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Abstract  

 

Lean is a philosophy which has proven its added value in many sectors. Although this 

philosophy is based on process simplification and wastes elimination, it is however complex 

to implement.  

 

Poor culture for continuous improvement may be an obstacle for Lean implementation as 

well as the systemic barriers in some industries. The Pharmaceutical Industry seems to be 

among these industries where difficulties can be encountered during Lean deployment. 

While outsourcing which is a practice well-established in the Pharmaceutical Industry 

would make Lean deployment throughout the Supply Chain harder to perform and maintain, 

the regulatory framework would create somewhat inflexible environment where a core 

concept of Lean like Just in Time is difficult to put in place. 

 

Nevertheless, there are cases of successfully implemented Lean project in the Pharma sector 

which demonstrate that Lean philosophy is not incompatible with the Pharmaceutical 

Industry.  

 

Considerations like quick return on investment may prevent the interest for this philosophy. 

Lean initiative must not be hampered because it does not represent the best short-term 

solution in terms of cost. Lean is a strategy whose the benefit can be seen only by the 

organization who begins this endless journey.  

 

 

 

 

 

 

 

 

 

 

 



Résumé 

 

Le Lean est une philosophie qui a fait ses preuves dans de nombreux secteurs. Bien que 

cette philosophie soit basée sur la simplification des processus et l’élimination de tout ce 

qui n’est pas nécessaire dans un procédé, elle est complexe à mettre en œuvre.  

 

Une culture faiblement engagée pour l’amélioration continue ainsi que les barrières 

systémiques dans certaines industries peuvent être des obstacles à sa mise en œuvre 

L’industrie pharmaceutique semble faire partie de ces industries où des difficultés peuvent 

être rencontrées lors du déploiement du Lean. Alors que l’externalisation, qui est une 

pratique bien établie dans l’industrie pharmaceutique, rendrait le déploiement Lean tout au 

long de la chaîne d’approvisionnement plus difficile à réaliser et à maintenir, le cadre 

réglementaire créerait un environnement quelque peu rigide où un concept de base du Lean 

comme le ‘juste à temps’ est difficile à mettre en place. 

 

Il existe cependant des cas de projets Lean misent en œuvre avec succès dans le secteur 

pharmaceutique qui démontrent que la philosophie Lean n’est pas incompatible avec cette 

industrie. 

 

Des considérations telles que le retour sur investissement rapide peuvent empêcher l’intérêt 

pour cette philosophie. L’initiative Lean ne doit pas être entravée parce qu’elle ne représente 

pas la meilleure solution à court terme en termes de coût. Le Lean est une stratégie dont 

l’avantage ne peut être vu que par l’organisation qui commence ce voyage sans fin. 
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1. Introduction 

Lean philosophy gained worldwide popularity when western authors started writing books and 

articles on it to explain how this approach helped the Japanese firm Toyota to develop an edge 

in the automotive industry. Since then, Lean has been implemented in many other industries. 

In this Master’s thesis, the opportunities for improvement in the Pharmaceutical Industry 

through Lean approach will be presented. The plan of analysis can be described as such: 

 

The presentation of Lean (I) and the Pharmaceutical Industry (II) will be made based on a 

literature review and also on the regulatory framework of the Pharmaceutical Industry.  

The use of practical cases presented in scientific articles will show how Lean can improve the 

Pharmaceutical Supply Chain (III). A joint analysis of some regulatory requirements and Lean 

goals will help to identify as well some potential barriers for the implementation of Lean. 

Finally, a conclusion (IV) will be provided with some recommendations. 

The manufacturing processes in the Pharmaceutical Industry are very heterogeneous due to the 

drugs’ dosage forms for example. In this Master’s thesis, one general process for the 

manufacturing of drugs will be presented to show the complexity of this industry. It was initially 

also planned to interview professionals managing Supply Chain activities in Pharmaceutical 

companies based in Belgium in order to collect their experiences regarding the issues they 

encounter  in the Pharmaceutical Supply Chain as well as to discuss about the use of Lean. 

These feedbacks would have been compared to the theoretical conclusion of this thesis to 

evaluate its consistency. However, due to many refusals mainly for confidentiality reasons, it 

was not possible to conduct these interviews. This may represent a limit in the analysis 

performed in the context of this Master’s thesis.  
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2. Lean philosophy 

 

2.1. Introduction 

 

In this Part 2, Lean will be presented through its major concepts in order to allow the reader to 

quickly assimilate the idea behind this methodology. From its origin to its application in the 

field of Supply Chain passing also through its rapprochement with the concept of Six Sigma, 

an overview of this system of thoughts will be given.  

The literature about Lean is plentiful. Hence, alternative approaches could have been used to 

present the Lean methodology. The following point must be clarified as well: the goal of this 

section is not to present all the existing tools and techniques used and developed by the Lean 

practitioners.  

2.2. Origin of Lean 

The book “The Machine that Changed the World” written by Womack, Jones & Ross (as cited 

in Gao & Low, 2014, p. 28-29) was the first book to focus attention on the term Lean, in which 

the authors emphasized the differences between Toyota plants and the Motor industry in the 

United States. According to them, the production philosophy of Toyota was superior to all the 

other systems because it produced high quality products with less investment, less effort from 

the workforce and less inventory (Gao & Low, 2014). So it can be assumed that Lean or Lean 

Management (LM) takes its roots from manufacturing best-practices that were implemented in 

the Toyota Motor Corporation such as Total Quality Management (TQM) or Just in Time (JIT) 

(Oleghe & Salonitis, 2018).  

2.3. The Toyota Production System 

The Toyota Production System (TPS) through its composing elements can be considered as a 

full reference for consistent Lean deployment strategy.  TPS can be drawn as a house composed 

of five elements (Liker, 2020). These elements are described in the next sub-sections.  

 

 



3 

2.3.1. In-Station Quality 

The right pillar called “In-Station Quality” (or Jidoka in Japanese) refers to the need of paying 

attention to the problems. In other words, a defect cannot escape the station (Liker, 2020).  The 

idea behind this is to build quality in the process by stopping production line or process once 

there is problem being detected.  

Monden (as cited in Gao & Low, 2014, p. 82) detailed two approaches used to stop and fix 

production when issues or abnormalities occur:  

(i) By relying on human judgment: the workers are given the responsibility to stop the 

line in situations where the operations cannot be performed in accordance with the 

standard operations routine.  

(ii) By the use of automatic devices: instruments detecting abnormalities stop the line 

and a signal is given to notify the workers (it can be a camera monitoring the 

presence of a defect associated with an alarm that will then give the signal).   

 

2.3.2. Just in Time 

The left pillar is “Just in Time” (JIT). The term JIT originated from a scheme called Kanban 

but it would be too simple to reduce JIT to a product call system using card or any suitable 

signal. So two important principles are going to be used in order to understand what JIT means: 

 

(i) The pull principle: pull system is one of the Lean manufacturing principles used to 

reduce waste in a process. In pull system, components used in the process are only 

replaced once they have been consumed. Push system is the opposite principle in 

which as many products as possible are produced to be sold via marketing activities. 

The goal of pull system is to avoid overproduction of goods or services to deliver. 

In other words, the next step in the chain “pulls” value through the process.  

(ii) Flow principle: value must be added in an uninterrupted flow throughout the 

production process. The advantages of a continuous flow are stability, balance and 

continuity. There is no or very little time wasted between steps which maximizes 

the process capabilities. It is an ideal process state (Helmold, 2020). 
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2.3.3. Operational Stability 

In order to maintain both pillars of this house, stability is needed. In the Toyota Production 

System, this stability exists through the operational stability. For instance, standardized work 

and reliable suppliers contribute to the robustness of this stability. In standard work, teams 

create the standards that define the work. Any improvement of the process is done from this 

standard work that serves as a baseline. Suppliers partnerships is another crucial element for 

the success of a production system. Integrating suppliers as partners into the production system 

would reduce setup times, inventories or defects because they undertake to deliver services or 

parts to the manufacturer in a timely manner (Nicholas, 2010).  

2.3.4. Culture 

The culture for continuous improvement is at the heart of the Lean System. The Japanese term 

“Kaizen” is  used as synonym of continuous improvement. The main goal of kaizen is to 

continuously improve processes, products and working areas. This can be done by integrating 

the people of the affected areas. The PDCA cycle also known as the Deming circle is a tool in 

the context of kaizen. It is an iterative management method in four steps:  

(i)  Plan: Analysis of the current situation and definition of the improvement plan. 

(ii)  Do: Implementation of the defined solutions. 

