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ABSTRACT: Bicycles are an important mode of transport for blue-collar workers in India. They are affordable and provide 
transportation, but are not as easy and efficient to use as gas-powered vehicles, such as motorbikes. E-bikes are a popular alternative 
to bicycles and are used by many. However, commercial e-bikes are not affordable for blue-collar workers. A cheaper alternative to 
commercial e-bikes is DIY e-bikes, where a regular bicycle is converted to an e-bike using a motor, battery, and other components. 
DIY e-bikes provide users with access to an e-bike but at a lower cost. Using an e-bike over a regular bicycle would help workers 
with their daily commute, as it is less physically draining and allows for faster travel. This research paper provides a comparative 
analysis of DIY and commercial e-bikes based on their performance, cost, safety, reliability, and environmental impact. In this 
research, the method was done by building and testing a DIY e-bike and comparing it with a commercial e-bike. This research 
will also demonstrate a 53% cost benefit on a DIY e-bike as compared to buying a commercial one. 

KEYWORDS: Chemical Energy, Fuel Cells and Battery Development, DIY, E-bike, Battery. 

�   Introduction
India has become one of the fastest-growing economies in 

the world over the last few decades. But even with this formi-
dable progress, poverty continues to be an enormous problem 
in India. This growth has only supported a small percentage of 
people, while most of the regular citizens continue to struggle 
daily.1 In India, over 20% of workers commute to their work-
place using a bicycle, 17% of whom reside in urban areas, and 
21% reside in rural areas.2

Additionally, about 31% of rural workers walk an average of 
3.5 km to their place of employment, and 25% of workers trav-
el 8 km to their place of employment.3 In a survey consisting 
of over 600,000 Indian families, a bicycle was owned by over 
50%.4

India’s poverty index, although it has improved in the past 
decade, still shows a significant number of people all over India 
below the poverty line. With over 25% of the population below 
the poverty line in a few states, India is a country where a ma-
jority of its population consists of blue-collar workers.5

E-bikes (electric bicycles) are a popular mode of transpor-
tation, providing the speed and comfort of a gas-powered 
vehicle. They are a more environmentally friendly mode of 
transport compared to gas-powered motorcycles. E-bikes can 
be considered the fastest-growing means of transport market in 
several regions of the world, especially China.6 The worldwide 
e-bike market is experiencing growth, but varying geographi-
cally. An estimated 30 million units were sold in 2012, and the 
number was estimated to grow to 47.6 million by 2018.7 Over 
40 million e-bikes were sold globally in 2015, 90% of those 
sales being in China.8 Annual e-bike sales are anticipated to 
reach over 130 million by 2025, and over 800 million by 2100.9 
E-bikes still have the power to improve and develop to have a 
bigger role in international transport systems.

The Indian e-bike market is estimated at only $27 million. 
With the highest annual growth rate of 17.68%, it is expected 
to reach $60.93 million by 2029.10 The Chinese e-bike mar-
ket, accounting for over 90% of the Asia-Pacific e-bike market, 
currently has a market size estimated at $10.68 billion and 
is expected to reach $12.39 billion by 2029 with an annual 
growth rate of 3%.11 China has seen an annual growth of 86% 
in e-bikes in the past decade, now outnumbering gas-powered 
vehicles by twice the amount.12 The Japanese e-bike market is 
estimated at $0.99 billion and is expected to reach $1.78 billion 
by 2029, with an annual growth rate of 12.57%.13 The Middle 
East and Africa e-bike market was valued at $805 million in 
2021. It is projected to reach $1.27 billion by 2027, with an an-
nual growth rate of 7.89%. E-bike sales and production slowed 
down as a result of the pandemic in 2020, but the market has 
regained its momentum and returned to normal. Recently, the 
demand for e-bikes has started increasing as an attempt to 
avoid public transport.14

The European E-bike market is estimated at $19.36 billion, 
expected to reach $29.28 billion by 2029, with a growth rate 
of 8.63%. A total of around 26 million e-bikes were sold in 
2022, with the city, trekking, and mountain bikes being the 
most popular, accounting for 94% of all e-bike sales.15

