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Abstract. Climate change is the one of the most important
issues faced globally and reasons of it must be reduced
immediately in every area. Installing distributed power generation
(DG) is one of the powerful options for reducing carbon emissions
in power generation. However, improper allocation of these assets
has several drawbacks. Efficient, novel and robust algorithm
which is combination of both k-Means clustering and Particle
Swarm Optimization is proposed in order to allocate DGs.
Proposed algorithm clusters distribution network buses and selects
to most proper cluster to allocate DG in this way it reduces possible
buses. Furthermore, sizing and generation constraints of DGs are
quite important for allocation. Therefore, several cases including
different DG sizes and types are implemented to obtain the best
results. Moreover, multiple DG cases are included in the study.
Finally, DGs have considered as wind turbines for best cases and
cases have analysed in 24 hourly bases including uncertainties
both demand and production side. 33 Bus test feeder power losses
are reduced up to 69%, 86%, 90% at best cases and 39%, 53%,
55% at including uncertainties by proposed algorithm for cases 1,
2, 3 DG installed, respectively.

Key words. Distributed power generation, improving
voltage profile, k-Means clustering, particle-swarm
optimization (PSO), power loss reduction.

1. Introduction

Nowadays, climate change is increasingly becoming a vital
issue and fighting against it can be ensured by reducing
fossil fuels or carbon emissions in area of power systems.
Increasing efficiency of power production, encouraging the
usage of renewable sources and decreasing power losses are
the fundamental options for fighting against climate change.
A review paper states that installation of distributed
generation (DG) units are able to decrease carbon emissions
41% in United Kingdom [1]. Therefore, installing DG units,
most specifically renewable sources, has received much
attention in the past decade due to the developing
technology and DGs great benefits. The most specific
feature of DGs is the capability of locating near load-side
thereby, DGs are significantly capable of reducing the
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transmission losses. Furthermore, the principal impacts of
DGs penetration to distribution networks includes
improving voltage regulation, improving voltage stability,
increasing reliability, reducing the distribution network
losses and increasing the line capacities [2]-[4].
Depending on DGs impacts, both power quality and
system operators’ profits will have increase. More
importantly, renewable DGs (wind, photovoltaic etc.) are
society's best option to stop climate change immediately
for cleaner future. However, inappropriate placing and
inefficient sizing of these assets have several critical
consequences such as increased system operation cost,
high short-circuit currents etc. [5], [6]. Therefore,
appropriate placing and sizing of DGs under the
operational constraints is attracting considerable interest
due to both improving network performance and
increasing system operators’ profits while avoiding its
possible drawbacks.

There is a vast amount of literature on different
optimization algorithms implemented for allocation of
DGs. Several methods have recently been proposed which
they are mostly meta-heuristic algorithms including ant
lion [7], artificial bee colony [4], crow search algorithm
[8], genetic algorithms [9], grey wolf algorithm [10],
harmony search algorithm[11] , tabu search [3], whale
optimization algorithm [12] and several variants of
particle swarm optimization [13][14][15]. There are also
several deterministic algorithms such as analytical [16],
efficient analytical method [17], MILP [18] and
MINPL[19]. Some of these studies are differs from the
other depending on their multi-objectives including
voltage, power indices and network losses [15]. Studies
generally differs from each other according to their
algorithm used, required computation time and
effectiveness or success of algorithm to achieve
objectives. Moreover, optimal allocation of only 1 DG unit
is not quite enough for future distribution networks.
Several papers are allocated multiple DGs in to the
distribution networks [20] [2]. Also, different types of DG
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have great importance for allocating DGs. Different
generation limits are implemented to analyze impacts of
DGs [21].

Different than other studies in the literature, a novel
algorithm is proposed for more robust placing of the DGs.
Despite this valuable interest on this subject, problem has
not yet been analyzed enough with various scenarios
whether distribution networks are capable to accomplish
future needs. Therefore, optimal allocation and sizing of
DGs is considered up to four units in this study. Different
DG types are included with different DG real and reactive
generation capacities. Allocated DGs are analyzed
regarding their performance on voltage profile, power
losses and line currents for both instant and hourly
performances. Hourly performances of the networks are
examined applying uncertainties of both generation and
loads sides. Uncertainty of production side is implemented
using wind speed probability density function at each DG.
Proposed algorithm is implemented to radial 33 bus test
feeder using programming language Python. Results are
compared with each other on subjects of improving
voltages, reducing the system losses and line currents.

