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Orders Planning and Raw Materials Management in a Special Vehicles 
Manufacturer 

Abstract 

In an environment of accentuated complexity, it is extremely important to guarantee that both 

the material and information flows are efficient and effective. With an appropriate process 

mapping, a company can recognize its flaws and therefore find solutions, reducing task rework, 

disorganization and reduced productivity, among others. This dissertation is inserted in a 

project of continuous improvement developed in an industrial company of vehicles 

transformation, in particular ambulances, framed in a growing and expansion strategic option. 

In this context, companies are changing product development strategies and business and 

manufacturing processes in order to efficiently implement adequate operating models, such as 

build-to-order, make-to-order and assembly-to-order to react to the growing individualization 

of demand. 

After material and information flows were mapped, various challenges and improvement 

opportunities were found. The initial process of processing a potential new order and stocks 

management, namely raw materials are highlighted in this dissertation.   

Many improvement projects were launched, but in this dissertation two of them are particularly 

referenced. The goal of the first subproject is then to define a new model of purchasing and 

provisioning to be implemented in the company and the goal of the second subproject is to 

create a configurator to standardize the process of processing new potential orders. Until then, 

the decision of placing an order to a supplier was made predominantly in an empirical way and 

based on the experience of the collaborator in charge of doing it. In this process there were as 

well several manual and routine operations which were intended to be reduced and automatized. 

The same was applied to the process of entry of new orders, until then manually processed. 

In order to monitor the development of the project with concrete data, performance indexes 

were defined for each of the two subprojects (model of purchasing and configurator), to be 

calculated and evaluated every week. Those are a stockout analysis (percentage of raw materials 

stockouts and inventory value) and a changes analysis (percentage of changes made to vehicles 

after they enter production). In the AS-IS situation, the values were 43% and 32%, respectively. 

Thus, comparatively to the starting values, it was possible to reduce the level of stockouts in 

28%, reducing the inventory value and the lack of materials in production. Furthermore, it was 

possible to reduce the number of changes in 29%, improving one of the factors that was most 

contributing to the difficulties in production planning. Due to a time restriction to carry out this 

project, it was not possible to achieve the target proposed of 0% for the percentage of stockouts, 

but it was possible to reach the target of 5% for the percentage of changes. 

The obtained results prove the necessity and benefit of mapping processes and systematize 

operations. It is important to highlight the fact that in an industrial environment the main 

difficult in obtaining success is frequently the resistance people offer to change rather than the 

development of the solution itself. 
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Resumo 

 

Num ambiente de elevada complexidade, é extremamente importante assegurar que os fluxos 

de material e informação são eficientes e eficazes. Com um correto mapeamento de processos, 

uma empresa pode conhecer as suas falhas e assim encontrar soluções para as mesmas, 

reduzindo retrabalho de tarefas, desorganização, quedas de produtividade, entre outros. 

A presente dissertação foi desenvolvida no contexto de um programa operacional de melhoria 

contínua desenvolvido numa empresa industrial de transformação de veículos, especialmente 

ambulâncias, enquadrado numa opção estratégica de crescimento e expansão futura. Neste 

contexto, há uma preocupação crescente das empresas em mudar as estratégias de 

desenvolvimento de produto e os processos de gestão e negócio para que possam implementar 

de forma eficiente modelos de operação adequados, como o build-to-order, make-to-order e 

assembly-to-order, de forma a reagir adequadamente à crescente individualização da procura. 

Após o mapeamento de fluxos de informação e material, encontraram-se diversos desafios e 

oportunidades de melhoria, dos quais se destacam o processo inicial de processamento de uma 

potencial nova encomenda e a gestão de stocks, nomeadamente de matérias-primas. 

Diversos projetos de melhoria foram lançados, sendo nesta dissertação referenciados com 

detalhe dois deles. O objetivo do primeiro subprojeto focou-se na definição de um novo modelo 

de aprovisionamento de matérias-primas para implementar na empresa e o segundo subprojeto 

endereçou especificamente o desenvolvimento de um configurador de propostas de potenciais 

encomendas. Até então, a decisão de colocar encomendas a fornecedores era um processo  

maioritariamente empírico e baseado na experiência de cada colaborador. Deste processo 

faziam ainda parte um conjunto de etapas manuais e pouco estruturadas que se pretendeu que 

fossem reduzidas e automatizadas. O mesmo se aplicava ao processo de entrada de potenciais 

novas encomendas, até então efetuado manualmente. 

De forma a monitorizar com dados o progresso, foram definidos indicadores de desempenho 

para cada um dos dois subprojetos (modelo de aprovisionamento e configurador), a serem 

calculados e avaliados semanalmente. São esses uma análise de roturas (percentagem de 

roturas de matérias primas e o valor de inventário) e uma análise de alterações (percentagem 

de alterações feitas às viaturas depois de estas entrarem em produção). Na situação atual (AS-

IS) começou-se com valores na ordem dos 43% e 32%, respetivamente. À data da produção 

deste documento, os indicadores encontravam-se com  15% e 3%, respetivamente. Devido à 

restrição temporal para execução deste projeto, não se alcançou a meta de 0% para as roturas, 

mas alcançou-se (e ultrapassou-se) a meta de 5% para as alterações nos veículos. 

Os resultados obtidos comprovam a necessidade e benefício de mapear processos e sistematizar 

operações. É de realçar o facto de em ambientes industriais a principal dificuldade na obtenção 

do sucesso ser frequentemente a resistência à mudança por parte das pessoas e não o 

desenvolvimento da solução em concreto. 
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1 Introduction 

The dissertation project1 emerges inserted in a program of operational improvement in a 

manufacturer of special vehicles2. 

In this chapter, a presentation and context of the project is given. The set goals are described as 

well as the adopted methodology to reach those. 

1.1 Context 

The global nature of the markets, with increasing competition, has forced many companies to 

review their operations strategy (Gunasekaran, 2005). In fact, manufacturing companies are 

faced with markets which demand a great variety of products, with shorter lead times and 

smaller but more frequent order quantities, accompanied by more frequent changes. These 

companies must therefore make their production system more flexible and agile, reduce 

continuously the production and storage costs and react rapidly to new customer requirements 

and fluctuations in demand. For these reasons, customer-driven manufacturing, grounded on 

production models based on make to order (MTO) and assemble to order (ATO) strategies, is 

the key concept to guarantee future’s competitiveness in an environment with high variety of 

products and small lot sizes. 

According to Gunasekaran (2005), make to order as an approach can be defined as ‘‘the value 

chain that manufactures quality products or services based on the requirements of a customer 

at competitive prices”. This is made within a short period of time by taking advantage of the 

core competencies of partnering firms or suppliers and information technologies to integrate 

such a value chain. This strategy presents a level of cost effectiveness, responsiveness and 

flexibility in a way that allows companies to give to clients the products they have chosen at 

the time they requested (Gunasekaran, 2005).  

Customised manufacturing is an ongoing trend in many production sectors (Simão, Stadzisz 

and Morel, 2006). In a MTO environment, the production and assembly of products are usually 

driven by customer requirements (Yang and Fung, 2014). Thus, the ability to fulfil customer 

orders at the required time and with effective cost determines the competitive advantage in 

today’s dynamic market. This type of environment grants the client the possibility to choose 

from a range of choices in order to meet his needs in the most desirable way. In this so-called 

make-to-order environment, the variety and complexity of the supply chain rises several 

challenges concerning production planning, sourcing and efficiency, among others. 

A supply chain consists of a series of activities comprising everything from product 

development, sourcing, production and logistics, as well as the information systems needed to 

coordinate these activities (NC State University, 2017). Having this in mind, there are 

                                                 

1 Part of the curriculum of the Integrated Master in Industrial Engineering and Management of the Faculty of 

Engineering of the University of Porto. 

2 Due to confidential reasons, the name of the company is not referred. 
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undoubtedly considerable differences between a traditional supply chain and a build-to-order 

supply chain, which are summarized in Table 1. 

 

Table 1 - Differences between traditional and build-to-order supply chains in Deloitte Consulting, 2003 

Reference Traditional supply chain Build-to-order supply chain 

Marketing Push-sell from stock Pull-build to customer order 

Production Focus on level and stable 
schedules: fixed order line-

up 

Customer demand focused 
on supply chain flexibility 

Logistics Mass approach – non-
differentiated 

Fast, reliable, customized 

Customer relationship Dealer-owned Shared across the extended 
enterprise 

Managing uncertainty Finished goods inventory 
buffers 

Strategic part buffers and 
information management 

Finished goods inventory High stock control Low, condensed dealer 
stock levels 

Suppliers Long lead times Collaborative/ responsive 

 

Build to Order or Make to Order are a common approach for highly configured products such 

as special vehicles (vehicles that are adapted and altered to suit a specific purpose). Examples 

of such vehicles are ambulances, which are equipped for transport of patients and delivery of 

health care, vehicles adapted for the support and transport of passengers with reduced mobility, 

vehicles adapted for retail trade or service delivery, vehicles adapted for public security and 

armed vehicles for the transport of valuables, among others. 

Special vehicles can be included in the build to order/ make to order domain, for the reason that 

they are scheduled and built in response to a confirmed order received from a final customer. 

Also, it is a type of product that has relatively long lead times and typically implicates a series 

of activities that are project oriented. Each vehicle is customized and adapted to fit the client 

preferences and at the same time oblige to what is stipulated by law. It is a complex process 

which combines the effort from different teams, from electricity to carpentry sections. 

1.2 Project Description 

Existing for almost four decades, the company in study has grown to be a leader in the 

Portuguese vehicle transformation market. They are involved in diverse areas such as health, 

public and private security, commerce and business, and support for people with limited 

mobility, and do business in three continents - Europe, Asia and Africa - exporting to various 

countries. 

Due to their undisciplined operation and a current growing necessity, a continuous 

improvement project was born in January of 2018, after a diagnosis was made to the supply 

chain. The diagnosis covered the entire process from customer order until the vehicle exit. It 

was concluded that several initiatives should be developed in order to improve the operations 

through: 
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• Improving the operational efficiency by reducing operational costs, better space 

utilization and normalization of operations; 

• Improving the flow; 

• Improving flexibility. 

The present study aims to address some concrete improvement opportunities related to the 

significant number of raw materials stockouts and to the high number of changes made by the 

client after production has started. 

Thus, this study, with a duration of 5 months, is focused on the perspective of substantially 

improve the operations of the company through the increase of the flow of the overall process 

and better management of materials.  

This change was only possible through the engagement and the successful contribution of all 

the core elements in the organization. In a business world increasingly competitive and 

dynamic, it is crucial for companies to find solutions which can make them more stable before 

changes and innovations. 

1.3 Objectives and Research Questions 

Following a diagnosis made, it is intended to carry out an analysis to the current raw materials 

management model and suggest improvements and new policies to follow as far as their supply 

is concerned. Another target is to understand the dynamics associated with consumption in 

order to develop suitable work planning. In particular, in this dissertation project the main 

objective was to address one of the most concerning causes for inefficient order planning: 

during the manufacturing and assembly process, there are constant changes that delay and 

difficult planning and consequently decreases the overall efficiency and effectiveness. 

Strategies to address all these matters are to be identified and applied. 

Having in consideration all the objectives listed above, and to provide orientation for the 

research project, the following research questions are going to be addressed: 

1. How to classify raw materials, components and parts? 

2. What are the most suitable replenishment policies and strategies in this context? 

3. When to apply those policies? 

4. What factors affect orders planning? 

1.4 Methodology 

The methodology adopted for this study has its grounds on both qualitative and quantitative 

techniques employed in the perspective of a deductive method (top-down logic). 

Qualitative research is primarily exploratory research. Exploratory research is research 

conducted for a problem that has not been clearly studied. One can, through exploration, 

develop concepts more clearly, establish priorities, develop operational definitions and improve 

the final research design (University of Pretoria, n.d.). It is used to gain an understanding of 

underlying reasons, opinions and motivations. It provides insights into problems and helps to 

develop ideas or hypotheses for potential quantitative research (Dovetail, 2018). There are five 

types of qualitative research methods: ethnography, narrative, phenomenological, grounded 

theory, and case study (Sauro, 2015). In this case, the last type, a real case study, will be used. 

An empirical approach is followed, since data will be collected directly from experimentation 

as the basis for calculations, not from theories and abstractions. 

On the other hand, quantitative research is used to quantify the problem by generating numerical 

data that can be transformed into useable statistics. 

