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Optimal Power Flow Analysis of a Power System with Distributed Generators and Storage
Considering Seasons

Lucian-loan DULAU*, Dorin BICA

Abstract: The operation of the power systems is based on the power flow analysis, while the optimization is based on the optimal power flow analysis. The purpose of the
study is to determine the generation cost and the power losses based on the optimal power flow analysis. The optimal power flow analysis starts by calculating the power
flow in order to ensure the safe operation of the system, then the actual optimal power flow is performed considering the mathematical model. These studies are performed
for the modified IEEE 39 bus system for an entire year, considering the seasons (spring, summer, fall and winter), and the average load power demand for these seasons,
respectively. In this system are connected three distributed generation sources and two storage units. The optimization (optimal power flow) performed is multi-objective,
minimizing the generation cost and the power losses (active and reactive) for the considered seasons. The results give, for all seasons, that the generation cost is higher,
while the power losses are lower when the distributed generation sources and storage units are connected to the analysed power system.
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1 INTRODUCTION

The operation of the power systems is based on the
power flow analysis, whilst the optimization is based on
the optimal power flow analysis. The power flow
(steady-state) analysis allows the verification of the
conditions for safe operation of the electric power system.
In order to solve the systems of nonlinear equations,
iterative ~ methods such as  Seidel-Gauss or
Newton-Raphson are used that allow obtaining the
solutions after performing an indeterminate number of
operations, through successive steps, approaching the
result to the final value. The power flow analysis is the
starting point in any subsequent analysis of the electric
power system, such as the optimal power flow analysis.

The optimal power flow analysis allows planning and
decision making for the system operator in order to ensure
a reliable operation and management of power systems. A
fixed generated power corresponds only to a single
operating condition. An optimized operation, for a period
of time, requires the generation sources to adapt, as loads
change their power demand, and also due to power
variations from renewable energy sources, sources which
have been more present in the last decade. The optimal
power flow problem is complex and nonlinear. The optimal
power flow analysis is performed according to given
objective functions, usually considering the minimization.
Such usual objectives functions are the minimization of
power losses or the minimization of generation cost. The
application of this objectives immediately involves system
constraints [1-4].

Such constraints are required so that the system's
security is maintained, so each component in the power
system must be kept between its desired operational range
or bounds. The constraints include, for e.g., limits on bus
voltages or maximum and the minimum power outputs for
the generators [5-7].

In most power systems are now present renewable
energy sources and storage units. Many of the renewable
energy sources are installed near or at the load premises, so
they are called distributed generation sources or distributed
generators. Distributed generation sources help reduce
power losses, increase the bus voltage, reduce the pollutant

emissions and improve the reliability. These sources have
a smaller installed power compared with traditional power
plants. A disadvantage of these sources is the power
variation caused by the primary resource, disadvantage that
can be overcome by installing storage units. The storage
systems that can be used are: compressed air energy
storage, pumped hydro storage, hydrogen fuel cell storage,
flywheels, supercapacitors, superconducting magnetic
energy storage and batteries. These storage systems can
store power for a limited time, such as supercapacitors,
flywheels and superconducting magnetic energy storage,
or for a long time, such as pumped hydro, compressed air,
batteries energy storage and hydrogen. Considering the
cost, power that can be stored, storage time and capacity,
the option that will be considered in this paper are batteries
(8, 9].

The current state of research includes: optimal power
flow analyses (OPF), scheduling and power dispatch,
capacity and location, management, control, configuration
and restoration. The researches were carried out for
systems in which were connected renewable energy
sources and/or storage systems considering the steady-state
of the systems or for a limited time frame, such as a day,
with specialized software. In [2] it was studied a dynamical
optimal power flow (DOPF) for active distribution
networks and was performed for a time period of 24 hours
(a day). The DOPF models curtailment of renewable
energy sources, energy storage systems and flexible
demand, maximized export and revenue, while the
considered constraints maintained the supplied power by
the generating units, voltage levels and power flows
between limits. An AC-DC optimal power flow
considering the installed power of the generation units,
generation units cost coefficients and power demand was
studied for the IEEE 14-bus system which was connected
to two DC microgrids in [3]. The two objective functions
minimized the total electricity generation cost of the
network and the cost of active power from the AC grid to
the DC microgrids. An OPF analysis was performed in [4]
for an islanded microgrid considering the installed power
of the microgrid components so the power losses were
minimized. Optimal power flow analyses were performed
for a day in [5-7, 10, 11] considering a Norwegian demo
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network, IEEE 14 bus test system, and the IEEE 30 bus
system, that comprised energy storage units. The
generation cost was minimized, while the constraints
respected.

