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Abstract:  The pattern of generation and distribution of energy has recently been modified due to the increase in energy consumption, 

the customer demand, the exhausting fossil fuels. Micro grids are gaining importance as they are solving these problems of 

distribution system. The integration of renewable sources with main AC grid is one of the challenging tasks because of its control 

system. These challenges increase the uncertainty and complexity of the system. Controlling of voltage, frequency and harmonic 

distortion is the main challenge in the AC micro grids, as it varies with the active and reactive load fluctuation and line parameters. 

The changes in load leads to imbalance in generation and consumption. This paper presents a fuzzy logic controller for the control 

of voltage and frequency in a microgrid connected to a 14 bus system to reduce the harmonics and to provide satisfactory 

performance under the influence of changing operating conditions and system parameters.  
 

 

Index Terms - Microgrid, Solar Photovoltaics, Fuel Cell, Fuzzy Logic. 

 

I Introduction 

 

The micro grid has the potential to solve problems arising from huge penetration of distributed generation into the distribution 

systems. Micro grids can provide coordination by aggregating DG, loads, and storage in small scale networks which can operate in 

grid connected mode. Conventional distribution networks that accept distributed generation connections may face serious difficulty 

when its control and protection functions become more complicated. This incurs a burden to the network operation and some 

technical limitations will appear when a great number of distributed generations are installed. To overcome such problems, a micro 

grid system is formed to provide reliable electricity and heat delivering services by connecting distributed generations and loads 

together within a small area. There are lot of research going on in designing and development of various types of control structure 

for the operation of micro grids.  

 

1.1 Micro Grid 

 

Microgrid is a micro scale system located nearer to the consumer point. Micro-grid is a low voltage distribution network that consists 

of a cluster of micro sources/distributed generators, energy storage systems and loads, operating as a single controllable system. In 

a MG, the distributed generators should have sufficient capacity to carry all, or most, of the load connected to the MG. Distributed 

generation and corresponding loads can be autonomously separated from the distribution system to isolate the micro grid’s load 

from the disturbance during disturbances. It will intentionally disconnect when the quality of power from the grid falls below certain 

standard. A micro grid is designed to seamlessly separate from the grid when problems arises in the utility grid, reconnecting again 

as the problems are resolved. In grid connected mode, the micro sources act as constant power sources, which are controlled to 

inject the power to the network.  

 

 

1.1.1 Technical Challenges : Some of the challenges in micro grid protection and control are: 

 The presence of distributed generation units in the network can cause reverse power flows that will lead to problems in 

protection coordination, power flow patterns, current distribution, and voltage control.  

 The interaction of control system of the distributed generation units may cause local oscillations.  

 Transition between the grid-connected and islanded modes of operation of a micro grid may create transient stability.  

http://www.ijnrd.org/
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 Microgrids shows low-inertia characteristic. This low inertia in the network may lead to frequency deviations in Islanded 

operation if a proper control mechanism is not implemented.  

 The operation of micro grids contains very much uncertainty in which the economical and reliable operation of micro grids 

rely on. 

 

1.2 Micro grid control 

 

Two different approaches can be identified for Micro grid control, they are: centralized and decentralized.  

Centralized control depends on the large amount of information transmittance between the DG units involved and then the decision 

is made at a single point. Hence, it will pose a problem in implementation as the interconnected power a system usually cover huge 

geographic locations and involves large number of units. On the other hand, in a decentralized control, each unit is controlled by its 

local controller. A compromise between those two extreme control schemes can be achieved by hierarchical control scheme which 

consist of three control levels.  

 Primary control is by droop control, which is used to share load between converters and stabilizes 

the voltage and frequency. 

 Secondary control is responsible for removal of any steady-state error that are introduced by the droop control. 

 Tertiary control decides the import or export of energy for the micro-grid.  

 

The first two levels manage a local control on the issues of stability and power quality. As the top level control, tertiary control 

takes care not only of the energy and power flows, but also of the power quality at the point of common coupling (PCC), e.g. low 

voltage ride-through capability. Furthermore, tertiary control exchanges information with the distribution system operator (DSO) 

in order to make feasible and to optimize the micro-grid operation within the utility grid. In this work I am focusing on stabilization 

of voltage and frequency which is a primary control scheme in micro grid operation.  

 

1.2.1 Existing Methodology for the MG Control 

 

The methodologies available for the control strategy of micro grid operations are hierarchical control, generalized droop control, 

intelligent droop control. 

 

1.2.2.1. Droop Control: 

 

Figure 1.1 shows the droop method which allows the connection of different AC sources without any communication. Droop control 

methods are based on the correlation between active power flows and frequency. Instead of using the complicated communication 

links, droop control methods allow DER units to automatically share the total load by measuring the locally available variables 

(output voltage and current), thus providing high reliability and flexibility. 

 

 

 
Figure 1.1: Droop control of AC system 

 

1.2.2.2 Issues in Droop Control Method  

 

 According to droop control technique, only one line should be defined between the distributed generation and loads. 

