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Abstract: This paper presents the MATLAB simulation and stability investigation of a power system in the 
presence of micro grid. Micro grid considered has hydro, wind and PV energy sources as its constituents. Different 
possible combinations of these energy sources have been presented and the system response is analysed. Fuzzy 
logic controller has also been incorporated in the rotor side and grid side converters of DFIG of wind power plant. 
The effect of micro grid on the system during grid connected and partially islanded modes is investigated through 
voltage, current, power and frequency. The system performance under different combinations of the micro grid 
constituents has been studied using ISE performance index.
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Introduction

The depletion of fossil fuels and global energy 
consumption has increased at a fast pace. For the 
improvement in energy utilization, reliability and to 
cope up with the increasingly growing demand of 
electricity, new power generation technologies, such 
as renewable energy, clean and efficient sources have 
been incorporated (Özbay and Tunay, 2010; Singh and 
Surjan, 2014; Ozdemir et al., 2012). 

Nithya and Ramasamy (2014) found that there are 
numerous applications demanding higher reliability 
and availability of electrical power, which has been 
obtained through the arrangement of multiple power 
sources. Renewable Energy Sources (RES) have also 
been installed in off-grid rural electrification (Barall et 
al., 2012).  

Ananda Kumar et al. (2012) described Distributed 
Generation (DG) as combination of renewable energy 
sources at distribution level. RES will never expire as 
they are constantly replenished. Vast markets for the 

application of renewable energy technologies are the 
islands and also for the global campaign of renewable 
energy. Nayar et al. (2008) reported that one of the 
most lavish and environmentally unfavourable ways 
of generating electricity is with the usage of diesel. It 
becomes vital to ponder for unconventional renewable 
resources such as wind, solar, hydro etc. due to 
environmental pollution and extreme heat production 
through the combustion of non-renewable fuels (Singh 
et al., 2012). 

Renewable Energy Sources (RES) using power 
electronic converters have been progressively coupled 
in the distribution systems to meet the growing load 
demand. In order to preserve the reliability and quality 
of power-supply, new approaches are required for 
proper operation of power grid (Suresh and Srinivas, 
2013). The power system performance can be gradually 
improved by the growing number of renewable energy 
sources along with grid linked energy storage devices 
(Tenti et al., 2010). 

The concept of Micro Grid (MG) has been suggested 
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as operational way out for weak power systems, like 
the rural areas as they are distant from the main grid 
network. When surplus/deficit of power occurs in the 
MG, power exchange is also possible with the main 
grid (Arulampalam et al., 2010; Chukka et al., 2014). 
With incorporation of intelligent control techniques, 
the interconnection of wind energy systems and solar 
power plants, the electric grids have become smarter 
(Abo et al., 2012). 

RES are irregular in nature so perception of 
future network technologies comprising Micro Grid 
technology using renewables interfaced with alternative 
energy sources such as fuel cells, joined with power 
electronic system, and energy storage devices, are being 
shaped (Nithya and Ramasamy, 2014; Khamis et al., 
2013; Dhivya and Dhamodharan, 2013). 

The paper comprises a brief introduction of Micro 
Grid, description of the test system and the modelling of 
the micro grid comprising combinations of hydro, wind 
(DFIG) and photovoltaic (PV) system; the responses of 
the test system are obtained and inferences are drawn. 

Mathematical Modelling

The Micro Grid (MG) comprises Distributed Energy 
Resources (DERs) comprising diesel generators, 
renewable energy sources, to cope up with the desired 
load demand and maintaining system stability and 
reliability whether operated in grid-connected mode 
or stand-alone (Kim et al., 2015; Syed et al., 2013; 
Honarmand et al., 2014).

Hydro Energy Source
The synchronous machine’s mathematical model can 
be represented in d-q reference frame from equations 
as given below:

	 Vd =	 d
dt

i Rd d s R qφ ω φ+ − 	 (1)
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i Rq q ds Rφ ω φ+ + 	 (2)
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where

	 Tm =	 1
ω

ρ η
m
g HQ 	 (9)

The parameters in above equations are referred to 
stator in which suffixes ‘R’ denotes rotor parameter, 
‘s’ denoting stator parameter, ‘p’ is number of poles 
(Kulkarni and Thosar, 2013). 

Small Hydro Plant (SHP) can be modelled along 
with adaptive fuzzy logic controllers (Özbay and Tunay, 
2010; Ozdemir and Orhan, 2012; Barall et al., 2012). 
The synchronous generator and its excitation system 
can be mathematically modelled as below.

