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1. Introduction 
xisting world scenario of increasing demand on 
electricity has created a challenging situation for 

power generation. The conventional power generation will 
not be able to sustain this increased demand, with increased 
synchronization on carbon emission. With increased 
demand of electricity, stress on large interconnected grids 
is increased which could result in blackouts and cascading 
outages. Also, there are energy crises caused by 
overconsumption, over population, wastage of energy, poor 
distribution system, poor infrastructure, old systems and 
electricity theft. Further, in remote areas installing large 
power grids is not economically justified due to low power 
demands. In such a scenario, microgrid holds capability to 
overcome the energy crisis and increased reliability, help 
consumers save money, encourage economic growth, 
energy efficiency, generate power with zero emissions and 
improved power quality.  

Microgrid is very beneficial as the demand for electrical 
power is increasing day by day. Due to over loading, 
burden on transmission and distribution systems increases 
emphasising a subsystem up gradation requiring huge 
capital cost. By setting up microgrid this issue can be easily 
resolved. Microgrid with the combination of renewable 
energy resources are very useful in reducing cost per unit of 
energy and to enhance local economy. A microgrid works 
in both grid connected and isolated modes. Isolated mode is 
beneficial especially for remote areas. One of the critical 
preferred stand point of microgrid is the capacity to give a 
chance to customers to make an intellectual decision for 
utilizing electrical power. If there is a need, microgrid can 
obtain energy from grid, but in case of increased price, may 
also be disconnected from grid and work in an isolated 
mode. Microgrids provide energy source optimization as 
well as power consumption. Well-designed microgrid can 
with stand with fault in the system not only by 
disconnecting  entire system or its selected region, but also 

by precisely turning off separate feeders. Figure.1 shows a 
typical arrangement of microgrid control system. 

 
Figure.1.Mircrogrid Control System 

Microgrid is capable of bearing both (AC) alternating 
current and (DC) direct current. Each and every alternative 
has distinct features, merits and demerits that need to be 
examined. The merits and demerits of each type of 
microgrid and feasible configurations require to implement 
microgrid as provided in [1]. DC and AC models are 
compared in terms of efficiency, maintainability and 
reliability in [2], and it is concluded that as compared to 
AC power system, the obtained reliability in DC system is 
twice manifold. In [3] applications of microgrid suggesting 
that distributed generation is used effectively with micro 
grids. Efficiency and reliability of system are increased as 
microgrids focus on smaller area of operation. By 
considering two different scenarios, efficiency of energy 
supply of low voltage DC distribution scheme is described 
in [4]. Firstly by supplying AC power to DC loads from 
main grid and secondly, by supplying power to DC loads 
from RES such as solar and wind. It has been noticed that 
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Abstract: Microgrids with renewable energy resources are increasing rapidly around the world. The best solution for existing 
problems in electrical power generation is offered by hybrid AC and DC microgrid, especially for the standalone small network. It 
combines two or more power sources to work coincidentally or when just one is available according to specified scenario. In this 
paper AC and DC microgrid with Solar-Wind hybrid generation are compared in terms of bus voltages and efficiency. Utility supply 
or quick start diesel generator is considered as an isolated backup. Simulation models for both AC and DC microgrid are developed 
in Electrical Transient and Analysis Program software (ETAP). DC microgrids, in general, offer advantages over AC counterparts 
but it depends upon the configuration of the microgrid and type of load connected. 
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DC distribution in microgrid is more efficient. Hence, it is 
significant to rely on renewable energy sources than to 
supply from main grid. Microgrid with respect to grid, acts 
as a single controllable entity. A microgrid is capable to 
operate in both grid connected and isolated mode, as it can 
connect and disconnect from grid. Standalone microgrid is 
a small power grid without any connection with utility AC 
grid. In [5] author proposed centralized operation strategies 
by using dc microgrid in order to reduce losses and 
unbalanced compensation. Efficiency of AC and DC grid 
connected microgrids is compared in [6] and suggested that 
DC will have better efficiency with solar generation and 
DC loads. Household load profile is considered for both 
AC and Dc microgrids in [7] and efficiency of AC was 
considered superior to that of DC because of converter 
requirements for existing AC loads. In [8] new operating 
technique with coordinated droop control for standalone 
DC microgrid is proposed. PSCAD/ EMTDC software used 
for simulation and suggested that standalone DC microgrid 
is efficient and cost effective solution for energy demands 
of industrial plants and residential facilities. In [9] single 
master operation and multi master operation control 
strategies are compared for standalone microgrids. In [10] 
model is proposed to determine optimal type and size of 
microgrid including distributed energy resources model. 
Twin bus technique is proposed in [11] for system design to 
deliver electrical energy and realised that microgrids are 
shortest way to realize smart grid network and hybrid 
AC/DC system is efficient and reliable. Hybrid system with 
separation of AC and DC sources is proposed in [11]. 
Different modes of operation are provided to analyse 
system. Analysis shows ease of operation with hybrid 
generation but overall cost is increased with such a system 
in ref [12], in which renewable energy sources i.e solar and 
wind are compared. These sources are considered 
individually in order to evaluate potential of each source to 
power microgrid efficiently and make it self sufficient. In 
[13], the impacts of distributed generation integration to 
power system are discussed and suggested that the negative 
effects on stability can be  minimized by using concept of 
microgrids. Due to presence of both AC and DC loads, they 
suggested a hybrid microgrid structure. Microgrids can 
reduce transmission and distribution losses as loads are 
supplied by local distributed generations.  In [14] microgrid 
which is PV and wind energy system based is proposed and 
used technique of supervisory control coordination control 
for smooth power transfer, grid connected hybrid AC/DC 
microgrid supervisory control in order to control power 
transfer from DC to AC bus and from AC to DC bus 
proposed. In [15] hybrid AC/DC microgrid suggested 
reduced conversion stages and simplifies operation.In [16] 
standalone PV-wind energy hybrid generation system under 
different conditions using MATLAB software is proposed. 
Wind subsystem equipped with induction generator. 
Variable dc output voltage of PV system controlled by 
using buck-boost converter for MPPT. Under different 
loading conditions, system performs well. However, 
different busses according to the type of load are not used, 
only common bus is used in the proposed system.  

