
Research Article
Optimal Allocation of Combined Renewable Distributed
Generation and Capacitor Units for Interconnection
Cost Reduction

Saad Ouali and Abdeljebbar Cherkaoui

Laboratory of Innovative Technologies (LTI), National School of Applied Sciences, Abdelmalek Esaadi University,
Tangier, Morocco

Correspondence should be addressed to Saad Ouali; saad.ouali1@gmail.com

Received 30 March 2020; Revised 13 June 2020; Accepted 23 June 2020; Published 23 July 2020

Academic Editor: François Vallée

Copyright © 2020 Saad Ouali and Abdeljebbar Cherkaoui.+is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

In this paper, a newmethodology for the optimal investment in distributed generation is presented, based on an optimal allocation
of combined DG and capacitor units to alleviate network voltage constraints and reduce the interconnection cost of renewable
generation integration in public medium voltage distribution networks. An analytical optimization method is developed, with the
inclusion of practical considerations that are typically neglected in developed works: network topology reconfiguration and the
geographical data of the generation land-use and network infrastructure. Powerful results concluded from a sensitivity analysis
study of the most impacted parts of the network by the variation of active and reactive power injection under network topology
reconfiguration are used as a basis for capacitor units placement. A case study, with two meshed IEEE 15-bus feeders and a new
DG to connect, geographical dispersed, are used to simulate the performance of the proposed approach. A cost evaluation of the
obtained results proves the effectiveness of the proposed approach to reduce the required charges for connecting new renewable
generation units in medium voltage distribution system.

1. Introduction

Several optimization efforts had been presented in literature
with a main aim of maximizing the benefits expected from
connecting DGs to electrical networks, by optimizing their
location with a defined specific capacity [1], optimizing their
size with a defined location [2], optimization of combined
location and size [3], and also the identification of the
optimal type of DGs to connect [4]. To improve a particular
objective or a combination of objectives, the principal
searched benefits in literature are minimization of power
losses [5], enhancement in voltage profile [6], voltage sta-
bility improvement [7], cost minimization [8], maximization
of profit [9], reliability enhancement [10], social welfare
maximization [11], system average interruption duration
index SAIDI improvement [12], and the maximization of the
distributed generation capacity [13].

To solve their optimization problem, authors had de-
veloped several methods and approaches, which can be
classified in four principal categories: analysis approaches
[14], mathematical programming algorithms (such as se-
quential quadratic programming [15], linear programming
[16], and nonlinear programming [17]), heuristic methods
(such as Particle Swarm Optimization [18], Cuckoo Search
Algorithm [19], Genetic Algorithm [20], Karman Filter al-
gorithm [21], Differential Evolution [22], Chaotic Symbolic
Organisms Search [23], Tabu Search [24], Harmony Search
[25], Firefly algorithm [26], Simulated Annealing [27], Grey
wolf optimizer [28], Modified Shuffled Leaping Algorithm
[29], Big Bang Big Crunch algorithm [30], Bacterial Foraging
Optimization algorithm [31], Ant Colony Optimization [32],
Hereford Ranch algorithm [33], Artificial bee colony [34],
and Modified Honey Bee Mating algorithm [35]). And
hybrid algorithms with a combination of different
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methodologies (such as Genetic Algorithm and Particle
Swarm Optimization [36], Genetic Algorithm and Tabu
Search [37], and Genetic and Simulated Annealing algo-
rithms [38]).

In this paper, a novel objective function is introduced in
the research field area of the integration of distributed
generation in power systems, with the development of a
powerful optimization method for identifying the optimal
combined solution of underground cables and/or overhead
lines to lay and capacitor units to install, for reducing the
interconnection charges of the generation unit.

Several investment models were presented in litera-
ture, investment costs, substation expansion investment
cost, operation and maintenance costs, energy losses cost,
and the cost of the power purchased from the transmission
system. In [39], a stochastic investment model for re-
newable generation in distribution has been developed to
deal with uncertainties in distribution system expansion
planning. In [40], the power losses costs have been esti-
mated to devote the optimal operation of MV distribution
networks with the presence of DGs units. In this paper, a
further novel investment model is introduced, the inter-
connection of a renewable distributed generation, which
represents the cost required for the construction of
overhead lines and underground cables between the
generation land-use and connection point in the distri-
bution network.