(iii) Check: Evaluation of the results. 

(iv)  Act: Standardization of the best solution or re-adjustment. 

 

With standardization, the process cannot return to the old state and when it is secured, it is ready 

for the next improvement (see Figure 2.1). Another important aspect of Kaizen is the time and 

the effort dedicated to the improvement. Kaizen is not innovation but rather a dynamic state 

that is conducive to small improvements without requiring high investment except the 

involvement of the people (see Figure 2.2). 

2.3.5. Waste elimination 

This last component of the TPS house is the final objective of the Lean approach but an 

organization needs to be at an advanced stage regarding the four elements of the TPS house 

described previously (JIT, Jidoka, Operational Stability, Kaizen Culture) before to be a 
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champion of waste elimination.  Any process in an organization that is not adding value is 

considered as waste and the goal of Lean is to eliminate wastes (Nicholas, 2010).  

The adding value or non-adding value processes must be identified through a customer 

perspective. Ohno’ seven wastes is a simple concept that will be used for identifying the wastes 

that Lean tries to eliminate in order to improve the chain of values. This seven wastes approach 

can be applied to many services even though these wastes categories were originally for 

manufacturing (Bicheno & Holweg, 2009).  

 

 

Figure 2.1 - Kaizen cycle (PDCA) (adapted with permission from Helmold, 2020, p.27). 

 

 

Figure 2.2 - Innovation vs Kaizen (adapted with permission from Helmold, 2020, p.27). 

 

2.3.5.1. The waste of overproduction 

While the ideal situation should be to make exactly what is required in terms of quantities, on 

time and with high quality, overproduction is making too much and too early. A process should 

not encourage output that is not needed. As a consequence, it leads to excessive lead time and 

it may also lead to situations where defects are not detected and products are deteriorated 
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(Bicheno & Holweg, 2009). So whatever the reason, making a quantity of products that exceeds 

the demand is wasteful. Waste from overproduction is also difficult to identified unless the 

quantity of products sold is compared to the quantity shipped (Nicholas, 2010). 

2.3.5.2. The waste of waiting 

This waste is related to flow and it takes many forms like waiting for materials or orders from 

preceding processes. It may also occur in automated processes when an operator who turns on 

a machine after having loaded it, remains in front of the machine and waits for the end of the 

process (Nicholas, 2010). Waiting is a waste that must be avoided as it results into reduced 

productivity and efficiency. Indeed, it causes longer lead times and it may also decrease 

engagement and motivation of employees (Helmold, 2020). 

2.3.5.3. The waste of unnecessary motions 

Unnecessary motions is the excessive movement of material or machines within the work area. 

It leads to higher cost due to the decrease of productivity. This is due to the fact that unnecessary 

motions require more time or capacity in operations than actually required in a process where 

unnecessary movements are eliminated (Helmold, 2020). 

2.3.5.4. The waste of transporting 

Any movement of materials can be considered as a waste because the customer does not pay 

for having goods moved around. In addition to that, the likelihood of damage increases with the 

number of operations of material handling and transport (Bicheno & Holweg, 2009).   

However, this waste cannot be fully eliminated. The supply of goods on a market requires a 

minimum of transport from the manufacturing to the delivery to the final customer.  

2.3.5.5. The waste of overprocessing 

Overprocessing is related to activities and processes which are more than the customer expects 

or needs. In other words, adding more value than the customer requires is a waste of 

overprocessing. Simplification of the activities reduce these wastes (Helmold, 2020). 

The origin of this waste seems less intuitive. Indeed, why does a company put energy on 

processes which the customer does not pay for?  Some possible reasons could be inappropriate 
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or not capable processes that require additional work in order to meet the expectations of the 

customer.  

2.3.5.6. The waste of unnecessary inventory 

Inventory can be classified in three types: raw material, work in process (WIP) or semi-finished 

goods and end items. Their causes of existence and priorities for decrease are quite different. 

Inventory in raw material may be necessary due to constraints at supplier level while the 

inventory in end items helps to adapt to market in case of customer demand increase. But in 

general excessive inventory is a waste as it represents a risk of obsolescence (Bicheno & 

Holweg, 2009), items are waiting for something to happen which represents a situation where 

costs are generated and time is lost since no value is being added to them (Nicholas, 2010). 

In Lean, the reduction of inventory is not an end in itself but it must be considered as an 

opportunity for exposing wasteful practices as shown in the analogy of a ship on water where 

inventory is compared to water depth and where problems like poor scheduling, quality issues, 

machine breakdown or long changeover are huge boulders into the sea (Nicholas, 2010). 

2.3.5.7. The waste of defects 

Defects impact the quality of products which deviate from the standards of their design or from 

the customer’s expectation. Defective products must be replaced and require additional work 

to process it. In some circumstances, it may cause as well loss of customers (Helmold, 2020).  

Product defects are ideally detected and handled before products are released on the market. 

However this activity represents also a waste because correcting defects increases production 

lead times which can lead to other delays in the process (Nicholas, 2010). 

 

The results of waste reduction can be measured by efficiency indicators and among the most 

used metrics are lead time, on-time delivery, Overall Equipment Effectiveness, WIP and many 

others (Chiarini, 2012). 

The presentation of the seven wastes ends this introduction about what is Lean. The choice of 

the TPS house as core concept allows to approach the ultimate aim of Lean through a global 

view. It describes also Lean as a complex system in which every single element contributes to 

the whole.  Before to discuss the spreading of Lean in Six Sigma philosophy and in the Supply 

Chain discipline, it is important to present two configurations in which Lean can be deployed: 

the mechanistic and the organic systems.  
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2.4. A mechanistic or organic deployment of Lean 

The purpose of this paragraph is not to develop organizational models theories but rather to 

differentiate two models for Lean deployment by referring briefly to the metaphors of organism 

and machine. Achieving a level of quality that meets exactly the customer’s needs by 

eliminating all the non-added values in the process is the continuous strategic target undertaken 

by Lean. This can be made possible with strong commitment from members (c.f. the importance 

of culture in TPS). In order to comprehend the metaphors of organism and machine, this section 

will refer firstly to Spencer research works who assessed the place of quality and employees in 

mechanistic and organic systems. Secondly, the characteristics of mechanistic and organic Lean 

will be described based on Liker (2020) input to those notions. Some similarities should then 

come out. For Spencer (1994), the definition of quality under the mechanistic model relates to 

a conformance to internal standards, in other words the product or service is fine if it works. 

Under the organic model, customers satisfaction would be emphasized by taking into account 

their needs. Regarding the role of employees, under the mechanistic model, employees would 

be more passive, follow orders whilst under the organic model, the job is done because 

employees are committed to a common purpose. In organic model, motivation is driven by a 

vision.  For Liker (2020), the deployment of Lean “mechanistically” or “organically” leads to 

two approaches with a significative difference in their characteristics. Mechanistic Lean would 

be faster to implement with short-term efficiency while the organic Lean would be more 

sustainable as it is based on deep learning and process ownership.  

 

When they talk about mechanistic and organic systems, there is a certain consistency between 

the models presented by Spencer (1994) and the deployment of Lean suggested by Liker (2020). 

The most important factor is the people engagement which is very low for example in 

mechanistic model and mechanistic deployment of Lean. In terms of quality, there is also 

similarities about how quality is perceived from a mechanistic or an organic point of view. As 

an example, mechanistic Lean will address a quality issue in the context of a project and not 

because of continuous improvement culture. It fits in with the perception of quality in 

mechanistic model described by Spencer (1994). Indeed, until the quality is fine as per the 

internal standards there is probably no need to launch a project for improving a process in any 

form.  

In the next sections, some others concepts of Lean that exist beyond the traditional Toyota 

System framework will be reviewed.  
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2.5. Lean Six Sigma 

In the next sub-sections, the concept of six sigma (from a process point of view) will be 

discussed as it is a discipline that is frequently combined with Lean thinking in order to form 

Lean Six Sigma (LSS) which is deployed in those industries supporting Operational Excellence 

programs. 

2.5.1. What is Six Sigma? 

The Six Sigma philosophy works under a structured problem-solving approach whose aim is  

to eliminate variability, defects, and waste in a process. This structure is called Define–

Measure–Analyze–Improve–Control (DMAIC), where 

(i) Define is for the definition of the problem that needs to be addressed; 

(ii) Measure is for the measurement of the problem and the process from which it was 

produced; 

(iii) Analyze is for the analysis of the process to identify the root causes of defects and 

the opportunities for improvement; 

(iv) Improve is for the improvement of the process; 

(v) Control is for the implementation and the control of the improvements. 