E-bike sales in Europe between 2007 and 2012 grew by 10 
times. In France, sales of traditional bikes dropped 9% while 
e-bike sales rose by 15%. The current E-bike market size in 
North America is estimated at $3.45 billion, the highest in the 
world. It is expected to reach $7.54 billion by 2029, with an 
annual growth rate of 16.91%.16 The pandemic caused people 
to develop exercise habits, causing an adoption rate of 3.1%.16 
The current e-bike market in South America is estimated to 
be $122 million. With an annual growth rate of 5.82%, it is 
expected to reach $160 million by 2029. The e-bike market 
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in South America is currently emerging, with a few countries 
having notable unit sales. These sales are a minor fraction of 
global sales. This is due to the high price and local perceptions 
of e-bikes being ‘premium two-wheelers’.17

Most modern cities run on a public transportation system; 
however, the promotion of vehicle-sharing systems or alterna-
tive transportation methods has only recently begun. Over 400 
cities in the world have car-sharing systems. They are mostly 
located in Europe, with 80% of the cities. They are also lo-
cated in North America and Oceania.18 In 2008, in the city 
of Amsterdam, 38% of all trips were on a bicycle. With 50% 
of Amsterdam’s residents riding a bike daily, and 85% of its 
residents riding one at least once a week, bicycles are an im-
portant part of the city’s transportation. Promoting bicycles 
in urban transportation requires specific policies and struc-
tures, including new traffic rules, construction of cycling paths, 
parking areas, and overall integration throughout the city. A 
main concern with bicycle riding is safety. Due to the rela-
tively low amount of physical protection for cyclists compared 
to residents in cars, cyclists are more vulnerable to accidents. 
However, these safety concerns are less applicable in the case of 
electric bicycles, due to their ability to travel at higher speeds, 
requiring less effort to work, and overall higher mobility.18 
Commercial e-bikes typically feature motors ranging from 250 
to over 750 watts, usually achieving speeds from 20 mph to 28 
mph for higher-priced models. Most commercial electric bikes 
could easily achieve a range of over 25 miles on a single charge. 
While DIY e-bikes can offer similar power ranges and speeds, 
the efficiency and output can be less predictable, depending 
on the motor, battery, and other components. It is important 
to check the battery’s specifications (Voltage, Ampere hours, 
wattage) align with those of the motor.19 A study conducted 
showed mixed results when comparing DIY e-bikes to regular 
e-bikes. Regular e-bikes were found to be designed with more 
optimized power delivery, motor efficiency, and battery man-
agement, as opposed to DIY converted bikes, which had no 
such systems in place.20 On the other hand, the performance of 
DIY e-bikes depends largely on the quality of the conversion 
kit and the user's knowledge and skills. High-quality conver-
sion kits can deliver performance comparable to that of regular 
e-bikes, but this is not always guaranteed. Moreover, studies 
suggest that regular e-bikes often provide better integration of 
components, which can lead to a smoother and more reliable 
riding experience.7 Safety and reliability are critical concerns 
when using and making DIY e-bikes. Although factory-built 
e-bikes are subject to stringent safety regulations and stan-
dards, most name brands’ e-bikes undergo rigorous testing to 
ensure they meet certain safety standards, which can provide 
consumers with confidence in their purchase.21

E-bikes favor both public health and the environment by 
helping the public increase their physical activity and by de-
creasing the emissions of harmful gases.22 While e-bikes are 
more environmentally friendly than gas-powered bikes, the 
production and transportation of both commercial e-bikes and 
regular bikes (that are converted to electric) still generate a 
significant amount of greenhouse gases.23 Arguably, the larg-
est environmental impact of commercial e-bikes comes from 

lead pollution during the production, recycling, or disposal of 
lead-acid batteries.24 When looking at the environmental im-
pact of DIY and commercial e-bikes, using a conversion kit is 
a more environmentally friendly option. This approach min-
imizes waste and leverages the lifespan of already-produced 
bikes, which is more sustainable. Manufacturing new e-bikes 
entails a larger environmental footprint when compared to DIY 
e-bikes. Although major manufacturers incorporate the most 
energy-efficient technologies, the full production cycle tends 
to have a higher carbon footprint due to material extraction, 
manufacturing, and transportation.25 The emissions from the 
manufacturing of e-bikes are less relevant to health issues as 
the manufacturing plants, the source of the emissions, tend to 
be far away from most of the area’s resident population.26 A 
report showed that negative health effects from manufacturing 
plants are scaled five times lower than the health effects caused 
by tailpipe emissions of gas-powered vehicles.12

