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Abstract 

This study investigates the application of Lean methodologies within the context of 

Mass Customization (MC) in order to enhance operational efficiencies in 

manufacturing, specifically examining Dieci’s production line and its Supply Chain. 

Mass Customization is becoming increasingly essential as companies around the 

world strive to meet individualized customer demands while maintaining cost-

effectiveness in record Lead Time. By implementing a structured Lean assessment tool 

on Dieci’s production line 5, this research provides a comprehensive analysis of Lean's 

impact on MC production processes, as well as a way to pinpoint exactly the areas to 

improve, strengthened with separate data extraction method. The study follows a 

mixed-methods approach, encompassing three phases: quantitative data extraction 

and KPI evaluation for Lean , Evaluation of the mass customization level of the 

company, and finally, a correlative qualitative on-ground observations. The results 

demonstrate a significant correlation between the data extraction result and their 

statistical analysis and behaviour compared to the lean assessment tool developed and 

answered through expert opinion. In that sense, the study succeeds in finding similar 

results from both qualitative and quantitative methods; Ensuring thus what areas to 

improve and what KPIs to monitor and work on in order to improve said area. The 

findings also highlight challenges related to tardiness, data synchronization, and the 

need for a dedicated Continuous Improvement Specialist. These limitations suggest 

that while Lean principles contribute positively to MC, full optimization may require 

more robust, adaptable systems and an integrated approach. Future developments are 

proposed, including advanced monitoring systems and a real-time data feedback loop, 

as well as a role dedicated to continuous improvement, ensuring sustainable efficiency 

gains. This research contributes with a Lean assessment model tailor-fit for mass 

customization plants, addressing specific demands within MC environments and 

paving the way for more responsive, efficient production strategies. 

 

Key-words: Mass Customization, Lean manufacturing, VSM, 5S+1, Kaizen, 

Production 
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Abstract in italiano 

Questo studio indaga sull'applicazione delle metodologie Lean nel contesto della Mass 

Customization (MC) per migliorare l'efficienza operativa nella produzione, 

esaminando in particolare la linea di produzione e la Supply Chain di Dieci. La Mass 

Customization sta diventando sempre più essenziale, poiché le aziende di tutto il 

mondo cercano di soddisfare le esigenze individuali dei clienti mantenendo la 

convenienza economica e riducendo i tempi di consegna. Implementando uno 

strumento strutturato di valutazione Lean sulla linea di produzione 5 di Dieci, questa 

ricerca fornisce un'analisi completa dell'impatto del Lean sui processi di produzione 

MC, oltre a un metodo per individuare con precisione le aree da migliorare, rafforzato 

da un metodo separato di estrazione dei dati. Lo studio segue un approccio a metodi 

misti, articolato in tre fasi: estrazione quantitativa dei dati e valutazione dei KPI per il 

Lean, valutazione del livello di mass customization dell'azienda, e infine osservazioni 

qualitative sul campo. I risultati dimostrano una significativa correlazione tra l'analisi 

dei dati estratti e il loro comportamento statistico rispetto allo strumento di 

valutazione Lean sviluppato e completato tramite opinioni di esperti. In questo senso, 

lo studio riesce a ottenere risultati simili dai metodi qualitativi e quantitativi, 

identificando così le aree da migliorare e i KPI da monitorare e su cui lavorare per 

migliorare tali aree. I risultati evidenziano anche sfide legate ai ritardi, alla 

sincronizzazione dei dati e alla necessità di uno Specialista dedicato al Miglioramento 

Continuo. Queste limitazioni suggeriscono che, sebbene i principi Lean contribuiscano 

positivamente alla MC, l'ottimizzazione completa potrebbe richiedere sistemi più 

robusti e adattabili e un approccio integrato. Sono proposti sviluppi futuri, tra cui 

sistemi avanzati di monitoraggio e un feedback in tempo reale dei dati, nonché un 

ruolo dedicato al miglioramento continuo, per garantire guadagni di efficienza 

sostenibili. Questa ricerca contribuisce con un modello di valutazione Lean su misura 

per impianti di mass customization, rispondendo alle specifiche esigenze degli 

ambienti MC e aprendo la strada a strategie di produzione più reattive ed efficienti. 

 

Parole chiave: Mass Customization, Lean manufacturing, VSM, 5S+1, Kaizen, 

Production 
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Introduction 

In the context of modern manufacturing, Mass Customization (MC) has emerged as a 

critical approach for addressing individual customer preferences without sacrificing 

the efficiencies associated with mass production. As global markets demand for 

personalized products is ever so increasing, companies face the challenge of 

maintaining high flexibility while optimizing resource utilization and minimizing lead 

times. This research focuses on implementing Lean methodologies within MC 

frameworks to address these dual imperatives effectively, specifically within the 

production and supply chain operations of Dieci, an Italian manufacturing company 

known for its specialized telescopic handlers and construction machinery vehicles. 

Lean manufacturing principles—originally developed to streamline and eliminate 

waste in production processes—are traditionally associated with standardized, 

repetitive workflows. However, their application in MC environments, where the 

customization of products is a key driver, is less straightforward. This study bridges 

this gap by developing and applying a Lean assessment model fitted to Dieci’s Line 5, 

which handles two different product lines, the Apollo Smart and Pivot models and 

their consecutive variants depending on the customization level that varies from an 

order to another. The study’s objective is to determine how Lean principles can be 

adapted to enhance operational efficiency and highlight areas for continuous 

improvement within an MC setting. 

The research adopts a mixed-methods approach to gather both quantitative and 

qualitative data, allowing for a comprehensive assessment of Dieci’s current Lean 

practices. The study is structured into three phases: the first involves quantitative data 

extraction and KPI evaluations of Lean practices, the second assesses Dieci’s level of 

MC integration, and the third correlates these findings through qualitative on-ground 

observations. By aligning these phases, the research systematically examines the 

impact of Lean methodologies on MC operations. Results shows a strong correlation 

between data-derived insights and Lean assessment scores, affirming that quantitative 

metrics and qualitative evaluations converge in identifying operational bottlenecks 

and improvement areas. Where the qualitative result shows the area to improve, and 

the quantitative method provides which KPIs to monitor and improve for the general 

enhancement of certain lean principles. 

The findings reveal significant performance areas where Lean methodologies 

contribute positively to MC but also underscore challenges in implementation. 

Specifically, the analysis identified tardiness, data synchronization issues, and the 
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absence of a Continuous Improvement Specialist as key limitations. This gap in Lean-

oriented roles within the company hinders the optimal realization of continuous 

improvement practices. Furthermore, external factors, including geopolitical 

disruptions, affect inventory stability and customer satisfaction. 

The outcomes of this research contribute to the growing body of knowledge on Lean’s 

role within MC environments. Additionally, it provides a practical assessment 

framework that other MC-focused manufacturers can adopt to streamline operations. 

The study suggests future advancements in Dieci’s MC strategies, such as enhanced 

real-time monitoring systems and a dedicated role for ongoing improvement 

initiatives, to address the observed limitations and sustain operational efficiencies in a 

dynamic production landscape. 
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1 Literature Review 

 

1.1. Mass Customization 

1.1.1. Mass Customization Definition 

Mass customization aims to produce goods and services that meet individual 

customers' needs with near mass production efficiency (Tseng and Jiao, 2001). It is a 

hybrid manufacturing concept designed to offer highly value-added products by 

delivering the desired outcome once an individual customer's needs have been 

articulated (Piller, 2004). The term was coined by Davis in 1987 in his seminal book, 

Future Perfect, and the concept as a manufacturing strategy was popularized by Pine 

in 1993. Pine describes mass customization as the ability to design and manufacture 

customized products with the efficiency and speed of mass production through highly 

agile, flexible, and integrated processes at reasonably low costs (Davis, 1989). marking 

it as the next paradigm following the century-old mass production model (Pine, 1993). 

Additionally, providing a set of individual value-added services around a standard 

product is also considered a form of mass customization which coincides with the case 

study. From a manufacturer’s perspective, it challenges their capability to maintain 

cost, quality, and speed while meeting customer demands for customized products. 

Qiao et al. (2003) argue that success in mass customization depends on effectively 

aligning internal capabilities with external opportunities to deliver customized 

products rapidly at mass production costs. 

From a customer's perspective, mass customization delivers superior value by meeting 

individual needs with near mass production efficiency, thus making it a customer-

centric and value chain-based concept (Da Silveira et al., 2001). Customers often value 

the added utility and satisfaction from products that better fit their needs compared to 

standard products, sometimes even paying a premium for such customized solutions 

(Tseng and Piller, 2003). Despite various definitions and conceptualizations, a 

common theme in mass customization is its focus on fulfilling individual customer 

needs without switching to a higher market segment price level (Piller, 2004). 

Overall, Mass Customization can be broken down into these definitions: 
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 Mass customization is a kind of scope economies application, through single 

manufacturing process modularization, providing tremendous variety and 

individual customization, at prices comparable to standard goods and services. 

(Kotler 1989) 

 Mass customization is an ability providing customized product or service by 

high volume flexible process and reasonably low cost. (Silveira et al. 2001) 

 Use information technology oriented production and delivery system to meet 

individual customer need efficiently at cost of mass production. (Kay 1993) 

 

In practice, the term is sometimes mistakenly applied to any strategy associated with 

high variety, personalization, direct deliveries, and flexible production. However, true 

mass customization involves customers interacting with manufacturers, retailers, or 

the product itself to configure the final solution, with customization occurring during 

design, fabrication, assembly, or use phases (Zipkin, 2001; Broekhuizen and Alsem, 

2002). Despite its conceptual evolution over the past decades, mass customization 

remains focused on providing individualized solutions efficiently and affordably, 

distinguishing itself from other agile manufacturing strategies. For our case study, we 

will treat the mass customization theme considering the quote :“Customer co-design 

process of products and services, which meet the needs of each individual customer 

with regard to certain product features. All operations are performed within a fixed 

solution space, characterized by stable but still flexible and responsive processes. As a 

result, the costs associated with customization allow for a price level that does not 

imply a switch in an upper market segment” (Piller 2004, p315). 

 

1.1.2. Mass Customization Strategies 

Pine and Gilmore (1999) introduced a taxonomy to classify mass customization 

strategies based on customer needs and the capability to minimize customer sacrifice, 

defined as “the difference between what a customer accepts and what he/she really 

needs, even if the customer doesn’t know what that is or can’t articulate it.” They 

identify four distinct approaches to mass customization: collaborative, adaptive, 

cosmetic, and transparent.  
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Figura 1- The four Approaches to mass customization by Pine and Gilmore (1999 

In collaborative customization, customers choose from predetermined components, 

and the product is custom-made accordingly. Adaptive customization offers a single 

customizable product designed for users to alter themselves. Cosmetic customization 

presents a standard product differently to different customers, while transparent 

customization provides unique goods or services without making it explicit to 

customers that these have been customized. This last approach typically requires a 

long-term relationship between manufacturer and customers. Pursuing any of these 

strategies impacts product design, production processes, and supply chains, as these 

parameters are intimately linked.  

Examples for these four approaches are stated below:  

 Adaptive customization: Gillette’s introduction of Sensor razor. A razor that 

can rotate and adjust to the contours of someone’s face. The principle here is 

that instead of mass producing different razors for different face types, Gillette 

succeeded at manufacturing a “standard product that can be mass produced, 

yet designed to customize itself to the individual user” (Pine 1993) 

 Cosmetic Customization: Probably the most popular strategy which can be 

found in various technologies humanity relies on right now; a quick and easy 

example would be the colouring on a car. Although, we have been seeing lately 

a high spike in cosmetic customization in mass production companies like 

beverage companies; namely, customizing one’s own coca-coca bottle.  

 Collaborative Customization: An example that caters to this concept can be 

taken from our case study company Dieci. In 2015, the company was issued a 

custom order for a construction of the new Swiss storage basin intended to 

recover a portion of the water that would normally be reintroduced into the 

rivers after its use. Dieci designed a three armed machine under the name 
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“Linthal Project”. The central arm supports and positions the frame inside the 

tunnel, while the two side arms hold a man basket to allow workers to carry out 

operations and to optimise time and resources. 

 

Figura 2- Project Linthal (Dieci 2015) 

Transparent Customization: This approach is beneficial to companies with customers who 

present predictable trends in their demands and aren’t that willing to directly collaborate. 

Transparent customization observes the trend over time and discreetly customizes their 

products to adhere to the customer’s needs without the latter’s direct communication. An 

example of such an approach can be found in social media ads, as it stores information and 

then tailors the services to be exhibited consistently with the users’ search history.  

The literature presents various successful mass customization strategies, though 

typically only a few are addressed at a time, indicating that there isn't a single 

approach to mass customization. For a comprehensive understanding, Lampel and 

Mintzberg (1996) categorize mass customization strategies based on the point of initial 

customer involvement, defining a continuum that ranges from pure standardization 

to pure customization. This continuum includes five strategies: pure standardization, 

segmented standardization, customized standardization, tailored customization, and 

pure customization. Pure standardization involves no customer involvement before 

the product is received, with all products being identical.  
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Figura 3- Five Mass Customization Strategies (Lampel and Mintzberg, 1996) 

 

Segmented standardization addresses the needs of different clusters of buyers, with 

each cluster receiving the same product. Customized standardization entails products 

mae to order from standardized components. Tailored customization involves a basic 

product that can be customized during the fabrication stage. Pure customization 

involves creating a product from scratch based on customer specifications, though 

there must be some initial standard configuration to distinguish it from prototyping. 

These strategies illustrate the diverse ways companies can implement mass 

customization to balance customer needs with efficient production processes. The case 

study presented uses the last three strategies depending on  the application and 

demand. Although, most orders are Tailored customisation through modular families, 

thus we will focus mainly on that strategy as the other two remaining are situational 

strategies.  

 

1.1.3. Mass Customization Enablers 

1.1.3.1 E-MC 

Effective mass customization (MC) hinges on accurately characterizing and capturing 

customer requirements. Defining these requirements is crucial for realizing MC, with 

the ultimate goal being the ability to achieve product customization effortlessly, such 

as with “a mouse click away”. Technological advances in production systems and 
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customer interfaces have enabled firms to offer affordable and timely mass-

customized products. A well-implemented MC strategy, which includes clear 

production systems, web interfaces for customer co-design, and operational choices, 

can deliver impressive financial results. Web interfaces are ideal for interacting with 

customers, providing necessary product information, and collecting preferences in an 

automated manner. As the Internet marketplace evolves toward cross e-tail 

partnerships, service providers and e-tail initiatives will differentiate themselves by 

developing powerful, customer-centric web interfaces that support bundling products 

and services within a customer-controlled customization process. (Sini Gao 2023) 

Setting up a web-based interface for design and MC involves helping customers 

articulate their implicit requirements explicitly online. Web-based design must present 

options that lead to the creation of useful products that meet customers' general needs. 

These options stem from initial pre-designs that customers can modify using provided 

design kits in a do-it-yourself environment, with the base product structure predefined 

and mass-manufactured. Advances in information and communication technologies 

now allow customers to select from pre-designed product features and options using 

online configurators. For example, Dieci’s E-MC program enables customers to choose 

a a model from a family and customize its aesthetic and functionality depending on 

application. An electronic configure-to-order platform supports customization by 

guiding product selection and configuration, facilitating variant production planning, 

and integrating with enterprise business systems. The COVID-19 pandemic has 

accelerated the shift to MC in the garment industry, leveraging digital online options. 

1.1.3.2 Digital Manufacturing 

Digital manufacturing or Industry4.0;  represents a sequence of industrial innovations, 

beginning with mechanization in the first and second industrial revolutions, 

automation and lean production in the third, and now the fourth industrial revolution, 

characterized by cyber-physical systems (CPS), smart machines, products, and mobile 

devices, culminating in the smart factory paradigm. Digital manufacturing enables the 

digital archiving of design and manufacturing information. 

 

 

 

 

 

 

Figura 4- Industrial Revolutions (Christoph Roser ALLABOUTLEAN.COM) 
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The driving forces for adopting digital technologies in MC are reduced time to market, 

improved productivity through quality and reduced wastage, and efficient 

management of costs and customized product requirements. (Sini Gao 2023). 

Modern digital manufacturing is based on advanced tools and techniques for 

engineering, control, supervision, and management within a network. The digitization 

process converts complex information into measurable data, which is then modeled 

and processed by computers. Pre-Industry 4.0 digital manufacturing focused on 

product lifecycle management technologies, such as computer-aided design, 

engineering, process and product data management, simulation and virtual reality, 

process control, shop floor scheduling, decision support, resource planning, logistics, 

supply chain management, and e-commerce systems. Cloud brokers can help users 

identify, customize, and integrate existing design and manufacturing services, 

enhancing the negotiation process between service providers and consumers while 

improving security and privacy in cloud-based design and manufacturing systems. As 

an example from Dieci, the universal use of Autodesk. All engineers and chiefs of staff 

have access to the design and the related assembly operations needed. The designs can 

be seen by most departments and could be altered to satisfy a certain order.  

1.1.3.3 Modularity 

Mass customization (MC) is a strategy that aims to meet the growing demand for 

product variety and individualization in markets. However, it also brings additional 

costs for consumers and involves a trade-off with customization lead time. Rapid and 

punctual delivery, along with fair pricing, are crucial for customers. In the context of 

Dieci, Modularity is the main enabler for MC.  For further clarity, Modularity will be 

divided and studied into two main brackets “Product Modularity and, Process 

Modularity”.  

Starting with product Modularity:  

Research has shown that these trade-offs can be effectively managed by utilizing 

module-based product family design. Modular product architectures serve as a tool to 

develop, maintain, and manage product assortments, thereby achieving product 

variety cost-effectively. In Dieci, this is perceived as modular features with changeable 

features. Modularity involves defining a product's functional and physical 

architecture, credited with successes such as low production costs. It allows for a 

diverse product portfolio through the substitution and matching of different modules. 

By sharing most modules, products can achieve economies of scale in production at 

the module level, effectively resolving the conflict between economies of scale and 

product differentiation in the MC paradigm. The essence of MC lies in developers' 

ability to identify latent market niches and develop technical capabilities to meet the 

diverse needs of target customers. 
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Pine (1993) emphasizes modularity as crucial for mass customization. Modular 

architecture pertains to the tightness of coupling between components and the degree 

to which the system's architecture allows for the mix-and-match of components. A 

modular approach can reduce the variety of components while offering a broader 

range of end products. Another advantage is that it allows part of the product to be 

mass-produced as standard modules, with customization achieved through the 

combination or modification of these modules. This approach not only offers design 

benefits but also reduces manufacturing complexity. 

The motivation behind using modular components and common platforms is to create 

product variety and achieve customization at low costs. This strategy enables 

manufacturers to balance the need for diverse, individualized products with the 

efficiencies of mass production. 

Process Modularity index: 

Product Modularity standardizes manufacturing processes modules so that they can 

be re-arranged or new modules can be added quickly in response to a certain make-

to-order. One interesting study by Modrak and Soltysova in 2018, shows the 

correlation between product and process modularity, which led them to come up with 

theoretical principles for designing manufacturing and assembly process structures 

through newly founded KPIS. The two researchers also state that the concept of 

Process modularity is only ever present in Assembly lines. The study presents a way 

to quantify process modularity by proposing two major measures that assess the 

modularity: Module independence (MI), Singular value modularity index (SMI) and 

Average Ratio of Potential. 

 

𝑀𝐼 =
𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛𝑠𝑖𝑑𝑒 𝑎𝑙𝑙 𝑀𝑜𝑑𝑢𝑙𝑒𝑠

𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠
 

 

MI and ARP were first introduced by blackenfelt as measurements for product 

modularity.  