The majority of decision-making tools for Six Sigma are borrowed from statistics 

(Muralidharan, 2015). Indeed, Six Sigma has an approach based on facts and data. All the 

results of the project are validated using ‘sigma level’ around the target. This sigma level can 

be put in correlation with the number of defects in a process and the cost of poor quality (CPQ) 

(Chiarini, 2012).  

2.5.2. From Lean to LSS 

Similarities can be seen between DMAIC and the Kaizen cycle (PDCA) from Lean. Both 

problem-solving approaches are made of steps coming one after another with the goal of 

achieving an improvement of the process. However Kaizen is more dynamic than DMAIC as it 

is a continuous improvement philosophy while DMAIC is deployed and exists in the context of 

a well-defined project.  
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As Lean focuses on streamlining a process by identifying and removing wastes, combining 

Lean and Six Sigma modifies the DMAIC approach by emphasizing speed. Wastes like rework 

and scrap are often the result of variability in the process. So there is an opportunity for 

connecting Six Sigma and Lean to form LSS whose the goal is to supply quality products that 

meet customer requirements as effectively and efficiently as possible (Muralidharan, 2015). 

But isn’t what Lean seeks to achieve already? Certainly but the use of statistical tools for data 

analysis and process control brings more accuracy. Six Sigma can also be considered as a 

prerequisite for Lean that needs process stability to work which is exactly what Six Sigma aims 

for (Friedli, Mänder & Bellm, 2013). Figure 2.3 illustrates the interaction between Lean and 

Six Sigma. 

 

Figure 2.3 - Interaction between Lean and Six Sigma (adapted with permission from Friedli & al., 2013, p.301) 

 

2.6. Lean in the Supply Chain Management 

In this section, the application of Lean in the Supply Chain as well as the barriers for its 

implementation will be presented. But first of all, it is necessary to define what is Supply Chain.  

2.6.1. What is Supply Chain? 

According to Ballou, “The Supply Chain comprises all activities related to the flow and 

transformation of products and information, starting from raw materials to the end user, both 

downstream and upstream in the Supply Chain” (as cited in Ledoux Takeda Berger, Tortorella 

& Rodriguez, 2018, p. 40).  

This is a another definition of Supply Chain that brings more details:  
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A Supply Chain consists of all parties involved, directly or indirectly, in fulfilling a 

customer request. The Supply Chain includes not only the manufacturer and suppliers, 

but also transporters, warehouses, retailers, and even customers themselves. Within each 

organization, such as manufacturer, the Supply Chain includes all functions involved in 

receiving and filling a customer request. These functions include, but are not limited to, 

new product development, marketing, operations, distribution, finance, and customer 

service (Chopra, 2019, p.15).  

 

The goal of Supply Chain is to satisfy the needs of the customers and to generate profit. There 

are three key flows allowing the functioning of a Supply Chain: products, funds and 

information. It must have also the objective to maximize the net value created which is the 

difference between the value of the final product for the customer and the costs generated in 

the entire Supply Chain in order to fill the customer’s request (Chopra, 2019).  

 

Based on these definitions of Supply Chain, Lean is a philosophy that may find its place and 

play a role in the functioning of Supply Chain. Indeed, both disciplines are customer-oriented 

with special attention to the management of products and information flows. So for all the 

aspects impacting the quality, Lean and Supply Chain are compatible. In what follows, the 

matters included in the Supply Chain process that are not quality related will be hence excluded 

like for examples Finance or Marketing as quoted in the definition of Chopra (2019).  

2.6.2. Lean Supply Chain Management 

Now that Lean and Supply Chain have been defined, how Lean Supply Chain Management 

(LSCM) can be characterized? LSCM can be described as a set of entities linked by upstream 

and downstream flows of services, products and information that work jointly to reduce waste 

by pulling only what is needed to meet customer’s needs (Vitasek, Manrodt & Abbott, 2005).  

In LSCM, the flow of products and information from raw materials suppliers to the delivery of 

products to final consumer is considered as an integrated whole. But what is the difference with 

Lean vision of TPS? Indeed the goal of JIT which is one of the pillar of TPS is to make the flow 

of products (and by extension the flow of information) before, during and after the 

manufacturing process more efficient. Hence, TPS includes already aspects related to the 

delivery of materials or products from supplier to the final user. Actually, the main difference 
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could be that LSCM is very heterogeneous depending of the industry while TPS finds its roots 

in the automotive sector and has been developed according to the characteristics of this sector.   

2.6.3. The barriers for Lean Supply Chain implementation 

The LSCM approach differs from the “trading objective”, in which profit depends on the ability 

to negotiate with customers or on market prices. It is a strategy based on a long term 

involvement of Supply Chain partners, with a lot of cooperation and systematic waste 

elimination along the process chain (Yusuf et al & Agarwal et al., as cited in Tortorella, 

Miorando & Marodin, 2017).  

This strategy may encounter barriers making it difficult to achieve the targeted improvement. 

Applying Lean principles to Supply Chain activities is a difficult process due to the fact that 

waste is not easy to be identified and quantified in an entire chain where process is complicated 

to be controlled from suppliers to customers (Anand & Kodali, Soni & Kodali, as cited in 

Tortorella et al., 2017). Parallel to the identification of these difficulties or barriers for the 

implementation of Lean in Supply Chain, it would be interesting to know also what are the main 

Lean practices used in Supply Chain.  

Ledoux Takeda Berger et al. (2018) performed a systematic literature review that identified in 

various sectors the main LSCM practices and barriers according to the frequency they were 

cited. A total of eighteen practices and twelve barriers have been identified. Table 2.1 gives ten 

practices and ten barriers identified by this search.  

Table 2.1 – Practices and barriers in LSCM (adapted with permission from Ledoux Takeda Berger et al., 2018, p. 47-54, 57-59) 

Lean practices in LSCM Barriers for LSCM implementation 

Kanban or pull system Difficulties for cultural changes 

Value Stream Mapping or Value Chain Analysis Complexity of the Supply Chain 

Close relationship between stakeholders Lack of trust in Supply Chain partnerships 

Use of information technology to integrate the 

flow of information along the Supply Chain 

Lack of collaboration and involvement of the 

entire Supply Chain 



13 

Lean practices in LSCM 

 

Barriers for LSCM implementation 

Development of Supply Chain KPIs High oscillation of demand 

Efficient and continuous replenishment Lack of commitment of senior management 

Standardized work procedures for quality 

purpose 

Lack of Information and Communication 

Technology (ICT) infrastructure for integration 

Problems solution (feedback for shared solutions) Low understanding of concepts and principles 

related to LSCM implementation 

Continuous improvement Lack of availability of resources 

Keiretsu (relationship based on trust) Low information sharing 

Table 2.1 – Practices and barriers in LSCM (adapted with permission from Ledoux Takeda Berger et al., 2018, p. 47-54, 57-59) 

Lean practices in LSCM as mentioned in Table 2.1 are very similar to most of the TPS pillars, 

in particular JIT and operational stability. There are also some links with LSS practices when 

referring to the use of KPIs and Value Stream analysis. However it becomes more interesting 

when the barriers are reviewed. Indeed, some elements quoted among the barriers for the 

implementation of LSCM find their remedies in the main Lean practices in LSCM. An example 

is the lack of collaboration and information sharing versus the use of ICT to integrate the flow 

of information. The heterogeneity of the industries in terms of Supply Chain practices may 

explain that a Lean practice used in one sector is considered as a barrier in another sector. 

2.7. Conclusion 

The aim of this Part 2 was to introduce Lean and its extensions to Supply Chain without getting 

a strict vision of what it is. The sector that will be analyzed in the next parts is the 

pharmaceutical sector which is a sector that may be in some instances very different from the 

automotive sector that influenced the TPS and hence the Lean philosophy. The founding 

principles of TPS are very important concepts that form a consistent whole allowing to reach 

high level of quality in processes while eliminating the non-adding values activities considered 

as wastes. The implementation of Lean mechanically or organically has been discussed as well. 

Organic Lean support the idea that commitment and strong culture of continuous improvement 
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are needed in order to sustain any improvement that could have been reached by a mechanistic 

Lean approach. In this sense, Six Sigma extends the range of tools that can be used in 

mechanistic approach of Lean for managing the quality of the processes. Finally, LSCM has 

been explained through some practices and barriers in its implementation.  
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3. The Pharmaceutical Industry 

 

3.1. Introduction 

In this Part 3, the pharmaceutical sector will be described. After a presentation of the industry 

including figures, an overall view of the manufacturing process will be given in order to 

understand the complexity of the entire chain from the supply of raw materials to the final 

shipping of finished products. Finally, some critical elements of the good practices to respect 

in the manufacturing of pharmaceutical products will be reviewed. 

