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Abstract. This research is an investigation into the development of an ideal 
drive cycle and power requirements for electric cycles on the Thapar 
Institute of Engineering and Technology Campus in Patiala, Punjab, India. 
The study explains the fundamental need for cost-effective, environmentally 
accountable transportation modes in educational campuses. The research 
introduces a representative drive cycle that is modified to reflect campus 
conditions developed based on three months of data collection, to simulate 
and describe energy use and efficiency of electric cycles. This study adds to 
the state-of-the-art for the implementation of electric vehicles specifically in 
educational campuses by defining the ideal power train and battery capacity 
necessary to operate an electric cycle effectively. 

1 Introduction 

India is taking a historic leading role in the international electric vehicle (EV) market. The 
imperative endeavor to minimize carbon emissions and reduce reliance on fossil fuels is 
striving for 30% of total vehicle sales to be electric by 2030 [1]. Currently being driven 
positively by affordable two-wheeler and three-wheeler EVs, the overall EV proposition still 
has work to do in terms of improving efficiencies related to costs and energy consumption 
[2]. Thapar Institute of Engineering and Technology (TIET) in Patiala, Punjab would be an 
apt case of an educational atmosphere that is leveraging its size - so as to provide 
opportunities to improve efficiency Table 1. Setting Word’s margins. 

The TIET campus is 250 acres and houses approximately 15,000 people; with 10,000 
undergraduate students, the campus is a logical place to evaluate an EV solution that would 
operate in an educational context. As shown in Fig.1, the campus is predominantly flat with 
an average temperature that ranges from 5°C during the winter months to 48°C during the 
summer months, evoking unique challenges and opportunities for the use of an electric cycle 
on campus. At present, the TIET campus is governed on approximately 1500 manual 
bicycles, while TIET has five electric bicycles, this project will facilitate a connection, by 
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providing an optimized driving schedule and determining required power and battery 
specifications for electric cycles, improving the timely experience of commuting. 

 

 

 

 

 

 

 

 

 
Fig. 1. Road map of Thapar Institute of Engineering & Technology. 

 

Cycle usage data was recorded through a mobile app for a period of three months, 
resulting in a rich dataset by which to model energy consumption and efficiency overall. This 
real-world data is paramount for developing a powertrain that works with the specific needs 
of the campus environment, energy efficiency as well as cost-effectiveness. 

2 Methodology 

To understand how electric cycles perform in real-world conditions, our research team 
conducted extensive field testing. For this research, representative drive cycles were derived 
by performing actual rides both inside and outside the Thapar Institute campus using a 
standard electric cycle Hero Lectro C6e, shown in Fig. 2. Every day, a unique route was 
assigned to a different rider from the team to ensure diverse data collection. We called each 
individual journey a "micro trip," following established research practices [3]. 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

Fig.2. Specifications and look of the Hero Lectro C6e cycle used in the study 

 

The drive cycle was integral to accurately predicting energy consumption, optimizing 
the powertrain design, and estimating battery capacity. As a result of modeling real-world 
use patterns within the drive cycle, the motor, controller, and battery could be correctly sized 
as the electric cycle would operate in campus conditions where greater energy efficiency and 
sustainability impressions are possible, while minimizing costs. It is unlikely that the 
performance, range, and power demands would be accurately predicted without the drive 
cycle [4]. 

Table 1. Data parameters and their measuring units 

Parameter Unit 

Rider’s weight Kg 

Time s 

Altitude m 

Acceleration m/s2 

Vertical velocity m/s 

Slope ° (degree) 

During these micro trips, several parameters were logged in real-time, enabling full 
data collection from the electric cycle's performance. The parameters that were included are 
listed in Table 1.  

 

 

 

 

 

 

 
 

Fig. 3. Boxplot for micro trips inside campus 

Data was harvested from the app, Gauges, for three months, with varied conditions and 
terrains that encompass the campus. Once data was harvested, Boxplot analysis provided a 
way to analyses variances from recorded parameters, and to describe how a Boxplot will help 
to describe variations in micro trips as well as, identify outliers and trends from the data. 
Boxplots can show the distribution of parameters, and assist in better descriptions of the data 
sets [5].  
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Fig. 4. Boxplot for micro trips outside campus 

Fig. 3 and Fig. 4 are Boxplots for each of the micro trips taken inside and outside campus, 
respectively, showing differences in speed during each of 22 different trips that involved 
different routes. The middle line in box plot shows 50th percentile that is middle value i.e. 
median and top is 75th percentile. 
 

