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Abstract

Electricity management involves a series of interconnected activities between the nuclear industry and its
customers in order to rationalize electricity consumption. In this way, both the electricity supplier and the
consumer will benefit more. Electricity management has a logical output and different plans to reduce
energy consumption. Direct current (DC) distribution has recently been considered in building research
due to increased on-site generation and battery storage, and the increasing prevalence of DC internal loads.
In terms of performance comparison, DC current distribution buildings are much more efficient than AC
distribution buildings. With the increase of distribution generation penetration coefficient, DC distribution
network has been gradually considered due to higher quality, lower losses and larger distributed energy
compared to AC distribution network. The DC distribution system has the potential to eliminate many of
the conversion losses in AC building distribution networks, which include photovoltaic and DC end-uses.
This means that AC / DC converters can be eliminated using the DC distribution system, which reduces
losses. In this paper, we examine the development of direct current (DC) networks from a technical and
economic point of view using domestic and commercial loads. A review of the achievements achieved in

this regard and a sample of work done in this regard is provided.
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Introduction

Global challenges such as climate change,
energy security and environmental pollution
have prompted research into different types of
alternative energy sources. Electric energy is
the most common type of energy in our daily
lives, but its production is often achieved by
burning fossil fuels, which have many
limitations. In the old structure of the electricity
industry in developed countries and the current
situation of many countries, the tasks of
production, transmission and distribution have
been the responsibility of integrated electricity
companies [1]. The increase in power demand
in recent years in many countries has caused
these companies to not be able to effectively
meet this high demand, resulting in blackouts,
power outages and equipment failure, etc [2]. in
many countries. As a result, prices soared
during the peak period. In addition, the oil crisis
has led many countries that depended on fossil
fuels in their industry to find suitable
alternatives to these fuels. It also became more
important to find a suitable alternative to fossil
fuels as public awareness of environmental
issues increased. [3]

To evaluate the cost-effectiveness of a DC
distribution, its economic performance is
compared with a corresponding AC distribution
system. This comparison considers the
incremental cost difference between the two
systems, assuming that AC and DC buildings
are the same except for their distribution
systems; Therefore, TEA is limited to capital
differences and operating costs due to different
system components in AC and DC distribution
systems. The methodology and criteria (LCC
and PBP) used in this TEA are consistent with
what the DOE standard uses to determine the
economic impact of the consumer on energy
saving standards in home appliances. The DOE
uses LCC and PBP as part of a set of criteria
used to determine regulation [4-12]. [12-23-9].
In general, a technical and economic evaluation
of DC direct current distribution in highly
efficient commercial and residential buildings
with DC loads is provided [24]. Previous
studies have shown that buildings with high
capacity PV and high battery storage are more
cost-effective; Otherwise, DC systems would
not be cost-effective, so a battery-free building
would hardly benefit from DC distribution.
Finally, using a large capacity battery can help
with beneficial distribution. The analysis also
shows that the simultaneous load and
production of PV saves productivity and
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economic benefits. Perhaps one of the most
important factors in saving energy and cost is the
DC system configuration. Simpler systems with
fewer energy conversion steps have fewer
components and suffer less losses.

It should be noted that the current markets for DC
systems are in their infancy, and most analyzes
take into account installation costs and design
costs, and are expected to be comparable to AC
networks with increasing developments. While
other potential benefits of DC can translate into
additional cost savings for DC distribution;
Flexibility, ease of communication, controls, and
increased reliability of simpler devices can
actually be more important motivating factors for
using DC power in buildings [25]. Environmental
concerns as well as rising fossil fuel prices are
among the main reasons for the growing trend
towards renewable energy. All over the world due
to the growth of industries and increasing and
limited use

End-of-life fossil fuels, as well as low-efficiency
energy converters that pollute the environment,
alter ecosystems, and upset nature, produce
energy at low voltage levels and at the point of
use, from renewable sources and microgrids [26].
Used. Due to the high costs of investment and
maintenance, etc., optimal energy management in
these systems is very important.

In this paper, an optimization model for optimal
power planning in the distribution network with
the presence of renewable resources and VSCs
added to the network was expressed.

