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Abstract: In recent years, hybrid AC/DC microgrid 

comprises of dc and ac subgrids interconnected by power 

electronic interfaces. But existing microgrids are purely ac 

or dc grids. The major purpose is to manage the power flow 

among all sources distributed throughout the different types 

of subgrids. The hybrid grid reduces the process of multiple 

dc-ac-dc or ac-dc-ac conversions in an individual grid 

where the number of converter stations for converting ac to 

dc or dc to ac power are reduced. This hybrid can operate in 

both grid connected and autonomous mode. The proposed 

grid can operate in both standalone and grid connected 

mode. Fuzzy controller is used for smooth power transfer. 

Index Terms: hybrid microgrid, proportional integral 

controller, standalone, grid connected mode. 

 

I. INTRODUCTION 

The increasing number of Renewable Energy Sources and 

Distributed Generation (DG) requires new technique for the 

operation and management of the electricity grid to enhance 

proper power sharing. In the present power scenarios, when 

distributed generations are mentioned for small scale 
generations to meet the various customer demand. The 

coordination of these small scale generations may consist of 

photovoltaic, batteries, wind and fuel cells which are formed 

as Micro-grid [1].  

 

Interest on microgrid is rapidly increasing as it is based on 

the renewable energy sources, which connects to utility grid 

and various types of loads. In the grid tied mode, it is 

connected with utility whereas in case of autonomous mode it 

is totally disconnected. In case of autonomous mode it 

becomes totally independent and fulfills the demands of 
customers from the renewable energy sources [2],[3].  

 

By using renewable energy sources we can get pollution less 

environment and it is available enormously in nature. The 

distributed generation and in integration of Renewable 

Energy Sources into the grid provides power quality 

problems. Recently the most important and advanced futures 

of a smart grid is the advanced structure which can smooth 

the progress of the connections of various ac and dc 

generation systems, energy storage options, and various ac 

and dc loads with the most advantageous and benefit 
utilization and operation efficiency [4]. In microgrid the 

power electronics technology plays a most important role for 

interfacing different sources and loads to a grid to achieve the 

goal. 
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Fig. 1. Hybrid ac/dc microgrid representation 

AC micro grids have been proposed to assist to tie the 

renewable power sources to conventional ac systems. On the 

other hand, dc output power from photovoltaic (PV) panels 

must be converted into ac for using ac loads. This can be 

made using dc/dc boosters and dc/ac inverters. In an ac grid, 

for various home and office facilities embedded ac/dc and 

dc/dc converters are necessary for supplying different dc 

voltages. AC/DC/AC [5],[6] converters are commonly used 

as drives for speed control of ac motors in various industrial 
plants. In recent times, dc grids are resurging due to the 

development of renewable dc power sources and their inbuilt 

benefit for dc loads in industrial, commercial, and residential 

applications. The dc micro-grid has been proposed to 

integrate various distributed generators [7]. Conversely, ac 

sources have to be converted into dc before connecting it to a 

dc grid. For conventional ac loads dc/ac inverters are 

mandatory. [9]. In individual AC or DC grids, multiple 

reverse conversions AC to DC and then DC to AC, and/or 

vice versa are essential, which may add extra loss to the 

system operation and it will make the system more complex. 

In proposed hybrid AC/DC microgrid multiple reverse 
conversions are reduced by various AC and DC distributed 

generators (DGs) and loads than in an individual AC or DC 

microgrid. In micro-grids the voltage and frequency control 

is also one of the most significant issues. The control 

schemes are considered in order to manage the voltage and 

frequency of the microgrid. 