In [8] a review of the type of batteries was presented.
The optimization of the capacities and location of
dispatchable and non-dispatchable distributed generating
units and storage units was studied in [9]. An OPF analysis
was performed for a day considering the power demand in
[12] for a distribution network (a modified IEEE 34
system) with distributed generation units based on genetic
algorithm. The objective function purpose was to minimize
the generation cost, generation cost and power losses,
generation cost and voltage deviation, or the generation
cost, power losses and voltage deviation. The optimal
dispatch of the controllable loads, generating units and
storage units of two microgrids was determined in [13],
resulting in a lower cost of generating electricity. The
optimal output power of the generating units and the
battery charging/discharging schedule was determined in
[14] so the generation cost was minimized, considering a
day. The optimized control of the power flow of smart
grids with renewable energy sources, flexible loads,
storage units and electric vehicles was studied in [15],
while the power flow to the electric vehicles was
maximized. The OPF analysis performed in [16]
considered the power dispatch for a medium voltage
distribution network, and the minimization of the
generation cost, respectively. A power flow management
scheme for a microgrid by means of hybrid techniques was
studied in [17, 18], and the optimal amount of power that
was supplied by the sources was determined. An OPF
analysis for microgrids with storage units was performed
in [19] so that the storage units are optimally controlled.
The objective was the minimization of the overall cost of
power import from the main, while the constraints for the
storage, voltage, currents and power limits were
considered.

In [20] the OPF study was performed for the IEEE 37
system and for a smart microgrid, considering the
minimization of either the generation cost or the power
losses.

So, after the literature review, the following research
gaps were identified. The power flow or optimal power
flow studies of other researchers considered the installed
power or were performed for a single day. However, the
power demand and power supplied by the distributed
generators have variations, especially considering the
seasons. Also, in the systems with storage units, the OPF
purpose was not to minimize two objective functions,
namely the generation cost and power losses.

Our contributions by means of this paper are as
follows:

- the optimization will be performed for a power system
that comprises distributed generators and storage units;

- the optimization will be performed for four seasons
(spring, summer, fall, winter) considering average load
power demand, outputs from the distributed generation
sources and from the storage units for these seasons;

- the optimization will minimize the total power losses
and generation cost considering that all constraints must be
respected;

- the cases that will be considered are: distributed
generation sources and storage units connected to the
system, and distributed generation sources and storage
units not connected to the system.

In total 192 analyses (4 seasons, 24 hours, 2 cases) will
be performed. So, the purpose is to determine an optimal
operating point so that the demanded power is supplied to
all loads, minimize the total power losses and generation
cost considering that all constraints must be respected,
obtain the values of the power losses and generation cost
for each analysis and observe how the power losses and
generation cost vary over the seasons. Then, the results
(power losses and generation cost) for each season will be
compared. Thus, it is possible to determine which is the
season with the highest and lowest generation cost, and the
power losses, respectively.

The paper is organized as follows. In Section 2,
Materials and Methods, are presented the methods on
which the optimization (optimal power analysis) is
performed, and the modified IEEE 39 system data,
respectively. In Section 3, Results and Discussion, are
presented the results of the analyses and the interpretation
of the results. In Section 4, Conclusions, are presented the
conclusions regarding the paper, and the main ideas
regarding the analyses performed and their importance.

2 MATERIALS AND METHODS

The optimal power flow analysis starts by calculating
the power flow in order to ensure the safe operation of the
system. After the parameters of the steady-state regime are
known and is ensured the safe operation of the system, it is
possible to perform the optimal power flow analysis. The
optimal power flow analysis performed is based on the
mathematical model that comprises the optimization
variables, objective function and constraints [21].

The optimization variables are the power supplied by
the generators, bus voltages, and the power flows from the
generators to the loads, respectively.

The optimization (optimal power flow) performed is
multi-objective, therefore the objective function purpose is
to minimize the generation cost and the power losses. The
two objective functions (generation cost and power losses)
are correlated with each other. Therefore, each objective
function has the same importance.

