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1.	Introduction
Lean methodology, used in various industrial sec-
tors, has a purpose of creating values for the final 
user by reducing losses and unnecessary activities 
during production processes. Furthermore, Lean 
promotes continuous improvement and strives 
for perfection in every aspect of business. Even 
though Lean brings along a series of advantages, its 
application can also represent certain challenges. 
Firstly, one accentuates increase in productiv-
ity via loss elimination as advantage, resulting in 
quicker and more efficient production (Pawlik et 
al., 2022). As result, companies can optimise the 
use of resources by reducing costs and increas-
ing competitors’ advantages. Secondly, Lean 
stimulates the culture of continuous improve-
ment. By constant reexamination and process 
improvement, organisations can continuously 
improve their performances and product quality 
(Marcelino et al., 2023). Thirdly, Lean approach 
can contribute to company’s sustainability. Via 
reducing waste and resource optimisation, Lan 
can help companies in becoming economically 
more sustainable (Awad et al., 2022). Even though 
Lean offers numerous advantages, its application 
can also bring along challenges. The first chal-
lenge is the resistance to change. Lean methodol-
ogy application requires thorough change in com-

pany’s business, which may result in employees’ 
resistance (Maware & Parsley, 2022). The second 
challenge is the Lean approach implementation 
complexity. Lean requires clear understanding of 
all business aspects, which may be challenging for 
companies without experience in said methodol-
ogy (Qureshi et al., 2022). The third challenge is 
Lean initiative sustainability. Without constant 
dedication and support in all organisational 
levels, Lean initiatives can become unsustainable 
in long term (Simonsen et al., 2023). Despite said 
challenges, Lean methodology provides numer-
ous advantages which make it more attractive to 
many organisations. The key to successful Lean 
application is in understanding its principles and 
Lean approach adjustment to specific needs and 
contexts of every organisation. In production 
sector, Lean can help in reducing the production 
time, increasing product quality and optimising 
resource use (Pawlik et al., 2022). But, one needs 
to highlight that Lean application in said sector 
can be complex, requiring further understanding 
of production processes and extensive change 
in mode of operation. Likewise, it is important 
to mention that Lean approach has also become 
relevant in sustainability context as well. Lean 
can help organisations in reducing waste and 
optimising resource use, contributing to environ-
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ment protection and achieving goals of sustain-
able development (Tripathi et al., 2022). Despite 
challenges, Lean provides numerous advantages 
which make it attractive to various sectors. The 
key for successful implementation lies in Lean 
approach adjustment to specific needs and con-
texts of each organisation, with constant dedica-
tion to improvement and openness to change.

2.	Characteristics	of	electric	bicycles	
production

Electric bicycles production is significantly more 
technically demanding than producing conven-
tional bicycles. Key components include elec-
tromotor, battery, controller and transmission 
system. Each said component requires careful 
designing and production to ensure optimal effi-
ciency and reliability. Electromotor is one of the 
most important parts of an electric bicycle. Dif-
ferent bicycle models can use different types of 
motors, including brushless DC motors, asynchro-
nous and synchronous motors with permanent 
magnets. Each said motor has its advantages and 
deficiencies and choice of motors depends on 
specific performance requests and price (Conto 
and Bianchi, 2023). The battery is another electric 
bicycle key part which starts the motor. Major-
ity of modern e-bicycles uses lithium-ion bat-
teries for their high energetic density and long 
lifetime. Nevertheless, batteries need to be regu-
larly renewed by charging, which can impact the 
e-bicycle use practicality. There are significant 
challenges connected to extracting battery mate-
rial and disposing of waste batteries (Apostolou et 
al., 2018). Controller is an electronic component 
managing the electricity delivered to the motor, 
regulating the bicycle speed and power. The con-
troller needs to be well merged with motor and 
battery to ensure optimal efficiency. Transmission 
system includes mechanisms transferring power 
from engine to wheels. Mostly, this includes a 
chain or a belt and a set of gears which enable 
the driver to switch the transmission of gear ratio, 
ie adjust the speed and strain in accordance with 
terrain and desired speed (Zhang and Tak, 2021). 
In general, electric bicycles production requires 
complex manufacturing processes and uses 
high-tech materials. Furthermore, one requires 
constant innovations to improve efficiency and 
reduce costs. Integrating solar panels in electric 
bicycle design represents a significant step to sus-
tainable mobility. This trend reflects the industry 
endeavour to increase the electric bicycles ener-
getic efficiency and reduce fossil fuels addiction. 
Solar panels can be implemented into different 

