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Abstract 

The present paper aims to in-

vestigate the implementation of le-

an manufacturing concepts and its 

effects in a pharmaceutical indus-

try, focuses on abolishing or reduc-

ing waste. The paper objective is 

the identification and elimination 

of waste from the value stream as a 

central theme of lean philosophy. 

Implementing lean manufacturing 

program targeting to improve per-

formance in terms of enhancing pr-

oductivity, increasing quality, min-

imizing costs and decreasing lead 

time to customer order. This in tu-

rn improves customer satisfaction 

and increase profitability and mar-

ket share. 

Despite its vital role in perfor-

mance improvement and waste re-

moval, it is claimed that lean man-

ufacturing is a difficult change to 

implement and long-term philoso-

phy, and it takes great discipline f-

rom management to obtain the po- 

 

 

 
 

sitive results of such a concept. 

Lean production continues to evo-

lve but the basic outline is clear: 

design right processes to produce 

right results, design a production s-

ystem that will deliver a product 

instantly on order but maintain no 

intermediate inventories. Lean co-

cept seems simple, but beneath this 

descriptive simplicity is sophistica-

ted sociotchnical systems. Lean is 

fully integrated management and 

manufacturing philosophy, many 

benefits of these are increased by 

adopting the principles. 

The main findings are that lean 

manufacturing tool has direct posi-

tive impact on the productivity and 

challenges facing pharmaceutical       

industry. 

Keywords: Lean production; 

Toyota production system (TPS), 

Pharmaceutical quality system; w-

aste; productivity. 
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Introduction and literature 

review 
Lean manufacturing process re-

sults from the application of a new 

form of production management. 

There is a vast amount of literature 

on lean concept and has become glob-

ally accepted by academics and manu-

facturers. It is not a set of procedures, 

but a methodology and continuous 

improvement mindset and a way of 

working that includes activities that 

reduces the waste inherent in any pro-

cess that adds cost without adding a 

value and eliminating unnecessary 

inventory (William, 2000). In 1990 

Womack, Jones and Ross created the 

term lean production, since then, it 

has become common to use the word 

lean as a shorthand for lean produc-

tion. 

Implementing such a concept re-

duces the time from customer order to 

delivery by eliminating sources of 

waste in every aspect of the organiza-

tion. Lean as a concept uses a variety 

of tools to assist improving quality. 

To become lean requires a specific 

way of thinking, philosophy and man-

agement system. Toyota production 

system (TPS) is a series of simple in-

novations might make it more possi-

ble to provide both continuity in pro-

cess flow and guide variety in product 

offerings. Toyota production system 

is following “4P” model as: 

 Long-term philosophy. 

 The right process will produce the 

right results. 

 Add value to the organization by 

developing people. 

 Continuously solve Problems drives 

organisational learning. 

Bhasin, (2012) revealed that less 

than 10 percent of UK organisations 

have accomplished a successful lean 

implementation. The major difficul-

ties encounter the companies in at-

tempting to apply lean manufacturing 

are the lack of direction, planning, and 

adequate project sequencing as well 

as the lack of senior management total 

commitment. 

According to Nordin et al. (2010) 

failure rate in implementing lean con-

cept was high. Some reported prob-

lems and issues regarding the high 

failure rate of lean manufacturing im-

plementation may be attributed to cul-

tural differences that occur during 

transition or translation of the con-

cept. A number of studies have argued 

that efficient communication at all 

levels must be maintained and sus-

tained in order to ensure success in 

lean implementation (Angelis et al. 

2011, Losonci et al., 2011). 

Success or failure of lean manufac-

turing from worker’s point of view 

can be derived largely via employee’s 

own experience. 

Human skills such as effective co-

mmunication, problem solving, tea-

mwork and leadership debates, are 

vital for success, hence people and 

culture change are predominant rea-

sons for lean failure. Whilst lean is 

concerned with reducing wastes at all 

levels, it is also about changing corpo-
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rate culture (Bhasin and Burcher, 

2006). To ensure success organisati-

ons need to view lean as a long-term 

strategy and both culture and strategy 

should go in parallel to achieve the 

desired goals. The decision to engage 

in lean practices is often part of the 

organisation’s manufacturing strategy. 

