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This experimental study investigates the performance of Lead Acid Battery 
driven Electric Rickshaws (E-Rickshaws) enhanced with a Capacitor Bank. 
With a growing demand for sustainable urban transportation solutions, E-
Rickshaws have emerged as a promising option. However, challenges such 
as limited battery life and variable performance under different load 
conditions persist. In this research, we explore the application of a 
Capacitor Bank circuitry to mitigate these challenges. The study involves 
a series of performance tests conducted on E-Rickshaws equipped with the 
proposed hardware model. Key parameters, including charging current, 
charging time, and discharging current under varying load conditions, are 
rigorously analyzed. Our experimental results reveal substantial 
improvements in E-Rickshaw performance when compared to 
conventional Lead Acid Battery-driven models. Notably, reductions in 
starting current and minimized power fluctuations, especially under full 
load conditions, lead to a smoother and more efficient driving experience. 
Crucially, the extended battery life resulting from these hardware 
enhancements demonstrates the economic viability of the modified E-
Rickshaw prototype. This research contributes valuable insights into the 
sustainable transformation of urban transportation, with implications for 
both performance optimization and economic feasibility in the E-Rickshaw 
industry. 
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1. INTRODUCTION

Auto rickshaws, once manually pulled by individuals for
transportation, have evolved significantly over time to become 
a crucial mode of conveyance in Asia, serving both passengers 
and cargo needs [1]. The journey of these three-wheeled 
vehicles through history is fascinating. In 1914, recognizing 
their potential for citizen transport, authorities began to 
regulate rickshaws. However, it was in the 1930s when cycle-
based rickshaws gained immense popularity in India, 
ultimately becoming the dominant means of transport by 1935. 
The transition to motorized rickshaws, powered by fossil fuels, 
occurred in 1957. 

These auto rickshaws hold a unique position in the bustling 
traffic landscape of India. Their affordability and ability to 
navigate congested roads make them indispensable. Yet, their 
widespread use has also given rise to a significant 
environmental concern: pollution resulting from inadequate 
maintenance and the use of low-quality fuel [2]. Recognizing 
the critical role these rickshaws play in local transportation, 
electrification emerged as a compelling solution [3,4]. 
Electric Rickshaws (E-Rickshaws) have emerged as a 
promising and eco-friendly mode of urban transportation in 
many parts of the world, particularly in densely populated 

urban areas. With their compact size, zero emissions, and 
affordability, E-Rickshaws offer a viable solution to the 
challenges of urban mobility while addressing environmental 
concerns.  

The advent of electric rickshaws marked a transformative 
shift. Unlike their conventional counterparts that relied on 
Internal Combustion Engines (ICE), electric rickshaws 
harnessed the power of electrical motors for propulsion [5]. 
However, despite their numerous advantages, E-Rickshaws 
powered by Lead Acid Batteries face certain limitations, 
notably in terms of battery life and performance consistency, 
which have hindered their widespread adoption and economic 
viability. 

In the pursuit of enhancing the performance and 
sustainability of E-Rickshaws, innovative solutions are 
continuously sought. One such solution under investigation is 
the integration of a Capacitor Bank circuitry into the E-
Rickshaw's electrical system. This experimental study delves 
into the promising prospect of augmenting Lead Acid Battery-
driven E-Rickshaws with a Capacitor Bank, with the 
overarching goal of extending battery life and improving 
overall performance. 
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The Lead Acid Battery is a common energy storage solution 
for E-Rickshaws due to its affordability and availability. 
However, these batteries are prone to limitations such as 
reduced life span and variable performance, particularly when 
subjected to high load conditions [6]. The integration of a 
Capacitor Bank aims to address these challenges by providing 
rapid bursts of power when needed, reducing strain on the 
battery, and potentially extending its operational life. 
This research embarks on a systematic exploration of the 
implications of this hardware modification. Performance 
parameters, including charging current, charging time, and 
discharging current under varying load conditions, will be 
rigorously examined to assess the impact of the Capacitor 
Bank on E-Rickshaw performance. The study aims to provide 
empirical evidence regarding the feasibility and effectiveness 
of this innovative approach, which holds the promise of not 
only improving the sustainability of E-Rickshaws but also 
enhancing their economic viability in the urban transportation 
landscape. 