The equation is:

minf (x) = GC(x)+AS(x) )]

GC represents the generation cost €/h, AS represents the
apparent power losses (total power losses) MVA.
The generation cost is expressed as follows:

GC(x)=a-P% +b-Py +c,€h )

Pg; represents the installed power of the generator i MW, a
represents the cost of installing a MW for a generator
€/MWh?, b represents the cost of generating a MWh
€/MWh, while c represents the cost of repair €/h.

The total power losses are expressed as follows:

AS = AP, + j-AQ,, MVA 3)
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APy represents the active power losses MW, while AQ;
represents the reactive power losses Mvar.

The constraints are as follows.

The active power supplied by the generator must be
between the minimum and maximum limits:

PGmin SPG SPGma.x (4)

Pgmin represents the minimum active power supplied by the
generator MW, while Pgmax represents the maximum active
power that can be supplied by the generator MW.

The reactive power supplied by the generator must be
between the minimum and maximum limits:

QGmin < QG < QGmax (5)

QOgmin represents the minimum reactive power supplied by
the generator Mvar, while Qgmax represents the maximum
reactive power that can be supplied by the generator Mvar.

The bus voltage must be between the minimum and
maximum limits:

Vimin < Vt < Vimax (6)

Vimin represents the minimum voltage at bus i kV, while
Vimax represents the maximum voltage at bus i kV. The
minimum voltage is 0.95 of V;, while the maximum voltage
is 1.05 of V.

The power lines power flow must be between the
minimum and maximum limits:

lein < PI < leax (7)

Pimin represents the minimum power flow that can be
supported by the power line MVA, while Pjnax represents
the maximum power flow that can be supported by the
power line MVA.

The active power supplied by the generators must be
equal to the active power demand of the loads and the
active power losses:

P; = Py +AP,, MW (8)

Pp represents the active power demand of the loads MW.

The reactive power supplied by the generators must be
equal with the reactive power demand of the loads and the
reactive power losses:

Og =0p +AQ,, Mvar ©

Considering those mentioned above, the optimal
power flow analyses will be performed for the modified
IEEE 39 bus system for an entire year considering the
seasons (spring, summer, fall and winter), and the average
load power demand for these seasons, compared with other
researches that considered only a limited time period, such
as a day.

The modified IEEE 39 bus system has integrated three
distributed generation sources (distributed generators),
namely two photovoltaic (PV) power plants and one small-
hydro generator, and two storage units (batteries). The PV

and batteries are connected at bus 3 and bus 27, and the
small-hydro generator is connected at bus 21. Bus 39 is the
slack bus. G31, G32, G33, G34, G35, G36, G37, G38 and
G39 are traditional power plants.

The one-line diagram and data for the system are
presented further.

The one-line diagram is presented in Fig. 1.

In Tab. 1 and Tab. 2 are presented the generating unit
data and cost coefficients, in Tab. 3 the loads data and in
Tab. 4 the power line length.
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Figure 1 One-line diagram of the power system with distributed generation
sources and storage units

Table 1 Generating unit data

Generating unit PGmm / PGmax / QGmin / QGmax /
conng:itsed at | V/pu. MW MW Mvar Mvar
3 1 0 5 -15 20
21 1 0 8 —20 25
27 1 0 4 —25 30
30 1.0475 0 80 —42 85
31 1.02 0 100 —53 105
32 1.02 0 65 —40 70
33 1.02 0 63.2 —40 68.2
34 1.0123 0 50.8 —40 60
35 1.0493 0 65 —50 70
36 1.04 0 56 —40 65
37 1.0278 0 54 —40 65
38 1.0265 0 83 —42 90
39 1.05 0 100 —80 120

Table 2 Generating units cost coefficients

Generating unit a/€MWh: | b/€MWh | c/€h

connected at bus
3 0.03 6 0.005
21 0.14 3.75 0.009
27 0.025 5 0.005
30 0.075 22 0.01
31 0.083 23 0.01
32 0.082 2.7 0.01
33 0.09 34 0.01
34 0.02 1.85 0.01
35 0.12 36 0.01
36 0.085 2.9 0.01
37 0.095 3.45 0.01
38 0.09 3.25 0.01
39 0.077 238 0.01

The installation cost (a) and generation cost (b) are
higher for the distributed generation units compared with
the traditional power plants, while the repair cost (c) is
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lower for the distributed generation units compared with
the traditional power plants.