Output power of a hydro plant is expressed as below: 

	 P =	rghHQ	 (10)

In the above equation the mechanical power output 
at the turbine shaft is equal to the product of the water 
density (ρ), the gravitational acceleration (g), the 
turbine’s hydraulic efficiency (η), water head (H), and 
the water flow rate through the turbine (Q). Power at 
the turbine wheel is:

	 P =	 3 74 10 6 2. ( )× ×− × q v kW 	  (11)

where q is volumetric flow rate (L/min) and v is nozzle 
velocity (m/s).

Basic concept which has been used in this study to 
model the hydropower plant in MATLAB/Simulink is 
presented in Figure 1.

Figure 1: Layout of hydropower plant.
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Wind Energy Source
Doubly-Fed Induction Generator (DFIG) can be 
mathematically modelled as given below.
Electrical system:

	 Vqs =	 d
dt

R iqs s qs dsφ ωφ+ + 	 (12)

	 Vds =	 d
dt

R ids ds dssφ ωφ+ − 	 (13)

	 V′qr =	 d
dt

R iqr r qr drr′ + ′ ′ + − ′φ ω ω φ( ) 	 (14)

	 V′dr =	 d
dt

R idr r dr r qr′ + ′ ′ − − ′φ ω ω φ( ) 	 (15)

	 Te =	1 5. ( )p i ids qs qs dsφ φ− 	 (16)

The above equations are referred to the stator. The 
rotor and stator quantities are in the d-q reference frame 
(Sarker et al., 2014; Boulâam and Boukhelifa, 2014).

Mechanical equation of wind energy system:

	 Tm =	
Pm
mω 	 (17)

	
d
dt mω  =	

1
2H

T T
m

m e( )− 	 (18)

	 d
dt mθ  =	wm	 (19)

where Pm is the wind turbine’s power output and is 
presented by the following equation:

	 Pm =	 v A Cwind p
3 2( ) ( , )ρ λ β 	 (20)

in which, ‘vwind’ is the wind speed in (m/s), ‘ρ’ 
symbolizes the air density, pitch angle of the blade is 
defined by ‘β’, turbine swept area is ‘A’ in m2, and ‘λ’ 
is the tip speed ratio, Cp = power coefficient.

Figure 2: Wind power plant with DFIG.

DFIG is shown in Figure 2, in which wind turbine 
is connected to DFIG and has two input parameters – 
wind speed and pitch angle. There are two converters 
being used, one on rotor side and other on grid side for 
AC/DC/AC conversion and at last the DFIG is linked 
to the three-phase grid. 

Solar Energy Source
Mature micro grid systems containing PV system 
have been presented as in (Nayar et al., 2008 and 
Arulampalam et al., 2010). PV systems are becoming 
integral part of latest micro grids. Intelligent control 
techniques make the micro grids more smarter (Abo et 
al., 2012). As a whole the solar cells, protective parts 
and supports is known as photovoltaic (PV) module 
(Singh et al., 2012). 

I is the current output of a solar cell as follows 

	 I =	 ( / ) ( ) /I I I V I R Rsg rad r s p× − + ×0

		  − × −+ × ×I ed
s tV I R N V( )( )/( ) 1 	 (21)

where Irad is the irradiance falling on the cell. Isg is 
the solar-generated current. Id is saturation current for 
the diode and thermal voltage is expressed by Vt. N 
is quality factor for the diode. And at last the voltage 
across the electrical ports of solar cell is represented 
by V.

PV module is connected to three-phase AC grid via 
DC to AC converter as shown in Figure 3.

Figure 3: PV module interfaced to 3-phase AC grid.

Fuzzy Logic Controller

As shown in Figure 4, a Fuzzy Logic Controller 
(FLC) comprises: (i) fuzzification, (ii) rule base, (iii) 
inference mechanism and (iv) defuzzification. The 
fuzzification includes processing the inputs into fuzzy 
values with trapezoid, triangle or other appropriate 
forms of membership functions. One can form the rule 
base by experimenting or by hit and trial method. The 
rule base contains if–then rules which are used by an 
inference engine to obtain the output. After that the 
defuzzification process transforms the output from the 
inference tool into the crisp values (Özbay and Tunay, 
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2010; Ozdemir and Orhan, 2012; Ananda Kumar and 
Srinivasa Rao, 2012).

Figure 4: Fuzzy logic controller.

Figure 5: Fuzzy logic controller in DFIG.

As shown in Figure 5, FLC has been used in this 
study to control grid side convertor and the rotor side 
convertor of DFIG in wind system, using 49 fuzzy 
rules. During grid side convertor control, grid side AC 
voltage Vac is the control parameter. While in rotor 
side convertor the rotor speed ωr is used as control 
parameter.

Test System and Performance Index

The system being tested in this paper has a 0.4 KV 
three-phase supply and has two permanent connected 

loads of 75 KW each as shown in Figure 6. Different 
combinations of the renewable energy sources have 
been tried to form micro grid and producing power at 
400 V voltage level which is connected to main voltage 
line.