The advantages of electric auto rickshaws, including 
reduced pollution and energy efficiency, have fueled their 
growing popularity [7]. To comprehensively assess their 
energy consumption and overall performance under varying 
load conditions, this study presents a prototype that has 
undergone rigorous testing, as elaborated in the subsequent 
sections. 

In their pioneering work, Bansal et al [8] conducted a 
comprehensive examination of the adoption and financial 
considerations related to e-rickshaws among the Indian 
population, with a particular focus on Gurugram as a 
representative case study. Furthermore, this research employs 
box plots and limited dependent variable models to offer 
valuable insights into the intricate interplay between socio-
economic factors, travel mode preferences, and various 
associated characteristics. 

In their study, Rohit et al  [9] explored the growing 
significance of energy storage within the energy landscape of 
India, encompassing both traditional and renewable sectors. 
They shed light on the extensive potential that energy storage 
systems hold within the Indian renewable energy sector, owing 
to their diverse applications and associated benefits. 

In their comprehensive review, Rautela et al [6] delved 
into a spectrum of contemporary technologies centered 
around the secondary utilization of used Lithium-ion Batteries 
(LiBs) and the recycling of discarded LiBs through 
multiple methods, including direct recycling, 
hydrometallurgy, pyrometallurgy, bioleaching, and 
alternative biological processes. Their primary 
objective was to contribute to the advancement of 
recycling practices for waste LiBs, particularly in facilitating 
industrialization and streamlining recycling procedures. 

In their research, Jaganath et al  [10] introduced 
an investigation focused on establishing a 
socioeconomic framework for contemporary Electric 
Vehicle (EV) transportation. This framework 
incorporates renewable energy-integrated charging carport 
infrastructure and accounts for individual component 
degradation costs within the system. 

In their scholarly work, Akhtar et al [11] provided 
a thorough examination of the latest advancements in 
charging techniques for Low-Emission Vehicles (LEV). 
Their focus was specifically directed towards the 
various DC-DC converter topologies employed in both on-
board and off-board charging systems, shedding light 
on the significant developments in this domain. 

Zhou et al  [12] provide a comprehensive summary of the 
EV charging interface and the associated charging 
specifications relevant to high-power fast-charging systems 
with capacities up to a hundred kilowatts. Their work also 
addresses the ramifications of fast charging on power batteries 
and underscores the incontrovertible direction of high-power 
fast-charging technology as an integral facet of future electric 
vehicle development. 

2. CONVENTIONAL E-RICKSHAW

Table 1 illustrates the technical attributes of the standard E-
Rickshaw. This conventional E-Rickshaw is powered by a 
1000-watt brushless DC motor, linked to a controller with a 
rating of 48 volts and 50 amperes, as detailed in the study by 
[13]. The choice of motor power influences the vehicle's 
acceleration, top speed, and load-carrying capacity[14]. 

The heart of any electric vehicle, including E-Rickshaws, is 
the battery system. Conventional E-Rickshaws often utilize 
lead-acid batteries, although some models have transitioned to 
lithium-ion batteries for improved energy density and reduced 
weight.There are four batteries each of 12 volts and 100 
ampere- hour for storage.  

The range of Conventional E-Rickshaws on a single charge 
depends on factors such as battery capacity, motor efficiency, 
and driving conditions [15,16]. When it is charged once, it can 
run for approximately 70 to 80 kms with maximum loading 
capacity of 500 kg. Charging times vary as well, with standard 
charging taking 6 to 8 hours and fast-charging systems 
reducing this time significantly. 