The optimization problem is a nonlinear multi-
objective problem of mixed integers and a 24-
hour planning horizon. The problem includes
distribution ~ network  power  dissipation
constraints, network losses, converter constraints,
renewable generation constraints and losses, and
finally constraints on VSCs added to the system.

In general, the results obtained in this article are
summarized as follows:

*Minimize the reduction of renewable energy
production

*Minimize the cost of operating renewable
energy sources, fuel cells and diesel generators

*Optimal  distribution power distribution
distribution planning in the presence of
renewables and VSCs

Objectives and formulation functions:

The intended objective functions meet the
following objectives, which are:
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Minimizing the production of renewable
resources

This goal minimizes the overall limitation of
renewable energy on the optimization horizon,
which is formulated as follows:

fi=

min Y%, PCUR()AT

1

Here t is the time step, PCUR (t) is the limit of
the renewable generation at each time step. t is
the number of time steps AT is the length of
each time step.

Minimizing the cost of operating renewable
energy sources, fuel cells and diesel
generators

The objective functions of the problem are
expressed as relation (1):

)2(f, = X (Cr (D)PF(DAT +
YK=1 Ck(©)Pprr—k (T)AT) +
Zl ET Cl

Where k is the number of DERS; Ck (t) and Ck
(t) are the electricity price and DER operating
cost at each stage, respectively. Pf is the power
purchased from the external network. Pper IS
the active power generation of DER-K. C is the
cost of flexible load I, T is the set of flexible
load.

The objective function is related to the first goal
and the other expresses the second goal.

Problem constraints

Active and reactive power balance constraints
in relation 3:

AC grid power balance equations

)3 (Pgi — Ppi —
Vi Z}'ENACV]' (GijCOSgl'j + BUSlnHU) = O.Vl-E
Nyc

Qi —
QDi — VJ(GUSlTI,QU — BijCOSHij) = O.Vl-E
NAC
Where Pg; and  Qg; are the injection of active
and reactive power in the passage i,
respectively. Pp;and Qp;are active and reactive
loads at bus i. V; and V;are the junction voltages
of bus and bus j, respectively B;jand G;; are,
respectively, the electrical conductivity
sensitivity and the phase angle difference
between bus i and bus j.
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Network security restrictions

Network security constraints, including bus
voltage limits and line loads, are expressed in
Equations 4 and 5:

)4 Vinin () <V(i.t) <
Vmax(i)

Where, V (i.t) is the voltage of the bus node i at
timet [V_max (i) and V] _min (i) are the low
and high voltage ranges of the bus i, respectively.
It is assumed that the low and high voltage ranges
remain constant on the optimization horizon. Line
loading restrictions are formulated as follows.

) S ( =Smax(m) <
IS(m.t)l < Syq (M)

Where S(m.t)represents the apparent power
current of the m line, S,,,(m) represents the
maximum allowable power current.

5Restrictions on the production of dispersed
generators

Constraints on the production of distributed
generators include the following equations:

)6 (0<
Pp(nf.t) < Ppgmax(nf.t)  Vnf.t€T

)7 (Ppg(nf.t) —
Ppomax(f.-t +1) < Rgown VYNf.te€T

)8 (Ppg(nf.t+1)—

Ppc(nf.t) <R,, Vnf.t €T

P_DG is the active power generation of DG and
Raown and Rup are related ramp-down and ramp-
up rates, respectively.

energy storage constraints

ESS can absorb energy during periods of low
demand and sell power during peak hours. This
reduces the need for conventional peak power
plants. ESSS restrictions apply to maximum
capacity and charge mode (SOC). For simplicity,
it is assumed that the charging power and
discharging power are constant at any time
interval. Equations (9) and (10) present the ESS
charge and discharge constraints. Equation (11)
ensures that charging and discharging do not
occur simultaneously.

The following restrictions apply to energy storage

and charging and discharging:
(90 <

Pcharge (t) < Xcharge (t) X Pcharge.max(t)

)10 (

0< Pdis (t) < Xdis(t) X Pdis.max(t)

)11 (
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Xcharge(t) + Xdis <1

Where Py and PepqrgeCharge are the ESS
charge and discharge power.
Pcharge.max and Pdis.max Are the
corresponding restrictions. 1 =X p4rge 5 0=
X4 dis indicate the ESS charge and discharge
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mode. If 1 Xcparge 0= Xg;s dis, ESS is in charge
mode. Otherwise, if0 = X pqrgeand 1= X5 is in
discharge mode. In short, X is a binary variable
for charging and discharging storage and
describes how to charge and dis charge.