 

II. SYSTEM CONFIGURATION AND DESIGN 

A simple hybrid microgrid as shown in Fig.4 is modeled 

using the Simulink in the MATLAB to simulate system 
operations and controls. Forty kW PV arrays are associated 

to dc bus through a dc/dc boost converter to simulate dc 

sources. A capacitor C is to smother high frequency ripples 

of the PV output voltage. 
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Fig. 2. Block diagram for proposed system 

A hybrid microgrid system arrangement consist a mixture of 

ac and dc sources and loads which are connected to the 

equivalent dc and ac networks. The dc and ac links are 

connected together through bi-directional converters and two 

transformers. The dc loads are connected to dc bus and ac 

loads are connected to ac bus. The utility grid is connected to 

ac network of hybrid microgrid system. The hybrid microgrid 

can operate in two different modes standalone mode and grid 

connected mode. 

 

A. Grid connected mode 
In grid connected mode, the main converter is to afford stable 

dc bus voltage and to switch over power between the ac and 

dc buses which also provides the required reactive power. 

The maximum power is maintained by a boost converter. 

When the total load at dc side is greater than a power 

generation at the dc side, the converter injects power from the 

ac to dc side. When the output power of the dc loads is less 

than the dc source, the converter acts as an inverter and 

injects power from dc to ac side.  When the total load is less 

than the total power generation in the hybrid grid, power is 

injected into the utility grid. Or else, the hybrid grid will 
receive power from the utility grid. In the grid tied mode, the 

battery converter is not essential in system operation as the 

power is balanced by the utility grid. In standalone mode, 

both power balance and voltage stability mainly depend on 

battery. According to different operating conditions battery 

converter or boost converter maintains the DC bus voltage 

stable. The main converter is controlled to provide a stable 

and high quality ac bus voltage. Based on system operating 

necessities, PV can operate in both on MPPT or off-MPPT 

mode. Variable solar irradiation is applied to the arrays 

correspondingly to simulate variation of power of ac and dc 
sources and test the MPPT control algorithm. 

 

B. Standalone mode 

In autonomous mode, hybrid microgrid becomes electrically 

cut off from the rest of the utility grid. The battery plays a 

very vital role for balancing the power and to obtain the 

voltage stability. Battery or boost converter is implemented 

to maintain DC bus voltage stable, according to different 

operating conditions. By controlling the main converter a 

stable and high quality ac bus voltage is provided. 

III. MODELING OF SOLAR PANEL 

In a grid-connected PV system, PV power varies with 

operational conditions such as irradiance, temperature, light 
incident angle, reduction of sunlight transmittance on glass 

of module, and shading. A photovoltaic array is an 

interconnection of modules which in turn is made up of 

many PV cells in series or parallel. The power produced by 

single module is not enough hence the modules in a PV array 

are generally first connected in series to attain the desired 

voltages then the individual modules are connected in 

parallel to allow the system to produce more current. 

Generally the equivalent circuit of a general PV model 

consists of a photocurrent, a diode, a parallel resistor which 

expresses a leakage current, and a series resistor which 
describes an internal resistance to the current flow [10]. The 

current output equation of a solar cell is given as 

 
Fig. 3. Equivalent circuit of pv cell 
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IV. MODELING OF BOOST CONVERTER 
The dc-dc boost converter is a step up converter that steps up 

the input voltage by storing energy in an inductor for a 

certain time period, and then uses this energy to boost the 

input voltage to a higher value. 

 
Fig. 4.  Circuit diagram of Boost Converter 

The relationship between the input and output voltages is 

given by 

Vinton + (Vin – Vout) toff = 0 
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The boost converter is average model type meaning that 

switching action is absent. This model uses controlled current 

and voltage sources, whose input is reference signals, instead 

of power electronic devices to generate boosted voltage 
across output terminal. The output of boost converter is the 

input to the dc/ac inverter. 

 
V. MODELING OF BATTERY 

Terminal voltage Vb and state of charge (SOC) are the two 

important factors to describe the state of a battery. 

