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ABSTRACT 

Microgrid is a developing area in the power generation system. It can reduce the 
environmental effects by using pollution free generation sources like solar panels, wind 
turbains, zero emission generators etc. Microgrid became an efficient system when an energy 
storage system like battery, super capacitors and fly wheel are used with generation source. 
Three controls named primary, secondary and tertiary controls will control the microgrid. The 
primary control is a local control which is used to regulate or maintain the voltage, current 
and frequency of the microgrid. This paper proposes a primary control for voltage regulation 
using DC-DC voltage regulator along with a buck converter. 

Keywords:  microgrid, voltage regulation, DC-DC voltage controller, buck converter, PI 
controller. 

 

I. INTRODUCTION 

Microgrid is a system in which the generation source and loads are considered as 
subsystem [1]. A microgrid makes use of renewable energy sources like solar panel, battery 
storage, wind turbains, etc. may be operated separately or in parallel. When there is any 
disruption in the system, the generation sources and its loads can break up from the 
distribution system in order to isolate the load of microgrid from the disruption. This way it 
can maintain service without having any problem to the integrity of the transmission grid [2].  

 
 Microgrid can work at a low voltage distribution and have many distributed energy 

resources. Microgrid have the ability to work in both ongrid and offgrid mode. Ongrid mode 
means the microgrid system is connected to the main grid utility, so it is also called grid 
connected mode. In this mode, the microgrid can avoid the failure of utility grid during peak 
load periods. While offgrid means the microgrid system is isolated from the main grid, so it is 
also called islanded mode. In the offgrid mode, the extra power generated by the generation 
sources can be given to the main grid.  
 
 There are so many technologies for microgrid’s energy storage system such as 
battery, flywheels, super capacitors, etc. The microgrid along with an energy storage system 
is an efficient system as the excess power produced by the generation source can be stored in 
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the storage system and this energy can be used when the customer needs. Some of the 
advantages of using this storage system [3] are 

• It can stabilize the microgrid when the energy sources are fluctuating and also when 
the load is changing. 

• Sharing of load can be done in microgrid. 
• The electrical interference and load spikes can be reduced. 
• It can act as a backup energy source. 

 
The main advantages of microgid are: they have the ability to separate from the main 

grid utility when there is a disruption, they can reduce electricity costs, they can prevent the 
failure of main grid utility and they can reduce the environmental effects by using low 
emission generators [3]. But it has a disadvantage that is the voltage, frequency and some 
parameters of power quality are needed to be controlled while the energy and power should 
be balanced. This paper is about controlling the voltage of the microgrid using a buck 
converter along with a Proportional-Integral (PI) controller. 

 
As per the International Society of Automation-95 (ISA-95) standard, there are three 

hierarchial controls [4] for microgrids which are primary, secondary and tertiary controls. 
Tertiary control prepares source and storage dispatch schedule as decided by TSO 
(Transmission System Operator)/ DSO (Distribution System Operator) and communicates to 
secondary control. Secondary control sets the parameters of primary control to ensure proper 
load sharing among sources. The primary control is a local control and is responsible for the 
power sharing between two or more converters which are connected in parallel. The control 
can be divided in to voltage, current and droop control. The inner voltage and current can be 
controlled by using Proportional-Integral controller, Proportional-Integral-Derivative 
controller and fuzzy controller.  

There are several converter topologies [5], which can be used to regulate voltages in the 
microgrid. Buck Converters are simple and efficient converters. It gives output volt- 
age lesser than the input voltage. Buck converter provides continuous output current. 
Boost converters provides output voltage greater than the input voltage. Buck-Boost 
and Cuk converters provide output voltage greater than or less than the input voltage 
with inverted polarity. As these converters are designed to have a different output voltage, we 
can use these to control the microgrid voltage. 

A selector based control algorithm along with a proportional-integral controller [6] is 
used to control the voltage of microgrid. A buck boost converter is utilized, in which if there 
is any increase in the microgrid voltage, then control algorithm will select the buck converter 
operation to reduce the voltage, otherwise it will select the boost converter operation to 
increase the voltage of microgrid. A buck boost converter is a DC-DC converter formed by 
overlapping classical buck converter and boost converters each other. In this paper, a buck 
converter together with a PI controller is used to control the increase and decrease in the 
microgrid’s voltage. 