Performance metrics include parameters such as top speed, 
acceleration, and gradeability. During operation, it has the 
capability to achieve a maximum speed of 25 kilometers per 
hour, with the rate of acceleration contingent upon the motor's 
power output. Gradeability, or the ability to climb inclines, is 
influenced by motor power and vehicle weight. 

In the market, the price range for the conventional rickshaw 
typically falls between INR 1.5 lakhs to 1.6 lakhs [6]. 

Figure 1 Circuit representation of E-Rickshaw 

Figure 1 above illustrates the comprehensive block diagram 
encompassing all the components essential for the seamless 
operation of the system. 

Even with a very low energy-to-weight ratio and a low 
energy-to-volume ratio, lead-acid batteries have ability to 
supply high surge currents means that the cells have a 
relatively large power-to-weight ratio [13]. These attractive 
features, along with their low cost, turn them best-suited for 
use in motor vehicles for high current requirements. The terms 
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Table 1. Technical specifications of E- Rickshaw 

which determine the major characteristics of battery are as 
follows: 
 Usable Capacity: It refers to the total energy extracted

when discharging a battery from a fully charged state
down to the voltage level at which the discharge is
terminated.

 Polarization: Undesirable impedances which mainly
occur during the chemical reactions inside a battery are
commonly known as Polarizations.

 State of Charge (SOC): It can be defined as the
percentage ratio of the current available capacity to its
initial capacity when the battery was brand new.

 Charge Recovery Effect:  During high-load discharge,
the rapid external energy demand surpasses the rate at
which chemical reactions can occur within the battery.
Consequently, the concentration of active charges near the 
electrodes becomes lower than their concentration within
the battery's interior. This phenomenon explains the
reduction in available capacity.

3. SYSTEM MODELING AND PARAMETER
ESTIMATION

Accurate parameter estimation plays a pivotal role in 
system modeling for E-Rickshaws. The complex interplay of 
components, including battery characteristics, motor 
efficiency, controller dynamics, and vehicle dynamics, 
necessitates precise parameter values [17].  
The primary challenge with traditional E-Rickshaws lies in 
their limited travel range and decreasing battery efficiency, 
often resulting from improper vehicle operation. As a result, it 
has been noted that the conventional E-Rickshaw's battery 
typically experiences degradation within approximately one to 
one and a half years of use. The life span of a battery can be 
improved by managing profile of the current taken by the load 

from battery.  When battery gets discharged through high 
current, the speed of draining becomes fast as well as energy 
supplied to load is also affected [18]. This constraint has to be 
considered at the time of manufacture as it cannot be changed 
due to chemical process. However, we can control the current 
which is drawn by the load.  

This paper outlines potential avenues to determine and 
validate that the variation of the load current leads to an 
improvement of the battery capacity provided that the load 
shouldn’t be affected. In this study, we introduce a prototype 
system comprising essential components found in traditional 
E-Rickshaws, including a Brushless DC motor, controller,
rechargeable battery module, control circuitry, and
instrumentation system. We augment this system with a
Capacitor bank, connected in series and parallel to achieve a
capacitance of 220µF at a voltage rating of 450V. The
schematic representation of this proposed prototype is
presented in Figure 2 for reference.

Figure 2 Proposed E-Rickshaw model 

The hardware model of capacitor bank along with the buck 
boost converter is shown in Figure 3.  

Figure 3. Capacitor Bank hardware model 

The internal circuit diagram of capacitor bank with the 
connection of diodes is shown in Figure 4. Capacitor bank is a 
crucial hardware block which is included in our proposed 
system with a motive to increase the battery capacity by 
reducing the various parameters like charging current, 
charging time, discharging current drawn from the battery. 

The battery undergoes a sustained discharge current under 
various load conditions. Specifically, during the peak current 
experiment, the average current is maintained at 19 Amperes. 
To achieve this average current draw, we examine five distinct 
load profiles. 