In thisresearch, work on different operating techniques was 
analyzed under various power levels generated by 
renewable sources of AC and DC microgrid. In section 2, 
an introduction of AC and DC microgrids is given. Section 

3 contains description of the systems under study. Results 
and discussions for simulation of AC and DC microgrids 
are given in section 4 finally paper is concluded in section 
5. 

2. Microgrids 

Microgrid is a small scale, local distribution system 
consisting generation and load. Microgrids work locally 
and in case of fault, it works in an isolated mode called 
standalone mode. Standalone microgrid is nothing but a 
small scale power grid without any utility AC grid 
connection and composed of renewable power sources, 
generator, battery energy storage and load.Figure.2 shows 
configuration of typical microgrid. 

 

Figure.2. Microgrid Configuration 

There are two operating modes of microgrid: 

A. Grid Connected Mode 

The normal operating mode of microgrid is grid connected 
mode. In this operating mode all the feeders are being 
supplied by utility or main grid. Microgrid operates without 
any power quality disturbance on main grid. 

B. Isolated Mode 

In isolated mode of operation, microgrid disconnect from 
main grid whenever fault or any other power disturbance 
occurs. 

Figure.3 shows classification of microgrids in three types; 
AC, DC and hybrid.  It supports both alternating current 
(AC) and direct current (DC). AC microgrids consists of 
AC and DC loads, distributed generation and batteries. In 
alternating current microgrid, all distributed energy 
resources and loads are connected to a common AC bus.AC 
microgrid works on two modes of operation. When 
supplied energy is sufficient for all load demands, 
microgrid send out energy to utility grid. Otherwise, 
microgrid absorbs energy from the grid. In the meantime, 
the batteries are charged with the help of bidirectional 
AC/DC converter. But when fault occurs at utility grid and 
the load demands are not satisfied then microgrid is 
disconnected from utility grid and works in an isolated 
mode. The merits of AC microgrids involve that it does not 
disturb the original structure of AC power and voltage 
transformation is easier. AC microgrids are feasible with 
both renewable and non-renewable energy. The DC 
microgrid principle of operation is similar with AC 

34



FAIZA ANAM et.al: COMPARISON OF AC AND DC MICROGRID CONSIDERING SOLAR-WIND HYBRID RENEWABLE ENERGY SYSTEM    

Copyright ©2018 ESTIRJ-VOL.2, NO.1 (33-38) 

microgrid implemented with DC backbone network. 
Having low cost and less system losses due to direct 
connection through one stage power conversion. Power is 
supplied directly to DC loads. 

Figure.3 Classification of microgrid 

 

a. AC Microgrid 

For several reasons, AC microgrids has won over DC 
system. AC microgrids provides feasibility to both 
renewable and non-renewable energy sources. Also, the AC 
apparatus cost is lesser as compared to the DC apparatus. 
As worldwide, AC distribution network is predominantly 
recommended, integration of AC microgrid in distribution 
network is very useful for conventional power system. AC 
microgrid can be reliable and feasible for cities as well as 
in rural areas and if any disturbances or fault occur, reliable 
power can be generated. Thus, in isolated mode it can also 
work efficiently. Figure.4 shows typical structure of AC 
microgrid involving solar and wind generation. 

 

Figure.4. AC bus mircrogrid 

b. DC Microgrid 

DC microgrid in coming years has an increasing popularity 
and gives fascinating options over AC microgrid. It can 
also be operated in grid-connected and isolated mode 
similar to its AC counterpart. In DC microgrid, distribution 
generation system mostly composed of PV units, Wind 
turbines, fuel cells and other renewable energy source  used 
to meet energy demands. From its storage devices, it 
utilizes the DC output voltage and voltage regulation is 

better. In DC microgrid, additional synchronization system 
is not required. Hence DC microgrid with renewable 
energy resources has been receiving spot lights. Figure.5 
shows a typical arrangement of DC microgrid using solar, 
wind and microgas turbines. 