An in-depth description of the nec-

essary changes in organisation’s cul-

ture, the determination and commit-

ment of the senior management, its 

role in coaching and empowering the 

workforce as well as in providing the 

required means for sustaining the 

change towards lean concept can be 

found in (Papadopoulou and Ozba-

yark, 2005). 

Shah and Ward (2003) draw atten-

tion that the success of implementa-

tion of any particular management 

practice such as lean frequently de-

pends upon organizational character-

istics, and not all organisations can or 

could implement the same set of prac-

tice.  

 The rise of lean production 
Womack et al. 1990 in their cele-

brated widely read and most cited 

book entitled “The machine that cha-

nged the world”, it was a straight for-

ward account of the history of auto-

mobile manufacturing and automotive 

assembly plants. The book provides 

an essential guide to managers and le-

aders in every industry seeking to 

transform their traditional organiza-

tion to lean. What was new was a te-

rm “lean manufacturing”. The term is 

coined to represent half the human 

effort, half the manufacturing space so 

that face-to-face communication is 

easier, half the investment in tools, 

half the engineering hours to develop 

a new product in half the time, and the 

elimination of waste are the basic pri-

nciples of lean manufacturing. The 

term “lean” as Womack and his col-

leagues define it denotes a system that 

utilizes less, in terms of all inputs to 

create the same outputs as those creat-

ed by traditional mass production sys-

tem. 

This philosophy goes by different 

names, Agile, just – in – time, syn-

chronous, world class and continuous 

flow are all terms that are used in par-

allel with lean manufacturing. Histor-

ically, the pioneering work of Freder-

ick W.Taylor looked at individual 

workers and work methods. That re-

sulted in “time study and standardized 

work”. It is one of the earliest ate-mp-

ts to apply science to the engineering 

of processes and management. Ta-

ylor called his ideas “Scientific man-

agement” without mentioning the be-

havioral sciences, later known as “Ta-

ylorism”. Later Frank Gilbreth added 

“motion study” and invented process 

charting. Process charting focused 

attention on all work elements includ-

ing those non-value-added elements 

which normally occur between ele-

ments (Besterfield, 1998). As Tay-

lorism ignores the individual differ-

ence Lillian Gilbreth brought psy-

chology into the mix by studying the 

motion of workers and how attitudes 

affected the outcome of a process Fr-

ank Gilberth with his wife Lillian de-

veloped the time – and – motion study 
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as applied to industrial employees to 

increase their efficiency. These were 

the people who originated the idea of 

“eliminating waste”, a key of just-in-

time and lean manufacturing (Andrea, 

2012) 

 The Ford System 
Starting about 1910, henry Ford 

established the first comprehensive 

manufacturing strategy. Aimed to ac-

hieve higher productivity of mass 

production by standardizing the out-

puts, using assembly lines and break-

ing the work into smaller tasks, later 

known as Fordism. The main goal of 

Fordism is to lower the manufacturing 

cost of automobile. This was based on 

Taylorism. 

Ford took all the elements of a ma-

nufacturing system and arranged them 

in a continuous system. Ford is con-

sidered by many to be the first practi-

tioner of just – in - time and lean m-

anufacturing. Ford’s success inspired 

many others to copy his methods. In-

terestingly, it is even doubtful that 

ford himself fully understood what he 

had done and why it was so success-

ful. 

When the world began to change, 

the Ford system began to breakdown 

and Henry Ford refused to change the 

system. Product Profilation and the 

decline of mass production in western 

nations, and the advent of labor union 

also put strains on the Ford system. 

The problem with Ford’s system was 

not the flow, rather it was his inability 

to provide variety and never changing 

product. This did not cope well with 

new products. 

There are several significant fea-

tures of Taylorism and Fordism that 

led to the increase in productivity but 

both provide means of increasing con-

trol over the workers. 

 TheToyota production sys-

tem (TPS) 
The Japanese studied American 

production methods with particular 

attention to Ford’s original thinking, 

practices and the statistical quality 

control practices (SQC) of Ishikawa, 

Deming, and Juran (Hoyle, 2007) 

At Toyota motor company they 

began to incorporate Ford productivi-

ty, statistical process control (SPC), 

and other techniques into an approach 

called “Toyota Production System” or 

just – in – time manufacturing. 

