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Abstract— Due to inherent advantages of DC system over AC 

system such as compatibility with renewable energy sources, 

storage devices and modern loads, Direct Current Microgrid 

(DCMG) has been one of the key research areas from last few 

years. In the proposed work power has been produced by 

using solar pv and fuel cell which is combined on the same 

dc bus and given to a dc load. DC microgrid protection is an 

important part of power system studies. The basic think which 

is required for protection is to get to know, where it should be 

provided and which component must be used. So, to address 

the challenges of dc microgrid protection accurate fault 

detection strategies, fault current limiting method and dc 

circuit breaker has been used. The electricity load of the 

microgrid is satisfied by the power form fuel cell, pv array and 

battery altogether. Initially battery is charged up to 70% and at 

this time bidirectional converter work as a boost converter and 

when battery discharges till 30 %, battery starts charging and 

then bi- directional converter act as buck converter and 

battery remain in charging mode. 
Keywords: Short Circuit , DC Microgrid, PV, MPPT, 

Battery etc. 

I.  Introduction  
A microgrid is a local electrical grid containing sources and 

loads. The microgrid is a cluster of distributed resources 

which have the ability to operate autonomously. Microgrids 

are being used to bring electricity into areas where 

transmission lines cannot reach. A traditional system with 

generation in one place and then distribution at high voltages 

is designed for high energy density fossil fuels. Distributed 

generation can be used to increase the reliability of a system 

and allow for the integration of renewables. Distributed 

generation is a much more suitable method of electricity 

distribution for renewables due to their lower energy density 

as compared to fossil fuels and since the power generation is 

on site losses due to transmitting electricity are proportionally 

eliminated. Energy storage can be used in microgrids to 

improve the power quality and smooth out the fluctuations of 

renewable energy generation. The recent trend in renewables 

is to use distributed power sources and energy storage to form 

a microgrid. DC microgrids are not very widespread but have 

the potential to present many advantages in terms of 

facilitating renewable energy integration and improving power 

quality. DC microgrids usually contain distributed energy 

resources (DER), loads and energy storage. Renewable 

energy sources such as photovoltaic modules and wind 

turbines are typically connected to the DC bus via power 

electronic converters. These converters have the ability to 

control the output voltage of DER in order to stabilize the bus 

voltage and extract maximum power. There are power 

electronic converters that have the ability to increase or 

decrease the output voltage. DC loads can be directly 

connected to the DC bus and if an AC load is required an 

inverter would be needed in order to invert the DC bus voltage 

into a usable AC voltage. Batteries are typically used in DC 

microgrids due to their relatively cheap price and longer 

backup times. A longer backup time and low losses are 

desirable for energy storage technologies for microgrids which 

contain renewable energy generation in order for the load to 

be met. The problem with batteries is that their service life is 

relatively short and therefore they need to be changed out 

more often. Charge controllers are used in order to control the 

flow of power in the microgrid. Devices are needed to control 

when power is sent to the batteries or sent to power the load. 

These controllers also help to improve the power quality in 

the microgrid. Why fault occur in DC  microgrid? Due to 

the low impedance nature of DC microgrid system, the 

capacitive filters associated with converters will rapidly 

discharge into a fault, resulting a large current surge within  

very short duration.  

II. Problem statement 
The solution for the protection issues of the DC 

microgrid is not readily available by a conventional 
method, for certain reasons such as bidirectional power 
flow in the microgrids, by withdrawing the fault current 
during the islanded mode of operation, renewable energy 
resources characteristics and their types. Hence the main 
problem of DC Microgrid is the protection issues. 
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III. Objective  

The objective of this thesis is to propose a model for short 
circuit fault detection and protection of DC microgrid 
consisting of renewable energy generation. A DC microgrid 
model has been designed and simulated that comprises a 
protection model for multiple energy sources and equipments. 
The components of the DC microgrid and the protective 
devices will be modelled then whole DC microgrid will finally 
be simulated. 

IV. Literature Review  
The paper titled as “Short Circuit Fault Analysis on 

Microgrid” 4th International conference on Renewable 
Energy Research and Application Palermo, Italy 25 
November 2015 given by the author R. Bayindir, explains the 
protection of microgrid under short circuit fault and how we 
can protect our grid. And also, this paper explain brief about 
Solar PV and Wind turbine. 

The paper titled as “DC short circuit fault analysis 

and protection of ring type DC microgrid” 2016 IEEE 8th 

International Conference on Power Electronics and Motion 

Control (IPEMC) given by the author Ming Yu Yi 

WangLirong ZhangZiguang Zhang, explains DC fault location 

and Protection of DC micro grid.  