This paper is structured so that the introduction is followed
by proposed methodology, which is given in Section I,
after that Section Il gives details on the modelling of the
wind turbines, allocation of DGs depending on several cases
is given in Section IV and best cases are analyzed 24 hourly
basis including uncertainties given in Section V. Finally,
conclusions are summarized in Section VI.

2. Methodology

Proposed algorithm is combination of k-means clustering
and particle swarm optimization algorithms.

A. k- Means clustering algorithm

k- Means clustering is the one of the most used clustering
algorithm and it is described as an unsupervised machine
learning method which aims for dividing dataset into k
clusters [22]. This method is chosen on account of the fact
that it’s easy implementation and effective results.
Algorithm objective is maximizing the similarities in each
cluster and minimizing the similarities between clusters.
Algorithm achieves its objective by minimizing the
distances between data in each cluster. Equations are given
in followings.
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Basic workflow of algorithm is given below.
1. K™ number of clusters are determined randomly.
2. Mean distance of data are evaluated for each
clusters and data set are re-clustered depending on
mean values.
3. New cluster means are evaluated.
4. Process is repeated until clusters are stable.
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B. Particle Swarm Optimization (PSO) algorithm

Other method that used in this study is PSO which is
population-based meta-heuristic optimization technique
[23]. In PSO, initial conditions of population are randomly
determined, and optimal solution is updated by each
generation. Particle positions are updated according to
their velocities at each iteration according to given
equations.

vi(tﬂ) = in(t) + ¢, xrand * (pbest - xi(t)) + ¢, xrand (3)
¢
* (gbest - xi( ))
xi(t+1) _ xi(t) + vi(tJrl) (4)

C. Proposed Algorithm

Proposed algorithm divides network into several pieces by
k-Mean clustering thereafter starts to detect the most
proper placement with PSO for DGs depending on
objective of the problem. Voltage magnitude and angle
data obtained by initial power flow results are used for
clustering. Regardless from the distribution network size,
buses can be clustered into 3 different clusters. Voltage
magnitudes and angles in each cluster are relatively close
to each other at buses. Therefore, connectivity between
buses will not be interrupted inside of clusters. However,
it should be noted that connectivity between buses at same
cluster might fail if number of clusters are increased too
much. k-Means Clustering algorithm is implemented on
the 33- Bus feeder base case to in order to give an example.
Clusters are visualized depending on the results of k-
Means clustering algorithm. Clusters created by algorithm
are shown within power flow results in the Fig. 1.
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Fig. 1. Clustering results of base case

As itis given in the figure, buses are clustered. Depending
on these results, DG will be allocated on the one of these
clusters. By this way, search space of buses will be
reduced significantly while allocating.

After the clustering of network is completed, DGs are
allocated to selected cluster depending on DG types with
PSO. Selecting one of the clusters lowers the possible
placing of the DGs thereby reducing required number of
iterations. For this reason, preprocessing of data decreases
computational time significantly, yet does not decrease
efficiency of the algorithm. Finally, proposed algorithm is
repeated as much as number of the DGs while considering
DG type and generation constraints.
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3. Problem Formulation

Several cases including multiple DGs are implemented with
different production capabilities and sizes in order to
investigate the impacts of DGs to distribution networks. All
cases are summarized in Table I.

Table I. Abstract of implemented cases
Number of DG Maximum Sizes

1 1 2 3
2 0.833 1.667 25
3 0.667 1.333 2
4 0.5 1 15
Min. cos ¢ 0.8 0.9 1

Simulation is repeated for the number of DGs given with
minimum power factor and maximum sizes. 36 Cases are
presented according to DG number implemented yet only
the best cases are presented in detailed. Also configuration
of 33 Bus Test Feeder network is shown in Fig. 2.

23—24—25

26—27—28—29—30—31—32—@33

19—20—21 22

Fig. 2. Configuration of 33 bus test feeder network

DGs are taken as wind turbines according to results of best
cases in order to include uncertainties at power generation
side. Probability density function of wind speed is given in
following equations.

£ =) - () ®
k=2 frw) = i—: * exp(— (g)z) (6)
c~ 1,128 x v, (7)

Probability density function of wind speed is depended on
the average wind speed which is taken 9 m/s. Moreover, 35
m/s is the maximum wind speed generated by algorithm.
Power output of wind turbines are expressed as below [24].

