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Abstract - To change the electrical power system
from conventional system or existing system to micro
grid one needs to check the performance of this system
and analyze all parameters. Actually the power grid
consists of three essentials parts that are generation,
transmutation line and distributions system. Among all
parts feeders, transformers and some of electronics
parts are to improve the voltage drop or decrease the
active power losses and interfaces between two
systems. The main advantage of the micro grid is
integration of the renewable energy recourses into the
power grid through transmutation line or distribution
system, but before integration one needs to check and
evaluate all parameters of the system (cable,
transformers, load flow, losses, etc.). and find out how
to improve them . This paper consists of three parts:
the first part is introduction about important
parameters in the power grid, the Second part analyzes
system from IEC standers by using MATLAB software
and discuss on the result of these systems. as well as it
involves an idea of how to improve it by using the
Newton Raphson method. The third part is about
power quality analysis and effect of the harmonics on
the current and voltage wave form.
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Despite the fact that there are many aspects and
issues of emphasis that characterize the functional
framework of micro-grid systems, the optimal energy
interaction between the MG (smart grid) and power
energy system are included to improve the
performance of the all system parameters [16],in
which the analysis of performance is one of the most
important issues of emphasis, and its change during
the time and resources [11]. Unless micro-grid
systems are aligned towards a reliable and effective
blueprint for performance analysis, it then follows
the attainment of the intended level of functionality,
which is undermined extensively. When it comes to
the actualization of the blueprint for performance
analysis, it is vitally important to accentuate the fact
that two elements have to be accentuated upon.
These elements are measurement as well as
processing of different electrical quantities. The two
platforms constitute an integral element on which the
entire mechanism for the performance analysis. and
micro-grid systems is actualized. This is the focus of
this research whereby load flow analysis and optimal
power flow are also evaluated extensively.
2. Integrating Renewable Energy Resources
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The 49% of the electrical demands on the world
will be increasing in 2035 [7]. The benefit of the
integration RES can be named as fast installation,
high power quality, less pollution and increasing
energy efficiency [1].The ways in which different
electrical quantities can be aligned towards the
blueprint of performance analysis also encompasses
the analysis of flow of power. Depending on the
manner in which power is flowing within a system, it
can be deemed as being effective or ineffective. In
the event that the process with which the flow of
power is actualized is ineffective, then the entire
system cannot be categorized or classified as being
reliable [4]. Within the confines of the selected case,
it is evident that there is extensive emphasis on
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renewable energy. In essence, there are various ways
in which the flow of power in this system has been
enhanced through the use of renewable energy.
Firstly, this system has greatly reduced the total
inputs that are aligned into the grid. Always this vital
aspect plays an integral role towards the attainment
of success in the short-term as well as in the longterm. It is also evident that the application of
renewable energy has promoted the extent to which
load flow is optimized especially as far as
capacitance is concerned. These stipulations are
immensely beneficial in that they promote the
system’s viability in the long-run. In view of these
elements, it is hence evident that the selected case is
a highly effective model that can be applied across
different contexts in the short-term as well as in the
long-term.
3. Performance Analysis of Micro-Grid
For any micro-grid system that is to be considered
as being effective, there is always the need to ensure
that it does not contribute towards the degradation of
the environment. In the event that a system pollutes
the environment, it then follows that such a system
cannot be considered as being effective and reliable
[5]. When it comes to the promotion of the
effectiveness with which micro-grid systems
performs, to keep the system operating at the optimal
point controller has to. Investigate the system under
different power flow load and different type of load
[13], while the issue of optimal capacitor placement
also serves as a notable aspect of emphasis. In
essence, there is the need to accentuate the fact that
there are various ways in which the nexus between
the performances of micro-grid systems is impacted
by the optimal placement of capacitors. In essence,
while some of the implications are direct, others are
more or less indirect. In line with such aspects, there
is always the need for such nexus and connectivity to
be inculcated into the framework of planning so as to
promote the effectiveness with which the intended
outcomes are attained.
Based on these stipulations, one of the main ways
in which the performance of micro-grid systems is
impacted by the optimal placement of capacitors
pertains to the issue of power output [10]. Within the
confines of a micro-grid system, the level of output is
always one of the most important aspects of
performance. In the event that the system is not
characterized by a high level of output, it means that
the framework of performance cannot be considered
as being desirable. On the other hand, the attainment
of a high level and standard of output serves as an
indicator of the fact that the entire system can be
relied upon. In line with such an aspect, it is hence
evident that output has to be assessed when
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determining the ways or manner in which the
performance of micro-grid systems is impacted by
the optimal placement of capacitors. Unless such an
aspect is taken into consideration, the precise level or
standard of performance cannot be developed as
aptly as possible.
In addition to output, another notable aspect of
emphasis that has to be always considered within the
context of the performance of micro-grid systems is
impacted by the optimal placement of capacitors
pertains to the overall level of reliability. This is
because of capacitors, which have direct
ramifications on the extent to which a system is
reliable. In essence, this not only applies in the shortterm, but also in the long-term. In the event that the
relevant systems and mechanisms are not developed
for the promotion of the standards of reliability
within a micro-grid system, it means that the
intended outcomes are complex to attain.
The ways in which the performance of micro-grid
systems is impacted by the optimal placement of
capacitors can be evaluated also encompasses the
issue of applicability across different areas. The
purpose of any system is usually to serve as many
users as possible. In the event that this cannot be
attained, it the overall level of reliability of the grid is
compromised. In line with such an aspect, we can
add that there is always the need to evaluate the
extent to which a grid can be applied or used within a
given area [6]. This is usually beneficial in that it
goes a very long way towards the quantification of
the manner in which the performance of micro-grid
systems is impacted by the optimal placement of
capacitors. These elements are hence indicative of
the manner in which the two overlap.
The issue of capacitor bank is also vital when it
comes to the entire mechanism of determining the
performance levels of a micro-grid system. One of
the main ways in which the performance is connected
to capacitor bank is that the latter plays an integral
role towards determining the amount of power or
electric energy that can be processed at any given
time. This is immensely influential since it has longterm implications on the success of the system in the
long-run. This is always an important aspect that has
to be aligned towards the blueprint of decision
making and planning when it comes to the use and
application of a system.
The connection between the performance levels of
a micro-grid system and capacitor bank is that it
determines the extent to which the existing energy
can be backed up. This is an influential element of
any system considering that it has pertinent
implications on the overall extent to which the
performance of the system is optimized. In the
absence of an effective and reliable capacitor bank, it
can be complex for the intended quality of outcomes.
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Which are to be attained as far as the performance of
the system is concerned [9]. Based on these
stipulations, it is hence evident that there is always
the need for the performance levels of a micro-grid
system to be aligned towards the evaluation of the
extent to which capacitors are adequately optimized.
This is also immensely pertinent as far as risk
management and prevention is concerned.
The energy management problem is defined as
power generation, consumption as well as the effect
of power unit with the utility by the direct and
indirect effect [12], then it is defined as the subject
and objective of the system controller [17].
Figure 1. IEEE 9 BUS