Two pillars needed to support the 

TPS for waste elimination. Just – in – 

time production and automation (Jid-

oka) or automation with a human to-

uch (built in quality). For a historical 

path of the systems and the birth of 

the Japanese management systems 

(Liker, 2003; Andrea, 2012). 

In the last few years, much more 

information on lean has become avail-

able. One of the interesting sources in 

that field written from the perspective 

of a consultant (Lonnie Wilson, 2010). 

He declared that it is not too diffi-

cult to design and implement a pull 

production system that is balanced, 

operating at takt, and has short lead 

times and high level of quality. To 
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sustain this requires a culture that em-

braces the concept of continuous im-

provement. Managing the culture ma-

kes (TPS) unique among lean organi-

sations.  The book offers a great deal 

of practical advice, theories and “how 

to” approach for an easy application. 

More recently (David Mann, 2015) 

address lean system for management 

as a concept and advocated that it is 

crucial ingredient for successful lean 

conversions. The book includes a cle-

ar description on how lean manage-

ment acts as a driver of continuous i-

mprovement beyond sustaining the 

initial gains from lean production th-

rough focusing on processes. 

Lean production and lean man-

agement are closely related methods; 

lean management is more than just a 

production management system. It in-

volves improvements within the ma-

nagement. 

Liker (2003) presented “The Toyo-

ta way” as a set of principles and be-

haviors that underline he Toyota mo-

tor corporation’s management approa-

ch and production system. The sys-

tem can be summarized in 14 prin-

ciples. In four sections: 

 Long term philosophy. 

 The right processes will produce 

the right results. 

 Add value to the organization by 

developing people. 

 Continuously solve root problems 

drives organizational learning. 

The book provides the tools for pe-

ople to continuously improve their w-

ork. 

 Just– in– time (JIT) prod-

uction 
JIT is an integrated set of activities 

designed to achieve high – volume 

production using minimal inventory. 

According to Ohno (1988) just – in – 

time means that, in a flow process, the 

right parts needed in assembly reach 

the assembly line at the time they are 

needed and only in the amount need-

ed. The goal is an implementation of a 

flow production with zero inventory. 

When trying to work just – in – time, 

people at Toyota experienced that co-

nventional operation management me-

thods did not work well, which result-

ed in huge and wasteful inventories 

(Shingo, 1989). Toyota system dis-

covered that factory workers can sh-

are contribution. This discovery ori-

ginated in quality circle movement 

and team development (Dale Bester-

field, 1998; Donna Summer, 2006) 
 

 

 Automation (Jidoka) 
It is a series of technical and cul-

tural issues regarding the use of ma-

chines and manpower together, utiliz-

ing people for the unique tasks they 

are able to perform and allowing the 

machines to self – regulate the quali-

ty. This human-machine intelligence 

led to dramatic productivity imp-rov-

ement. It is the concept that no bad 

parts are allowed to progress down the 

production line, whenever a defect pr-

oduct is produced the machines stops 

automatically. Ohno’s theory (1988) 

lacks the direction that the key to suc-

cessful TPS implementation is the 
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total commitment of everyone in the 

organisation to make it work. Also, 

Temple et al. (2001) criticized that 

Ohno’s TPS does not deal with com-

plex process control problems and do-

es not give an answer to solve com-

plicated problems across. 

For in depth search for the origins 

of lean production and fall of mass 

production, it is important to go much 

farther back in time. Womack et al. 

(1990) addressed the revolution in 

manufacturing represented by the 

Toyota production system (TPS) of 

the Toyota corporation in Japan. Ohno 

(1988) the creator of the Toyota pro-

duction system (TPS) advocated in his 

book that (TPS) is not just a produc-

tion system but a management system 

adapted to day’s era of global market. 

He presented three key statements. 

Which when taken together define 

(TPS): 

 The basis of the (TPS) is the abso-

lute elimination of waste. 

 Cost reduction is the goal. 

 After Japan has lost world war II, 

the main concern was how to pro-

duce high – quality goods. 