Components Value 

Size (L  W  H) 
2810 mm  965mm 

1780 mm 
Drive  

(Breshlless DC motor) 
47.5V, 1000W 

Controller 47.5V, 50Amp
Maximum Speed 23 km/hr 

Mass 
210 kg  

(Without Battery) 

Braking 
Hand and foot Brake 

(Drum type) 
Battery Storage 4 12V, 80Ah -105Ah 

Charging Specifications 

Input Voltage 165V -280V, 
48.5-62.3 Hz,  

5 Amp  
Output 12 A ±0.3 Amp, 

65V max. 
Carrying capacity 450 kg 

Distance covered per 
charging 

75-95 km

Price 
1, 45,000/- to 1, 75,000/- 

INR 
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Figure 4 Connection Circuituty of Capacitor Bank 

4. RESULTS AND DISCUSSION

We evaluate the performance of the proposed prototype
[19, 20, 21] by incorporating a capacitor bank (220µF, 450V 
series-parallel configuration) in conjunction with the battery, 
as illustrated in Figure 5. The battery capacity under varying 
load-conditions is investigated for following factors: 

1. Effect on starting current.
2. Effect on accelerator throttle load.
3. Effect on fluctuation range of discharging current.

Figure 5. Experimental setup of the system 

The different load profiles are denoted as (D+n), where 'D' 
represents the driver, and 'n' signifies the number of passengers 
occupying the E-Rickshaw [11, 22]. Different load conditions 
mimic real-world scenarios and help us assess how the E-
Rickshaw performs under various operational circumstances. 

To comprehensively assess the impact of the capacitor bank 
in the proposed hardware prototype model, we have compiled 
data in Table 2, which includes the maximum starting current 
values for both scenarios: with and without the 
implementation of the capacitor bank. Additionally, Table 3 
and Table 4 present data depicting the variations in accelerator 
throttle load and fluctuations in discharging current during 
operational conditions for all load profiles. These tables offer 
a comparative analysis of the performance with and without 
the inclusion of the capacitor bank. 

The experimental validation, conducted using a DC power 
analyzer, confirms that the inclusion of the capacitor bank 
leads to a consistent reduction in the starting current across all 
load conditions. This reduction is graphically illustrated in 
Table 2 using bar graphs. 

Table 2. Starting current with and without capacitor bank 

Table 3 presents the accelerator throttle load values for 
various load conditions, comparing our proposed prototype 
with the conventional type. During extensive testing over 
approximately five hours, the driver operating the proposed 
prototype reported a noticeable reduction in accelerator 
throttle load when the capacitor bank was utilized. This 
reduction significantly contributed to a smoother and more 
enjoyable driving experience. 

Table 3 - Load in accelerator throttle with and without 
capacitor bank experienced by driver 

S.No. Loading Type (D
+ 0, 1, 2, 3, 4) D=

Driver 

Load in 
accelerator 

throttle 
without 

capacitor 

Load in 
accelerator 

throttle with 
capacitor 

1 D+0 Normal Normal 
2 D+1 Low Normal 
3 D+2 Medium Low
4 D+3 Heavy Moderate
5 D+4 Extra Heavy Moderate 

Table 3 provides empirical evidence of a reduction in the 
fluctuation range of discharge current across all load 
conditions when the capacitor bank is integrated. These 
fluctuation values are recorded during the vehicle's operation, 
further demonstrating the capacitor bank's stabilizing effect. 