bicycle parts, including the bicycle frame, splash-
boards or specifically designed bags. Solar energy 
absorbed by the panels is transformed into elec-
tric energy used to charge bicycle batteries. This 
innovative approach helps not only in reducing 
carbon emission, but it also increases bicycles 
autonomy, enabling longer rides without the need 
to charge (Apostolou et al., 2018). Therewith, algo-
rithm implementation for predicting the energy 
consumption is becoming increasingly important 
in electric bicycles production. Said algorithms 
analyse various factors, such as distance, speed, 
terrain and weather conditions to precisely pre-
dict how much energy will be necessary for cer-
tain routes. Based on aforementioned informa-
tion, bicycle controller can optimise energy use, 
enabling longer battery life and better total effi-
ciency. These technologies not only improve user 
experience, but they also contribute to electric 
bicycles sustainability by reducing the need for 
frequent charging and enabling total energetic 
efficiency (Burani et al., 2022). Therefore, electric 
bicycles production characteristics are increas-
ingly directed towards sustainability and ener-
getic efficiency. Along with technological progress 
and increasing demand for sustainable modes of 
transportation, it is expected that said innova-
tions will continue to develop.

3.	Resarch	methodology
This study uses mixed research methodology 
including qualitative and quantitative approach in 
order to achieve set goals. Said methodology fea-
tures following key aspects:

• Literature review
Detailed study of available literature, includ-
ing academic articles, books, reports and other 
relevant sources in order to highlight the topic 
relevance and contextualise research results.

• Documentation analysis
Study of internal documents by e-bicycle man-
ufacturers, including production plans, quality 
reports and other relevant materials. This anal-
ysis enables understanding the current state of 
production process and identifying potential 
areas to apply the Lean principles.

• Case study
Detailed analysis of the company producing 
e-bicycles in order to highlight specific Lean 
methodology applications and their effects on 
production. Case study provides practical in-
sights and examples of ways the Lean principles 
work in the real world.
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• Quantitative analysis
Using the Lean tools for measurement and loss 
analysis, including ABC (Pareto) analysis. This 
analysis enables loss quantification, its ranking 
according to size and identifying key areas for 
improvement.

Research methodology is deliberately designed 
with purpose of offering all-inclusive insight into 
Lean philosophy application in e-bicycles produc-
tion by combining theoretical knowledge with 
practical examples and quantitative analysis.

4.	Case	study:	comparison	of	
conventional	and	lean	production	of	
electric	bicycles

In the framework of growing electrical bicycles 
production, it is increasingly important to search 
for means of optimising production processes 
and achieving greater efficiency. Lean production 
methods are often used, focusing on minimis-
ing waste and maximising values for clients. In 
such context, a case study is presented compar-
ing conventional and Lean electric bicycles pro-
duction, whose goal is to identify possible areas 
of improvement. The study consists of three key 
steps. Step one includes analysis and recording of 
current production state, with special emphasis 
on Kaizen loss analysis. This step includes identify-
ing and quantifying 7+1 types of losses, expressed 
in monetary amounts. Step two focuses on analy-
sis and solving two key losses by using the causa-
tive agent diagrams. This enables more detailed 
problem understanding and provides insight into 
potential improvement directions. Finally, step 
three suggests a solution for identified losses, 
with goal of optimising electric bicycles produc-
tion process. This case study provides useful 
insights into potential advantages of Lean produc-
tion in electric bicycle industry and offers prac-
tical advice on implementing said methods. The 
goal of this chapter is to explore advantages and 
deficiencies of both approaches and determine 
the way Lean methodology can improve elec-
tric bicycle production efficiency and competi-
tiveness. In his book Toyota Production System: 
Beyond Large-Scale Production, Ohno (1988) 
emphasises the differences between conven-
tional production and Toyota’s production, which 
is based on Lean philosophy. The author empha-
sises the importance of continuous improvement, 
loss elimination and focus on creating value for 
buyers. Liker (2004), in his book The Toyota Way, 
states that the Lean approach enables companies 
more flexibility and speed in adjusting to market 