Storage charge modes and related limitations

)12

(SOC,im < SOC(t) < SOCpnas

)13 (SOC(t + 1) — SOC(t) + gchargepcharge(t)_sdispdis(t) At

)14

Converter constraints

SEss

(SOC(ty) = SOC(t,)

following equations:

The constraint constraints are according to the

)15 (Pinj = VG — ViV.[G, cos(0; — 6.) + B, sin(; — 6,)]

)16 (Qinj = —ViB¢ — ViV.[G, sin(6; — 6.) — B, cos(6; — 6,)]

)17 (Pac—cov = VCZGC — V.Vi[G. cos(6, — 6;) + B sin(6, — 6;)]

)18 (QAC—cov = _VCZBC - VcVi[Gc Siﬂ(@c - 91’) - Bc COS(GC - Hi)]
__ VPac-covtQac-cov

)19 R

)20 (Pross—con = a-l'b'lc-l'c'lc2

)21 (\/PAZC—COU + Q/21C—cov =< Scon

)22 (VAC—con < VAC—con

)23 (VDC—con < 17DC—Con

Where P;,; 5Qjare the active power and
reactive power from the AC network to the
transformer, respectively. V; s V,are the voltage
values of node i and the AC terminal, and 6;
s0. Are the corresponding voltage angles.

Sson 1S the capacity of the converter.
Distribution network power exchange

The power exchange of the distribution network
with the external network is established through
the following equations:

)24 (0 < PGin(t) < (t) X PGin—max
)25 (0 < PGout(t) < Xout(t) X PGout—max
)26 (Xin(t) + Xout(t) <1
10 load related restrictions

27 (ﬂ(t) <p@®) <p(t) .VteT

)28 (EL(1) < Zeer m (DAL < Ey()

29 (P = Seer a (min(py(®) = p{ (©).0))

Constraints related to both VSCs including
active and reactive power, losses, etc. are

defined in the following equations:

)30 (Pac1(8) + Pacz(t) + Pac—-105s(t) = 0
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)31
)32
)33
)34

)35
)36

)37
)38

)39
)40
)41

3: case studies

As mentioned in the previous section, the
problem data presented in the previous chapter
is such as network data, contours, and VSCs.
The network used is the 33-bus IEEE network.
The nominal voltage of the mentioned network
is 12.66 kV and its nominal power is 1 MVA.
In this network, the minimum and maximum
voltage values of the buses are equal to 0.94 and
1.06 kV, respectively. GAMS software was
used to simulate the case studies. Because the
problem model is a nonlinear integer (MINLP)
optimization model, the solvers related to this
solver are used in the software. Simulation data
is also relevant to the problem of network data,

&)
A
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(Pac-10ss(t) = Nac1 ‘PAC1(t) | + Nacz |PA(,‘2(t) |

Vac1(®) < Vyeq
Vac2(®) < Vyea

(VPac1(0)? + Qac1(0)? < Sacs
(\/PACZ ()% + Qac2(t)? < Spcz
(Ppc1(®) + Ppea(t) + Ppe—ioss(t) =0

(Ppc-10ss(D) = Mpc1 ‘PDCI(t) | + Npc2 |PDC2(t)

( |PDC1(t) | < Ppc1

( ‘PDCZ(t) | < Ppea
(Ybe1 < Vper

(Vbez < Vpez

contours and VSCs. Case studies include 5
scenarios. For this purpose, five different studies
were conducted in this article:

*Optimal AC power distribution planning

*Optimal scheduling of AC and DC power
distribution simultaneously

*Optimal AC and DC power distribution planning
designed to add contour simultaneously

*Optimal AC and DC power distribution planning
at the same time to add the designed contour with
AC constraints, distributed VVSCs

*Optimal AC and DC power distribution planning
at the same time to add the designed contour along
with AC and DC constraints, distributed VVSCs

24

() e

Figure (1) : 33-bus IEEE network
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Figure (2) Active load power
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Figure (3) Reactive power of the load

Figures (4), (5) and (6) show the power respectively:

generation diagrams of solar panels, wind
generators and their sum of renewable power,
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Figure (4) Production capacity of solar panels
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Figure (5) Wind generators
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Figure (6) Total renewable production capacity
restrictions are considered. The optimal values of
the objective function are given in the table below
as well as the results obtained in the first scenario
as diagrams in Figures (7) and (8).