One study showed that respondents found e-bikes safer 
when compared to regular bikes. 60% of all respondents stat-
ed that they feel safer on an e-bike rather than on a regular 
bike.7 Their reasons for this lie with the quick acceleration and 
faster speed, helping with getting out of incidents, keeping up 
with traffic, and having a better high-speed balance. A study 
conducted showed that respondents were more likely to obey 
laws, including traffic lights and stop signs, while using e-bikes 
due to their acceleration and performance.20 The respondents 
also stated that the flexibility of an e-bike helps keep the roads 
safe, as they can easily keep up with road traffic as well as use 
the sidewalk at a lower speed. Commercial e-bikes offer a 
significant advantage in terms of warranty and support. They 
typically come with warranties, often from both the manufac-
turer and the parts manufacturers. This dual support covers 
both the bike's and its components’ performance and quali-
ty. Additionally, service and support for commercial e-bikes 
is much easier, as many bike brands and shops are equipped 
to handle specific maintenance and repair needs. In contrast, 
DIY e-bikes lack warranty coverage, and finding specialized 
support for them is difficult. Service centers would be less 
familiar with the huge amount of conversion kits available, 
making repairs and maintenance a more complex task for bike 
owners.19 In a survey comparing DIY and commercial e-bikes, 
it was shown that the prices of either e-bike varied from $500 
to $2,500. The most common costs for either option of e-bike 
were from $1,000 to $1,500, with 20% of respondents an-
swering in that range, and the least common costs were from 
$2,000 to $2,500, with only 10% of respondents answering 
in that range.7 Comparing the prices of DIY and commercial 
e-bikes showed that the conversion kits generally had lower 
costs than those of commercial e-bikes.

�   Methods
This study was conducted in-house, using a regular bicycle. 

The DIY kit and battery were purchased from Amazon. This 
e-bike was assembled to test the difference between a DIY 
and a commercial e-bike. The creation of this bike allowed 
the comparison of the two kinds of e-bikes in terms of their 
respective costs, convenience, range, and speed. Figure 3 rep-
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resents the working principle of an e-bike. It applies to both 
DIY and commercial e-bikes. The motor, controller, throttle, 
switch, and battery are all electronically connected. The mo-
tor is mechanically connected to the freewheel using a chain. 
While the switch is on and the throttle is turned, the electronic 
controller sends current from the battery to the motor. The 
motor is connected to a chain, which drives the freewheel. As 
the motor starts running, the freewheel spins. The freewheel, 
connected to the bicycle wheel, causes the bicycle wheel to ro-
tate and the bicycle to start moving. As the throttle is turned 
more, the controller sends a higher current from the battery 
to the motor, until it reaches the battery’s maximum capacity.

�   Components 
1. DC motor:
A DC motor is one of a class of rotary electrical machines 

that converts direct current electrical power into mechanical 
power.27

It provides power to the wheel, and it moves without the 
need for pedalling.

The motor used for this product was 24V (volts), 250 (watts)

2. Battery:
A battery is required to supply direct current to the motor 

for it to run.
The battery used in this product was 24V (volts), 7.5Ah 

(ampere-hours)

3. Controller:
The speed controller of an electric bike is an electronic cir-

cuit that not only controls the speed of an electric motor but 
also serves as a dynamic brake. This controller unit uses power 
from the battery box and drives it to the motor.

The mechanism of the electronic controller differs depend-
ing on whether you own a DIY or commercial e-bike. A DIY 
bike includes an electric drive system installed on a normal 
bicycle. A commercial e-bike, more expensive than a DIY bike, 
provides easier acceleration and affords extra features.27

4. Throttle:
Handlebar grips with a throttle are included in regular con-

version kits.
These connect to the controller to provide variable current 

readings to the motor, to run at different speeds depending on 
the activation of the throttle.

5. Mechanical parts:
The required mechanical parts would be an extra freewheel, 

a chain that fits the teeth on the motor, and a bracket to attach 
the motor to the bike.

Figure 1: Figure 1 explains how an electric bicycle works. It outlines the 
sequential process an electric bike undergoes from activation to motion.

