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Abstract— The concept of microgrid is emerging as one of 

the most promising solutions that connects/integrates 

various distributed renewable energy sources to the grid. 

This paper focuses on a hybrid AC/DC microgrid that 

inherits AC grid and a DC grid which operates individually 

or in grid-tied mode. The AC grid comprises of various 

diesel generator sets (DG), Wind turbine generators (WTG) 

and AC loads whereas DC grid is connective network of 
fuel cell generators, DC loads and PV arrays with boost 

converters. A four quadrant operating three phase converters 

are used as a coupling mean between AC and DC bus. The 

converters can act as a either inverter or rectifier. The 

energy requirement during isolated operation of the system 

is maintain by Battery Energy Storage System (BESS) 

which is connected to the DC bus via charging/discharging 

converter. When an individual grid (AC or DC) is operative, 

it requires multiple conversions of power for AC and DC 

loads at user end hence results in less efficient system. 

Thereby, hybrid AC/DC microgrid avails best solution to 
avoid losses during multiple conversions. This paper 

presents an overview, issues and measures to overcome 

challenges of hybrid AC/DC microgrid.  
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I. INTRODUCTION 

With rising demand of uninterrupted power supply over the 

globe the fact that cannot be denied i.e. around three 
hundred million people in India are deprived of electricity 

and approximately twenty eight thousand villages don’t 

have access to electricity[1]. Different agencies and 

government are trying to implement sufficient standalone 

PV energy and wind energy system in remote areas [2]. DG 

sets and battery energy storage system are used for backup 

system in case of failure of PV/Wind energy system [3]. The 

capability of easy transformation at various voltage level 

and transmission over miles of distance has credited the 

existence of AC power system for hundreds of years. 

Maintaining steady stage operation, withstanding transient 
stability and efficiency conversion at various load condition 

and under varying supply are the major issues in power 

system operations. Electric drives, resistive lightning 

devices, lamps, PC, TV, AC, refrigerators, laundry 

machines, oven, cooling devices, etc. are the major electrical 

loads which are broadly divided into AC loads and DC loads 

on the basis of nature of supply needed for operation. In 

case of conventional AC power systems, AC-DC converters 

are used to convert AC power to run DC loads resulting in 

reduction in efficiency of drives. To minimize the 

environmental issues caused by non-renewable energy 

sources, nowadays renewable sources are linked to 
distribution systems that operate to acquire distributed 

generation or acts as AC microgrid. These distributed 

generation power sources are generally fed to the small 

utility grid thereby limiting high voltage transmission at 

longer distance [4]. AC microgrid is fed with converted DC 

power supply from fuel cell and PV using DC-AC inverters 

on the other hand wind turbine generators are connected to 

the grid with the help of power electronics devices [5]. 

Similar multistage conversion is needed for AC loads when 

connected to AC microgrid resulting in reduction in overall 
operating efficiency of the system [6]. Thus in order to 

reduce the losses occurring due to standalone operation of 

either AC or DC grid, the concept of AC/DC microgrid has 

valid acceptance. 

In hybrid microgrid, the AC grid bears connection 

of AC loads and AC power sources such as diesel generator 

and wind turbine generators. However, DC grid inherits DC 

loads and DC power sources i.e. PV arrays, converters, fuel 

cells etc. and grid voltages are controlled as per AC/DC load 

requirements [7]. This needs the designing of bidirectional 

(main) converter that satisfies the load demand from the PV 
and wind power sources [8]. The operation of hybrid 

AC/DC microgrid can be broadly divided into two modes 

namely, 

 Grid-tied mode of operation 

 Autonomous mode 

In grid-tied mode of operation, the function of main 

converter is to exchange energy in between DC bus and AC 

bus. It also provides reactive power as and when required. 

When the power output of AC source is much greater than 

the AC loads then inverter acts as a converter and later 

injects power to DC side or vice versa [8]. Similarly, when 
the total output power of DC/AC source is greater than 

DC/AC load the hybrid microgrid injects power to the utility 

grid. In case of autonomous mode of operation battery 

energy storage system is used in order to get voltage 

stability and energy balance. It also supports the addition of 

external energy source, loads and storage devices to the 

microgrid. The integration of various renewable energy 

sources to have microgrid and fulfilling the load demand has 

to be done with better management failure of which may 

degrade the entire power grid. This paper bears an overview 

on AC/DC hybrid microgrid including various issues and 

mitigation methods, protection schemes, stability and 
different control strategies in hybrid microgrid. 