4. Case Stady
In the grid operation the comparison between the
demand power with supply and the balance between
them is one of the important factor operation in the
power system [14].To determine the performance of
the system one has to analyze all the parameters of
circuits for example voltage, angle, losses, cable size,
etc., When the control voltage is compromised, the
overall performance levels of a micro-grid system are
low. This is because of the far-reaching implications
of control on the level of output [3].
MG (content PV, WT…etc.) is considered to
reach to the optimal operation and increase the
quality and reliability [2]. Analysis of the MG (case
study) consists of many steps, in which the first case
there is nine buses from IEEE standers shown in
Figure 1. Second example shows the configuration of
the circuit IEC standards in the Figure 2. (Connection
the solar cells to the system by DC. Link).
Table 1. Power Flow
BRANCH

FROM TO BUS

LOSSES

ID

MW

Mvr

KW

KVAR

V

TI

0.233

0.047

0.4

1.8

99.6

T2

0.121

0.012

0.15

0.5

99.5

XF04

0.408

0.283

0.6

6.7

99.6

CABLE 1

-4.251

-3.53

2.5

-30.6

99.9

XFM1
CABLE
MAIN

4.251

3.53

8.9

161.5

99

-0.01

-0.006

0

0

100

TX5

2

-0.443

5.4

66.5

100

XFM2

-0.01

-0.006

0

0

100

XFM3

2.893

1.263

4.6

66.5

99

TOTAL
22.2

LOSSE
273.2
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Figure 2. Connect the solar cells to the system IEC
standers.

IEC standard circuits include two sub circuits one
for low voltage and other for DC circuit, shown in
Figure4, as well as the configuration of the IEC
circuits.

V BUS

Figure 3. IEC Standers model anlysis by Matlab
sumlink.
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the user [8]. Monitoring the Operation of the supply
power generation for each terminal power supply,
current at the steady state and of transit stability one
of very important indicator to consider the system is
to secure.
Electrical Power generation is produced from the
generation B,which is about 2MW,while the system
generation at the steady state after 2 sec determaine
the power qualty (voltage,harmounics, and power
factor ) and improve the need to anlyze the system
than choose the method to support it which is shown
in Table 1 and Table 2 The best way to improve the
voltage,PF,reactive power flowand decres the losses
by the opimal capactior (palcament, size, location,
connection, ccontrol ).
Table 2. Voltage Mag.And Angle
Bus
Figure 4. IEC Standers Circuit.

By using Newton Raphson Method with 99
iterations, the load flow analysis for both AC and DC
networks to determine Generation Loading Demand,
Branch load and losses. Branch connection and
feeder capacity, alert report, etc. All the factors,
parameters and results above give us the ability to
evaluate and improve the network.
After analysis the systems above, here are the
performance results:
123456789-

Bus Loading.
Branch loading.
Losses.
Cable.
Power factor.
Voltage drops.
Power flow.
Transformer limit.
Generator operation and demand.

