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INTRODUCTION Zhang and Zhao, 2009; Zhamg al., 2009). Since
EDLCs do not involve any chemical reactions, they

Renewable energy sources have given a greaare more environmental friendly compared to
impact in research and are essential in view dfiffos batteries.
fuel exhaustion and environmental conservation. The performance of EDLCs in terms of energy
Various analytical models ranging from energy and power density is essentially dependent on its
converters to energy storage system have beerbreakdown voltage by the electrolyte materials.
studied extensively with the aim of designing a Thus, the selection of an electrolyte with a high
robust energy harvester, maximising the outputelectromechanical potential is vital and generally
power of an energy harvester system. preferred for the generation of high breakdown

In recent years, energy storage systemvoltage (US Department of Energy, 2007). The
incorporating an electric double layer capacitor selection of electrolyte materials also influentes
(EDLC), also known as super capacitor, with power capacitance of an EDLC. Furthermore, the design
electronics has been developed extensively forand material composition of EDLCs electrodes are
renewable energy sources (Spyker and Nelms,also equally important in achieving high energy
2000b; Zubieta and Bonert, 2000). The EDLC has density. As most of the commercial EDLCs typically
been the main focus in the energy storage system focomprise of carbon structured electrodes, apprtepria
energy harvester due to its efficiency in power electrode designs such as pore distribution and por
density and long life cycle. EDLCs are able to size need to be optimised to ensure the electrode’s
provide large energy density compared to surface can be easily penetrated by the electrolyte
conventional capacitors because of its carbonions.
electrolytes which feature a huge surface area and Researchers found that the usage of smaller
thus large volumetric capacitance (Frackowiak, structured porous materials such as the electrode’s
2007; Zhang and Zhao, 2009). Furthermore, in materials generally contain a larger surface amra p
comparison with the battery, it requires only arsho unit volume and thus larger energy density (Cheing
duration for full charging and thus provides a &arg al., 2008; Inagaki, 2009; Mao and Chen, 2007; Stein
power density. EDLCs have unlimited charging and et al., 2009). Moreover, the advancement in
discharging cycles due to its electromechanical nanotechnologies does make it possible for
properties that allow charges to be stored phygical manufacturers to produce mesoporous materials,
without any chemical alterations (Frackowiak, 2007; especially through an appropriate synthesis process
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The selection of electrode and electrolyte selection of electrode and electrolyte materiaisoa
materials strongly reflects the electrode conditgtivn. done in determining the electrolyte breakdown
and hence the value of equivalent series resistanceoltage and its application for diverse ambient
(ESR) in the super capacitors. Since the powerenergy sources.
density of the EDLCs depends on the ESR, the
choice of electrolyte should be optimised to shé& t Edlc equivalent circuit:
electrode materials. In other words, the best Selec The equivalent circuit of a double layer
for electrode pore size will subject to the sizetodf capacitor can be represented as a simple lumped
ion in the electrolyte materials (Frackowiak and parameter model consisting of a capacitance (@) wit
Beguin, 2001). its equivalent parallel resistance (EPR) and an

This paper studies the impact of the rated ESRequivalent series resistance (ESR) (Spyker and
of an EDLC and its relation in an energy storage Nelms, 2000a), as shown in Fig. 1.
system. By studying the variation of ESR, a proper

Fig. 1: Simple Lumped Parameter Model of EDLC Equivaleintt.

The calculation of EPR usually involves the capacitor, the selection of rated ESR is relatethéo
process of charging and discharging a capacitdsto porosity of the electrode material. Each of the EDL
rated voltage over a substantial period of timac&i  selected has a maximum operating voltage of 5.5
this empirical study involves only a short charging Vdc and a nominal capacitance of 1.0 Farad (H3. It
and discharging time up to the order of a few also observed that the selection of capacitance is
minutes, the EPR can be disregarded due to ite larg strongly dependent on ESR. It is found that theieal
time constant of C. Thus, the equivalent circuit in of ESR for the supercapacitor increases with the
this paper is assumed to comprise of only thecapacitance. The rated ESR of each supercapacitor
capacitance and its ESR, which can be calculatedselected is 3% (Type A), 30Q (Type B) and 3.%2
based on the change in voltag®/, with respect to its  (Type C) respectively.

current Al during the charging process. The power source for this energy harvester is a
AV 10 W solar panel working under a controlled
ER=— condition with constant illumination. A voltage
Al (1) regulator circuit is applied into the system towes

The value of ESR varies according to the that the harvested output does not exceed 5.5 Vdc
operating temperature of an EDLC. As the operatingoperating range of EDLC. The ESR value of the
temperature affects the breakdown voltage of thesupercapacitor is altered overtime if the EDLC is
terminals and the porosity of carbon materialsten t operating above it rated voltage. The circuit floe t
electrodes, the choice of electrolyte is also dsden charging and discharging process of the EDLC is as

for the EDLC. shown in Fig. 2 and Fig. 3 respectively.
. _ Before the start of the charging process, each
Methodology and design analysis: capacitor is discharged completely to remove any

The empirical design of the study involves the residual voltage. The capacitors are dischargea in
usage of a 10 W solar panel and three EDLC withclosed circuit for 24 hours before they are used fo
different rated ESR. As the ESR is strongly this empirical study.
dependent on the electrolyte conductivity of a
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Fig. 2: Charging Circuit for Energy Storage System.
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LED

Fig. 3: Discharging Circuit for EDLC.

