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Abstract— Real-time modelling of the IEEE 13-node test feeder is accomplished with the help of a 
microgrid implementation. As a consequence, a quantified real-time platform is produced. The IEEE 
standard provides the basis for this paradigm. Solar photovoltaic panels and wind turbine electricity 
can both be used in microgrids. Both of these are non-conventional sources of energy. Studying how 
environmental friendly sources can be integrated into the micro-grid and how the micro-grid and system 
reliability can be evaluated simultaneously is a main goal of this study work. Secondly, we want to 
learn how to include ecologically friendly sources and analysis into our daily practises. Radial feeders 
have an imbalance due to renewable energy sources being connected at the appropriate bus. Solar 
panels and wind turbines are two examples of these green energy options. A microgrid is a self-
contained network linked to the main grid through the distribution system. It is possible to run a micro-
grid without relying on the main grid, despite its link. In a microgrid scenario, the modelling software 
Matlab/Simulink is being used to simulate an imbalanced three-phase power supply. Microgrids are 
equipped with batteries for power storage. Findings show that a number of distinct time-shifting buses 
have considerably improved their voltage and current profiles. 

Keywords: Solar Photovoltaic, Radial Feeders, Distribution system, Non-Conventional Energy 
Resources, Distribution energy system. 

 
INTRODUCTION 

Recently, energy has emerged as a crucial role in both the growth of scientific knowledge 
and economic prosperity. This is due to the fact that energy is a major driving force behind 
both of these developments. Power consumption is increasing at an alarming rate around the 
world, and current projections predict that this demand will more than quadruple over the 
next 15 years [1]. Researchers are under increasing pressure to develop distributed generation 
networks that utilize sustainable and renewable energy sources as a result of the growth in 
the market for renewable technology. A considerable proportion of distributed generation 
sources will still be unable to be combined with the distribution network even after that has 
been achieved. This is because distribution networks can only carry out unidirectional power 
flow to a limited extent, and the combination of dispersed generation sources may also be 
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limited by the degree of penetration. The utilization of distributed generation in a microgrid 
has a number of advantages. Benefits for providers include compensation in the case that a 
transmission breakdown happens, lessening expansion in the transmission system's size, and 
increasing penetration of alternate kinds of electricity inside it. Because of this, the share of 
electricity generated by non-traditional sources has been steadily growing over time. Micro-
grids are a type of electricity distribution network that may either be connected to a larger 
power grid or operated independently from it. Micro-grids function in a monitored and 
coordinated manner regardless of whether they are connected to or disconnected from the 
larger power grid. Components of a microgrid can include, but are not limited to, controllable 
loads, distributed generation, and storage devices. In order to undertake credible evaluations 
of the behavior of the micro-grid when non-conventional energy resources are being used [2]-
[3]. As part of this project, a general planned micro-grid that utilizes solar and wind power 
has been put into operation. Now that this project is complete, a standard 4,16kV IEEE 13 
bus test feeder is ready for use. This is a direct effect of the work that was done. But when it 
comes to potential power grid failures resulting from production, transmission or distribution 
issues, it is clear that the power grid may be able to meet a considerable amount of the demand 
for power. Despite the fact that all three of these regions might fail, this is the case. Though 
it's possible that all three of these factors may fail, this is still true. The response eventually 
morphs into something that is a great deal more sophisticated. On the other hand, whenever 
the micro-grid power infrastructure is taken into account, there are fewer transmission losses 
for non-conventional electricity and power that is helpful to the environment [4]. 

Real-time modelling of the IEEE 13-node test feeder is accomplished with the help of a 
microgrid implementation. As a consequence, a quantified real-time platform is produced. 
The IEEE standard provides the basis for this paradigm. Solar photovoltaic panels and wind 
turbine electricity can both be used in microgrids. Both of these are non-conventional 
sources of energy. Studying how environmental friendly sources can be integrated into the 
micro-grid and how the micro-grid and system reliability can be evaluated simultaneously 
is a main goal of this study work. Secondly, we want to learn how to include ecologically 
friendly sources and analysis into our daily practises. Radial feeders have an imbalance due 
to renewable energy sources being connected at the appropriate bus. Solar panels and wind 
turbines are two examples of these green energy options. A microgrid is a self-contained 
network linked to the main grid through the distribution system. It is possible to run a micro-
grid without relying on the main grid, despite its link. In a microgrid scenario, the modelling 
software Matlab/Simulink is being used to simulate an imbalanced three-phase power 
supply. Microgrids are equipped with batteries for power storage. Findings show that a 
number of distinct time-shifting buses have considerably improved their voltage and current 
profiles 