2.1 Derivation of drive cycle 

Upon conducting analysis of the micro trips, drive cycles were created from the result of 
clustering similar data points into centroids with product derived clustering algorithms such 
as K-Means and Hierarchal Clustering. The best results came from an averaging method. The 
mean speeds were calculated for each time instance across all the micro trips so that average 
speeds could be observed during the trips [6]. 

2.2 Averaging algorithm 

Using Python, speed and time data was extracted from each micro trip and compiled into a 
single Excel file, refer to Table I (Appendix). This file included a common time frame for all 
trips and corresponding speed values for each micro trip captured for each time instant [7]. 
The average speed was determined for each time instant across all micro trips to create an 
average drive cycle. In this way, it was already possible to observe the average speed of the 
electric cycle at any moment during the trips. 

2.3 Calculation of average speed 

Each micro trip's speed data was processed using Python and the mean speed at each time 
instant was calculated. The instantaneous speed was averaged across all micro trips for each 
time point capturing the average speed profile over time. The average viewing speed of the 
electric cycle was observed at that specific instant in time, while the electric cycle was on its 
way. 

2.4 Designing the drive cycle 

A systematic and complete analysis of the collected driving data was done during this 
analysis to develop a representative drive cycle for the local conditions at Thapar Institute. 
This section presents the drive cycle developed by averaging the average velocities and 
acceleration profiles of the observed data. Average speed and acceleration profiles produce 

a representative and greatly simplified baseline cycle that can represent typical driving 
behaviours, thus forming a basis of comparison for the localized, optimized drive cycle. To 
visualize the drive cycle, a graph is plotted in Fig. 5, with speed (m/s) on the y-axis and time 
(s) on the x-axis. This graph represents the electric cycle’s performance during typical usage 
across campus. 

 

 

 

 

 

 

Fig. 5. Optimal Drive cycle around the Thapar Institute campus 

2.5 Energy calculations 

Using the concept of electric vehicle modeling, the force experienced by the cycle was 
calculated. The total force acting on the cycle, Ftotal, is expressed as the sum of various forces, 
including aerodynamic drag, inertial force, tractive force, and rolling frictional force: 
 

Ftotal  =  Fad + Fg + Frr + Fla (1) 

where: 

• Fad represents the aerodynamic drag, 
• Fg represents the inertial force (gravitational), 
• Frr represents the rolling resistance, 
• Fla represents the tractive force (lateral acceleration). 

At each time of a micro trip, the force is computed according to equation (1). Next, the power 
at each instance is computed using Python, as shown in Fig. 6.  

 The power values were extracted from each micro trip, and a new Excel file was created 
see Table II (Appendix), containing the power readings of each micro trip versus time. The 
average power for each row was then determined along each column. After the average 
power at each second was obtained, an average power versus time graph was plotted, shown 
in Fig. 6, using the matplotlib library in Python. Fig. 8 summarizes the complete cycle battery 
and motor optimization process through a flowchart representation. 
 
 

4

EPJ Web of Conferences 343, 01008 (2025)	 https://doi.org/10.1051/epjconf/202534301008
AIMACE-2025



 

 

 

 

 

 

 
 

Fig. 4. Boxplot for micro trips outside campus 

Fig. 3 and Fig. 4 are Boxplots for each of the micro trips taken inside and outside campus, 
respectively, showing differences in speed during each of 22 different trips that involved 
different routes. The middle line in box plot shows 50th percentile that is middle value i.e. 
median and top is 75th percentile. 
 

2.1 Derivation of drive cycle 

Upon conducting analysis of the micro trips, drive cycles were created from the result of 
clustering similar data points into centroids with product derived clustering algorithms such 
as K-Means and Hierarchal Clustering. The best results came from an averaging method. The 
mean speeds were calculated for each time instance across all the micro trips so that average 
speeds could be observed during the trips [6]. 