The energy storage process is carried out in an  For an improved visualisation, the measured
indoor workstation with the fluorescent light agth results are plotted into three different phasese Th
source of energy for the solar panel. This is tsuem  first phase of the cycle involves the initial chary
that a constant source of current and voltage isphase, where the EDLC is charged up from 0.1 V to
received throughout the study. The initial condito  4.95 V, as shown in Fig. 5 (a). Fig. 5 (b) shows th
for the indoor charging are shown in Table 1. Thesesecond phase of the results which comprise of the
conditions are monitored and maintained throughoutdischarge cycle for EDLC discharging from 4.85 V
the experiment. to 1.6 V. The final phase of the cycle involves

For the charging process, each type of analysing the recharging process, where the EDLC is
supercapacitor is charged up to a nominal voltd€ge o charged up again from 1.6 V to 4.85 V, as shown in
5.0 V before it is switched to the discharged dircu  Fig. 5 (c).

The EDLC is then switched to discharge mode by Subsequently, the charge rate for each respective
connecting a resistor and a LED in a closed circuit EDLC is calculated and tabulated in Table 2. Based
as shown in Fig. 3. on the data analysis of the graph and charge trage,

In order to further study the behaviour of its type A supercapacitor performs the best as it is ab
recharging process, the charging process is repeateto charge up to 4.85 V in the shortest time duratio
after the EDLC has been discharged to 30% of itsand thus has the fastest charge rate. Since therpow
nominal voltage, which isat 1.5 V. density is proportional to the rate of charge dely

The selected capacitors are subjected to a serieg/pe A supercapacitor would have the highest power
of charge and discharge cycles and the voltage andiensity compared to other EDLCs. For the discharge
current are recorded for each cycle respectiveitye T cycle, all the EDLCs appear to discharge in theesam
variations of voltage and current for each chamgg a time duration. However, further calculation on the
discharge cycle are recorded using a voltmeter anddischarge rate shows that type C supercapacitor
an ammeter throughout the experiment. From thesedischarges at the slowest time duration as it s b
voltage readings, the charge rate is calculated toretain it charge in a longer period compared to the
compare the effect of the ESR selection in theggner other EDLCs.
storage system. The measured voltage is rewritten
into charge, Q by using equation 2 to determine theConclusion:
charge rate for each EDLC. Based on the empirical study, it is found that the
Q=cCcv 2) EDLC with a higher rated ESR performs better in
terms of charge rate for the solar energy storage
system. However, due to the porosity of its eled®ro

The response of the capacitor voltage to materials, the EDLC also Io_ses it charge faster
different charge and discharge cycles for the threeCOmpPared to other supercapacitors. Consequendy, th

types of EDLCs is measured and plotted againstseleCtion of rated ESR which greatly depends on the
time, as shown in Fig. 4. In order to further reltte choice of electrode and electrolyte materials does

influence of ESR and hence electrode porosity en th affect the charge and discharge rate in an energy
charge rate of the EDLC, the measured voltage forStorage system. Future work may be required to

the charge and discharge cycles is re-plotted withfurther opt_imise the effect .Of ESR of the

charge against time, as shown in Fig. 5. supercapacitor, which may impact the output
capacity and its charging and discharging effect in
varied conditions.

Experimental Results And Discussion:

Table 1: Initial Conditions for Solar Panel.
[ Temperature, T [°C] [ Voltage, V[V] [ Regulated Volgd/ [V] |  Current, I [mA] | Power, P [mW] | Resistor, [ Q] |
31 [ 14.94 [ 4.94 [ 5.08 [ 75.7 [ 80 |

Table 2: Charge Rate for EDLC in 3 Phases.
Type of EDLC

Charge Rate [Coulombs/s]

Phase 1 (Charging) Phase 2 (Discharging) Phasela(&ng)
Type A 0.169 -0.361 0.231
Type B 0.110 -0.295 0.154
Type C 0.082 -0.271 0.147
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Fig. 4: Graph of Voltage, V versus Time, t for Three Typ&€&DLC.
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Fig. 5: Graph of Charge, Q versus Time, t for 3 Types DLE (a) Initial Charging Phase (b) Discharging
Phase (c) Re-Charging Phase.
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