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ABSTRACT This work presents a performance study of a dc micro-grid when it is used a voltage droop technique to regu-
lated the grid voltage and to control the load sharing between different sources like Photovoltaic cell , Fuel 

Cell, Batteries, etc. A small model of a dc micro-grid comprising micro-sources and loads was implemented in the Matlab 
environment. Some aspects about centralized (master-slave) and decentralized (voltage droop) control strategies as well as 
the procedures to design the controllers, with droop control, are presented and discussed.

I. Introduction
Micro-grid (µG) is a electrical network comprising loads, mi-
cro-sources (µS) and communication & automation systems. 
These µS, also called distributed sources (DS), increase the 
offer of energy, the reliability and the efficiency of electrical 
power systems since they are able to operate close to loads 
and connected to or not to another electric power network 
[1].

Nowadays, loads like lighting systems and electronic equip-
ments (e.g. computers and peripherals communication de-
vices, tv sets among others) are responsible for about 35 % 
of the electricity consumption in residential and commercial 
applications [2]. 

DC bus voltage control and its stationary and dynamic be-
haviour are investigated. The target system in the study is 
a distributed power system based on renewable energy 
sources. Several different DC bus voltage control schemes 
exist [1], of which two seem commonly used: master-slave 
and droop control. The master-slave method strongly relies 
on fast communication between the source and load con-
verters. One of the converters, referred to as the master, is 
responsible for controlling the DC bus voltage and distribut-
ing power references to the other source converters. In this 
paper voltage droop control is used. Droop control does not 
require any communication between the converters. Instead, 
the DC bus voltage is measured at each source converter 
and the entire source converters contribute to balance the 
total power consumed by the loads and the losses of the DC 
power system. 

In common voltage droop control, the DC bus voltage de-
creases linearly as the DC side current, or in some cases 
power, of the converter increases, in order to give stable op-
eration.[11]

Fig. 1 shows an example of a generic dc micro grid with mi-
cro-sources, energy storage systems, dc and ac loads. Static 
converters connect all devices to the dc grid. A dc-ac con-
verter is used as interface between the dc µG and the ac 
electric distribution network. This converter is blocked in the 
case of islanded operation of the dc micro-grid.

In this scenario, an important issue related to the opera-
tion of dc micro-grids is the dc bus voltage regulation. Two 
types of voltage control are commonly used in the literature: 
master-slave and voltage droop. The master-slave method 
depends on the communication between the interface con-
verters. The master converter controls the voltage of the dc 
bus and sends 

Fig. 1. Generic topology of a dc micro grid
 
reference signals to other converters. In the method of volt-
age droop, the dc bus voltage is measured at the points of 
coupling of the converters and it is used to calculate the 
amount of energy that each load or source will consume or 
supply.

II. CONTROL OF PARALLELED CONVERTERS
The paralleling of power sources in micro grid applications 
through power electronics modules offers a number of ad-
vantages over the utilization of a single high power converter 
[4]. Two different methods can be used to control paralleled 
converters on a micro-grid: master-slave and voltage droop 
[6]. In this section some particularities of each method will 
be presented.

A. Master-Slave Control
Figure 2 shows the block diagram of the master-slave control 
scheme. In this figure, each block is composed by a dc 

Fig. 2 Schematic diagram of Master Slave Control
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source, a static converter and its controller. The first block, 
the master module, controls the grid dc bus voltage while the 
other blocks, the slaves, are current controlled. Despite of 
the fully controllable load sharing [9], this control scheme has 
the disadvantage of needing a fast communication channel 
since the reference currents for slave converters are provided 
by the master block. The loss of the communication link or 
mal-functioning of the master block can shut down the whole 
system [7] and [8]. Thus, to avoid or reduce the probability of 
failure, this system should be design with some redundancy.

B. Voltage Droop Control

III. Fig. 3 Voltage Droop Control
 
Figure 3 shows the block diagram of the voltage droop con-
trol scheme. Each droop controller emulates an impedance 
behaviour reducing the converter output voltage with the 
increase of the supplied current. This strategy promotes the 
current sharing between paralleled converters connected in 
the dc micro grid without the need of a central control.

IV. THE VOLTAGE DROOP DESIGN
A. PV Cell: 
Solar energy is a renewable source which is generated from 
a natural resource that is sunlight. Solar power is the conver-
sion of solar electricity. Solar energy is free, needs no fuel and 
produces no waste or pollution. Sunlight can be converted 
directly into electricity using photovoltaic (PV) cell. However, 
PV system has gained less support from private sectors and 
users due to the high cost to install the system and long pay-
back time from the system [5]. There are two types of pho-
tovoltaic system which are stand alone system and grid con-
nected system. For a standalone system it requires battery 
backup for the system application. It is more suitable for rural 
areas where there is difficulty getting power supply from util-
ity grid. Excess energy produced during times with no or low 
loads charges the battery, while at times with no or too low 
solar radiation the loads are met by discharging it. A charge 
controller supervises the charge process in order to ensure 
a long battery lifetime. Grid connected system is more ap-
plicable in the urban areas where the residents can easily get 
power supply from utility grid and transmit back the excesses 
power generating from a photovoltaic (PV) array.

PV ARRAY 30 KW OUTPUT:
•	 Isc  = 87.2
 Voc = 888
 I r = 79.2
 V r  = 704
•	 V= I*R
 888 = 87.2 R
 R = 10.18 Ω
 
B. DC-DC CONVERTER (BOOST CONVERTER):
•	 Used for converting one level of dc voltage to another 

level of dc voltage.
•	 Boost converter provides an output voltage greater then 

the source voltage
•	 Operate in two basic mode 
	 •	 Continuous conduction mode 
	 •	 Discontinuous conduction mode
•	 In CCM the output voltage of a converter depends on 

the input voltage and duty cycle.
•	 In DCM the output voltage depends on several other 

parameters as well (such as inductor value, load current, 
switching period). 