Table 1 shows the losses of all Buses, bus voltage,
and active, or reactive power flow, Table 2 shows the
voltage magnitude, angle for each buses, voltage
drop and power factor.
5. Power Quality
Integration the RES has advantage and
disadvantage, and the main advantage reduce the
power losses through connected RES to the
distribution system directly [15]. One of the most
notable ways in which the nexus between
performance analysis of a micro-grid system is
aligned towards optimal power flow as well as load
flow analysis is evident pertains to the fact that the
two elements plays an integral role towards
determining the total amount of energy that reaches
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Mag
98.99
99.32
99.94
100.4
100
98.4

Ang.
-1.2
-0.7
0.0
-1.3
0.6
-1.3

load
%
MW
2.126
0.0
0.0
0.01
0
0.408

98.46

-1.3

0

0

82.8

LV
BUS 2

100

-1.3

0

0

86.9

MCC1

98.74

-1.63

0.233

0.045

98.2

SW2
SW

99.23
100.4

-0.9
-1.3

0.121
6.227

0.012
2.853

99.5
85.3

30.6

Utility
bus

100

0

0

0

82.2

18.8

ID
Bus B
Bus C
Bus 3
Bus 5
Bus 6
ESW
LV
BUS

voltage

pf load
MVAR
0.855
0
0
0.006
0
0.276

93.4
87.3
76.9
86.9
97.6
82.8

59.5
14.2

60.1

60.1

The Harmonics distortions for the voltage and
current big factors to determine the efficiency of the
system.
From the system above Figure 3 shows IEC
standards, selected the Buses consisting of motors as
the loads, electronic devices, inductions motors load,
and utilities of Bus. In this types of loads the
harmonics effect is high than in other buses.
The Buses is:1- Bus A includes synchronous motor of 2000kw,
shown in Figure 5.
2- Bus B includes dc network with PV array
shown in the Figure 6.
3- Bus C includes LV network and 3motors
shown in the Figure 7.
4- Bus D utility of the main bus, which has 33kv.
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In the Figure 8 there are the comparations among
the four Buses above and the effect of the last two
Buses (utity Bus and SW Bus), which is bigger than
the first and second Buses since the Harmonics
distortions are due to the electroincs part and low
voltage buses are more than those with high and
meidium voltage . Table 3. shows the total
harmounics distoration of VTHD with voltage rating
and fundumantal percentage.

Figure 5. Voltage Wave Bus A.

Figure 7. voltage wave C ,LV bus

Figure 6. Voltage Wave Bus B..

TEM Journal – Volume 9 / Number 3 / 2020.

Figure 8. Spectrum Comparators
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Table 3. Total Harmonics Distortion
Bus

Voltage distortion

ID

kV

Fund %

VTHD %

Bus B

11

99.01

3.20

Bus C

11

99.34

3.37

Bus 3

33

99.94

3.69

Bus 5

0.650

100.43

12.05

Bus 6

6.600

100

9.56

Em.Sw

0.4

98.57

3.31

LV Bus

0.4

98.57

3.31

LV Bus2

0.650

100.47

12.65

Mcc1
Utility Bus

0.4
33

98.76
100

3.05
3.59

6. Economic Assessment
Quality, time and cost are the main factors that
make the power system with high reliability.
Calculating the best financial returns as decreeing
energy losses, economic assessment done by
connecting the capacitor bank into system need
analysis make the cost of installation and saving
power possible.
Table 4 shows the optimal capacitor placement
cost summary.

Figure 9. The Profile during the Planning Period

Figure 10 shows the system improved by
installation of the OPC in the IEC standard system
and adjusted voltage from 98%-102%.which reduces
the losses. Reactive power of OPC is enhancing and
improves the system harmonics.

Table 4. OPC Cost
Cost $

Saving $

Year

install
ing

Oper.

Loss
reduc.

Yearl.
prof.

Acuma.
prof

1

5600

500

-111.85

-6211

-6211

2

0

500

-111.85

-611

-6823

3

0

500

-111.85

-611

-7435

4

0

500

-111.85

-611

-8047

5

0

500

-111.85

-611

-8659

Figure 9 shows the profile during the planning
periods for the five years. The accumulative saving
from the table above and the Figure13 is 8659.000 $.
The cost of the installation capacitor is 5600$ for the
one years, and the load flow analysis calculate the
total losses with and without capacitor bank, and the
average power cost is approximately 0.07/kWh than
the losses reduced for one year which is 111.85$.
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Figure 10. The System Improve It By Installation
The OPC.

The main objective for all analysis and
improvement methods to monitoring and control the
performance of the power grid and utilities system,
determine the minimum and maximum load with
saving the load by using OPC.
7. Conclusion
In this paper we focused on analysis within the
system and on how to improve it by using load flow
analysis (newton Raphson method) including the
case of IEC standard system for analysis, and
capacitor bank in order to improve the voltage
distortions and decreasing the harmonic effect.
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Economic assessment is one of very important
factors that determine the income from installing of
the capacitors bank toward its benefits (cost, energy
saving). These steps help and supports the strategies
to develop the conventional grid to micro or smart
grid.
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