 
PROPOSED METHODS 
 

A.  Distribution System for the IEEE 13-Nodes 
The data for the line segment was provided by each feeder setup, and it included the 
arrangement code and the length of the line segment. In addition to this, it offers the node 
terminations, which are also known as the lines that connect the nodes for each individual 
line segment. 
Capacitors that are Shunted Line-to-ground and line-to-line connections, as well as a three-
phase wye or delta, are depicted in the diagram. It has been determined that the rating of 
these capacitors is kVAr [5-8]. This value can be found in the table below. The IEEE 13 bus 
feeder is intended to perform each and every one of the same tasks that a genuine feeder 
would, including emulating all of the real feeder's electrical properties. Figure 1 depicts the 
IEEE 13bus distribution system, which may be utilised to gain a better sense of how it 
operates. On the link between node 650 and the mains, the IEEE 13-Bus distribution system 
does not have any DG installed. The operating voltage and current of the system are 
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respectively 33 kV and 12 MVA, while the frequency of the system is 60 Hz. Additionally, 
the technology runs at a frequency of sixty hertz. This kind of load may be categorized as 
either a constant active power load, a constant reactive power load, or a constant distributed 
impedance load. Different aspects of the load are described by these phrases. It's possible to 
fit yourself into any one of these categories. Each of the system's forks corresponds to a 
specific stage in the operational process, and each of these forks is included. 

 

 

 
Fig.1. Bas i c  d i ag ram  o f  13-bus distribution system. 

 
It is necessary for the system to have distributed generation because this sort of generation 

plays a key part in ensuring that the microgrid can serve the local loads. Distributed 
generation plays a key role in ensuring that the system has distributed generation. The term 
"micro grid" refers to a distributed network that frequently contains a wide diversity of 
distinct types of electricity-generating technologies. The generation that results from the wind 
is in first position, and the generation that results from the sun is in second place. The 
microgrid presents the most encouraging opportunity for incorporating a sizeable quantity of 
renewable energies into the system [8-12]. One 33 kV wind turbine and one 250 kV 
photovoltaic system will each be integrated with DGsystem as part of the scope of this project. 
The next section provides a discussion of the sizing problem, as well as an analysis of the 
power profiles. 

 
SIMULATION DIAGRAM OF MICROGRID SYSTEM 
 

A. Sources  of Integrated System 
All of the fundamental elements of the micro grid, including generators, power 

converters, loads, and we las transformers, are described and illustrated in this portion of the 
document. The idea of a microgrid incorporates not one but two distinct types of power 
generation in the form of wind turbines and solar photovoltaic plants [13]. Solar photovoltaic 
(PV) generating systems need a power conversion device in order to permit a power transfer 
and control process between the various resources and the energy that they provide. This is 
necessary in order to prevent power loss and maximize efficiency. Because of this, a general 
recommended inverter has been constructed and modelled, and low frequency harmonics 
have been taken into mind while doing so. This inverter is simple to scale and adjust for a 
wide range of generation, and it also has the flexibility to change its control approach in 
order to meet the needs of a variety of applications for power management. [14-19]. 

 
B. Simulation diagram of micro grid system 

The block diagram of the fundamental electrical components is being created with the 
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help of the Simulink library, and these components are also serving as the basis for the model 
they are helping to generate. A Simulink model of a system consisting of 13 nodes was 
developed thanks to the assistance of the Simulink library. Which are currently being utilised 
as the feeders for the micro-test grid at this time. In this Simulink model [18], the micro grid 
may be seen in this particular location. Which include both traditional and renewable energy 
sources, such as wind and photovoltaic systems, among others? The generation of electricity 
by wind in this system is connected at node 675, while the creation of electricity by solar 
cells is connected at node 680 [19] [20]. The simulation is carried out on a computer that has 
a CPU that has been determined to be an AMD A4-3330MX APU with Radeon (tm) HD 
Graphics operating at 2.20 GHz. The computer also has Radeon (tm) HD Graphics. It will 
take 47 seconds for the simulation of the model to complete using that. 

 

 
 

Fig. 2. Simulation diagram of micro grid. 
 

RESULT & DISCUSSION 
 

A. In the following, a demonstration of the reaction that is caused by an unbalanced three-phase system is 
offered for your perusal. A listing of the output voltage and current can be found in each of the photos, and 
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it is located at each of the nodes that the feeder connects to. 
 

 
Fig. 3. the result show the wave form  of voltage and current at node 632. 

 
The response presents an illustration of the waveform of the unbalanced current and 

voltage at the node 632 of the test feeder. Figure 3 illustrates, for each phase, the voltage and 
current readings that were taken during that phase, as well as the waveform. Also shown is 
the diagram for the phase. 