After 1955, however, the question 

became how to make the exact 

quantity needed. TPS developed by 

Toyota motor corporation revolu-

tionized ma-nufacturing method. A 

great value of the book is to learn 

how to think about operations and 

process improvement. 

Based on these statements TPS is a 

production system which is a quantity 

control system whose goal is cost re-

duction, and the means to reduce cost 

is waste elimination (Wilson Lnnie, 

2010). A remarkable book (Shingo, 

2009) describes approach to manufac-

turing improvement using what he 

calls scientific thoughts mechanism 

(STM). Some of his thought are: re-

spect every individual, focus on pro-

cesses, assure quality at the source, 

create consistency of purpose, create 

value for the customer and seek per-

fection. 

The concepts of both Ohno (1988) 

and Womach and his colleagues 

(1990) search for ways to reduce lead 

time by eliminating wastes. It can be 

said that they pioneered the idea of 

applying the concept outside of manu-

facturing environment.  

Lean manufacturing techniques 

have been around for a long time and 

can greatly simplify a production pro-

cess. 

It is the identification and elimina-

tion of waste from the value stream. 

Lean manufacturing is a dynamic and 

constantly improving process depend-

ent on the understanding and invol-

vement of all of the organization em-

ployees. Its implementation leads to 

higher quality, lower cost, and re-

duced lead time. 

The Japanese philosophy of doing 

business is totally different than the 

philosophy that has been long preva-

lent in the west. The traditional belief 

in the west had been that the only way 

to make profit is to add it to the manu-

facturing cost in order to come up 
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with a desired selling price (Ohno, 

1988, Mondem 1998). 

On the contrary, the Japanese ap-

proach believes that customers are the 

generator of the selling price. The 

more quality one builds into the prod-

uct and the more service one offers, 

the more the price that customers will 

pay. Therefore, the lean manufactur-

ing discipline is to work in every facet 

of the value stream by eliminating 

waste in order to reduce cost, generate 

capital, bring in more sales, and re-

main competitive in a growing global 

market. Again (Womack and Jones, 

2003) in a subsequent volume entitled 

“lean thinking” summarized the ideas 

of lean manufacturing based within 

(TPS) approach to the elimination of 

waste in every aspect of an organisa-

tion’s operation. 

 Lean thinking: the prin-

ciples of lean manufactur-

ing 
Lean thinking consists of a contin-

uous cycle of five basic guiding prin-

ciples highlighted by Womack and 

Jones, 2003, the goal is to eliminate 

waste: 

1. Specify value desired by the cus-

tomer 

Every organization needs to under-

stand what value the customer places 

upon products and services. It is the 

organisation’s job to eliminate waste 

from the business processes so that 

 

the customer’s price can be 

achieved at great profit to the organi-

zation. 

2. The value stream for each prod -

uct  

It is the entire flow of the prod-

uct’s life – cycle from the origin of 

the row materials used through to the 

customer’s cost. Studying and under-

standing the value stream and the val-

ue-added and waste can an organiza-

tion specify the waste associated with 

manufacture and delivery of a prod-

uct/service. 

3. Flow without interruption 

If the value chain stops moving 

forward for any reason, then waste 

will be occurring. This implies to cre-

ate a value – stream where the prod-

ucts never stop in the production pro-

cess, and fully synchronized with the 

other elements. Carefully designed 

flow across the entire value chain will 

tend to minimize waste and increase 

value to the customer 

4. Pull approach between all steps 

It is the way to ensure that nothing 

is made ahead of time based on fore-

cast. Pull approach states that the or-

ganization do not make anything until 

the customer orders it. To achieve this 

requires great flexibility and very sh-

ort cycle time of design, production, 

and delivery of products/services. It 

also requires a mechanism for inform-

ing each step in the value chain what 

is required of them based upon meet-

ing customer’s needs. 
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5. Manage  [towards          perfection (nu-

mber of steps and amount of time 

needed to serve the customer falls) 

A lean manufacturer sets his target 

for perfection. The principles of total 

quality management are to systemati-

cally and continuously remove the 

root causes of poor quality from the 

production processes so that the or-

ganization and its products are mov-

ing continuously towards perfection. 