+e proposed interconnection cost reduction method-
ology is based on the assumption that the cost of capacitor
bank is lower compared to the costs required for under-
ground MV cables lying and overhead MV lines develop-
ment. +e optimal allocation of the combined renewable
generation and capacitor banks is based on powerful ob-
servations concluded from a sensitivity analysis study in
Section 3 of the most impacted part of the network by the
variation of active and reactive power variations, under
network topology reconfigurations. Several local and
decentralized voltage control methods are developed in
literature and can be used to regulate the reactive power of
the additional capacity banks with the variation of the
produced power of the DG [41, 42].

+e main contributions of this paper are as follows:

(i) Introduction of a novel objective to the research
field area of optimal allocation of distributed
generation

(ii) Inclusion of practical considerations that are typi-
cally neglected in already developed works

(iii) Incorporating constraints related to geographical
generation land use

(iv) Report results that have the potential to incite re-
searches to develop efficient efforts and encourage
private investors to build renewable distributed
generation by minimizing the costs of inter-
connecting their generation units in public
networks

(v) +e presentation of a powerful tool that could be
used directly by distribution electric utilities for the

orientation study, as tool able to offer more options
to connect a new DG to their electrical networks

2. Distributed Generation and Public Medium
Voltage Distribution Networks

Several types of distributed generation can be distinguished,
according to the technology, type of generators used, and
depending on which primary energy they are exploiting;
generally 2 principal types of distributed generation can be
differentiating: conventional or traditional generators based
on combustion engines, and nonconventional generator as
follows: storage devices, electrochemical devices, and re-
newable device.

For connecting a new DG to a medium voltage public
distribution network, as the case in Morocco, and according
to the law 58–15, opening access to low and medium voltage
networks and the decree No. 2-15-772 on access to the
national grid of medium voltage of Morocco, the DG owner
will have to address a formal request to the distribution
utility.

Distribution utility conducts an orientation study to
verify the feasibility of the integration of the new DG, by
identifying and evaluating all possible options.

However, the efforts presented in literature, for opti-
mally placing distributed generation, usually neglect the fact
that DGs are developed in large surface area, and the choice
of the DG site is influenced by several economic, climatic,
and geographical conditions. Also, no work had considered
the geographical data of the network infrastructure and the
DG site.

To better model the problem and to develop an approach
adequate for an implementation in public medium voltage
distribution networks, renewable distributed generation unit
is divided into three different items:

(i) DG site: the land area where the DG is developed
(ii) Connection point: a point from the network cables

and lines on where the DG will be connected
(iii) Electrical connection: the overhead lines or un-

derground cables to develop for linking the DG site
to the connection point

In the case study presented in Figure 1, seven options are
presented to connect the new DGs to the network, with
seven connection points and seven electrical connections.

In Figure 1, “CBi” represents the possible connection
points, and dotted lines represent the electrical connections
to develop for connecting the DG unit.

3. Optimal Allocation of Capacitor Units and
Network Topology Reconfigurations

Another shortcoming in the efforts [1–42] is the network
topology reconfigurations. Medium voltage distribution
systems are usually designed as mesh networks but
operate in a radial structure. +e network topology of
distribution systems can be changed for maintenance
activities, emergency operations, or network
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reconfiguration, in some cases, for several times in a same
day.+e optimal access point in a defined structure may be
the point to avoid in other structures. +e connection
point of DGs, loads, capacitor banks, or any other elec-
trical equipment should be done considering network
topology reconfigurations, and all the scenario of the
network exploration.

However, powerful observations could be concluded
from an analysis study of the most impacted part of the
network by the new DG with network topology
reconfigurations.

Before connecting the DG unit to the distribution
network, the relation between the variation in network
voltage and the variation in active and reactive of the 15
buses:
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(1)

After the connection of the DG at the CB1, the IEEE 15-
bus network becomes a feeder with 16 buses and the relation
between the total derivation of network voltage and the
variation of active and reactive become
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In Figures 1–3, three different topologies structures are
presented resulting of the case study; in Figure 1, the switch
at the node “5A–15B” is opened and the topology structure
of Figure 2 is obtained by closing the opened switch at node
“5A–15B” and opening the sectionalize switch at the node
“3B,” and in Figure 3, the opened is moving to the node
“2A.” +e DG is supposed to be connected at CB1.