 
 

Fig. 4. the result show the wave form  of voltage and current at node 633. 
 

 A waveform depiction of the unbalanced voltage and current at node 633 of the test feeder 
is included in the answer to this question. Simply clicking on this link will bring up the 
graphical depiction. Voltage and current were shown in each step of the experiment in 
precisely the same manner as they are displayed in Fig. 4. 

 

Fig. 5. the result show the wave form  of voltage and current at node 634. 
 



  

41  

A waveform representation that illustrates an imbalance in the voltage and current at node 
634 of the test feeder can be seen in the response. This imbalance can be seen at the node. At 
this particular spot, one may see this unbalance. Figure 5, which may be seen further down 
this page, depicts the levels of voltage and current that are present when the operation is being 
carried out. 

 
Fig. 6. the result shows the wave form of voltage and current at node 645. 

 
An illustration of an imbalanced voltage and current at node 645 of the test feeder is 

provided in the form of a waveform graphic, which may be found in the solution. The 
voltage and current were shown in each phase in the same manner as is seen in Fig. 6. 

 

Fig. 7. the result show the wave form  of voltage and current at node 646. 
 

As a result of the distribution feeder's reaction to the load at node 646 and the open 
circuits in the other phases, the unbalanced voltage and current waveforms in one phase 
remain unchanged, as can be seen in the unbalanced voltage and current waveform shown 
in Figure 7. 

 

Fig.8 the result show the wave form  of voltage and current at node 671. 
 

Figure 8 displays the response of an unbalanced voltage and current waveform. This 
picture was captured at node 671. The waveform of the voltage reveals that the voltage 
remains constant for some part of its lifespan, but after some time it provides an unbalanced 
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voltage across all phases. This is shown by the fact that the voltage remains constant. The 
current waveform demonstrates that the current in this case is not balanced; two phases have 
maximum current, while one phase has little current. This indicates that the current is not 
balanced. 

 

 
 

Fig.9 the result show the wave form  of voltage and current at node 684. 
 

A waveform graphic demonstrating the imbalanced voltage and current at node 684 of the 
test feeder can be seen in the response. The voltage and current were shown in each phase in 
the same manner as seen in Figure 9, which may be found here. 

 

Fig. 10. the result show the wave form  of voltage and current at node 611. 
 

Figure 10 shows the reaction of an unbalanced voltage and current waveform. This picture 
was captured at node 671. The waveform of the voltage reveals that the voltage remains 
constant for some part of its lifespan, but after some time it provides an unbalanced voltage 
across all phases. This is shown by the fact that the voltage remains constant. However, the 
current in one phase first fluctuates for some time until becoming stable, at which point it 
starts to increase, whilst the current in the other two phases is zero. 

An illustration of an imbalanced voltage and current at node 675 of the test feeder is 
provided in the form of a waveform graphic, which may be found in the solution. As a 
consequence of the test, one may make this observation. The technique that was used to 
demonstrate the voltage and current for each phase is shown in Figure 11. You may see this 
particular figure over here. Fig.12, which was obtained at node 652, displays the response 
of an unbalanced voltage and current waveform. The waveform of the voltage reveals that 
the voltage remains constant for some part of its lifespan, but after some time it provides an 
unbalanced voltage across all phases. This is shown by the fact that the voltage remains 
constant. However, the current in one phase first fluctuates for some time until becoming 
stable, at which point it starts to increase, whilst the current in the other two phases is zero. 
The response of an imbalanced voltage and current waveform is seen in Figure 13, and this 
image was taken at node 692. In this instance, the voltage waveform illustrates that the 
voltage stays the same for a specific amount of time; but, after a certain amount of time has 
passed, it generates an unbalanced voltage at two phases different than the minimum phase 
like. However, initially there was an imbalance throughout all phases of the current, which 
only corrected itself after a certain amount of time had elapsed. 
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Fig.11 the result show the wave form  of voltage and current at node 675. 

 
Fig.12 the result shows the wave form of voltage and current at node 652. 

 

Fig.13 the result show the wave form  of voltage and current at node 692 
 

The results of the simulation indicate that the performance of the three-phase unbalanced 
microgrid is equivalent to that which is shown in Figures 3 through 13. Each of these graphs 
depicts the various amounts of voltage and output current that may be discovered at each 
node of the microgrid. These nodes are all connected in series. 

 
B. The following demonstrates the reaction of the three-phase microgrid system that 

does not have a balanced configuration. In every one of the figures, you'll find a breakdown 
of the output voltage and current at every one of the micro grid's nodes. 
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Fig.14 the result show the wave form  of voltage and current at node 632. 
 