Figure 2: Figure 2 provides a labeled diagram of an electric bicycle. The 
diagram is of a complete electric bicycle made using a DIY Kit. The diagram 
points to the bicycle’s Controller, Motor, Switch, Battery, and Throttle, which 
are the key components of an electric bicycle.
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of components. DIY e-bikes are also more environmentally 
friendly, as the production of e-bikes leads to major harmful 
gas emissions. DIY e-bikes prove to be a much more affordable 
option when compared to either commercial e-bikes or similar 
gas-powered vehicles. Using DIY e-bikes, blue-collar workers 
can get to their respective workplaces more conveniently. It 
would allow them to be less tired due to the physical stress 
from pedalling a cycle. They reach their workplace faster due to 
the higher speeds of an e-bike. They would also feel safer trav-
eling on roads as they would be able to keep up with traffic and 
swiftly avoid accidents. In conclusion, the sale of DIY e-bike 
kits can benefit blue-collar workers with their daily travels and 
make their journeys safer and more comfortable.

�   References
1. Chris Conti. “Poverty in India: Causes, Status, and Solutions.” Out-

reach International, 14 May 2024, https://outreach-international.
org/blog/poverty-in-india/.

2. Nishant Singh and Geetam Tiwari. “Travel To Work In India: Cur-
rent Patterns and Future Concerns” Transportation Research and Injury 
Prevention Programme, December 2018, https://www.researchgate.
net/publication/331548050_Travel_To_Work_In_India_Current_
Patterns_and_Future_Concerns.

3. Siegfried Mortkowitz. “How the Bicycle Drives the Indian 
Economy - We Love Cycling magazine.” WeLoveCycling, 4 De-
cember 2019, https://www.welovecycling.com/wide/2019/12/04/
how-the-bicycle-drives-the-indian-economy/.

4. Nikhil Rampal. “Only 8% of Indian families own cars, NFHS finds. 
Over 50% still use bicycles, bikes & scooters.” ThePrint, 27 May 
2022, https://theprint.in/india/only-8-indian-families-own-cars-
nfhs-finds-over-50-still-use-bicycles-bikes-scooters/971413/.

5. Prateek Chakraborty. “India's triumph over poverty: A decade of 
transformation.” India Today, 19 June 2024, https://www.indiatoday.
in/diu/story/india-poverty-reduction-gdp-transformation-poli-
cy-measures-government-data-economists-2555188-2024-06-19.

6. Elliot Fishman and Christopher Cherry. “E-bikes in the Main-
stream: Reviewing a Decade of Research.” Taylor and Francis, 30 
July 2015, https://www.tandfonline.com/doi/full/10.1080/014416
47.2015.1069907.

7. John MacArthur, Jennifer Dill, and Mark Person. “Transportation 
research and education center.” E-Bikes in the North America: Results 
from an online survey, https://ppms.trec.pdx.edu/media/project_
files/E-bikes_in_North_America.pdf. Accessed 12 January 2014.

8. Esther Salmeron. “Energies | Free Full-Text | The Electric Bicycle: 
Worldwide Research Trends.” MDPI, 20 July 2018, https://www.
mdpi.com/1996-1073/11/7/1894.

9. Frank Jamerson and Edward Benjamin. “Worldwide Electric Pow-
ered Two Wheel Market.” MDPI, 29 June 2012, https://www.
mdpi.com/2032-6653/5/2/269.

10. “India E-bike Market Size & Share Analysis - Industry Research 
Report - Growth Trends.” Mordor Intelligence, https://www.mor-
dorintelligence.com/industry-reports/india-e-bike-market.

11. “China E-bike Market Size & Share Analysis - Industry Research 
Report - Growth Trends.” Mordor Intelligence, https://www.mor-
dorintelligence.com/industry-reports/china-e-bike-market.

12. Shuguang Ji, Christopher R Cherry, Matthew J Bechle, Ye Wu, 
and Julian D Marshall. “Electric Vehicles in China: Emissions and 
Health Impacts.” Environmental Science and Technology, 22 Decem-
ber 2011, https://pubs.acs.org/doi/10.1021/es202347q.