 
C. INVERTER:
•	 The grid connected application requires that the dc is 

converted into ac before the power can be fed into the 
grid.

•	 There are two types of inverter
•	 Voltage source inverter
•	 Current source inverter
•	 By controlling the freq of gate pulses we can control the 

freq. of the o/p AC voltage.
•	 It is desirable to get an ac voltage of 50Hz.
 
D. FUEL CELL:
The conversion of hydrogen into electricity can be achieved 
by different methods such as fuel cell and combustion reac-
tions. The advantage of the fuel cell reaction is its higher 
overall conversion efficiencies.

The fuel cell principle was discovered by the Englishman 
William Robert Grove in 1839. The technical development 
of fuel cells started shortly after World War II when Francis 
T. Bacon of Cambridge, England, successfully developed 
a high pressure fuel cell. Subsequently alkaline fuel cells 
(AFC) and proton exchange membrane fuel cells (PEMFC) 
were developed for space programs (Gemini, Apollo, 
Space-lab). In the early 1970s, the development of phos-
phoric acid fuel cells (PAFC), high temperature molten car-
bonate (MCFC), and solid oxide fuel cells (SOFC) started.
[4]

Fuel cell types:

Advantages and disadvantages of fuel cells: 
The fuel cell is important for terrestrial applications of 
the hydrogen technology, because it combines a relatively 
high efficiency with a very low environmental emission. In 
addition, it operates at a constant temperature, and the 
heat from the electrochemical reaction is available for co-
generation applications. Fuel cell power plants can be con-
figured to use a wide variety of fuels and produce a wide 
range of electrical outputs. Also, these plants by operat-
ing on hydrogen and oxygen  offer high  energy density. 
Therefore, large energy  outputs can be produced from a 
system with a relatively small weight and volume. Thus, 
a fuel cell is a preferred power generator in remote ap-
plications where system weight and volume are important 
parameters. Other advantages of fuel cells and fuel cell 
plants and are:

Direct conversion of chemical to electrical energy.
• Excellent characteristics, even with partial loading.
• High availability of lower temperature units.
• Fuel flexibility.
	 • Zero or very low noise except for occasional vibra 

 tions.
 
Disadvantages:
• Relatively high costs compared to conventional power 

sources.
• Life time limitations (no confirmed knowledge about real 

life time).
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• Decreasing electrical efficiency as function of the operat-
ing life time.

• Special treatment of fuel (H2) is necessary.
• Noble materials are needed for membranes and elec-

trodes, e.g., platinum is one of the most effective cata-
lysts.

 
E. POWER FLOW:
The power flow of the components in the proposed DC 
micro-grid is shown in Fig. 4. The sum of the output power 
of the photovoltaic array, the wind power generator and the 
fuel cells is defined as PDG in (1).

PDG = PWG+PPV +PFC                           (1)

The DGs supply unidirectional power to the DC micro-grid 
and play a role as the main energy source. Since energy stor-
age elements control the power balance of a DC micro-grid 
by charge and discharge, the power flow is bidirectional and 
the reference power for the elements is in (2). When the en-
ergy storage elements reach the state of full charge or dis-
charge, the excessive power is supplied to or obtained from 
the AC grid, as shown in (3). The load demands unidirectional 
power from the micro-grid. According to a varying load de-
mand, the energy storage element realizes a power balance, 
and thus it makes a continuous high-quality power supply to 
the load possible.

PES = PDG – PLOAD                             (2)

PBULK = PDG – PES – PLOAD                    (3)

 

Fig.4 Power Flow in dc micro-grid
 
The power management method is analyzed in the both grid 
tied mode and in the islanded mode. A grid-tied converter 
has control over the DC grid voltage in the grid-tied mode 
and energy storage elements have control in the islanded 
mode. A super-capacitor and a battery ensure a high quality 
power supply to the load in both modes.[9]

V. Simulation and result

 
Fig. 5 Droop Control of DC Micro-Grid
 
sAll simulation was done in matlab. First connect pv cell with 
dc-dc converter and made one system. After that connect 
with fuel cell and all that system connect with inverter and 
ac/dc load. For the control of power available from pv cell 
and fuel cell decided by one control scheme which has pre-
program controller which decided as per load requirement 
how much power gets from pv cell and other need of power 
taken from fuel cell in real time formation.

Complete simulation was tested with different radiance of 
sun and different load condition as given below:

1)  Simulation result at 250 irradiance :
 

2) Simulation result at 1000 irradiance:

3) Data of simulation at different load and irradiance:

*At 50 kW load.
 
VI. CONCLUSION
A DC micro-grid has been configured by connecting the de-
veloped models and a power management method has been 
proposed for the islanded mode. Simulation results have 
verified that power management method ensures a secure 
power supply and efficient operation of the proposed DC 
micro-grid in the Droop Control Method. The developed DC 
micro-grid provides a basic research foundation and it can be 
easily extended to a DC dispatch system and a smart grid.

This Model can use to supply power to small scale indus-
tries, villages and remote location and also used in marine 
application.

In this paper I describe operation modes and control meth-
ods of a DC micro-grid. A micro-grid can operate in a grid 
connected mode or in an islanded operation mode. From the 
viewpoint of the operating mechanism to current sharing and 
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output voltage management, control methods can be classi-
fied as an active load sharing and droop methods. The main 
difference between aforementioned control methods is that 
droop control methods do not require fast communication 
between components (i.e. generation sources and storage 
devices), thus improving system reliability and flexibility at 
the cost of the DC link voltage level stability.
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