Let’s now evaluate the most impacted parts of the net-
works by the variation of the injection active power and the
variation of injected or consumed reactive of the DG. +e
results obtained are arranged in a descending order, and the
most 7 impacted nodes are reported in Table 1.

Table 1 shows that the impact of a new DG on network
voltage changes with network topology structure reconfi-
guration, and the influence of connecting a DG in a defined
connection point may increase with network topology
reconfigurations, as the example of connecting the DG at
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Figure 1: Single line diagram of the case study (topology structure no. 1).
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CB2; the impact on the voltage is multiplied by 7 if the
network topology changes from structure 1 to structure 3.

However, the order of the most impacted nodes is still
the same; the voltage of the nearest node to the connection
point is the most impacted by the variation introduced by
the new DG. +is observation can also be concluded from
the mathematical formulation of the voltage sensitivity
calculation.

+is powerful observation is used to identify the optimal
placement of capacitor units to add (steps 6, 7, and 8 in
Section 6) in order to alleviate network voltage constraints
and reduce the interconnection cost of renewable distributed
generation integration in public medium voltage distribu-
tion systems.

4. Proposed Approach

+e main aim of the proposed approach is to give more
options to connect a new DG to a public medium voltage

distribution network and offer more chances to get the
lowest way to connect a new renewable DG.

As mentioned in Section 2, to connect their DG, the
owners will have to address a formal request to the electric
utility, who evaluate all the possible connection points with
their respect to the operating network constraints; if at least
one of the constraints is not satisfied, the connection point is
rejected, even if it may present the lower cost to connect the
DG to network.

+e aim of the proposed approach is to identify the
optimal allocation of capacity banks to reduce the impact of
the new DG on network voltage constraints. Without the
proposed approach, two kinds of solution will be presented
to the DG owners: possible connection points, which sat-
isfied all the networks constraints, and no possible con-
nection points, in which at least one of the constraints is not
satisfied. With the proposed approach possible, three kinds
of solution will be presented: possible connection, which
satisfied all the networks constraints, possible connection
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Figure 2: Single line diagram of topology no. 2.
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Figure 3: Single line diagram of topology no. 3.
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point with additional charge of installing capacitor banks
and network reinforcement, which does not satisfy the
constraints without additional devices, and not possible
connection points, which does not satisfy the network
constraints even with additional electrical equipment. +e
obtained results will be costing to identify the lowest option.

If the lowest option is resulting from the second cate-
gory, the solution presented by electric utility to the DG
owners to connect their generation unit will be presented as
the development of underground cables or overhead lines
from their DG site to the connection point with additional
charge of acquisition, installation, and exploration of ca-
pacitor banks. +e solution could also be extended for other
electrical equipment: energy storage units, D-Statctom,
D-FACTS, or Soft Open Points (SOPs).

To regulate the reactive power of the additional devices,
several powerful local and decentralized approaches had
been developed in [41, 42]. In [41], authors had developed a
gradient projection based schemes explicitly accounting for
the reactive limit of each bus with the use of only local bus
voltage measurements. In [42], three strategies are proposed
to keep the voltages within preassigned operating limits, by
commanding the reactive power output of the micro-
generators connected to the grid; the first two strategies are
purely local, each microgenerator updates the amount of
reactive power to be injected based only on local mea-
surements of the voltages’ magnitude. Instead, the third one
is distributed, namely, the microgenerators, to perform the
updating steps, requiring some additional information
coming from neighboring agents.

5. Problem Formulation

Optimal DG access point in a public distribution system is to
find best locations of network that gives minimum shortest
distance from the DG site to that location, while satisfying
certain operating constraints and distribution network ac-
tors interests. +e operating constraints are voltage profile of
the system, current capacity of the feeder and transformers,
and the level of the total power losses, energy quality, and
protection system limits. +e objective function is inter-
connection cost reduction of a renewable distributed gen-
eration integration in public medium voltage distribution

systems, which represents the cost required for the con-
struction of overhead lines and underground cables between
the generation land use and connection point in the dis-
tribution network

F � min CostDG interconnection( , (3)

subject to the following:

(i) Voltage limits: the bus voltage magnitudes are to be
kept within acceptable operating limits throughout
the optimization process:

VLimit−min ≤Vi ≤VLimit−max, (4)

where Vi is +e voltage magnitude at node “i”.
VLimit−min and VLimit−max are the acceptable operating
limits of voltage magnitude.

