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1. INTRODUCTION

Micro-grid (MG) is a localized group of electricity generation, energy storage, and loads that
normally operated through a connection to a centralized grid [1]. However, DG sources have limitations in
term of energy generation capacity. In order to increase the power quality and reliability in the MG system,
it is shown in the process of combining the source of the micro-source (MS) such as solar and wind. Plus,
the system behavior during transfer mode from grid connected to islanded mode MG [2].

Typically, the use of renewable energy sources such as solar power, wind power, and others are the
reason why the installation of DG’s are highly recommended in power generation technology. Use of DG
source however will protect our nature because its containing low harmful emission leads to natural disaster.
The harmonic effect gives a high impact on the system. It can be harmful to end user equipment’s because of
the overheating etc. It also can be misfiring meter reading and disturb the efficiency of the power grid, power
distribution and power generation [4]. In power system, harmonic can effect the transformer because
harmonic can produce additional losses in transformer core.

In MG, the system generates locally to reduce dependence on long transmission lines and cut
transmission losses. In peak loads, it prevents utility grid failure by reducing the load on the grid. Significant
environmental benefits made possible by the use of low or zero emission generators [5]. The use of both
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electricity and heat permitted by the close proximity of the generator to the user, thereby increasing the
overall efficiency at the same time, reduces electricity cost to the user. Therefore, this work concerns about
the analysis on the total harmonic distortion (THD) between both modes to make full use of their advantages
and planning for suitable harmonic mitigation technique.

2. PROPOSED SYSTEM CONFIGURATION

From Figure 1, it has been shown that the loads receive energy from two types of different sources,
which is from utility supply, and another one from the DGs. During the case of grid connected,
the loads will operate according to the utility supply and vice versa, when the network required operating on
islanded mode the loads will operate according to the DGs.

Figurel. M-G proposed system block diagram

2.1. Solar PV System Configuration

PV system is the method of converting solar energy into direct current electricity using
semiconductor materials which exhibit photovoltaic effect. PV model represent solar irradiance and
temperature changes. The implementation of PV array is built of strings of PV modules connected in parallel.
The block diagram of the proposed research is illustrated in the Figure 2.

DC ] DC/AC
PVmodule PO Filter e Breaker Load

Figure 2. Solar PV system block diagram

2.2. WTG System Configuration

The wind is made up of real matter with mass, when mass is moving it has Kkinetic energy.
Wind turbines work by turning the kinetic energy of the wind into torque (a force) that causes the wind
turbine to turn and drives an electrical generator. The proposed WTG system block diagram is demonstrated
in Figure 3.

Figure 3. WTG proposed system block diagram

3.  SIMULATION

By using Matlab/Simulink, the simulation is executed with five seconds sample time with 50
microseconds discrete powergui block function. Figure 4 shows the design of the first operation mode
(grid connected mode), in order to investigate the implementation process of energy reliable power system.
Efficient micro-grid network is required to operate smoothly in both standalone and grid-connected modes.
By using the renewable energy as a source of the generation system, that has forced the MG to include the
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power electronic devices such as DC-DC Booster, DC-AC inverter, Load Frequency Regulator and suitable
simple component control technique with some default existing parameters from previous study.
Grid-connected DG micro-grid network is shown in Figure 4. Process of tuning parameters is the challenge
in this simulation due to the effect of the low resistance and high sensitivity of the electronic parts. FFT
Analysis is the case study proposed to measure the total harmonic distortion on the MG system that will show
the different of the performance between two MG modes towards same network and load behavior.
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Figure 4. Grid-connected DG micro-grid network

3.1. Grid-Connected Mode

As for the design of grid-connected mode, the total connected loads are relying on the supply from
utility source. By implementing the supply from the utility, all the possible ways of power quality
improvement method have been applied. Even the real life variable load, the power quality issues can be
mitigated and minimized according to specific standards. Grid-connected mode M-G circuit diagram is
shown in Figure 5. Grid-connected mode is used in order to enhance the generated power in the network in
order to counter in the issue of energy deficiency from the distributed generations supply.

