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ABSTRACT 
 

Nanogrids are renewable energy based distribution system suitable for low power household applications. This 

paper focuses on DC nanogrid which is supplied by Solar photovoltaic. Nanogrids are considered building cells of a 

Microgrid. A survey of different types of DC to DC Boost converters used in Nanogrid is presented in this paper. 

The topologies of some of the configurations of Boost converter are reviewed. This paper also highlights the 

advantages and disadvantages of all the reviewed converters. 
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I. INTRODUCTION 

 

Recently distributed renewable energy sources are gain- 

ing more attraction due to environmental related prob 

lems caused by conventional power generation, free 

trade of the power and advancement in power 

electronics and renewable energy sources technology. 

Green energy sources like solar, wind etc can be 

connected directly    to the grid by means of a grid-tied 

inverter or they can be form a standalone power system 

which supplies the domestic loads. 

 

Nanogrid is meant for supplying domestic load of   the 

order of few hundred watts to 5 kW generated from 

renewable sources like roof-top solar photovoltaic, fuel 

cell, wind farm, etc. The generators are primarily based 

on clean forms of energy such as fuel cells, solar arrays 

and wind turbines. A nanogrid consists of power 

electronic converters which interface the generators and 

the loads to the nanogrid. These converters also link the 

nanogrid to the power system grid. Each nanogrid 

should be efficient, reliable, self-sufficient and fault 

tolerant
2–6

. 

 

The nanogrid distribution system can be based on AC or 

DC depending on design. DC nanogrid possesses the 

following advantages over AC nanogrid. 

 

• DC based distribution provides higher system 

efficiency than AC based distribution as losses due 

to skin effect, no-load equipment losses are absent. 

• Unlike AC distribution systems, frequency stability 

is not a concern for DC distribution systems. 

• DC distribution systems do not have any reactive 

power issues
11–14

.  

 

II. METHODS AND MATERIAL 

 

1. Components of Nanogrid 

 

The nanogrid envisioned in this paper consists of a solar 

PV system as the source of energy, energy storage, 

nanogrid controller and residential or commercial loads. 

The converter for the PV system typically consists of a 

two stage converter with the first stage being a unidi 

rectional DC to DC step-up (boost) converter and 

second stage being a unidirectional DC to AC converter 

(inverter). Single stage PV inverters are also common in 

the industry. The loads in a residential building consist 

of consumer electronics products such as computers, 

TVs, phones and appliances such as washers, dryers. 

These loads utilize var ious power electronics 

converters to operate. The energy storage component of 

a nanogrid can be battery based such as Lead Acid or 

Li-Ion which are widely available
6
. 

 

2. Nanogrid Converter Review 

 

2.1 Conventional Boost Converter 

 

The conventional converter consists of two stages where 

step up operation is done by a classic Boost converter 

and inversion is done by Voltage Source Inverter (VSI). 
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In the boost topology, there is switch S, inductor L, and 

Db is the freewheeling diode which help to avoid 

reverse current. C is the filter capacitor. The Boost 

converter output is fed as the input to VSI. The qualities 

of boost converter are continuous input current flows 

into the input port and step up operation is done without 

transformer
1
. 

 

 

Figure 1. Conventional boost converter. 

 

The detriments of classical boost converter are the out- 

put voltage is very sensitive to changes in the duty cycle 

and high current flows through the single switch. Since  

it is a two stage converter it consists of more number of 

power electronic switches and has high EMI problems. 

Inspite of all these detriments, boost topology is used in 

PV systems to extract as much power as possible from 

the photovoltaic cells because of its high efficiency and 

trans- former less boost operation. 

 

2.2 Interleaved Boost Converter (IBC) 

The topology explained in7,8 is known as Interleaved 

Boost Converter (IBC). It consists of interleaved and 

intercoupled boost converter. By interleaving method 

the converters are modulated such that each switch 

operates at same switching frequency with a phase shift 

of 180o. Interleaving also requires additional inductors, 

diode and switching devices. 

This will increase the cost of the converter. The 

efficiency, size and transient response are improved. 

IBC   is method that is more economical for EMI. 

Interleaved   Boost converter has only small unbalance 

in current even the duty cycle mismatch is large. Also 

the two boost converter cells share the same magnetic 

core which makes it less costly. 

 

It is more capable for photovoltaic system because the 

ripple contents both in the input and output waveforms 

are cancelled. 

 

Figure  2.   Interleaved boost converter. 