Table 3 Load data
Load connected at bus P/ MW O/ Mvar

3 322 6.4
4 30 5

7 23.38 8.4
8 522 10.7
12 17.5 3.88
15 32 15.3
16 329 6.23
18 45.8 30
20 62.8 10.3
21 274 11.5
23 24.75 8.46
24 30.86 9.2
25 324 4.72
26 13.9 1.7
27 28.1 7.55
28 30.6 6.76
29 28.35 8.6
31 29.2 4.6
39 31.04 5.1

Table 4 Power line length

Power line between | Power line | Power line between | Power line
bus and bus length / km bus and bus length / km
1-2 79.2 14-15 81.2
1-39 78.9 15-16 79.7
2-3 91.3 16 - 17 83.4
2-25 90.4 16 - 19 108.8
2-30 76.7 16 - 21 85.3
3-4 85.2 16 - 24 90.7
3-18 82.6 17 - 18 87.3
4-5 102 17 -27 84.9
4-14 93.3 19 - 20 82.5
5-6 88.7 19 -33 84.5
5-8 101.5 20 - 34 80.7
6-7 93.2 21-22 80.5
6-11 90 22-23 104.8
6-31 96.4 22-35 81.5
7-8 84.4 23-24 112
8-9 92.1 23-36 89.5
9-39 115.6 25-26 92.3
10-11 98.2 25-37 85.3
10-13 85.3 26 -27 83.7
10 -32 88.8 26 -28 82.4
12-11 85.7 26 - 29 98.6
12-13 88.6 28 -29 87.2
13-14 111.2 29 - 38 80.4
10
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Figure 2 Power supplied (spring)

The active power of the system loads is 605.38 MW,
while the reactive power is 164.4 Mvar. So, the total power
demand is 627.3 MVA. In Fig. 2, Fig. 3, Fig. 4 and Fig. 5
is presented the power supplied, for the seasons, by the
distributed generation sources (DG) and battery storage
units (BS).

In Fig. 6 is presented the hourly load, for the seasons,

at all buses.
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Figure 3 Power supplied (summer)
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Figure 6 Power demand considering the seasons
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This total load demand for the average season day is as
follows: 10591.05 MVA for spring, 9969.26 MVA for
summer, 11192.7 MVA for fall and 12897.77 MVA for
winter. Also, in Tab. 5 is presented the scale factor for the
seasons. The scale factor is used to multiply the active and
reactive power of each load for the specified season and
hour.

Table 5 Seasonal scale factor for loads
Scale factor | Scale factor | Scale factor | Scale factor

Hour (spring) (summer) (fall) (winter)
1:00 0.5986 0.5717 0.6035 0.6971
2:00 0.6062 0.5682 0.6189 0.7029
3:00 0.624 0.5765 0.656 0.7259
4:00 0.6747 0.6177 0.7221 0.7892
5:00 0.726 0.6651 0.7783 0.8692
6:00 0.7508 0.6854 0.806 0.9266
7:00 0.751 0.695 0.8079 0.952
8:00 0.7406 0.6989 0.7982 0.953
9:00 0.7363 0.7078 0.7922 0.9416
10:00 0.7359 0.7164 0.7901 0.9345
11:00 0.7284 0.7089 0.784 0.9301
12:00 0.722 0.7054 0.7764 0.9142
13:00 0.7234 0.7059 0.7743 0.9087
14:00 0.7241 0.7065 0.7809 0.9201
15:00 0.7327 0.7041 0.8079 0.9599
16:00 0.7599 0.7056 0.8526 0.9741
17:00 0.8102 0.7159 0.8661 0.9654
18:00 0.8191 0.7437 0.8329 0.9335
19:00 0.7614 0.7103 0.7693 0.8762
20:00 0.6917 0.6533 0.7059 0.7669
21:00 0.6435 0.6089 0.659 0.7761
22:00 0.6208 0.584 0.6364 0.7346
23:00 0.6054 0.5679 0.6207 0.7128
24:00 0.5967 0.5691 0.6029 0.696

The analyses will be performed with the software
NEPLAN [22] for the considered seasons (spring, summer,
fall and winter) for the cases when the distributed
generation sources (DG) and battery storage units (BS) are
connected to the system, and not connected to the system.