The global perspective of the methodology can be seen in Figure 1. 
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Figure 1 - Global perspective of the methodology 

When defining the problem, it was crucial to go to GEMBA (where the work is happening and 

value is created) to identify MUDA (waste), MURI (overburden) and MURA (unevenness), 

and gather data on the main process variables of the process. Through this study, the objectives 

were aligned, combining the company’s ambition with the analysis made as yet. 

In order to eliminate all the critical causes and sources, an action plan was elaborated in parallel 

to facilitate the implementation of all the possible improvements that were identified. 

There will be the following stages: 

• Acquire general awareness of the company; 

• In-depth analysis of the operating mode of each department; 

• AS-IS state: clear identification of the existing problems as far as raw materials sourcing 

is concerned as well as the budgeting process for clients; 

• TO-BE state: definition of the roadmap to follow in order to solve the problems 

mentioned above. Segmentation of the raw materials and analysis of its consumption 

patterns; mathematical definition of variables which can assist stocks management; 

creation of a tool which can assist the budgeting process; 

• Implementation and follow-up of the tools proposed; 

• Detail lessons learned and future work. 

1.5 Document Structure 

This document is comprised by five chapters, where a more detailed explanation of the context 

and methodology of the product is presented and explained. 

The present chapter should be viewed as an introduction to the project and endeavours to 

present a summary of its main goals as well as the methodology proposed to reach those. It is 

also provided a brief context of the make to order industry, especially as far as the vehicle 

transformation industry is concerned. 

In Chapter 2, the theoretical context can be found, where the framework with the concepts and 

methodologies that supported the development of the dissertation is presented. 

Chapter 3 details the initial situation (AS-IS) of the project in analysis, with a particular focus 

on the identification and description of the problem, the productive process and specific 

operations. 

Chapter 4 describes the proposed solutions for the problem, as well as the main results 

stemming from their implementation and the actions which unleashed a continuous improving 

vision (TO BE). 

Finally, Chapter 5 presents the main conclusions of the work done and also suggests some work 

guidelines for the future. 
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2 Theoretical Background 

In this chapter, the theoretical foundations which supported the project development are 

presented. The chapter is divided in the following subjects: Material Management, Inventory 

Management, Material Requirements Planning, Service Level, Customer Decoupling Point and 

One-of-a-kind versus Mass Customization. 

2.1 Materials Management 

Every company needs raw materials and products intended either for further production or 

selling. These items are known as stocks and are usually located inside warehouses and 

consumed according to the requirements of the production plan. 

The necessity of keeping stocks can be raised due to numerous reasons. Firstly, sometimes it is 

hard to synchronize the particular moment when the necessity of using the unit arrives and the 

moment when it becomes available (transaction motive). Secondly, it is necessary to have a 

safety stock to accommodate demand and delivery time fluctuations (precaution motive). The 

optimum safety stock is a compromise between the stock rupture cost and the holding cost. Its 

goal is to ensure supply reliability, taking into account the variability not only of the 

consumption but also of the replenishment process itself. On the other hand, the plant itself 

takes some time to materialize operations and processes, which implies the existence of work 

in process (WIP) (processing motive). Finally, there are also price fluctuations and 

misalignments between offer and demand (speculation motive). 

Seeking the optimization of their operations and depending on which types of parts or products 

are involved, companies adopt different planning and inventory methods concerning materials 

management. Usually, in make to order manufacturing environments, the main goal is to 

guarantee a balance between on-hand raw materials and work-in-process inventory and 

resulting customer service.   

From an operations perspective, the goal of materials management is to provide the supply of 

raw materials, components and subsystems in the necessary quantity and quality, with on time 

delivery and at the right place. Thus, it has a key role in improving the creation of value within 

the company. Moreover, material management also has to ensure low level of investment in 

raw materials’ warehouses, processes’ buffers and final products’ warehouses. Thus, it is 

recognizable a crucial trade-off:  it is necessary to ensure on time delivery in order to fulfil the 

desired service level while achieving optimal purchasing performance in terms of price, 

quantity, quality and timing. In fact, on one hand higher service level is naturally associated to 

the availability of stocks. If production process is interrupted, customers become dissatisfied 

when an item is not available (out of stock) or when the conclusion of their order is delayed. 

On the other hand, a company can reduce costs by reducing inventory. Actually, high cost 

efficiency involves the reduction of capital invested in inventory, both at input and at WIP in 

the transformation system (e.g. raw materials, components, WIP and buffers levels, etc.).  

The main functions and objectives of materials management are the following:  

• Requirements planning, involving the calculation of the required quantity of materials, 

with the necessary quality, supplied to production on schedule; 

• Reducing the level of investment in storages and warehouses; 

• Supplying products and spare parts on schedule to sales market;  

• Managing purchase orders while taking into account adequate policies, such as time-

based and quantity-based reorders systems, and exploring purchasing concepts in terms 

of price, quantity, quality and timing. 
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Concerning the order quantity calculation, it is important to define the criteria triggering 

material planning operations. That is to say, taking into account existing stock levels, 

outstanding orders, reserved materials and safety stocks. Thus, the function of order initiation 

and stock control are an essential part of a complete material planning system.  

Material planning requires information from a number of company departments in order to 

carry out its tasks. It also acts as a source of information for many other departments. For 

example, the purchasing and production lead times have to be taken into account in order to 

determine the customer orders delivery dates. Also, production planning needs information 

about the ordering costs and lead times of materials in order to determine the most suitable raw 

material for parts produced or assembled in-house. 

It should also be noted that material management is very demanding in terms of information 

and linkage between different functions (management of master data, transactions log, inbound 

logistics, consumptions, etc.). Therefore, it is truly crucial to have integrated database-oriented 

Enterprise Resource Planning (ERP) systems. 

2.1.1 ABC Analysis 

In the context of materials management, the ABC analysis is a common inventory classification 

technique employed by organizations. It could be understood as a method for structuring on-

hand inventory into three segments based usually on annual value volume. In fact, each article 

in a certain segment cannot be treated with the same amount of attention. Therefore, it is 

recommended to classify the articles into different segments, in this case, A, B and C. The ABC 

analysis follows the “80-20” rule from the Pareto Principle (this principle states that there are a 

“critical few and trivial many”). Thus, three segments of products are defined in which, 

according to several practical applications, the quantitative and value-based shares are 

described as followed: 

• A-products, approximately a share of 20% in the quantity of the products and 

approximately a share of 80% in the value of these products; 

• B-products, approximately a share of 30% in the quantity of the products and 

approximately a share of 15% in the value of these products; 

• C-products, approximately a share of 50% in the quantity of the products and 

approximately a share of 5% in the value of these products. 

The ABC analysis suggests that inventories are not of equal value due to the fact that a reduced 

number of items can represent a significant capital value, and so, will have a high impact on 

inventory cost.  Thus, this analysis suggests that this segment of products (type A) should be 

planned carefully. That is to say, A-items are certainly worth to accurately calculate the optimal 

order quantity, to monitor changes in stock levels and to perform frequent value analysis. On 

the contrary, for the unimportant and numerous C products no special efforts should be made. 

The idea is to establish inventory policies that focus resources on the few critical inventory 

items and not the many trivial ones.  

ABC Analysis procedure (based on value): 

1. Determination of absolute total costs  

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 =  𝑦𝑒𝑎𝑟𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 ×  𝑖𝑡𝑒𝑚 𝑝𝑟𝑖𝑐𝑒 

2. Determination of relative proportions of the total costs  

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 =  𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 / 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 

3. Sorting according to relative contribution to total costs (in descending order) 

4. Accumulation of relative contributions to total costs 
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5. Classification of materials into three segments  

Commonly, this analysis is complemented by a similar but quantity-oriented analysis 

(consumption, output, etc.), particularly useful at operations level (e.g. shop-floor) to support 

products flows analysis. Thus, the following steps can be added: 

6. Determination of relative quantity proportions  

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 =  𝑌𝑒𝑎𝑟𝑙𝑦 𝑑𝑒𝑚𝑎𝑛𝑑/ 𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 

7. Summation of relative quantity proportions per material segment 

Value-based measures of inventory segmentation are not always best suited for operations. 

Different criteria could be considered to classify each segment considered, for example stock 

value, annual sales volume, quantity of consumption, service level, amount of demand, turnover 

ratio, etc. After the criteria is chosen, the articles are ranked and break points are often chosen 

for the A, B and C segments.  Although ABC analysis usually considers three segments, it is 

possible to have more, depending on the organizations circumstances. Several advantages are 

recognizable on the ABC Analysis, namely:  

• Analysis of complex problems focusing on the essential factors; 

• Ease of application to very different situations; 

• Visual presentation of the results. 

The main limitation that is recognized in the ABC analysis is that it considers only one criterion 

to define the segmentation considered. In order to overcome this main limitation and namely to 

increase the flexibility of this analysis tool many researchers have tried to develop the method 

by adding more criteria when classifying the inventories (Flores and Whybark, 1987; 

Ramanathan, 2006; Ng, 2007; Chu et al., 2008; Tsai and Yeh, 2008).  

 

2.1.2 XYZ Analysis 

The ABC Analysis is often combined with what is named a XYZ Analysis (analysis of the 

consumption pattern). The XYZ Analysis focuses on the regularity of the demand or 

consumption. Basically, this analysis allows to segment the products according to the frequency 

or variability of their usage. In fact, knowing the variability of demand/consumption it will be 

possible to adopt suitable planning techniques. For example, if the demanded number of 

products shows small deviations it will be possible to adopt feasible predictable approaches. 

On the other hand, with significant deviations in demand, it is not robust to predict future 

consumption, and thus difficulties and additional costs in storage and material supply are to be 

expected. 

The planning of material sourcing should aim at the future demand, which is estimated with 

prediction methods. To achieve an efficient use, the XYZ Analysis segments items according 

to their fluctuations in consumption (Scholz-Reiter, 2012), namely as follows: 

• X: To some extent constant consumption, fluctuations are rather flat. In this segment, 

we consider items with high predictability, e.g. up to 10% of the average value; 

• Y: stronger fluctuations in consumption, usually for trend-moderate or seasonal reasons. 

In this segment, we have items with medium predictability, e.g. 10-50% of the average 

value; 

• Z: completely irregular consumption. Items with low predictability, in particular items 

with sporadic and unsteady demand. 
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For the XYZ Analysis, usually the fluctuations in the consumptions are based on the coefficient 

of variation (Schonsleben, 2007), which is the ratio of the standard deviation of item 

consumption over a certain period and the average consumption.  

Combining the results of the ABC and XYZ analyses gives a matrix containing nine different 

item segments as illustrated in Figure 2. 

 

The characteristics of different item segments range from segments with high forecast accuracy 

and high consumption (known as “AX” items) to item segments with low forecast accuracy and 

low consumption (known as “CZ” items). 

Now the separated products from classes AX, BX, CX, AY, BY, CY, AZ, BZ and CZ can be 

managed by different principles. E.g. AX-products could be purchased Just-in-time, because a 

continuous sourcing by a nearby supplier is easier to manage if there are small fluctuations. The 

same can be thought about an intern production of Z-goods, because the regarded orders for 

extern suppliers are not interesting and also expensive. 

One of the advantages of these analysis is the integration of items with similar characteristics 

to process them with the same material planning parameters. Since the demand of an item over 

the past cycles is crucial for its classification, it is important to perform the item classification 

with consistently defined standards in periodic intervals to include possible changes promptly. 

The practical experience recommends to perform the classification monthly, quarterly or at least 

yearly, depending on the industrial branch.  

Three main policies of material supply are usually considered: just-in-time, stock replenishment 

and single-sourcing. Each one presents advantages and disadvantages. The just-in-time policy 

tries to connect the advantages of both the other two material-supply-policies and to exclude 

their disadvantages. With the help of contracts, it is arranged with suppliers to deliver the 

required amount of material on schedule, according to dates determined by the production 

process of the sourcing enterprise. Concerning the stock replenishment (stock supply), the 

material is kept in storage until its use. This is the most common supply principle in practice. 

Finally, single-sourcing, oriented to a specific demand: the sourcing of a material just takes 

place when it is required, according to a certain production order. A summary of this advantages 

and drawbacks can be seen in Table 2. 
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Figure 2 - Combination of ABC and XYZ Analysis in WZL/FIR 
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Table 2 - Advantages and disadvantages of JIT, Stock Replenishment and Single Sourcing 

 Just-in-time Stock replenishment Single sourcing 

(dependent on 

requirements) 

 

 

Advantages 

• Low stock levels 

• Low level of 

capital and 

storage costs 

• Warranty of 

continuous 

production 

process 

• Low need of 

coordination 

• Warranty of 

continuous 

production 

process 

• Protection 

against 

sourcing 

risks 

• Benefit from 

price 

advantages 

• Low level of 

capital and 

storage costs 

 

 

Disadvantages 

• High dependency 

on supplier 

• High costs of 

storage 

• High need of 

coordination 

• Danger of 

supply 

instabilities 

• and stagnant 

production => 

high costs for 

the company 

A major topic on materials management is what are referred to as inventory management 

models for independent demand, in contrast to other approaches to cope with dependent 

demand, namely when the demand of one product can be derived from the demand of another 

part or product. In the next sections the main approaches commonly followed are described. 