3.2. Presentation of the Pharmaceutical Industry 

The Pharmaceutical Industry is characterized by organizations, operations and processes 

involved in the discovery, development and the manufacturing of drugs (Shah, 2004).  

Before to analyze further the key players involved in the operations, it may be appropriate to 

give a definition of a drug. The World Health Organization (WHO) defines a drug as:  

any substance or mixture of substances manufactured, sold, offered for sale or represented 

for use in the diagnosis, treatment, mitigation or prevention of disease, abnormal physical 

state or the symptoms thereof in man or animal; [and for use in] restoring, correcting or 

modifying organic functions in man or animal (as cited in Shah, 2004, p. 929).  

The Pharmaceutical Industry is very complex as it involves challenges to coordination among 

multiple actors. According to Shah (2004), there are five categories of players in the 

Pharmaceutical Industry, including:  

(i) The companies with Research and Development (R&D) activities and 

manufacturing sites in many locations; 

(ii) The generic manufacturers, who produce out-of-patent products and over-the-

counter products; 

(iii) Local manufacturing companies operating in their home country, producing both 

generic products and branded products under license or contract; 

(iv) Contract manufacturing organizations (CMO) who provide outsourcing services for 

the production of active ingredients (AI) or final products; 
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(v) Biotechnology start-up with no significant manufacturing capacity; 

Taking into account the entire chain of pharmaceutical products supply, it would be appropriate 

to add to this list three other key players: 

(vi) The companies who supply materials that do not enter in the composition of the 

pharmaceutical product but necessary for the manufacturing of the products (e.g. 

disposables, devices, calibration standards for the equipment); 

(vii) The companies providing outsourcing services for quality control purpose; 

(viii) Transport companies when the transport activity is outsourced.  

Now that the main actor have been presented, some figures can be used to show the weight of 

this industry compared to other industries in terms of investment and also how the world-wide 

sales are broken down. Table 3.1 gives for 2019 an overview of the amount of the investment 

in Europe for 2500 world companies aggregated by industrial sectors. 

Rank Sector R&D in 

2019, € 

bn 

1-year 

change, 

% 

Net 

sales, € 

bn 

1-year 

change, 

% 

R&D 

intensity, 

% 
1 Pharmaceuticals and 

biotechnology 

166.8 10.0 1043.9 7.5 15.4 

2 Software and 

Computer Services 

142.7 20.6 1212.6 11.2 11.8 

3 Technology Hardware 

& Equipment 

139.6 8.9 1557.1 0.3 9.0 

4 Automobiles & Parts 132.7 1.9 2749.4 -1.0 4.8 

5 Electronics  68.9 6.3 1352.1 1.8 5.1 

6 Industrial Engineering 32.5 6.4 996.4 3.9 3.3 

7 Chemicals 23.1 -3.2 964.9 -4.3 2.4 

8 Aerospace & Defense 20.6 4.3 518.4 6.4 4.0 

9 General Industrials 20.4 0.5 672.1 0.1 3.0 

10 Construction & 

Materials 

19.2 20.3 1048.9 9.8 1.8 

11 Health Care 

Equipment & Services 

18.9 9.3 495.1 8.1 3.8 

12 Leisure Goods 16.5 3.5 269.6 -1.1 6.1 

13 Banks 11.4 5.6 351.7 0.4 3.2 

14 Oil & Gas Producers 9.9 5.2 2725.5 -3.3 0.4 

15 Household Goods & 

Home Construction 

9.0 3.5 360.6 4.6 2.5 

Total 38 industries 904.7 8.9 21039.9 1.9 4.3 

Table 3.1 – R&D Investment in Europe (adapted with permission from Publications Office of the European Union, 2020, p. 110) 
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Pharmaceuticals and Biotechnology represent the leading industry in terms of absolute value 

for R&D investment. The indicator “R&D intensity” must be understood as the R&D 

investments as percentage of net sales in 2019. So with a R&D intensity of 15,4%, this industry 

has as well the largest spending as a proportion of sales.  

Regarding the sales, the pharmaceutical market was worth € 943,667 million at ex-factory 

prices in 2020 with the North American market as the world’s largest market where almost half 

of sales were recorded. Europe is the second world’s largest market followed by Asian markets 

(European Federation of Pharmaceutical Industries and Association [EFPIA], 2021) 

Figure 3.1 shows the breakdown of the world pharmaceutical market based on sales registered 

in 2020.  

 

Figure 3.1 – Breakdown of the world pharmaceutical market – 2020 Sales (adapted with permission from IQVIA as cited in EFPIA, 2021, p. 

14) 

The Pharmaceutical Industry can definitely be considered as a dynamic industry for its role in 

discovery of new drugs. There is no other industry investing as much in R&D projects. But the 

Pharmaceutical Industry is also very complex and sophisticated and this will be further 

discussed in the next sections.   

3.3. The Pharmaceutical Supply Chain 

The Pharmaceutical Supply Chain management for clinical and development programs differs 

from the one for commercial products in which R&D stage is completed, processes are 

validated and drugs are approved for use on the market.  
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It is the Pharmaceutical Supply Chain for commercial products that will be discussed further 

here.  Figure 3.2 illustrates the different development phases of a vaccine. The phase IV or 

Pharmacovigilance (PV) corresponds to this commercial phase which requires also assessment 

of the product’s safety from the manufacturer. 

 

Figure 3.2 – Overview of the Development of a Vaccine (adapted with permission from International Federation of Pharmaceutical 

Manufacturers & Associations [IFPMA], 2019, p.4) 

Shah (2004) considered the Supply Chain in Pharmaceutical Industry as being composed by: 

(i) Primary Manufacturers; 

(ii) Secondary Manufacturers; 

(iii) Distributors; 

(iv) Retailers and Hospitals.  

The above breakdown is very common in Supply Chain for commercial products. Patients can 

be included in this chain as well as the suppliers of materials for primary and secondary 

manufacturing steps and any organization providing support activities (e.g. quality control 

services). 
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The primary manufacturing site is responsible for the production of the Active Pharmaceutical 

Ingredients (API). This process may involve chemical synthesis, fermentation, purification and 

separation stages for building up the complex molecules. The secondary manufacturing site is 

responsible for the production of the final product and also for the final packaging step (Shah, 

2004).  For illustrating the complexity of the operations in the Pharmaceutical Industry as well 

as their sequence and the connections between them, the production of a commercialized 

vaccine can be taken as example. A vaccine production process is broken down into eleven 

steps (Sanofi, 2017): 

(i) Bacteria, virus or cell culture: the antigens are developed; 

(ii) Harvesting: the antigens produced in the previous step are extracted; 

(iii) Purification: impurities are removed by the use of physical and chemical processes; 

(iv) Inactivation: only immunological properties of the product are retained. The 

pathogenicity is suppressed; 

(v) Valence assembly: the active substances are put together in a single component; 

(vi) Formulation: the active substances and excipients are melt together; 

(vii) Filling: the formulated substance is filled into vials or syringes; 

(viii) Freeze-drying: the liquid is transformed into powder for better stability and 

conservation; 

(ix) Packaging: the vaccine is labeled and packed for shipping; 

(x) Batch release: The product is certified as having been produced in conformance with 

the quality requirements. The vaccine can be released for distribution on the market; 

(xi) Transport: the product is distributed respecting the cold chain. Validated low 

temperatures contributes to the stability of vaccines.  

The primary manufacturing and secondary manufacturing as defined by Shah (2004) 

correspond respectively to steps one to five and steps six to nine of the vaccine production 

process.  

In the Pharmaceutical Industry, these steps are most commonly classified as being part of the 

Upstream Process (USP) or the Downstream Process (DSP) that starts immediately after the 

virus or cell culture or the formulation/filling/packaging stages (Rees, 2011).  

It is worth recalling that all these manufacturing steps presented in the context of a vaccine 

manufacturing (USP, DSP, Formulation, filling/packaging) can be outsourced to one or several 
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third-party organizations when not performed by the manufacturer that places the final product 

on the market. There are some very recent examples in the context of Covid 19 pandemic that 

show the use of outsourcing for the manufacturing of candidate vaccines. Companies like 

AstraZeneca (Catalent, 2020) Johnson & Johnson (Catalent, 2021) or Moderna (Roy & D’Silva, 

2021 & Lonza, 2021) have turned to CMOs for outsourcing USP, DSP, formulation and 

filling/packaging processes of their vaccines.   