Therefore, the power supplied by the distributed
generators and battery units for each season considering
Fig. 2, Fig. 3, Fig. 4 and Fig. 5, the power demand for each
load considering Tab. 5 and Fig. 6, are inserted in
NEPLAN. For the other generating units power remains as
defined in Tab. 1.

The optimal power flow analysis is performed for each
hour and each season, selecting the objective function
parameters and inserting the values for the constraints in
NEPLAN. So, in total 192 analyses are performed (24
hours, 4 seasons and two cases).

3 RESULTS AND DISCUSSION

The results of the 192 analyses performed are
presented further considering the active and reactive power
losses, and the generation cost for each season,
respectively.

The results are presented in Fig. 7 and Fig. 8 (spring),
Fig. 9 and Fig. 10 (summer), Fig. 11 and Fig. 12 (fall), and
Fig. 13 and Fig. 14 (winter).

The results for spring are as follows:

- the total power losses for a day (DG and BS connected)
are 350.28 MVA;

- the total generation cost for a day (DG and BS
connected) is 64000.15 €;

- the total power losses for a day (DG and BS not
connected) are 508.76 MVA,

- the total generation cost for a day (DG and BS not
connected) is 58760.67 €.
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Figure 7 Spring results (power losses)
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Figure 8 Spring results (generation cost)
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Figure 10 Summer results (generation cost)

The results for summer are as follows:
- the total power losses for a day (DG and BS connected)
are 325.95 MVA;
- the total generation cost for a day (DG and BS
connected) is 58579.46 €;
- the total power losses for a day (DG and BS not
connected) are 456.76 MVA,;
- the total generation cost for a day (DG and BS
connected) is 53889.14 €.
- The results for fall are as follows:
- the total power losses for a day (DG and BS connected)
are 377.73 MVA;
- the total generation cost for a day (DG and BS
connected) is 70114.09 €;
- the total power losses for a day (DG and BS not
connected) are 567.49 MVA;
- the total generation cost for a day (DG and BS
connected) is 63736.09 €.
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Figure 11 Fall results (power losses)
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Figure 12 Fall results (generation cost)
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Figure 13 Winter results (power losses)
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Figure 14 Winter results (generation cost)

The results for winter are as follows:

- the total power losses for a day (DG and BS connected)
are 456 MVA,;

- the total generation cost for a day (DG and BS
connected) is 88694.75 €;

- the total power losses for a day (DG and BS not
connected) are 760.25 MVA;

- the total generation cost for a day (DG and BS
connected) is 78231.99 €.

The optimal operating point was determined and the
demanded power was supplied to all loads. In the case the
DGs and BS were not connected, all the other generating
units supplied power. In the case the DGs and BS were
connected, all the generating units supplied power. In all
the cases, for all seasons, the total power losses and
generation cost were minimized and the constraints
respected. The analyses were performed based on the
average load power demand for these seasons. This
demand was higher for winter (the highest) and fall, and
lower for spring and summer (the lowest).

For all seasons, the generation cost is higher when the
DG and BS are connected. This is caused by the higher cost
coefficients of the DG. The power losses, also for all
seasons, are lower if the DG and BS are connected. This is
caused by the power supplied by the DG and BS to the
proximity load. The storage units helped lower the power
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losses when the power demand was high during the
afternoon or evening.

Considering the seasons, the power losses and
generation cost are lower for the season with the lowest
power demand, namely summer and higher for the season
with the highest power demand, namely winter. The power
losses and generation cost for fall are higher compared with
spring. These losses and cost increase or decrease
according to the power demand, therefore if the power
demand is higher the losses and cost are higher or if the
power demand is lower the losses and cost are lower.

Also, based on the power supplied by the DG and BS
during the seasons, the difference between the cases in
which these are connected and not connected is lower for
the summer, increases for spring and fall and reaches the
peak for winter.

A comparison of the results determined by the model
presented in this study with other models is difficult
because the work of other researchers did not consider the
same objective functions and constraints, time period
(scasons) or distributed generators and storage units
connected to the system. However, if we select the results
from studies performed for a day then the following can be
noticed. The power losses were lower if the distributed
generators were connected. The generation cost varied
according to the purpose of the study, so it was either
higher or lower if the distributed generators were
connected to the system or grid (higher if the generation
cost was minimized, lower if the optimal management was
determined).