0 0osV<V
b _JBA+BrVHCVY) V<V <V @
w P. V<V <V,
0 A
1 Vi + V3
- v v —ayy (A 8
A (Vi_mz[vl(vlwr) iy, (5 )] ®)
1 Vi + V2
327(‘4—]4)2[4(Vi+w)<121/rr) —(3Vi+Vr)] 9)
i+

1 Vi + V3
CZW[2_4( 2, )] (10)

Vi is the cut-in speed, V. is the rated speed and V, is the cut-
out speed. It should be noted that wind turbines are taken as
producing only active power.
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4. Allocation of DGs

A. 1 DG Installed Cases
1 DG installed case results are given in the Table II.

Table Il. Installed 1 DG scenarios results

No Bus MW MVAr Loss (kW)
1 30 0.77 0.64 94.98
2 30 0.85 0.53 96.26
3 30 1.00 0.00 126.60
4 28 1.56 1.25 64.14
5 28 1.70 1.05 65.92
6 6 2.00 0.00 108.23
7 6 2.47 1.70 61.39
8 6 2.55 1.58 61.67
9 6 2.56 0.00 103.85

When the table is analysed, it can be seen that limitations
of the sizing and power factor has great importance. Bus 6
is optimal place for 1 DG installed cases similar to several
studies. However, it not always the best bus when
limitation of DG is tighter which it should be considered
in real life applications. Apart from this, cases supplying
only active power (3, 6 and 9) is not adequate for reducing
the system total losses as much as other cases. Therefore,
it is obvious that network needs reactive power. Even
though case objectives are close, best result is the case 7.
Voltage profile of case 7 is shown in the Fig. 3.
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Fig. 3. Voltage profile of case 7

Result shows that voltage profile is much better when it is
compared with the base case which is given in Fig. 1. Bus
magnitudes are between 0.965 and 1 pu and it directly
effects line losses. Comparison of power loss and line
current between base case and case 7 is shown in Fig. 4.
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Fig. 4. Percentage of line currents and loss reduction in case 7

Figure shows that beginning of the feeder (lines 1-5) has
reduced more than 90% for power loss and 68% for the
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line currents. To sum up, average line currents and power
losses have been reduced 16% and 69%, respectively.

B. 2 DG Installed Cases
2 DG installed case results are given in the Table I11.

Table Il1. 2 DG installed case results

No | Bus MW MVAr | Bus MW  MVAr | Loss (kW)
10 31 0.65 0.53 26 0.70 0.46 63.33
11 31 0.71 0.44 6 0.71 0.44 64.43
12 | 31 083 0.00 28 0.83 0.00

13 | 30 1.29 1.06 13  0.80 0.40 29.05
14 30 1.42 0.88 28 0.53 0.33 60.21
15| 26 167 0.00 14 067 0.00 89.72
16 | 28 1.63 131 13 070 0.33 37.71
17 6 2.13 1.32 31 0.68 0.42 40.14
18 6 2.50 0.00 9 0.42 0.00 99.10

When table is compared with 1DG installed cases, it is
obvious that performance has been increased by reducing
the losses for each case. DGs with supplying only active
power cases still give the poorest results among cases. Thus,
supplying reactive power is required for greater
improvements in the network. When power generations are
compared with case 7, it can be seen that even though DG
are supplying lesser power to network, case 13 achieves
better results. Therefore, it can be said that division of
installing power has providing greater beneficial. Case 13 is
shown a great performance and it is far better than among
the other cases implemented for now. Voltage profile of
case 13 is shown in the Fig. 5.
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Fig. 5. Voltage profile of case 13

Result shows that bus magnitudes are between 0.981 and
1,005 pu. Maximum voltage is slightly higher than 1 pu.
Comparison of power loss and line currents between base
case and case 13 is shown in the Fig. 6.
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Fig. 6. Percentage of line currents and loss reduction in case 13

Power loss and line currents have reduced effectively not
only beginning of the feeder as previous case but also at the
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end of the feeder. Power loss of lines 1-10 is reduced more
than %83 further, line currents of these lines are reduced
%59. Average power loss has been reduced %86 and line
currents have been reduced %38.