(ii) +ermal limits of lines and transformers:

Iij ≤ ILimit−max, (5)

where Iij is the current passing between node “i” and
node “j”. ILimit-max is the acceptable thermal limits of
the branch between node “i” and node “j.”

(iii) Power losses degradation: electric utilities are
generally the entity responsible to keep the losses at
lower level, to respect their interests; the new DG
should not increase the total power losses of the
system. +e total power losses, before connecting
the DG, should not be greater before the DG was
connected:

P
Before
Loss − P

After
Loss ≥ 0, (6)

Q
Before
Loss − Q

After
Loss ≥ 0, (7)

where PBefore
Loss and QBefore

Loss are the active and reactive
power losses before the introduction of the DG unit.
PAfter
Loss and QAfter

Loss are the active and reactive power
losses after the integration of the DG unit.

Table 1: Voltage sensitivity analysis with respect to the variations of active and reactive power variations.

Topology no. 1 Topology no. 2 Topology no. 3

Voltage sensitivity
with respect to active

power variation

Voltage sensitivity
with respect to
reactive power

variation

Voltage sensitivity
with respect to
active power
variation

Voltage sensitivity
with respect to
reactive power

variation

Voltage sensitivity
with respect to
active power
variation

Voltage sensitivity
with respect to reactive

power variation

2 1,53 1,778 1,53 1,778 7,165 8,749
4 2,567 2,849 2,567 2,849 5,941 7,321
3 2,567 2,849 2,567 2,849 7,165 8,749
11 3,717 4,134 3,717 4,134 8,315 10,034
12 4,991 5,656 4,991 5,656 9,589 11,556
13 5,628 6,417 5,628 6,417 10,226 12,317
DG 5,628 6,417 5,628 6,417 10,226 12,317
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(iv) Total harmonic limits: the total harmonic level at
each bus should be less or equal to the maximum
allowable harmonic level. Consumers connected at
the MV network should not be injured too by
connecting the new DG; to preserve a certain quality
level at their substations, MV consumers add several
devices. Any degradation in energy quality levels
signify further charges for MV consumers:

THDi(%)≤THDmax, (8)

where THDi(%) is maximum harmonic level at each
bus. THDmax is maximum harmonic operating limit.

(v) Short circuit power constraint:

SSC′ < α · SSC, (9)

where SSC
′ and SSC are the short circuit capacity of

the network before and after the connection of the
DG unit at CBi. α is a factor to apply considering a
predetermined safety margin; in [32], the safety
margin had been defined as 15% and α� 0,85.

(vi) False tripping:

1, 2ISC−adj < 0, 8IP
′ , (10)

where ISC−adj is the fault current seen by the relay
when of the maximum fault occurs in an adjusted
feeder and IP

′ is pickup current of the normal ex-
ploration scheme and the backup connections in
case of meshed feeders, after the connection of the
DG unit.

(vii) Protection blinding:

0, 8ISC−min−feeder′ < 1, 3Ip−feeder′ , (11)

where ISC−min−feeder′ is the minimum short circuit fault
current on the MV feeder after the connection of the DG
unit and Ip−pickup′ is pickup current of the normal exploration
scheme and the backup connections in case of meshed feeder
after the connection of the DG unit.

It is to notice that if the electric utility predicts to reduce
the total power losses or a MV consumer needs to improve
voltage profile or energy quality level, by changing the
connection-point and proposing another access location, a
comprise investment could be negotiated between DG
owners and the other actors to cover the additional costs of
connecting the new DG to the public network.

6. Algorithm

+e proposed algorithms evaluate all possible connection
point under all possible network topology structures; three
kinds of solutions will have presented the following: possible
connection, which satisfied all the networks constraints,
possible connection point with additional charge of

installing capacitor banks, which does not satisfy the con-
straints without additional devices, and not possible con-
nection points, which does not satisfy the network
constraints even with additional electrical equipment. +e
obtained results should be costing separately to identify the
lowest option:

(i) Step 1: identify all possible connection-point “CB”
to connect the new DG.

(ii) Step 2: arrange the possible connection-point “CB”
with their distance to the DG site.

(iii) Step 3: place the new DG at the first connection-
point

(iv) Step 4: run the load flow analysis of the new
network with an additional node on which the new
DG is connected, under all possible network to-
pology structures. And also, under different load
conditions: morning/afternoon/night, summer/
winter, week/days/weekend.