2.2 Inventory Management Models  

Inventory can ensure different functions in the operations of a company (Heizer and Render, 

2018), namely the following ones: 

• To decouple operations from fluctuations in demand, providing a stock of items to serve 

customers’ needs (e.g. finished-goods type inventory) and to guarantee protection 

against unexpected increases in the demand; 

• To “decouple” the supplier-customer stages in the production processes (e.g. work-in-

process type inventory; 

• To take advantage of quantity discounts and to hedge against inflation and upward 

prices changes (e.g. raw material type inventory). 

Inventory management involves planning and control of all types of inventories and, thus, 

interacts with the activities related to forecasting demand, placing purchase and manufacturing 

orders, and filling sales orders. When the company only produces after what the customer 

demands, it is possible to keep the inventory levels at a minimum. However, make to order is 

not possible for all manufacturing companies because of various cost aspects.  
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The inventory control is linked to the customers’ demands: companies can offer better customer 

service if they keep higher levels of inventories, which is called delivery service level. Two 

types of demand for an item are usually considered: the item is either independent or dependent 

on the demand of other items. Nevertheless, inventory management requires two key decisions 

related to quantity and time dimensions that must be made frequently (Heizer and Render, 

2014): how much to order and when to order. Furthermore, other inventory management 

decision is deciding if an item should be stocked. If an item is not stocked, the firm must make, 

assemble, or buy the item in response to customer demand.  

Different inventory management models with respect to order timing and order quantity policies 

can be considered. However, the objective is always to minimize total costs involved. Choosing 

what to order solves the quantity dimension and determining when to order solves the time 

dimension. Two main models are usually considered:  

• Fixed-order quantity inventory management (Q model) – in this model a predetermined 

quantity of an inventoried item is ordered when the stock on hand reaches a level named 

the Reorder Point (ROP). Thus, the inventory level is monitored until it gets to the ROP 

value; at this time, we resupply with a quantity Q. The ROP is determined by the rate 

of consumption (D) and the lead time (LT). The quantity on hand at the time and order 

is launched must be sufficient to satisfy demand during the lead time associated to the 

replenishment and also cover unexpected deviations (SS – safety stock). Thus, the 

reorder point can be calculated as 

𝑅𝑂𝑃 =  𝐷 ×  𝐿𝑇 +  𝑆𝑆 

Where: 

D is the rate of consumption 

LT is the supplier’s replenishment lead time 

SS is the safety stock 

• Fixed-time period inventory management (P model) – rather than monitoring the 

inventory level and ordering when the level gets the reorder point, the item is ordered 

at regular intervals of time, thus this model requires a periodic review of inventory 

levels. The order size is determined by the difference between the maximum desired 

inventory level and the inventory on hand at the time of review.  

Q models always consider the same order quantity, and this is an advantage for the supplier. 

The disadvantage is that the time between call-offs can differ, which leads to more stock 

keeping units (SKUs) for the supplier. 

Due to several uncertainties, internal and external, companies are motivated to maintain a safety 

stock (SS). Thus, SS represents the planned or actual amount of “extra” inventory used to 

protect against fluctuations in demand or supply. The uncertainties can be in demand during the 

lead time or in the length of the lead time. If the safety stock is set too high, the inventory 

carrying cost will be too high too. If safety stock is set too low, the shortage cost will be too 

high. When the safety stock dimensioning is being determined, it may be useful to use the 

service level as a determinant for the number of SKU’s in safety stock. The formula is the 

following: 

𝑆𝑆 = 𝑘 ×  𝜎 

 

Where: 

 k is the safety factor determined from the desired service level 

  is the estimated standard deviation of demand during replenishment lead time   
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Apart from the two main methods for restocking (the system that uses a constant order volume 

and the system of periodic monitoring) there are modified versions of models, including the 

method of constant volume and constant intervals of orders, applied at the known demand. 

Restocking following this ‘push’ approach, considering mainly the demand forecasts and  

performed according to timetable defined in advance, is usually used at the dependent demand 

conditions. On the other hand, the ‘pull’ approach is used mainly at independent demand. The 

most important advantage of restocking models based on this system is the ability for efficient 

responding to the market needs. If the stock of a certain product is too small or totally used up, 

the subsequent order is submitted. Moreover, without adequate organizations and operations 

conditions, such method could not provide a high level of customer service, since the order 

submitted in reaction to the lack of a given product could not assure its continuous availability. 

2.3 Materials Requirements Planning  

Three main different classes of methods may be used to plan materials requirements: 

requirements planning considering known deterministic demand and known production lead 

times, requirements planning based on forecast techniques and qualitative or judgmental 

requirements planning. 

Requirements planning considering deterministic information related to demand and lead times 

generate purchase orders and production orders exactly by quantity and time. The procedure 

takes into account the master plan (plan oriented to independent demand, i.e., final products 

and spare parts) to calculate the gross requirements and then “explodes” the product BOM (Bill 

of Materials), breaking it down, to calculate dependent demand, i.e., required quantities as well 

as the definition of required dates for all parts involved. This method of materials requirement 

planning is known by the acronym MRP (also, it is associated to comprehensive computer-

based planning system for both production and purchase orders - a major module within 

Enterprise Resources Planning Systems). When planning includes the plan of capacity in 

addition to planning materials, the module is called MRP-II, acronym for Manufacturing 

Resources Planning.  Typical applications for this type of requirements planning are situations 

of discrete manufacturing of complex products (e.g. machinery) and those in which the 

processing time needed to manufacture the products is shorter than the delivery time demanded 

by the market.  

Requirements planning based on forecast techniques involves determining the expected 

requirements using statistical forecasting methods considering previous consumption values. 

Different forecasting techniques can be used, such as time-series and causal models. Commonly 

employed forecasting models are those concerned with identifying and measuring trends in 

demand. Regardless of the technique chosen, the basic steps to follow remain basically the 

same. Firstly, it is necessary to determine the consumption pattern for a particular past time 

period (time series). Then, it is necessary to select an appropriate forecasting approach 

(constant, seasonal or trend model) based on the objective and the time period covered. This 

selection depends on different criteria as well as on the characteristics of each forecasting 

method (last period demand, moving average, exponential, etc.). For example, the moving 

average method excludes accidental irregularities in the course of a time series. Also, if a 

current consumption value is available, the oldest consumption value of the moving interval is 

substituted with the current interval. With the exponential method, the weight of the value 

decreases as the "age" of the values increases. The new forecast value is corrected by a weighted 

forecast error of the last forecast value. In regression analysis, there is an approximation with a 

mathematical function which is then extrapolated into the future. Once the proper method is 

selected, the next task is to make a forecast and evaluate it in terms of potential shortcoming, 

level of reliability, quality, sources of errors, etc., which essentially gives the inputs for the next 

forecast and future planning. 
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Finally, with qualitative or judgmental requirements planning, the determined requirements are 

based only on subjective estimates and heuristics. This method can be used when the other two 

approaches are not directly applicable due to difficulties related to availability and quality of 

data. 

It should be pointed out that regardless of the techniques chosen, the coordination of the 

physical flow of material with the information flow (e.g. information related to production plan 

and control) is the core challenge of an effective production planning and scheduling. In fact, a 

lack of coordination between materials management and production and assembly scheduling 

will result in a disturbance of the production even though high stock levels are available. These 

disturbances increase with an increase of variety and complexity of the products in combination 

with variation of demand. 

2.4 Service Level 

One of the parameters included in the concept of customer service (the speed of delivery and 

delivery accuracy) is service level: a measure of the degree to which a company meets customer 

requirements. Service level is often measured differently for make to stock (MTS) and make to 

order (MTO) business environments.  

Service level metrics for make to stock (MTS) business environments – retailers, distributors, 

and manufacturers that make and or sell products from inventory (from stock) need a service 

level measure that reflects the availability of inventory for customers. Thus, the service level is 

usually measured as a fill rate metric. The unit fill rate is the percentage of units filled 

immediately from stock; the line fill rate is the percentage of lines filled immediately from 

stock; and the order fill rate is the percentage of orders filled immediately from stock. The terms 

“fill rate” and “service level” are often used synonymously in MTS business environments. The 

essential issue in satisfying customers in the MTS environment is to balance the level of 

finished inventory against the level of the service to the customer (Jacobs and Chase, 2013). 

Service level metrics for make to order (MTO) business environments (where, order products 

are built, assembled, configured and packaged in response to a customer’s request (order)) are 

usually defined as the percentage of orders that are filled on time, otherwise known as on-time 

delivery (OTD), which is the percent of orders shipped (or received) complete within the 

promise date (or request date). 

An agreement between a supplier or service provider and a customer that specifies the type and 

quality of services that will be provided is usually established through a contract called SLA 

(Service Level Agreement). The SLA is an effective means for the customer and supplier to 

determine what is important and clearly specify expectations concerning delivery conditions 

and related performance concerning due dates satisfaction. 

2.5 Customer Order Decoupling Point 

As mentioned before, all production and inventory control systems deal with two fundamental 

decision variables: (1) when to order, and (2) how much to order. The different types of the 

order triggering require different mechanisms of operations control. Basically two main 

approaches are considered: Pull and Push control. 

With a push system, usually the planner decides when and how much to produce/order based 

on forecasted demand and inventory position information. Thus, it is driven by long-term 

projections based on a market forecast rather than actual customer demand. With a pull system, 

the main goal is to decide when and how much to produce/order based on the real needs, thus, 

existent customer demand drives the process. 
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The application of the Push control principle means that a high inventory is usually necessary 

to make a custom-designed final assembly possible. This inventory grows with the increase of 

the diversity of variants since all variants must be on stock to meet the customer requirements. 

Since the planned inventory depends strongly on the quality of the forecast of the customer 

demand, an overestimation of the demand causes a very high inventory level. If the forecast 

values are below the actual demand, a low inventory leads to low material availability. 

In a pull system, the manufacturing plan is based on actual customer demand. It is a system that 

guarantees the manufacturing flow along the process. According to Srinivasan and Mandyam 

(2012), a pull system can lead to advantages in product quality, reduced production costs 

through lower levels of WIP, shorter lead times, lower inventory levels, smoother production 

flow, improved quality (short queues reduce the time between creation and detection of a 

defect) and overall reduced cost. Furthermore, when pull is used, the bullwhip effect along the 

manufacturing chain can be reduced. The reason is that costumer demand is known in the pull 

strategy and forecasts are not needed. 

Hopp and Spearman (2004) provide a different perspective when comparing push and pull 

systems. They consider a pull system as one that limits the amount of work in process that can 

be in the system and a push system as one that has no limit on the amount of work in process 

that can be in the system. They argue further that the definition of push and pull is largely 

independent of the make to order/make to stock decision. 

It is important to refer that there are no pure push or pull systems in practice, but rather an 

association or coexistence of the two models. Lysons and Farrington (2012) argue that the 

interface between the push and pull based stages in a manufacturing chain are known as the 

push-pull boundary. In fact, the push-pull boundary is the point at which a manufacturing 

company (or supply chain) switches from a push system (involving a strategy of planning based 

on forecasts) to a pull system (building to an actual customer order); this push-pull boundary 

usually is called customer order decoupling point (CODP) or order penetration point (is the 

point at which the customer order enters the system). Thus, CODP is the point between forecast 

and customer order and after this point the product is bound to a certain customer. For example, 

with an Assemble to order (ATO) system, the CODP is just before the final assembly.  

Figure 3 illustrates the different positioning of the CODP. Associated to CODP is the concept 

of the P:D ratio, introduced by Shingo (1981). In the P:D ratio, both P and D are lengths of 

time, where P represents the production lead time and D represents the delivery lead time (the 

time from order to delivery). Based on the ratio of P divided by D one can determine the amount 

of planning and production that needs to be based on forecasts/speculation, and the amount that 

can be based on customer orders. Typically, four CODPs are defined, i.e. engineer-to-order 

(ETO), make-to-order (MTO), assemble-to-order (ATO), and make-to-stock (MTS). The 

further downstream the CODP is positioned, the more of the value-adding activities must be 

carried out under uncertainty, while the further upstream the CODP is positioned, the more 

activities can be based on actual customer orders, i.e. certain information (Wikner and Rudberg, 

2005). The triangles pictured in Figure 3 represent the point where push couples with pull (push-

pull boundary).  
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Figure 3 - Customer Order Decoupling Point in Wikner and Rudberg, 2005 

Figure 4 presents the role of this decoupling point in a customer oriented production system. A 

push production strategy (push system) is followed in the first stages in manufacturing (i.e. 

precedent to the decoupling point) in which raw materials and components are transformed into 

semi-finished products. Up to the decoupling point, achieving economies of scale is the main 

objective. After the decoupling point, the production stages follow a pull strategy, i.e., the 

involved production and assembly activities are bound to specific customer orders. In fact, the 

customer "pulls" the order through these stages (Blecker and Abdelkafi, 2006). 