𝑉𝑏 = 𝑉𝑜 + 𝑅𝑏. 𝑖𝑏 − 𝐾.
𝑄

𝑄 + ⨜𝑖𝑏𝑑𝑡
+ 𝐴. exp 𝐵⨜𝑖𝑏𝑑𝑡  

𝑆𝑂𝐶 = 100 (1 +  ⨜𝑖𝑏 𝑑𝑡 
 

VI. FUZZY CONTROLLER 
In various industrial applications, fuzzy controller is one of 

the famous controllers used in a wide range.  The method of 

fuzzy logic controller design includes the following 

processes. (i)Fuzzification; It is the process of representing 

the inputs as suitable linguistic variable (ii) Decision Making 

is used for appropriate control action to carried out. It is 

based on the knowledge base and rule base. Knowledge base 

and rule base are the details about the linguistic variables and 

control rules (iii) Defuzzification Process of converting 
fuzzified output into crisp value. 

 
Fig. 5. The basic configuration of a fuzzy logic system. 

 

The inputs to the FLC are error signal and difference of error 

signal. The output is the duty ratio of the switching signal. 

 

e=Vref – Vo ; d(t) = d(t-1) – d(x(t)) 
where d(t – 1) – duty cycle at (t –1)th instant; Vo– output 
voltage; d(x(t)) – change in duty cycle; Vref – reference 
voltage; d(t) – duty cycle at tth instant; e – error signal. All the 

linguistic variables are assumed to have same number of 

linguistic values. The shrinking span membership function 

algorithm proposed by Chies and Hsieh is used to construct 

FLC without need of expert presence. This algorithm 

involves the process of arranging the membership functions 

of a linguistic variable in orderly manner across universe of 

discourse. The shrinking factor (Sf) decides the span of 

member ship function. By applying various values of Sf to 
one linguistic variable, most suitable most suitable 

membership function can be decided. Mamdani type 

controller is chosen for this application and the basic rule of 

this type of controller is: 

IF e is A and de is B THEN d (t) is C; 

where A and B – fuzzy subsets; C – fuzzy singleton. 

Each universe of discourse is divided into seven subsets such 

as Positive Large(PB), Positive Medium(PM), Positive 

Small(PS), Zero(ZE), Negative Small(NS), Negative 
Medium (NM), Negative Large(NB).The rule base for the 

corresponding membership functions is decided by index 

representation method as shown in Table 1. Table 2 shows 

the linguistic label representation of Rule base. 

Table 1. Rule mapping by index representation 

e/de -3 -2 -1 0 1 2 3 

3 0 1 2 3 4 5 6 

2 -1 0 1 2 3 4 5 

1 -2 -1 0 1 2 3 4 

0 -3 -2 -1 0 1 2 3 

-1 -4 -3 -2 -1 0 1 2 

-2 -5 -4 -3 -2 -1 0 1 

-3 -6 -5 -4 -3 -2 -1 0 

 

Table 2. Labels of linguistic variables 

e/de NB NM NS ZE PS PM PB 

PB ZE PS PM PB PB PB PB 

PM NS ZE PS PM PB PB PB 

PS NM NS ZE PS PM PB PB 

ZE NB NM NS ZE PS PM PB 

NS NB NB NM NS ZE PS PM 

NM NB NB NB NM NS ZE PS 

NB NB NB NB NB NM NS ZE 

The center of gravity method of Defuzzification is applied to 

obtain crisp result from the linguistic values obtain according 

to rule base. 

 
The inputs to the AFLC are the training data from model file 

and the outputs are the membership functions. It adopts 

various parameters according to the training data fed through 

pattern file. The algorithm calculates the overall error index 
(eio) and updates the parameters to make eio to be zero. 

Finally application of FLC ensures desired operation of 

proposed converter. 

 

VII. THE CONTROL STRATEGY 

The different sources and converters  have to be coordinately 

controlled with the utility grid to obtain a continuous, high 

efficiency, and high quality power to variable ac and dc 

loads under variable solar irradiation when the hybrid grid 

operates in both grid tied and standalone  modes. This 

section presents the various control algorithms for those 
converters. 