changes, with regard to conventional production 
methods. Lean production can lead to cost reduc-
tion, product quality increase and customer sat-
isfaction improvement. Based on these authors’ 
cognitions, one can conclude that Lean method-
ology application in electric bicycles production 
offers numerous advantages regarding traditional 
production methods. Lean approach enables 
companies achieve greater efficiency, product 
quality and competitive advantages, resulting in 
their greater attraction in electric bicycles market. 
Part one of this paper describes the conventional 
electric bicycle production, citing the main char-
acteristics of this approach, such as focus on mass 
production, large stocks of raw materials and final 
products, and less flexibility in terms of adjust-
ing the production to market changes. Likewise, 
one accentuates problems connected to this 
approach, such as losses caused by excessive pro-
duction, unnecessary transport, waiting and pro-
duction mistakes. Part two of this paper analyses 
the Lean methodology and its implementation in 
electric bicycles production. The Lean philosophy 
main principles are described, such as continuous 
reduction of losses, unnecessary activities and 
focus on adding values for buyer. Key Lean tools 
and methods are cited, such as the value stream 
(VSM), Kaizen, 5S, Kanban and Poka-yoke and 
their contribution to improving product efficiency. 
Afterwards, both approaches to electric bicycles 
production are compared based on key efficiency 
indicators, such as productivity, product quality, 
production costs and the speed of response to 
market changes. The analysis presents the way 
the Lean methodology can significantly improve 
production efficiency, reduce losses and improve 
electric bicycles competitive manufacturer advan-
tages. 

5.	Analysis	and	recording	of	current	
condition:	kaizen	analysis	–	losses,	
7+1	types	of	losses,	quantification	
(monetary)

This chapter analyses the case study of Lean meth-
odology application in electric bicycles produc-
tion. The electric bicycles manufacturer decided 
to transfer to the Lean approach to improve com-
petitiveness and reduce costs. Step one in the 
process of Lean methodology implementation 
was analysis and recording of current condition in 
order to determine possibilities for improvement. 
For this purpose, the company used Kaizen analy-
sis which focuses on loss identification and reduc-
tion. Kaizen analysis determined several types of 
losses during electric bicycles production:
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• Excessive production – producing more than 
necessary quantities, leading to unnecessary 
stock retention and increased storage costs. 
Estimated loss due to excessive production 
amounts to 9.954,21€ per year. 

• Waiting – time lost while workers wait for ma-
terials or information necessary for job perfor-
mance. The loss due to waiting estimates to 
7.963,36€ per year.

• Unnecessary transport – material and product 
transport in between different parts of produc-
tion process does not add to product value. The 
loss due to unnecessary transport estimates to 
6.636,14€ per year.

• Excessive processing – additional actions per-
formed on the product which do not contribute 
to its value. The loss due to excessive process-
ing amounts to 11.945,05€ per year.

• Defects and mistakes – products that do not 
meet the quality criteria, leading to additional 
correction or replacement costs. The loss due 
to defects and mistakes estimates to 5.972,53€ 
per year.

• Unnecessary movement – movement of work-
ers, which does not add to product value, such 
as unnecessary walking or searching for tools. 
The loss due to unnecessary movement esti-
mates to 5.308,91€ per year.

• Disused creativity – the loss due to disuse of 
workers’ potential for production and innova-
tion improvement. The loss due to disused crea-
tivity estimates to 1.990,84€ per year.

In total, the company identified losses in the 
amount of 49.771,05€ per year, indicating signifi-
cant potential for electric bicycles production via 
Lean methodology.

After identifying key losses during electric bicycles 
production, the company initiated their reduc-
tion via Lean tools and methods. Value Stream 
Mapping (VSM) application enabled material and 
information flow visualisation during production 
process and identification of improvement pos-
sibilities. Furthermore, 5S tool implementation 
assisted with workspace optimisation, unnec-
essary movement reduction and productivity 
improvement. Value Stream Mapping (VSM) was 
the key tool during this process. Via material and 
information flow visualisation during produc-
tion process, the company managed to notice 
improvement possibilities. Based on VSM analy-
sis, one could understand better where losses are 
made and the ways to reduce or eliminate them. 
Parallel to VSM application, the company also 
implemented 5S tool to optimise working environ-
ment. Five steps of 5S (sorting, systematic clean-
ing, shine, standardisation and maintenance) ena-
bled organising and maintaining the workspace, 
reducing workers’ unnecessary movements and 
productivity increase. By applying said tools, the 
company managed to decrease excessive stock, 
reduce waiting between production steps, opti-
mise material transport and reduce defective 
products quantity and production mistakes. Also, 
due to better workspace organisation, the workers 
became more efficient, which added to loss reduc-
tion. Said changes resulted in company’s market 