 If MI=0, full modularity is achieved 

 If MI=1, Structure is non-modular 

 

𝐴𝑅𝑃 =
 

𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛𝑠𝑖𝑑𝑒 𝑎𝑙𝑙 𝑀𝑜𝑑𝑢𝑙𝑒𝑠
𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑛𝑠𝑖𝑑𝑒 𝑀𝑜𝑑𝑢𝑙𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑜𝑑𝑢𝑙𝑒𝑠
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ARP is a modification of MI and thus is redundant in the context of this thesis.  

Finally, SMI aids in quantifying the degree of modularity of a product in its structure.  

𝑆𝑀𝐼 = 1 −
1

𝑁 ∙ σ1
∑σ𝑖

𝑁−1

𝑖=1

∙ (σi − σi+1) 

• N = number of components inside system 

• 𝜎𝑖= eigenvalues where i bounded [0,N]  

For better understanding of SMI, we can consider Three examples postulated by 

Modrak and Soltysova as shown below and show how to treat SMI:  

 

Figure 1- (a) Fully integral System, (b) Bus-modular System, (c) Fully modular system 

 

First Step: build the matrices for (a), (b), and (c) 

 

(

 
 
 
 

0 1 1 1 1 1 1
1 0 1 1 1 1 1
1 1 0 1 1 1 1
1 1 1 0 1 1 1
1 1 1 1 0 1 1
1 1 1 1 1 0 1
1 1 1 1 1 1 0)

 
 
 
 

(

 
 
 
 

0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
1 1 1 1 1 1 0)

 
 
 
 

(

 
 
 
 

0 1 0 0 0 0 0
1 0 1 0 0 0 0
0 1 0 1 0 0 0
0 0 1 0 1 0 0
0 0 0 1 0 1 0
0 0 0 0 1 0 1
0 0 0 0 0 1 0)

 
 
 
 

 

 

Second Step: find eigenvectors of all examples and sort them.  

 

σ(𝐼𝑁𝑇) =

(

 
 
 
 

6
1
1
1
1
1
1)

 
 
 
 

; σ(𝐵𝑈𝑆) =

(

 
 
 
 

2.449
2.449
0
0
0
0
0 )

 
 
 
 

; σ(𝑀𝑂𝐷) =

(

 
 
 
 

1.848
1.848
1.414
1.414
0.765
0.765
0 )
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Final Step: Calculate SMI value from eigenvalues and other parameters provided:  

 

𝑆𝑀𝐼𝐼𝑁𝑇 = 0.28;          𝑆𝑀𝐼𝐵𝑈𝑆 = 0.65;       𝑆𝑀𝐼𝑀𝑂𝐷  =  0.82  

 

Values closest to 1 indicate higher degree of modularity whereas values closer to 0 

show a more integral system, as also shown by the procedure above.  As a quick 

introduction to Dieci’s case here, given that each line (out of 9) work on different 

models with different levels of customization, we will focus on Line 5, producing Agri 

Mini, and Pivot T60-T70 and T80.  The Assembly of Agri mini in Line 5 follows a 6 

phase line system  where operators start working on the chassis from the first phase. 

In parallel, two other dedicated lines work respectively on the Telescopic handler with 

its different customization and on the also customized cabin. The cabin and handler 

are then both assembled on the main product in the last phases of line 5. One can 

describe such approach as Cellular assembly with RMS characteristics.  

 

1.1.3.4 FMS/ RMS  

FMS: 

FMS provides an integrated management of material and information flow, through 

the use of machines, transport devices, CNC, Software planning tools etc… to achieve 

said flexibility. A central controller is usually present to coordinate the activities 

performed by the totality of devices (machines, AGVs, automated storage..). The 

central controller in most cases is done by a planning software in the likes of SAP for 

example or a centralized excel. One can call this process CRP or capacity requirement 

planning, which is the level that considers if one has enough capacity to produce the 

desired number of customized parts in a specific time window.  

RMS:  

Cellular assembly, which can be considered as FMS, usually responds well to the 

competitive nature of the status quo. Cells are dedicated to the processing of a set of 

families with their child-components and customizations on dedicated cluster of 

machines.  Although, once the FMS structure has been designed, it is very tough to 

respond to new production requirements, such as new customizable items or 

improved design of a certain component, part, overall machine…  This problem led to 

the creation of RMS (reconfigurable manufacturing systems). Usually, both concepts 

are prone to be seen as the same, yet a distinction between both exists. FMS refers to 

the ability to change a system from within, FMS is very flexible when it comes to things 

it’s supposed to do. Whereas RMS is the ability to reconfigure a system from without, 

we just accredit the process with the name: Agile. They are not rigid and can be 

reconfigured to host different kinds o new assembly requirements. In our case, Line 5 
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is mostly run by workers, and to tackle the customization problem in the line, all 

phases have to cater to all different options the company proposes. These phases will 

have sheets of paper on the machine and on the racket of tools, detailing which 

operations are needed and which customization is set for that specific order. The 

rackets will be supplied with the exact tools and components or modules they’ll need 

to perform the operation.  

 

Figura 5- phase 3 of Pivot T80   Racket for phase 7 Pivot 

                                          

Reconfiguration actions at the system level include adding or removing machines and 

changing their positions. The production capacity of a Reconfigurable Manufacturing 

System (RMS) can be adjusted by incorporating or eliminating machines, or by 

utilizing overtime work. To meet new throughput requirements and rebalance the 

system for each configuration, machines are added or removed, achieving system 

reconfiguration. However, this process can be costly and time-consuming, making the 

minimization of reconfiguration time crucial. (Sini Gao 2023). The RMS should be 

controlled by a real-time system, at best a digital twin, to monitor real-time data for 

instance, detecting instant failures through controlled sensors. Such design is scalable 

and leads to the overall improvement of the dynamic performance of an assembly line 

susceptible to producing custom products. 

RMS’s key characteristics are sixfold and entail (Y.Koren and M.Shpitalni): 

1) Customization: system flexibility limited to a single product family, just 

obtaining customized flexibility. 
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2) Convertibility: the ability to easily change the functionality of an existing 

system to suit new production or assembly requirements 

3) Scalability: the ability to easily modify production or assembly capacity by 

adding or removing resources (e.g. machines for positioning)  and/or changing 

components of system.  

4) Modularity (components are modular): as explained earlier, it’s the optimal 

arrangement of operational functions and/or components which can be further 

manipulated between alternate production.  

5) Integrability: The ability to integrate modules rapidly and precisely by a set of 

mechanical, informational and control interfaces that facilitate integration And 

communication.  A case study example for integrability would the paper sheets 

on the rackets and phases detailing which options are requested for their 

respective orders and the continuous updating of SAP for transparent 

communication between the chief of line and engineering departments.  

6) Diagnosability (design for easy diagnosis): the ability to automatically read the 

current state of a system, which thus diagnoses the root causes of defects and 

quickly correct operational defects. In our case, almost 100% of output pass 

quality checks and bad production is not saved data, rendering this aspect a bit 

obsolete.  

It goes without saying that RMS is further implemented through CIM (computer-

integrated Manufacturing). “With the development of computers and information 

technology, it is easier and more intelligent to control the RMS. Above all, RMS seems 

to be the most appropriate manufacturing system for manufacturing companies to 

accommodate MC with robust performance. It is thus necessary to study how to 

implement MC in an RMS.”  (Sini Gao 2023) 

 

1.1.4. Mass Customization Success Factors 

Before we get to the hard-evidence quantitative KPIs of MC, one must discuss the 

duality of organisational perspective and market conditions (i.e. internal and external 

factors), in order to distinguish “success factors”. Blecker and Abdelkafi (2006) 

established a list of conditions that predicts if a customization strategy is reliable or 

not. The idea is that before a company switches to MC, it has to investigate if those 

conditions are met. It goes without saying that MC is a massive challenge and not all 

businesses are ready for the task. Other studies have attempted to develop their own 

conditions, Namely: 
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 Pine (1993) developed a stochastic market questionnaire destined to company 

owners and CEOs to evaluate the feasibility of shifting towards MC. However, 

the questionnaire solely focused on the organisational perspective (i.e. only 

internal factors) thus results from such questionnaire cannot be conclusive and 

global. Yet it remains that companies competencies do affect the probability of 

success for MC.    

 Hart (1995) provided a comprehensive framework to grade MC opportunities 

through four key factors yet his research remains too general to be considered 

for all cases. His key factors were: Competitive environment and customer 

sensitivity as “industry factors” as well as Process technology feasibility and 

organizational readiness as “organizational factors” 

 Kotha (1995) developed Pine’s model by identifying the following conditions: 

o Industry and competitive conditions 

o Cultural and organizational design  

o Resources and capabilities  

o Inter- and intra-organizational coordination 

Although, 3 of those factors are mostly reliant on internal factors, neglecting 

some external factors.  

1.1.4.1 External factors 

Customer demand for customization: Kotha explains in 1996 that essentially, the first 

factor is the production and delivery of customized products in appropriate timing 

and without a pricing premium. In 2000, Pine and Gilmore accepted that customer 

demand is the main driver for MC, although customer satisfaction survey do not 

necessarily provide important information for companies on whether the shift to MC 

is beneficial or not. These surveys were more conclusive though on the general need 

of the company’s customer base. It must be noted that customers tend to base their 

needs on current market offerings, hence companies would need to rely on other 

factors for their decision-making in terms of innovation on MC for example. By the 

words of Mr. Jobs “Stay foolish, stay hungry”. Yet, these surveys and the customer 

sensitivity index do establish a common ground in understanding how ready a 

customer is for MC and how much they’re willing to sacrifice for the “premium”.  

As Hart refers to it in page 40, “level of customer sacrifice”.  This indicator is basically 

the difference between what a customer settles for and what they exactly want. 

Naturally, the more custom the product desired is, the wider the difference between 
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complete satisfaction and standardized product, the more susceptible the consumer 

will be to pay for premium.  (Hart 1995) 

 

Market readiness:  in general, The more turbulent the demand, the more likely is that 

a company will benefit from implementing MC strategies. Pine (1993b) addresses that 

when the market is stable and does not shown signs of differentiation, Mass 

production in that case is more secure, although, when those conditions change, the 

company must be ready to re-evaluate its strategy and reconsider its product designs 

for better positioning in the market against competitors.  

One can recall the shift in Ford’s strategy by the late 50s where mass production started 

to slight give way to MC. One must keep in mind that Ford was one of the biggest 

Mass Producers of cars in 1908. As a testament to the scarcity of MC mentality at the 

time, one can recall Ford’s quote “You can have any color for your car as long as it 

black!”, yet even ford had to switch to MC to satisfy customer demand And to adhere 

to the new market propositions.  

Thus, proving that implementing MC depends intimately on market readiness for 

such concept.  Kotha (1995,1996) argues that a company can benefit from 

implementing both MP and MC simultaneously to satisfy all demand. To which, we 

can recall again ford’s Case, and more intimately to our research, Dieci’s case. 

Although, even if theoretically Dieci can do both, most if not all demand is custom 

rendering its MP redundant.  

 

Figura 6- Evolution of volumes as a function of variety (Marco taisch- ADSM class) 
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1.1.4.2 Internal Factors 

Value Chain: In order to tackle the MC challenge, each department within the 

organization will have to adjust to the strategies of MC. Namely, adjusting to 

constantly changing customer demands as orders (considering their levels of 

customization) will have different chain reactions within the company from 

processing the order to the production to marketing in some cases and finally, 

delivery.  

This level of commitment from all departments has to be solidified by the fact that all 

cycle times will have to be reduced, so that the company can increase its variety in less 

time whilst providing individual customization. Each unit will thus have to work on 

reducing its cycle time to benefit the overall Value Chain (Pine 1993a). One way of 

achieving this per Pine et al., production and supply chain processes need to be set in 

modules, relative to process modularity previously discussed.  

Department heads will need to coordinate modules from sales, supply chain, 

production and assembly, all the way to delivery permitting integration as best as 

possible. Of course, the coordination on the overall dynamic network must be 

centralized even though every department keeps a certain authority for its process.   

Supply chain: Alpekinoglu and Corbett conducted an empirical study in 2008 in order 

to correlate supply processes and product plans. They found that a mismatch between 

both parameters results in poor performances. For instance, an obvious undesirable 

impact of this mismatch can be exhibited in the form of Tardiness of delivery, thus 

resulting in more delivery costs for the company, a problem that Dieci occasionally 

suffers from. The Supply chain strategy for MC should adapt and deliver the 

customer’s needs all the while insuring high responsiveness. The level of 

responsiveness can although be altered by different factors, internal as in 

organizational problems coming from the Master Planning schedule MPS for example, 

or external in the form of missing raw material supply due to tardiness of supplier. 

Ergo, The overall supply chain performance of a company relies heavily on suppliers’ 

promptness as well as customer’s satisfaction. This proves the need of creating a 

network of collaboration between suppliers to improve the overall efficiency and 

effectiveness of supply and inventory management. 
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Manufacturing: The core of our study. While implementing MC strategies, the 

manufacturing department is the department that will need to adjust the most. 

Naturally, as the production is rendered diverse, the manufacturing department must 

be able to achieve fast changeovers, minimize cycle times and maximize flexibility. If 

such flexibility is not attainable for the company, the costs will increase dramatically 

and thus the company will see also a spike in their pricing, diminishing thus their 

reach on the global market. 

Pine uses the example of Toyota in the 20th century to prove how such an aspect can 

be detrimental to the successful implementation of MC; A third problem arose when 

Toyota’s management, in its pursuit of low-cost customization, pushed product 

development teams to use more common components across its models.  

At Toyota, project leaders have overall responsibility for the development of a given 

model, but separate teams develop individual components, such as brake systems or 

transmissions, which ideally will be used in several models. Project leaders felt that 

the intensifying pressure to share components was forcing them to compromise their 

models, and they began to resist.  

Eventually, the company couldn’t achieve targeted levels for sharing design expertise, 

components, and production processes, and overall product development costs rose.  

 

 

Mini Agri 20.4 Smart  

Customizable 

Holding Plate 

1) “EURO” plate 

2) “Skid Steer Loader” plate 

3) “EURO” plate with double-quick coupling for accessories, with hydraulic 

control from the cab including hydraulic coupler and electrical contact.  

4) “Manitou“ attachment holding plate  

5) Skid steer loader attachment holding plate with quick coupling including 

hydraulic socket on boom head and electrical contact 

6) Fixed attachment holding plate with double quick coupling for 

accessories, with hydraulic control from the cab including hydraulic 

socket and electrical contact. 

7) Fixed attachment holding plate, “CNH” type 

8) Without attachment holding plate  

Tabella 1- an example of the level of customization for the holding plate of Mini Agri 20.4 

(DIECI) 
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Summary of Success factors: according to Da Silveira et al. 2000:  

Success factors  What to look for 

Demand for MC - Demand accuracy 

- Needs of customers 

- Challenges in adhering to customer needs 

Market Volatility - Influence by external factors  

- Competitive landscape 

- Customer profile: loyal or new? 

- Forecast accuracy 

Customizable Product - Level of customization per model per family 

- Flexibility of customization 

Value Chain - In-house ops/ outsourced ops 

- Sourcing channels digitized and accurate 

- Manufacturing operations all recorded and 

followed on SAP 

- Challenges with value chain 

- OEE 

Technological enablers - Technologies used (CNC, SAP, autodesk, flexible 

cells....) 

- Future machinery investment ? 

- E-MC feasibility 

Customer integration - Does MC add a real value to customer in 

comparison to MP ?  

- How much is a customer integrated in the process, 

are there further interactions between dieci and 

customer before and after delivery of model 

(besides the initial customization approval 

interaction)  

Tabella 2- Summary of Success factors in MC 

 

1.1.5. Key Performance Indicators for MC 

 

Fontana et al, proposed a model in 2012 to characterize the key performance indicators 

of a MC company. In order to assess the feasibility of MC for x company and to extract 

the necessary KPIs, the authors provided the following assumptions: 

 The assessment is to be used during the design phase in order to compare 

different design alternatives and configurations of the resources and solution 

space.  
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 The model is general. It can be applied to any industry where MC could be 

and/or is implemented.  

 The measurements should be extracted from the three main bodies of MC:  

o Design of product 

o Production system 

o Supply chain  

Thus, the relevant KPIs are as follows:  

 

Indicator Definition Unit of 

measure 

NCF – Average  

Number of  

Customizable 

Features  

Number of customizable features of each type 

(aesthetics,  functional or fitting) offered within the 

solution space.   

# 

OCF – Average  

Number of 

Options per  

Customizable 

Feature  

This indicator measures both the average number 

of options  of each type of customizable feature 

(aesthetics, functional  or fitting) and their 

distribution among all classes of number of 

options.  

#; % 

Tabella 3-Customization Level 

DLT – Delivery 

Lead Time 

This indicator measures the interval time between the  

placement of an order and the receipt of the 

corresponding  goods ordered.  

days 

Tabella 4- Service Level 

COPR – Level of 

Commonality in 

Product Level 

This indicator measures the average % of common  

materials, components and assemblies within the 

products belonging to the expected product mix.  

% 

COCO – Level of  

Commonality in  

Company Level  

This indicator is the ratio of the unitary production 

variable  cost of components used in the solution space 

that are common to other company’s solution spaces on 

the unitary production variable cost.  

% 

Tabella 5- Commonality (Product Modularity) 
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MSO – Level of 

Multi 

skilled Operators  

This indicator measures the number of multi-skilled  

operators on the total number of operators working for 

the solution space. 

% 

MPM – Level of  

Multipurpose 

machines  

This indicator measures the number of multipurpose  

machines and equipment on the total number of 

production resources used within the solution space.  

% 

Tabella 6- Flexibility Level 

UPVC - 

Unitary 

Production 

Variable Cost 

The UPVC indicator measures the direct costs (deducting  

overheads and taxes) related to the manufacturing of one  

product unit, calculated as the average one weighted on the  

expected product mix.  

€ 

 

PLT - 

Production 

Lead  

Time  

Total time required to manufacture an item, including order  

preparation time, queue time, setup time, run time, move  

time, inspection time, and put-away time.  

h 

VPLT - 

Variability of 

Production 

Lead Time  

The VPLT indicator measures how much the actual  

production lead times differ from the mean value as its  

coefficient of variation. 

# 

VAT - Value 

Added Time 

The VAT indicator measures the percentage of the  

production lead time that is spent for operations that  

increase the value of the product.  

% 

TR - 

Throughput 

Rate 

The TR indicator measures the number of units the  

production system can process in a given time. 

ℎ−1 
 

CUR – 

Capacity 

Utilization 

Rate 

The CUR indicator measures the capability of the  

production system to exploit available capacity. 

% 

Tabella 7- Efficiency of MC 

These principles will be deducted from a questionnaire aimed at Mr. Poldi, head of the 

production department as well as the Production engineering staff.  
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1.2. Lean Process 

1.2.1. Lean Definition 

In the modern industrial world, lean production is widely recognized for its efficiency, 

especially in settings with consistent, high demand. However, this efficiency can be 

compromised when product variations are unpredictable and frequent. In such cases, 

downstream processes may need customized parts on short notice, requiring 

additional inventory, equipment, and labor to accommodate these changes. Qiao et al. 

(2004) suggest that these extra demands can reduce the typical efficiency benefits of 

lean production. On the other hand, Chandra and Grabis (2004) believe that lean 

manufacturing can still be effective for customized products if the demand is stable. 

Lean principles, like minimizing set-up times and reducing batch sizes, can still enable 

continuous production flow even in environments that require customization. 

Additionally, cellular manufacturing, which promotes a flexible workforce and 

workspace, supports the efficient production of various products on the same line, 

indicating that lean systems can still be advantageous in a mass customization context 

(Bedworth, Henderson, & Wolfe, 1991). 