4 CONCLUSIONS

In this paper were performed 192 optimal power flow
analyses considering the seasons (spring, summer, fall and
winter), the average power demand for these seasons, the
power supplied by the three distributed generating units
and two battery units for these seasons. The cases
considered were: distributed generation sources and
storage units connected to the system and distributed
generation sources, and storage units not connected to the
system.

The distributed generation sources and battery storage
units had an impact on all seasons, reducing the total power
losses and increasing the generation cost. These are lower
for summer (325.95 MVA for DG and BS connected,
456.76 MV A for DG and BS not connected, 58579.46 € for
DG and BS connected, and 53889.14 € for DG and BS not
connected). The total power losses and generation cost
increased during the spring and fall and reached the peak
for winter (456 MVA for DG and BS connected, 760.25
MVA for DG and BS not connected, 88694.75 € for DG
and BS connected, respectively and 78231.99 € for DG and
BS not connected). So, if the power demand was higher the
losses and cost were higher and if the power demand was
lower the losses and cost were lower.

If we compare the power losses, they are lower for the
case when the DG and BS are connected with
approximately 29% during summer, 32% during spring,
34% during fall and 41% during winter. If we compare the
generation cost, it is higher for the case when the DG and
BS are connected with approximately 8% during summer,
9% during spring, 9% during fall and 12% during winter.

The studies performed did not consider a sudden drop
of the power output of the distributed generation sources,
which will be considered in a further study.

Acknowledgement

This work was supported by the University of
Medicine, Pharmacy, Science and Technology "George
Emil Palade" of Targu Mures Research Grant number
10128/2/17.12.2020.

5 REFERENCES

[1] Khan, B. & Singh, P. (2017). Optimal power flow techniques
under characterization of conventional and renewable energy
sources: A comprehensive analysis. Journal of Engineering,
2017, 1-16. https://doi.org/10.1155/2017/9539506

[2] Gill, S., Kockar, I., & Ault, G. W. (2014). Dynamic optimal
power flow for active distribution networks. I[EEFE
Transactions on Power Systems, 29(1), 121-131.
https://doi.org/10.1109/TPWRS.2013.2279263

[3] Bahrami, S., Wong, V. W. S., Jatskevich, J. (2014). Optimal
power flow for AC-DC networks. IEEE International
Conference on Smart Grid Communications
(SmartGridComm), 49-54.
https://doi.org/10.1109/SmartGridComm.2014.7007621

[4] Sanseverino, E. R., Di Silvestre, M. L., Badalamenti, R.,
Nguyen, N. Q., Guerrero, J. M., & Meng, L. (2015). Optimal
power flow in islanded microgrids using a simple distributed
algorithm. Energies, 8, 11493-11514.
https://doi.org/10.3390/en81011493

[5] Maffei, A., Meola, D., Marafioti, G., Palmieri, G., lannelli,
L., Mathisen, G., Bjerkan, E., & Glielmo, L. (2014). Optimal
power flow model with energy storage, an extension towards
large integration of renewable energy sources. [FAC
Proceedings Volumes, 47(3), 9456-9461.
https://doi.org/10.3182/20140824-6-ZA-1003.01983

[6] Gayme, D. & Topcu, U. (2011). Optimal power flow with
distributed energy storage dynamics. Proceedings of the
2011  American  Control  Conference, 1536-1542.
https://doi.org/10.1109/ACC.2011.5991460

[71 Reddy, S. S. (2017). Optimal power flow with renewable
energy resources including storage. Electrical Engineering,
99, 685-695. https://doi.org/10.1007/s00202-016-0402-5

[8] Coppez, G., Chowdhury, S., & Chowdhury, S. P. (2010).
Review of battery storage optimisation in distributed
generation. Joint International Conference on Power
Electronics, Drives and Energy Systems & 2010 Power
India, 1-6. hitps://doi.org/10.1109/PEDES.2010.5712406

[9] Khalid, M., Akram, U., & Shafiq, S. (2018). Optimal
planning of multiple distributed generating units and storage
in active distribution networks. IEEE Access, 6, 55234-
55244. https://doi.org/10.1109/ACCESS.2018.2872788

[10] Gayme, D. & Topcu, U. (2013). Optimal power flow with
large-scale storage integration. IEEE Transactions on Power
Systems, 28(2), 709-717.
https://doi.org/10.1109/TPWRS.2012.2212286