 

 

 

Figure 4 - Push-pull production system in Gotzfried, 2013 and adapted from Blecker and Abdelkafi, 2006 

The push-pull boundary is closely related to postponement (postponed differentiation) and has 

strategic implications. Moving the push-pull boundary to a point earlier in the process allows 

firms to be more responsive to customer demand and avoid mismatches in supply and demand. 

However, the customer lead time will usually get longer.  
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Another interrelated concept in the context of customization is the one of postponement. Van 

Hoek (2001) gives the following definition: “Postponement means delaying activities in the 

supply chain until customer orders are received with the intention of customizing products, as 

opposed to performing those activities in anticipation of future orders.” 

The goal of the postponement is to delay the customization as late as possible in the supply 

chain. Postponement refers to the situation when the production or assembly starts after an order 

has been confirmed. It can be understood as a technique used to provide a wide range of variety 

but still maintain low inventory, transportation and processing cost. Standardized products are 

used to maintain a neutral state as long as possible and only customize the products in the last 

steps of the manufacturing processes (Lysons and Farrington, 2006). Because the products are 

manufactured after a customer places an order, the risk of overproduction will be reduced, 

which makes it efficient concerning unpredictable customers and markets. 

Mainly three types of postponement strategies are mentioned in supply chains: time 

postponement, place postponement and form postponement (Van Hoek, 2001). Time 

postponement means delaying the forward movement of goods until customer orders are 

received (delaying the determination of the time utility); place postponement involves the 

storage of goods at central locations in the channel until customer orders are received (delaying 

the determination of the place utility) and form postponement considers delaying product 

finalization until customer orders are received (delaying the determination of the form / function 

utility). 

To develop and implement a postponement strategy, the company needs to have a robust 

inventory control in order to keep track of where all the products are and by that keep track of 

all the value adding processes. Furthermore, postponement requires process modularity, and it 

moves the customer order decoupling point downstream in the value-added material flow. It 

contributes to mass customization by increasing both the leanness and agility. 

2.6 One-of-a-kind Products and Mass Customization 

Nowadays, the continuous evolution of order qualifying and order winning factors are driving 

companies to offer an ever-increasing variety of product’s options. Also, they are more and 

more seeking differentiation through an offer of customized products in order to keep up with 

the trends and survive in the current business environment. In fact, the main challenge is how 

a company can differentiate itself in the marketplace while still creating products at a relatively 

low cost. 

Products designed, manufactured and assembled based on specific customer requirements are 

customized products usually referred as OKP (one-of-a-kind products). In this type of business 

environment, the variability and the uncertainty characterizing what is project based, generate 

a complexity that requires specifically tailored managerial approaches to handle all the 

processes, from design and engineering to production and delivery (Rahim and Baksh, 2003).  

In industries where increasing customization is becoming a qualifying factor towards a true 

mass customization business environment, a key point is the necessary realignment of 

operations strategies, namely concerning key decisions associated to resources, processes and 

competencies. Thus, one of the main questions can be raised as: how can a production company 

optimize its operations capabilities, resources and processes in an environment where the 

market demand is shifting towards mass customization? Adopting a mass customization 

strategy, suitable for highly customized, usually non-repetitive products, usually involve 

adapting business models and managerial paradigms, operations  and productions strategies and 

Information and Communication Technology (ICT) supporting mainly the operations.  

The concept of mass customization was introduced by Davis (1987) who explained that “the 

same large number of customers can be reached as in mass markets of the industrial economy, 
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and simultaneously treated individually as in the customized markets of pre-industrial 

economies”. In literature several research works around different taxonomies and strategies 

around the concept of mass customization can be found (e.g., Pine, 1993; Gilmore, 1997; Duray, 

2000).  

An interesting taxonomy has been introduced by Lampel and Mintzberg (1996) who 

differentiate between five strategies by considering a simplified view of the value-chain. Figure 

5 presents the strategies framework proposed by these authors.  

    

 

Figure 5 - Mass customization strategies proposed by Lampel and Mintzberg in Gotzfried, 2013 

Da Silveira (2001) identifies eight different levels of mass customization: ‘design’, 

‘fabrication’, ‘assembly’, ‘standardization’, ‘additional custom work’, ‘additional services’, 

‘packaging and distribution’, and ‘usage’. The first level, design, is the stage where the 

customer enters the production cycle before manufacturing has begun, making it an Engineer 

to Order (ETO) strategy. The fabrication strategy is custom tailored products, produced from a 

predefined design, thus making it a MTO production. The assembly strategy is mainly focused 

on configuring modular components into many different kinds of products, in accordance with 

the customer orders, and is as such considered an ATO strategy. The three levels, ‘additional 

custom work’, ‘additional services’, and ‘usage’, all have the customization at, or after, the 

point of sale. The ‘package and distribution’ level customizes at the packaging level, by for 

example differentiating the packaging for different regions and customers.  

Optimizing the order processing of customized products using techniques of product 

configuration is a common strategy towards mass customization. In fact, product configuration 

with the integration of modular product structure and product family architecture has been 

recognized as an effective means for implementing mass customization (Duray, 2000). Modular 

approaches can provide advantages in various areas along the product life-cycle. It is 

recognizable that modular systems reduce costs (economies of scale) and processing time of an 

order. In addition, changing the function of modules, as well as an extension of the product 

range, is possible. Furthermore, modular design allows to increase reusing and 

remanufacturing, as well as lowering separation costs for recycling. However, adopting a 

modular products approach requires balancing the requirements for the overall performance 

and costs of the total product family and the sub-optimization of each product parts. 
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Figure 6 presents the relation between lead time, cost, complexity and the level of 

customization. 

 

Figure 6 - Adopting a mass customization strategy implies overcoming the challenge inherent to traditional 

trade-off cost vs flexibility 

Adopting a mass customization strategy raises several challenges. From a competitiveness point 

of view, the main question is related to the identified trade-off of cost efficiency and flexibility 

(as illustrated in Figure 6). In fact, to overcome this trade-off, there are several organization-

based factors that should addressed, namely: 

• The global value chain must be ready, as mass customization requires its supply chains 

willingness and readiness to be able to provide raw materials and components 

efficiently; 

• The information must be available and propagated in real-time along the value chain, 

where it is needed to support the decisions to be taken; 

• The processes and involved resources should be configurable and adaptable according 

to the demand needs; 

• Knowledge must be shared and reused, as the company should be able to pick up on 

new customer trends and demands and be able to translate them into new products. 
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3 Problem Characterization 

In this chapter, it is intended to characterize the problem considered in this dissertation project. 

Firstly, the company’s business model and operation mode are described. Secondly, several 

potential improvement opportunities regarding organizational and operational practices are 

highlighted and characterized. 

3.1 Case Study 

The Company considered in this case study was founded in the seventies and operates within 

the manufacturing industry, offering special-purpose custom-made vehicles upon specific 

customer requests. The business is centered around the transformation of vehicles of various 

types, for target segments, such as emergency vehicles (e.g ambulances), armored vehicles, 

wheelchair transport, mini buses, school children transport, workshops mobile vehicles, among 

others. 

Nowadays, the company’s product mix as far as vehicles are concerned falls essentially in four 

categories: 

 

1. Emergency vehicles: Vehicles equipped for transport of patients and the delivery of 

health care (e.g. ambulances) – four main categories are currently offered (type A1, A2, 

B and C); 

2. Mobility vehicles: vehicles adapted for the support of passengers with reduced mobility 

– three main categories are currently offered (VDTD, TE and TPMR); 

3. Business mobility: vehicles adapted for retail trade or service delivery – eight main 

categories are offered (mobile office, mini-bus, workshop, home support, transport of 

dogs, etc); 

4. Security vehicles: vehicles adapted for public security and armored vehicles for the 

transport of valuables - four main categories are currently offered (cellular transport, 

anti-riot, assistance of shipwrecks, transport of valuables). 

 

Figure 7 presents the segmentation of 2016 sales. Apart from selling vehicles, the company also 

sells separately the equipment they produce like stretchers, wheelchairs, etc (Equipment) and 

offers post-sale service (Services Porto and Services Lisboa). 

 

 

Figure 7 - 2016 Sales in Percentage of Turnover 
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Today, operating with almost 300 employees and with about 30.000 square meters of industrial 

area, with production and assembly facilities, the company is able to match customers’ 

requirements in the best possible way by adapting and designing solutions according to their 

specific needs; hence all final products are unique and customer adapted. Presently, the 

company’s base portfolio is vast and the products offered are complex, involving several 

elaborate subsystems as well as several standard and non-standard parts. Furthermore, the 

involved processes are also complex due to the high number of operations and workstations 

involved.  

Whether large-scale or low volume productions or single vehicles for national and international 

markets are being created, developers, technicians, electricians and other specialists work hand 

in hand so that base vehicles get turned into very special ones. Transforming around 73 special-

purpose vehicles a month on which 63 are sophisticated ambulances, they manage to generate 

an annual revenue of more than 16 million euros (resulting from business at national and 

international level). 

Due to a continuously increase of international competitiveness pressure, the company needs 

to be more efficient and improve productivity concerning the business operating model in order 

to increase the overall profitability and guarantee future business sustainability.  

In general terms, the company follows mainly a Make-to-Order and Assembly-to-Order 

business operating model strategy in order to manage the trade-off concerning customization 

level and customer order lead-time fulfilment. 

Although the product development is considered relevant to the company, the key business 

processes are the contracts management, the sales and operations planning, and the manufacture 

and assembly of the actual products based upon customer orders. Processing and translating the 

customer order into detailed specification information (parts and solution design, technical 

specifications, drawings and technical plans) typically involves a significant value of the total 

lead-time. 

Based on Osterwalder and Pigneur (2010) business model framework, Figure 8 presents the 

company’s business model as a simplified representation of the company’s business logic and 

the rationale of how a firm creates, delivers and captures value. 

 

  

Figure 8 - The Business Model Canvas of the company in study 
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The different building blocks presented in Figure 8 describe the most critical points related to 

the company business model. Nine building blocks are considered, namely:  

1. Customer segments, related to the different groups of customers that the organization 

serves, which in this case ranges from fire brigades to the INEM (the Portuguese 

National Institute of Medical Emergency), security firms, among others; 

2. Value proposition as the offer of products and services that the company promises to 

satisfy customer needs. In this case, the company proposes to customize up to a level of 

100% all customer needs regarding special vehicles; 

3. Distribution channels as the different types of channels through which the firm 

communicates and delivers the offer to the customers. Currently, the company sells 

directly from its headquarters, as well as its four subsidiaries: one in Spain, one in 

France, one in Dubai and one in Senegal; 

4. Customer relationships define the instruments developed to communicate and manage 

relationships with its various customer segments with the objective to retain the existing 

customer base and to acquire new ones. The company actively participates in a number 

of national and international trade exhibitions and also engages with customers through 

its social networks; 

5. Revenue flows in the present business model: the revenue streams are coming mainly 

from vehicles sales to the different customer’s segments; 

6. Key resources are the assets required in the different activities that create and deliver 

the firm’s products and services are mainly the skilled engineering, production and 

assembly workforce and the owned facilities; 

7. Key activities as the most relevant activities required to guarantee the promised value 

proposition. They are the set of key business processes of the company, namely the ones 

related to contract management, sales and planning, design, production and assembly 

and after-sales services; 

8. Partner network contains the company’s most relevant partners and suppliers: the 

vehicles Original Equipment Manufacturers (OEM) and key suppliers involved in the 

outsourcing of some special parts, in this case; 

9. Cost structure, in this bloc the different cost components involved are presented. 

 

3.1.1 Organisational Chart 

From an organisational perspective, the company here considered follows a traditional 

functional organisational approach. Essentially, concerning vertical differentiation the 

organizational chart considers three main authorization levels: CEO, directors of departments 

and functional areas supervisors. Concerning horizontal differentiation design, the company is 

structured in seven main departments, namely: 

• Administrative and Financial department 

• Purchasing department 

• Marketing department 

• Technical and design department 

• Production and assembly department 

• Quality department 

• Applications and IT department. 