Beyond traditional manufacturing, lean principles are increasingly important across 

various industries, helping to improve operational efficiency and quality. For lean 

practices to be successfully implemented, a strong organizational foundation is crucial. 

This includes commitment from all organizational levels, from frontline employees to 

top executives. Effective leadership is also vital, guiding the company toward its goals 

and ensuring alignment with its vision. The tools used to enhance customer response 

are equally important; without any of these key elements, a company is at risk of 

failure (Sianesi, 2011). Such tools and principles will be further explained in the 

literature later.  

The primary goal of lean manufacturing is to eliminate the seven types of waste 

identified by Toyota: overproduction, excess inventory, defective products, 

unnecessary movement, over-processing, waiting, and unnecessary transportation 

(Liker & Jeffrey, 2008). These forms of waste can significantly impact a company’s 

efficiency. For example, poor demand forecasting can lead to overproduction, which 

in turn requires costly storage solutions. The essence of lean thinking lies in having a 

team that is motivated, adaptable, and focused on continuous problem-solving, 

reflecting the principle of achieving more with fewer resources (Liker & Jeffrey, 2008). 

Lean manufacturing, like other business philosophies, has its counterparts, such as Six 

Sigma. Although Six Sigma was influenced by lean principles, it differs in several key 

areas. Six Sigma relies heavily on statistical methods and complex analysis, while lean 

emphasizes simplicity and visual management. Lean focuses on fostering a cultural 

change within the organization, encouraging inclusivity and participation from all 
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employees. Conversely, Six Sigma targets specific variables, often involving top talent 

who are responsible for the project’s outcomes. 

In summary, while lean production is highly effective in stable demand environments, 

its efficiency can be tested in situations requiring frequent customization. Nonetheless, 

with a strong organizational base, good leadership, and the appropriate tools, lean 

principles can be adapted to support mass customization and drive success. While 

some papers underline the contrast between lean and Six Sigma, we believe that six 

sigma can be a parameter within the Lean, in other words, acting as an amplifier to 

already established lean culture! 

 

Figura 7 - Six Sigma Road map (ref:SoftExpert) 

 

1.2.2. Kaizen Definition 

Kaizen, a Japanese concept meaning "continuous improvement," is rooted in the words 

‘Kai,’ which signifies continuous, and ‘zen,’ which denotes improvement or positive 

change. This philosophy is central to Japanese culture, stressing the importance of 

ongoing progress in both personal and business realms. Kaizen is widely respected for 

its focus on continuous development, with several defining characteristics guiding its 

application. 

At its core, Kaizen is a never-ending process aimed at enhancing quality and efficiency 

across various domains. Instead of implementing drastic changes, Kaizen emphasizes 

gradual improvements that are systematically integrated into an organization. These 

changes often start with leadership-driven organizational adjustments or 

technological updates. However, what truly sets Kaizen apart is its emphasis on 
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participation; it involves employees at every level, ensuring that improvement efforts 

are consistently applied throughout all stages of the process. 

 

Figura 8- Kaizen process simplified (Rollforming Magazine) 

 

Kaizen management, which originates from Japan’s top business practices, has been 

crucial in boosting productivity, efficiency, and overall business excellence. Globally 

recognized, Kaizen achieves continuous improvement through small, incremental 

actions that collectively yield significant economic benefits for companies. By focusing 

on these small, targeted improvements, organizations can experience notable increases 

in profitability while also building stronger customer loyalty. Although Kaizen 

initiatives might seem modest, they often lead to remarkable outcomes, becoming 

embedded in the company’s culture alongside established standards and practices. 

(Brunetand 2003). 

Kaizen targets seven types of waste for elimination: overproduction, excessive 

inventory, unnecessary conveyance, overprocessing, excessive motion, waiting, and 

corrections or rework. The lean principle associated with continuous process flow aims 

to achieve several key characteristics: 1) one-piece flow, 2) adding value without 

interruptions, 3) standardizing work to stabilize flow, 4) synchronizing flows, 5) 

creating flow-oriented layouts, 6) placing inventory buffers in strategic locations, and 

7) reducing cycle time. (Isabelina 2007). This will help later on in phase 3 for survey 

generation.  

For Kaizen to be successfully implemented, three essential conditions must be met. 

First, enhancing human resources is critical, as employees are the most valuable asset 

within any organization. Involving every worker in ongoing improvement activities is 
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vital, and this involvement should be supported through continuous training that 

develops problem-solving abilities. Once problems are resolved, the solutions should 

be standardized to prevent recurrence. (Tekin et al. 2019) 

Second, there must be an understanding that the current state of affairs is never 

completely sufficient. Even in highly efficient systems, there is always potential for 

improvement. Kaizen emphasizes the importance of making small, frequent steps 

toward betterment every day, ensuring that no system is ever viewed as perfect. 

Finally, the use of problem-solving techniques must be widespread. Identifying and 

resolving issues is crucial to driving continuous improvements. Kaizen relies on a suite 

of problem-solving tools, often known as the seven statistical tools. These include 

histograms, control tables, scatter diagrams, cause-and-effect diagrams, graphs, 

control charts, and Pareto diagrams. These tools help systematically address and 

resolve problems, which is essential for the ongoing success of Kaizen initiatives. 

Some scholars and academics correlate Kaizen mentality to the PDCA. The latter is a 

never-ending improvement cycle providing a methodological framework to ensure 

the establishment and betterment of kaizen within the company; it entails: 

1) PLAN objectives and/or processes for a certain objective based on previous 

performance data or future forecasting 

2) DO the process as planned 

3) CHECK the effectiveness of the planned process between theoretical and 

experimental results  

4) ACT on the differences observed in the previous step and identify the root 

cause of the problem, then take necessary action to counter it.  
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Figura 9- PDCA cycle (Tang et al. 2005) 

In conclusion, Kaizen is a holistic approach to continuous improvement that not only 

enhances productivity and efficiency but also fosters a culture of excellence within 

organizations. By encouraging gradual, employee-driven improvements, Kaizen 

creates a sustainable path to business success and customer satisfaction. 

 

1.2.3. Lean Principles 

Liker (2004) outlined 14 principles in his book The Toyota Way, which form the 

foundation for the techniques and tools used in lean production. These principles are 

grouped into four categories: 1) Long-term philosophy (principle 1), 2) The right 

process will yield the right results (principles 2 to 8), 3) Developing your people and 

partners adds value to the organization (principles 9 to 11), and 4) Continuously 

addressing root problems fosters organizational learning (principles 12 to 14). In this 

thesis, one can merges Liker’s principles with the manufacturing association’s 

framework for Lean as well as the Mass customization principles to reach an Overview 

for LEAN MC. Such principles are divided as such:  

Principle 1: Long term Philosophy 

As previously stated, Lean relies on a global culture of continuous improvement for it 

to be effective and successful. Such philosophy should be implemented throughout 

the whole hierarchy of the company and has to account for all staff. Such principle 

relies thus on the commitment and empowerment of staff.  
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 Commitment: Management considers Lean principles in all aspects of plant 

operation.  Organizational structure promotes the concepts of value-added 

flow, pull, and the pursuit of perfection. (Manufacturing Association 2008) 

 Empowerment: Plant personnel exhibit a positive team spirit along with intense 

loyalty and high motivation.  Work practices promote personal productivity. 

(Manufacturing Association 2008)   

Principle 2: Continuous process for problem detection 

This concept focuses on the uninterrupted flow of value, which helps to remove 

inefficiencies and optimize processes (Womack and Jones, 1996). Achieving 

continuous process flow often involves redesigning and improving processes by 

eliminating waste, known as “muda”. This improvement is typically carried out 

through Kaizen. 

Incorporating quality into the production process, a concept known as “Jidoka”, is 

facilitated by one-piece flow. Under this system, every operator acts as an inspector, 

ensuring that any issues are resolved at their station before the product moves to the 

next stage (Liker, 2004). We accept “automation with a human mind” as an analogy to 

the term.  Detecting defects is more efficient in smaller batches, and by implementing 

one-piece flow, waste in all its forms is minimized or eliminated. This leads to 

increased productivity, more available floor space, improved safety, higher employee 

morale, and reduced inventory costs. The second principle relies on these criterions 

explained below:  

 Value Stream Mapping (VSM): Represents the complete sequence of actions 

required to deliver value to a customer, beginning with the initial request and  

Figura 10- Typical VSM (De Bucourt et al. 2010) 
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culminating in the realization of that value by the customer. Typically, a value 

stream is closely aligned with a company’s processes. To optimize this flow, Value 

Stream Mapping (VSM) is employed as a lean technique that analyses the 

movement of materials and information needed to bring a product or service to the 

customer. By mapping out the value stream, organizations can pinpoint 

inefficiencies and identify areas for improvement, ultimately enhancing the overall 

customer experience. 

 Set-up reduction: Critical set-ups are measured and posted against published 

targets (as per VSM) 

 Supply chain: A variety of collaborative processes exist to engage both 

suppliers and customers in managing and improving the overall supply chain. 

 Standardized Work: SW documents are posted at all operations and reflect 

latest best practice agreements (set-up instructions, process sequence, operator 

daily inspection or TPM check list). Compliances to SW is also monitored.  

 Visual Control: It should be very easy to separate normal from abnormal 

conditions on the manufacturing floor.  Highly visual real time production 

numbers posted in relation to takt time. Visual Control is also part of the 5S+1 

policy described below.  

 5S+1: The 5S methodology involves several steps to ensure a clean, organized, 

and efficient workplace. The process starts with sorting through items and 

discarding rarely used ones using red tagging. Next, it involves straightening 

by organizing and labelling a designated place for each item. The third step is 

shining, which means thoroughly cleaning the work area. Standardizing 

follows, where procedures are developed to maintain and monitor the first 

three S’s. Finally, sustaining is achieved through management audits to enforce 

discipline and adherence. These steps help create a visual and efficient 

workplace that serves as the foundation for continuous improvement. Recently, 

a +1 for Safety has been added to emphasize the importance of maintaining a 

safe work environment alongside the original 5S’s. 

 Material Flow: Value stream has evolved to a mature level where materials can 

flow based on PULL signals that are controlled by customer demand and/or 

internal consumption.  

Principle 3: Staff inclusion and development 
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In this principle, Liker discusses the importance of developing people into teams for 

cross-enterprise learning. The author also mentions that leaders (i.e. heads of 

departments) also should participate in developing skills and/or acquiring new ones 

through fast-track trainings. Ultimately, curiosity should be rewarded and demanded. 

In this aspect, we will focus mainly on the training aspect; 

 Training: Job skills training exists for all major processes and includes Standard 

Work documentation posted in the work area for all positions. (M. A 2008). This 

section checks how the company can enhance its staff skills as well as giving 

them the opportunity to grow and be introduced to new practices.  

Principle 4: Problem Solving 

To drive continuous improvement and efficiency within an organization, it is essential 

to develop a mindset of scientific thinking and leverage collaborative planning across 

all levels. Embracing a data-driven approach helps in systematic problem-solving, 

while engaging everyone in ongoing reflection fosters continual enhancement. 

Establishing a long-term strategy with the flexibility to adapt and control execution 

ensures alignment with goals. This approach involves planning, implementing, and 

confirming solutions effectively, setting clear top-down targets with delegated 

execution responsibilities, and adopting bold strategies with incremental steps. By 

observing deeply and learning iteratively, organizations can make informed 

adjustments, ensuring that strategy and execution are closely aligned to avoid any 

disconnects and drive overall success and productivity. 

 Strategy/Hoshin Planning: The Hoshin Plan, or a comparable planning tool, is 

considered a dynamic document that is continuously updated. Regularly 

scheduled meetings are conducted to assess progress towards achieving the 

goals set in the Target Condition. Rapid Improvement Events are approved, 

prioritized, scheduled, and tracked. Additionally, resources are allocated to 

ensure that the necessary "Means" are in place to achieve the Target Condition 

as outlined in the plan. (M. A 2008) 

 Metrics: “Plant exhibits a culture of fact-based decision making.  A broad 

program of data gathering exists employing the concepts of brainstorming, 

process mapping, and numerous data tools.  Complexity is avoided and metrics 

are easily internalized by all employees.” (M. A 2008) 

 TPM :This section deals with the facilities ability implement a comprehensive 

Total Productive Maintenance Program that improves the percent of planned 

maintenance, autonomous operator involvement, and OEE. should be in place 

following a carefully planned agenda, that reviews downtime data, Pareto’s 
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causes, and initiates events/projects that eliminate root cause and improve OEE. 

(M. A 2008) 

 Six Sigma: This methodology is a statistical comparative tool that can be used 

by consultants or in-house engineers to reduce quality losses and increase 

throughput efficiency, through statistical models provided by old data and 

future forecasts. 

1.2.4. Lean KPIs 

Based on the principles discussed above, we can identify relevant KPIs for the 

upcoming case study. However, it's important to note that not all potential indicators 

will be included, as some fall outside the scope of this study. For instance, marketing 

and sales policies, while impactful, will be partially excluded since our focus is 

specifically on production, supply chain. In a lean environment, all departments 

should ideally work together towards mutual improvement, and while marketing and 

sales indicators are important, our analysis will concentrate solely on the area’s most 

critical to the study's objectives.  

The KPIs have been thus divided into Supply chain and Production. One can opt to 

follow the division made by Portioli. Et. Al. (2019) in order to simplify indicators 

through clear factors, as such:  

1.2.4.1. Lean Production Indicators  

Productivity: evaluates the throughput as a function of inputs namely, time, resources, 

labour, costs..  

1) Labor productivity: indicates the growth in output considering all factors of 

production and is the ratio of good output to hours worked.  

 

𝐿𝑎𝑏𝑜𝑟 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝐺𝑜𝑜𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (ℎ)

𝑃𝑎𝑖𝑑 ℎ𝑜𝑢𝑟𝑠 (ℎ)
 

Factors:  

• Good production: volume of products which quality is validated and is 

ready to be sold. 

• Standard time: time required to for an operator to perform a task at a normal 

pace with a standardized method. 

• Paid hours: Total hours paid by company to workers  

 

2) Machinery Productivity: indicates the uptime rate of machines within a line. It 

provides the time where the machine isn’t disturbed by maintenances or 

failures and is working normally.  
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𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝐺𝑜𝑜𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (ℎ)

𝑃𝑙𝑎𝑛𝑡 𝑜𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ)
 

Factors:  

• Good production: volume of products which quality is validated and is 

ready to be sold. 

• Standard time: time required to for an operator to perform a task at a normal 

pace with a standardized method. 

• Plant opening time: Total hours plant is open and working.  

 

3) Yield: Overall production (good and bad production) in effective time 

 

𝑌𝑖𝑒𝑙𝑑 =  
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (ℎ)

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑡𝑖𝑚𝑒 (ℎ)
 

Factors:  

• Good production: volume of products which quality is validated and is 

ready to be sold. 

• Bad production: production denied by quality inspection. 

• Effective time: standard time spent on production of product - whether good 

or bad.   

 

4) Utilization: Although we will be showcasing the equation below, the utilization 

rate will be deducted from the Arena-Rockwell Software after simulating Line 

5. The problem with this formulae is that in our case study, it  will always yield 

=1 when in reality the utilization rate differs from phase to phase. 

 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =  
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 ℎ𝑜𝑢𝑟𝑠 (ℎ)

𝑃𝑙𝑎𝑛𝑡 𝑂𝑝𝑒𝑛𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ)
 

Factors:  

• Effective time: standard time spent on production of product - whether good 

or bad.   

• Plant opening time: Total hours plant is open and working. 

 

5) Overall productivity: Overall good quality production  

 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (ℎ)

𝑃𝑙𝑎𝑛𝑡 𝑜𝑝𝑒𝑛𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 (ℎ)
 

Factors:  



32 1| Literature Review 

 

 

• Good production: volume of products which quality is validated and is 

ready to be sold. 

• Standard time: time required to for an operator to perform a task at a normal 

pace with a standardized method. 

• Bad production: production denied by quality inspection. 

• Plant opening time: Total hours plant is open and working. 

Efficiency: 

Indicators Definition Unit of 

measure 

Direction 

Downtime Total failures per month h/month - 

Lack of 

materials  

Total time where production is stopped 

due to lack of materials 

h/month 

# 

- 

Lack of orders Total time where production is stopped 

due to lack of orders 

h/month - 

Set up Total time for set up operations h/month - 

Maintenances Total time for maintenance h/month - 

Tabella 8- Efficiency indicators for Lean production 

Flexibility: 

1) Overall Lead Time OLT: Average lead time to complete an order. 

 

𝑂𝐿𝑇 =
∑(𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑑𝑎𝑡𝑒 − 𝑂𝑟𝑑𝑒𝑟 𝑑𝑎𝑡𝑒)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠
  

 

2) Production Lead Time: Average production lead time. Time needed to make a 

product from entry to exit from process.  

 

𝑃𝐿𝑇 =
∑(𝐸𝑛𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑖 − 𝑠𝑡𝑎𝑟𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑖)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠
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Quality 

1) Good Piece LT: Lead time of volume produced in compliance with quality 

checks  

 

𝐿𝑇𝑔 = 𝐺𝑜𝑜𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑝) ∗ 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (
ℎ

𝑝
) 

Factors:  

• Good production: volume of products which quality is validated and is 

ready to be sold. 

• Standard time: time required to for an operator to perform a task at a normal 

pace with a standardized method. 

 

2) Defective Piece LT: Lead time of volume produced without compliance with 

quality checks  

 

𝐿𝑇𝑏 = 𝐵𝑎𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑝) ∗ 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (
ℎ

𝑝
) 

Factors:  

• defective production: volume of products which quality is not validated by 

quality checks. 

• Standard time: time required to for an operator to perform a task at a normal 

pace with a standardized method. 

 

3) Timeliness: percentage of orders delivered on time 

 

𝑇𝑖𝑚𝑒𝑙𝑖𝑛𝑒𝑠𝑠 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑜𝑛 𝑡𝑖𝑚𝑒

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑
 

OEE 

1) Availability: percentage of time available to produce 
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𝐴 =
𝑈𝑝𝑇𝑖𝑚𝑒

𝐷𝑜𝑤𝑛𝑇𝑖𝑚𝑒 + 𝑈𝑝𝑇𝑖𝑚𝑒 
 

Factors:  

• Up Time: assets able to deliver their respective processes. 

• Downtime : assets aren’t able to deliver their respective processes. 

• The availability in our case will always be 99% to 100% given ATO in lines 

where setup time and warm up are almost inexistent, and transportation 

time is taken into account when timing all individual cellular processes.  

 

2) Performance: ratio between Actual measured speed of production and the 

theoretical speed.  

 

𝑃𝑒𝑟𝑓 =
𝑅𝑒𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑 (

𝑝
ℎ
)

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑠𝑝𝑒𝑒𝑑 (
𝑝
ℎ)

=  
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑇𝑖𝑚𝑒

𝑅𝑒𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒
 

 

3) Quality: percentage of good production 

 

{

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 = 1 − 𝑆𝑐𝑟𝑎𝑝 𝑟𝑎𝑡𝑒

𝑆𝑐𝑟𝑎𝑝 𝑟𝑎𝑡𝑒 =
𝐷𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐺𝑜𝑜𝑑 + 𝐷𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

 

 

Not to be confused with quality studied earlier. The difference is, the quality 

index presented here yields percentage of good production whereas Quality 

studied before is a set of KPIs monitoring the quality from a time 

perspective.  

The availability, Performance and quality KPIs in this section will help us yield the 

Overall Equipment efficiency or OEE.  

 

𝑂𝐸𝐸 = 𝐴 ∗ 𝑃𝑒𝑟𝑓 ∗ 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 
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OEE is the benchmark for evaluating manufacturing productivity. In simple terms, it 

shows the percentage of manufacturing time that is truly productive. A perfect OEE 

score of 100% indicates that only good parts are being produced, at the maximum 

possible speed, with no downtime. In OEE terms, this equates to 100% Quality (only 

producing good parts), 100% Performance (operating at maximum speed), and 100% 

Availability (downtime = 0). 