For the analysis about Lean in Pharmaceutical Supply Chain, the focus will be done only on the 

activities involved in the transformation of the product and hence the processes related to the 

distribution of final products from distributors to retailers/hospitals and end users will be not 

analyzed. This focus corresponds to the primary activities of the generic value chain from Porter 

(1985) and specially to the following three elements: 

(i) Inbound logistics which are the activities associated with receiving and storing all 

the inputs required for the operations; 

(ii) Operations which are the activities that transform inputs into outputs (e.g. USP, DSP 

etc..); 

(iii) Outbound logistics which are the activities related to shipping and warehousing. 

A fourth element can be also taken into account which is: 

(iv) Procurement that is considered as a support activity. Procurement relates to the 

purchase of inputs such as raw materials, machinery, equipment and production 

consumables (Rees, 2011). Procurement has a direct impact on the inventory policy 

which is a key element in Lean.  

When activities required for the production of the final drug are outsourced, the pharmaceutical 

Supply Chain becomes quite complex. Its performance will depend of how procurement, 

inbound/outbound logistics and operations activities are managed at the level of each actor of 

the chain. These four elements from the Porter value chain are duplicated as many times as 

there are actors and processes involved in the transformation of the product.  

Before tackling in Part 4 the implementation of Lean in the Pharmaceutical Supply Chain for 

assessing its contributions and limits, it is necessary, before to close this part, to approach the 

good practices to implement and respect in the manufacturing of drugs.  
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3.4. The Good Manufacturing Practices in the Pharmaceutical Industry 

The major difference between pharmaceutical manufacturing and other types of manufacturing 

is that pharma has to follow Current Good Manufacturing Practices [CGMPs]. CGMPs is a set 

of regulations, codes, and guidelines for the manufacture of drug substances and drug products, 

medical devices, in vivo and in vitro diagnostic products, and foods. These set of principles and 

procedures, when followed by manufacturers of pharmaceutical products, helps ensure that the 

products manufactured will have the required quality (Basu, Friedli & Bellm, 2013).  

For the European Union [EU], EudraLex is the collection of rules and regulations governing 

medicinal products for human use as well as for veterinary use. It consists of ten volumes. 

Eudralex - volume 4 contains guidelines of good manufacturing practices for medicinal 

products for human and veterinary use laid down in Commission Directives 91/356/EEC, as 

amended by Directive 2003/94/EC, and 91/412/EEC respectively (European Commission, 

2015). In US, Code of Federal Regulations (CFR) contains in Title 21 an interpretation of the 

Federal Food, Drug and Cosmetic Act and related statutes. The pharmaceutical or drug quality-

related regulations appear in several parts of Title 21 (Food and Drug Administration [FDA], 

2020). Other regulations and rules exist as well outside US and EU but even if some minor 

differences may appear between them, it can be assumed that they all have a significative 

common base.  

In the rest of this section, references to some parts of Eudralex – volume 4 will be done.  These 

elements will be selected based on the influence they may have on the four key elements of the 

value chain identified previously which are procurement, inbound logistics, operations and 

outbound logistics. There are three major topics approached in Eudralex – Volume 4 that are 

very relevant in this regard: Process validation, outsourcing and the handling of materials and 

products.  

3.4.1. Process validation 

Validation is essential to demonstrate that if the drug was made using a well-defined process in 

a certain equipment configuration, the right product will be made with the required level of 

quality (Basu et al., 2013).  

Annexe 15 of Eudralex – Volume 4 (European Commission, 2015) outlined the requirements 

and principles applicable to the manufacture of all pharmaceutical dosage forms. It covers the 
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initial validation of new processes, subsequent validation when processes are modified, site 

transfers and ongoing process assessment. In a traditional validation approach, a number of 

batches of the finished product are manufactured and supplied under routine conditions to 

confirm reproducibility. Five areas require specific attention in terms of 

validation/qualification: 

(i) Validation of transportation: Finished medicinal products, bulk product or samples 

should be carried from manufacturing sites in compliance with the conditions 

defined in the marketing authorization, the approved label or product specification 

file. During transportation, continuous monitoring and recording of any critical 

environmental conditions such as temperature should be performed as well; 

(ii) Validation of packaging: Variation in packaging equipment may have a significant 

impact on the integrity and correct operating of the product. Hence, primary and 

secondary packaging equipment for finished and bulk products should be qualified; 

(iii) Qualification of utilities: The quality of steam, water, air, etc. produced by qualified 

installation should be confirmed; 

(iv) Validation of test methods: All analytical test methods used in qualification and 

validation should be validated with appropriate limits set for defining the conformity 

of the results; 

(v) Validation of cLeaning:  In order to confirm the efficacy of any cLeaning process 

for all product contact equipment, a cLeaning validation should be performed; 

The requirement to avoid cross contamination between the drugs being 

manufactured or with any external impurities is another key reason that explains the 

complexity and high cost of pharmaceutical manufacturing. Contamination may 

cause severe risk health of patients using pharmaceutical products (Basu et al., 

2013). 

 

3.4.2. Outsourced activities 

Chapter 7 of Eudralex – Volume 4 (European Commission, 2015) provides guidance on 

outsourced CGMPs activities. The principle is that any activity subject to CGMPs requirements 

that is outsourced should be appropriately defined and monitored in order to avoid 

misunderstandings which could lead to processes of unsatisfactory quality. A written Contract 

must clearly establish the obligation of each party.  
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According to Basu et al. (2013), outsourcing is on the increase in the Pharmaceutical Industry 

facing severe cost pressure. Rather than investing in technology, quality and innovation in 

manufacturing to decrease cost, the industry is looking for cheaper labor sources (e.g. in India 

or in China) by outsourcing some activities. 

3.4.3. Handling of materials and products 

Chapter 5 of Eudralex – Volume 4 (European Commission, 2015) provides a set of 

recommendations regarding the handling of incoming materials and (semi) finished products. 

Among these recommendation, one deserves particular attention for its potential impact on the 

inventory. CGMPs require that incoming materials and (semi)finished products should be 

physically or administratively quarantined immediately after receipt or processing. Their use or 

distribution is allowed only if they are conform based on a quality review. 

3.5. Conclusion  

The aim of this Part 3 was to provide an overview of the Pharmaceutical Industry. The financial 

data related to R&D investments and sales shows its relative weight to other industries and 

confirm the dynamism in the Pharma research area. Then, the entire chain has been described 

through the key players and the different processes involved in the manufacturing of drugs 

making this chain very complex. Finally, some key elements of the CGMPs have been 

highlighted. Their potential impact on the value chain and hence the Pharma Supply Chain 

performance is tangible and will be further analyzed in Part 4.  
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4. How can Lean improve the pharmaceutical Supply Chain? 

 

4.1. Introduction 

In this Part 4, an evaluation of the weakness of the Supply Chain in Pharmaceutical Industry 

will be done by the identification of the elements that may cause poor performance in the 

delivery of drugs in terms of quality, quantity and time. Then, some practical cases of Lean 

implementation in Pharmaceutical Industry will be presented while identifying the nature of the 

problem they solved. Finally, the barriers for Lean implementation that are specific to the 

pharmaceutical Supply Chain will be discussed.  

4.2. The Supply Chain performance in the Pharmaceutical Industry.  

In this section, focus is made on the supply of commercialized product which is a post-approval 

activity (c.f. Figure 3.2). According to Rees (2011), many Supply Chains in many sectors fail 

to perform adequately and the pharmaceutical sector does seem to concentrate most of the issues 

of poorly performing Supply Chains in general and even more due to the specificities of this 

industry like: 

(i) Supplier selection: it may take time to identify the appropriate suppliers based on 

all the regulatory requirements imposed by CGMPs and also to build a strong 

relationship; 

(ii) Outsourcing: For drug product manufacturing, it may represent a potential issue in 

terms of quality and it may increase the manufacturing cycle time in case of lack of 

coordination between the actors. The regulatory aspect has also a huge impact on 

this practice (c.f. Part 3); 

(iii) The regulatory framework: the procedures to follow for strict regulations 

compliance are highly complex and influence the industry practices. A non-

compliance result for any test performed during the manufacturing of a product may 

lead in the best-case scenario to a delay in batch release and in the worst-case 

scenario to the rejection of the batch.   

Poor quality and lack of coordination at all the stages of the Supply Chain seems to be the 

main factors responsible for the poor performance of the Pharmaceutical Supply Chain. 