Table 4. Fluctuation in discharging current with and without 
capacitor bank (Running condition) 

D+0 D+1 D+2 D+3 D+4

Maximum
Starting current

without
Capacitor bank

(in Amp)

32 40 45 50 57

Maximum
Starting current
with Capacitor
bank (in Amp)

21 26 31 39 41

0102030405060
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Starting current with and without capacitor  bank

S.No. Loading 
Type (D + 0, 

1, 2, 3, 4) 

D= Driver 

Discharging 
current 

Fluctuation 
Range without 

capacitor 
(Running 

condition) Amp 

Discharging 
current 

Fluctuation 
Range with 
capacitor 

(Running 
condition) Amp 

1. D+0 2-25 2-14
2. D+1 4-16 4-11
3. D+2 5-22 5-14
4. D+3 8-24 6-17
5. D+4 11-29 9-19
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The discharging current of the battery with different load 
profiles is measured through a DC analyser and the plots are 
shown in Figures 6-10. The observation is quite evident: the 
introduction of a capacitor bank in tandem with diodes 
leads to a significant reduction in the fluctuations within the 
discharge current of the battery. This effect is particularly 
notable when assessing the impact of varying duty cycles on 
the battery's capacity. 

In systems subjected to duty-cycled loads, where the 
demand on the battery fluctuates periodically, the capacitor 
bank plays a pivotal role in stabilizing the load current. As 
loads vary in intensity over time, the capacitor bank efficiently 
smooths out these fluctuations, ensuring a more consistent 
discharge current from the battery. This reduction in discharge 
current fluctuations is of paramount importance for several 
reasons. Firstly, it enhances the overall stability of the 
electrical system, minimizing sudden spikes or dips in power 
that could affect the performance of the electric vehicle. 
Secondly, it contributes to improved battery management, 
extending the battery's lifespan by reducing stress on its 
components. Furthermore, this observation underscores the 
capacitor bank's adaptability to varying duty cycles, making it 
a valuable component in applications where load patterns are 
subject to periodic changes. In essence, the capacitor bank, 
when used in conjunction with diodes, not only optimizes the 
performance of the electrical system but also enhances its 
resilience in dynamic and variable operating conditions. This 
finding holds significance for applications ranging from 
electric vehicles to renewable energy systems, where the 
stability of power delivery and battery health are paramount. 
The battery is subjected to a continuous discharge current in 
the discharge rate experiment. In the maximum discharge 
current experiment, the average current drawn is set to 29 A 
and five different load profiles are used to obtain that average 
current. The load profiles in the period experiment are on/off 
wave-like fixed duty cycle (50%) and fixed on-current (2A), 
but with a varied period. 

Figure 6. Discharging Current with load D+0 

Thus, studying the discharging current with varying load 
conditions of an E-Rickshaw equipped with a Capacitor Bank 
is vital for evaluating the system's performance, battery health, 
and the impact of the capacitor on ride quality [23]. It's a key 
aspect of assessing the practicality and efficiency of such 
modifications in real-world urban transportation scenarios. 

Figure 7. Discharging Current with load D+1 

Figure 8. Discharging Current with load D+2 

Figure 9. Discharging Current with load D+3 

State of Charge (SOC) plays a pivotal role in effectively 
managing electric vehicles and ensuring their power delivery 
remains stable even when operating conditions fluctuate. In 
practical automotive scenarios, accurately quantifying the 
lithium content within an electrode is a complex task. Instead, 
SOC must be determined through real-time assessments of 
voltage, current, and temperature. 
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Figure 10. Discharging Current with load D+4 

SOC serves as a crucial indicator, offering insight into the 
battery's current condition, and facilitating the safe and 
optimized charging and discharging processes to extend the 
battery's lifespan. 

Table 5.  SOC of Battery with and without capacitor bank 
(Running condition) 

In Table 5, we observe a significant enhancement in the 
State of Charge (SOC) of the battery over a total runtime of 
5.5 hours, with and without the use of a capacitor bank, as the 
load profile varies. When the capacitor bank is employed, 
there is a remarkable improvement in the SOC compared to 
scenarios where it is not utilized. This improvement 
underscores the positive impact of integrating a capacitor bank 
in stabilizing and optimizing the battery's SOC across different 
load profiles. 