 

In figure 9, the functional organizational chart of the company can be observed. This chart is 

valuable because it enables one to visualize a complete organization, by means of the picture 
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it presents. A clear distinction is made between administrative, commercial, purchasing, 

production, technical and IT departments. 

 

Figure 9 - Functional organizational chart of the company 

3.1.2 Information Flow 

Figure 10 constitutes a process mapping, which intends to illustrate the flow of processes in the 

company, from the most macro perspective to the level of detail necessary to identify 

opportunities for improvement. This figure presents the main sequence of events in a swimlane 

as far as information flow is concerned. 
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Figure 10 - Swimlane of the Information Flow 
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3.2 General Production Process Flow 

As previously stated, in order to build any special-purpose vehicle, the effort from different 

departments needs to be combined. In Figure 11, an overview of the production process flow 

can be observed. 

Firstly, the vehicles wait in the parking area until it is time for them to be transformed. Inside, 

the shop floor is divided in different areas. In the first section (Structural Works and Sheet 

Metal), it is necessary to add several plates to the interior of the car, to form the skeleton in 

which everything will be attached to subsequently. Following that, the car moves to the Painting 

Section, where irregularities due to the addition of sheet metal are treated. Depending if there 

is or not an available slot in the following area, which is electricity, the vehicle may have to 

wait again in the vehicle parking area, outside of the building. Then, in the electricity area, it is 

proceeded to the installation of the internal wiring and all of the exterior emergency lights. After 

that, the vehicle is moved to the carpentry section (if it has an area available, otherwise it may 

have to go outside again as it was already mentioned) and everything from the floor, to the roof 

and cabinets is assembled. It is important to notice that all these different wood and PVC parts 

are internally designed and produced, which requires coordination between sections. 

Afterwards, electricity and air conditioning sections both intervene to make their final 

installations. 

Later, the car moves again to the Assembly section, where everything from chairs, stretchers, 

wheelchairs, oxygen system, defibrillators and other medical equipment is assembled and put 

inside the vehicle. After this last phase, the vehicle has to be inspected by the quality 

responsible, in order to ensure that all the standards and requirements are fulfilled. Apart from 

general quality inspection, electricity and air conditioning tests are also performed before the 

vehicle proceeds to the last area: Cleaning and Decoration. The car has to be thoroughly cleaned 

both inside and outside. Various decorations in vinyl and stickers are applied and the vehicle 

gets its final appearance. When it is ready, if it coincides with the occasion when clients are 

supposed to pick up the vehicle, it is handed out in that moment. However, most of the times 

the vehicle goes to the parking area again and awaits to be picked up by its future owners. 

 

 

Figure 11 - Overview of the production process flow 

 

Now that the general process has been described, it is important to add a brief description of 

each type of the company’s core product: ambulances. There are different types of ambulances 

approved in Portugal and legislation which establishes and defines each type:  its characteristics 

and respective equipment, as well as the requirements for its crew (Diário da República, 2014). 
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Type A: Ambulance of patients transport. It is an ambulance conceived and equipped to 

transport patients whose clinical situation does not foresee any associated risk of collapse of 

life functions. A Type A Ambulance is either a Type A1 or Type A2. 

Type A1: Ambulance of individual transport. It is destined to the transport of one patient at the 

time, either in a stretcher, bench or wheelchair, and a companion. In Figure 12 some possible 

configurations for this type of ambulance can be seen. 

 

 

Figure 12 - Examples of possible configurations for a Type A1 Ambulance 

 

Type A2: Ambulance of multiple transport. It is destined to the transport of one or more patients 

in stretchers, benches and/ or wheelchairs, and their respective companions. In Figure 13 some 

possible configurations for this type of ambulance can be seen. 

 

 

Figure 13 - Examples of possible configurations for a Type A2 Ambulance 

 

Type B: Emergency ambulance. It is an ambulance conceived and equipped to transport and 

provide an urgent healthcare service to urgent patients. In Figure 14 some possible 

configurations for this type of ambulance can be seen. 

 

 

Figure 14 - Example of a possible configuration for a B Type Ambulance 

 

Type C: Intensive care ambulance. It is an ambulance conceived and equipped to the non-urgent 

transport while providing an advanced healthcare service to patients who depend on more 

advance means of therapies and supervision. This type of ambulance is not as common as the 

other ones previously mentioned. 
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In order to produce the complex vehicles aforementioned, different sections have to intervene, 

in a specific order, performing diverse operations. These operations lead to very long and 

variable lead times: 32 days is the average calculated based on data from eleven samples 

extracted from SEGIN (the company’s information system), which can be observed in Table 3. 

 

Table 3 - Lead time based on 11 samples 

 Beginning  End 
Lead time 

(Days) 
Working Days 

Sample 1 
03/03/2017 

14:27 
28/03/2017 

17:30 
25.13 18 

Sample 2 
27/02/2017 

08:02 
31/03/2017 

10:00 
32.08 24 

Sample 3 
06/03/2017 

10:32 
06/04/2017 

12:50 
31.10 24 

Sample 4 
03/03/2017 

15:22 
07/04/2017 

12:08 
34.86 26 

Sample 5 
08/03/2017 

09:27 
06/04/2017 

17:30 
29.34 22 

Sample 6 
02/03/2017 

16:01 
11/04/2017 

19:42 
40.15 29 

Sample 7 
22/02/2017 

22:27 
03/04/2017 

14:47 
39.68 28 

Sample 8 
23/02/2017 

16:11 
10/04/2017 

17:30 
46.05 32 

Sample 9 
23/03/2017 

08:15 
13/04/2017 

09:50 
21.07 16 

Sample 10 
07/03/2017 

16:42 
04/04/2017 

11:58 
27.80 21 

Sample 11 
06/03/2017 

18:03 
04/04/2017 

13:46 
28.82 22 

 

Up to this date, the monthly production is centred around seventy-three vehicles, sixty-three of 

which are ambulances and the remaining vehicles belong to a “special category”, for example 

vehicles dedicated to the transport of the ill (VDTD), vehicles dedicated to the transport of 

people with reduced mobility (TE and TPMR), vehicles dedicated to the transport of values, 

among others. 

Because the business is growing, future monthly demand is predicted to be around 130 vehicles, 

and the division between the categories mentioned before as far as the expected demand is 

concerned can be seen in Figure 15. 
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Figure 15 - Expected demand in number of units per month per vehicle category 

 

It is important to highlight that for each type of vehicle it is possible to have a significant number 

of different configurations, going further than the number/position of chairs and stretchers. 

Almost 100% customization is what differentiates this company from others in the market: the 

client can choose the colour palette of the interiors, the number and position of seats, the exterior 

lights and decoration, among many other features and extras (as long as it complies with the 

norms for ambulances stated by law). 

3.2.1 Operating Difficulties and Opportunities Found 

This company grew at an enormous pace in the last few years. That led to increasing difficulties 

when dealing with the ever-growing diverse information and data. 

This being said, many opportunities with great chance for improvement arose when MUDA 

hunting (non-value activities elimination) was completed (following employees and observing 

them perform their daily operations in order to collect improvement opportunities). 

In the warehouse, diversified inefficiencies were observed, of which it can be highlighted the 

following: 

• Reception without a purchase order, which is a document that indicates the quantity and 

description of the goods being bought, the conditions of delivery and payment as well 

as tax data; 

• Scarcity of information about procedures; 

• Lack of clarity concerning obsolete materials; 

• Unnecessary movement; 

• Unorganized spaces; 

• Work launch without a complete project verification. 

Also, a comparison was made between the materials in stock and the necessities of an 

ambulance going into Production. A total of 187 references in stockout (43%) and 248 

references in stock (57%), as it can be observed in Figure 16. This analysis was made for the 

beginning of production for an ambulance on the 23rd of F, 2018. 
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Figure 16 - Number of stockouts per area when initiating production 

On the other hand, after analysing the Information Flow, it was realized that: 

• An approval is made by the Commercial Director after client’s confirmation; 

• There is no joint verification of technical drawings; 

• There is no delivery plan of load/ capacity per vehicle type; 

• There are no complete information details from the technical department when 

unlocking order. 

Regarding Orders Planning, the following inefficiencies were acknowledged: 

• Unexpected vehicles which leads to delays in the planned ones; 

• Definition of priorities (urgencies); 

• Simultaneous teams working in the same vehicle; 

• Production launch without the necessary material; 

• Numerous changes within Production. 
 

The Brainstorming that was made with key people regarding improvement opportunities can be 

found in Appendix A. All these inefficiencies aforementioned provide space for process 

improvement and optimization.  

 

3.2.2 Service Level 

As far as Service Level is concerned, two different indicators can be considered. The first one, 

Lateness, can be defined as the difference between the expected date for the vehicle to be ready 

and the date it got actually ready. For a number of 140 samples, lateness was calculated and it 

was approximately 22 days. The second one are Customer Complaints. In Figure 17, the number 

of Customer Complaints for the months between January and May of 2018 are depicted. 
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Figure 17 – Number of customers' complaints between January and May of 2018 

Between January and April of 2018 there were 292 vehicles produced, of which 94 suffered 

alterations, as it can be observed in Figure 18. 32% of the produced vehicles suffer changes. 

These changes generate entropy in each one of the sections which ends up affecting production 

planning. 

 

Figure 18 - Number of changes after production starts 

 

To better understand the nature of these changes, Figure 19 presents the different occurring 

motives when clients propose changes and Figure 20 presents the different existing motives 

when the Commercial Department proposes changes. 
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Figure 19 - Motives for changes after production starts by the client in the months of January, February and 

March of 2018 

 

Figure 20 - Motives for changes after production starts by the Commercial Department in the months of January, 

February and March of 2018 

3.3 Manufacturing Operations Management Platform  

Information technology (IT) plays a key role in the operations management of the case study’s 

company. In fact, customer-order business environments raise specific requirements for IT 

systems, which distinguish them from systems designed for make-to-sock environments. 

The company here considered has implemented an ERP that covers all administrative, financial 

and human resources related activities integrated with a specific software platform to support 

mainly the shop-flor operations (MOM – Manufacturing Operations Management/ MES –

Manufacturing Execution System). This MOM/MES platform has a high level of customization 

in order to cope with the specific requirements of the current business model.  

Basically, in the current situation, the MOM/MES platform covers the following main 

functionalities: 

• Customer orders and contracts management, supporting the activities of the commercial 

department in the generation of specific customer-order proposals and the subsequent 

revisions that emerge in the context of a negotiation phase between customer and 

company; 
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• Product documentation, comprising the maintenance of technical information such as 

the bill of materials and bill of operations; 

• Materials management, scoping the activities around inventory planning and control of 

standard components and parts; 

• Planning and scheduling, comprising materials requirements planning (work orders and 

purchase orders) and control of orders execution; 

• Resources management, involving the activities around planning and control of tools 

and production equipment as well as production and assembly operators. 

 

Although the vendor of the MOM/MES platform claims that the software has a high level of 

adaptability to different operation’s needs, in fact several specific functional limitations have 

been identified. Also, the frequent users of the platform in the company complain about it being 

rather slow and with old-fashioned visuals. 

Previously, the company had tried to implement standard commercial software at the 

manufacturing level. However, several commercial difficulties emerged, namely the ones 

related to quality and availability of information (usually on these solutions lead times are 

assumed to be known and constant as well as it is assumed that products have fixed routes).  
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4 Analysis and Proposed Solutions 

In this chapter, the work developed will be presented, along with the proposed solutions to solve 

the aforementioned problems.  

It is important to underline that despite the existence of a generalized perception of a number 

of operational problems concerning materials management, orders planning and processing, 

among others, relevant quantitative evaluations of those problems did not exist. Furthermore, 

there were no structured methods to perform any kind of analysis. Therefore, priority was given 

to the development of practical solutions that could be timely implemented generating quick 

wins in order to solve what was considered to be critical.  

Among several improvement initiatives implemented, in which the author has been deeply 

involved, there were two main subprojects selected in the context of this dissertation project: 

• Subproject No. 1: Improving raw materials management (Section 4.1); 

• Subproject No. 2: Improving the process of proposal to customer (Section 4.2). 

To better structure the problems approached and conduct people involved in the different 

project activities, the named A3 methodology was adopted. This is a structured problem solving 

and continuous improvement approach, first employed at Toyota and typically used by lean 

manufacturing experts. It provides a simple and focused approach systematically leading 

towards problem solving over structured approaches, since the idea is to systematize all the 

work in a single A3 sheet of paper. 

