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ABSTRACT: In the near future, the use of energy sources such as solar and
wind in power systems will increase. Microgrids are hybrid structures as
formed the integration of renewable energy sources with conventional
energy generation plants. Microgrids can provide uninterrupted energy for
users. The power system must be operated correctly and effectively so that
the power flow in the power system is continuous. The paper demonstrates a
case study for a power flow analysis. First, the results were calculated and
obtained in Matlab software by using the Gauss-Seidel method. Then the
system was designed in the PowerWorld simulator and the success of both
programs was examined.
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1. Introduction

In recent years, changes in consumer demand and technololgy dependency in society has
increased. The need for a reliable and fault-resistant electrical distribution network has become more
and more important. A micro grid is an interconnected network of distributed energy systems that can
function whether they are connected or independent from the main grid. Micro grid provides
maximum utilization of existing energy and demand side management. It ensures that renewable and
clean sources are included in the network. The microgrid is a reflection of the smart grid of the future
[1-3].

The structure of the microgrid consists of energy sources such as wind turbines, micro turbines,
fuel cells, PV modules etc. As shown in Figure 1, the energy sources are connected to the network via
an interface unit such as a power electronic devices. Power electronic systems affect the quality of the
system to which they are connected and require new control arrangements. Microgrid Central
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Controller (MGCC) is the main controller that controls Micro-source Controller (MC) and Load
Controller (LC) [4].

Load Load
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MC MC MC D
MGCC
Grid

Inverter Inverter Inverter

Rectifier PV Rectifier

® )
Fly-wheel Turbine

Figure 1. Structure of a Typical Microgrid [4]

Microgrids have many benefits. These benefits can be listed as follows [5, 6].
Environmental protection, especially in terms of reducing CO, emissions
Energy production diversity and supply security

Reduction in central power plants and losses

Having the possibility of rapid deployment and fast installation

The fuel is abundant, inexhaustible and free

Costs can be estimated because they are not influenced by fuel price fluctuations
Better network congestion management and power quality

AN N N N VAR NN

Enabling development of green electricity

For this study, designed microgrid consists of wind turbine, PV, micro turbine and Pem Fuel
Cell, main grid and load busses. The designed microgrid is shown in Figure 2.

15



IJESG INEES
oV [nternational Journal of Energy and Smart Grid e

Vol 1, Number 1, 2016
Doi: 10.23884/IJESG.2016.1.1.02
ISSN: 2548-0332

WIND
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Figure 2. Designed Microgrid [7]

2. Power Flow Analysis

Power flow studies are one of the important tools in the operation, monitoring and control of
power systems. In order to be able to evaluate the performance of power systems, it is necessary to
perform power flow analysis under normal operating conditions and fault conditions such as short
circuit. The purpose of power flow analysis is to determine the active-reactive power flows and the
identification of voltages and currents. Iterative methods are used to solve nonlinear equations.
Different mathematical techniques have been used to examine power flow analysis. These techniques
are Newton-Raphson, Fast-Decoupled, and Gauss-Seidel methods [8, 9].

The Gauss-Seidel method is a well-known method among power flow analysis methods. The
Gauss-Seidel method performs much better than other mathematical methods. In this method an initial
value is guessed and the newly calculated value replaces the initial value. The iteration is stopped
when the solution converges [10]. Consider a system of » linear equations with x unknowns

Ax=b (1.1)

where 4 = (@), <, and x = (x;, x3,..., x,)" and b = (b,,bs, ..., b,)".

After the computations , we can rewrite (4x) as

x = 1 S a.x" + N ax®-b| i=1,2,..,n
l a; 121 o ng v l o (1.2)

It is assumed that the system operates under normal, balanced conditions and is represented by a
single line diagram when the power flow problem is solved. The variables to be considered in each bus
are voltage amplitude (V), voltage phase angle (5), active power (P) and reactive power (Q). As shown
in table 1, the busses in a power system are divided into 3 groups:
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1. Load bus ; the active (P) and reactive power (Q) are known and where the amplitude of the
bus voltage (V) and phase angle (J) are searched. The active and reactive power values are negative

because power is consumed in the load bus.
2. Generator bus ; the active power (P) and the voltage amplitude (V) are known where the voltage phase angle
(0) and the reactive power (Q) are searched.

3. Swing bus (reference bus); the voltage amplitude (V) and phase angle (8) are known where
active power (P) and reactive power (Q) are searched. The difference between the power caused by the
losses in the power system and the planned load is evaluated over this bus.

Table 1. Classification of Power System Busses

Classification Knowns Unknowns

Generator Bus

In a system with N busses, the expression given in eq. (1.3) continues to be computed until the
difference between the bus voltages is smaller than the specified error value by the user. Here n # k.
The voltage values on the right side of the equation are the latest values calculated for the bus. Y is the
matrix of the bare admittance of the system. The impedances of the loads and the generators are not
included but are calculated using the system line impedances [11, 12].