Recent quality issues and vaccines shortage events highlighted the fragility of the 
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Pharmaceutical Supply Chain. The following two examples are very enlightening regarding 

this: 

(i) In late 2007, contaminated product made of heparin led to dozens of deaths and 

hundreds of serious adverse events in various countries. Several pharmaceutical 

companies had to recall batches of drug as a preventive measure. Following these 

recalls, Competent Authorities traced back the Supply Chain ending up in China. A 

plant in Changzhou was identified as the supplier of the poor quality heparin active 

ingredient (Hedlund, Coyne, Sanford & Huddelson, 2012); 

(ii) More recently in January 2021, AstraZeneca announced cuts in its supply of 

vaccines to the EU in the first quarter. It represented for March delivery, a reduction 

of 60% of the expected quantity. The reason given by AstraZeneca to EU officials 

was a production issues in Belgium where ThermoFisher manufactures the vaccines 

for AstraZeneca as a third-party partner. ThermoFisher explained that the drop in 

expected doses was due to a lower than anticipated yield from the base ingredients 

and also that the company sends vaccines to an Italian facility  for secondary 

manufacturing before delivering to clients (Guarascio, 2021). 

 

4.3. The benefits of Lean in the Pharmaceutical Supply Chain 

By reducing wastes in processes and trying to reduce the variability in terms of quality and 

process cycle time, Lean can significantly improve the Pharmaceutical Supply Chain which 

struggles to provide good results. For example, when no attention is paid to the process flow in 

the manufacturing of a vaccine which is made of no less than eleven stages (Sanofi, 2017), the 

wastes and problems of coordination generated throughout the process can seriously impact the 

Supply Chain. The more complex the process is, the more the benefits of Lean are.  In the 

Pharmaceuticals Industry the processes are very complex and long. The production of a 

commercialized vaccine takes at least six months according to Sanofi (2017). Lean brings a 

complete approach that challenges continuously the processes put in place. Two cases of Lean 

implementation in the Pharmaceutical Industry will be presented for illustration in the next two 

sub-sections. The mechanistic or organic nature of these implementations will be assessed as 

well as the problems they aimed to address.   
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4.3.1. The birth of cLEAN® at Novo Nordisk 

cLEAN® is the LEAN philosophy program implemented at Novo Nordisk which the aim was 

to minimize waste and optimize production flow. The ‘c’ stands for ‘current’ meaning that it is 

a continuously improved program that is adapted to different areas in Novo Nordisk (Novo 

Nordisk, 2010). 

From 1998, Novo Nordisk Product Supply (PS) capabilities came under pressure due to an 

increase of the demand and became a focus area. From 1998 to 2003, investments allowed 

extension of the capacity and the number of employees involved in product supply doubled 

from approximately 4,000 to 8,000. During this period, Novo Nordisk PS experienced 

challenges caused by cases of back orders or long delivery times. In this challenging time, 

Management started discussing measures that could be taken to increase capacity and improve 

the operational efficiency without investing more. This led to talks about waste reduction and 

Lean. Finally, on October 31st 2003 Product Supply Management launched cLEAN® 

(Mejlvang, 2013). 

The general outlines of the cLEAN® at its start can be summarized in four phases (Mejlvang, 

2013): 

(i) The creation of a central cLEAN® Office with dozens of consultants who were in 

charge of driving and supporting the transformation process. Each production unit 

appointed its own cLEAN® responsible and employees from all the departments 

were dedicated to cLEAN® activities. It is a phase to 

enhance and impulse the project; 

(ii) Setting of measurable targets: as an example, Cost of Goods Sold (COGS) in 

Product Supply was 28.3 % in 2003. Novo Nordisk needed to reduce its COGS to 

improve competitiveness. Management had established a target for COGS at 20 % 

within 5 years. The objective was generally accepted and a key reason for this was 

that cost savings from the cLEAN® efforts through the new COGS target would be 

invested for developing and growing the company. Improvement of Novo Nordisk 

competitiveness also meant that jobs would be secured for the coming years; 

(iii) cLEAN® Academy: the launch of a training and education program called 

“cLEAN® Academy” consisting of several levels of expertise (see Figure 4.1). 

From the introduction of the principles of the cLEAN® to Lean tools presentation 



27 

and projects handling, it has created a common framework for continuous 

improvement initiatives in the daily business; 

(iv) PS@ShopFloor: all the team leaders and department managers were expected to 

spend a certain time on the shop floor every day. The idea behind this initiative was 

to create a problem solving and learning culture where problems are addressed 

quickly leading to more stable processes and hence operational excellence. This 

practice can be assimilated to Gemba which is the place of action in Lean 

philosophy. This Japanese word can be thought of in terms of the “four actuals”: 

spend time at the actual workplace, observe the actual process, look at what is 

actually happening and gather the actual data (Bicheno & Holweg, 2009). 

 

Figure 4.1 – The levels of Novo Nordisk’s cLEAN® Academy (adapted with permission from Mejlvang, 2013, p. 135) 

 

The communication of results is important to maintain commitment throughout the organization 

and cLEAN® has delivered significant business results in terms of quality, delivery and cost as 

illustrated in Figure 4.2. Culture requires the support of tools and without a strong culture, the 

effect of the tools may become negligible in their ability to solve the problems. This example 

of Lean implementation at Novo Nordisk is a good illustration of a balanced mix between the 

organic Lean and the mechanistic Lean approaches explained in Part 2. With cLean®, Novo 
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Nordisk invested as much in tools as in a program that impact the motivation and the 

commitment of the people involved in the heart of the processes.   

4.3.2. Use of Lean for changeover time decrease in the Pharmaceutical Industry 

Changeover (CO) reduction, also known in the Lean manufacturing field as Single Minute 

Exchange of Die (SMED), is a tool that reduces the set-up operations and consequently reduces 

WIP inventories (Chiarini, 2012). There are many views of CO and the widely held one is that 

it is the time from the last piece of a batch to the first good piece of the next batch (Bicheno & 

Holweg, 2009). 

 

Figure 4.2 – Novo Nordisk - Results on quality, delivery and cost for the period 2003-2011 that corresponds to cLEAN® deployment 

(adapted with permission from Mejlvang, 2013, p. 141). 

 

During the 11th International Conference Interdisciplinarity in Engineering which was held in 

October 2017 in Romania, a SMED project for CO time decrease in a certain bottles filling 

production line in the Romanian Pharmaceutical Industry was presented (Al-Akel, Marian, 

Veres & Horea, 2018). The main features and outcomes of this case are exhibited here below:  

The targeted company needed to reduce CO times at a certain production line that had 37 CO 

processes to conduct annually with a mean CO time of 25,3 hours. The set target was shortening 

this time to 16 hours and stabilizing the process by implementing Lean Manufacturing – SMED 

tools. 
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The project followed the DMAIC structure (c.f. section 2.5.1.) After the define phase was 

completed, a measurement and analysis of the current process were performed in order to reveal 

the real process status and the causes for long CO. A significant standard deviation (sd) of the 

CO time was observed before improvement.  

Through Gemba, the major root causes of this variability were identified. Some of these root 

causes were related to lack of visual controls, poor teamwork and communication, absence of 

set targets or wasted time on useless steps. Correctly identifying the root causes of inefficiency 

is the most important element when conducting an improvement process. For each root cause 

an adequate improvement was implemented on the shop floor. Visual management in this case 

highly contributed to the improvement of the CO time. It consisted mainly in the creation of a 

CO plan or poster for helping the production teams to perform standardized CO and also in a 

reorganization of the storage area for a better identification and to make easier the access to the 

different materials reducing this way wastes related to unnecessary motions.  

The implementation of Lean Manufacturing – SMED tools on the production shop floor in this 

bottle filling process led to a significant decrease of the CO time from 25,3 hours to 17,8 hours. 

Figure 4.3 gives a view of the distribution of the process before and after improvement. In the 

form of histograms, it calculates the process capability. The targeted CO time represented by 

dotted green line is set at 960 minutes which corresponds to 16 hours. Lower Specification and 

Upper Specification Limits are set respectively at 800 and 1200 minutes.  These limits are not 

calculated from the process but represent the ideal range of time for CO in terms of customer 

satisfaction.  

Several key indicators may be generated during a process capability analysis. Four important 

indicators from Figure 4.3 are explained here below: 

(i) Process mean: On average, the CO time was 1516,9 minutes before improvement. 

This average time was reduced to 1065,9 minutes after improvement;  

(ii) Sd was 249 minutes before improvement and 178 minutes after improvement; 

(iii) % out of specification: before improvement of the process, 90% of the COs were 

out of the specification limits. After improvement, 29% of the COs were out of the 

specification limits. In this SMED case, even after the improvement, the process 

limits set at average time +/- 3 sd still exceeded the specification limits: (1066 
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minutes – (3 x 178 minutes)) < 800 minutes and (1066 minutes + (3 x 178 minutes)) 

> 1200 minutes.  