The A3 methodology covers the following nine steps: 

1. Goal Description: a clear and objective description of the challenge or problem to be 

addressed; 

2. Analysis of the Current Situation: it is a statement based on facts and figures that 

quantifies the AS-IS state; 

3. Target Definition: it is the objective envisaged. 

4. Analysis of Root Causes: it is the investigation of the sources of causes relevant for the 

problem; 

5. Solutions Design: the definition of the TO-BE state; 

6. Solutions Test: a brief description of how to check the efficiency and effectiveness of 

the envisaged solution; 

7. Action Plan Update; 

8. Target Confirmation; 

9. Lessons Learned: Sharing the successfully implemented actions. 

Each of these steps will be approached in this section for the two projects, apart from Step 7: 

Action Plan Update and Step 9: Lessons Learned, which will be addressed in the following and 

last chapter, Conclusions and Future Developments. 

4.1 Subproject No. 1: Improving Raw Materials Management 

Raw Materials Management in a customer-centred production is a key point at operational level. 

When starting production, it is very important to ensure that all the necessary raw materials are 

in stock. If a stockout happens, production can be delayed for a considerable period of time. As 

a result of this, it is essential to ensure a correct raw materials management. At the time of this 

analysis, raw materials orders were made without any type of logical support of the kind, only 

based on personal judgement and experience. This evokes two problems: lack of sustainability 

of the process since it is highly dependent on a human and also lack of confirmation, since there 

is no way to confirm if the orders for the week are the most correct ones. 
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First of all, it is fundamental to understand how are components structured and organised in the 

company. Each component, from the smallest to the biggest, has a reference composed by a 

letter and nine numbers. The letter designates the major category to which the component 

belongs. In Appendix B a table with the different existing categories can be seen. 

The first three numbers after the letter indicate the more specific category inside the general 

one, represented by the letter aforementioned. The different specific categories can be seen in 

a table in Appendix C. 

Since the scope of this project is the raw materials management, a table was made in Excel with 

the list of all the “M” references (raw materials) – approximately 4000 – with additional data 

such as its supplier, average consumption, price, lead time, among others. In Appendix D, the 

table is partially represented (information that is not currently available is displayed in red). 

To better comprehend the importance of each specific category in raw materials, a Pareto chart 

was made, which can be visualized in Figure 21. By observing it, one realizes that metal fittings 

represent 18% of all the raw materials, with consumables representing also 18% and electricity 

raw materials 17%. These three categories totalize 53% of all the raw materials in number of 

SKUs. 

 

 

Figure 21 - Pareto chart of the number of SKUs of the specific categories in raw materials 

Each type of ambulance/vehicle (A1, A2, B, etc) has an associated “T” (the “T” stands for 

“Transformation”). There are different possible Ts for the same type of vehicle, depending on 

the number of chairs or cabinets, for example, among other things. In Figure 22 it is depicted a 

list with a sample of vehicles with the respective current adjusted volume and future adjusted 

volume. 
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Figure 22- Volume per Transformation 

The “Weight T” for each line was calculated by dividing the quantity by the total quantity of 

458 (the sample volume). As the sum of the “Weight T” is 65%, the “Adjusted Weight” had to 

be calculated. It was calculated by dividing each “Weight T” by 65%.  Finally, the Current 

Adjusted Volume was calculated by multiplying the adjusted weight by 840, which is the 

current annual volume of ambulances produced. The Future Adjusted Volume was calculated 

by multiplying the adjusted weight by 1495, which is the expected future volume of the 

company in terms of ambulances produced. This value was calculated by multiplying 130, 

which is the expected monthly production of ambulances by 11.5 (eleven months and a half of 

production). 

4.1.1 Raw materials Segmentation 

Raw materials were classified using the ABC analysis. In order to perform it, it was necessary 

to have information about raw materials consumption quantity and its unit value (price per 

item). To acquire this data, the Bill of Materials (BOMs) of all the transformations mentioned 

before were accessed. It is relevant to refer that at the time there were very few BOMs 

completed, and some were not updated or had some mistakes, so collections of data were made 

to complete the Bill of Materials together with the responsible of each section and the 

warehouse responsible.  

It was built a table with all the articles per transformation, accompanied by its description, 

quantity used in the transformation, total quantity (calculated by multiplying the quantity used 

in the transformation per the current adjusted volume of the transformation) and the total future 

quantity (when the volume rises to the number of 1495 ambulances). Figure 23 presents an 

extract of the said table. 

Code Type Quantity Weight T Adjusted Weight Current Adjusted Volume Future Adjusted Volume

T009010006 A1 25 5% 8% 70 124

T404010001 A1 22 5% 7% 61 109

T101010002 A1 18 4% 6% 50 89

T362010017 A1 15 3% 5% 42 74

T362010018 A1 14 3% 5% 39 69

T101010003 A1 11 2% 4% 31 54

T354025001 A2 12 3% 4% 33 59

T004025002 A2 12 3% 4% 33 59

T354025002 A2 9 2% 3% 25 45

T353025001 A2 6 1% 2% 17 30

T004025003 A2 5 1% 2% 14 25

T107026002 A2 5 1% 2% 14 25

T106025001 A2 4 1% 1% 11 20

T405057001 A2 3 1% 1% 8 15

T353026001 A2 3 1% 1% 8 15

T004025001 A2 3 1% 1% 8 15

T353100015 B 18 4% 6% 50 89

T004100014 B 13 3% 4% 36 64

T354100003 B 10 2% 3% 28 50

T004100013 B 10 2% 3% 28 50

T453100001 B 8 2% 3% 22 40

T106100004 B 6 1% 2% 17 30

T353100016 B 4 1% 1% 11 20

T353100012 B 4 1% 1% 11 20

T353100013 B 4 1% 1% 11 20

T353030004 VDTD-RM 17 4% 6% 47 84

T106030005 VDTD-RM 6 1% 2% 17 30

T004030004 VDTD-RM 4 1% 1% 11 20

T106060001 VETE-RM 11 2% 4% 31 54

T106060002 VETE-RM 7 2% 2% 19 35

T353060002 VETE-RM 3 1% 1% 8 15

T402120016 9L 10 2% 3% 28 50
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Figure 23 - Screenshot of articles per transformation table 

By reordering every article through its consumption quantity (in a year), each reference was 

classified in “A”, “B” or “C”. It was decided that the articles responsible for 80% of the total 

consumption value per year would be marked as “A”, the articles responsible for 15% of the 

total consumption value per year would be marked as “B” and the rest, responsible for 5%, 

would be “C”. 

The Pareto Chart corresponding to the ABC Analysis can be seen in Figure 24, while the 

number of articles per type can be observed in Figure 25. 

 

 

Figure 24 - Pareto Chart (ABC analysis) 

 

Type Number Percentage 

A 307 8.01% 

B 636 16.63% 

C 2888 75.36% 

Figure 25 - Number of articles per type 

Although the standard ABC analysis here made only considers one criteria (consumption), 

different criteria could have been chosen in parallel to make the analysis more complete. For 

example, an analysis could have been made regarding the annual consumption (which was here 

considered), consumption value and the lead time. However, the unit price, lead time or demand 

at the time was not immediately available for every reference. Therefore, it was decided to 

perform an empirical qualitative analysis as well. It was asked the Purchasing Department to 

select from the almost 4000 references those which, by using their tacit knowledge, were more 

T Article Code Description Quantity Total Quantity Total Qty 840AB Total Qty 1495AB U.M. Vehicles

T004025001 M002011001 CHAPA ZINCOR 1MM DC01 ZE25/25 19.13 153.04 153.04 286.95 KG 3

T004025001 M002002024 BARRA FERRO 70X6MM 5.14 41.12 41.12 77.1 M 3

T004025001 M002002001 BARRA FERRO 100X6MM 3.68 29.44 29.44 55.2 M 3

T004025001 M002004004 CHAPA ACO DECAPADA 5MM DD11 23.3 186.4 186.4 349.5 KG 3

T004025001 M002004009 CHAPA ACO DECAPADA 8MM S235JR ST37 12.26 98.08 98.08 183.9 KG 3

T004025001 M002011001 CHAPA ZINCOR 1MM DC01 ZE25/25 7.24 57.92 57.92 108.6 KG 3

T004025001 M999021003 DESPERDICIOS 2 16 16 30 KG 3

T004025001 M003013007 TUBO GUEN DE ISOLAMENTO 6X7MM 0.2 1.6 1.6 3 M 3

T004025001 M003013006 TUBO GUEN DE ISOLAMENTO 5X6MM 0.1 0.8 0.8 1.5 M 3

T004025001 M003011004 TUBO DE CRISTAL MEDIO 10X13MM 0.1 0.8 0.8 1.5 M 3

T004025001 M003011004 TUBO DE CRISTAL MEDIO 10X13MM 0.2 1.6 1.6 3 M 3

T004025001 M003011003 TUBO DE CRISTAL GROSSO 19X24MM 0.1 0.8 0.8 1.5 M 3

T004025001 M002012003 PERFIL DE ALUMINIO BRUTO CA-26-03 1.1 8.8 8.8 16.5 M 3

T004025001 M002012020 PERFIL DE ALUMINIO BRUTO CA-26-30 0.52 4.16 4.16 7.8 M 3

T004025001 M002009016 CHAPA ALUMINIO LISO 1.5MM 0.63 5.04 5.04 9.45 KG 3

T004025001 M002009016 CHAPA ALUMINIO LISO 1.5MM 0.63 5.04 5.04 9.45 KG 3

T004025001 M002009016 CHAPA ALUMINIO LISO 1.5MM 0.99 7.92 7.92 14.85 KG 3

T004025001 M002009016 CHAPA ALUMINIO LISO 1.5MM 0.99 7.92 7.92 14.85 KG 3

T004025001 M002009016 CHAPA ALUMINIO LISO 1.5MM 0.21 1.68 1.68 3.15 KG 3
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relevant to carry out a more careful weekly management according to the variability of demand 

and importance regarding consumption. 

From the list they elaborated, the references were crossed. From the 307 A references, only 186 

were chosen by the purchasers, from the 636 B references, only 276 were chosen and, finally, 

from the 2888 C references, 734 were chosen. This reveals the limitation of the ABC analysis. 

4.1.2 A3 Step 1: Goal Description 

The goal is to standardize the supply process and achieve 0% of stockouts in purchased material 

every time a new vehicle starts being produced. This will be achieved by defining the 

purchasing strategy, until here inexistent. 

4.1.3 A3 Step 2: Analysis of the Current Situation (AS-IS) 

As mentioned in the previous chapter, a comparison was made between the materials in stock 

and the necessities of an ambulance going into Production. It was concluded that there were a 

total of 187 references in stockout (43%) and 248 references in stock (57%). This analysis was 

made for the beginning of production for an ambulance on the 23rd of February of 2018. In 

Table 4 the starting point for the project can be observed. Detailed information about the 

calculation of the KPIs is found in Section 4.1.4.  

Table 4 - Starting Values of KPIs 

KPI Starting Point 

% Stockouts 43% 

Stock Value (€) 1,540,000€ 

4.1.4 A3 Step 3: Target Definition 

It was decided to establish the goal of achieving 0% of stockouts in purchasing material every 

time a new vehicle starts being produced, by improving the purchasing strategy. 

The percentage of stockouts is calculated as follows: 

% 𝑆𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑠 =  
𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑠𝑡𝑜𝑐𝑘𝑜𝑢𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 (𝑝𝑒𝑟 𝐵𝑂𝑀)
 

In order to measure this KPI and also to calculate the current stock value, an Excel File was 

created to be used weekly by the Purchasing Department. A screenshot of the said file can be 

seen in Figure 26. 
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Figure 26 - Screeenshot of the Stockout Analysis Excel 

In this file, the percentage of stockouts is calculated by dividing the number of “NOKs” by the 

number of total references. The stock is “NOK” if the quantity of stock is inferior to the “Soma 

de Falta” which is the quantity needed for that reference in a particular series. The inventory 

value is calculated by adding the stock quantity of each reference that is located in either the 

Main Warehouse or Kardex, which is a flexible solution for storing and retrieving small-volume 

goods which need to be kept in particular good conditions (for instance medical equipment). 

4.1.5 A3 Step 4: Analysis of Roots and Causes 

After observation, the following recurring causes were identified: 

• Suppliers’ delays: some products had just one supplier, so if the supplier did not deliver 

the product on time, a stockout would happen for a certain period of time; 

• Order process without any type of strategy or routine: as it was already mentioned, the 

ordering process was made without any defined strategy; 

• System does not correspond to reality, portraying wrong information: it was verified for 

a number of random products that the number in stock was not correct; 

• Lack of Bill of Materials: for some vehicles transformations a bill of materials did not 

exist at all; 

• Wrong existent Bill of Materials: it was verified that many bill of materials were 

incomplete or had outdated references. 

