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Abstract 
This paper presents a survey on supercapacitors and their application as power supply in microgrids 
(MGs) and electric vehicles (EVs). The importance of efficient dc-dc converters in this case is also 
discussed. One of the main topologies adequate for this purpose is discussed in detail i.e. the 
bidirectional interleaved boost converter. Finally, the design of a 2-kW prototype is presented so that a 
165-F/48-V supercapacitor module can be connected to a 96-V dc link. Simulation and experimental 
results are also presented to validate the theoretical assumptions. 

Introduction 
Capacitors are devices that have been commercially available for decades, which are used to store 
small amounts of energy and able to be charged and discharged hundreds of thousands times. 
Nanotechnology has enabled the emergence of capacitors that store hundreds of times more energy per 
unit volume or weight than their traditional counterparts. This new generation of devices is called 
supercapacitors, while it represents high-power energy storage elements if compared with 
conventional capacitors. Supercapacitors are so-called because their respective capacitances are of the 
order of thousands of farads, which are virtually impossible in conventional capacitors [1]. 
The use of such technology has been increasingly explored associated with power electronics, thus 
improving the performance MGs and EVs [1], [15], [21], [24], [26]. In such systems, supercapacitors 
(SCs) have become critical in the maintenance of the voltage balance across the dc links. Within this 
context, this work presents the evaluation of some dc-dc converter topologies and also the design of a 
bidirectional dc-dc converter rated at 2 kW to connect a 165-F/48-V supercapacitor module to a 96-V 
dc link to supply EVs. The chosen topology is the bidirectional interleaved boost converter. A 
laboratory prototype is also implemented and evaluated through simulation and experimental tests. 

Supercapacitors 
In recent years, SCs have presented some major improvements. They are characterized by the very 
low equivalent series resistance (ESR), thus allowing them to provide high currents and store large 
amounts of charge in a short period. By using high technology in the manufacturing process, it is 
possible to obtain a solid-state energy storage system based on carbon nanotubes which is perfectly 
rechargeable. Besides, nanoscale provides a large surface area for the accumulation of electrons and 
the exceptional increase in capacitance [13], [18]. SCs or electrical double-layer capacitors (EDLCs) 
are components able to store hundreds of times more energy than a standard capacitor or even a 
battery, while maintaining the ability to be charged and discharged faster [10], [13], [20], [24]. 
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(a) Voltage across and current through inductors 

(b) Voltage across and current through the active switches 

  

(c) Voltage across and current through the output capacitor 
Fig. 6: Voltage and current waveforms representing the converter operation 
 
From the current and voltage stresses regarding the converter elements obtained in both design 
procedure and simulation tests, it is possible to choose the components detailed in Table II for the 
prototype implementation. In order to increase efficiency and reduce losses in magnetic components, 
the inductors were implemented using toroidal cores manufactured by Iron Power. 

Table II: Components used in the prototype 

Components Specification Model Quantity 
Switches MOSFETs rated at  

171 A/150 V 
IRFP4568PbF - International Rectifier 4 

Inductors 310 µH Toroidal core T300-52D - Micrometals 2 
Capacitors 680 µF/150 V B43505 - Epcos 7 

The drive circuit of the active switches and the control system have been designed so that the voltage 
across the dc link remains constant at V2=96 V. For this purpose, it is first necessary to obtain the 
small signal model of the converter so that the relevant transfer functions can be obtained. In order to 
properly design the control loops, the n-phase bidirectional interleaved boost converter can be 
simplified in the form of a one-phase topology. By using the average state space method [7], it is 
possible to model the aforementioned converter according to the following expression: 
 

ሶݔ ൌ ݔܣ   (5)    ݑܤ
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