(iv) Cpk: this metric gives the actual capability of the process. It measures how well the 

process is centered between specification limits by calculating the following ratio: 

(Nearest specification – Average)/3*sd. In this case and after the improvement, 

Cpk= (1200-1065.9)/(3*177.56)= 0.25. A Cpk superior to 1 means that the process 

is well centered. In this example, the process has been improved and the Cpk has 

increased from -0.44 to 0.25. However it was still a process that is not capable from 

a Six Sigma point of view.  

 

 

Figure 4.3 – CO Process capability before and after improvement (adapted with permission from Al-Akel et al., 2018, p. 891) 

In this SMED project,  wastes elimination and standardization of the work were key factors for 

the process improvement while for measuring the process performance before and after the 

improvement, six sigma control chart was used. It is typically a LSS approach that was used by 

the project owners. This SMED project differs from cLEAN® project presented in section 4.3.1 

by its Lean approach that was purely mechanistic. The risk is high for this type of quick 

improvement to not last after some time due to lack of learning and low engagement. 
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4.4.  The systemic barriers in the pharmaceutical Supply Chain for Lean implementation 

The examples presented in previous sections demonstrate that Lean deployment in the 

pharmaceutical Supply Chain can help to achieve great results. It is probably more common to 

encounter this deployment in the activities related to operations due to the fact that Lean finds 

its origin in manufacturing.  In this section, the five elements of the TPS will be reviewed 

considering the influence of: 

(i) Process validation as imposed by CGMPs; 

(ii) Materials and products handling as imposed by CGMPs; 

(iii) Outsourcing which is a strategy widely used in the Pharmaceutical Industry.  

 

The analysis will be presented in the form of a double-entry table (see Table 4.1). In each cell 

of this double-entry table, an assessment will be provided in order to identify the barriers for 

Lean deployment which are specifics to the Pharmaceutical Industry.  

 

Table 4.1 – Influence of  CGMPs and outsourcing on TPS 

 
Process validation Outsourcing 

Materials/products 

handling 

Culture for 

continuous 

improvement 

It may be a barrier with 

moderate impact: Process 

validation requires a 

scientific approach so for 

improvement related to 

critical processes, it may 

extend the continuous 

improvement cycle as any 

change must be validated.  

It may be a barrier with 

high impact: outsourcing 

means a certain loss of 

control of the Supply 

Chain process so it is more 

difficult to ensure a culture 

for improvement through 

the chain as each partner 

has its own strategy.  

Not a barrier: there is 

no obvious link 

between requirement 

for products handling 

and culture for 

continuous 

improvement. 
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Table 4.1 – Influence of CGMPs on TPS 

Process stability 

Not a barrier:  the aim of 

process validation  is the 

process stability. 

It may be a barrier with 

high impact: outsourcing 

may cause negative 

impact on process 

stability due to the need 

for higher coordination 

between partners.  

Not a barrier:  

quarantine and release 

of materials and 

products after testing 

guarantee a certain 

process stability. 

Jidoka 

Not a barrier:  process 

validation is compatible 

with failures detection 

systems (e.g. validated 

camera on a production 

lines for quality control, 

the use of a temperature 

recorder during the 

transport of products or the 

training validation of the 

operators for candling 

activities).  

It may be a barrier with 

high impact:  the 

responsibility for defects 

detection is moved to the 

third-party partners for 

the outsourced activities. 

This may create a certain 

quality variability in case 

of failure at the level of 

third-party partners 

Not a barrier:  the 

requirement for 

products handling does 

not prevent the 

implementation of 

Jidoka. 

 

JIT 

It may be a barrier with 

high impact:  process 

validation validates the 

entire cycle from raw 

materials reception to final 

product delivery. 

Operating outside this 

validated framework is not 

allowed/recommended so 

the process is complex and 

quite inflexible (e.g. 

materials are purchased 

from approved suppliers 

only).  

It may be a barrier with 

high impact:  

outsourcing requires high 

coordination between 

partners in order to speed 

up the process, reduce the 

inventory and deliver the 

products when it is 

needed. 

It may be a barrier 

with high impact:  

CGMPs require the 

quarantine of the 

materials, semi-

finished and finished 

product until the 

release after it past 

quality control testing. 

This means for 

example that even 

quick delivery does 

not guarantee that the 

materials is allowed to 

be used in production.   
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Excellence in quality, 

cost and delivery 

through wastes 

elimination 

It may be a barrier with 

moderate impact:  once 

validation is performed, it 

is not allowed to simplify a 

critical process without 

performing a new 

validation. However, the 

wastes that are not subject 

to validation can be 

eliminated (e.g. 

unnecessary motions) 

It may be a barrier with 

high impact:  for all the 

reasons quoted above in 

this table, outsourcing 

may have high impact on 

the entire process 

excellence.  

It may be a barrier 

with moderate 

impact:  CGMPs 

impose the quality 

control of the products 

at each critical steps of 

the process. The 

positive side is that 

this requirement 

minimizes the risk of 

introducing poor 

quality products in the 

next production stage. 

The negative side of 

this control is the time 

it can take before the 

release of the products 

which can cause delay 

in the operations and 

hence generate a 

waste.  

Table 4.1. – Table 4.1 – Influence of  CGMPs and outsourcing on TPS 

 

In Table 4.1, one characteristic of the Pharmaceutical Industry seems to have a potential 

influence on each element of TPS: outsourcing. In addition to that, one element of TPS was 

identified as being more complicated to implement in the Pharmaceutical sector: JIT. 

4.4.1. The impact of outsourcing on Lean strategy 

Outsourcing seems to be the most important barrier for the deployment of a Lean strategy 

throughout the Pharmaceutical Supply Chain. It has a potential negative impact on each element 

of TPS. It is important to talk about potential impact because in some cases, there may be good 

results generated by outsourcing strategies in terms of quality or cost. Outsourcing is a capacity 

or cost related decision so the reasons for outsourcing are not strictly incompatible with Lean. 
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But there are risks when any function is moved to a third-party partner. A broken Supply Chain 

process involving third-party partners makes the entire chain harder to control.  It requires also 

a high level of coordination which the cost can be underestimated (Chopra, 2019).  

Although CGMPs provide guidance which emphasize the importance of keeping a process 

under control when activities are outsourced, the risk of failure of the process is still present. 

The cases of contaminated heparin and cuts in the supply of Covid 19 vaccines presented in 

Part 3 are good examples to keep in mind. 

4.4.2. The difficulty of implementing JIT in the Pharmaceutical Industry 

The romantic JIT described by Zipkin as being a state with zero inventories, zero defect, lot 

sizes of one (as cited in Hopp & Spearman, 2001) is just not implementable in the 

Pharmaceutical Industry due to its systemic constraints:  

(i) Suppliers of raw materials must be validated and comply with CGMPs 

requirements: this has a direct impact on procurement activities for example in case 

of out-of-stock condition in the supplier. Regarding out-of-stock situations, a strong 

relationship between manufacturer and its suppliers is crucial. When a manufacturer 

trusts in the capability of its suppliers to deliver the right quantity in a reasonable 

space of time (c.f. operational stability in TPS), an adequate level of inventory can 

be maintained avoiding storage of excessive raw materials; 

(ii) Incoming materials and (semi-)finished products are placed in quarantine until 

release tests results are conform: It has a direct impact on inbound activities, 

operations and outbound activities. In this context, it is difficult to maintain a 

continuous flow between these activities of the value chain. According to Sanofi 

(2017), 70% of the time of production of a vaccine is dedicated to activities 

performed by the quality control department including several hundreds of tests; 

(iii) Manufacturing processes must be validated: It has a direct impact on the operations 

as the critical steps in the process are fixed. This means for example that changing 

batch size to speed up the process is not allowed unless a new validation is 

performed to demonstrate that the quality of the product is not impacted. Dividing 

the formulated volume of a biologic product by two require to demonstrate that the 

therapeutic effect and the stability of the product are not impacted. It is more 
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complex than just dividing by two the initially validated quantities of the product’s 

components; 

(iv) Outsourcing: when Pharmaceutical Supply Chain is broken because of outsourced 

activities, it may generate longer cycle time in the process of product supply. It has 

an impact on Inbound activities, operations and outbound activities. JIT in the 

context of outsourcing requires: 

a. Accurate forecasts to be communicated to the third-party partners who must 

have sufficient raw materials available at the time of the order for performing 

the outsourced activities; 

b. Efficient coordination in the entire process flow. For example, a delay in an 

upstream process performed by a third-party partner can impact significantly a 

downstream process performed by another partner.  