This paper explains how we can locate a fault in dc 

microgrid and protection against it. The paper titled as “Fault 

analysis and protection of a Dc microgrid” 2008 IEEE 40th 

North American Power Symposium by authors E. Sortomme, 

G.J. Mapes, B.A. Foster, S.S. Venkata explains brief about 

microgrid and fault analysis on microgrid  

 The paper titled as “Static modeling of microgrids 

for load flow and fault analysis” IEEE Transactions on Power 

Systems 32 (3), 1990-2000, 2016 given by authors Bulent 

Dağ, Ali Rıfat Boynueğri, Yavuz Ateş, Arif Karakaş, 

Abdullah Nadar, Mehmet Uzunoğlu explains brief about Fault 

analysis on microgrid, load flow analysis on microgrid and 

static modeling. 

The paper titled as “Analysis on Performance of DC 

Microgrid under Fault Condition” American Scientific 

Research Journal for Engineering, Technology, and Sciences 

(ASRJETS) given by authors Ya Min Soea, Soe Sue Ei 

Aungb, Zar Linn explains about Distributed Generation and 

High-Quality Power. 

The paper titled as “FCL location selection in large 

scale power system” IEEE Transactions on Applied 

superconductivity; march 2001 given by authors M. Nagata, 

K. Tanaka, H. Taniguchi explains Impedance used in 

microgrid and brief about Current limiter. 

The paper titled as “FCL location selection in large 

scale power system” 2001 IEEE Transactions on Applied 

Superconductivity given by authors M. Nagata; K. Tanaka; H. 

Taniguchi explains about fault current limiters and its types, 

power distribution protection and power distribution 

reliability. 

The paper titled as “MPPT techniques for PV 

systems”2013 4th International Conference on Power 

Engineering, Energy and Electrical Drives given by authors 

Dalila Beriber; Abdelaziz Talha explain how mppt used in 

solar pv and explain P & O MPPT Algorithm. 

The paper titled as “Improved Island Microgrid Fault 

Analysis by Considering the Effect of DG Control Methods” 

2019 IEEE 2nd International Conference on Electronic 

Information and Communication Technology (ICEICT) given 

by authors Liang Ji; Haitao Zhang; Ling Mao; Jiabin Shi; Zhe 

Cao; Zeyu Ni; Xiaojie Tao explains about Voltage control, 

Inverters, Reactive power. 

V. Methodology 

DC microgrid is a super high quality electric power 
system with using dc distribution.   The main components of a 
microgrid are: Distributed generation sources such as 
photovoltaic panels, wind turbines, fuel cells, diesel and gas 
micro turbines etc. Distributed energy storage devices such as 
batteries, ultra-capacitors, etc., In addition, several distributed 
generations are also connected to DC line in the system 
through DC/DC converter. 

Photovoltaic system (PV) is connected to DC grid via DC-

DC boost converter. The DC voltage is fixed 500V. The boost 

converter is controlled by Maximum Power Point Tracking 

(MPPT) to keep its efficiency high. MPPT technique is used to 

improve the efficiency of the solar panel. MPPT controller is 

based on the “incremental conductance” technique.   And then, 

battery & fuel cell is connected to DC distribution line 

through DC/DC converter. DC microgrid distributes DC 

power that transmit load side. DC load is connected to the DC 

grid. 

Faults in DC microgrid - 

Most of the faults that occur on power system of overhead 

lines are unsymmetrical faults which may consist of single line 

to ground fault and line to line fault. In this paper, line to line 

fault is analyzed. 

Line to line fault - 

This is most harmful fault for the system than single line 

to ground fault. This fault is rarely occurring in the system. In 

overhead distribution lines, a double line fault occurs when 

objects falling across the positive and negative line and 

shorted them. In underground cables, this fault occurs because 

of insulation failure. Line to line fault between positive and 

negative line is shown in fig 3.1. 
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Figure 1 Line to line fault 

 

In order to confirm the control strategies of the DC 

microgrid, computer simulations were carried out by using the 

MATLAB. The main parameters of this system show in Table 

1 and the simulation circuit is shown in Figure 1. 

 

Table 1 Rating of components 

In order to confirm the control strategies of the DC 

microgrid, computer simulation was carried out by using the 

MATLAB. 

In this research, grid connected system is used. At the 
source side, photovoltaic source (PV) and fuel cell are 
demonstrated and the battery for back up is taken and DC 
loads is connected at the load side. 

VI. Conclusion 
A DC microgrid model has been designed and 

simulated that comprises a protection model for multiple 

energy sources. At the time equal to 0.5 the system detects the 

fault at PV array and with help of circuit breaker and relay the 

PV array is separated from the system immediately and at the 

time equal to 0.7 the PV array starts restoring. This model is 

used to protect the DC microgrid under short circuit fault. 

Whenever the fault occurs at any section of the DC microgrid 

then the system is protected against it rapidly using protective 

devices and also the system is restored quickly, maintaining 

the continuity of the power supply to the DC load. As a result 

of all these studies, its shown that the system has speed 

respond time against faults. In DC microgrid time-based fault 

cannot be implemented directly in MATLAB, it must be 

developed in future. This model can be used for either 

industrial purpose or for any small-scale area. 
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