13. “Japan E-bike Market Size & Share Analysis - Industry Research 
Report - Growth Trends”. Mordor Intelligence, https://www.mor-
dorintelligence.com/industry-reports/japan-e-bike-market

�   Results and Discussion 

The calculations in Table 1 present that the DIY e-bike 
would travel at a top speed of 15 km/h, with a maximum range 
of 10.8 km (Table 2). These results allow this DIY-converted 
e-bike to be compared with commercial e-bikes, helping to 
assess its performance and application.

The current design delivers functional results, but there 
is room for improvement. In the future, a key enhancement 
planned for this model is a self-recharging feature. A dynamo 
motor, or a generator, converts mechanical power to electrical 
power. By utilizing the rotation of the wheels when the user is 
pedaling the bike, the dynamo motor can recharge the battery. 
This allows the e-bike to be recharged without the need for an 
electricity connection. Another feature to be added is the abil-
ity to use the battery to charge external devices, so electricity 
can be saved. For this DIY e-bike, the traditional bicycle costs 
$70, and the conversion parts cost $140. It comes to a total of 
$210. Compared to a commercial e-bike, starting at $400 in 
India, this DIY model is 53% cheaper.

�   Conclusion 
Commercial e-bikes are generally found to offer better safe-

ty and reliability when compared to DIY e-bikes, due to brand 
warranties. All internal components are designed to be inte-
grated perfectly with one another, resulting in a safer and more 
reliable e-bike, although at a high cost. DIY e-bikes provide 
a similarly efficient and performant product at a much lower 
cost. They also provide greater flexibility for the customization 

Table 1: Table 1 presents the multiple speed readings. These readings 
were taken using different types of speedometers (digital, analog, etc.), and an 
average of these was used as the speed for further calculations.

Table 2: Table 2 shows the calculations performed to deduce the range of 
the electric bicycle. Common physics formulae for electricity were used to 
deduce the operating amperes of the motor, which helped provide the time the 
battery can run for under the load, and finally deduce a suitable range based on 
the bicycle’s average speed.

DOI: 10.36838/IJHSR84.1

ijhighschoolresearch.org



	 87	

article/10.1186/s12889-017-4995-z?utm_source=getftr&utm_
medium=getftr&utm_campaign=getftr_pilot.

29. Elliot Fishman. “Bikeshare: barriers, facilitators and impacts on car 
use.” Transport Reviews, October 2014, https://www.researchgate.
net/publication/268520048_Bikeshare_barriers_facilitators_and_
impacts_on_car_use.

30. Kazemzadeh, Khashayar, and Enrico Ronchi. “From bike to 
electric bike level-of-service.” Taylor and Francis, 15 March 2021, 
https://www.tandfonline.com/doi/full/10.1080/01441647.2021.1
900450?scroll=top&needAccess=true#references-Section.

31. Vinayak Kulkarni, Gautam Ghaisas, and Shankar Krishnan. “Per-
formance analysis of an integrated battery electric vehicle thermal 
management.” Science Direct, 1 November 2022, https://www.sci-
encedirect.com/science/article/abs/pii/S2352152X22013299.

32. “Latin America E-Bike Market - Companies, Size & Share.” 
Mordor Intelligence, https://www.mordorintelligence.com/indus-
try-reports/latin-america-e-bike-market.

33. Annette Muetze and Ying Chin Tan. “(PDF) Electric bicycles - A 
performance evaluation.” ResearchGate, August 2007, https://www.
researchgate.net/publication/3408144_Electric_bicycles_-_A_
performance_evaluation.

34. Annette Muetze and Ying Chin Tan. “Modeling and Analysis of 
the Technical Performance of DC-Motor Electric Bicycle Drives 
Based on Bicycle Road Test Data.” IEEE Xplore, 16 July 2007, 
https://ieeexplore.ieee.org/abstract/document/4270883.

35. Zohreh Asadi Shekari. “Non-motorised Level of Service: Ad-
dressing Challenges in Pedestrian and Bicycle Level of Service.” 
Taylor and Francis, 11 March 2013, https://www.tandfonline.com/
doi/full/10.1080/01441647.2013.775613?scroll=top&needAc-
cess=true.

�   Author
Abheer Sud is a high school student pursuing mechanical/

electrical engineering in college.
He is enthusiastic about practical applications of physics and 

enjoys creating innovative gadgets and devices.