Monitoring OEE is widely recognized as a best practice in manufacturing. By tracking 

OEE and examining the root causes of inefficiencies, we can uncover key insights to 

enhance manufacturing processes. It serves as the most reliable metric for identifying 

losses, assessing improvement, and maximizing equipment productivity by 

minimizing waste. 

1.2.4.2. Lean Supply Chain Indicators  

Asset Management efficiency 

1) Stock Coverage : how many days the company can operate with available stock 

only 

𝑆𝑡𝑜𝑐𝑘𝑐𝑜𝑣 =
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑆𝑡𝑜𝑐𝑘

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠 (𝑉𝑜𝑙𝑢𝑚𝑒) 
 

Factors:  

• Available stock: number of units within inventory 

• Revenues (Volumes): number of units sold in time period of study (≈ 1 year)  

 

2) Average Inventory: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 

3) Inventory Accuracy: reliability level of information about stock 

 

1 − (
|(𝐵𝑜𝑜𝑘 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 − 𝐶𝑜𝑢𝑛𝑡𝑒𝑑 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦)|

𝐵𝑜𝑜𝑘 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦
) 

Factors:  

• Book inventory: inventory held in SAP 

• Counted Inventory: inventory counted by warehouse Staff.  
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4) Cost to serve: cost for each unit transported, considering cost factors for unit 

products instead of batch delivery ( usually in our case, a single semi can deliver 

up to 2 products)  

 

𝐶𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦

𝑇𝑜𝑡𝑎𝑙 𝑜𝑟𝑑𝑒𝑟𝑠 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑
 

Factors:  

• Transportation costs: cost of transporting 1 unit from Warehouse to 

destination. 

Agility: 

Indicators Definition Unit of 

measure 

Direction 

Upside Supply 

Flexibility 

Days it takes for company to increase 

production volume by 20% 

days - 

Supplier’s 

Adaptability  

Max Volume growth (%) achievable by 

supplier within 30 days.  

% + 

Overall Risk at 

value 

Quantifies level of financial risk within 

firm 

 - 

Tabella 9- Agility indicators for Lean Supply Chain 

Responsiveness : 

1) Order Fulfilment cycle: Total time between order reception and delivery 

𝑂𝐹𝐶 =  𝑠𝑜𝑢𝑟𝑐𝑒 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 +  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 
+  𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 

Factors:  

• Source cycle time : lead time between order received and order processing 

(job order) 

• Production cycle time 

•  Delivery cycle time : time between production end and delivery done 
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Continuous Improvement: 

Indicators Definition Unit of 

measure 

Directio

n 

Suggestions to 

suppliers 

Suggestions made to supplier to improve 

supply quality 

#  

Technical visits  Number of technical visits in a time unit. Visits/yea

r 

+ 

Average 

contract length 

with important 

suppliers 

How strong is the relationship with 

suppliers. 

 - 

Digitalization 

of data 

Documents interchanged via internet.  software  

Tabella 10- Continuous improvement supply chain KPIs 
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2 Company Background 

2.1. Company Description 

Dieci is a Manufacturing company based in Montecchio. The company produces 

several vehicle models related to diverse applications. It operates mainly in Emilia-

Romagna though delivers its services and products throughout 6 continents.  

The company relies heavily on its ability to procure heavy customization to its 

customers. Indeed, Dieci is thus a Mass customization Plant offering wide ranges of 

products and customization.  

The company’s story starts in 1962 as producers of concrete mixers up until 1983 where 

it became one of the first European manufacturers to develop and produce 

telehandlers. The company expanded over the years and in 1988, it developed the S.I.R. 

telehandler series — Samson, Icarus and Runner. [1] 

“In 2000 we unveiled the now well-known Pegasus family of telehandlers with 360- 

and 400-degree rotating boom. More recently we launched HERCULES, the new line 

of high load capacity vehicles for heavy industry, as well as the AGRI PLUS and AGRI 

TECH vehicles, which are specially designed for intensive agricultural use. Added to 

this is the Agri Pivot range of wheel loaders with telescopic boom.” [1] 

Driven by a continuous commitment to innovation, DIECI now offers over 143 

production models. Their advanced technical team creates custom solutions from 

standard designs, tailoring vehicles to meet the exact technical needs of clients, 

ensuring solutions fit for specialized applications.  

In agriculture, Dieci's machines are used in cereal storage and distribution, 

polyculture, livestock farms (e.g., telescopic elevators), horticulture, and nurseries. 

 

Figura 11- Fixed telehandler Agriculture family (Agri Max) Dieci.com 
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Telehandlers offer exceptional versatility, allowing a single vehicle to perform 

multiple tasks. They can be outfitted with a range of specialized attachments, 

including power take-offs, forks, buckets, bale clamps, lifting hooks, …  This flexibility 

makes telehandlers an invaluable tool for efficient work cycle and labour management 

on any farm. 

 In the construction sector, they serve crucial roles in building projects, BTP 

renovations, large structure assemblies, and logistics at ports and airports. 

 

Figura 12- Construction, Articulated telehandler family (PivotT60) Dieci.com 

 

whether building new structures, roofing, or carrying out renovations—telehandlers 

are essential! Dieci telehandlers, with their wide range of adaptable models, stand out 

for their strength and ease of use in varied environments. Their height capacity spans 

from 5.78 m to 30 m, while load capacity ranges from 2,500 kg to 23,000 kg, allowing 

them to meet diverse lifting and handling needs. Thanks to interchangeable 

accessories like forks, buckets, hooks, and winches, these machines can seamlessly 

switch between acting as forklifts, cranes, or aerial platforms, while easily handling 

materials like bricks, earth, and gravel. Safety features that prevent errors, combined 

with their straightforward operation, make them highly valued by construction teams 

that require quick, secure operation. 

 For the mining industry, Dieci offers specialized equipment for both underground 

and open-pit mining, tunnel operations, and advanced tech systems like self-

stabilizing machines and explosion-proof equipment.  

A compelling example for the mining sector would be the Linthal Project mentioned 

in the literature. This project is not only a mining feat of engineering but is also one of 
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a kind machine. This project affirms Dieci’s commitment to satisfying its clients’ 

demands as a Mass Customization Plant, answering thus to all four MC approaches.  

 

Figura 13- Linthal Project (Switzerland) 

 

Their machines are also integral in emergency services, supporting civil protection, 

firefighters, the Red Cross, the army, and special rescue missions, ensuring reliable 

performance even in critical situations. 

Despite Civil Protection’s efforts to forecast disasters, it’s impossible to predict exactly 

what calamity will strike. As a result, identifying the right equipment in advance is 

extremely difficult, and the best solution is to have versatile vehicles that can address 

a range of needs. 

 

Figura 14- Emergency sector, Hercules Variant 
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In emergency situations, such as those faced by the Fire Department, Dieci 

telehandlers have been invaluable for the German THW. These machines are capable 

of clearing debris, transporting objects or people at height, and navigating hazardous 

environments like passing through clouds of smoke thanks to their four-wheel drive 

and sealed cabin. They are equally effective in post-disaster scenarios, where they can 

reach unstable structures or rescue animals, and are frequently used for roadside 

assistance, clearing wreckage and debris.  

 

Figura 15- Example of Customization hierarchy for Construction sector 
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2.2. Existing Lean Culture 

Dieci has progressively embraced the Lean philosophy, demonstrating a strong 

commitment to becoming a fully Kaizen-oriented organization. The company has 

successfully fostered cross-departmental collaboration, ensuring that continuous 

improvement permeates its culture. To solidify this approach, several key procedures 

have been established to make Kaizen an intrinsic aspect of the company's operations. 

In particular, the supply chain department leverages tools like IUNGO to optimize 

real-time relationships with suppliers. This system not only facilitates more efficient 

communication and coordination with external partners but also integrates real-time 

supplier data to forecast future company demand. These forecasts, along with the 

supply purchases, are systematically logged into SAP, making the information 

accessible across departments. This transparency ensures that all teams—from 

production to inventory management—have a unified view of supply chain data, 

enabling better planning and resource allocation. 

Other instances include the seamless communication between the Research and 

Development (R&D) department, the production team, and the supply chain 

department. For example, software tools like AutoDesk are employed to facilitate real-

time updates on design modifications. This ensures that the production team can 

effectively adjust their scheduling, and the supply chain department can accurately 

forecast and manage material demands. 

Once these design changes are communicated, the production team revises its 

scheduling, including planning updates and prioritizing the production of specific 

models. The production team revises the operations needed to manufacture the design 

and rearranges said operations in different phases for the line to be coherent. As an 

example, Cabin assembly happens at the end of line 5, in phase 6, after most electric 

plans, engine… have been assembled on the main chassis.  

Additionally, Dieci utilizes SAP to enable transparent and efficient communication 

between production staff and assembly/inventory operators. SAP ensures that all 

relevant data is interconnected, supporting real-time decision-making across 

departments. 

For instance, when an order is initiated, a detailed production plan is developed 

collaboratively among all key stakeholders. SAP’s inventory management system is 

central to this process, as it allows the production team to allocate or "seize" the 

necessary materials for each assembly phase.  

These materials are then organized into specific racks, with each rack containing the 

tools and components required for a particular phase of production, This structured 

approach not only simplifies the operators' tasks by making mass customization more 
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manageable but also significantly reduces cycle time. By having all materials pre-

arranged by phase, operators can efficiently progress through production, minimizing 

delays and ensuring smoother transitions between phases. 

 

 

Furthermore, SAP communicates the operational steps needed for each phase, 

although this has become somewhat redundant due to the expertise gained by the 

operators over time. 

This integrated communication system between inventory, process planning, supply 

chain management, and production scheduling has been pivotal in streamlining 

operations at Dieci.  

Without such an automated and interconnected approach, managing the complexity 

of these processes would have been significantly more challenging. This system also 

allows the forecast of products to be made depending on the order level and inventory 

status, granted by the full transparency between departments as explained before. In 

the end, a digital MPS is always displayed on the assembly lines for operators to have 

real-time visibility of the production targets, schedules, and priorities. This shared 

awareness helps ensure that everyone is aligned with the current production goals and 

timelines. It also reduces meeting frequency by granting a visual management tool.  

 

Figura 16- Rack for Phase 7. Paper on top 

detailing assembly on left side 

Figura 17- Cabin assembly, phase 3 rack 
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Problem breakdown:  

Despite the company's progress, Dieci still faces challenges in fully implementing the 

aforementioned processes. Inventory levels on SAP are sometimes inaccurate due to 

poor management practices by certain operators. Additionally, the production team 

must manually allocate operations based on factors like the level of customization, 

model type, inventory levels, and order delivery dates. This process, which could be 

automated, consumes a significant amount of engineers' time—time that could be 

better spent on more value-added tasks. The repetitive, unchallenging nature of this 

task also increases order processing time, particularly for heavily customized orders.  

Dieci is also facing a problem with production tardiness, largely due to external 

factors, particularly those related to customer circumstances. A notable example of this 

challenge is the case of approximately 300 models produced for the Russian market, 

which remain stored in the hangar due to the ongoing conflict in the region, Another 

example involves customers altering their plans after placing an order. They may 

schedule delivery for a specific date but later inform the company that they are unable 

to make the payment by that time and request to postpone the delivery by several 

months. This delay results in additional tardiness costs for the company.  

Supply scarcity is another recurring but manageable issue at Dieci. Supply forecasts 

may be sometimes unreliable, as they depend on suppliers who are not always reliable. 

This leads to inconsistencies within the SAP inventory management system. 

Compounding this problem; is the occasional practice of a capo de Linea (assembly line 

manager) taking items without properly declaring them, further disrupting inventory 

accuracy. These factors not only make it difficult to generate accurate supply forecasts 

but also compromise the integrity of inventory data and thus lowers Lean efficiency.  

To address this, the supply chain department now forecasts supply based on 

individual suppliers, allowing them to distinguish between reliable and unreliable 

partners. This approach improves visibility into the supply chain and enables better 

readiness for potential supplier-related disruptions. 

Overall, Dieci is a decent example of a Kaizen-oriented Italian manufacturer. The 

implementation of Lean practices has allowed the company to accelerate mass 

customization by organizing different interconnected tools to in order to keep optimal 

communication between all departments without having to resort to plethora of 

meetings. However, both internal and external challenges continue to hinder Dieci's 

efforts to achieve full lean efficiency. 

This research will use Dieci as a case study, showcasing a manufacturer focused on 

mass customization. We aim to address the lean challenges by quantifying the 

company's success and providing an ultimate performance rating. 
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3 Research 

3.1. Research Design 

This study adopts a mixed-methods approach, utilizing both qualitative and 

quantitative research techniques. Data will be collected through surveys, interviews, 

and data extraction from company records from various departments. The analysis 

will focus on validating Lean principles and evaluating MC success factors through 

key performance indicators (KPIs). Statistical analysis tools like MATLAB will be 

employed for data processing, and simulation models will assist in performance 

evaluation. The research methodology is divided into three main phases, each 

designed to explore key elements of Lean in Mass Customization and identify areas 

for improvement within the company’s operations. 

- Target Respondents: The survey participants will include department heads from 

R&D, Production, and Supply Chain, as well as line operators, to gather a 

comprehensive perspective on both strategic and operational performance. 

- Research Scope: The methodology evaluates the integration of Lean practices with 

MC in the company's production and supply chain, aiming to identify key factors and 

how they impact operational efficiency. Ultimately, proving if the lean assessment tool 

developed from the framework of association of manufacturing excellence in phase 3 

matches with the quantitative results found in phase 1 and 2. 

3.2. Phase 1: Initial Assessment to Validate existing Lean 

Culture 

3.2.1. Data Collection Plan 

The first step is to create a detailed data collection plan. This includes but is not limited 

to developing a survey  designed to capture key lean metrics and qualitative insights.  

The survey will target specific departments involved in production, supply chain 

management and Assembly Operations, as well as data collection from existing 

operational spreadsheets and records.  

The survey will be discussed in the form of a conversation. The idea is that the 

interviewee should be “the center of attention” (portioli. Et. Al. 2019). The interviewer 

will have to read between the lines and ask as many questions as possible. I believe 

that having lean on paper and actually embracing it are two different things, thus 

asking direct questions about the existence of a certain KPI might not be a reliable 

option. Additionally, monitoring a certain indicator doesn’t necessarily mean that 
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there is a target on that indicator or any thoughts on improvement. Having said that, 

a more direct approach can be suitable, as in the case of the professional supervisor 

Mr. Poldi, to whom questions were very direct and the answers were backed by 

quantitative indicators and factors. The goals is to assess whether the company has 

already implemented Kaizen and continuous improvement practices. Thus, the survey 

allows us to determine the existing factors and indicators which are already being 

monitored and adjusted by the company.  

The survey allows the initial assessment as it provides a list of factors and indicators 

being actively monitored by the company. A Factor is an indivisible KPI (i.e. number 

of orders) whereas an indicator is a KPI made by factor relation (i.e. Labour 

productivity) (Portioli et. Al. 2019).  

The general assessment provides 45% of indicators with 50% of factors provided. In 

the scope of this research, Marketing won’t be studied and sales will be briefly 

mentioned for some KPIs, thus while i will still list the factors of these departments if 

verified, they won’t be further discussed. Finally, in the rare occasions where data 

proved to be incoherent, experimental operations were established (timing operations, 

tardiness..).  

3.2.2. Hypothesis validation (Existing Lean Culture) 

  As discussed, This part deals with the verification of the existing lean culture. For 

such assessment, a list of factors and indicators was predefined selecting all necessary 

kpis for Lean. The list was then filled by either 1 or 0 denoting either a certain factor is 

being actively monitored or not. The assessment is simple in the sense that it sums the 

amount existing of factors over the total number of factors considered.  

A threshold of 50% was defined for factors which yields 45% of necessary indicators. 

The survey tries not to directly mention indicators as much as possible with most 

interviewees as we want to verify if the pure factors themselves are being actively 

monitored or not, this stems from the same conclusion previously written which states 

that an indicator might be monitored but isn’t being actively used for continuous 

improvement, thus proving useless for actual Lean culture.  

Portioli thesis provides another instance of why such an indirect approach is suitable 

and that is because redundancy and confusion. Basically, if you ask about if the 

company might be monitoring labour productivity for example, you might get a 

negative response, but should you switch the question to :” are you monitoring 

production/week as well as number of operators on the line”, the answer could be 

different (Portioli et al. 2019). Although, when discussing with heads of departments 

like Mr. Poldi, a more structured interview directly focused on indicators and how 

they’re being monitored is more advised.  
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Tabella 11- Initial Assessment of Lean in Company 

INDICATORS 1/0 FACTORS 1/0

Labour productivity 1 VALUE New products launched 1

Machinery Productivity 1 PROPOSITION kept products 1

Raw material productivity  1 unitary price 1

throughput 1 Customer Number of ideas given by customers 

utilization 1 Relationship number of ideas effectively used by customers 

overall productivity 1 time for testing phase 1

lack of materials 1

lack of orders 1 Marketing not included 

planned maintenance 1

downtime 1 Tracking number of customers (end and begining) 1

sampling 0 Customer segment cost of acquiring new customers 1

set up 1 one time customer 1

overalllead time 1 number of most imp customers 1

recovery time 1

procution lead time 1 Key Actual value of demand 1

timeliness 1 Activities forecasted value of demand 1 monthly updated

good pieces time 1 demand of entire market 1

bad pieces time 1 Number of orders 1

%returns caused by defective prod 1 Never happens orders affected by stockout 1

availability 1 returns 1 never happens

performance 1 claims 1 never happens

quality 1 order is received 1

churn rate 1 order is processed (job order) 1

sustainable growth 0 start production of order 1

pareto analysis 0 end production of order 1

customer equity 0 order delivery 1

customer satisfaction index 0 expected delivery date 1

communication feedback available stock 1

forecast accuracy 1 book inventory 1

market share counted inventory 1

average revenue per customer 1 average inventory 1

one time customers (early repeat time) 1 number days receivable 1

stock coverage 1 number days payables 1

average inventory 1 number days inventory 1

inventory accuracy 1 Total ideas brainstormed

inventory turnover 1 ideas entering planning phase 1

upside supply flexibility 1 ideas intereing RD phase 1

supplier's adaptability 1 number of PD failures 1

overall value at risk (from bank) budget assigned to PD 1

perfect order fulfilment 1 actual budget to PD 1

cost to serve 1 Total time to market (PD project)

order fulfillment cycle time Planned time for PD project 1

suggestions tosuppliers Real time for PD project

technical visits 1  Collect and adapt custmer's ieas 1

digitilization of data 1 cost of failure (productsinitially developed but not launched in market) 1

average contract length with most important suppliers 1 #PD projects 1

avega time to market 1 number of prototypes overall and number of prototypes approved

schedule adherence level Good production 

prototypes approved 1 bad production

% services or products launched 1 standard time 1

budget adherence level raw materials used 1

customer integration raw materials needed 1

customer satisfaction of customized product 1 real production speed

customer interaction lead time theoretical production speed 1

lost time Scrap rate never happens

downtime for occurences Money lost due to quality problems

cost of failure 1 Plant opening time 1

ideasin screening phases (planning) 1 lack of material 1

ideas in project development 1 lack of order 1

sugggestions from employees 1 planned maintenance 1

savings from suggestions downtime 0

value of repeated services (maintenances) due to quality problems samplng 0

employees rotating tasks within company 0 set up 1 never happens

employees working in teams 1 quality loss 1

Lean operation tools/methods used 1 number of technical visits 1

TOTAL 46 percentage of document digitilized 1

average contract length 1

number of lean tools used inside company 1

suverys 0

Key Number of employees working in teeams 1

Resources theoretical production speed 1

Key Number of suggestions from suppliers 1

Partners number of suppliers for most imp items 1

volume growth achievable by suppliers in 30 days 1

Cost COGS

Structure M&S invenstments 

Costof transportation 1

Paid hours 1

costs per customer 1

unitary cost 1

Revenue Revenues IN EUROS 1

Streams Revenues in Volumes 1

TOTAL 62
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The survey finally, yielded satisfactory results validating thus the hypothesis of 

existing Lean Culture. Now that the hypothesis is valid, I can continue my research 

using the case study Dieci to ultimately quantify it’s continuous improvement efforts.  

