23), production and use 
are the same in every hour. Chart (7) demonstrate 
the outcomes of energy resources schematization. 
In this situation, the ambiguity because of solar 
and wind resources is attended as well. utilizing the 
plan of demand response, the total expense of the 
system is minimized.

H. case 8: decreasing contamination by considering 
the reproducible resources and response of demand 

The major network, non-reproducible dispensed 
sources (diesel and fuel cell producer), reproducible 
dispensed sources (solar cell and wind turbine) and 
electric vehicles are programmed in this situation. 
At this point, the schematization by considering 
solar and wind reproducible resources. The output 
of energy resources schematization is recharge and 

Fig. 26. Voltage profile of distribution network

Chart (6): outcomes o f the energy resources schematization in case 6 
 

Networks Operation expenses (€) Emission expenses (kg) Losses (kW) 
Traditional Net. 7500.4  33346 2807.46  

Sixth Case (without ambiguity) 3826 26102  2500.93  
Sixth Case (with ambiguity) 3871 26560 2500.93  

 
  

Chart 6. outcomes o f the energy resources schematization in case 6
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Figure 27. Charge and discharge power of vehicles 
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Figure 28. Planned power of dispensed energy sources 
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Figure 29. Power equilibrium curve 

   

‐5000
‐4000
‐3000
‐2000
‐1000

0
1000
2000
3000
4000
5000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Po
w

er
 (k

w
)

Hours 

Pgrid PDG Pdicharghe Load Pcharghe Loss

Fig. 27. Charge and discharge power of vehicles

Fig. 28. Planned power of dispensed energy sources

Fig. 29. Power equilibrium curve
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discharge power of the electric vehicle, dispensed 
productions and contamination because of non-
reproducible resources and network of power. The 
response to the function of the target is computed 
utilizing equation (20). The recharge and discharge 
power vehicles are demonstrated in figure 30 and 

dispensed production is demonstrated in Figure 
31. Figure 30 demonstrates that the discharge of 
vehicles are higher in the hour if the contamination 
is so high for decreasing the whole contamination. 
Figure 31 has shown that according to the low 
contamination of the fuel cell with comparison 

Chart (7): outcomes of the energy sources schematization in case 7 
 

Networks Operation expenses (€) Losses (kW) 
Traditional Net. 7500.4  2240.81 

Seventh Case without demand response (without ambiguity) 3291.1 2044.1 
Seventh Case without demand response (with ambiguity) 3191  2044.1 
Seventh Case with demand response (without ambiguity) 2926.1  1984.01  

Seventh Case with demand response (with ambiguity) 2922.2  1984.01  
 
  

Chart 7.  outcomes of the energy sources schematization in case 7

 

Figure 30. Charge and discharge power of vehicles 
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Figure 31. Planned power of dispensed energy sources 
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Fig. 30. Charge and discharge power of vehicles

Fig. 31. Planned power of dispensed energy sources
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to the producer of diesel, the fuel cell goes on for 
several hours. Figure 32 demonstrates the curve 
of power equilibrium in every hour. According 
to the curve of power equilibrium and equation 
(23), the production and use are identical in every 
hour. Chart (8) has shown the outcomes of energy 
resources schematization. as it turned out here, 
the contamination and casualties are minimized. 
In this situation, the ambiguity because of solar 
and wind resources have been attended besides. 
Utilizing the reproducible resources, plan of 
demand response helped to decrease the whole 
expense of the system.

I. case 9: multipurpose optimization:
utilizing equation (11), energy resources 

optimization is performed. The finest gained 
response from this procedure and outcomes of 
dispensed productions resources schematization 
and electric vehicles beneath the gained response 
are represented in Figures 33 and 34. The outcomes 
of this multipurpose schematization are presented 
in Figure 35. Figure 35 demonstrates the curve of 
the power equilibrium in every hour. According to 
the curve of the power equilibrium and equation 

(23), the production and use are identical in 
every hour. The profile of voltage is also shown in 
Figure 36. Figure 36 demonstrates voltage profile 
betterment in case of relation of electric vehicles 
and dispensed resources. 