C. Installed 3 DG
3 DG installed case results are given in the Table IV.

Table IV. Installed 3 DG scenarios results

NO -L * o ‘L * o ‘L * o L
19 |31 052 042 |28 052 042 |29 052 041 | 56.61
20 |31 057 035 |28 057 03529 057 035 ]| 5823
21 |31 067 000 |28 067 0.00 |28 049 0.00
22 |30 103 08 | 4 116 066 |13 072 037 | 19.98
23 |30 113 070 | 28 0.81 050 | 28 0.00 0.00 | 57.76
24 | 28 133 000 | 6 122 000 |16 041 000 | 87.97
25 | 28 156 125 |13 072 034 |31 015 015 | 3512
26 | 28 170 105 |31 041 026 |29 0.00 000 | 59.19
27 6 200 000 ] 13 058 000 | 32 042 0.00 | 8234
(L): DG bus *): MW 0: MVAr (L): Loss (kW)

Case 22 has the best result among all other cases. Even
though results are better than case 13, it should be noted
that total installed power is also greater too. Additionally,
when Table IV and Table IV are compared, 3" DG is not
quite beneficial as much as 2™ DG for instant power cases.
However, decisions should always take depending on
costs. Voltage profile of Case 22 is shown in the Fig. 5.
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Fig. 7. Voltage profile of case 22

Result shows that bus magnitudes are between 0.985 and
1 pu. This outstanding performance resulted with reducing
the losses as same. Comparison of power loss and line
currents between base case and case 22 is shown in Fig. 8.
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Fig. 8. Percentage of line currents and loss reduction in case 22

Power loss of lines 1-10 is reduced more than %91 further,
line currents of these lines are reduced %69. Total
performance of case is remarkable, average power loss has
been reduced %90 and line currents have been reduced
%43.
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D. Installed 4 DG

4 DG case was not better than the case 22, therefore it is not
given in this paper because of page limit obligation.
Additionally, it can be said that installing more DGs is not
beneficial after installation of 3rd DG for 33 Bus Feeder.

5. Network Analysis including Uncertainties

Hourly bus loads generated randomly depending on base
load profile are given in the Fig. 9.

m— Base Load Profile

| —— Bus Load Profiles

Demand (MW)
=
£

Buses

Fig. 9. Hourly base load profile and bus load profiles

Network has analysed according to hourly loads generated
randomly. At the same time, wind speed is randomly
generated depending on the previous equations. Then,
output power of wind turbines is evaluated according to
given equations. Based on the findings of this paper,
network needs reactive power to improve voltage profile.
Therefore, installed reactive power is considered
continuously supplying power to network. Wind turbines
were taken as supplying only the active power to network.
Implementation has repeated 500 times for each hour.
Voltage probability density function except 1st bus, which
is 1pu for all hours and iterations, of base and best cases are
shown in the Fig. 10. Figure shows that bus voltages
violates limits, which is 0.9 pu, without any DG installed.
Violation probability has been reduced to 0.63% from
17.97% at 1DG installed case. Furthermore, there are no
violation at buses in 2 and 3 DG installed cases. At last, the
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findings of this study are summarized in Table V and
Table VI, respectively.

Table V. Results of best cases

No  Loss(KW) LineCurr. Loss V.Min. V.Max. V.Avg.
7 61.39 16% 69% 0.965 1 0.985
13 29.05 38% 86% 0.981 1.005 0.996
22 19.98 43% 90% 0.985 1 0.996

Table VI. Results of best cases including uncertainties

Cases Avg. Std.  Viol. Min. Max.

Base Loss 279.44  94.38 - 139.852  392.529
Voltage 0.94 0.04 18% 0.880 0.998

1DG Loss 169.30  77.55 - 43.793  308.415
Voltage 0.96 0.03 1% 0.897 1.007

DG Loss 129.85  65.83 - 21.900  273.961
Voltage 0.97 0.02 0% 0.905 1.016

2DG Loss 12459  63.41 - 15.065  273.839
Voltage 0.96 0.02 0% 0.904 1.011

6. Conclusion

In this paper, impacts of installing DGs to distribution
networks has been analysed. Comprehensive results have
demonstrating that DGs has been improved significantly
voltage profile, reduced power loss and line currents.
Power losses have been reduced 69%, 86%,90% and line
current have been reduced 16% ,38% ,43% for 1,2,3 DG
installed cases, respectively. Moreover, impacts of DGs
are confirmed including uncertainties with both demand
and generation sides. Average power loss have been
reduced 39%, 53%, 55% for 1, 2, 3 DG installed cases,
respectively. Further, probability of under voltages have
been solved for 2 and 3 DG installed cases.