 

Interleaved boost converter can also be operated at an 

optional power level to improve the conversion 

efficiency and is suitable for high power application7. 

 

2.3 Quadratic Boost Converter 

Quadratic Boost Converter (QBC)9 consist of a single 

ideal switch SW, diodes D1 and D2, capacitor C1 and 

two inductors L1 and L2 in the source side. C1 and C2 

are large enough so that the capacitor voltages VC1 

and VC2 are constant over a switching period. 

 

Figure 3. Quadratic boost converter 

The merits of this topology9 are it has high gain and 

reduced voltage stress and current stress. More number 

of components is present which leads to decrease in 

effi- ciency. It is mainly used in high power application. 

These converters are best suited for solar PV 

applications. 

 

2.4 Z-Source Inverter (ZSI) 

In the Z-Source Inverter (ZSI)10, there is a LC network 

which is X-shaped, in between the power source and 

volt- age source converter. 
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Figure 4.  Schematic of ZSI 

 

The advantages of ZSI are input voltage can be stepped 

up or stepped down as per the output requirement and it 

possess good immunity to EMI. But there are two 

induc- tors and two capacitors in the LC network which 

will increases the size and cost of power converters. 

 

2.5 Switched Boost Inverter (SBI) 

 

SBI11–14 is a buck boost type converter and it converts 

dc to ac. It consists of a switched boost network in 

between the power source and power converter. Boost 

operation is invoked by utilizing the shoot through state 

of Inverter Bridge. 

 

Switched boost network has one active switch S, two 

diodes (Da and Db), inductor L and capacitor C. To 

boost the input voltage both the switches in the same leg 

are turned ON simultaneously. 

 

Figure 5. Schematic diagram of SBI. 

 

SBI has two passive device and three semiconductor 

switches. This will reduce the size and weight of the 

power converter, which in turn reduce the cost. The other 

advan- tages of SBI are 

 

 SBI is a single stage converter. It can simultaneously 

supply both ac and dc loads. This will make the con- 

verter compact. 

 The AC output voltage of the SBI can be either 

higher or lower than the input voltage. 

 The DC output is due to the shoot through in the 

inverter legs. A dead time circuit is not required as it 

allows shoot through operation. So it doesn’t require 

any complex dead time compensation technique. 

 

The disadvantage is that it requires a better protection 

circuit due to the increase in number of semiconductor 

switches even though SBI is immune to 

electromagnetic noise. From the merits of SBI it is clear 

that it is best suited for low power application like PV 

system. 

 

2.6 Current-fed Switched Inverter (CFSI) 

 

This topology15 is derived from current fed DC/DC con- 

verter topology. From the Figure 6 the DC bus is realized 

across the nodes Vs2 and Vs3 across capacitor C0 which 

is held at voltage VDC and the AC bus is realized across 

the capacitor Cf which is held at the voltage VAC. 

 

Figure 6. Schematic diagram of Current-Fed Switched 

 

CFSIis asingle stage converterandhas following advan- 

tages. It can supply both ac and dc loads simultaneously. 

 

As it is a single stage converter it does the tasks of both 

DC to DC converter and DC to AC converter in a single 

stage. This will reduce the size and weight of the 

converter which in turn reduces the cost. 

 

The wide range of ac output voltage can be obtained. 

The AC bus voltage of CFSI can be higher and lower 

than the input voltage. The DC output is obtained from 

the shoot through operation. 
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CFSI is more immune to EMI noise and it does not 

require any dead time to avoid shoot through state. 

CFSI has an input inductor in its structure so 

continuous input current operation is possible. 

Except the EMI problem, CFSI is best suited for low 

power PV applications. 

 

2.7 Single Ended Primary Inductor Converter (SEPIC) 

Single Ended Primary inductor converter (SEPIC)16,17 

is a type of dc to dc buck boost converter. The output can 

be greater than or lesser than the input voltage. Duty 

cycle of the control switch is controlled to control the 

output of the SEPIC converter. 

SEPIC consist of input filter inductance L1 and control- 

lable switch S. It also consists of diode D and filter 

capaci- tor Cf in the output side. The main feature of the 

SEPIC  is the presence of series capacitor C and 

inductor L2. It is essentially a boost converter followed 

by buck boost con- verter. The input DC voltage is 

chopped to get desired out- put voltage. The output is 

similar to buck boost converter but has the output 

polarity same as the input voltage23. 

Figure 7.  Schematic diagram of SEPIC boost converter 

 

The advantages of SEPIC converter are it has output 

gain flexibility. It also gives non-inverted output. 