Figures 11, 12, 13, and 14 depict the State of Charge 
(SOC) of the system as it evolves over time while the 
proposed model is subjected to various load conditions. 
These figures provide a show how the SOC changes in 
response to different loads, both with and without the 
incorporation of a capacitor bank. 

Figure 13. SOC of battery for load D+0 

Figure 14. SOC of battery for load D+1 

Figure 11.  SOC of battery for load D+2 

Figure 12. SOC of battery for load D+3 

Loading Type 
(D + 0 ,1, 

2,3,4) D= Driver 

%  
SOC 
improve
ment  of 
Battery 

D+0 
00 

70<SO
C <75% 

45<SO
C <50% 

36.9% 

D+1 
00 

65<SO
C <70% 

45<SO
C <50% 

40% 

D+2 
00 

60<SO
C <65% 

30<SO
C <35% 

46.7% 

D+3 
00 

55<SO
C <60% 

25<SO
C <30% 

50% 

D+4 
00 

50<SO
C <55% 

SOC 
<25% 

53.8% 
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The employed drain current refers to the rate at which 
electric current is drawn from the battery during the operation 
of the E-Rickshaw. In this study, the drain current used is 
significantly higher, specifically two orders of magnitude 
larger, than the current specified in the battery datasheet. The 
battery datasheet specifies a current of 0.2 mA, and the 
battery's rated capacity is indicated as 240 mAh at this current. 
Due to the extremely high drain current, the effective capacity 
of the battery is drastically reduced. The battery might 
discharge rapidly, and its voltage may drop more quickly than 
expected. This can affect the overall performance of the E-
Rickshaw and could potentially lead to reduced operational 
range and a shorter battery lifespan.  

At the current drain levels utilized in this study, the battery 
capacity is significantly lower, approximately two orders of 
magnitude smaller than its rated capacity, measuring around 
5mAh. To bolster the study's findings, additional experiments 
should be conducted at discharge currents more commonly 
encountered in practical applications. 

Figures 9, 10, and 11 provide insights into how each of 
the three examined factors impacts battery capacity. 
Notably, the discharge rate exerts the most substantial 
influence and is a well-established phenomenon. A 
lower peak current corresponds to a higher effective 
battery capacity, with this effect being particularly 
pronounced at lower drain currents. 

5. CONCLUSIONS

In this study, we conducted simulations to analyze the
behaviour of the battery under various load scenarios. We 
focused on assessing key parameters such as starting current, 
accelerator throttle load, and fluctuations in discharge current 
across these different load modes. The objective was to 
comprehensively evaluate the performance of our proposed 
system, which incorporates a capacitor bank, and compare it 
with conventional systems. 
The results obtained from our simulations unequivocally 
demonstrate the advantages of our proposed system. Even 
when subjected to heavy load conditions, our system exhibited 
a significant reduction in the starting current. This reduction 
not only contributes to smoother driving experiences but also 
indicates an improved power delivery efficiency. 

Furthermore, our findings suggest that the inclusion of a 
capacitor bank in our hardware model has led to enhancements 
across all evaluated parameters. This indicates that our system, 
with the capacitor bank as a critical component, performs 
notably better than conventional systems in terms of starting 
current reduction, throttle load optimization, and minimizing 
discharge current fluctuations. 

As the e-rickshaws typically rely on batteries for power, 
incorporating the capacitors serve the purpose of buffer power 
delivery to the motor. This potentially reduces the stress on the 
battery, resulting in longer battery life extends to more than 
double & hence the system with capacitor has twice the life 
time. 

In summary, our study showcases the superior performance 
of our proposed hardware model, highlighting the positive 
impact of the capacitor bank on various crucial parameters. 
This research contributes valuable insights into the 
optimization of electric vehicle systems, particularly in the 
context of E-Rickshaws, ultimately leading to enhanced 
efficiency and a more pleasant driving experience. 
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