Source: Author

Graph 1. Determining several types of losses during electric bicycles production based on Kaizen analysis
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competitive advantage increase, while simultane-
ously reducing production costs and increasing 
profitability. Using Kanban system of work man-
agement contributed to reducing excessive pro-
duction and delays by controlling inventory and 
optimising value flow. Poka-yoke tool, aimed at 
preventing mistakes via product design and pro-
cess, has reduced losses caused by defects and 
production mistakes. By applying Kanban system 
of work management, the company has improved 
its processes during electric bicycles production. 
Kanban is a visual system which enables product 
monitoring in various production phases, which 
helps during inventory control and value flow 
optimisation. By implementing this system, the 
company managed to reduce excessive produc-
tion and standstills, resulting in loss reduction 
and efficiency increase. Poka-yoke tool ensures 
mistake reduction caused by defects and produc-
tion mistakes. Focused on preventing mistakes 
via product and process design, Poka-yoke tech-
niques ensure mistake reduction or elimination. 
Application of said tool resulted in greater prod-
uct quality, less complaints and reduction of costs 
connected to repairs or repeated production. 
Kanban system and Poke-yoke tool integration 
has significantly improved electric bicycles pro-
duction efficiency. Losses were reduced, market 
competitiveness was increased and greater flex-
ibility in production adjustment to change was 
realised. These results show how Lean meth-
odology can be crucial to product optimisation 
and achieving long term success. Via continuous 
improvement (Kaizen), the company has achieved 
significant savings and increase in competitive-
ness value. Lean methodology application man-
aged to reduce total losses in over 17%, resulting 
in significant increase in profitability and flex-
ibility in adjusting production to market changes. 
By applying continuous improvement, ie Kaizen 
approach, the company has systematically ana-
lysed its production processes in order to iden-
tify improvement and optimisation possibilities. 
A series of small, incremental changes achieved 
significant loss reduction, leading to greater effi-
ciency and productivity. Lean methodology, with 
emphasis on Kaizen, enabled successful total 
costs reduction of over 17%. This was achieved 
by eliminating unnecessary steps and activities, 
workspace optimisation, loss reduction and prod-
uct quality increase. These changes resulted in 
significant profitability increase, contributing to 
competitors’ company value in the electric bicy-
cles market. Besides profitability increase, Lean 
methodology enabled company’s greater flexibil-
ity in production adjustment to market changes. 
By reacting quickly to changes in demand and 

process optimisation, the company has managed 
to satisfy buyers’ needs, simultaneously reducing 
costs and improving product quality. Continuous 
improvement via Kaizen approach and Lean meth-
odology application enabled significant savings, 
competitive advantage increase and greater flexi-
bility in production adjustment to changes in elec-
tric bicycle market. Case study presents the way 
Lean methodology application in electric bicycles 
production can lead to significant improvement 
in efficiency and loss reduction. Identifying and 
quantifying key losses enables directing compa-
nies’ efforts to areas with the greatest improve-
ment potential, which achieves better results 
and increases competitive advantage. By sys-
tematically analysing production processes and 
introducing corresponding Lean tools, companies 
can achieve better results and increase market 
competitive advantage. Lean approach offers 
framework for loss elimination, process optimi-
sation, product quality increase and flexibility 
improvement in reacting to market changes. This 
case study presents the importance of systematic 
and structured approach in recognising, quantify-
ing and solving key losses during electric bicycles 
production. Lean methodology application can 
achieve significant savings, improve efficiency and 
competitive value, resulting in sustainable growth 
and market success.