II. BASIC LAYOUT OF AC/DC MICROGRID 

Hybrid AC/DC microgrid is generally designed for low 

voltage distribution supply. Fig. 1 indicates the simple block 

diagram of hybrid microgrid. It has a cluster of DC 

microgrid, AC microgrid, Main converter (bidirectional 

converter, energy management system and controlling 
equipment. 
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Fig. 1: Block diagram of AC/DC hybrid microgrid 

The AC microgrid consist of diesel generators, 

wind turbine generators, AC load, hydro turbine generators 

etc. which gives AC power output whereas the DC grid 

inherits, DC loads, PV arrays, Battery energy storage 

system, super capacitors, fuel cells etc. the grid connection 

in AC microgrid is at the point of common coupling with the 

help of bidirectional electronic switches. On the other hand, 

Dc microgrid interfaces through buck/boost converter In 

order to have faithful interfacing among these micro-grids, a 

bidirectional AC-DC/DC-AC converter is required. The 

main aim of bidirectional converter is maintain voltage 
levels of AC and DC bus irrespective of varying load 

condition or generation. It helps in smooth power transfer 

between AC and DC microgrid. Similarly, hybrid microgrid 

is occupied with a Back-up converter which prevents the 

system for underlying islanding grid condition. Hybrid 

microgrid allows transfer of power from DC microgrid to 

AC microgrid whenever there is excess power generated in 

DC grid and vice versa. It also transfers power during 

islanded mode of operation. The islanding mode (hybrid 

microgrid electrically isolated from utility grid) of operation 

of microgrid can be avoided by pre-planned switching of 
controlling equipment so that load can be shared prior to the 

islanding but improper switching event can lead to islanding 

thus it is essential to detect and apply control strategies to 

observe safety and reliability of microgrid [9]. The electrical 

characteristics of microgrid may change under islanding 

condition. Thereby in order to monitor the well-being of 

various electrical parameters such as, voltage, impedance, 

frequency, active and reactive power, the islanding detection 

methods can be implemented that will avail pre-planned 

switching action and sharing of load. The islanding 

detection methods are mainly categorized as, 

 Remote detection techniques 

 Local detection techniques 

The later technique is further classified as, active 

detection technique, passive detection technique and hybrid 

detection scheme. 

III. CONTROL STRATEGIES 

The control strategies implemented in AC/DC hybrid 

microgrid serves variety of function to accomplish the 
objectives assign. The various objectives of control 

strategies can be broadly fulfill considering the different 

modes of operation of the system. These objectives are,  

 To synchronize AC microgrid to the grid (utility). 

 To maintain balanced power during islanded mode 

 Acquire voltage and frequency stability of AC bus in 

AC microgrid. 

 Maintains voltage stability in DC bus of DC microgrid 

 Maintains power quality of injected power into utility 

grid 

 Avail smoothing power transfer in AC and DC 

microgrid irrespective of varying load condition. 

 Grab maximum power harnessing from renewable 

energy sources. 

The control strategies (implemented either at 

system level or component level) are dependent on the mode 

of operation of the system. i.e. in case of islanded mode of 

operation, battery energy storage system controls the DC 

bus voltage and controllers in parallel inverters controls the 

frequency and voltage amplitude of AC bus. On the other 

hand, during grid-connected mode of operation the voltage 
amplitude and frequency of AC bus is controlled by the grid 

controller and DC bus voltage is always stabilized by the 

inverter controller. The various control strategies are focuses 

below. 

A. Microgrid Central Controller 

The main motto of microgrid central controller is to manage 
and control the microgrid. It maintains the stability of the 

microgrid by acting in coordinated operation. It also controls 

the other micro sources in the microgrid thereby gaining the 

entire stability. The information gathered by local 

controllers is fed to the central controller which in turn 

monitors the status of the system. The microgrid central 

controller serves various functions such as, economic 

scheduling, controlling peak load, controlling non-critical 

load during islanding, detecting condition prior to islanding 

and resynchronizing after grid is restored, providing 

necessary measures to monitor power flow in generating 
units and PCC. It also works in making islanding decision 

[10].    