 

Tabella 12- Result of  Lean Culture assessment 

 

3.2.3. Data Extraction and KPI Measurements 

Having validated the lean existence clause, we can start extracting KPIs related to 

Production and Supply Chain on the macro and micro level. These KPIs will assess 

production efficiency and supply chain agility in line with lean practices.  

We have chosen a select family of KPIs that would yield a good view on the lean 

implementation. For the case study, we will focus solely on Line 5 producing two 

models; Apollo Smart 20.4 and Pivot T60, T70, Pivot T80, Pivot T90. 

Production analysis will be done in twofold, the first method will analyse the macro 

data and its evolution over the years. This first method has been achieved through 

RESULTS

MINIMUM THRESHOLD FOR FACTORS (50%)

79.48717949 achieved or not

74.59207 >50 LEAN  CULTURE Validated!

MINIMUM THRESHOLD FOR INDICATORS (50%)

69.6969697 Achieved or not

 
Figura 18- Production and Supply chain families of KPIs 
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data collection from various spreadsheets and records, as well as indicators granted 

by expert personnel like head departments.  

The factors were then used to calculate indicators and their trend over a period of three 

years. This allows us to find a static rating for the KPIs as of the present time as well 

as an evolutionary rating which could be used later on for better market adherence. 

The second method is a statistical analysis based on the dynamic data which isn’t being 

actively monitored by the company but the factors can still be found in the records, 

such analysis works on fluctuating KPIs like Tardiness (Tardiness=Delivered date-

Planned delivery date). This method also provides a better understanding of assembly 

operations as we can conclude the distribution of the production lead time, meaning 

we can forecast statistically the behaviour of a line on a certain machine correctly 95% 

of the time. Such data had to be extracted as these KPIs will shed light on some issues 

that the company faces but doesn’t necessarily quantify.  

As of Supply chain, for Lean to thrive, most of the network has to embrace the 

philosophy. Suppliers have to be fully integrated with the company. They have to be 

able to be responsive to fluctuating demands. The supply chain data extraction was 

straightforward as most factors AND indicators are monitored and forecasted 

depending on other variables like line availability and inventory management. I shall 

study the evaluation of the supply demand as well as best and worst case suppliers. 

Production 

Starting with production, I first had to time the assembly process in order to find an 

experimental production lead time, downtime, failure and repair rates… The 

observation was conducted on 4 different Apollo Smart 20.4. Using 4 replications helps 

with detecting exceptional irregularities as well as determining the most efficient and 

performant time a worker to perform an operation. That time will be thus used as an 

“excellence reference”.  

 

Tabella 13- Positional phase (phase 0) experimental time recording 

POS1 POS2 POS3 POS4 POS1_Fail POS2_Fail POS3_Fail POS4_Fail

8 14 6 10

6 5 19 7

1 2 2 2 4

18 20 17 17

3 11 5 8 2

27 31 28 30 11

31 33 22 31 7

15 12 12 17 11 21 10

4 4 3 2

40 30 27 25 18

1.5 1 2 2 4

23 6 8 7

7 7 13 10 3

29 10 0 10

2 3 3 2

0 11 19 11 15

10 10 11 12

2 2 2 1

227.5 212 199 204 37 46 14 9

Perfect 

Run
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After acquiring observational data, we test its coherency with provided data. 

Observational data yields around 30 hours for the assembly inside the line of one 

single Apollo Smart 20.4 (excluding finishing and painting) and an average of 6 

machines per week. The data provided correlates with the observational but does not 

provide reasons for downtime and actual downtime value.  

During the year 2024, the company yielded 7 Apollo Smart per week with a 

throughput of 56 over 8 weeks. The production of 2024 is obviously not yet finished as 

the thesis is taking place before the end of 2024; Which is why data has been scaled per 

week instead of per year, and then averaged.  

One very clear observation is that quality standards are always met. Throughput with 

defective equals total throughput. No product has been reclaimed or been pronounced 

defective. This means that the quality metric will always be equal to 1, total mark. 

Using the available factors and the indicators either provided or calculated from 

factors, we can deduce the OEE. OEE gives an overview on the performance, quality 

and availability of the line.  

 

 

In other words, the OEE pinpoints areas for improvement by breaking down the line 

KPIs and tracking them over time. It is a reliable metric that can be used to compare 

performance across different lines, production machines and gives hints as to what 

improve to ultimately enhance the overall productivity and efficiency.  

 

 

 

year throughput/year prod/week (standard time) paid hours /week (h*worker)
2024 56 7 320
2023 161 6.192307692 387
2022 75 3.947368421 280

year week/year Throughput( with defectives) production time  (real h/p)  
2024 8 56 5.714285714
2023 26 161 6.944099379
2022 19 75 10.13333333

Year Availability Quality Perfromance OEE
2024 0.944861111 1 0.875 0.826753472
2023 0.941860465 1 0.720035778 0.678173233
2022 0.925 1 0.493421053 0.456414474

 

Tabella 14- Data extraction for Line 5 production 

Tabella 15- Availability, Quality and Performance of Line 5 over 3 years for Apollo Smart 20.4 
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Figura 19- Availability, Quality and Performance trend on Line 5 

The aforementioned chart provides the OEE over a 3 year period for Line 5 producing 

continuously model Apollo Smart 20.4 with relative customization to the respective 

orders. In 2024, The production has yielded OEE =0.8267.  

 

Figura 20- OEE evaluation for 2022-2023-2024 

 

Relying on the data provided by the production staff and Mr. Poldi the production 

head department, I was also able to study all KPIs families mentioned in figure 1, over 

the span of three years.  
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Tabella 16- Rating of indicators and evolution through 3 years 

 

After discussion with company experts and by literature review, the rating will be 

qualitative as the table below explains: 

 

Tabella 17- Rating and corresponding values 

The Qualitative rating is adopted here for NDA reasons.  

Furthermore, a statistical analysis was done on MATLAB in order to describe the 

behaviour of some fluctuating KPIs like tardiness, delivery Lead Time and Production 

lead time. This analysis will rely on factors provided by the spreadsheets and records.  

The reason why we opted for a statistical analysis is that KPIs like tardiness can be 

sometimes affected by external issues which the company has no control over, for 

example the Ukraine War which halted over 200 products to Russia since the start of 

the war. To better identify exceptional tardiness and its fluctuation, as well as its 

INDICATORS rating Family Rating evolution

Labour productivity PRODUCTIVITY

Machinery Productivity

Raw material productivity  

throughput 

utilization 

Production Lead Time

overall productivity

lack of materials EFFICIENCY

lack of orders 

planned maintenance 

downtime

sampling

set up

overalllead time Flexibility

recovery time

Overall lead time Time

timeliness Customer satisfaction

good pieces time Quality

bad pieces time

%returns caused by defective prod

availability OEE

performance 

quality

Final production LEAN Rating

Value 0-0.4 0.4-0.6 0.6-0.8 0.8-1
Rating D C B A
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behaviour in normal times, Chi2 square tests were performed on the tardiness, 

production lead time and delivery lead time.  

Performing such an analysis on the Delivery Lead Time which in this thesis has been 

defined as Delivery date minus end of Production date.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2- PDF of Delivery LT over 4 theoretical distributions 

Figura 21- PDF and CDF of delivery LT over 4 theoretical Distributions 
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To better understand which distribution fits the data, we overlayed the data cdf over 

4 distributions to find which one best describes its behaviour. The Theoretical 

distributions parameters were estimated through the Maximum Likelihood Estimator 

(MLE) estimation method. Given the aforementioned inconsistency in the Lead time 

due to external uncontrollable parameters, the fitting tests had to account for these 

irregularities. 

Two tests were done, respectively, with and without irregularities. Obviously, the 

fitting of the raw data yields unsatisfactory results, we thus accept only the tests of 

validated clean data, in general we accept all values under 130. 

The cleaning had to be manual labour where we identify per order the reason for an 

irregularity. The staff has then accepted 130 as the maximum LT where values above 

constitute an irregularity to be studied. 

We can assume visually looking at the charts that the most suitable distribution for the 

Delivery LT is Lognormal or Gamma although it isn’t enough to be absolutely sure. 

We thus evaluate the Chi2 test  over these two distributions. The code provides these 

results: 

Gamma Lognormal 

>>Expected frequency is E = 5.6667. 

>>The statistic Chi2_0 = 17.4118  

>>the p-value is 0.042645. 

>>The quantile Chi2 is = 16.919. 

>>Expected frequency is E = 5.6667. 

>>The statistic Chi2_0 = 9.6471  

>>the p-value is 0.37981. 

>>The quantile Chi2 is = 16.919. 

 

Considering α =  0.05, we can assume that the distribution is lognormal.  

𝜒0 < 𝜒(𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒) 

𝐻0: the random variable 𝑋 conforms the postulated distribution with the parameters 

estimated from the input data.   

𝐻1: the random variable 𝑋 does not conform. The null hypothesis 𝐻0 is rejected if: 

𝜒0 > 𝜒(𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒) 

alternatively should the 𝑝(𝑣𝑎𝑙𝑢𝑒)~0 we can assume H1.  

For the mentioned case, we accept the hypothesis and concur that the distribution 

follows a lognormal behaviour 95% of the time.  

These distributions help us quantify statically the fluctuating KPIs needed for the 

rating.  

Supply Chain: 
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Supply chain is an integral part of Lean if a company wants to fully embrace the 

philosophy. Indeed, most of the supply network has to be transparent, easy to 

understand, and interconnected flow of information guaranteed by platforms like 

Iungo. 

The Supply chain data extraction was straight forward as most necessary data is not 

only monitored, but actively worked on and forecasted depending on the supplier. 

The forecast changes depending on the supplier’s level of reliability and 

interconnection with Dieci. 

A clear example of such interconnection is the supply of Cylinders by Supplier 1. The 

delivery is monthly, and supplies yearly around 50% of total cylinders.  

Given the various models provided by Dieci, the supplier has to be flexible in its 

cylinder supply to satisfy all models. The supplier insures the delivery on the second 

week of the month per month. Thus, the forecast uses that delay to its advantage by 

paying for the items the current month but only using them the next month, thus 

eliminating risk of stockout during the first weeks of every month.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 22- Supply of Cylinders by Supplier 1 
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Supplier 1 is then capable of adapting its supply to the company with at least a month 

notice, all the while providing different kinds of cylinders.  

This point is rendered more important by the fact that even during high unexpected 

level of orders, Supplier 1 is still able to adapt its supply and speed to satisfy the 

demand. The table and chart below prove the interconnection between the throughput 

and cylinders provided by the mentioned supplier.  

One can assume that the supplier’s agility increases the throughput of the plant system 

as a whole. This is solidified by a reliable forecast of up to 3 months.  

Supplier 1 thus insures a supply Timeliness of almost ~1. Where most deliveries 

happen within the first week of the planned delivery month. The company considers 

1 week timespan as safety. In other words, assuming for an example a delivery is 

planned on day 3 of week 1, if the delivery arrives at day 5 of week 1, the planned 

delivery is assumed equal to actual delivery.  

Although, Other cases prove to be more difficult to handle than the previous example. 

A study done on the year 2024 of a mid-range reliability level supplier showcases that 

it was more beneficial to order a large amount of cylinders from the first month 

(December) and reduce supply over the upcoming months.  

This is due mainly to frequent late deliveries. Such late deliveries prove more 

cumbersome as inventory levels have to be manually modified and well monitored by 

experts, instead of the automatic inventory allocation achievable with reliable 

suppliers. An example to such late deliveries is the performance of Supplier 2.  

Tabella 18- Models produced vs. cylinders bought from supplier 1 
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Tabella 19- Late deliveries for year 2024 by Supplier 2 

Supplier 2’s performance is not the worst but isn’t as reliable as Lean entails, and thus 

warehouses have to be updated manually in order to avoid major confusion between 

different departments (mainly inventory and supply chain).  

Lastly, 5% of the total cylinders comes from a very unreliable source where forecast is 

around 3 months and supply type and/or volume cannot be changed within 2 months 

of the planned delivery. These suppliers are involved usually only during exceptional 

times where supply follows an unexpected drop in warehouse. This source is thus 

unresponsive and unagile. Cannot be labelled as a Lean Network but as “exceptional 

measures”.  

 

 2024 2023 2022 

Supplier 1 4.9 (↘22%) 6.3 4.6 

Supplier 2 2.1 (↘42%) 3.6 1.8 

Supplier 3 0.4 0.3 0 

Supplier 4,5…. … … … 

Tot. Cylinders 8.2 (↗90.2%) 12 (↗85.0%) 8.4 (↗76.2%) 

Tabella 20- cylinder purchase from 3 suppliers (Numbers in Millions) 

 

All in all, the company has a good lean network that is agile and reliable most of the 

time. Communication between companies is fluid and both parties have full 

transparency through Iungo, providing all data needed for both parties from supply 

demand (type and quantity) to forecast, to suggestions made to suppliers.  

Late Delivery
december 4 weeks late 
january 2 weeks late
february 1 week late
march 2 weeks late
april 2 weeks late
may 1.5 week late
june no data
july 1 week late
september on time- we have reduce purchases on this supplier
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Tabella 21- Lean Network indicators 

 

Finally, as stated previously, the agility of the supply chain network directly influences 

the production and inventory management processes. We’ve shown how the 

purchasing correlates with production frequency. Thus we shall study the inventory 

aspect now.  

The inventory management system is divided into two sections: a traditional 

warehouse and an automated one.  

The traditional warehouse is organized into various "markets," each dedicated to a 

specific family of components. Critical components are stored with precise ordering in 

mind. For instance, the rows in the motor market are arranged according to the 

production sequence, ensuring that motors are introduced at the correct time during 

the assembly line. This arrangement aligns motor operations with the production flow. 

The traditional warehouse is composed of transversal drive-through markets housing 

their respective components.   

Other pareto items which are common across most models are stored in markets with 

dedicated rows. Each row houses a component family and all rows and positions are 

coded. The components are also coded. This allows easy intercommunication between 

inventory management, production and demand supply.  

When an inventory operator is tasked with transporting item A to production line 3 

for example, they scan the barcode of the item, communicating to SAP thus that the 

item has been removed from it’s row and will be used on Line 3. This automatically 

reduces the number of components of sap from inventory by one and automatically 

allocates the part to the dedicated Line.  

These different allocations are necessary to produce “assembly sheets” for all phases 

of any production line. These Sheets explain all components needed so that the line 

operator can verify the existence of all components before the start of the operation, as 

well as the operations necessary for that product.  

Column1 2022 2023 2024 ITEM

# suggestions made to supplier (for quality) Communication is frequent but unacounted for
% technical visits per year 2% 2% 2%
%documents digitalized 100% 100% 100%
average contract length with supplier (VIP supplier) 12 12 13 For most VIP
average number of suppliers for pareto items (per item) (VIPs) 3 to 4 3 to 4 3 to 4 Cilindro...
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Figura 23- phase 3 of Pivot T80   Racket for phase 7 Pivot 

 

The pictures above show on the left side the phase 3 of Pivot T80 with a sheet detailing 

the operations and/or the custom Kits or features to add. The picture on the right 

shows a rack provided to every phase in all production lines of the company. The idea 

is, every phase has a dedicated rack provided by inventory with all components 

needed for that specific operation in that specific phase. For example, on figure 7, we 

see that one of the operations dedicated to phase 7 is the assembly of the cylinder kit. 

Thus, the rack comes prepared with all components needed t successfully achieve that 

assembly operation. It has to be also noted that all sheets provide the side on which to 

work on. Ideally, the phase has one operator per side (left and right). These processes 

of recording inventory flow are automated and identified by barcodes. This eliminates 

the need for line mangers to communicate with the inventory and purchasing team for 

every product.  

Indeed, once an order is registered on the system, all components from inventory are 

automatically allocated to the line which in return theoretically maximises inventory 

accuracy on the tracking systems like SAP. 

Although, the data extraction proved that inconsistencies exist within the inventory 

management; Indeed, it happens that sometimes line managers acquire a component 

from the inventory on exceptional times without communicating it to the supply 

department. This hinders the forecast for future supply and obviously makes the 

inventory count as well as average on the system, wrong.  
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To quantify this, myself and the supply chain department conducted experiments to 

determine the accuracy of the inventory. The experiment was straightforward; we 

chose three components that are usually wrongly counted on the system. The count 

was done solely on these items as they have a high commonality index and thus are 

more prone to be mismanaged as they are available to all company lines and not a 

singular dedicated line. The experiment was done on real-time data, meaning we only 

take account of the accuracy of that specific time as a sample.  

Item Value on SAP Real Value Accuracy 

Cilinder 200 181 90.5% 

....    

Tabella 22- Accuracy level for three items 

The accuracy aside from these items is always greater or equal to 95%.  

 

Tabella 23- Apollo 20.4 inventory 

And finally, The stock coverage of the company increases up to 0.2667 in 2024 meaning 

that we have more in stock by 2024 than in 2022 for Apollo 20.4 Models. Yet, it is 

imperative to notice that the stock coverage values are still conventionally low. The 

main reason behind such low coverage is indeed due to the company policy of ATO, 

the second reason is that the company forecasts future demand but are not able to 

forecast customization level demand, thus they opt for creating new products at a high 

commonality indicator (meaning less customization) to meet the demand.  

 

3.2.4. Rating Process 

Using the collected data, the company’s current lean culture will be rated on a scale, 

to identify existing trends in lean performance. This will help determine how close the 

organization is to embracing a fully lean methodology quantitatively and highlight 

areas requiring further development. 

3.2.4.1. Trend (Derivative) 

To quantify the trend of indicators, one has to first calculate the discrete KPIs over the 

span of three years for line 5. The trend then will be achieved after 2 steps. The first 

step is the rating of an indicator statically on the specified year, and the second trend 

will be the evaluation of that indicator over the years.  

Year average inventory Turnover Stock Coverage
2022 8 7 0.142857143
2023 21 7.666666667 0.130434783
2024 20 3.75 0.266666667
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The dynamic trend will be studied as linear. We use the same convention as done by 

Portioli et. Al. (2019), and will be studied as such: 

𝑦 =  𝑎 ∗ 𝑥 +  𝑏 
Where: 

y: The indicator value over time 

a: Slope of the evolution 

x: independent time variable. Given that we are considering three years for line 5, the 

year 2022 will be equivalent to 0, 2023 is 1, 2024 is 2… 

b: Intercept of the straight line defined by values at x=0 or indicator values at year 2022.  

When considering the evolution of the variable over time, we can’t just consider the 

slope as that won’t give us information about the initial conditions defined by b.  

Thus we use a ratio metric of slope over intercept and assign ratings depending on the 

ratio value. The rating has to be coherent with the direction of the indicator considered. 

For example, overall lead time is an indicator with a negative direction, meaning the 

less the better. Whereas, an indicator like labour productivity follows a positive 

direction, meaning the more the better. These directions will be taken into account so 

that the ratios make sense as an overall result. Indeed, the ratios will be assigned a 

qualitative Letter from A to D depending on the threshold set, the direction of the 

indicator, and the ratio values.  