Figure 6: Test system embedded with micro grid.

The MATLAB/SIMULINK model for the test system 
embedded with Microgrid is presented in Figure 7. 
The simulation results have been obtained through for 
two modes: fully grid connected mode and partially 
islanded mode.

There are many renewable energy sources available 
but the major sources under consideration in this paper 
are: hydro, wind and solar energy sources. Circuit 
breaker is used to isolate the load bus from main 
grid and thus switching from grid connected mode to 
islanded mode and vice-versa.

Different Cases under Consideration for Mode I: 
Grid-Connected
Case 1: Base system without micro grid. 
Case 2: System with micro grid having hydro and solar 
energy sources.

Figure 7: SIMULINK model of test system embedded with Microgrid. 
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Case 3: System with micro grid having hydro and wind 
energy sources.
Case 4: System with micro grid having solar and wind 
energy sources.
Case 5: System with micro grid having hydro, solar 
and wind energy sources.

Different Cases under Consideration for Mode II: 
Islanded 
Case 1: Base islanded system without micro grid.
Case 2: Islanded system with micro grid having hydro 
and solar energy sources.
Case 3: Islanded system with micro grid having hydro 
and wind energy sources.
Case 4: Islanded system with micro grid having solar 
and wind energy sources.
Case 5: Islanded system with micro grid having hydro, 
solar and wind energy sources.

Performance Index
ISE performance index is a process to measure or judge 
the system performance by estimating the parameters 
(Soni and Bhatt, 2013; Kishnani et al., 2014) and is 
expressed as below:

	 ISE =	 e t dt2

0

∞

∫ ( ) 	 (22)

where ‘e’ is the error in loadside voltage in the present 
investigation.

Results and Discussion 

The impact of micro grid on the load side has been 
presented and analysed through voltage, current, power, 
frequency and ISE. As both the loads are identical and 
the results obtained on both loadsides are same. The 
results across one loadside are presented only. The 
base test system has been simulated and its results are 
taken as reference values and compared with other 
combinational results.

Mode I: Grid Connected Mode
The simulation is run for two seconds and breaker is 
in closed position for whole duration to ensure the 
grid connection. Following results are obtained for 
this mode.

Load Side Voltage 
The voltage value is 1 p.u in base test system and that 
is taken as reference value for rest of cases. From the 
simulation results, it has been observed that for different 
combinations of considered renewable energy sources 
connected to the system under different cases, there is 
no applicable change in load side voltage and always 
close to 1 p.u as presented in Figure 8. 

Load Side Current
While analyzing the source side current from the results 
shown in Figure 9, it has been found that the current 
waveform is without any variations and its magnitude 
is balanced throughout near 1 p.u (reference value of 
base test system) in all cases except the combinations 
involving wind energy source, in which current is 
slightly on higher side due to additional supplied power. 

Figure 8: Load side voltage for systems in grid-connected mode with and without MG.
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Load Side Power 
During the study of the MG’s impact on load side, 
the active power has also been analysed as shown in 
Figure 10. For all the system combinations the active 
power have very small initial variations for fraction of 
initial seconds but get stable afterwards in each case. 
Here in this study, the power presented is near 1.5 p.u 
for base reference test system. In most cases the value 
remains closer to that reference value but when wind 
energy source is part of microgrid combination, there 
is additional increase in power.

Load Side Frequency 
Upon analysing the load side frequency waveforms for 
five different cases as shown in Figure 11, it can be 
seen that in all cases frequency attains stability at 50 

Hz quite well while some detailed observations were 
made as given in Table 1.

Table 1: Variations in load side frequency (for Mode I)

Case system Highest value  
of frequency

Lowest value  
of frequency

Base system without MG 50.034 49.906
System with MG (hydro 
& solar)

50.034 49.904

System with MG (hydro 
& wind)

50.025 49.939

System with MG (wind & 
solar)

50.026 49.929

System with MG (hydro, 
wind & solar)

50.026 49.930

Figure 9: Load side current for systems in grid-connected mode with and without MG.

Figure 10: Load side active power for systems in grid-connected mode with and without MG.
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Load Side ISE
The ISE for all five cases are given in Figure 12, where 
it has been observed that the ISE value for system with 
MG has increased as compared to the value for basic 
system as shown in Table 2.

Table 2: Variations in load side ISE (for Mode I)

Case System ISE value
Base system without MG 0.02000
System with MG (hydro & solar) 0.02003
System with MG (hydro & wind) 0.02017
System with MG (wind & solar) 0.02001
System with MG (hydro, wind & solar) 0.02019

Mode II: Partially Islanded Mode
The simulation is run for four seconds and breaker is 
made to open for brief time period i.e 1.1 to 2.5 sec 
so as to make the loadside islanded from main grid 
and for rest of time breaker is in closed position for 
the grid connection. Following results are obtained for 
this mode.