5.1	Analysis	and	solving	two	key	losses	via	
causative	agent	diagram	application
As part of the analysis, two key losses were 
selected, recognised as the most important for 
optimising electric bicycles production:

• Excessive production
• Losses caused by production mistakes (defects)
Excessive production cause can be connected to 
several factors:

• Incompatibility between demand and produc-
tion

• Ineffective production planning
• Resource overload
The cause of losses caused by production mis-
takes can be connected to several factors:

• Lack of raw material quality
• Inadequate product design
• Weak quality control
By applying Lean tools, such as Poka-yoke for mis-
take prevention, Kanban for inventory control and 
excessive production reduction, and Kaizen for 
continuous improvement, the company can iden-
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tify said causes and reduce losses during electric 
bicycles production. The cause of excessive pro-
duction can be linked to several factors, and solv-
ing excessive production in electric bicycles pro-
duction can be achieved by addressing key factors 
causing this problem: 

• Incompatibility between demand and produc-
tion
In order to reduce excessive production, it is 
important to coordinate production with real-
istic market demand. This can be achieved by 
improving communication between sales and 
production departments and developing more 
precise demand prognosis. Likewise, applica-
tion of Just-In-Time (JIT) production can ensure 
the production only when it is necessary, which 
reduces excessive production.

• Inefficient production planning
In order to reduce excessive production, pro-
duction plans have to be realistic and based on 
actual production lines capacities. Introducing 

Table 1. Display of causes for excessive production

Type	of	loss Sub-type	of	loss Cause

Excessive production Incompatibility between supply and 
demand Imprecise demand prognosis

Excessive production Incompatibility between supply and 
demand

Weak communication with sales 
department

Excessive production Ineffective production planning Too optimistic plans
Excessive production Ineffective production planning Lack of feedback from production lines
Excessive production Resource overload Lack of capacity
Excessive production Resource overload Bad resource distribution

Source: Author

Table 2. Structure of losses caused by production mistakes

Type	of	loss Sub-type	of	loss Cause

Losses caused by production mistakes 
(defects) Lack of raw material quality Bad quality of supplier

Losses caused by production mistakes 
(defects) Lack of raw material quality Inadequate raw material storage

Losses caused by production mistakes 
(defects) Inadequate product design Unclear specifications

Losses caused by production mistakes 
(defects) Inadequate product design Bad communication between 

design and production

Losses caused by production mistakes 
(defects) Weak quality control Lack of standards

Losses caused by production mistakes 
(defects) Weak quality control Inefficient quality control in 

product lines

Source: Author

feedback from production lines enables pro-
duction plans adjustment in order to coordi-
nate better with market needs and production 
capacities.

• Resource overload
Resource overload can result in excessive pro-
duction if production lines capacities are used 
inefficiently. Improving resource distribution by 
better planning and coordination can help while 
optimising and reducing excessive production. 
Furthermore, introducing even production (He-
ijunka) can help balancing overload in produc-
tion lines and ensure more stable production.

This table provides clear solution visualisation for 
every key problem contributing to excessive pro-
duction. Said solutions can be further analyzed 
and adjusted to specific needs of electric bicy-
cles production. By applying Lean tools, such as 
Kanban, the company can better control inven-
tory and reduce excessive production by optimis-
ing value flow during production process.
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The cause of losses caused by production mis-
takes can be connected to several factors:

• Lack of raw materials quality
In order to reduce losses caused by production 
mistakes, it is important to ensure the use of 
high quality raw materials. A company should 
carefully choose its suppliers and conduct regu-
lar raw material quality controls. This process 
can include raw material sampling and testing, 
grading the suppliers and developing long-term 
partnerships with reliable suppliers.

• Inadequate product design
Inadequate design of a product can lead to 
production mistakes. In order to reduce such 
losses, it is important to develop a clear and 
precise product design based on actual users’ 
needs and technical production possibilities. 
Improving communication between design and 
production department, as well as introducing 
standardised development and design revision 
procedures, can reduce mistakes and defects in 
production.

• Weak quality control
In order to reduce losses caused by production 
mistakes, it is necessary to improve quality dur-
ing the entire production process. Introducing 
regular quality inspections, internal revisions 
and statistical process control (SPC) can identify 
and solve problems prior to significant losses. 
Likewise, employee training should be conduct-
ed in order to increase awareness of the impor-
tance of product quality and reduce frequency 
of production mistakes.

Application of Lean tools, such as Poka-yoke, can 
improve company’s mistake prevention via prod-
uct and process design, which will reduce losses 
caused by production defects and mistakes.