14. “Middle-East and Africa Electric-Bike Market - Size, 
Share & Industry Analysis.” Mordor Intelligence, https://www.
mordorintelligence.com/industry-reports/middle-east-and-africa-
e-bike-market.

15. “Europe E-bike Market Share, Size, Analysis, Growth, Report 
PDF.” Mordor Intelligence, https://www.mordorintelligence.com/
industry-reports/europe-e-bike-market.

16. “North America E-bike Market Size & Share Analysis - Industry 
Research Report - Growth Trends.” Mordor Intelligence, https://
www.mordorintelligence.com/industry-reports/north-america-e-
bike-market.

17. “South America E-Bike Market Size & Share Analysis - Indus-
try Research Report - Growth Trends.” Mordor Intelligence, https://
www.mordorintelligence.com/industry-reports/south-america-e-
bike-market.

18. Patrícia Baptista, André Pina, Gonçalo Duarte . “From on-road 
trial evaluation of electric and conventional bicycles to comparison 
with other urban transport modes: Case study in the city of Lisbon, 
Portugal.” Science Direct, 1 March 2015, https://www.sciencedirect.
com/science/article/abs/pii/S0196890414010826?via%3Dihub.

19. “Ebike Conversion vs New E-Bike: What Is Better?” Rydy Bikes, 
16 January 2024, https://rydybikes.com/blogs/news/ebike-conver-
sion-kit-vs-electric-bike.

20. Natalie Popovich and Elizabeth Gordon. “Experiences of elec-
tric bicycle users in the Sacramento, California area.” Travel 
behaviour and society, May 2014, https://www.researchgate.net/
publication/262878008_Experiences_of_electric_bicycle_users_
in_the_Sacramento_California_area.

21. Aslak Fyhri and Nils Fearnley. “Effects of e-bikes on bicycle use 
and mode share.” Science Direct, May 2015, https://www.sciencedi-
rect.com/science/article/abs/pii/S1361920915000140.

22. Pedro C Hallal, Lars Bo Anderson, and Fiona C Bull. “Global 
physical activity levels: surveillance progress, pitfalls, and prospects.” 
The Lancet, 21 July 2012, https://www.thelancet.com/journals/lan-
cet/article/PIIS0140-6736(12)60646-1/abstract.

23. Hung, Nguyen Ba, and Ocktaeck Lim. “A review of history, devel-
opment, design and research of electric bicycles.” Science Direct, 15 
Feb 2020, https://www.sciencedirect.com/science/article/abs/pii/
S0306261919320100?via%3Dihub#preview-section-references.

24. Martin Weiss, Peter Dekker, Alberto Moro, Harald Scholz, and 
Martin K Patel. “On the electrification of road transportation – 
A review of the environmental, economic, and social performance 
of electric two-wheelers.” Science Direct, December 2015, https://
www.sciencedirect.com/science/article/pii/S1361920915001315.

25. “Are eBike Conversion Kits Worth It? A Comprehensive Anal-
ysis.” emovement, 6 May 2024, https://emovement.co.uk/blogs/
news/are-ebike-conversion-kits-worth-it#table-of-contents-11 
“North America E-bike Market Size & Share Analysis - Industry 
Research Report - Growth Trends.” Mordor Intelligence, https://
www.mordorintelligence.com/industry-reports/north-america-e-
bike-market.

26. Christopher R Cherry, Jonathan X Weinert, and Yang Xinmiao. 
“Comparative environmental impacts of electric bikes in China.” 
Science Direct, July 2009, https://www.sciencedirect.com/science/
article/abs/pii/S1361920908001387.

27. Ranjan Kumar, Munna Kumar, and Pradyumn Sah. “Design and 
Fabrication of Electric Bicycle.” IJERT, 2018, https://www.ijert.
org/research/design-and-fabrication-of-electric-bicycle-IJERT-
CONV6IS04057.pdf.

28. Bjørnarå, Helga Birgit, and Sveinung Berntsen. “From cars to 
bikes – the feasibility and effect of using e-bikes, longtail bikes 
and traditional bikes for transportation among parents of chil-
dren attending kindergarten: design of a randomized cross-over 
trial.” Springer link, 28 December 2017, https://link.springer.com/

DOI: 10.36838/IJHSR84.1

	 ijhighschoolresearch.org