3.2. Islanded Mode

Figure 6 shows the MG islanded-mode circuit diagram. As for the modelling of micro-grid in
islanded-mode, the electricity is generated from inexhaustible and replenished sources interconnected via
voltage source converters (VSC). The output of voltage magnitude and phase are controlled by using VSC in
PV model. This is correlated to the synchronous machine based on the wind turbine generation, where the
voltage magnitude and the rate-of change of the generator angle (frequency) is set as a result of the
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interaction between the generation and dynamic load. The output voltage magnitude and angle without VSC
control will result in unplanned generation levels and voltage profiles in the micro-grid.
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Figure 6. Islanded-mode MG circuit diagram

3.2.1 Solar PV Model Parameters

Each string consists of modules connected in series. Five SunPower SPR-315E-WHT-D types of PV
modules are connected in parallel with the same parameter of 64 parallel strings and five series-connected
modules per string. 1000 W/m? of sun irradiance and 25 degrees Celsius of temperature is the input for each
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unit that operates on 96 numbers of cells per module (as shown in Figure 7), maximum power for each
module is 315.072 Watt. Open circuit voltage (Voc) and short circuit current (ls) is set to 64.6V and 6.14A.
Besides that, voltage and current at maximum power point is set to 54.7V and 5.76A. DC booster consists of
100uF, 260V initial voltage capacitor is connected in parallel with series filter of 0.005Q resistor and SmH
inductor are used in order to boost DC voltage generated by solar panel. Next, the boosted DC voltage is
transferred to the two units of 100mF c-filter in order to generate smoother DC volts. DC/AC inverter with
existing VSC control is used to invert AC voltage and supply to the load demand. Since solar PV system
depends on solar irradiant and temperature, the equation between solar panel current and voltage
characteristic can be expressed as:

q(V+IRs) V IRs
Izlph_lo(e nkT —1)— —

Rsh (1)

Where Iy is the photocurrent, |, is the saturation current of the diode, Rs is the series resistance, Rs is the
shunt resistance, n is the diode ideality factor, k is Boltzmann’s constant (1.4 x 10—23), q is the electron
charge (1.6 x 10—19), while T is the absolute temperature in Kelvin.
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Figure 7. Matlab/simulink model of PV solar system

3.2.2 WTG Model Parameters

Figure 8 shows the Matlab Simulink model of WTG system. The process of WTG starts with the
synchronous machine with existing parameter of 550kVVA nominal power, 415 line-to-line voltage and 50Hz
frequency. Stator windings are connected in wye to an internal neutral point. Output from the synchronous
machine is transfer to the asynchronous generator with same existing parameter to the synchronous machine
since both components are used as the input to the wind turbine generator. Wind and rotor speed are set up to
10m/s and 1800 rpm respectively, in order to generate sufficient power to the load.

4.  RESULTS AND DISCUSSION
Analysis of the output voltage and current is performed in order to determine the difference between
both case studies that using different kind of sources to supply the same network connection and load size.

4.1. Grid Connected Mode

Voltage and current of the grid-connected mode have been measured as shown in Figure 9. Since all
possible suitable parameters have been set from the utility company, this system is able to produce 340Volts
clean phase maximum voltage (Vmax/phase) and supply of 885 Amps of electricity to the size of 910kWatt
total connected load.
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Figure 8. Matlab simulink model of WTG system

Figure 9. V and | characteristics of grid-connected mode

4.2. Islanded Mode Micro-Grid
The characteristic of V and | of the DG in islanded M-G mode is demonstrated in Figure 10.

Voltage and current of the grid-connected mode have been measured as shown Figure 10 above.
The simulation result initiate that the output voltage is 351V while the output current is 917.2A to the size of
910kWatt total connected load.

Figure 10. V and I characteristics of DG in islanded MG mode
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Voltage and current of wind turbine generation has been measured as illustrated in Figure 11.
From the simulation, it can be analyzed that the wind turbine generator able to produce 341V while the
output current is 416A.

Figure 11. V and | characteristics of WTG

Voltage and current of the PV system have been measured as in Figure 12. Since the output from
solar PV is in DC, so the output produced from the above Figure is the output after the inverter.
The simulation indicates that the PV system is able to produce 340V and 980A of AC output.

Figure 12. V and | characteristics of Solar PV

By using the reference voltage and current of each critical component such as WTG system,
PV system, variable load and static loads in the Figure 13, power generated by DG’s and absorbed power by
the loads is observed in Figure 13. The pattern of total DG in the system is affected by the behavior of the
load change as we can see at the time 0.9 seconds on the simulation result above. Active power reference of
islanded-mode mg value as shown in Table 1.

Table 1. Active Power Reference of Islanded-Mode MG Value

M-G Component Active Power
WTG system 383 kW
PV system 511 kW
Total DG 892 kW
Variable load 405 kW (steady state)
Linear loads 454 kW
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Figure 13. Active power reference of islanded-mode MG

4.3. THD Analysis Using FFT Analyzer

The THD analysis is conducted by using FFT analyzer. As we grasp, total harmonic distortion
became a vital issue in power system as it should be aside as low as possible to comply with the international
standard. In power system, lower THD lead to higher power factor while lowering the electricity bills hence
resulting in higher efficiency. The aim of this analysis is to determine the harmonic distortion exist in this
systems. Based on figure below, THD analysis for grid connected mode shows that there is no harmonic exist
in the system as it not containing the power electronic components.