Findings would seem to show that dividing the installed
power up to a certain point has greater advantages. Also,
installing one more DG unit might not be needed and if it
is needed size would be relatively smaller. However,
installing 3 DG is adequate according to results. At last,
reactive power must be supplied to system whether by
compensation systems or synchronous generators. It is
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clear that supplying only active power is not adequate for
improvements in the network.

Acknowledgement

We would like to thank the ITU BAP unit, number 39015
and named “Investigation of the Working Conditions of
Renewable Energy Sources and Energy Storage Systems
Connected to Electricity Distribution Network™ project for
funding support.

References

[1] P. Prakash and D. K. Khatod, “Optimal sizing and siting
techniques for distributed generation in distribution
systems: A review,” Renew. Sustain. Energy Rev., vol.
57, pp. 111-130, 2016, doi: 10.1016/j.rser.2015.12.099.

[2] D. Q. Hung and N. Mithulananthan, “Multiple distributed
generator placement in primary distribution networks for
loss reduction,” IEEE Trans. Ind. Electron., vol. 60, no.
4, pp- 1700-1708, 2013, doi:
10.1109/TIE.2011.2112316.

[3] B. R. Pereira, G. R. M. Martins Da Costa, J. Contreras,
and J. R. S. Mantovani, “Optimal Distributed Generation
and Reactive Power Allocation in Electrical Distribution
Systems,” IEEE Trans. Sustain. Energy, vol. 7, no. 3, pp.
975-984, 2016, doi: 10.1109/TSTE.2015.25128109.

[4] F. S. Abu-Mouti and M. E. El-Hawary, “Optimal
distributed generation allocation and sizing in distribution
systems via artificial bee colony algorithm,” |IEEE Trans.
Power Deliv., vol. 26, no. 4, pp. 2090-2101, 2011, doi:
10.1109/TPWRD.2011.2158246.

[5] W. El-Khattam and M. M. A. Salama, “Distributed
generation technologies, definitions and benefits,” Electr.
Power Syst. Res., vol. 71, no. 2, pp. 119-128, 2004, doi:
10.1016/j.epsr.2004.01.006.

[6] G. Pepermans, J. Driesen, D. Haeseldonckx, R. Belmans,
and W. D’haeseleer, “Distributed generation: Definition,
benefits and issues,” Energy Policy, vol. 33, no. 6, pp.
787-798, 2005, doi: 10.1016/j.enpol.2003.10.004.

[7] H. Liu, L. Xu, C. Zhang, X. Sun, and J. Chen, “Optimal
allocation of distributed generation based on multi-
objective ant lion algorithm,” 2019 IEEE PES Innov.
Smart Grid Technol. Asia, ISGT 2019, pp. 1455-1460,
2019, doi: 10.1109/1SGT-Asia.2019.8881318.

[8] S. Sannigrahi and P. Acharjee, “Implementation of crow
search algorithm for optimal allocation of DG and
DSTATCOM in practical distribution system,” Proc.
2018 IEEE Int. Conf. Power, Instrumentation, Control
Comput. PICC 2018, pp. 1-6, 2018, doi:
10.1109/P1CC.2018.8384745.

[9] P. Saini and L. Gidwani, “Optimal siting and sizing of
battery in varying PV generation by utilizing genetic
algorithm in distribution system,” 2020 21st Natl. Power
Syst. Conf. NPSC 2020, no. 2, 2020, doi:
10.1109/NPSC49263.2020.9331765.

[10] A. A. A El-Ela, R. A. EI-Seheimy, A. M. Shaheen, and I.
A. Eissa, “Optimal Allocation of DGs and Capacitor
Devices using Improved Grey Wolf Optimizer,” 2019
21st Int. Middle East Power Syst. Conf. MEPCON 2019 -
Proc., no. 1, pp. 441-446, 2019, doi:
10.1109/MEPCON47431.2019.9008228.