 Droop control mainly depends on line parameters (R & X)  

 

To overcome this problem a fuzzy control method which is independent on line parameters is proposed. Based on this, objective 

of the project is set and defined in the next section. 
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1.3 Need of The work 

 

It has been observed that the micro grid require a flexibility and intelligence in the control and optimization to balance between 

generation and distribution under the influence of harmonic distortion and disturbances. Voltage and frequency control are 

commonly observed as an important challenge during the operation of micro grid in grid connected mode, a inverter interfaced 

distributed generators (DGs) are primarily controlled by droop control method, but the method is dependent on line parameters (R 

and X) which can fail under severe load variation, hence DGs will be failed and MG will collapse. To overcome this problem a 

fuzzy control method which is independent of line parameters is proposed in this paper.  

 

 1.4 Methodology  

The methodologies available for the control strategy of micro grid operations are hierarchical control, generalized droop control, 

intelligent droop control. Droop controller is dependent on MG line parameters. PI controller provides a low performance under the 

influence of load changes. The harmonic distortion will be more under the operating condition. Hence in this paper a method to 

develop a fuzzy control model to control voltage and frequency in micro grid is proposed. First a PV model of 215W and fuel cell 

of 6kW capacity is designed in MATLAB SIMULINK. This system is integrated with 14 bus system. A fuzzy logic controller is 

designed for control of frequency and voltage in AC micro grid. The analysis of the proposed system is carried out with and without 

controllers and the comparison is presented. 

. 

II MODELING OF MICROGRID  

 

The proposed microgrid consists of a Solar photovoltaic  system and fuel cell system as shown in figure 2.1. Both PV and fuel cell 

generate DC power which is fed to the DC/DC converter to get desired DC voltage, an MPPT is included in PV array to enhance 

the efficiency. In order to interconnect the micro grid with the utility grid an inverter is used which converts the DC voltage to AC. 

The behavior of the proposed hybrid system is verified by simulation using MATLAB/Simulink. 

 

 
Figure 2.1: Proposed Microgrid  

 

 

2.1 Modelling of Solar PV System: The parameter of PV system described in the proposed system is given in table 2.1. The Matlab 

model is shown in figure 2.2 

 

Table 2.1: Parameters of the PV System 

 

Parameters of PV System Specifications 

No. of solar cells per module 60 

No. of series connected module per string 10 

No. of parallel strings    40 

Solar irradiance (input) 1000W/m2 

Output voltage  380V 

Output power 213.5W 

Operating temperature 25oC 

VOC 36.3V 

ISC 7.84A 

VMP 29V 

IMP 7.35A 

 

 
Figure 2.2: Matlab model of a PV system  
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2.2  Fuel cell System: The parameter of fuel system described in the proposed system is as given in table 2.2. The Matlab 

model is shown in figure 23 
 

Table 2.2: Parameters of the proposed Fuel cell System 

 

Parameters of fuel cell System Specifications 

Output Power  6 kW 

Output voltage 65 V 

No. of cells 65 

Operating Temperature 65oC 

 

 
Figure 2.3: Fuel Cell Model 

 

 

2.3 Modeling of Microgrid with Fuzzy controller  

Compared PI controller, Fuzzy is a non-linear controller which may provide satisfactory performance under the changing operating 

conditions and system parameters. The fuzzy controller is very useful as it relieves the system from exact and cumbersome 

mathematical modeling & calculations. The performance of fuzzy controller is well established for improvements in both transient 

& steady state for droop control in 14 bus system. The fuzzy controller comprises of four main functional modules namely; 

Knowledge base, Fuzzification, Inference mechanism & Defuzzification 

 

2.3.1. Knowledge Base: It consists of data base & rule base that correlates all the input and output with certain degree of uncertainty 

in process parameters and external disturbances to get dynamic response. Data base scales the input-output variables in the form of 

membership functions that defines it in a range which is appropriate to give information to the fuzzy rule-based system and output 

variables or control actions to the system under observation. Fuzzy rule-based system utilizes a collection of fuzzy conditional 

statements derived from a knowledge base to approximate and construct the control surface. 

 

2.3.2 Fuzzification: It is the process of defining a crisp data or digital data operating on discrete values of either 0 or 1 in terms of 

logical variables that take on continuous values between 0 and 1 i.e. fuzzy set. Fuzzy set maps the input-output variables into 

membership functions & truth values as in fig 2.4- 2.5. 

 

 

 

 

 

 

 

 

 

                 Fig. 2.4: Input Membership Function ‘Frequency’ and voltage                           Fig.2.5: Output Membership Function 

 

2.3.3 Inference Mechanism: It is referred to as approximate reasoning that uses knowledge to conduct deductive inference of IF-

THEN rules. A mamdami inference system of 49 rules is framed as shown in table 2.3. 