Thus for positive direction indicators, we follow the qualitative metric as follows:  

 

Tabella 24-  Trend matrix for (positive directional) qualitative results (Portioli et. al. 2019) 

Vice versa, for negative direction indicators, we use the inverse of the aforementioned 

table; thus resulting in a table like the one below: 
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Tabella 25- Trend matrix for (negative directional) qualitative results (Portioli et. al. 2019) 

 

“A” Rating: Indicator moves in the intended direction with annual growth of 5% or 

higher. 

“B” Rating: Indicator moves in the intended direction with low growth (not as good 

as it could be). 

“C” Rating: Indicator moves in the opposite direction but evolution is slow. 

“D” Rating: Indicator moves in the opposite direction at fast as possible. 

The trend will be done taken from a regression of the indicator values over Three years. 

For example, the performance of Line 5 operating only on the assembly of Apollo 

Smart 20.4 registers “A” trend in 2022 with a ratio of 0.453 and “A” trend on 2023 with 

a ratio of 0.215. This means that the performance has been growing for the 

aforementioned three years. The evolution between 2022 and 2023 was higher than 

2023 and 2024. It is true that the convention of 5% is too low for performance 

evaluation for our case but for the values to be consistent later on, we keep it. Some 

other indicators don’t have as high ratio as performance.  

3.2.4.2. Final Rating  

The final rating will rate all indicators mentioned and yield an overall final Lean Rating 

for the company. To simplify this process, one opts for rating all indicators 

individually first, then depending on the values provided, we weightily average them 

over the indicator family. As an example, we rate the following indicators: labour 

productivity, machinery productivity, raw material productivity, overall production 

lead time, Utilization rate and throughput. After quantifying and rating the previously 

mentioned indicators, one then uses a weighted average to yield a “Productivity 

Rating”.  
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INDICATORS CF Rating per year
2022 2023 2024

Labour productivity PRODUCTIVITY
Machinery Productivity
Raw material productivity  
throughput 
utilization 
overall production Lead time 

lack of materials EFFICIENCY
lack of orders 
planned maintenance 
downtime
sampling
set up

overalllead time/perfect Time Flexibility

procution lead time TIME

timeliness Customer satisfaction

good pieces time Quality
bad pieces time
%returns caused by defective prod

availability OEE A A A
performance C B A
quality A A A
OEE B B A

evolution trend "A" evolution trend "A"

Final LEAN Rating

Indicators Family Rating per year
2022 2023 2024

Stock Coverage
Inventory Turnover 
Inventory Accuracy

Upside Supply Flexibility
Supplier's Adaptability

Cost to Serve Cost
Perfect Order Fullfilment Reliability

Documents Digitized
Average Contract Length with VIP supplier
Average number of pareto supplier
#Supplier Technical visits
# suggestions made to supplier (for quality)

Final Lean Rating

Assets Management

Agility

Continuous Improvement

Tabella 27- Production Indicator rating table with evolution trend for Line 5 (showing only OEE data) 

Tabella 26- SC Indicator rating table with evolution trend 
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A final Rating will then be granted depending on both production and lean. The trend 

evolution is asserted also as it provides the growth/trend of the indicator over time. 

Not only is the trend evaluation good to assess the evolving indicators but to also 

provide a good vision on the evolution of performant indicators over time. Like the 

example of availability which remains A rated throughout the timespan, here the trend 

provides the fluctuations within “A”, providing concise final rating coherent with the 

evolution.  

Once we have the ratings for the families, one final step remains; weighting the 

importance of every family. Clearly, not all indicators are equally important, thus a 

performant KPI if deemed to be of low importance like setup time, shouldn’t be 

weighted the same in the final rating as a very important KPI like throughput for 

example.  

To counter the beforementioned problem, we create two Analytical Hierarchy 

Processes (AHP) for Supply chain families and Production families.  

A survey with field experts within the company was conducted to determine the 

importance of KPIs over each other in the telehandler vehicle industry. A value 

between 1 and 7 will be attributed to every family ratio to highlight how important a 

family is over the other.  

Thus, we create 3 pair-wise comparisons. two of them for indicator families of each 

one of the lean perspectives and one for the Overall Lean. To be sure the matrices are 

consistent, we shall only accept comparisons with inconsistency levels under 10% ; 

Should the inconsistency level be over 10%, two methods would have to be 

implemented, the first method would be a mathematical process that modifies the 

values depending on other comparisons done with the respective families.  

The second method would be for the experts to re-evaluate their decisions. Once both 

methods were conducted, and should the mathematical and decision-based methods 

coincide, we accept it as a solution, if not, we accept the expert decision-based method 

and re-check the inconsistency level. If over 10% ➔ re-do process described.  

The AHP was conducted through MATLAB starting from these two tables for 

production and supply chain respectively: 

 

Productivity Efficiency Flexibility Customer satisfaction Quality OEE Time
Productivity
efficiency
Flexibility
Customer satisfaction
Quality
OEE
Time

Tabella 28- AHP Model for Production families 
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After obtaining the comparisons for all, and inconsistency level is under 10%, one can 

extract the vector of weights for all families. It should be noted that: 

∑𝑤𝑖

𝑛

𝑖=1

= 1 

Only then can one know how important is a certain rating on the company. For 

example, should Agility be the most important family in SC, and it’s rating is C, then 

this constitutes a huge problem on the company. Vice versa, if the family is not that 

important and its rating is C, then action would have to be implemented to counter 

this but at the same time, it means that necessary action doesn’t have to be 

implemented ASAP, and the C rating doesn’t thus influence the Lean rating as much 

in that case. 

 

𝐹𝑖𝑛𝑎𝑙 𝑅𝑎𝑡𝑖𝑛𝑔 =∑(𝑤𝑖 ∗  𝑅𝑖)

𝑛

𝑖=1

 

 

Factors: 

• 𝑤𝑖 : weight of index i. 

• 𝑅𝑖 : Quantitative Rating of index i. 

 

Assets Management Continuous Improvement Agility Cost Reliability
Assets Management

Continuous Improvement
Agility
Cost

Reliability

-- Rating trend AHP (weights) Final Rating ---
Productivity
efficiency
Flexibility
Customer satisfaction
Quality
OEE
Time

1 0 Final Rating

Tabella 29- AHP Model for SC Families 

Tabella 30-Final Lean Production rating Calculation 
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3.3. Phase 2: Success Factors in Mass Customization 

The second phase focuses on identifying success factors to implement MC. This phase 

will assess the compatibility of the company’s existing practice with the established 

success factors.  

3.3.1. KPI Identification 

One here opts first for studying the  MC indicators of the production process in order 

to be able to successfully contextualize the qualitative data extracted later. To do so, 

one can follow the KPI families presented by M.Zebardast (2012). Small changes have 

been made to adjust the scope to the telehandler industry. The KPIs have been divided 

into these families: 

MC Family Indicator Definition 

 

 

 

 

 

Customization  

LEVEL 

 

NCF – Average  

Number of  

Customizable Features  

Number of customizable 

features of each type 

(aesthetics,  

functional or fitting) 

offered within the solution 

space.   

 

 

 

OCF – Average  

Number of Options per  

Customizable Feature  

This indicator measures 

both the average number of 

options  

of each type of 

customizable feature 

(aesthetics, functional  

or fitting) and their 

distribution among 5 

classes of number  

of options.  

-- Rating trend AHP (weights) Final Rating ---
Assets Management
Continuous Improvement
Agility
Cost
Reliability

1 0 Final Rating

Tabella 31- - Final Lean SC rating Calculation 
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Service Level 

OFLT – Order Fulfillment Lead 

Time 

 

This indicator measures the 

interval time between the  

placement of an order and 

the receipt of the 

corresponding  

goods ordered.  

 

 

 

 

 

COMONALITY 

LEVEL 

COPR – Level of Commonality in 

Product Level 

This indicator measures the 

average % of common  

materials, components and 

assemblies within the 

products  

belonging to the expected 

product mix.  

COCO – Level of  

Commonality in  

Company Level  

This indicator is the ratio of 

the unitary production 

variable  

cost of components used in 

the solution space that are  

common to other 

company’s solution spaces 

on the unitary  

production variable cost.  

 

 

 

 

 

FLEXIBILITY 

LEVEL 

MSO – Level of Multi 

skilled Operators  

This indicator measures the 

number of multi-skilled  

operators on the total 

number of operators 

working for the  

solution space. 

MPM – Level of  

Multipurpose machines  

This indicator measures the 

number of multipurpose  

machines and equipment 

on the total number of 

production  

resources used within the 

solution space.  

Tabella 32- MC KPI families ( M.Zebardast. 2012) 
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The goal is to verify whether the current systems meet the requirements for high 

customization and lean integration. These KPIs are not directly monitored but their 

factors are all stored within the system.  

We start with the customization level; in this section one studies the available arsenal 

of features that a company can introduce to its products to satisfy custom demand.  

Dieci offers a wide range of different features (called configurations within the 

company). Most of the required customization configurations are already listed on the 

price list but given that the company can also provide collaborative customization 

like in the case of the “Linthal Project” presented in the Literature, other features 

(which are not in the pricelist)  can be introduced and modifications can be done on 

the fabrication prior to the assembly for example.  

 

Figura 24- The four Approaches to mass customization by Pine and Gilmore (1999) 

 

All in all, Dieci offers a standard 24 features with an average of 2.1666 options per 

feature, hence 52 different options in total. These configurations are not to be confused 

with attachments, which are also customizable. Configurations are features done on 

the main body of the vehicle, whether it be heated seats, type of Plates…    

Attachments on the other hand are custom components that are attached to the 

telehandler. In the case of attachments, the company offers 12 different families of 

attachments with 2.583 option per attachment family, hence 31 different attachments 

in total.  

With aforementioned values as well as the ability to provide Collaborative 

Customization, Dieci can offer all four types of customization concerning Product. Vs. 

Representation.  

Service Level AND Efficiency metrics have been studied before in the lean section as 

the factors providing the KPIs are identical, one thus skips to Commonality Level. 
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Commonality in its most basic form, studies the level of “standardization” between 

different products. This family indicates how much different and/or alike the products 

from the same model are.  Starting with COPR (the Level of Commonality in Product 

level); this KPI studies “the average % of common materials, components and 

assemblies within the products belonging to the expected product mix”.  

To find such a metric, we studied almost 50 orders done between the year of 2023 and 

2024 as no new configurations have been added so data won’t be conflicted. Out of 

these orders, We extracted the number of common components, the number of 

features and attachments. Although, during this step, I realized that the excel 

containing all components also takes into account minor components like screws, 

nipples… And in this sense, the number of components becomes extremely high and 

unreliable to calculate the COPR. Thus, one has to remove these components; Of 

course, given the magnitude of components, this removal cannot be done manually. 

Henceforth, one should create a code that automatically removes all unnecessary 

components and yields the number of Features, number of attachments and number 

of Common parts.  

 

 

 

 

 

 

 

 

Having run this code for almost 50 order, we find that the COPR is usually in between 

0.29 and 0.42 and on average is equal to 0.3356. Which means that on average 33.56% 

of the components for product are custom.  

Furthermore, considering now the COCO (Level of Commonality in Company Level) 

which studies “the ratio of the unitary production variable cost of components used in 

the solution space that are common to other company’s solution spaces on the unitary 

production variable cost.” Same as before, we use the data extracted earlier for COPR. 

Having already all the costs ready for common, feature and attachment parts, one 

studies the costs ratio of common variables over the overall production variable costs 

per order, then we average them. This step has been very consistent as the COCO 

values yielded are very close.  

Orders COMMON FEATURES ATTACHMENTS

3046101 368 162 2

Tabella 33- Example of number of common, feature and attachment parts for a 

certain order 



70 3| Research 

 

 

The COCO metric ranges from 0.84 to 0.92 and averages around 0.884. This means that 

on average, 88.4% of costs of production are directly linked to common parts processes. 

Another metric considering commonality is Process modularity as explained in the 

literature. 

0 1 0 0 0 0 0 0 0 0 0 0 

1 0 1 0 0 0 0 0 0 0 0 0 

0 1 0 1 0 0 0 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 0 0 0 

0 0 0 1 0 1 0 0 0 0 0 0 

0 0 0 0 1 0 0 0 1 1 0 0 

0 0 0 0 0 0 0 1 0 0 0 0 

0 0 0 0 0 0 1 0 1 0 0 0 

0 0 0 0 0 1 0 1 0 0 0 0 

0 0 0 0 0 1 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 1 0 0 

0 0 0 0 0  
 

0 0 0 0 0 1 0 

Given the design of the plant, we successfully created a 12 process model that matches 

the production line with its consecutive cabin and telehandler lines.  This model had 

been verified by Staff before having started the measurement of SMI for Line 5. The 

matrix of Process Modularity is as shown above.  

In fact, given that every phase within the line has its own operations which are not 

replicated in other phases, we can then safely argue that product parts are assigned by 

phase. Also considering the fact that the cabin is produced and assembled on a 3 phase 

line parallel to the main line, and that the telehandler is attached as the final product 

with its attachment (if there is any), we come up with a 12X12 matrix presented above.  

Having run the code to calculate the SMI of the line 5 producing Apollo Smart 20.4; 

one finds:  
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|σ(MOD)| =

(

 
 
 
 
 
 
 
 
 

2.0698
2.0698
1.6689
1.6689
1.2967
1.2967
1
1

0.4992
0.4992
0
0 )

 
 
 
 
 
 
 
 
 

 

 

 

𝑆𝑀𝐼 = 1 −
1

𝑁∙σ1
∑ σ𝑖
𝑁−1
𝑖=1 ∙ (σi − σi+1) =  0.8959   

 

The production process is thus characterized by a high Modular system. Meaning that 

most times product parts are assigned by their respective phase yet it happens that a 

part requires multiple phases to be fully integrated within the product. This makes 

sense as the production line, the cabin line and the telehandler line are all linear, and 

merged only when processes are complete (i.e. Cannot introduce cabin to the line 

before the end of the chassis assembly).  

 

3.3.2. Plant Questionnaire linked to MC Principles 

Finally, to assess the MC culture within the company; one opts for creating a 

questionnaire dedicated to Head of production, Supply chain staff And finally with 

the head of R&D.  

This questionnaire was based on the success factors enumerated within the literature. 

The answers to these factors were partially deducted from interviews and partially 

from plant observation.  

Success factors  What to look for 

Demand for MC - Demand accuracy 

- Needs of customers 

- Challenges in adhering to customer needs 

Market Volatility - Influence by external factors  

- Competitive landscape 

- Customer profile: loyal or new? 

- Forecast accuracy 
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Customizable Product - Level of customization per model per family 

- Flexibility of customization 

Value Chain - In-house ops/ outsourced ops 

- Sourcing channels digitized and accurate 

- Manufacturing operations all recorded 

- Challenges with value chain 

- OEE 

Technological enablers - Technologies used (CNC, SAP, autodesk, flexible 

cells....) 

- Future machinery investment ? 

- E-MC feasibility 

Customer integration - Does MC add a real value to customer in 

comparison to MP ?  

- How much is a customer integrated in the process, 

are there further interactions between dieci and 

customer before and after delivery of model 

(besides the initial customization approval 

interaction)  

Tabella 34- Summary of MC Success Factors 

Starting with the Demand clause, in our context, the demand is not only present but 

is also integral to customer satisfaction. In fact, most orders are customized to a certain 

point and challenges are usually inexistant, as the company can provide high levels of 

collaboration with its customers if needed.  

Considering Market Volatility, it is safe to say that the market is ready for such 

customizable products considering also that the Dieci offers more flexibility on the MC 

compared to its competitors nationally. This flexibility is characterized by loyal 

customers that buy products periodically. Of course, the period differs from one 

customer to another.  

Although, in 2024 the market forecast indicated a drop of demand for the months 

September2024-January2025 which prompted the company to implement a three day 

week-end for its operators to reduce production levels, as most orders have been met 

all the while maintaining a good Safety stock of standard products to meet any sudden 

new demand.  

It must also be noted that, given the wars currently happening as in Palestine and 

Ukraine to name a few, around 500 finished products have been halted in different 

warehouses as deliveries cannot be conducted. One could consider this as an external 

factor impact yet considering the temporality of these issues, one dismisses it as 

“special occurrences”.  

Furthermore, when considering the value chain, one has to understand the nuance 

between the latter and Supply chain: Supply chain deals with all the supplier network 
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and customer deliveries. The supply chain refers to the network flow from supplier to 

company to customer. Value chain on the other hand denotes the processes within 

Supply Chain; it is divided into primary and supporting activities as explained below:  

 

 

Figura 25- Value Chain explanation (sloovi.com) 

Regarding this aspect, the company has a robust digitized record of flow of all supplies 

and products. In fact, All operations are digitized and monitored. The supply network 

is controlled by the Supply Chain team which also performs supply forecasts per 

supplier at all times for the best visibility obtainable.  

This allows Cross-Pollination to thrive, as in the case of Pivot T80, the chassis is always 

made by another supplier and not in-house. A high level of reliability has to be 

achieved between the two entities to insure the availability of the chassis at all times 

and thus no hindering the production the Pivot T80. The company thus uses both 

Iungo and SAP to monitor the supply network and in which line and product the 

components (supply) end up. Which means that at all times, the team knows where a 

component comes from and where it ends up on as all manufacturing processes are 
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recorded, and frequently monitored to deal with eventual incoherences within the 

inventory management as discussed previously on the Lean section of the Thesis. 

The Value Chain processes at Dieci are consistently reliable, largely because the expert 

team members have worked together for a long time, fostering strong relationships. 

Additionally, long-term contracts with both suppliers and customers help maintain 

effective communication across all parties, resulting in a smooth and efficient value 

chain.  

Technological Enablers were also studied in the scope of the Thesis. In fact, E-MC is 

fully integrated with Dieci as customers can alter their options, mix and match through 

the Dieci Website. Orders are then processed on SAP detailing all operations, 

attachments, configurations needed automatically from sales to production 

department.  

In the case of Collaborative Customization, it is common for R&D and production team 

to discuss with customer and agree on the customization level, this is enabled by the 

sharing of Autodesk files within all parties included; in fact, depending on the 

customer’s inquiry, the R&D team develops a vehicle design which is then sent to 

customer for validation and to the production team for feasibility analysis. Once both 

parties (Production team and Customer) agree to the design yielded, the prototyping 

starts and shortly after, the production starts.  

The flexibility is insured by the company’s wide arsenal of flexible cells that can work 

on different types of chassis configurations. Yet FMS is not enough sometimes for 

certain operations and products within Collaborative Customization. Indeed, RMS 

needs to be implemented. The reason is that the usual lines flexible but cannot be 

reconfigured for more than what they are assigned to. For example Line 5 produces 

Apollo Smart and Pivot Models. Thus, in the assembly lines, the phases are 

reconfigurable but to a certain degree, allowing reconfigurability of phase machines 

but for only two models. For example, It is incapable of producing Hercules model 

without prior modification to the line. Dieci has thus two Reconfigurable production 

lines dedicated to this type of customization. These two production lines are 

Convertible and modular meaning that the line’s functionality can suit different types 

of models. These lines are also backed by different CNC machining and reconfigurable 

processes whether it be in-house or in different branch or different company to meet 

very specific design requirements.  

Although it has been observed that RMS lines are time-consuming and products take 

marginally longer times than the other three types of customization. The lines are also 

not controlled and monitored in real time through sensors and associated platforms, 

thus forming a problem on the integrability of information as production staff have to 

go on-site to monitor the operators’ functions and on the scalability.  
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(* insert RMS line photo*)  

 

The last two factors constitute an overview of the past discussed factors. Indeed, 

“Customizable Product factor” reflects on the level of customization a company can 

achieve, which in our case is total.  