 

Figure.5. DC bus microgrid 

c. Hybrid AC and DC Microgrid 

Hybrid microgrid is actually a combination of both AC and 
DC microgrid, bidirectional converters and control 
equipments. Hybrid AC/DC microgrids offer best solution 
for grid integration of different distributed energy 
resources. In hybrid AC/DC microgrid conversion losses 
are minimum. 

Figure.6 shows typical block diagram of hybrid AC/DC 
microgrid, involving solar, wind, fuel cell as a source of 
energy and battery for power storage. 

 

Figure.6. Hybrid AC/DC microgrid 

Figure.7 shows a two bus hybrid system for utilizing AC 
and DC loads with corresponding distribution systems. 
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Figure.7. Block diagram of 2 bus power supply system 

3. System Description 

Figure. 8 and 9 show Block Diagrams of AC and DC 
microgrid systems used in this research work.  

These block diagrams shows the major components of AC 
and DC system. In both system distributed energy 
resources i.e, wind and solar are connected to common AC 
bus. AC bus supplied from both wind unit of 5kW rating 
and solar unit of 5.3 kW. Wind unit is directly connected 
with AC bus and solar unit is connected with AC bus 
through inverter. In an AC system, ac line is used and 
system is loaded with static load of 8kW, connected with 
AC load bus. In DC system, AC bus and DC bus are used 
as two system buses. Both buses connected through AC/DC 
converter or rectifier. DC line is connected to a DC load 
bus and system is loaded with 8kw dc static load. 

Table.1 shows ratings of the components used in both 
models used in this research work.   

 

Figure.8. Block Diagram of AC System 

 

Figure.9. Block Diagram of DC System 

Table.1. Parameters and their ratings 

Parameters 
Name Power Voltage Current P.F 

(%) 

Grid U1 15mVAsc 35kV  200A 66.2% 

T/F (T1) 400 KVA    

Bus 2 (Main 
AC bus) 

0.4kV / 
399.1V  27 95% 

Wind 6 KVA (5 
kW) 0.4KV 8.5A  

Solar 4.5KVA 
(5.3 kW) 

159.6V 
(0.159KV) 6.8A 85% 

AC Load 8 kW (230.4V) 
0.230KV 11.6A 100% 

DC Bus 1 
(Main DC 
bus) 

7.49 kW 400A   

DC Load 8 kW  20A  
 

4. Result and Discussions 

Power flow analysis of AC microgrid is performed such 
that the load on AC bus is provided by sources Wind 
turbine generator, PV and DC bus. PV and Wind turbine 
generator provided 5.3 kW and 5 kW power respectively. 8 
kW power is provided to AC load. Same load of 8 kW is 
used in DC system and is provided by Dc system. 

Table.2. Load generation data 

AC Side DC Side 
Load 

Utility 
Grid 

AC to DC 
Power exchange 
rate 

PV = 5.3 
kW 

8 kW 0 10 kW Wind = 5 
kW 
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In Table.3 load flow, branch losses and voltage level on 
both buses as a function of equal load on both buses are 
collected, and concluded that AC system losses are higher 
than DC system losses. Efficiency of solar is greater i.e 
96% than wind i.e 90% . 

Table.3. (a).  Energy Sources & Efficiency 

Energy 
Source 

Energy 
Rating Current Load 

in % 

AC Bus 
Voltage 
% 

DC Bus 
Voltage 
% 

Solar 5.3 
kW 

Input 
current 
(78.2A) 
33.46A
/6.5A 

80% 

 

99.78% 

 

100% 

 

Wind 5 kW 8.5A 
(40.5A) 

 

Table.3. (b).  Energy Sources & Efficiency 

Load 
in DC 
Bus 

 

Load in 
AC Bus 

Efficiency 
Rate Solar 
and Wind 

AC 
System 
Losses 

kW 

DC 
System 
Losses 

kW 
8 kW 

 
 

8 kW 
 

Solar 96% 
0.22 0.215 Wind 92% 

 

 
Figure.10. Efficiency rate of Solar and Wind 

 

 
Figure.11. AC & DC System Losses 

 

In Table.4. In terms of efficiency bus voltage comparison is 
shown and concluded that efficiency of DC is greater than 
AC system. 

Table.4. Bus Voltage Comparison 

Bus Voltage Comparison 

Bus AC Voltage DC Voltage Efficiency 

DC 400V 400V 100% 
AC 400V 400V 99.78% 

 

 
Figure.12. AC and DC Bus Voltage Comparison in % 

 

5. Conclusion 
Microgrids with renewable energy resources are increasing 
rapidly around the world. In Pakistan, standalone microgrid 
is a suitable option for offices, universities and flats. Utility 
supply or quick start Diesel generator can be used as 
isolated backup. In this research work, AC and DC 
microgrids with Solar -Wind hybrid generation are 
compared in terms of bus voltages and efficiency. Issues in 
hybrid generation are identified. AC microgrid has 
synchronization issue. Hence PV and Wind generations are 
connected at DC bus for both AC and DC microgrid. 
Results shows that AC microgrid has lower bus voltage at 
load as compared to DC microgrid. AC microgrid has 
losses more than DC because DC microgrid has higher 
efficiency as compared to AC microgrid. 
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