2.2 Averaging algorithm 

Using Python, speed and time data was extracted from each micro trip and compiled into a 
single Excel file, refer to Table I (Appendix). This file included a common time frame for all 
trips and corresponding speed values for each micro trip captured for each time instant [7]. 
The average speed was determined for each time instant across all micro trips to create an 
average drive cycle. In this way, it was already possible to observe the average speed of the 
electric cycle at any moment during the trips. 

2.3 Calculation of average speed 

Each micro trip's speed data was processed using Python and the mean speed at each time 
instant was calculated. The instantaneous speed was averaged across all micro trips for each 
time point capturing the average speed profile over time. The average viewing speed of the 
electric cycle was observed at that specific instant in time, while the electric cycle was on its 
way. 

2.4 Designing the drive cycle 

A systematic and complete analysis of the collected driving data was done during this 
analysis to develop a representative drive cycle for the local conditions at Thapar Institute. 
This section presents the drive cycle developed by averaging the average velocities and 
acceleration profiles of the observed data. Average speed and acceleration profiles produce 

a representative and greatly simplified baseline cycle that can represent typical driving 
behaviours, thus forming a basis of comparison for the localized, optimized drive cycle. To 
visualize the drive cycle, a graph is plotted in Fig. 5, with speed (m/s) on the y-axis and time 
(s) on the x-axis. This graph represents the electric cycle’s performance during typical usage 
across campus. 

 

 

 

 

 

 

Fig. 5. Optimal Drive cycle around the Thapar Institute campus 

2.5 Energy calculations 

Using the concept of electric vehicle modeling, the force experienced by the cycle was 
calculated. The total force acting on the cycle, Ftotal, is expressed as the sum of various forces, 
including aerodynamic drag, inertial force, tractive force, and rolling frictional force: 
 

Ftotal  =  Fad + Fg + Frr + Fla (1) 

where: 

• Fad represents the aerodynamic drag, 
• Fg represents the inertial force (gravitational), 
• Frr represents the rolling resistance, 
• Fla represents the tractive force (lateral acceleration). 

At each time of a micro trip, the force is computed according to equation (1). Next, the power 
at each instance is computed using Python, as shown in Fig. 6.  

 The power values were extracted from each micro trip, and a new Excel file was created 
see Table II (Appendix), containing the power readings of each micro trip versus time. The 
average power for each row was then determined along each column. After the average 
power at each second was obtained, an average power versus time graph was plotted, shown 
in Fig. 6, using the matplotlib library in Python. Fig. 8 summarizes the complete cycle battery 
and motor optimization process through a flowchart representation. 
 
 

5

EPJ Web of Conferences 343, 01008 (2025)	 https://doi.org/10.1051/epjconf/202534301008
AIMACE-2025



 
 
 
 
 
 
 
 

Fig. 6. shows the Force and power calculation. 

The energy required to complete the cycle was calculated by integrating the average power 
versus time graph using the trapezoidal rule, equation (2).The area under the curve, or energy 
required, was calculated to be 46,617.65534 Joules. With a 10% error considered, the energy 
required would be approximately 50,000 Watt-seconds (Joules). 
 

  E=∫t1t2 P(t)dt (2) 

 
The distance traveled in equation (3) was obtained by integrating the speed versus time graph. 

 
  E=∫t1t2 P(t)dt (3) 

 

If a 10% error is allowed, the approximate distance traveled would be ~ 2 kilometers [9]. 
 
 

 

 

 

 

 

 

Fig. 7. Average power vs time graph plot 

3 Results 

This section discusses the powertrain design of the electric cycle, then battery rating and 
power ratings for different ranges is calculated. Lastly, the most optimum battery and motor 
rating values for the electric cycles in the Thapar campus are found. 

3.1 Designing powertrain 

 

Fig. 8. Flowchart for optimizing the battery and motor of the electric cycle 

3.1.1 Convert Joules to Watt-hours (Wh): Since 1 Joule (J) is considered equal to 1 Watt-
second (Ws), and 1 Watt-hour (Wh) is considered equal to 3600 Watt-seconds, the energy 
consumption can be converted as follows:  

Wh=50,000J/3600W.s= ~14 Wh 
 
(4) 
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3.1.2 Convert Watt-hours to Ampere-hours (Ah): To find the battery capacity required, 
the formula used is: 

Ah=Wh/Voltage (V) 
 
(5) 

 

For a battery with a voltage of 36V, the calculation is: 

Ah=14Wh/36V=0.38 Ah 
 
(6) 

Thus, to travel 2 km within the campus, a battery with a rating of 36V and 0.38Ah is 
sufficient. 