The company receives orders of all types of customization and it successfully produces 

them all namely; adaptive, cosmetic, transparent and collaborative.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Phase 3: Lean Assessment tool for Mass 

Customization plants  

Lean assessment tools help companies assess their level of lean and the direction 

they’re heading in. It provides a good view on multiple Lean aspects while 

interconnecting them. The problem with this tool in the scope of this research is 

twofold: the first problem is that these tools are not only scarce but very expensive to 

Figura 26- Example of Customization hierarchy for Construction 

sector 
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be used for a thesis research. The second problem is that LAT for MC is almost 

inexistant.  

Henceforth, the need to create our own LAT rises. Through the help of the literature 

provided as well as the LAT developed by the Association for Manufacturing 

Excellence (Manufacturing Association in short), we have developed a lean assessment 

tool targeting companies adopting both Lean culture and Mass Customization 

processes.  

The LAT was created evaluating the four principles aforementioned and their 

subsequent subprinciples. It also links these lean principles to Mass customization:  

Principle 1: Long term philosophy 

 Commitment  

 Empowerment 

Principle 2: Continuous process for problem detection on mass customized products 

 Visual Control 

 Standardized work  

 5S+1 

 Value Stream Mapping 

 Material flow  

 Supply chain management 

 Set-up reduction 

Principle 3: Staff inclusion and Development 

 Training 

Principle 4: Problem solving 

 Strategy/ Hoshin Planning 

 Metrics 

 Customization Level  

 Continuous Improvement for MC 
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Tabella 35- MC in Lean Criterion Survey 

 

In order to assess these criterions, a survey has been implemented following guidelines 

provided by Manufacturing association and the literature provided by Da Silviera. 

0 1 2 3

MASS CUSTOMIZATION IN lean

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high 

degree

Condition 

exists to 

the fullest 

extent Notes/Comments
1

Demand is always existant and high enough for 

continuous MC 2

2

E-MC is fully implemented and running 3

3

Customers can be included in the context of 

Collaborative Customization and are satisfied 

with product. 3

4

Operations are recorded and digitized 3

5

Cross-Pollination between different companies 

is achievable and communication is fast and 

efficient. 2

6

Lines are flexible and adhere to more than one 

model and their subsequent variants. 2

7

+70% customers are loyal and their demand is 

periodic 2

8

Competition influences new levels of 

customizations to be implemented 1

9

Future Machinery investment is maintained for 

new types of customization 0

10

Line design is determined by level of product 

modularity 1

11

MC KPIs are monitored at all times 2

12

Lines are Reconfigurable 2

13

No challenges occur in adhering to customer 

needs in the case of transparent, adaptive and 

cosmetic customization 3

14

Economy of Scale is Achieved with MC. 3

Average Score 2.1

Score
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Although, modifications had to be made in order to narrow the scope of the assessment 

to MC companies. An example of these observations are in table 24.  

Thus, every criterion holds multiple observations that will have to be rated from 0 to 

3 as presented on the table above for the case of Mass Customization Levels.  

 0 = Condition does not exist 

 1 = Condition somewhat exists 

 2 = Condition exists to high degrees 

 3 = Condition is fully implemented  

Finally, it has to be noted that the modifications done on the other criterions were made 

with MC in mind. Meaning that some observations had to be changed or simply 

removed as they are not influential for the case studied. This survey has been given to 

Supply chain department staff, production staff and R&D staff after verification and 

validation with Mr. Poldi first. Indeed, Mr. Poldi has been pivotal in adapting the 

survey to have a better visibility of MC in Lean. For example, observations in criterions 

that don’t matter to MC have been changed and/or removed to include MC principles 

within the Lean questionnaires, achieving thus a merged overall Lean Assessment tool 

that studies MC in Lean and not MC and Lean individually.  

After acquiring all observations, we then assign a score depending on the number of 

observations per criterion to normalize them all on a percentage system. The table 

below gives a result example for the case of Commitment Criterion under the first 

Principle (Long term Philosophy). 

 

Tabella 36- Commitment Criterion score 

 

Tabella 37- Table of MC in Lean  score 

Lean Criterion

Average 

Score

Current 

Score

Number of 

Observations

Maximum 

Total Score Target Maximum %

% of Max 

Score

Commitment 2.8 14.00 5 15 80% 100% 93%

Lean Criterion

Average 

Score

Current 

Score

Number of 

Observations

Maximum 

Total Score Target Maximum % Final Score

Commitment 2.8 14.00 5 15 80% 100% 93%

Empowerment 1.90 19.00 10 30 60% 100% 63%

Training 1.50 18.00 12 36 60% 100% 50%

Strategy/Hoshin Planning 2.20 11.00 5 15 60% 100% 73%

Continuous Improvement 1.67 15.00 9 27 60% 100% 56%

Metrics 1.75 14.00 8 24 60% 100% 58%

Value Stream Mapping 1.67 10.00 6 18 60% 100% 56%

Set-up 2.17 13.00 6 18 60% 100% 72%

Supply Chain 2.21 17.71 8 24 60% 100% 74%

Standard Work 1.80 10.80 6 18 60% 100% 60%

Material Flow 2.60 13.00 5 15 60% 100% 87%

Visual Controls 2.00 14.00 7 21 60% 100% 67%

5S and Safety 1.61 22.50 14 42 60% 100% 54%

Mass Customization Level 2.071429 29.00 14 42 80% 100% 69%
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The results are then kept in a Radar Chart as done initially by Association for 

Manufacturing Excellence. This allows an easy visibility of scores of all criterions and 

the target that a company desires to achieve, as shown below: 

 

Tabella 38- Radar Chart of MC in Lean featuring Score, target and Maximum 

Having finalized the Assessment, an expert opinion is needed to weigh the importance 

of every criterion. In this case, we will be conducting a pair-wise comparisons like it 

has been done in the first phase. In fact, This method is very robust for allocating 

weights to criterions as it avoids all inconsistencies that could be generated if pair-wise 

comparisons isn’t implemented. The weighting system will follow the same process as 

done in the first phase, where all criterions will be compared to other criterions. 

 

Commitment Empowerment Training Strategy Continuous Improvement Metrics VSM Set-up Supply Chain Standard Work Material Flow Visual Controls 5S and Safety Mass Customization Level

Commitment 1

Empowerment 1

Training 1

Strategy/Hoshin Planning 1

Continuous Improvement 1

Metrics 1

Value Stream Mapping 1

Set-up 1

Supply Chain 1

Standard Work 1

Material Flow 1

Visual Controls 1

5S and Safety 1

Mass Customization Level 1

Tabella 39- - Pairwise Comparison of MC in Lean criterions 
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Afterwards, an inconsistency validation test is conducted to test if the comparisons are 

consistent with each other. Again, an academical convention threshold of 10% has been 

set for the validation of inconsistency where if AHP model yields an inconsistency 

ratio below 10%, then we can assume that the table is coherent and a vector of weights 

is then deducted. The idea is that not all criterions are equal; it depends on the 

industry, the company vision, and priorities depending on external factors like market 

volatility.  

 

Tabella 40- Final Score of all Criterions and their respective weights 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Criterion Score Weight Final Score

Commitment

Empowerment

Training

Strategy/Hoshin Planning

Continuous Improvement

Metrics

Value Stream Mapping

Set-up

Supply Chain

Standard Work

Material Flow

Visual Controls

5S and Safety

Mass Customization Level
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4 Findings and improvements 

The results for dieci as a study case after all three phases will be studied to see how 

well the KPI measurement and analysis correlates with the Lean assessment tool 

developed in the third phase. This part will shed light on eventual improvements to 

be made as well as verifying ultimately that the lean tool developed for Mass 

customization correlates well with the Data extraction.  

Phase 1 results validate the hypothesis of LEAN and provides numerical results on the 

development of the different KPIs over time. The analysis in Phase 1 provides a Lean 

Rating considering all KPI families to have the same importance. Yet understanding 

that every industry differs in how they manage their KPIs, we opt to create an AHP 

system where professional supervisors provide the pair-wise comparisons so that one 

can be able to actually evaluate the Lean measurements. One example for AHP is the 

Quality Family of KPIs; Indeed, All vehicles produced pass 100% quality checks, as 

quality checks are not only imbedded within the production line itself, but also Quality 

Managers convey that scrap rate is equal to 0. In this case, Quality as a family of KPI 

is not as important as other families and thus should not be computed with the same 

weight as other more important families.  

 

Tabella 41- Lean Final Rating for Production 

 

INDICATORS CF Rating per year
2022 2023 2024

Labour productivity PRODUCTIVITY
Machinery Productivity
Raw material productivity  
throughput 
utilization 
Overall Productivity

B- B+ A-
lack of materials EFFICIENCY
lack of orders 
planned maintenance 
downtime
sampling
set up

A A A
overalllead time/perfect Time Flexibility

C B B
Production lead time Time

B B+ B+
timeliness Customer satisfaction

C C C
good pieces time Quality
bad pieces time
%returns caused by defective prod A A A

availability OEE A A A
performance C B A
quality A A A
OEE B B A

Final LEAN Rating B- B- B+
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Multiplying the Family ratings with the vector of weights provided by the AHP we 

get:  

 

Tabella 42- Lean Rating  for production with AHP for the year 2024 

 

A final Rating of 0.74/1 (implementation of Lean measurements up to 74%) is finally 

accredited to the company from a KPI evaluation standpoint for the year of 2024. 

Correlating this result with the survey implemented in phase 3, we also see a mid-high 

level of implementation of lean in Mass customization as such:  

 

Tabella 43- Final Production Lean rating Through Survey 

 

The error between both phases is at 11.04%. This disparity is due to the fact that KPI 

measurements don’t take into account qualitative data. Which alters thus the 

perception of Lean for the company, giving a false idea of improvement. Phase 3 is 

thus necessary to monitor both qualitative and quantitative data. Phase 3 sheds light 

on what needs to be improved given the available data that’s being monitored. 

Customer satisfaction which is characterized by the timeliness shows low importance 

and low efforts to improve it. This is due to different reasons ranging from wars, 

everchanging intergovernmental tariffs, and postponement requested by multiple 

Production Families Rating trend AHP (weights) Final Rating ---
Productivity A 0.198065964 0.158452771
efficiency A 0.110073065 0.088058452
Flexibility B 0.164732724 0.115312907
Customer satisfaction C 0.080079937 0.032031975
Quality A 0.025803611 0.025803611
OEE A 0.324876789 0.259901431
Time B 0.09636791 0.067457537

1 0.747018684 Final Rating

Criterion Score Weight Final Score

Commitment 93% 0.0699 0.06524

Empowerment 63% 0.0264 0.01672

Training 50% 0.0302 0.0151

Strategy/Hoshin Planning 73% 0.1556 0.114106667

Continuous Improvement 56% 0.109 0.060555556

Metrics 58% 0.0652 0.038033333

Value Stream Mapping 56% 0.0568 0.031555556

Set-up 72% 0.0162 0.0117

Supply Chain 74% 0.0795 0.058678571

Standard Work 60% 0.0483 0.02898

Material Flow 87% 0.0545 0.047233333

Visual Controls 67% 0.1045 0.069666667

5S and Safety 54% 0.0759 0.040660714

Mass Customization Level 69% 0.1079 0.074502381

Final Score 0.672732778



4| Findings and improvements 83 

 

 

customers. Thus we realized that the tardiness problem within Dieci is not fully an 

internal problem but an amalgamation of internal and external factors.  

On one hand, the internal problem stems from an incomplete implementation of 

Kaizen mentality which translates to not respecting delivery dates, correlating with 

the low rating of Customer satisfaction given on phase 1.  

 

Figura 27- Kaizen process simplified (Rollforming Magazine) 

 

Internally, Dieci implements Kaizen strategies although, this implementation remains 

incomplete. The main problems are that performance targets are not clearly being 

monitored daily and in a transparent cross-department way. The multi-year plan 

while is discussed through meetings, remains unmonitored throughout all 

departments and the lack of a clear data monitoring system of performance targets are 

not directly linked to an achievement plan. This creates confusion within the 

interdepartmental communication and leads to continuous meetings  that could’ve 

been resolved through a master Data sheet quantifying exactly goals, strategy 

planning for different governments and Capital planning for future innovations.  

While root causes have been identified, solution implementations remain to be 

determined and standardizing work and processes for this problem are not automatic 

but taken case by case. The delivery lead time characterized by the difference between 

planned delivery date and actual delivery date in itself is not the main issue. Indeed, 

when we conducted the statistical analysis on the delivery lead time for Three 

consecutive years for the metric, we found that the behavior correlates to that of a 

gamma distribution which is then characterized by high density of numbers on the left 

side of the graph, meaning that most deliveries are usually  less than 40 days 

(weekends included), which in the context of international delivery for telehandler 
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vehicles, is not optimal but is still appropriate. The actual issue is the overall lead time; 

meaning the time from order reception to actual delivery date. When in 2023 it was 

around 355 days, it reduced to 207 days in 2024. This reduction is mainly explained by 

an improvement in the production level. Although, the time between order reception 

and  start of production remained almost the same between the two years and is a 

considerable amount of time. A problem that has not been solved yet. 

On the other hand, Value stream Mapping is not efficiently described in the company. 

Its principles exist but the lack of a clear VSM monitoring system outside of SAP leads 

to delays that could have been prevented. This is due to the lack of a Continuous 

improvement dedicated specialist who oversees the trajectory of components from 

supplier to production to delivery. A specialist of the sort is essential to create a clear 

path throughout the supply chain and can override the inconsistencies found within 

SAP. Such inconsistencies can be related to incoherent values found within SAP linked 

to Asset managements for example; one can recall the example discussed before where 

certain components can be taken without necessarily removing them from SAP. 

Creating thus confusion between the Supply chain staff overlooking assets and line 

managers (Capo de linea).  

A Continuous Improvement Specialist is essential for a company that embraces Lean 

principles. Material flow and Value Stream Mapping (VSM) are not inherently aligned 

with the Kaizen strategy in the case study presented, which can hinder overall 

improvement efforts. Without a dedicated role to integrate these elements, the 

company risks creating fragmented data sheets and records that are not 

interconnected. This lack of cohesion leads to inefficiencies, making it difficult for staff 

to track progress and diminishing the clarity of the path to improvement. 

This aspect becomes clearer when looking over the results of Lean Supply Chain, as 

stated below:  

 

Tabella 44- - Supply Chain Lean Rating 

Assets and inventory management, while an important factor of the company, remains 

hindered due to lack of a specialist, and is thus an added labor to the Supply Chain 

Team.  

 

External factors, such as frequent customer postponements, the ongoing wars in 

Ukraine and Palestine, and high import tariffs from certain countries, have 

significantly impacted production. As a result, over 650 vehicles have been 

Family KPIS SC Rating trend AHP (weights) Final Rating ---
Assets Management B 0.1161 0.08127

Continuous Improvement A 0.1857 0.14856
Agility B 0.3385 0.226795
Cost A 0.0584 0.04672

Reliability A 0.3014 0.27126
1 0.774605 Final Rating
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manufactured and stored in hangars in recent years. These vehicles were produced 

based on specific customer orders (ATO—Assemble to Order), and their high level of 

customization prevents some of them from being sold to other customers. This 

situation has led to substantial storage costs, as the machines remain unsold and idle. 

As of now, a reselling strategy has not been implemented yet which results in 

increasing storage costs with no return. Therefore, a business plan must be done to re-

introduce those idle machines in the market. An attempt for such a plan can be divided 

in Fivefold:  

1) Operational and financial Plan 

Firstly, the company will have to study its Cost-Profit analysis. Would the revenues 

generated from reintroducing these idle products be enough for their costs of storing 

and marketing. Would the logistics of the company be ready for a just-in-time strategy, 

and if not, how much would it cost to outsource the logistical operations in cost-benefit 

analysis. A sales forecasting through KPI monitoring will yield an estimate of number 

of vehicles expected to sell within a timeframe (Half a year, yearly…), keeping the 

operational process automated and coherent.  

2) Market Analysis: 

One should opt to study the current demand and try to meet certain industries’ needs 

with already customized products, offering thus a low overall lead time, and 

increasing customer satisfaction. A market analysis on specialized customers in 

agriculture, mining and construction might yield similarities between their demand 

and available idle products. The repurposing of the products might be necessary in 

cases of war. As of the writing of this thesis in 2024, the tension between Europe and 

Russia is still very present, thus storing products that were originally supposed to be 

delivered to Russia might be a hindering strategy for the company.  

3) Resale Strategy development  

One can start looking at developing countries and emerging ones, where development 

of the country is key and the need of construction vehicles for example is thriving. 

Having products with different customizations can give a competitive advantage all-

the-while offering discounts.  Promotions and discounts incentivize sales especially 

for products that have become harder to sell due to their specialized nature and 

increased price. One could think of bulking multiple vehicles and/or offering financing 

options.  

Finally, The company could explore its partnerships with distributers and resellers 

that have had long-term contracts with the company. These partnerships can be 

beneficial in the sense that they wouldn’t have to order new vehicles but get offered 

idle vehicles that most suit their needs and applications.  

4) Pricing strategy 
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The company will have to ensure that its prices ultimately cover storage and 

reconditioning costs while leaving some room for a reasonable profit.  Although, profit 

in this case should not be the main concern, as the ultimate goal is to cover the storage 

costs that the company has had for a while. An aggressive pricing strategy might have 

to be implemented to offer a competitive edge and ultimately clear out inventory. An 

instance would be through opting for leasing and/or installment plans that are 

affordable and reasonable for potential buyers while simultaneously offering 

promotions and discounts.  

5) Contingency Planning  

The company should have a contingency plan in place to counter the possibility of 

market not responding as expected. Options could range from more price reductions 

to scouting alternative buyers.  

 

Ultimately, Phases 1 and 2 of the study are quantitative and show a high degree of 

correlation with the lean assessment tool developed in Phase 3. Although Phase 3 is a 

qualitative study, the results it produces align well with the quantitative findings from 

Phases 1 and 2. This strong correlation suggests that the lean assessment tool 

developed in Phase 3 is a valid method for identifying areas where the company can 

improve its lean practices, as it yields results that are consistent with the quantitative 

measures obtained earlier in the study.  

 

Finally, a digital twin attempt was established through Arena-Rockwell first to 

simulate the process.  

 

In the scope of this thesis, we hoped for creating the foundation of a digital twin, 

starting with validating the simulation. 

The production line is straightforward, where it holds 6 phases and two parallel lines 

for respectively the cabin and the telehandler. The problem with an academic attempt 

for digital twin in Dieci is the lack consistent data extraction on SAP. While the model 



4| Findings and improvements 87 

 

 

provides consistent results with reality considering the throughput, utilization rate 

and availability of phases, the lack of coherency of data across different monitoring 

platforms within the company  will result in confusing data provided by the digital 

twin, thus major change has to occur on data monitoring platforms before attempting 

the digital twin.  

As mentioned in the company background as well, sometimes (in cases of extremely 

high customization levels) production staff has to allocate the operations manually on 

SAP for the production. Such an operation could be automated, and an attempt was 

made in order to come closer to the realisation of the digital twin.  

A code was developed to automate process allocation. With access to data from all 

previous operations, the code identifies the components required for each order and 

the specific machine model requested. By analyzing historical allocation data, it then 

automatically assigns the necessary processes for each order  

With the help of the simulation already made in place, this code can then provide 

changes in the operations done in phases which translates in the change of the 

simulation on Arena to conform with reality.  