Simulation: Table (1) optimal values of objective functions
To simulate and evaluate the results, the case 4- Funtot 5- -2.69060E+7
studies are divided into 5 different scenarios
and the results are discussed and evaluated in 6- Funl 7- -1.0000E+10
the section related to each.
8- Fun2 9- .05541E+9
Scenario One
In the first and second scenarios, there is no
mention of contour and VSC constraints. Also, ) )
the part of the load done in the power D_|ag_ram_ of active power output from AC power
distribution network is AC power and its related distribution in the first scenario:
PG
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0
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Figure (7) Active load power diagram

Diagram of reactive power generated from AC
power distribution in the first scenario: In this
scenario, power distribution is not done
between DC buses and power generation is used
using the AC network in the presence of
renewable sources.
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Figure (8) Production reactive power

Table (2) optimal values of objective functions
of the second scenario

Scenario Il
In the second scenario, the trend changes with |11~ Funl 10- -10000000000
the addition of energy constraints to the |13- Fun2 12- 055412486

distributed generators.

PG
0.06
0.04
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Figure 9 Active generating power
output from AC power distribution in the second

o scenario: Diagram of reactive power generated
Also, the load supply program is similar to the from AC power distribution in the second
first scenario. Because AC subnet and DC scenario:

subnet are independent. Graph of active power
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Figure 10) Reactive power generation

As can be seen, the load supply program is
similar to the first scenario.

Third scenario

In the third scenario, constraints related to the
contour are added to the model. These
constraints include AC and DC modes. Also,
the output losses of the converter, its active and
reactive power and voltage are added to the
model of this scenario as constraints and
constraints.

Table (4) optimal values of objective

functions of the third scenario

15- Funl 14- -1E+10
17- Funl star 16- 203.18
19- Fun2 18- 3.1E+09
21- Fun2_star 20- 664.985
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23- Funtot 22- 2. 7E+07

In this scenario, a two-way AC / DC converter is
used to connect the AC subnet and the DC subnet.
The converter also absorbs reactive power, which
reduces the increase in voltage under the AC
mains during peak hours. The table below shows
the active and reactive power and the losses of the
converter:

Table (4) the active and reactive power and the
losses of the converter

Inc. -2500.22
PAC cov 0.014142
PLoss cov -18965.6
QAC _cov -0.01414

VOLTAGE

1
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0.6

0.4

0.2 ‘

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

Figure (11) The first bus voltage

The fourth scenario

In Scenario 4, in addition to having contour
constraints, VSC constraints are added to the
code. Of course, DC mode is added in the next
scenario. In this scenario, it is AC mode.

Table (4) optimal values of objective
functions of the fourth scenario

Eur. Chem. Bull. 2023,12(Special issue 4), 12024 — 12040

25- Funl 24- -2.0318E+10
27- Funl_star 26- 203.180
29- Fun?2 28- -6.6499E+10
31- Fun2_star 30- 664.985
33- Funtot 32- -1.00000E+8
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As expected, it has no quantities and no power The power diagram of the first VSC reactive
is produced. Because the limitations of the two power diagram shows:
prove this.

Q_AC1

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

0
-0.00005
-0.0001
-0.00015
-0.0002
-0.00025
-0.0003
-0.00035 -¢—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0

-0.0004

Figure (12) VSC reactive power first

The power diagram of the second VSC reactive
power diagram shows:

Q_AC2
0
123456789 1011121314_516171819T_._‘_._._2‘0_2.1_2‘2_2.3_2.4

-0.00005
-0.0001
-0.00015
-0.0002
-0.00025
-0.0003
-0.00035 o—o—o—o—o—o—o—o—o—o—o—o—o—l
-0.0004
Figure (13) VSC Reactive Power |1
Scenario Five 35- Funl 34- -20318050000
In the scenario, all the equations in the |37- Funl star 36- 203.180
mathematical model are entered into the |, 05 38- 66498550000
modeling and the results are evaluated.
Table (4) optimal values of the objective 41- Fun2_star 40- 664.985
functions of the fifth scenario 43- Funtot 42- -100000000
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Figures 4-14 and 4-15 show the VSC Active