The disadvantages of SEPIC are it has a pulsating output 

current. SEPIC converter transfers all the energy 

through the series capacitor. So this capacitor must have 

high capacitance and high current handling capacity. It is 

a fourth order converter and it is difficult to control. It 

can supply only DC loads. It is suitable for very slow 

varying applications23.  

 

 

 

 

2.8 Push-pull Boost Converter 

 

The converter presented in18,19 is known as push-pull 

boost converter. It is based on push pull architecture 

associated with magnetically coupled transformer. 

From Figure 8, it consists of diodes D1, D11 and 

capacitor C1 which acts as a regenerative snubber. This 

will recycle the energy stored in a leakage inductance 

of the push pulltransformer. The voltage gain is 

improved by the series connection of all capacitors. It 

is also called as boost con- verter with a voltage 

multiplier and three state switching cells. Push pull 

converter operates with duty cycle above 50% in 

continuous current mode 

 

Figure 8. Schematic diagram of push-pull boost 

converter. 

 

The major advantages of push-pull converter18 are, 

 It has less input current ripple and has very low 

volt- age stress. 

 The weight and volume of the converter is reduced 

because the input inductor operates with twice the 

switching frequency. 

 The output voltage is increased by incrementing 

the transformer turns ratio for a given duty cycle. 

This will reduce the voltage stress across the 

switches. 

 Presence of an inductance in the output stage will 

avoid fast transient currents in all parts of the 

converter. 

 It has high conversion ratio. 

 

The detriments of the converter are as follows. Push 

pull converter has more number of components which 

makes the control process complicated. It can supply 

only DC loads. The output voltage produced by the 

con- verter is constant and it depends on the 
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transformation ratio of transformer. In spite of all 

these drawbacks, push pull boost converter seems to be 

a best solution for boost operation in photovoltaic 

systems. 

2.9 High Step-up DC–DC Converter with Hybrid 

Transformer 

The converter shown in Figure 9 consists of a active 

switch S1, input capacitor Cin and clamping diode D1. 

The main feature of this converter is that it has a hybrid 

trans- former with turns ratio 1: n. When S1 is off, the 

current path for the leakage inductance of hybrid 

transformer20  is provided by D1. 

 

Figure 9. Schematic diagram of high step-up DC–DC 

converter with hybrid transformer. 

There is a resonant circuit which consists of two capac- 

itor Cc and Cr, one inductor Lr and diode Dr. The 

leakage energy from the hybrid transformer is captured 

by Cc and transferred to resonant capacitor Cr. Dr 

provides a current flow path for the operation of 

resonant circuit20. 

Cr will operate in hybrid mode by having a resonant 

charge and linear discharge. S1 determines the turn on 

state of Dr. Do is the output diode similar to diode in 

clas- sic boost converter. Co is the output capacitor for 

filtering purpose. 

 

The advantage of this converter is that it has high con- 

version ratio. The output depends on hybrid transformer. 

It requires additional components including the trans- 

former and the control is difficult. 

 

2.10 Boost Derived Hybrid Converter (BDHC) 

 

BDHC21,22 topology can be synthesized by replacing 

the controlled switch with an inverter bridge network. It 

can be single-phase or three-phase. 

 

Figure 10. Circuit diagram of BDH converter 

The BDHC has the following advantages21, 

 EMI and spurious noise causes the misgating of the 

two complementary switches of the same leg. This 

problem is eliminated in BDHC topology. 

 The shoot through condition does not cause prob- 

lems in the operation but this condition is used to 

supply AC load and also improves the reliability of 

the system. 

 The dead time compensation is not requires as it 

uses the shoot through condition. 

 Compared to the two stage converter which requires 

classical boost and VSI, BDHC has less number of 

controllable switches. This will also reduce the con- 

trol circuit. 

 From a single input DC supply, the converter can 

simultaneously supply both AC and DC loads. 

 

The limitation of BDHC is the peak value of ac output 

voltage is less than the input voltage. BDHC is well 

suited for low power photovoltaic application21. 

 

III. CONCLUSION 
 

Some of the Boost converter topologies used in 

Nanogrids have been reviewed in this paper. Detailed 

analysis of different topologies of Boost converter with 

advantages and disadvantages are done. The upcoming 

work may be extended for the design of some of these 

boost converter topologies for efficient, reliable, self-

sufficient and fault tolerant nanogrid and will be 

compared for their opera- tion and performance for the 

wide varying input. 
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