(v) Step 5: evaluate the voltage constraints for each
topology structure, and also, under different load
conditions: morning/afternoon/night, summer/
winter, week days/weekend:

If voltage constraints are satisfied go to step 6.
If at least the voltage of one node is not within the
permitted range go to step 7.

(vi) Step 6: evaluate the network electrical constraints,
equations (5)–(11), for each topology structure,
under different load conditions: morning/after-
noon/night, summer/winter, week/days/
weekend:

If all constraints are satisfied the connection point
is accepted as possible access point, go to step 3.
If at least one of the constraints are not satisfied,
the connection point is rejected, go to step 3.

(vii) Step 7: place the capacitor bank at the nearest
nodes to the DG connection-point.

(viii) Step 8: increase the capacitor banks size.
(ix) Step 9: run the load flow analysis of the new

network with an additional node on which the new
DG is connected, under all possible network to-
pology structures. And also, under different load
conditions: morning/afternoon/night, summer/
winter, week/days/weekend.

(x) Step 10: evaluate the voltage constraints for each
topology structure, and also, under different load
conditions: morning/afternoon/night, summer/
winter, weekdays/weekend.

If voltage constraints are satisfied, go to step 9.
If at least the voltage of one node is not within the
permitted range, go to step 7.

(xi) Step 11: evaluate the network electrical constraints,
equations (5)–(11), under all possible network
topology structures, and also under different load
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Step 1: identify all possible
connection-points (N = number of CB)

Step 2: arrange the possible CB with
their distance from the DG-site

i = 1

i ≠ N?

Step 3: DG is supposed to be placed at
connection point I (CBi)

Step 4: run load flow analysis for all
possible network topology structures

and loading conditions

Step 7 : place the capacitor units at
the nearest node to the CBi

Step 8: increase capacitor size

Step 9: run load flow analysis for all
possible network topology structures

and loading conditions

CBi is a possible
connection point

CBi is not a possible
connection point

CBi is a possible
connection point with
further investments in

installing capacitor
banks

CBi is not a possible
connection point

i = i + 1

Step 5:
VLimit–min ≤ Vi ≤ VLimit–max

?

Step 10:
VLimit–min ≤ Vi ≤ VLimit–max

?

Step 11:
Network constraints
equations (5)–(11)

?

Step 6:
Network constraints
equations (5)–(11)

?

Figure 4: Flow chart of the proposed approach.
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conditions: morning/afternoon/night, summer/
winter, week/days/weekend.

If all constraints are satisfied the connection point
is accepted as possible access point with an ad-
ditional investment on acquisition and installa-
tion of further capacity bank, go to step 3.
If at least one of the constraints are not satisfied,
the connection point is rejected, go to step 3.

+e results will be presented as possible scenarios to
connect the new DG. Without the proposed approach, the
connection point which had not satisfied the electrical network
constrains is directly rejected, but with the proposed method,
some of those connection points could be accepted as possible
access point of the new renewable DG but with further in-
vestment of acquisition and installation of capacity banks.

+e cost of connecting DGs to an existing MV network
will be reduced by this approach by choosing the shortest
electrical connection and acquisition capacity banks, instead
of choosing a largest electrical connection.

+e cost of capacity bank is very low compared to the
cost of underground MV cable lying or the development of
MV overhead lines. Also, the cost of an electrical connection
does not only depend on the length of cables, the nature of
the geographical terrain, and the presence of constraints
influence the total cost of the electrical connection.

+e proposed method offers more options to connect a
newDG to an existingMV network, all the solution resulting
from the approach should be evaluated to calculate the total
cost of connecting the new DG.

+e evaluation of all network topology structures needs
high computational effort, which impacts the time appli-
cation; however, this limitation is not necessarily critical in
DG placement applications.

+e flow chart of the possible algorithm is given in
Figure 4.

7. Simulation Results

+e proposed analytical approach had been applied to the
electrical system, presented in Figure 1, composed of two
meshed feeders of 15 buses, driven from two separate HV/

MV substations A and B and a new DG of 1500 kW to
connect. +e line data and load data of the electrical system
are given in Table 2, and distance from the DG unit seven
possible connection points is given in Table 3.

Firstly, the seven possible connection points CBi are
tested considering all possible topology structure of the two
feeders, obtained by changing the sectionalize switches and
tie switches of all system nodes.