P_AC1
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Power Chart:

Figure (14) Active VSC power first
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-0.00035
-0.0004

Figure (15) VSC Active Power 11

As it is clear, similar to the previous scenario,
the sum of the production of this zero does not
Eur. Chem. Bull. 2023,12(Special issue 4), 12024 — 12040

lead to the production of power. The AC power
loss diagram for the two VSCs is shown in Figure
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(16):

Figure (15) VSC Active Power Il

As it is clear, similar to the previous scenario,
the

sum P_AC_LOSS

of the

production of power. The AC power loss diagram

0.00035
0.0003
0.00025
0.0002
0.00015
0.0001
0.00005

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

production of this zero does not lead to the for the two VSCs is shown in Figure (16):

Figure (16) AC loss power for two VSCs

The DC active powers of the VSCs are shown
in Figures (17) and (18):

Eur. Chem. Bull. 2023,12(Special issue 4), 12024 — 12040
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Figure (17) DC active power corresponding to the first VSC
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Figure (18) DC active power corresponding to the second VSC

3. In general, the results obtained in this article are

Conclusion summarized as follows:

4. *Minimize the reduction of renewable energy

1. In this paper, an optimization model for .
production

optimal power planning in the distribution
network with the presence of renewable 5. eMinimize the cost of operating renewable

resources and VSCs added to the network was energy sources, fuel cells and diesel generators

expressed. 6.  +Optimal distribution power distribution
2. The optimization problem is a nonlinear distribution planning in the presence of

multi-objective problem of mixed integers and renewables and VSCs

a 24-hour planning horizon. The issue ;

includes  distribution  network  power i

distribution  constraints, network losses, Appendix

converter constraints, renewable generation The explanation of parameters and indices

constraints and their losses, and finally associated with equations:

constraints related to VSCs added to the

system.

Eur. Chem. Bull. 2023,12(Special issue 4), 12024 — 12040
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Table 5. the explanation of parameters associated with equations

ij

Index of the number of nodes

k Index of the number of number of DERS

[ Index of the number of loads

m Index of the number of lines

t Index of the number of time periods

nf Index of the number of number of nonfirm
generators

c Index of the number of number of
converters

Ppv(t) PV Power

Pwind(t) Wind Power

Cf(1) Operation costs PV and Wind

G(c) Condoctance converter

B(c) Suspension converter

teta(c) angle converter

G(i,)) Condoctance bus

B(i ) Suspension bus

teta(i,j) angle bus

DT The length of each time step

PD(i) Active Power load

QD(i) Reactive Power load

lambdal, lambda?2

Weighting coefficients

epsilon_ch, epsilon_dch

Charging and discharging efficiency

Beta,a,b,c Cost coefficients

etaAC, etaDC Efficiency VSC

Pcur(t) Renewable power generation

Pf Power purchased from external gird

PDER(K) Active power generation DER

Pren(t) renewable power generation including
wind and solar energy

PG(i), QG(i) Injection of active and reactive power in
the bus

V(i) Voltage bus

Vmin(i) ,Vmax(i) Voltage limit

S(m,t) Apparent power of the line

PDG Power DG

Rdown,Rup maximum down/up rates

Pcharge,Pdis

ESS charging and discharging power

Xcharge, Xdis

Indicates ESS charge and discharge mode

Eur. Chem. Bull. 2023,12(Special issue 4), 12024 — 12040
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(Oorl)

SOCmin,SOCmax Lower and upper range of SOCs

Pinj,Qinj Active power and reactive power of AC
network to transformer

Scon Capacity converter

PACcon Active power injected into the connector
converter on the AC side

Qac-cov The reactive power absorbed by the
converter

Ploss_con Ploss converter

PGin Power purchased from external network

PGout Power exported to the external network

pl(t) Predicted load

PAC(t) Active power VSC

QAC(1) Reactive power VSC

PAC-loss (1) Ploss VSC
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