4.1.6 A3 Step 5: Solution Design  

Firstly, it was necessary to structure the decision-making process as far as purchasing is 

concerned so a decision flowchart was created, which can be seen in Figure 27. This flowchart 

portrays the decisions that have to be done to see what the most suitable strategy is: either Stock 

Control, Order When Needed, or Keep in Stock. 
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Figure 27 - Decision Flowchart 

For each reference category, criteria was defined concerning visibility, price limit and 

consumption frequency (already previously mentioned). This criteria is summarized in Figure 

28. 

 

Figure 28 - Criteria defined per category 

After structuring the decision-process for purchasing, it was necessary to define concrete tasks 

and routines to be performed by the collaborators of the Purchasing Department. These routines 

can be observed in Figure 29. 

 

Figure 29 - Supply Routines Defined 
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In Figure 30 the schedule for the routines mentioned previously is defined. 

 

 

Figure 30 - Weekly schedule for provisioning routines 

 

An excel file was developed to help the Purchasing Department with the orders. 

The cover of the document with its sections can be seen in Figure 31. Section 0.2 presents the 

standard to fill in the document. Section 0.3 has information on all the approximately 1200 

references that were selected by the team: description, reference code, supplier, minimum 

quantity to order, cost and delivery frequency. 

 

Figure 31 - Screenshot of the document cover 
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For the 1200 references that were considered the most important, some properties were 

gathered, namely: the minimum quantity to order, the unitary price and the delivery frequency 

in weeks and in days. An extract of the file with such information can be seen in Figure 32. 

 

 

Figure 32 - Screenshot of the Information section 

Weekly, in order to analyse which articles should be ordered in the present week, it is necessary 

to extract three different types of data from SEGIN, the ERP of the company: the Stock History, 

the Consumption History and the Orders History. The data has to be put in separate Excel sheets 

– screenshots can be seen in Figure 33, 34 and 35, respectively. 

 

  

Figure 33 - Screenshot of the "2.1 Stock" 
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Figure 34 - Screenshot of the "2.2 Consumption" 

 

 

Figure 35 - Screenshot of the "2.3 Orders" 

After the stocks, consumption and orders sheets are updated, the “Analysis” sheet can be 

analysed. In this sheet (an extract of the file can be seen in Figure 36), it can be obtained: the 

average of consumption, consumption in frequency, security stock, maximum. Then, it can be 

obtained a result: necessities and suggestion of order. 

 

Figure 36 – Screenshot of the “Analysis” 
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Average of Consumption: the average is calculated according to the previous track record 

(four weeks). 

Consumption in Frequency: it is calculated by multiplying the Delivery Frequency by the 

Average of Consumption. 

Safety Stock: It is calculated by multiplying the estimated standard deviation of demand during 

the replenishment lead time by the service coefficient (1.28). 

Replenishment Level: it is equivalent to the sum of the consumption during the lead time with 

the safety stock. 

Maximum: the maximum is equivalent to the sum of the minimum quantity with the 

replenishment stock. 

Necessities: if either the replenishment level equals zero or the replenishment level is smaller 

than the sum of the current stock with the entries, the necessities are none. If not, the necessities 

are equal to the maximum minus the current stock minus the entries. 

Order Suggestion: it is the same logic as with the necessities, but “the maximum minus the 

current stock minus the entries” has to be rounded to the quantity per package and above the 

minimum order quantity. 

4.1.7 A3 Step 6: Solution Test 

In Figure 37, the evolution of the KPI per week over the past weeks can be seen. Although the 

target value of 5% was not reached, it can be seen that it consistently diminished, being 

currently at 15%. 

 

 

Figure 37 - Evolution of the KPI during the project 

In Table 5 a comparison between the Starting Point values and the values at the moment can be 

seen. The stockouts reduced 28% comparing to its original value and the overall stock value 

reduced in 462,584€. 
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Table 5 - KPI value at the moment 

KPI Starting Point At the moment 

% Stockouts 43% 15% 

Stock Value (€) 1,540,000€ 1,077,417.62 € 

 

 

4.2 Subproject No. 2: Improving the Process ‘Proposal to Customer’ 

One of the most frequent reasons for difficulties in orders planning is the fact that a great 

number of the vehicles produced suffer changes. Between January and April of 2018, there 

were 160 changes requests for a total of 94 different vehicles. This totalized 254 alterations in 

the shop floor. Therefore, in average there were 2.7 affected sections per altered vehicle. In 

Figure 38 the number of changes per section in these months can be seen. 

 

 

Figure 38 - Changes per section between January and April of 2018 

In a complex supply chain, wrong decisions and choices can compromise the effortless flow of 

the rest of the chain. Thus, it is important to ensure that the process starts correctly from the 

first link in the chain. In this case, one of the first phases in the process is the proposal to 

customer.  

The process ‘proposal to customer’ has to do essentially with the interaction between the 

Commercials and the Client when he intends to acquire, in this case, a special vehicle. 

At the moment, there are four people in the commercial office. In order to understand the 

process, observations were done and times registered. It was concluded that it takes 

approximately 1h30 to prepare a budget plus 1h45 to generate the descriptive memory of the 

vehicle and its respective bill of materials, totalizing 3h15 for the entire operation. 

As already mentioned in Chapter 3 (Information Flow), firstly the Commercial elaborates a 

draft of the proposal and sends it to the Commercial Assistant. Then, the Commercial Assistant 

prepares the descriptive memory to attach to the proposal. If the proposal is accepted, the 

Assistant references each material belonging to the Transformation with the help of a dossier. 

The project file with all the references (susceptible to mistakes) is then sent to all the intervening 

departments: Production, Equipment and Warehouse. 

Examples of the descriptive memory can be consulted in Appendix E. 
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4.2.1 A3 Step 1: Goal Description 

The goal is to standardize the process of budgeting, thus simplifying commercial work and 

reducing the amount of time currently existing in the information flow. 

It was decided that in the final Situation (TO-BE) 5% of the produced vehicles would suffer 

changes. 

4.2.2 A3 Step 2: Analysis of the Current Situation (AS-IS) 

As already stated in Chapter 3, in the initial situation (AS-IS) 32% of the produced vehicles 

suffer changes. 

The transformation sheet is volatile. It is easy to occur a mistake while elaborating the form. 

Furthermore, it is allowed for the client to change his request during production, which raises 

numerous constraints for the many sections. Currently, the flow is neither standardized nor 

optimized.  

4.2.3 A3 Step 3: Target Definition 

In order to proper identify if the solutions proposed and implemented are having effect, it is 

important to establish a Performance Index since the beginning, so that it is possible to quantify 

improvements due. Thus, as the standardization of the process will ease and clarify the 

information flow, it was decided that the percentage of changes in Production would be 

measured. 

% 𝐶ℎ𝑎𝑛𝑔𝑒𝑠 =
 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒𝑠/ 𝑊𝑒𝑒𝑘

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑚𝑏𝑢𝑙𝑎𝑛𝑐𝑒𝑠 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑/ 𝑊𝑒𝑒𝑘
 

 

In order to weekly measure this index, it was created an Excel file where, for each change, it 

has to be filled in the serial number of the vehicle, the date of the end of production, the date it 

started production and the date of the change, the responsible for the communication of the 

change (commercial or technical departments), the name of the person responsible, the detail 

of the alteration and the affected areas (up to six). 

In that Excel File it is possible to analyse, apart from the % of Changes, several other data. An 

extract of the file can be seen in Figure 39.  

 

Figure 39 - Screenshot of the Excel file with alterations in vehicles 
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4.2.4 A4 Step 4: Analysis of Roots and Causes 

Between the period of May 7th and June 24th, the number of changes per department were 

registered, as can be observed in Figure 40. 60% of changes have its origin in the Technical 

Department and 20% of changes have its origin in the Commercial Department.  

 

 

Figure 40 - Number of changes per department 

4.2.5 A3 Step 5: Solution Design 

The goal is to standardize the main Transformation types (B, A2 and A1-FR) with 

quantification and referencing of materials and vehicles pre-assembled components like 

stretchers. 

A configurator was created using Microsoft Excel for each standard Ambulance Type (B, A2 

and A1-FR). For that reason, it is possible to automate and standardize Budgeting, the 

Descriptive Memory to be sent to the client and the Bill of Materials to be sent to the Technical 

Department and Purchasing Department. 

Furthermore, some internal deadlines for modifications after the contract agreement were 

defined: 

• The process must reach the Technical Department until the seventh day of the month prior to 

the month it enters Production; 

•The process will have to enter the Production Department until the fifteenth day of the month 

before the month it enters Production – with no opportunity for modifications, unless there is 

availability.  

In Figure 41, a screenshot of the Configurator for the B Transformation can be seen. 

 

 

Figure 41 - Configurator for the B Transformation 

Count of vehicle serial number

Weeks Warehouse Client Commercial Production Technical Global Total

19 1 36 37

20 2 23 6 31

21 2 6 1 20 29

22 5 4 1 26 36

23 1 12 2 28 43

24 3 1 4 10 10 28

25 5 5

Global Total 11 19 42 11 126 209

Responsible for the Change
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Standards that were defined for the utilization of the configurator can be consulted in Appendix 

G and Appendix H. 

4.2.6 A3 Step 6: Solution Test 

With the creation of the configurator, references with quantities are automatic and generated at 

the same time of the commercial proposal. Thus, a mockup was done and it was observed that 

it would take a total of 45 minutes to perform the following tasks: 

• 00h30 - Budgeting + Descriptive Memory + Bill of Materials) 

• 00h15 - Verifying BOM and sending files to the technical department + purchasing 

department 

It is therefore possible to calculate the following benefits: 

• Number of work predicted for 2018: 880 

• Hours saved/ year: (195 min – 45 min) x 880: 132.000 min./year = 2.200 hours/year 

• There are in average 222 working days per year. Considering that a person works eight 

years per day, in one year that person will work 1776 hours. 

Therefore, one person is not necessary anymore and can be given other functions. 

Furthermore, the weekly percentage of changes diminished, reaching a value of 3%, which can 

be seen in Figure 42. 

 

Figure 42 - % Changes index calculation 

 

 

In this chapter, only two main projects were described. However, in the context of this project 

other improvement actions were developed in which the author has participated. In particular, 

initiatives related to the development of a daily continuous improvement culture grounded on 

Kaizen concepts, methodologies and tools. The main goal was to involve all operators in order 

to change their mind-set towards more efficient work practices. 

  

Week Vehicles with changes Vehicles in Production %Changes/Week

19 37 177 21%

20 31 196 16%

21 29 186 16%

22 36 196 18%

23 43 194 22%

24 28 144 19%

25 5 144 3%
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5 Conclusions and Future Developments 

Nowadays, manufacturing companies compete on multiple performance objectives, namely 

concerning quality, flexibility and responsiveness. At the same time, operational efficiency 

remains of capital importance in order to reduce non-added value activities and consequently 

diminish the operating costs. Furthermore, companies are more customer centric, that is, they 

are trying to adopt more and more a demand-driven manufacturing approach, in which the 

products are planned and built against customers confirmed orders. Thus, the ability to fulfil 

these orders at the required time and with an effective cost determines the competitive 

advantage in today’s low volume and high variety competitive business environment. To meet 

this challenge, mass customization and personalization are key strategies that companies are 

exploring. 

In that context, companies are changing product development strategies and manufacturing 

processes in order to efficiently implement adequate operating models, such as build-to-order, 

make-to-order and assembly-to-order to react to the growing individualization of demand. This 

is the case of the special vehicles industry, where there is a high level of complexity, not only 

in the process itself of transforming the vehicle but also to remain competitive by offering 

highly-customized products. The project carried out arises from a necessity for a company in 

this sector to grow and improve its processes in order to be more efficient and responsive. That 

way, the company could be more prepared to remain competitive in such a complex 

environment. 

After a diagnosis was performed to the firm, many different projects emerged. In this research 

project, two main challenges were selected among the pool of improvement opportunities: 

improving raw materials management (Subproject No. 1) and improving the proposal to 

customer process (Subproject No. 2). 

As stated in Chapter 1, the following research questions were raised: 

1. How to classify raw materials, components and parts? 

2. What are the most suitable replenishment policies and strategies in this context? 

3. When to apply those policies? 

4. What factors affect orders planning? 

The first question proposed was answered while developing Subproject No. 1. Raw materials 

were classified through the ABC Analysis. However, Key People also made their value 

judgements, which were not necessarily compatible with the ABC Analysis. In the end, a 

compromise was made between the two. 