 

4.5. Conclusion 

This Part 4 was dedicated to the place of Lean in the Pharmaceutical Supply Chain and how it 

can improve it. Firstly, some elements that may explain the poor performance of the Supply 

Chain in the Pharmaceutical Industry were given. Then, practical cases were presented for 

illustrating the benefits of Lean: quick and significant good results that can be maintained as 

well if importance to an organic approach is given. Finally, an analysis was performed about 

how TPS elements are challenged by the Pharmaceutical Industry framework. The outcome of 

the analysis showed that JIT is a concept difficult to implement in the Pharmaceutical Industry. 
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5. Final conclusion 

It may be difficult to understand why Pharmaceutical Industry which is a leader industry in 

terms of investment has its Supply Chain not performing well or at least not as expected. Quality 

issues, late delivery, product recall are problems that have not diminished over the years despite 

the experience gained in this industry. In Part 4, outsourcing, partners selection and the 

regulatory framework had been pointed out as the main causes of the poor performance of the 

Pharmaceutical Supply Chain. It is also necessary to quote other reasons that have not been 

explicitly said so far but which become now quite obvious based on the characteristics of the 

Pharmaceutical Industry and the case studies presented in the previous parts. These other 

reasons are also approached by Rees (2011), Staudacher & Bush (2014) and Basu et al. (2013).  

Firstly, the cycle from drugs discovery until their first commercialization may take many years 

in which a lot of energy and money are spent in the hope of providing a drug with interesting 

therapeutics properties and that will generate a nice margin for the manufacturer. During this 

long period, there is however very low consideration given to the set-up of an efficient process 

from the raw materials to final delivery. The main reason is due to uncertainty regarding the 

marketing approval of the drug: development cycles stop immediately when objective 

evidences are given that the drug does not provide the expected therapeutics effect. Hence, this 

is very common to observe initiative of process improvement for drugs that are already on the 

market for years.  

Secondly, and this is subsequent to the previous statement, once the drug has been authorized 

for commercialization, there is a need for a quick commercial Supply Chain to be set up. It 

would be not acceptable for the industry to waste more time in the large-scale 

commercialization of the drug when the long-awaited approval has been received from the 

competent Authorities. But drug manufacturing process is very complex as explained in Part 3. 

Wouldn’t it deserve more attention to design a robust process with as few flaws as possible? 

Instead of that, the industry work with their historical partners or decide to integer new partners 

who can “do the job” at an attractive estimated cost. 

And finally, the room for maneuver decreases significantly once all the processes are validated. 

Working with new partners or changing the design of a process may require validation stages 

if these changes are related to critical processes that may have an impact on the drug.   
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Figure 5.1 adapted from Basu et al. (2013) illustrates perfectly this comment. It would be more 

difficult to change the manufacturing processes after a product is launched. This statement can 

be extended to all the processes in the Pharmaceutical Supply Chain because problems related 

to quality, delivery or quantity can occur at each stages of the chain.  

 

  

Figure 5.1 – The difficult change of manufacturing process (adapted with permission from Basu et al., 2018, p. 453) 

The Lean approach is really complete in every sense. The company would achieve excellence 

in its operations by balancing the process flow, by eliminating as much as possible the waste 

generated in the chain and by improving the processes to make them as stable as possible. It is 

no coincidence that a company like Novo Nordisk which is a global and leading manufacturer 

in the Pharmaceutical Industry has decided to implement this philosophy to improve the 

performance indicators of its supply chain in the long term.  

But turning completely to this philosophy requires disrupting certain well-established practices 

and it also requires the involvement of all the actors in the chain since for this to work, the 

whole chain must be Lean to a certain degree.  

JIT which is a pillar of the Lean philosophy seems to be the most complicated core concept of 

Lean to implement in the Pharmaceutical Industry. The main systemic barriers to its 

implementation have been reviewed. A romantic JIT as described in the previous part is an 

ideal situation too complicated to set up in the Pharmaceutical Industry but this is not a reason 

for not having an effective inventory policy. Lean may be used to maintain an acceptable level 
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of inventory that does not put production at risk. The CGMPs require to evaluate the quality of 

the products before using them and this can only be demonstrated by tests to be carried out. So 

a pharma company could estimate through a Six Sigma approach the time necessary to carry 

out these tests and include this time in the calculation of the optimal orders quantities from a 

Lean point of view and not from an economical perspective only. A Six Sigma approach can 

be appropriate also to assess for example the capability of the suppliers to supply raw materials 

that are conform from a quality point of view. Indeed, from a Lean perspective, there is no 

added-value for the process to receive small quantities of materials on a regular basis if the rate 

of rejected materials is high. It is also important not to have excessive inventory as the shelf life 

of the products are calculated based on validation. Hence, excessive inventory increases the risk 

of stock obsolesce.  

This approach requires a change in the mindset as some practices are very common in the 

Supply Chain in this industry like procurement practices not focused on supplier performance 

or maximization of batch sizes to minimize cost per unit (Rees, 2011).  

The pull system that is very important in JIT approach has not been discussed deeply for the 

simple reason that most of the drugs must be produced based on forecasts. Due to the long 

manufacturing time, producing drugs when the users need them would lead immediately to 

drugs shortage situation on the market. So this is another difficulty: reducing as much as 

possible the inventory as per Lean while the products batches are scheduled based on forecasts 

can generate visions or dynamics that are very different from each other within an organization. 

For therapies such as transplants, production is made to meet a particular demand. Hence, due 

to its nature, this kind of process is not based on forecast and respect more the pull system. As 

it does not represent the most common process in the Pharmaceutical Industry, it has not been 

further discussed.  

It is in the manufacturing process that Lean seems to have the biggest impact in the quest of 

improvement by its ability to simplify processes as far as it is allowed. But the analysis has 

highlighted another type of waste probably bigger than all the other waste: Lean in 

Pharmaceutical Industry may help to simplify processes that were made complicated in some 

instances during the design of the processes.   

Therefore, this industry must integrate a minimum of considerations related to flows of 

products, deliveries, partners selection from the development phases and the first design of the 
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flows because changes may be difficult to implement once processes or suppliers are validated. 

Of course some companies may have processes less favorable for the implementation of Lean. 

For example a pharma company based in Europe that needs an ingredient that is only produced 

in China or India cannot design a Supply chain process that includes frequent deliveries from 

only local suppliers. The same observation applies to companies that use outsourcing because 

they do not have the capacity to perform all the Supply Chain steps internally. But when it is 

possible, pharma companies should favor, at equal quality, partnership with local actors able to 

deliver frequently good quality raw materials or services. Outsourcing is also a practice in the 

Pharmaceutical Industry that may cause troubles in the Supply Chain as it does not go into the 

sense of a simplification of the process. In a Lean approach, it is better to internalize processes 

for a better control and made them stable.  

It is also necessary to remember that an important reason among the difficulties of 

implementing Lean in the supply chain in general is the poor lack of coordination, 

communication between partners and the lack of trust (c.f. Table 2.1). This kind of issues 

between two partners may even lead in worst case to troubles in the Supply Chain of others 

companies. For example, for the 2020 fiscal year, the Brussels Site of Catalent Belgium which 

is a CMO registered an increase of 111% of the inventory related to provision over the previous 

year (Banque Nationale de Belgique [nbb], 2020). The reason given in the 42th page of the 

annual accounts report available on nbb (2020) was related to a desire to increase the level of 

stock to ensure production activities because of possible impact of the Covid 19 pandemic on 

suppliers delivery activities. First, this kind of decision is based on uncertainty regarding the 

capacity of the suppliers to deliver which may be considered as a lack of trust. Then, it has also 

as consequence to increase the risk of inventory obsolescence. Finally, this decision may impact 

the Supply Chain of other companies: if the capacity of the suppliers is unchanged, such an 

increase in the quantities ordered may create out-of-stock situations at companies supplied by 

the same suppliers. This type of variability has negative impact on the Supply Chain activities. 

So trust and good communication between partners are needed for implementing Lean in the 

Supply Chain beyond the manufacturing activities. 

To conclude, it can be stated that even if it cannot be implemented at every stages of the Supply 

Chain, Lean is an opportunity to realize that the Pharmaceutical Industry is an industry made in 

some cases of disorganized and interrupted flows with short-term cost-based procurement 

strategies.  Hence the potential for improvement is important. 
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