Load Side Voltage
From the simulation results obtained for load side 
voltage, it can be seen there is voltage outage during 
the islanded mode i.e. from 1.1 sec to 2.5 sec for the 
case of islanded system without any micro grid as 
compared to the base non-islanded system. For the 
system without MG, there is voltage outage for the 

Figure 11: Load side frequency for systems in grid-connected mode with and without MG.

Figure 12: Load side ISE for systems in grid-connected mode with and without MG.
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period of islanded mode. It has been observed that for 
different combinations of renewable energy sources 
connected to the system, there is considerably good 
voltage restoration done. It can be seen in Figure 13 
that there are small variations in voltage for all cases 
of micro grid during switching of circuit breaker.

Load Side Current 
The simulation results obtained for load side current 
for base system and different cases of combinations of 
MG with system were obtained (as shown in Figure 14), 
from which it has been analyzed that there is almost 
similar drop in value of current as it has been observed 
in voltage but the value of current magnitude goes more 
than 1 p.u in multiple cases while it tries to stay at 1 
p.u in two cases involving solar energy source. 

Load Side Power 
Simulation results of load side power for different 
combination cases of MG connected to the system 
have been presented in Figure 15. In comparison with 
waveform for base system, it is found that value for 
power has been restored to close to the expected value 
for different combinations of MG during islanded mode 
whereas the system without MG fails to supply power 
when switched to islanded mode.

Load Side Frequency
Load side frequency response for different cases during 
islanded mode have been shown in Figure 16 and 
it can be seen that the system without MG loses its 
synchronism once switched to islanded mode and its 
frequency falls at faster rate and further analysis has 
been made as shown in Table 3.

Table 3: Variations in load side frequency (for Mode II)

Case Highest value of 
frequency

Lowest value of 
frequency

Base islanded system 
without MG

50.0 49.25

Islanded system with 
MG (hydro & solar)

50.2 49.87

Islanded system with 
MG (hydro & wind)

50.3 49.65

Islanded system with 
MG (wind & solar)

50.2 49.80

Islanded system with 
MG (hydro, wind & 
solar)

50.2 49.80

Load Side ISE 
ISE for cases consisting system with and without 
MG combinations has been compared as examined in 
Figure 17 and also given in Table 4. 

Table 4: Variations in load side ISE (for Mode II)

Case system ISE value
Base islanded system without MG 1.41
Islanded system with MG (hydro & solar) 0.02041
Islanded system with MG (hydro & wind) 0.02582
Islanded system with MG (wind & solar) 0.02329
Islanded system with MG (hydro, wind & 
solar)

0.02047

During islanded mode ISE of system without MG 
rises to 1.41 from base value of 0.02. System with 
different MG combinations tried to bring that value 
close to reference value of base system i.e. 0.02.

Figure 13: Load side voltage for systems in partially-islanded mode with and without MG.
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Figure 14: Load side current for systems in partially-islanded mode with and without MG.

Figure 15: Load side active power for systems in partially-islanded mode with and without MG.

Figure 16: Load side frequency for systems in partially-islanded mode with and without MG.
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Hydro Subsystem Rotor Speed and Wind 
Subsystem DFIG Rotor Speed 
The response of hydro subsystem and wind subsystem 
with respect to their rotor speed have been presented in 
Figures 18 and 19. The rotor speed in hydro subsystem 
first varies in initial stage and attains steady state at 1 
p.u, whereas DFIG rotor speed increases gradually and 
stabilizes at 1 p.u.

Conclusion

The renewable energy sources in a combined form makes 
micro grid which can be connected to the power system. 
The impact of micro grid has been observed through 
voltage, current, power and frequency. The system 
response in the presence of different combinations 
of MG constituents in the system has been compared 
to the response of base system and analyzed during 
fully grid connected and partially islanded modes. The 
presence of MG helps in restoring the voltage supply 
during islanded mode with minimum impact on system 
during grid connection which is justified from values 
of the performance index and also helps in maintaining 
power quality.
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Appendix

System Parameters

Parameter Value
Frequency 50Hz
Main grid voltage 
& Bus voltage

400V

Hydro subsystem 
data

Synchronous machine
KVA rating 250 KVA
Rated speed 1500 rpm
Frequency 50 Hz
Voltage 400 V

Wind subsystem 
data

Asynchronous machine
HP or KW rating 160 KW (215 

HP)
Rated speed 1487 rpm
Frequency 50 Hz
Voltage 400 V

Wind turbine
Pitch angle 18 degrees
Wind speed 12 m/s

Solar subsystem 
data

Short circuit  
current

7.34 A

Open circuit 
voltage

0.6 V

Load 75 KW (2 nos.)
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