  
II. BUCK CONVERTER 

 
A buck converter is DC-DC converter which outs an output voltage than the input voltage 
given to it, so it is also called step-down converter. It utilizes at least two semiconductors, 
which may be a diode or a transistor, and also capacitors and inductors. The converter’s input 
and output sides are provided with filters of capacitors to reduce the voltage ripples. The 
voltage over the inductor opposes or bucks the supply voltage, hence it is named buck 
converter. The circuit diagram of buck converter is shown in figure.1. 
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Figure 1.  : Buck converter 

 
The buck converter model can know in terms of relation between voltage and current 

of the inductor. Two states named on-state and off-state are there. When the switch is open 
(off-state) at the beginning, there will be no current flowing through the circuit. An opposing 
voltage is produced by the inductor across the terminals with the changing current, when the 
switch is closed for the first time. This drop in voltage counterbalances the source voltage, so 
the net voltage across the load reduces. After some time, there will be a decrease in the rate of 
change of current and voltage across inductor which results in increase in load voltage. At 
this time the energy is stored in the inductor in the form of a magnetic field. If the switch is in 
open condition, then inductor voltage will drop all the time if the current is changing 
continuously, therefore the net load voltage will always less than that of input voltage. 

 
III. CONTROLLER MODEL FOR MICROGRID 

 
Primary control of microgrid is a local control. If there is any fluctuation in the voltage of the 
microgrid, it needs to be controlled; otherwise it will affect the stability of the microgrid. So 
for that a DC-DC voltage regulator together with a buck converter is used. The converter 
model is shown in the figure 2. The distribution generation unit in the microgid is provided 
with a controller to regulate its voltage.  

 
 

 
 

Figure 2. : Controller model for microgrid 
 

The DC-DC Voltage Controller is providing discrete-time proportional-integral (PI)  
DC-DC voltage control. It will take the microgrid voltage and the reference voltage 
as input and produce an error signal. Based on that it will output a duty cycle or a current 
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control signal required for gating the buck converter. PI controller uses the error signal and 
proportional and integral gain inputs to achieve a control. The error signal is the difference 
between the reference signal and the measured feedback. The block outputs a weighted sum 
of the input error signal and the integral of the input error signal. 
 
Proportional Integral controller sometimes also known as proportional plus integral (PI) 
controllers. It is a type of controller formed by combining proportional and integral control 
action. Thus it is named as PI controller. In the proportional-integral controller, the control 
action of both proportional, as well as the integral controller, is utilized. This combination of 
two different controllers produces a more efficient controller which eliminates the 
disadvantages associated with each one of them. 
  

The error signal produced by DC-DC voltage controller is given for Pulse Width 
Modulation (PWM), which generates variable-width pulses for gating the switching device 
of the buck converter. The buck converter will maintain the voltage within the reference 
voltage. There by we can control the microgrid voltage, if there is any variation in voltage. 

  
IV. SIMULATION RESULT 

 
The microgrid model is simulated using Matlab/Simulink. The increase in the voltage is 

noted when time t = 0.5 seconds is noted in the output voltage as shown in the figure 5. The 
decrease in voltage at time t = 1 seconds is noted in the output voltage as shown in the figure 
4. 

 

 
Figure 4: Decrease in voltage at t = 1 second 

 
This increase and decrease in voltage will affect microgrid’s stability. So a controller 
is used to the fluctuations in the voltage. The output of the controller in microgrid is 
shown in figure 5. The first figure shows that the voltage increase when t = 0.5 second 
and the controller control that increase and maintain the output voltage within the 
reference voltage. When t= 1 second, the decrease in voltage also controlled using the 
controller which is shown by small fluctuations after one second. The second figure 
shows the input voltage of the buck converter. The third figure shows the controlled 
current and the fourth figure shows the duty cycle which is used to gate the switching 
device of the buck converter. 
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Figure 5: controlled voltage, input voltage, controlled current and duty cycle 
 

 
V. CONCLUSION 

 
The microgrid is the power generator which contains generation sources and energy 

storage systems. In the case of power failure, the energy storage system can act as a backup 
energy system. The microgrid has three controls named primary, secondary and tertiary 
controls. The voltage variations in the microgrid can be regulated using primary control. If 
there is any variation, it will affect the microgrids power sharing between distribution 
generation units. The DC-DC voltage controller along with a buck converter can control these 
variations in the microgrid. This work is done using one distribution generation unit. The 
system can be extended to two or more distribution generation units. The future work can be 
detecting attacks in the secondary controller of the microgrid. 
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