3.2 Battery rating for various ranges 

The battery requirements for different travel distances were further extrapolated based on the 
energy consumed per 2 km. Battery ratings for various distances traveled are provided in 
Table 5 [9]. 

Table 5. Battery rating with power consumption 
 

S.no Distance to 
cover (km) 

Energy 
Joules(J) 

Power 
(Wh) 

Battery 
(Ah) 

1. 2 50,000 14 0.38 
2. 3 75,000 20.8 0.57 
3. 4 100,000 27.7 0.77 
4. 5 125,000 34.7 1 
5. 6 150,000 41.6 1.1 
6. 7 175,000 48.6 1.35 
7. 8 200,000 55.5 1.54 
8. 9 225,000 62.5 1.73 
9. 10 250,000 70 2 

3.3 Motor specifications 

The highest value of average power delivered during travel was extracted using Python on 
the Excel sheet for the Power vs Time dataset. As shown in Fig. 9, the peak average power 
was calculated to be 183.8W.  

 

Fig. 9. Calculated Average Power Requirement. 

By allowing a 10% margin for error, it can be concluded that a motor of approximately 200W 
power would be required for efficient travel inside the campus [10]. 

 

4 Discussion 

The analysis reiterated that developing a sophisticated drive cycle is a feasible mechanism 
for significantly improving the energy efficiency of electric cycles, particularly in an 
academic environment such as a university campus. Developing the powertrain specifications 
around the unique conditions and usage contexts of the campus ensures that the electric cycles 
are not only efficient, but practical for daily commuting. The sophisticated drive cycle 
accommodates the context-specific conditions of elements such as terrain, user disposition 
and behaviours, and other environmental conditions, which all work together for a more 
efficient and dependable transportation option. 

This study represents an appropriate model for educational institutions, or other like 
environments, to plan for sustainable transportation. The research shows how a tailored 
approach to electric cycle usage can successfully demonstrate the potential for enhanced 
energy efficiency and sustainability in specific contexts. 

In addition, the study focused on the important role of gathering and analyzing real-world 
empirical data. Real-world data pertaining to speed, acceleration, and terrain variations lead 
to a better and more accurate drive cycle and powertrain configuration which enhances 
performance and ultimately customer satisfaction levels. The study is an example of how to 
base transportation solutions on empirical data to better outcomes, rather than basing EV 
solutions on generalizations. By identifying and understanding the conditions and needs of 
the campus, the study provides a more accurate and useful solution, rather than a model EV 
solution. 

5 Conclusion 
This study was able to successfully develop an optimized drive cycle and appropriate power 
ratings for electric cycles operating at Thapar Institute. Based on the analysis and 
observations, a motor with a 200W BLDC (Brushless DC) rating and a battery rated at 36V, 
1Ah provides an adequate range for students and faculties to travel in an efficient manner 
across campus. These positive specifications indicate that electric cycles can satisfy students 
and faculties' daily commute demands reliably while providing access to an environmentally 
friendly mode of transportation. 

• Motor Rating: 200W BLDC   

• Battery Rating: 36V, 1Ah. 
 

The results of this research show the considerable potential of electric cycles to be sustainable 
transport options in academic settings. Electric cycles will reduce the reliance on fuels from 
conventional fuel-powered transport and reduce carbon emission while being greener for the 
campus. This work has addressed the need for Thapar Institute and a greater demonstration 
of how it can be rolled out in other educational institutions. 

Future research might want to focus on scaling this model to larger campuses and urban 
areas, while looking at how variations in terrains and climates affect some aspects of the 
efficiency and operational suitability of electric cycles. Furthermore, battery charging 
through renewable energy and advancements in battery-size technology will also provide 
even greater sustainability and transportation practicality options.       
 

Table 2.

2
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