But the problem persists in the sense that no actual efforts are being put in place for 

the creation of a digital twin and data inconsistency hingers the creation of such a tool 

for the time being. All in all, a lean specialist coupled with a simulator in place will 

tackle the problems overseen and propel the company to 100% lean, having not only 

visibility on the whole lean process adjusted for mass customization but also, a reliable 

function [seq, op] = allocator(excelFile, a, b) 

    % excelFile: Cell array containing data from the Excel sheet 

    % a: Value of the 'Material' column to search for 

    % b: Value of the 'AID' column to search for 

     

    % Find the row where 'Material' and 'AID' match the inputs 

    for i = 1:size(excelFile, 1) 

        tr(i)=strcmp(excelFile{i, 15}, a); 

        tp(i)=strcmp(excelFile{i, 1}, b); 

        if tr(i)== 1 && tp(i) == 1; 

             seq = excelFile(i, 6); % 'Seq' is in the 6th column 

             op = excelFile(i, 5); 

        end 

    end 

 



88 4| Findings and improvements 

 

 

digital twin tool that monitors automictically all processes, eliminating the need for 

multiple meetings and allows the capo de linea and production staff to be always on 

the same page.  
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5 Conclusion And Future development 

The methodology developed in this study underscores the significance of Lean 

practices in driving operational efficiencies within a mass customization (MC) 

framework. By applying a systematic Lean assessment tool across Dieci’s production 

line 5 for the Apollo Smart and Pivot models, we observed a strong correlation 

between resource utilization and Lean evaluation, supported by both quantitative and 

qualitative data extraction phases. 

 

Phases 1 and 2 demonstrated measurable improvements across KPI categories relevant 

to both production and supply chain processes, while Phase 3 provided validation of 

Lean ratings provided in phase 1 through direct on-ground observations. This is 

important as phase three provides the exact areas to improve for the KPIs to become 

better. It must be noted that the Association of Manufacturing Excellence offered a 

foundational framework that guided the development of a targeted Lean assessment 

tool for MC environments. 

 

Phase 3 highlighted specific operational and managerial areas needing improvement, 

while Phases 1 and 2 offered quantitative evidence confirming these critical areas. The 

survey in Phase 3 identified core issues, which were further substantiated by the KPI 

data and statistical analysis from Phases 1 and 2, offering irrefutable insight into what 

requires improvement and how progress can be monitored. The absence of a dedicated 

Continuous Improvement Specialist hinders the effective implementation of 

improvements, as these responsibilities are currently divided between supply chain 

staff and the head of production. 

 

The study also revealed that tardiness poses a challenge for Dieci, and the lack of 

solutions to address it impedes the operational flow. Furthermore, the findings 

indicate that Dieci’s challenges arise from both internal and external factors, including 

partial implementation of Kaizen principles, delays in data synchronization, and 

external geopolitical factors impacting inventory management and customer 

satisfaction. Ultimately, the Lean assessment tool was validated as an effective 

measure of continuous improvement, spotlighting specific areas for attention, 

particularly in inventory control, interdepartmental transparency, and customer 

satisfaction. 
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Therefore, a continuous improvement specialist is necessary to oversee the alignment 

of the company with lean principles, facilitate accurate data flow from supplier to 

customer through a dedicated VSM. Ultimately, reducing lead times by eliminating 

confusion between different departments. 

For future research, other  pathways could improve the understanding and application 

of Lean practices in mass customization. Expanding the assessment tool to include 

more advanced data analytics, such as machine learning for predictive maintenance, 

supplier forecasting, customer behaviour and real-time monitoring, could provide a 

dynamic, responsive approach to Lean evaluation. A “Digital Twin” model here 

would work best if integrated fully with real-time data from SAP and other monitoring 

platforms and records. The digital twin’s efficiency would also be very good through 

incorporating Internet of Things (IoT) technology to monitor production processes, 

improve thus transparency, enabling more accurate, data-driven decisions. Coupling 

continuous improvement specialist and a digital twin model provides a more 

generalized and global approach when tackling Lean principles for mass 

customization as they remove the need to rely on expert opinion and bias altogether.  

 

Finally, some limitations should be acknowledged. First, the assessment tool, while 

fitted for MC environments in the scope of this thesis, is yet based on existing 

frameworks that does not capture the unique dynamics of all MC settings or 

industries. Indeed, this limitation impacts the general use of the findings, as Lean 

practices can vary significantly across different production contexts. Additionally, the 

qualitative aspects of Phase 3 rely heavily on subjective observations, which could 

introduce bias despite efforts to cross-reference with quantitative data. 

 

Another limitation comes from external factors such as geopolitical instability, which 

affects the supply chain and production timeliness during this study. These factors, 

while relevant, are beyond the control of Lean practices and represent challenges that 

may require broader strategic solutions beyond Lean implementation. A general 

solution to counter this limitation was attempted but the lack of a clear and concise 

study on the geopolitical context provides no guarantee on the feasibility of the 

attempt made.   



 91 

 

 

 

 

 

 





 93 

 

 

Bibliography 

Association of Manufacturing Excellence lean power Tool. 2008.  

 

Jeffrey K. Liker 2004, " The 14 principles of the Toyota Way: An executive Sumary of 

the culture behind TPS 

 

Alessandro Fontana, Donatella Corti, Mahnoosh Zebardast, Golboo Pourabdollahian. 

2012 Conference Paper " Mass Customization Assessment: Development of Key 

Performance Indicators."  

 

Andrea Pampanin, Alberto Portioli Staudacher , Bassel Kassem , 2021 Thesis; 

Politecnico di milano. "Lean and Assembly: process improvement using Lean Tools in 

an Italian manufacturer. " 

 

Isabelina Nahmens, University of Cental Florida. 2007. "Mass Customization 

Strategies And Their Relationship To Lean Mass Customization Strategies And Their 

Relationship To Lean Production In The Homebuilding Industry"  

 

Katja Hölttä, Eun Suk Suh, and Olivier de Weck, INTERNATIONAL CONFERENCE 

ON ENGINEERING DESIGN ICED 05 MELBOURNE, AUGUST 15 – 18, 2005. " 

TRADEOFF BETWEEN MODULARITY AND PERFORMANCE FOR ENGINEERED 

SYSTEMS AND PRODUCTS" 

 

Giovani Da Silveira, Denis Borenstein, Flavio S. Fogliatto, 2000. " Mass customization: 

Literature review and research directions" 

 

Mahmut Tekin, Mehmet Etlioglu,  Murat Arslandere, Ertugrul Tekin. 2019. " An 

Application of Kaizen in a Large-Scale Business" 

 



94 | Bibliography 

 

 

Maximilian de Bucourt & Reinhard Busse & Felix Güttler & Christian Wintzer & 

Federico Collettini & Christian Kloeters & Bernd Hamm & Ulf K. Teichgräber; Article. 

2010. " Lean manufacturing and Toyota Production System terminology applied to the 

procurement of vascular stents in interventional radiology" 

 

Vladimir Modrak, Zuzana Soltysova, 11th CIRP Conference on Intelligent 

Computation in Manufacturing Engineering, CIRP ICME ´17, 2018. " Process 

modularity of mass customized manufacturing systems: principles, measures and 

assessment" 

 

Simone Pagani, Jorge Pena Lazaro, Alberto Portioli, Fabiana Dafne Cifone, 2019, 

Politenico di Milano; " Development of a Lean Assessment Tool and Methodology for 

Small and Medium Enterprises in Italy" 

 

Aiste Altonen, Aalto University thesis, 2011. " Success Factors of Mass Customization 

– Cases: Chocri and Shoes of Prey"  

 

Sini Gao. Production planning for mass customization in a reconfigurable 

manufacturing system. Other. Université de Technologie de Compiègne, 2023. 

English. NNT: 2023COMP2663. tel 04115995 

 

 

 

 

 

 

 

 



 95 

 

 

A Appendix Phase 3 

 

 

 

0 1 2 3

Commitment - Mgmt. considers Lean 

principles in all aspects of plant operation.  

Organizational structure promotes the 

concepts of value-added flow, pull, and the 

pursuit of perfection.

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1

Use of Hoshin Planning or a similar strategic planning 

tool, Lean, and Six Sigma tools are well established and 

continuous improvement is pursued in everything we do.  

Kaizen implemented to high degree, 

yet monitoring is not a direct process

2

Hoshin Planning or similar strategic planning tool is in 

place and all process improvement activities are funneled 

through the Strategic Steering Committee to prioritize KPI review  monthly 

3 All members of Mgmt. have been educated in Lean 

concepts and a formal implementation plan exists

Schedule Lean Overview Training for 

key employees ASAP.

4 Some members of Mgmt are aware of Lean concepts 

and sporadic use of Lean and Six Sigma tools exist.

5 Mgmt. is aware of Lean concepts and is not interested in 

exploring the benefits of implementing the philosphy.

Average Score #DIV/0!

Score

0 1 2 3

Empowerment 

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 The strategic plan clearly outlines the focus, goals, and 

methods needed to achieve "Breakthrough Improvement" 

in targeted conditions.

2 The structure is streamlined and flat, with three or fewer 

levels, built around Lean principles and strategic goals to 

encourage high ownership at all levels.

3 A structured communication agenda is consistently 

followed, and multi-directional systems enable 360-

degree feedback.

4 Teaming methods drive the generation and 

implementation of ongoing improvements.

5 Job roles have evolved from single-task to multi-task 

responsibilities, placing a premium on flexibility.

6 Leadership has shifted from hierarchical models to more 

team-based decision-making.

7 Information sharing has improved, moving from restricted 

"need to know" access to an open, collaborative 

approach.

8 Leadership styles have evolved from hierarchical to at 

least partially team based decision making. 

9 Recognition and rewards systems have transitioned from 

individual achievements to team-based 

acknowledgments.

10 Plant staff demonstrate strong team spirit, loyalty, and 

motivation, with work practices that foster individual 

productivity.

Average Score #DIV/0!

Score
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0 1 2 3

Strategy/Hoshin Planning -    The Hoshin Plan or 

similar planning tool is a living document and regularly 

scheduled meetings are held to review progress in 

reaching the goals outlined in the Target Condition.

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 A multi-year strategic plan, such as a Hoshin Plan, 

connects long-term business goals with short-term action 

steps.

2 The business team has developed clear global 

performance targets (e.g., specific product costs, lead 

times, and dates), which are tied to target completion 

3 Planning starts with understanding customer needs and 

corporate objectives.

4 Customers and suppliers actively participate as business 

partners in the Lean transformation process.

5 Capital planning is grounded in the Hoshin Plan or a 

similar strategy tool, with justifications drawn from 

commitments to the Target Condition.

Average Score #DIV/0!

Score

0 1 2 3

Continuous Improvement

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Positive trends have been established across all key 

metrics on a monthly basis.

2

A Lean Champion, ideally reporting to the Plant 

Manager, is responsible for overseeing continuous 

improvement efforts.

No actual Job as Continuous improvement 

manager, although that responsibiliy falls 

under the duties of the Head of production 

Mr. Poldi and supply chain staff

3 Training and education are prioritized, averaging over 

100 hours per employee annually

4 External benchmarks are applied constructively, with a 

mindset focused on "pursuit of perfection."

5 Both top-down and bottom-up processes are in place to 

encourage idea generation and ownership.

6

Current conditions and future goals are clearly 

communicated to all employees (Line operators included)

7 The improvement culture supports projects that may not 

yield immediate financial results if they enhance 

customer satisfaction or morale.

8 Kaizen events are documented to track ongoing 

improvements.

Average Score #DIV/0!

Score
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0 1 2 3

Metrics - Plant exhibits a culture of fact-based 

decision making.  A broad program of data gathering 

exists employing the concepts of brainstorming, process 

mapping, and numerous data tools.  Complexity is 

avoided and metrics are easily internalized by all 

employees.

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1

Hourly production goals and actual results are displayed 

on the shop floor for associates to see. An Operations 

Room showcases key metrics with color-coded daily 

goals and actuals, allowing quick assessment of target 

achievements. These daily figures roll up into month-to-

date and year-to-date charts for clear tracking. Both in the meeting room and inside the plant

2 Metric owners who miss targets are responsible for short-

term corrective actions and long-term solutions to 

address root causes, with Lean and Six Sigma experts 

available to assist in identifying and resolving these 

issues.

3 Metrics are tailored to the audience, with shop personnel 

tracking standard work-in-progress (WIP) and managers 

monitoring inventory days on hand.

4 Long-term objectives are set for all major metrics, with 

regular updates on progress.

5 Reporting intervals are kept short to strengthen the 

connection between actions and outcomes, with 

performance data shared almost in real-time.

6 Key metrics encourage appropriate actions and 

behaviors that drive success.

Not for all operators, preserie et prototipo si, 

but for line, only operation and options

7 All posted metrics clearly show target values.

Average Score #DIV/0!

Score

0 1 2 3

Value Stream Mapping

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Manufacturing families are defined based on process 

flows, routings, and production volume data.

2

Value Stream Maps (VSMs) are created for key 

manufacturing families and updated regularly to reflect 

both current and future states.

It exists but not in the standard VSM visual 

method. More rather through realtime 

updated records shared through all 

departments . 

3 Critical (pacing) process operations have been 

identified.

4 VSM’s are presented to and approved by top 

management on a scheduled frequency.

5 Transformation plans are detailed with responsible 

individuals and target dates, showing visible progress 

according to the schedule.

6 Extended value stream thinking is in place, bringing 

customers and suppliers into the process. Communication is frequent

Average Score #DIV/0!

Score

0 1 2 3

Set-up Reduction

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Set-up procedures are documented and posted. No setups needed

2 A structured process is in place to reduce set-up times. 

Program elements include new machine design 

specification, tooling, off-line kitting, and operator 

training.

set up is rarely done, it's done once and 

takes a week, processes are already known 

3 A closed loop system is in place to link best practice 

procedures, including latest kaizen results, to formal 

training program.

4 Only minimal variation exists between operators on set-up 

sequence and methodology.

5 Critical set-ups are measured and posted against 

published targets (as per VSM) GOAL = <week

6 Average set-up times are < takt time (or <10 minutes if 

takt time unknown) on critical equipment. setup time in this sense = 0 

Average Score #DIV/0!

Score
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0 1 2 3

Supply Chain

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1

Key supplier on-time delivery is >99%.

assumption: consider delivery on time up to 

a week 

2 Just-in-time delivery frequency established for all key 

suppliers (turns on raw material >10). 

we must improve the kpi monitorng in order to 
check the performances

3 All key suppliers are certified for "Dock to Stock" status, 

requiring only skip lot (audit) incoming receiving 

inspection. Quality Department
4 Suppliers embrace Lean as a way of life as evidenced 

by favorable trends for cost/price; quality and delivery 

performance is world class. 

5

Point of sale data is automatically transmitted to 

manufacturing to drive replenishment.

Based on the points of sale, ERP system 
makes request of order. We develop (change 
the quantity)  the order (considering delivery 
time, production lot, supplier availability, 
price...)

6 Customer service performance is measured and is 

considered to be world class (based on business type, 

MTO, MTS, etc.)

7

A variety of collaborative processes exist to engage both 

suppliers and customers in managing and improving the 

overall supply chain.

sending orders in time, sending forecast 
every month, sending weekly Priorities, 
switch Production in order to manage the 
Urgency,

Average Score #DIV/0!

Score

0 1 2 3

Standard Work

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Standard Work (SW) documents are displayed at each 

operation, incorporating the latest best practices, such 

as setup instructions, process steps, and daily inspection 

..

2 All key process/operating parameters are visually 

documented and only minimum variation is observed. 

3

Compliance to standards is audited an monitored.

Audited by Mr. Poldi and Mr. Nichola, no 

real auditing body is involved

4 Takt time is well-understood by all employees; the actual 

work pace is tracked and managed, with pitch controlling 

the flow.

5 A closed loop system is in place to control and update 

procedures, documents, and training materials.

Average Score #DIV/0!

Score

0 1 2 3

Material Flow

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Value streams have reached a mature and integrated 

stage, with value-add ratios exceeding 15%.

15 instead of 25, tailored for the telehandler 

industry

2 One-piece flow is predominant; when transfer batches 

are necessary, they are leveled and controlled by pitch.

3 All material flows operate on PULL signals driven by 

customer demand or internal consumption. ATO

4 All inventory buffers are planned, sized, and controlled.

5 Value stream design determines inventory levels & cycle 

time. 

Average Score #DIV/0!

Score
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0 1 2 3

MASS CUSTOMIZATION IN lean

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high 

degree

Condition 

exists to 

the fullest 

extent Notes/Comments
1

Demand is always existant and high enough for 

continuous MC 2

2

E-MC is fully implemented and running 3

3

Customers can be included in the context of 

Collaborative Customization and are satisfied 

with product. 3

4

Operations are recorded and digitized 3

5

Cross-Pollination between different companies 

is achievable and communication is fast and 

efficient. 2

6

Lines are flexible and adhere to more than one 

model and their subsequent variants. 2

7

+70% customers are loyal and their demand is 

periodic 2

8

Competition influences new levels of 

customizations to be implemented 1

9

Future Machinery investment is maintained for 

new types of customization 0

10

Line design is determined by level of product 

modularity 1

11

MC KPIs are monitored at all times 2

12

Lines are Reconfigurable 2

13

No challenges occur in adhering to customer 

needs in the case of transparent, adaptive and 

cosmetic customization 3

14

Economy of Scale is Achieved with MC. 3

Average Score 2.1

Score
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0 1 2 3

Visual Control

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Visual controls are implemented for all key work 

processes, clarifying work content, sequence, and 

methods.

It should be very easy to separate normal 

from abnormal conditions on the 

manufacturing floor. 

2 A standardized visual communication system is used 

consistently across all areas, including offices.

3

Visual control signals have been automated and are 

updated frequently.

Use of color coded stack lights to visually 

communicate operating status of key 

equipment. 

4 Visual controls are intuitive, allowing visitors to 

understand the workplace layout and operations with 

minimal assistance.

Visitors understand the plant quickly after a  

guided tour 

5 Performance toward goals and objectives is displayed 

through visual controls.

6 Procedures for the unplanned and abnormal are 

controlled through visual processes.

7 A closed loop process is in place to update and maintain 

visual documents as improvements are adopted as 

standard work.

Average Score #DIV/0!

Score

0 1 2 3

5S+1

Condition 

does not 

exist

Condition 

somewhat 

exists

Condition 

exists to a 

high degree

Condition 

exists to the 

fullest extent Notes/Comments
1 Expected standards are posted, and the workplace 

shows compliance with 5S practices. Aisles and 

workstations are clear, organized, and clean.

No 5S Blitz Team BUT, operators are taught 

to conduct these operations. 

2

Regular audits and inspections occur, with audit scores 

and action items displayed to drive improvements.

No scores are kept but inspection is 

regularily conducted by capo de linea and 

production heads

3 Audit results are shared immediately, and action items 

are addressed promptly.

5

Machine leaks have been eliminated.  NA No leaks whatsoever, machines are reliable 

6 A regular "red tag" process has been established.

7

Operators can explain how 5S aligns with the broader 

Lean initiative.

Operators are trained by 5S+1 but they 

don't have an overall visibility on the lean 

initiative like production Team 

8

A structured Environmental, Safety, and Health (ESH) 

program is active.

Passive and not active. Operators have ESH 

training but it isn't "actively" monitored. It is 

informally monitored by Capo de linea

9

OSHA total recordable incident rate at or below budget

Incidents VERY RARELY happen, 

redundant question

10 Regular ESH audits are conducted and reviewed by 

upper management.

11 Employees wear appropriate personal protective 

equipment (PPE).

12 Aisleways and workstations are unobstructed, organized, 

and very clean.

13 Machine guarding is adequate and differentiated by 

color.

14

The Lock Out/ Tag Out system is always used.

Hazardous machines are stored in safe 

places and maintenances on them comes 

with safety procedures, one of which is lock 

out/tag out 

Average Score #DIV/0!

Score
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