+e results of the maximum and the minimum voltage
magnitude for the three different topology structures are
provided in Table 4.

+e results obtained in Table 4 show that CB1 is not a
possible access point to connect the generation unit. Con-
necting the new DG at CB1 may create an overvoltage when
structure 3 is the topology structure of the electric system.

By applying the proposed approach, the optimal allo-
cation of reactive power devices obtained are two capacitors
banks of 100 kVAr at nodes “12A” and “13A.” +e system
performance after the connection of the new DG at CB1 and
the installation of the two capacitor banks at the optimal
locations is given in Table 5.

Without the application of the proposed method, the
nearest possible access point for the new DG is CB2;
however, with the introducing of the proposed approach,
DG owners will be able to connect their DG unit at CB1,
which presents half the length of cables needed to lay to
reach the network, but with additional charges of installing
and exploring two capacitors banks of 100 kVAr.

An estimation of connecting the new DG at CB1 with 2
additional capacitor banks of 100 kVAr is 183060.00Moroccan
Dirham, including taxes (19262.49 US dollar), needed to de-
velop and install 10 electric MV cement poles of 12 meter/
300 daN, 4 electric poles of 12 meter/500daN, 14 electrical
cross arms, 54 composite insulators, 1 disconnect switch,
3810meters of conductor’s aluminum alloy (Almelec) with a
section 34.4mm2, and 2 capacitors banks of 100 kVAr.

Table 3: Distance between possible connection point and DG site.

CB1 CB2 CB3 CB4 CB5 CB6 CB7
1270m 2404m 2446m 2630m 2815m 3007m 3085m

Table 2: Load data and line data of the two meshed feeders A and B (feeder A and feeder B are identical).

Sending node (A) Receiving node (A) Sending node (B) Receiving node (A) R Ohm X Ohm kVA kVAr
1 2 1 2 1.353 1.323 44.1 44.99
2 3 2 3 1.170 1.144 20.1 11.44
3 4 3 4 0.841 0.822 40 142.8
4 5 4 5 1.523 1.027 44.1 44.99
2 9 2 9 2.013 1.327 10 4.82
9 10 9 10 1.686 1.137 10 4.82
2 6 2 6 2.557 1.724 20 21.41
6 7 6 7 1.088 0.734 20 21.44
6 8 6 8 1.251 0.844 14.1 9
3 11 3 11 1.795 1.211 30 10.82
11 12 11 12 2.448 1.651 20 11.41
12 13 12 13 2.013 1.357 44.1 44.99
4 14 4 14 2.230 1.504 70 71.41
4 15 4 15 1.970 0.807 40 42.82
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Without the proposed solution, the new DG will be
connected at CB2, with a cost of 283545.00 Moroccan
Dirham, including taxes (29836.02 US dollar) to develop an
overhead line of 20MV electric cement poles of 12 meter/
300 daN, 7 electric poles of 12meter/500 daN, 27 electrical
cross arms, 102 composite insulators, 1 disconnect switch,
and 7212 meters of conductor’s aluminum alloy (Almelec)
with a section 34.4mm2, which clearly confirm the ability of
the proposed approach to reduce the cost of connecting a
renewable generation unit to a medium voltage distribution
network.

8. Conclusions

+is paper presented an analytical approach for optimally
allocating renewable distribution generations and capacitor
banks, with a main aim of minimizing the cost of connecting
a new renewable DG unit to public medium voltage dis-
tribution systems, considering practical constraints of net-
work topology reconfigurations and the presence of several
actors with different interests in a competitive electrical
market.

Simulation results obtained from a two meshed feeders
showed that the proposed method is able to minimize the
total length of electrical cables and lines needed to connect a
new generation unit to a public distribution network while
satisfying actors interests and network constraints.

+e approach presented in this paper was developed
based on an analytical approach; several heuristics and
numerical methods are more robust and more efficient and
could be used for future improvement. Further constraints
could be adopted as time varying of load demand and re-
newable generation and also the consideration of load
growth, if multiple years are considered and an optimal DG
placement along a planning horizon is searched. Further

actuators devices could also be added for further im-
provement as energy storage units, D-Statctom, D-FACTS,
or Soft Open Points (SOPs).

Data Availability

+e code MATLAB developed and used to perform the
proposedmethod is available from the corresponding author
upon request.
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