4.3.1 Grid Connected Mode

Signal magnitude of output voltage for grid connected mode as shown is Figure 14 As mentioned
above, there is absence of harmonic distortion in grid connected mode, so the frequency spectrum as shown
in Figure 15 which displays the fundamental voltage which is 338.8V.
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Figure 14. Signal magnitude of output voltage for grid connected mode
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Figure 15. Frequency spectrum of output voltage for grid connected
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Figure 16 indicates that the output current for the grid connected mode is 885.4A with 0.00% THD.
Frequency spectrum of output current for grid connected as shown in Figure 17.
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Figure 17. Frequency spectrum of output current for grid connected

According to the case presented above, there is no harmonic detected due to the supply system is
provided by utility side plus the stability of loads support the system performance stability.

4.3.2 Islanded Mode
As for the islanded mode, there are existing of power electronic switches such as the IGBT and

diode. These power electronic switches used in DC-DC booster to boost the output current and voltage and
inverter to convert the DC input from PV to AC output. This power electronic is known as non-linear load
where this type of load created the harmonic distortion as in [6, 7 and 8]. Signal magnitude of output voltage
for islanded mode as shown is Figure 18.
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Figure 18. Signal magnitude of output voltage for islanded mode
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Figure 19 demonstrates the signal magnitude of output voltage and its frequency spectrum. Based on
the simulation, it can be analyzed that the fundamental of output voltage for the islanded mode is 351V with
3.80% total harmonic distortion. Signal magnitude of output current for islanded mode as shown is Figure 20.
Figure 21 exhibit that the output current for this system is 917.2A with 3.80% total harmonic distortion.

FFT analysis

Fundamental (50Hz) = 351 , THD= 3.80%
T T T T

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Figure 19. Frequency spectrum of output voltage for islanded mode
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Figure 20. Signal magnitude of output current for islanded mode
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Figure 21. Frequency spectrum of output current for islanded mode

5. RESULTS DISCUSSION

The main focus of this work is modelling the micro-grid in its both operation modes (islanded and
grid connected mode). Also, to ensure the power quality standards are met, total harmonic distortion analysis
has been carried out. From the previous sections, it can be clearly seen that, micro-grid modelling has been
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successfully achieved. The distributed generation units DGs have been arranged in order to generate and
adequate power to supply the connected loads. The proposed model showed a good energy coordination
between the renewable energy sources (islanded mode) as well as in the grid connected mode. Whereas the
DGs still able to supply even in the case of grid connected mode. Here one may observe the importance of
micro-grid in term of supplying an essential loads or reduce the overall losses in the network. When studying
the micro-grid, a large number of power electronics devices are included in the design. This is due to the
renewable energy sources such as photovoltaic or the use of fuel cells. In this case a converter is needed to
boost and regulate the voltage before either supplying a DC load or converting it into AC power. There are
plenty of designs to cater the conversion problem, where the nature of DGs forces this kind of devices to the
system. A tremendous amount of harmonics is supplied and introduced to the system due to the use of these
power electronic devices [9]: [15]. Plenty of works in the literature have attempted to mitigate the presence of
harmonics in the micro-grid or the overall power system. Some works have significantly contributed to the
problem as in [16]: [25], where the harmonics have been highly attenuated. There are many studies have been
conducted in this regard and yet, the harmonics still considered as a serious issue in power system. The
transformation between islanded mode and grid connected mode can cause huge amount of harmonics to be
leaked into the system. The analysis of the totl harmonic distortion (THD) has been carried according to
IEEE standards, whereas the THD percentage has been kept to the minimum. In this work, the presence of
THD was found to be less than 5% which tallies with the standard.

6. CONCLUSION

Micro-grid network with both operation modes (islanded and grid connected mode) have been
modelled in this work. Distributed generations with size of 1M Watt have been designed by using the wind
turbine and solar PV system. Furthermore, total harmonic distortion between two operation modes of grid-
connected and the islanded-mode have been conducted by the FFT analyzer in order to observe the network
power quality stability. According to the IEEE standards system with below than five percent of total
harmonic distortion are acceptable to apply. Anyway, the percentage harmonic of islanded MG mode can be
minimized by the addition of harmonic active filters. Solar PV and wind turbine generator are types of DG
used in this research in order to investigate the implementation process of energy independence and
development of renewable energy-efficient and low-emissions technology. There are three phase harmonic
filter that consist of four types of filter which is single tuned filter, double tuned filter, high pass filter, c-type
high pass filter. Besides that, another component able to support the network performance reliability such as
battery storage system complete with charging and discharging control technique.
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