[11] A. P. Sirat, H. Mehdipourpicha, N. Zendehdel, and H.
Mozafari, “Sizing and allocation of distributed energy
resources for loss reduction using heuristic algorithms,”
2020 IEEE Power and Energy Conference at lllinois

https://doi.org/10.24084/repqj19.220

84

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(PECI), 2020, pp. 1-6, 2019.

P. Niveditha and M. S. Sujatha, “Optimal allocation and
sizing of DG in radial distribution system- A review,”
Int. J. Grid Distrib. Comput., vol. 11, no. 6, pp. 49-58,
2018, doi: 10.14257/ijgdc.2018.11.6.05.

Sarfaraz, A. Bansal, and S. Singh, “Optimal allocation
and sizing of distributed generation for power loss
reduction,” IET Conf. Publ., vol. 2016, no. CP700, pp.
15-20, 2016, doi: 10.1049/cp.2016.1116.

S. R. Ghatak and P. Acharjee, “Optimal allocation of
DG using exponentential PSO with reduced search
space,” Proc. - 2016 2nd Int. Conf. Comput. Intell.
Commun. Technol. CICT 2016, pp. 489-494, 2016, doi:
10.1109/CICT.2016.103.

H. A. Maruthi Prasanna, M. V. Likith Kumar, A. G.
Veeresha, T. Ananthapadmanabha, and A. D. Kulkarni,
“Multi objective optimal allocation of a distributed
generation unit in distribution network using PSO,”
Proc. 2014 Int. Conf. Adv. Energy Convers. Technol. -
Intell. Energy Manag. Technol. Challenges, ICAECT
2014, pp. 61-66, 2014, doi:
10.1109/ICAECT.2014.6757062.

A. Rath, S. R. Ghatak, and P. Goyal, “Optimal
allocation of Distributed Generation (DGs) and static
VAR compensator (SVC) in a power system using
Revamp Voltage Stability Indicator,” 2016 Natl. Power
Syst. Conf. NPSC 2016, 2017, doi:
10.1109/NPSC.2016.7858877.

K. Mahmoud, N. Yorino, and A. Ahmed, “Optimal
Distributed Generation Allocation in Distribution
Systems for Loss Minimization,” |IEEE Trans. Power
Syst., vol. 31, no. 2, pp. 960-969, 2016, doi:
10.1109/TPWRS.2015.2418333.

M. A. Abdulgalil, A. M. Amin, M. Khalid, and M.
Almuhaini, “Optimal sizing, allocation, dispatch and
power flow of energy storage systems integrated with
distributed generation units and a wind farm,” Asia-
Pacific Power Energy Eng. Conf. APPEEC, vol. 2018-
October, pp. 680-684, 2018, doi:
10.1109/APPEEC.2018.8566332.

O. F. B. Angarita, R. C. Leborgne, D. D. S. Gazzana,
and C. Bortolosso, “Power loss and voltage variation in
distribution systems with optimal allocation of
distributed generation,” 2015 IEEE PES Innov. Smart
Grid Technol. Lat. Am. ISGT LATAM 2015, pp. 214—
218, 2016, doi: 10.1109/ISGT-LA.2015.7381156.

Q. Chen and G. F. Cao, “Allocation of power losses to
multiple distributed generations in distribution grid,”
IEEE Power Energy Soc. Gen. Meet., vol. 2015-
September, no. 51377046, pp. 15-19, 2015, doi:
10.1109/PESGM.2015.7286448.

K. M. Jagtap and D. K. Khatod, “Allocation of
distribution network losses with different types of
distributed generation,” 12th IEEE Int. Conf. Electron.
Energy, Environ. Commun. Comput. Control (E3-C3),
INDICON 2015, pp. 1-6, 2016, doi:
10.1109/INDICON.2015.7443156.

T. Kanungo et al., “efficient k-means clustering
algorithm: Analysis and implementation, IEEE Trans,”
Patt. Anal. Mach. In, vol. tell24, no. 7, pp. 881-892,
2002.

J. Kennedy and R. Eberhart, “Particle Swarm
Optimization,” Part. Swarm Optim., pp. 1942-1948,
1995, doi: 10.1002/9780470612163.

J. F. Fardin, H. R. de Oliveira Rocha, C. B. Donadel,
and R. Fiorotti, Distributed Generation Energy in
Relation to Renewable Energy: Principle, Techniques,
and Case Studies, vol. 2. Elsevier Inc., 2018.

RE&PQJ, Volume No.19, September 2021