[11] Suresh, M. C. V., Markandeyulu, P., & Kiran, S. R. (2017).
Optimal power flow model with storage and renewable in
IEEE 14 Bus test systems. International Journal of
Advanced Engineering Research and Science (IJAERS), 56-
62. https://doi.org/10.22161/ijaers/nctet.2017.eee.10

[12] Radosavljevi¢, J., Jevti¢, M., Klimenta, D., & Arsi¢, N.
(2015). Optimal power flow for distribution networks with
distributed generation. Serbian Journal of Electrical
Engineering, 12(2), 145-170.
https://doi.org/10.2298/SJEE1502145R

Tehnicki viesnik 29, 6(2022), 1819-1826

1825



Lucian-loan DULAU, Dorin BICA: Optimal Power Flow Analysis of a Power System with Distributed Generators and Storage Considering Seasons

[13] Sortomme, E. & El-Sharkawi, M. A. (2009). Optimal power
flow for a system of microgrids with controllable loads and
battery storage. [EEE/PES Power Systems Conference and
Exposition, 1-5. https://doi.org/10.1109/PSCE.2009.4840050

[14] Wang, Z., Zhong, J., Chen, D., Lu, Y., & Men, K. (2013). A
multi-period optimal power flow model including battery
energy storage. /[EEE Power & Energy Society General
Meeting, 1-5. hitps://doi.org/10.1109/PESMG.2013.6672498

[15] Georgiev, M., Stanev, R., & Krusteva, A. (2019). Optimized
power flow control of smart grids with electric vehicles and
DER. 16th Conference on Electrical Machines, Drives and
Power Systems (ELMA), 1-6.
https://doi.org/10.1109/ELMA.2019.8771575

[16] Pisciella, P., Vespucci, M. T., Vigano, G., Rossi, M., &
Moneta, D. (2018). Optimal power flow analysis in power
dispatch for distribution networks. Numerical Analysis and
Optimization; Al-Baali, M., Grandinetti, L., & Purnama,
A.(eds). Springer Proceedings in Mathematics & Statistics,
235, 229-247. https://doi.org/10.1007/978-3-319-90026-1_11

[17]Roy, K., Mandal, K. K., & Mandal, A. C. (2020).
Application of ANFASO for optimal power flow
management of MG-connected system with energy storage.
International Journal of Energy Research, 44(7), 5272-
5286. https://doi.org/10.1002/er.5273

[18] Giraldo, J. A., Montoya, O. D.,Grisales-Norena, L. F., Gil-
Gonzélez, W., & Holguin, M. (2019). Optimal power flow
solution in direct current grids using Sine-Cosine algorithm.
Journal of Physics: Conference Series, 1403, 1-6.
https://doi.org/10.1088/1742-6596/1403/1/012009

[19] Levron, Y., Guerrero, J. M., & Beck, Y. (2013). Optimal
power flow in microgrids with energy storage. /EEE
Transactions on Power Systems, 28(3), 3226-3234.
https://doi.org/10.1109/TPWRS.2013.2245925

[20] Dall'Anese, E., Zhu, H., Giannakis, G. B. (2013). Distributed
optimal power flow for smart microgrids. /[EEE Transactions
on Smart Grid, 4(3), 1464-1475.
https://doi.org/10.1109/TSG.2013.2248175

[21] Zhu, J. (2015). Optimization of Power System Operation,
2nd ed.; Wiley-IEEE Press.
https://doi.org/10.1002/9781118887004

[22] www.neplan.ch.

Contact information:

Lucian-loan DULAU, Lecturer

(Corresponding author)

Department of Electrical Engineering and Information Technology,
Faculty of Engineering and InformationTechnology,

George Emil Palade University of Medicine,

Pharmacy, Science, and Technology of Targu Mures,

Gheorghe Marinescu St., no. 38, Targu Mures, 540139, Romania
E-mail: lucian.dulau@umfst.ro

Dorin BICA, Professor

Department of Electrical Engineering and Information Technology,
Faculty of Engineering and Information Technology,

George Emil Palade University of Medicine,

Pharmacy, Science, and Technology of Targu Mures,

Gheorghe Marinescu St., no. 38, Targu Mures, 540139, Romania
E-mail: dorin.bica@umfst.ro

1826

Technical Gazette 29, 6(2022), 1819-1826




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