1|B-jO
A [ S~ YV, (1.3)
k Y, V. Z_;kn

3. Matlab Application

Matlab is a software that used mainly in the engineering sciences where numerical and
analytical expressions of mathematical functions are used. The software is highly effective in
numerical analysis, simulation, numerical and graphical solution techniques of engineering problems.

The parameters for the sources, loads and lines used in the Matlab are shown in Table 2 and Table 3.

Table 2. Parameters For The Sources and Loads

Component Connected Bus Power

2000 W- 600 Var

12000 W
8000 W

Pem Fuelcell Bus 4 1000 W
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9702 W-331 Var

Table 3. Parameters For The Lines

Source Bus Target Bus R X B

| |
Wind Turbine 0.00636 0.00046 0.001
| |

| |

After the power flow analysis is performed in Matlab program with Gauss-Seidel method, the
following values are obtained. The number of iterations used for power flow analysis is 11. Table 4
shows the results from the Matlab solution.

Table 4. Results from the Matlab Solution

Line Power at Busses and Lines Line Losses

From To MW Mvar MVA MW Myvar
2 16.327 -1.072 16.363 0.034 -0.373

5 -16.083 0.366 16.087 0.033 -0.375

1 -16.293 0.699 16.308 0.034 -0.373

3 7.711 1.533 7.862 0.004 -0.198

2 -7.707 -1.731 7.899 0.004 -0.198

4 -24.929 14.870 29.028 0.220 -0.782

3 25.149 -15.652 29.622 0.220 -0.782

5 12.791 -0.469 12.799 0.021 -0.385

1 16.116 -0.741 16.133 0.033 -0.375
12.770 0.083 12.770 0.021 -0.385
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4. Powerworld Application

In electrical energy systems, large amounts of system data have to be presented with innovative
methods. In recent years, visualization techniques and software have developed to make data easily
readable and visually appealing. One of them is the PowerWorld simulation program. Calculations can
be made for different power systems using the PowerWorld simulator program. To calculate the power
flow, first the desired system is drawn and the necessary input information is entered. Then the
program calculates the power flow in the line with given information. PowerWorld Simulator is an
interactive power systems simulation program to simulate the power systems. The software includes a
highly efficient power flow analysis structure that can effectively solve a system with up to 100,000
busses [13, 14]. The power system for the study is shown in figure 3. The used parameters for the
solution such as busses, lines, generators the same with Matlab application. The results obtained from
this study is shown in the table 5.

2 MW 2 MW

10 MW
-0 Mvar

I®

6,59 MW 23,41 MW 12,44 MW

-0,40 Mvar 0,40 Mvar -0,10 Mvar
‘é‘—" 60 MVA 23,41 MVA 12,44 MVA
12 MW 6 MW
0 Mvar 0 Mvar

35M
0 Mvar

12MwWw 8MW 10 MW
0 Mvar 0 Mvar 0 Mvar

Figure 3. The Designed Power System

Table 5. Results From the PowerWorld Solution
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5. Results

Bus Flows

INESEG

BRI A TARREFN SIFCE
HERCCRIZATIRL ARELF

BUS 1
GENERATOR
LORD 1
TO 2
TO 5

BUS 2
GENERATOR
LORD 1
TO 1
TO 3

BUS 3
LORD 2
LORD 3
LORD 4
TO 2
TO 4

BUS 4
GENERATOR
GENERATOR
TO 3
TO 5

BUS 5
GENERATOR
LOoAD 1
TO 1
TO 4

BUS

BUS
Bus
BUS

BUS
BUS
BUS

BUS
BUS
BUS

BUS
Bus
Bus

BUS
BUS

w

'Y

354,0 MW
2,00
2,00
1 16,09
1 -16,09
354,0 M
2,54
12,00
1 -16,086
1 6,59
354,0 MW
10,00
12,00
8,00
1 -6,59
1 -23.41
354,0 M
34,99
1,00
1 23,55
1 12,44
354,0 M
9,70
6,00
1 16,12
1 -12,42

Mvar
0,00
0,60
-0,67
0,07
Mvar
0,00
0,00
0,50
-0,50
Mvar
0,00
0,00
0,00
0,40
-0.40
Mvar
0,00
0,00
0,10
-0,10
Mvar
-0,33
0,00
-0,25
-0,08

MVE

Energy management is based on determining energy policies, assessing the performance of the

energy management systems and ensuring improvements. Microgrids which are part of the smart grid

energy systems, will spread rapidly in the coming years. In order to provide high quality and

uninterrupted energy, the selected sources and loads for the microgrids should be considered and

power flow analysis should be done. In this study, the power flow of a designed microgrid was

obtained by PowerWorld and Matlab. As seen in the study, PowerWorld simulator has shown that the

power flow analysis can be done without iterative methods. It has been seen that the PowerWolrld

program is more convenient and easier for university students to better understand the course of power

flow analysis.
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