The second research question was also answered in the context of Subproject No. 1. The most 

suitable replenishment policies and strategies in this context are Stock Control, Order When 

Needed, Keep in Stock. They shall be applied weekly or daily, depending on the reference 

value, consumption frequency and if the supplier lead time is higher than demand visibility or 

not, which answers the third question. 

Finally, to answer the fourth question, a brainstorming session was executed in order to identify 

the different causes and factors that disturb orders planning. These were the: 

• Unexpected vehicles which lead to delays in the production of the already planned ones: 

Often there are “urgent” vehicles that enter production last-minute and therefore make the other 

ones be finished later. 

• Simultaneous teams working in the same vehicle: 
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Frequently there are many operators belonging to different sections (for instance, two 

carpenters, an electrician and one assembler) working at the same time in a vehicle, which 

creates entropy in the work environment and generates waste. 

• Production launch without the necessary material: 

Many times a car starts being transformed in Gemba and important components needed at the 

time are still not available in the warehouse, for example the car headlights, among others. 

• Numerous changes within Production: 

Often a vehicle is being transformed, and it suffers changes in its configuration that affects 

planning and production. This last factor served as the scope for Subproject No. 2. 

5.1 Main Conclusions 

The results obtained throughout the project envisage the company improving as far as raw 

materials management is concerned, being presented a new purchasing model capable of 

reducing stock levels without compromising production needs. 

In the AS-IS situation, there were 43% of stockouts and 32% of changes in production. When 

writing this document, the indicators were 15% and 3%, respectively. Thus, comparatively to 

the starting values, it was possible to reduce the level of stockouts in 28% and the inventory 

value (in 462,583€). Furthermore, it was possible to reduce the number of changes in 29%, 

improving one of the factors that was most contributing to the difficulties in production 

planning. Due to a time restriction to carry out this project, it was not possible to achieve the 

target proposed of 0% of stockouts, but it was possible to reach the target of 5% for the 

percentage of changes. 

There were some adversities in the project development. The lack of initial data necessary to 

establish a baseline required that a great amount of time was spent gathering data rather than 

developing the tools. 

Furthermore, the project implementation suffered from the effect of resistance to change. 

Implementing a continuous improvement culture is not easy most of the times, since people do 

not recognize the benefits of it from the beginning. 

5.2 Future Developments 

Although the positive results achieved, that had a great impact in the performance of the 

company, there are still some aspects to develop. 

For instance, regarding raw materials management, the purchasing team shall continuing 

validating and making some adjustments to the quantities being ordered. 

Furthermore, a new configurator, more user-friendly, shall be developed by the IT department 

of the company, since the one developed in this context was significantly slow when processing. 

Moreover, a more exhaustive data collection regarding bills of materials will have to be done, 

as well as corrections and updates to the existing ones.  

On the whole, each research question defined for this project was answered. For that reason, in 

the future it will be possible to tackle other projects in the company, as there were many 

improvement opportunities that were recognized but not approached within the scope of this 

project. 

One research question that was not considered, but would be interesting to approach in the 

future, would be the following: 
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1. What are the principles and standards that must be defined in order to ensure a correct 

production planning? 

It would be interesting to review the existent paradigm of “vehicles per month”. Instead of 

having a month planning, a number of processes per week to enter the Technical Department 

should be defined.  

Another relevant theme would be to evaluate the current production model (per section) and 

perform a line design in order to improve the production flow. 

The path towards operational excellence will depend not only on the improvement opportunities 

already referred but also on the technological infrastructure structures, namely information 

systems. In particular, this dimension will be relevant to guarantee the effectiveness and 

responsiveness requested in a quite challenging mass-customization environment. 

Finally, people dimension is a key stone to guarantee the overall success of an improvement 

program as described. Therefore, it will be particular important to design, launch and deploy 

suitable operators-oriented programs grounded on quality and improvement concepts. 

  



Orders Planning and Raw Materials Management in a Special Vehicles Manufacturer 

52 

 



Orders Planning and Raw Materials Management in a Special Vehicles Manufacturer 

53 

References 

Adrodegari, F., Bacchetti, A., Pinto, R., Pirola, F., and Zanardini, M. (2015). Engineer-to-order 

(ETO) production planning and control: An empirical framework for machinery-building 

companies. Production Planning & Control, 26(11), 910-932.  

Du, S., Bhattacharya, C. B., and Sen, S. (2007). Remaping relational rewards from corporate 

social responsibility: The role of competitive positioning. International journal of research in 

marketing, 24(3), 224-241. 

Blecker, T., and Abdelkafi, N. (2006). Complexity and variety in mass customization systems: 

analysis and recommendations. Management Decision, 44(7), 908-929. 

Christensen, K. H., BScB, I. M., and Nielsen, E. H. (2012). Mass Customization. 

Chu, C., Gin-Shuh L., and Chien-Tseng L. (2008). Controlling inventory by combining ABC 

analysis and fuzzy classification. Computers & Industrial Engineering 55.4: 841-851.  

Da Silveira, G., Borenstein, D., and Fogliatto, F. S. (2001). Mass customization: Literature 

review and research directions. International journal of production economics, 72(1), 1-13. 

Davis, S. M. (1987). Future Perfect: A Startling Vision of the Future We Should Be Managing 

Now. 

Diário da República, (2014). Portaria n.º 260/2014. Available at: https://dre.pt/home/-

/dre/64797338/details/maximized?p_auth=0mVYI8Wb [last accessed: 01/07/2018]. 

Dovetail, 2018. The difference between qualitative and quantitative research. Available at: 

“https://dovetailapp.com/guides/qual-quant” [last accessed: 01/07/2018]. 

Duray, R., Ward, P. T., Milligan, G. W., and Berry, W. L. (2000). Approaches to mass 

customization: configurations and empirical validation. Journal of operations management, 

18(6), 605-625.  

Erlenkotter, D. (1990). Ford Whitman Harris and the economic order quantity model. 

Operations Research, 38(6), 937-946. Gilmore, J. H. (1997). The four faces of mass 

customization. Harvard business review, 75(1), 91-101. 

Gilmore, J. H. (1997). The four faces of mass customization. Harvard business review, 75(1), 

91-101. 

Götzfried, M. (2013). Managing Complexity Induced by Product Variety in Manufacturing 

Companies: Complexity Evaluation and Integration in Decision-Making (Doctoral 

dissertation). 

Gunasekaran, A., and Ngai, E. W. (2005). Build-to-order supply chain management: a 

literature review and framework for development. Journal of operations management, 23(5), 

423-451. 

 Flores, B. E., and Whybark, D. C. (1987). Implementing multiple criteria ABC analysis. 

Journal of Operations Management, 7(1-2), 79-85. 

Heizer, J. H., and Render, B. (2008). Operations management (Vol. 1). Pearson Education 

India. Hill, Arthur V. The encyclopedia of operations management. Eden Prairie, MN: 

Clamshell Beach Press. 

Hopp, W. J., and Spearman, M. L. (2004). To pull or not to pull: what is the question?. 

Manufacturing & service operations management, 6(2), 133-148. 

Jacobs, R., and Chase, R. (2013). Operations and supply chain management. McGraw-Hill 

Higher Education. 



Orders Planning and Raw Materials Management in a Special Vehicles Manufacturer 

54 

Lampel, J., and Mintzberg, H. (1996). Customizing customization. Sloan management review, 

38(1), 21. 

Lysons, K., and Farrington, B. (2012). Purchasing and supply chain management. Pearson 

Education. Lumsden. 

NC State University (2017), What is Supply Chain Management (SCM)? Available at:" 

https://scm.ncsu.edu/scm-articles/article/what-is-supply-chain-management-scm" [last 

accessed: 01/07/2018]. 

Ng, W. L. (2007). A simple classifier for multiple criteria ABC analysis. European Journal of 

Operational Research, 177(1), 344-353. 

Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a handbook for visionaries, 

game changers, and challengers. John Wiley & Sons. 

Pine, B. J. (1993). Making mass customization happen: strategies for the new competitive 

realities. Planning Review, 21(5), 23-24.  

Powell, D., & Arica, E. (2015). To Pull or Not to Pull: A Concept Lost in Translation?. 

American Journal of Management, 15(2), 64. 

Rahman Abdul Rahim, A., & Shariff Nabi Baksh, M. (2003). Case study method for new 

product development in engineer-to-order organizations. Work Study, 52(1), 25-36. 

Ramanathan, R. (2006). ABC inventory classification with multiple-criteria using weighted 

linear optimization. Computers & Operations Research, 33(3), 695-700. 

Sauro, Jeff. (2015). 5 Types of Qualitative Methods.  Measuring U Available at: 

"https://measuringu.com/qual-methods"/ [last accessed: 01/07/2018] 

Scholz-Reiter, B., Heger, J., Meinecke, C., and Bergmann, J. (2012). Integration of demand 

forecasts in ABC-XYZ analysis: practical investigation at an industrial company. International 

Journal of Productivity and Performance Management, 61(4), 445-451.  

Schönsleben, P., (2007). Integral Logistics Management, third ed. Auerbach Publications. 

Shingo, S. (1981). Study of Toyota Production System from Industrial Engineering View-

Point,“Japan Management Association”. Business & Economics. 

Simão, J. M.., P. C. Stadzisz, and Morel G. (2006). Manufacturing execution systems for 

customized production Lean. Journal of Materials Processing Technology 179: 268-275. 

Srinivasan, M. M., and Mandyam, S. (2012). Building lean supply chains with the theory of 

constraints. New York, NY: McGraw-Hill 

Tsai, C. Y., & Yeh, S. W. (2008). A multiple objective particle swarm optimization approach 

for inventory classification. International journal of production Economics, 114(2), 656-666. 

University of Pretoria, (n.d.). Chapter 5:  Defining the Problem and Development of 

Propositions. Available at: "

 https://repository.up.ac.za/bitstream/handle/2263/27665/04chapters5-

6.pdf?sequence=5&isAllowed=y" [last accessed: 01/07/2018] 

Van Hoek, R. I. (2001). The rediscovery of postponement a literature review and directions for 

research. Journal of operations management, 19(2), 161-184.  

Wikner, J., and Rudberg, M. (2005). Integrating production and engineering perspectives on 

the customer order decoupling point. International Journal of Operations & Production 

Management, 25(7), 623-641. 



Orders Planning and Raw Materials Management in a Special Vehicles Manufacturer 

55 

Yang, W., & Fung, R. Y. (2014). An available-to-promise decision support system for a multi-

site make-to-order production system. International Journal of Production Research, 52(14), 

4253-4266.  

 

 



Orders Planning and Raw Materials Management in a Special Vehicles Manufacturer 

56 

Appendix A: Improvement Opportunities Brainstoming 

Figure 43 - Improvement opportunities brainstorming 
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Appendix B: Categories of References 

Table 6 - Categories of References 

Code Designation 

X Tests Vehicles 

W WYIPI Metrics 

V Vehicles 

T Transformations 

S Subkit Warehouse 

R Equipments Repairs / Tools Acquisition 

P Transformed Product 

O Work 

M Raw Material 

K Kit 

I Undifferentiated 

G General 

F Finished Product 

C CNC Cuts 

A Alterations 
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Appendix C: Specific Categories of References 

Table 7 - Specific Categories of References 

Code Designation 

999 Consumables 

800 Mechanics 

700 Tools for Sale 

300 Electric Tools 

210 Motorbike Equipment 

200 Ambulance Equipment 

100 General Equipment 

056 Bodywork 

055 Hearse Equipment 

054 Anodising 

053 Painting 

052 Decoration 

051 Upholstery 

050 Electricity 

010 Diverse Raw Material 

009 Origin Material 

008 Plates 

007 Glasses 

006 Fibres 

005 Aluminium 

004 Plastics 

003 Rubber 

002 Metallic Structures 

001 Metal fittings 
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Figure 44 - Extract of the list with all the M References 
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Appendix E: Examples of Descriptive Memories 

 

Figure 45 - Example of part of a Descriptive Memory of a vehicle 
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Figure 44 - Example of part of a Descriptive Memory of a vehicle 
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Appendix F: Macros for Configurator 

 

 

Figure 45 - Extract of the macros for the configurator 
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Appendix G: Standards to Update the Data Base 

 

Figure 46 - Standards to update the data base (part 1) 

 



Orders Planning and Raw Materials Management in a Special Vehicles Manufacturer 

64 

 

Figure 47 - Standards to update the data base (part 2) 
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Appendix H: Standards for Commercials 

 

 

Figure 48 - Standards to generate proposal and report 

 

 

 