Fuzzy rule-based system utilizes a collection of fuzzy conditional statements derived from a knowledge base to approximate and 

construct the control surface. Here in this work in order to maintain the voltage and frequency at acceptable limit the following 

rule were formed: 

Table.4.1: Fuzzy Rule Based System 

V     /    F NL NM NS Z PS PM PL 

NL L L L M Z S Z 

NM L L M Z Z Z S 

NS L M S Z Z S S 

Z M S S Z S S M 

PS S S Z Z S M L 

PM S Z Z Z M L L 

PL Z S Z M L L L 

The seven fuzzy subsets NL (Negative Large), NM (Negative Medium), NS (Negative Small), Z (Zero), PS (Positive Small), PM 

(Positive Medium), and PL (Positive Large) are chosen for each input variable. 

 

http://www.ijnrd.org/
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a. If the voltage level is between 0 to 0.6, it is assumed to be large 

b. If the voltage level is between 0 to 0.4, it is assumed to be medium. 

c. If the voltage level is between 0 to 0.3, it is assumed to be small. 

d. If the voltage level is 0 to 0.1, it is assumed to be zero 

 

 

2.4 Modeling of Fuzzy Controlled PV System: The Matlab model of a fuzzy controlled PV system is shown in figure 2.6 

 

 
Figure 4.4: Fuzzy Controlled PV Model 

 

2.5 Modeling of Fuzzy Controlled Fuel Cell System: The Matlab model of a fuzzy controlled Fuel cell system is shown in figure 

2.7 

 

 

 
Figure 2.7: Fuzzy Controlled Fuel Cell Model 

 

 

2.6 Modeling of proposed fuzzy controlled Micro Grid:  

The PV and fuel cell hybrid system are designed and are connected to the AC micro gird through 14 bus system. In which PV model 

connected to 6th bus and fuel cell connected to the 8th bus as shown in figure 2.8. These two renewable energy sources possess the 

convenient energy conversion to DC electricity. A proper inverter is used to convert the DC power into AC power. The voltages 

are measured in per unit system in the micro grid. 

 

http://www.ijnrd.org/
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Figure 3.7: Micro Grid 

 

 

 

III RESULTS & DISCUSSIONS 

 

The simulation of micro grid is done in MATLAB/Simulink software. The simulation results of micro grid without fuzzy controller 

and with fuzzy controller for different load.is presented in this section  

 

 

3.1 Case 1: Without Fuzzy Controller, Load: P+JQ=0.112+J0.075 

 

In this case the designed microgrid is connected to the 14bus system. The generated power from PV and fuel cell is fed through 6th 

and 8th bus respectively. The bus voltages are measured in per unit system and it is observed that the voltage varies around 1.7 pu 

which is beyond the acceptable limit that is 1pu due to the line parameters and harmonic distortion, the voltage waveforms of 6th 

and 8th bus are as shown in figure 3.1. The total harmonic distortion will be 22.30 % as shown in figure 3.2. 
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 Fig:3.1 Voltages in Per Unit System at 6th and 8th bus 

 

 

 
 

Figure.3.2: THD of 14 bus system without fuzzy controller 

 

. 

Case.2: With Fuzzy Controller Load: P+JQ=0.112+J0.075 

 

In this case a solar photovoltaic fuel cell hybrid system is used as a source and which is connected to the 14bus system. The 

generated power from PV and fuel cell is fed through 6th and 8th bus respectively. The bus voltages are measured in per unit system. 

After the implementation of the proposed fuzzy controller it is observed that the voltage varies within the acceptable limit that is 

1pu, the waveforms of 6th and 8th bus are as shown in figure 3.3. The total harmonic distortion will be reduced from 22.3% to 2.32 % 

as shown in figure 3.4. 

 

 
 

Figure.3.3: Voltage in Per Unit System at 6th and 8th bus 

 

 

 
 

Figure.3.4 THD of 14 bus system with fuzzy controller 
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The system was also testes for another load and the summary of the results obtained is tabulated in table 5.1 

Table 5.1: Observation 

 

Load Parameters Without Fuzzy 

Controller 

With Fuzzy Controller 

P+JQ=0.112+J0.075 Voltage 1.7pu 1pu 

THD 22.32% 2.32% 

P+JQ=0.420+J0.365 Voltage 1.7pu 1pu 

THD 25.54% 2.49% 

 

Conclusion 

 

This paper presented a fuzzy logic technique for the control of voltage and frequency in 14 bus MG. the existing droop control 

method highly depends on line parameters (R & X). To overcome this dependency, a fuzzy logic controller is used which is 

independent of line parameters.  From the simulation result it is seen that the voltage across the 14 bus system varies around 1.7pu 

which is beyond the acceptable limit for different load and the harmonic distortion will be 22.32% in the proposed MG without 

Fuzzy Controller. The proposed Fuzzy Controlled MG reduces the harmonic distortion from 22.32% to 2.32% and voltage across 

the 14 bus system for different load varies within the acceptable limit that is 1pu. Hence from the simulation results the micro-grid 

is capable of operating in the grid connected mode with fuzzy controller effectively. 
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