The response of a waveform that has an uneven distribution of voltage and current is seen 
in Figure 14. This photograph was taken at node 632 of the distribution feeder, which used a 
micogrid in its construction. When the feeder is connected to the microgrid, the voltage and 
the current are both carried out in an imbalanced manner as a result of this configuration. 

 

Fig. 15 the result shows the wave form of voltage and current at node 633 
 

Fig. 16 the result show the wave form  of voltage and current at node 646 
 
The response of an unbalanced voltage and current waveform is seen at node 633 in figure 

15, which shows that a microgrid is present. This waveform illustrates that the uneven voltage 
and current across all three phases has been corrected to some degree. The response of a 
microgrid to an imbalanced voltage and current waveform at node 646, which can be seen in 
the diagram, is shown in this graphic. Figure 16, which may be seen further down on this 
page, is an illustration of the reaction of the microgrid. Show the unbalanced voltage here, 
but also make sure that the current in this phase stays unbalanced at all times and displays it 
in an imbalanced manner. Even though the load is just on one phase and the other phases have 
open phases at the same time, you still need to make sure that there is a constant current 
running through the other phases. 
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Fig. 17 the result show the wave form  of voltage and current at node 671 

 
Figure 17, which was produced with the use of a microgrid at node 671, displays the 

reaction of an unbalanced voltage and current waveform. The waveform of the voltage 
reveals that the voltage remains constant for some part of its lifespan, but after some time it 
provides an unbalanced voltage across all phases. This is shown by the fact that the voltage 
remains constant. The current waveform demonstrates the existence of an unbalanced current 
at this location; two phases have the highest current, while one phase has the lowest current. 

 
 

Fig. 18 the result show the wave form  of voltage and current at node 611. 
 

Fig.18, which was recorded at node 671 and includes a microgrid, displays the response 
of an unbalanced voltage and current waveform. You may see this response by looking at 
the diagram. The waveform of the voltage reveals that the voltage remains constant for some 
part of its lifespan, but after some time it provides an unbalanced voltage across all phases. 
This is shown by the fact that the voltage remains constant. However, the current in one 
phase first fluctuates for some time until becoming stable, at which point it starts to increase, 
whilst the current in the other two phases is zero. 

 

Fig.19 the result show the wave form  of voltage and current at node 652. 
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The reaction of an unbalanced voltage and current waveform may be observed in Fig.19, 

which was produced using a microgrid at node 652, as shown in the figure. The waveform 
of the voltage reveals that the voltage remains constant for some part of its lifespan, but after 
some time it provides an unbalanced voltage across all phases. This is shown by the fact that 
the voltage remains constant. However, the current in one phase first fluctuates for some 
time until becoming stable, at which point it starts to increase, whilst the current in the other 
two phases is zero. 

 
Fig. 20 the response of the voltage and current at the node 692. 

 
The response of a microgrid to an unbalanced voltage and current waveform as measured 

at node 692 is seen in Figure 20 below. In this particular case, the voltage waveform 
demonstrates that the voltage remains constant for a given length of time; but, after a certain 
amount of time has elapsed, the voltage begins to change, it generates an unbalanced voltage 
at two phases different than the minimum phase like. However, initially there was an 
imbalance throughout all phases of the current, which only corrected itself after a certain 
amount of time had elapsed. The results of the simulation indicate that the performance of 
the three-phase unbalanced microgrid is equivalent to that which is shown in figures 14 
through 20. Each of these graphs depicts the various amounts of voltage and output current 
that may be discovered at each node of the microgrid. These nodes are all connected in series. 

 

CONCLUSION 
 

The microgrid model Simulink, a solar array, and a wind turbine were all implemented as 
part of this project. ieee-13 bus radial distribution lines have been installed in the solar system 
bus 680 and the wind generator bus 675. After going through the appropriate setup processes, 
the microgrid is now ready to operate in a mode of operation known as grid-linked. This mode 
of operation allows the microgrid to serve as an extension of the larger grid. On the system with 
unbalanced nodes, measuring the voltage and current on multiple buses and phases. This was 
done. These readings were obtained from the system when it was functioning normally. The 
methodology that was supplied illustrates that there is a decrease in the losses that occur in the 
power system in contrast to the system that does not employ DER. This can be seen when 
comparing the two systems side by side. Matlab/Simulink is the software programme that is 
being used in order to run a simulation, with the help of which the system's usefulness may be 
assessed. The 13-Node distribution model needed to be validated, the multi-core simulation 
was completed with an accuracy of less than 1.5% relative absolute voltage. Simulations of a 
real-time inverter system using a DFIG wind generator and an array of PV panels have been 
constructed on a platform, and a battery. Additionally, the platform has a model of a PV array. 
In addition to that, these models have already been put into action. 
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