The outcomes show that connecting the plug-in 
electric vehicle to the network, the schematization 
is in a manner that the vehicles are recharged 
in cheaper times with low contamination. 
Furthermore, the vehicles are discharged in max-
load times with more contamination for helping 
both ameliorate voltage profile and reduce expense 
and environmental contamination. on the other 
side by considering the reproducible resources, 
it is anticipated that if the non-reproducible 
productions inflict high contamination and 
expense, the reproducible sources conduct high 
power to the network.

In the presence of a demand response program 
and applying the economic sample of the bar, the 
expense and contamination of the distribution 
network are minimized. In this situation, the 
ambiguity because of solar and wind resources 
have been attended besides. Obtained outcomes are 
presented in Chart 9. 

 

 

Figure 32. Power equilibrium curve in network section 
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Fig. 32. Power equilibrium curve in network section

Chart (8): energy resources schematization outcomes in case 8 
 

Networks Emission expenses (€) Losses (kW) 
Traditional Net. 32441  2240.81 

Eighth Case without demand response (without ambiguity) 24769  2078.05 
Eighth Case without demand response (with ambiguity) 23728 2078.05 
Eighth Case with demand response (without ambiguity) 21041 2007.1  

Eighth Case with demand response (with ambiguity) 21253 2007.1  
 
  

Chart 8. energy resources schematization outcomes in case 8
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Figure 33. Charge and discharge power of vehicles 
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Figure 34. Planned power of dispensed energy sources 
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Figure 35. the curve of power equilibrium  
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Fig. 33. Charge and discharge power of vehicles

Fig. 34. Planned power of dispensed energy sources

Fig. 35. the curve of power equilibrium
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Figure 36. Voltage profile of distribution network  

   

0 5 10 15 20 25 30 35
0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

Bus number

V
ol

ta
ge

 m
ag

ni
tu

de
s 

(p
.u

.)

 

 

Bus Voltage: Network with DG+EV
Bus Voltage: Network without DG

Fig. 36. Voltage profile of distribution network

Chart (9): the outcomes of energy resources schematization in case 9 
 

Networks 
Operation 

expenses (€) 
Emission expenses 

(€) 
Losses (kW) 

Traditional Net. 7500.4  33346 2240.81  
Ninth Case without demand response (without ambiguity) 3826 26102 1971.12  

Ninth Case without demand response (with ambiguity) 3871 26560 1971.12 
Ninth Case with demand response (without ambiguity) 3271 24337  1925.02  

Case 9 with demand response (with ambiguity) 3314  25410  1925.02  
 

Chart 9. the outcomes of energy resources schematization in case 9

 

Figure 37. Optimum Pareto point set 
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J. Optimal Pareto and convergence diagram:
Cases 3, 6 and 9 are optimization in 

multipurpose mood and their Pareto points 
curve is demonstrated in Figure37. Figure 38 is a 
convergence diagram of the 1-th, 2-th, 4-th, 5-th, 
7-th, and 8-th case in single target mood.

5- CONCLUSION
Environmental and economic problems are 

because of pay more attention to electric vehicles 
and reproducible energy resources. The potential 
of electric vehicles needs scheduling in Smart 
Distribution Systems. In this action, attempting to 
provide multiple -purpose EV applications with 
respect to the stable assets on intelligent grids, 
coverage ambiguity because of permanent assets 
and EVs, with respect to the requisition response 
projections and EV battery storage frame, restrict 
the action expenses and the amount of the severity 
of the frame pollution., by improving methodes. The 
studied networks are described and energy sources 
schematization is performed on a 33-bus standard 
network. Also, the outcomes of the multipurpose 
optimization problem of dispensed productions 

 

Figure 38. Convergence graph of objective function in single-objective mode 
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and electric vehicles with respect to the ambiguities 
according to the demand response plan are 
presented. Anyways, the diagrams of programmed 
power of electric vehicle recharge and discharge, 
dispensed productions and the curve of power 
equilibrium are planned. Furthermore, to planning 
the outcomes of intelligent dispensation network 
schematization issue, the response for functions of 
target and casualties are computed and represented. 
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