 

A. Grid-Connected Mode 

When the hybrid microgrid operates in grid connected mode, 
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the main purpose of the boost converter is to track the MPPT 

of the PV array by regulating its terminal voltage. The 

bidirectional converter is controlled to regulate flow of 

current to achieve MPPT and to coordinate with ac grid. The 
excess energy of the hybrid grid can be sent to the utility 

system. The excess energy is stored in battery but the utility 

grid balances the excess power hence battery is less sufficient 

in this hybrid microgrid.  The main purpose of battery is to 

eradicate regular power transfer between the ac and dc link. 

The dc/dc converter of the battery can be controlled as the 

energy buffer using the technique. The main converter is 

designed to operate as bidirectional converter to integrate 

harmonizing characteristic of solar sources. The main control 

objectives of the bidirectional converter is for variable load 

conditions a stable dc-link voltage must be maintained and to 

synchronize with the ac link and utility system [12],[13]. 
The power flow equations at the dc and ac links are, 

Ppv + Pac = PdcL + Pb 

Ps = Pw – PacL - Pac 

 

B. Standalone mode 

In isolated mode, the bidirectional dc to dc converter operates 

either in charging or discharging mode based on power 

balance in the system [13]. By using either battery or boost 

converter the dc-link voltage is maintained based on different 

system operating conditions. 

Ppv + Pw = PdcL + Ploss + Pb 

 
Fig.6. Control diagram for boost and main converter 

 
Fig.7. Equivalent circuit representation for the three 

converters. 

The time average equivalent circuit representation of the 

booster and main converter is shown in Fig. 6 based on the 

basic principles and descriptions for booster and inverter 
respectively [15]. 

 

VIII. SIMULATION RESULT 

This section presents the simulation results of the 
conventional   and the proposed methods in order to certify 

the performance of the control scheme.  Software simulation 

has been done using MATLAB/SIMULINK simulation 

package. The full diagram of the control methodology and 

the modulation is shown. The Fig. 8 shows the terminal 

voltage of solar panel. The Fig. 9 shows that the voltage 

boosted by the boost converter. Fig.10 shows the voltage 

(voltage times 0.2 for comparison) and current responses at 

the ac side of the main converter under variable solar 

radiation. Fig12. Shows the voltage connected to ac grid . It 

can be injected from ac to dc grid as bidirectional converter 
acts as rectifier.  

 
Fig.8. The terminal voltage of the solar panel. 

 
Fig.9. PV boosted voltage 

 
Fig. 10. AC side power flow 

Different resource conditions and load capacities are tested 

to validate the control methods. The simulation results show 

that the hybrid grid can operate stably in the grid-tied or 

isolated mode. Stable ac and dc bus voltage can be 

guaranteed when the operating conditions or load capacities 

change in the two modes. The power is smoothly transferred. 
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Fig.11 AC side voltage of the main converter from wind 

 
Fig.12 AC side voltage connected to ac grid 

 
Fig.12. AC voltage with filter 

 

IX. CONCLUSION 

A hybrid AC/DC microgrid is proposed and briefly studied . 

The hybrid microgrid can reduce the processes of dc/ac and 

ac/dc conversions in an individual ac or dc grid. The 
proficient models and control schemes are proposed for the 

converters to maintain stable system operation under various 

load and resource conditions. Various control methods have 

been integrated to manage the maximum power from dc and 

ac sources and to harmonize the power exchange between dc 

and ac grid. From the simulation results it is known that the 

hybrid grid can be stable in both the grid-tied and standalone 

mode. When there is a change in the operating conditions it is 

assured to have stable ac and dc bus voltage in both the 

modes. When the load condition changes smooth power 

transfer is obtained. There are some rational problems in 

implementing the hybrid grid based on the current ac 
subjugated infrastructure. Mainly the total system efficiency 

depends on the reduction in various conversion losses and the 

increase in an additional dc link. The hybrid grid is mainly 

implemented where some small customers need to install 

their own PV systems on the roofs and are wish to use LED 

lighting systems. The hybrid microgrid is practicable for 

some isolated industrial plants with PV system as their major 

power supply. 
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