Table 3. Presentation of excessive production solutions in electric bicycles production

Key	problems Solutions

Incompatibility between demand and 
production

Improving communication between sales and production department
Developing more precise demand prognosis

Applying Just-In-Time production

Inefficient production planning
Creating realistic production plans based on actual production lines 

capacities
Introducing feedback from production lines

Resource overload
Improving resource distribution via better planning and coordination

Introducing even production

Source: Author

6.	Suggestion	for	solving	identified	losses
A suggestion for solving losses in electric bicycles 
production can be based on following key aspects:

• Optimising production process
Implementing Lean methodology can help a 
company in optimising production process and 
reducing losses. Applying tools such as Value 
Stream Mapping (VSM), 5S and Kanban can 
improve production efficiency, reduce unnec-
essary steps and activities and optimise value 
flow.

• Quality control
Improving quality control throughout the en-
tire production process, including raw material 
quality control, product design and final inspec-
tion, can reduce losses caused by production 
mistakes. Applying Poka-yoke tool for mistake 
prevention can additionally improve product 
quality.

• Better production planning
Developing more efficient production plan-
ning, which better reflects the actual market 
demand, can reduce excessive production and 
connected losses. Introducing tools for demand 
planning, such as prognosis and Just-In-Time 
(JIT) methods, can improve synchronisation be-
tween demand and production.

• Continuous improvement (Kaizen)
Encouraging employees to actively participate 
in the process of continuous improvement, by 
providing improvement suggestions and in-
cluding into teams for improvement, can help 
a company achieve better results and reduce 
losses. Regular conduction of Kaizen events and 
result improvement evaluation enables con-
tinuous tracking of progress and adjustment of 
loss reduction strategies.
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By implementing these suggestions, a company 
can reduce electric bicycles production losses, 
increase competitive values and achieve greater 
flexibility in adjusting the production to market 
changes.

7. Conclusion
This paper provides an all-inclusive insight in the 
concept of Lean philosophy and its application in 
electric bicycles production. Key losses and chal-
lenges manufacturers face have been identified 
via detailed research of Lean tools and their appli-
cation, and an analysis has been made on the way 
Lean tools can contribute to reducing said losses 
and improving production efficiency. In particu-
lar, research has shown that continuous improve-
ment principles can apply to the context of elec-
tric bicycles production. Including employees was 
of crucial importance for successful Lean philoso-
phy implementation, stimulating the culture of 
constant learning, innovations and adjustment. 
Analysing all aspects of Lean philosophy and its 
application in electric bicycles production can 
draw the following conclusion: Lean philosophy, 
strongly based on constant improvement princi-
ples, respect towards people and work standardi-
sation, has a far-reaching impact on organisation 
culture, production and customer satisfaction. 
Characteristics and challenges in electric bicycles 
production have been identified and analysed, 
and it has been demonstrated how Lean philoso-
phy and tools can be applied in solving said chal-
lenges. This paper also identified key losses during 
electric bicycles production and presented how 

said losses can be minimised by applying Lean 
tools.  By implementing principles of continuous 
improvement (Kaizen), electric bicycles manufac-
turers can constantly improve their production 
processes by increasing efficiency and product 
quality. In the end, this paper confirms that Lean 
methodology application can have significant 
impact on efficiency and product quality in elec-
tric bicycles production, providing manufacturers 
with competitive advantage in the market. Lean 
philosophy has proven to be very efficient in the 
context of electric bicycles production. By apply-
ing Lean principles, electric bicycles manufactur-
ers are able to solve key problems and challenges, 
optimise production process, reduce losses, 
improve quality and increase customer satisfac-
tion. Continuous improvement, the essence of 
Lean philosophy, enables organisations continu-
ous adaptation, innovation and success in com-
petitive surroundings. Specific steps and results of 
Lean methodology application are presented via 
case study, providing clear indicators on advan-
tages of said approach. Case study analysis has 
shown significant differences between conven-
tional and Lean production of electric bicycles. 
Applying Lean philosophy has led to loss decrease, 
efficiency and product quality increase and 
greater competitive advantage for electric bicy-
cles manufacturers. Lean philosophy possesses 
deep and transforming impact on organisational 
culture and production. By stimulating continu-
ous improvement and learning, Lean approach 
has enabled organisations adjustment and inno-
vations by increasing employee engagement and 
creating surroundings which stimulate innova-
tions.
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