B. Micro Source controller 

The concept of micro source controller includes, interfacing 

the electronic converters namely, AC/AC, DC/DC, DC/AC, 

AC/DC and AC-DC/DC-AC bidirectional (main) converter 
to various micro sources and control the micro sources 

connected in hybrid microgrid during grid-connected and 

islanded mode of operation. The various methods used to 

control the micro sources in AC and DC microgrid 

respectively are depicted in fig.2. The PQ (Active and 

Reactive power) control method is used to control the micro 

sources in AC microgrid during grid-connected mode of 

operation. The reference values of active and reactive power 

are received by the controllers of the micro sources from 

utility grid controller [11].         
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Fig. 2: Micro source control method 

In islanded mode of operation of the system, the 

droop control and voltage/frequency control methods are 
used to control the micro sources. The droop control method 

is broadly categorized as, p-f droop control and QV droop 

control method. On controlling the active power supplied by 

the DGs the frequency can be controlled and can be gained 

by implementing p-f droop control method. Whereas, Q-V 

droop control method is used to control the magnitude of 

voltage by controlling the reactive power of DGs. The p-f 

and Q-V droop control methods can lower the fluctuations 

arising from smaller disturbances whereas in order to 

control/minimize the large fluctuations in frequency as well 

as in voltage, a v/f control method is implemented which 

comprises of PI and PID controllers which can damp the 
oscillations arising due to large disturbances very 

significantly. The Analog and Digital control techniques are 

used to control the micro sources in DC microgrid. The 

former technique operates in voltage control mode and 

current control mode [12, 13]. Analog control techniques are 

simple and cheap but suffer from low flexibility, low 

reliability, and high complexity and are more sensitive. 

Digital control techniques are current control method [14], 

predictive digital current programmed control method [15], 

variable frequency predictive control method [16], sensor 

less current mode control method [17] and predictive digital 
dead-beat controller for dc-dc converters [18]. 

C. Energy Storage System Controller 

Battery Energy Storage System ought to be controlled to 

retain or discharge power rapidly so as to lessen the impact 

of fluctuations to the utility grid. The charging and releasing 

of the battery energy storage system is controlled by the grid 
working conditions and the condition of charge of the hybrid 

storage system [19]. 

D. Load Controller 

Generally, loads in the HADMG are controllable or 

programmable. There are two types of loads based on 

priority such as critical or sensitive or high priority loads 
and non-critical or common or less priority loads. Load 

controller should be designed to shed the non-critical loads 

in case of power imbalance, particularly in the islanded 

mode of operation. The choice of control strategy depends 
on the configuration of the individual micro sources utilized 

and their rating, energy storage systems, types of loads and 

the mode of operation. The various types of control 

strategies have been reported in the various literature such as 

centralized control [20], decentralized control [21], 

hierarchical control [22], distributed control [23], 

coordinated control [24], cooperative control [25], reference 

frame control [26], multi agent control or multi-level (open 

market access) control [27], robust multi objective control 

[28], wireless control strategy [29] and wide area monitoring 

and control (WAMC) [30]. 

IV. CONTROL STRATEGIES 

Operational issues, control, protection and stability of 

HADMG are more complicated and conceptually different 

than those of an existing ac distribution system. The 

practical implementation of the HADMG needs to overcome 

several technical and economical challenges as listed below. 

 Building a new DC grid and upgrading the existing AC 

grid is a long-term process. 

 Development of appropriate control strategies and 

protection schemes for safe and reliable operation of the 

HADMG in grid connected as well as islanded mode of 

operation. 

 Designing the control coordination between the various 

types of power electronic converters for power sharing 

among various types of DGs under varying operating 

conditions. 

 Redesigning of home and office products to remove the 

embedded AC/DC rectifiers. 

 Optimal voltage levels need to be determined for easy 
connection of various types of DC loads. 

V. CONCLUSION 

A hybrid AC/DC microgrid system is the most promising 

system of networks that provides solutions for grid 

integration of different kinds of renewable/sustainable 

energy sources with aim to minimize the 

transformation/conversion losses. This paper presents an 

overview on AC/DC hybrid microgrid. Existing methods for 
recognizing islanding condition in the hybrid system, its 

control just as assurance procedures and solidness 

investigation has been explored. The key issues and 

difficulties for innovative work have been featured to 

execute the AC/DC Hybrid microgrid for all intents and 

purposes. 
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