Also, perfection is sought through the 

use of standards, Kaizen, 5S, 5 why’s, 

5 M’s and similar methods for contin-

uous improvement. Lean production 

employ teams of multi-skilled work-

ers at all levels of the organization 

and use highly flexible, increasingly 

automated machines to produce vol-

umes of products in enormous variety. 

Organisations that have mastered lean 

design will offer a wide variety of 

products and replace them more fre-

quently than mass-production. The 

next section presents a brief overview 

of pharmaceutical quality system. 

Pharmaceutical Industry 

Pharmaceutical Industries include 

the manufacture, extraction, process-

sing, purification, and packaging of 

chemical materials to be used as med-

ications. 

Pharmaceutical     manufacturing is 

divided into two stages: 

(i) The production of active ingredi-

ent. 

(ii) The conversion of the active drugs 

into products.Pharmaceutical have 

become indispensable part of–health 

care system and considered to be 

one of the largest growing global in-

dustries. Also, it is a major source of 

intensive labor generation and for-

eign exchange earning in many cou-

ntries. However, despite all these ex-

traordinary achievement, millions of 

people mostly in low income coun-

tries die due to unavailability and in 

an accessibility of necessary medi-

cine (WHO, 2011). 
 

 Current good manufactur-

ing practice (cGMP) 
World Health Organization (Who, 

2011) issued a primary regulation to 

pharmaceutical industries entitled go-

od manufacturing practice (GMP) for 

pharmaceuticals. The objectives of the 

regulations are to deliver high quality, 

safe medicines manufactured and dis-

tributed following controlled proce-

dures to treat diseases. GMP has ev-

olved gradually, however the recent 

scientific risk – based framework and 

the process analytical technology (P-

AT) supported the innovation of cur-

rent good manufacturing practice (cG-

MP). A comparison of cGMP with 

lean suggest that they belong to two 

conflicting families. While cGMP f-

ocuses on manufacturing to produce 

safe effective product for the patient, 

lean focuses on manufacturing focus-

ing on customer’s perspective. One of 

the characteristics of a cGMP manu-

facturing environment is the abun-

dance of documented processes such 

as standard operating procedures (SO-

P), testing methods, environmental 
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controls, and training programs. This 

documentation can be divided into 

technical standards and operational 

procedures. 

The food and drug administration 

(FDA) has issues regulatory guide-

lines known as current good manufac-

turing practice (cGMP) – reminding 

manufacturing that they must employ 

an up-to-date technological systems 

and good laboratory practice (GLP) to 

assure that the market of drug product 

has been properly manufactured and 

clinically tested. 

 Process analytical technol-

ogy (PAT) initiative. 
The goal of PAT is to understand 

and control the manufacturing pro-

cess, which is consistent with drug 

quality system: quality should be built 

in or should be by design. 

Pharmaceutical Quality sys-

tems 

The international council for Har-

monisation of Technical Require-

ments for registration of Pharmaceuti-

cals for Human use (ICH) issued more 

than 50 harmonised guidelines and 

provided for quality, safety, efficacy, 

and multidisciplinary guidelines (http-

:www.ich.org) 

Greene and D. O’Rourke (2006) ex-

plored the introduction of lean manu-

facturing into the pharmaceutical sec-

tor and identified challenges that re-

sult. 

The (ICH) guidance assist pharma-

ceutical manufacturers by describing a 

model for an effective quality man-

agement system for the pharmaceuti-

cal industry referred to as the pharma-

ceutical quality system (ICHQ10). 

The (ICHQ10) as a model can be im-

plemented throughout the different 

stages of a product life cycle and ba-

sed on international organization for 

standardization (ISO) quality concepts 

and includes applicable good manu-

facturing practice (GMP) regulations. 

It complements pharmaceutical de-

velopment (ICH Q8), and quality risk 

management (ICHQ9) (ICH guide 

line Q10).  

The elements of (ICHQ10) should 

be applied in a manner that is appro-

priate and proportionate to each of the 

product life cycle stages recognizing 

the differences among, and the differ-

ent goals of each stage. 

Implementation of (ICHQ10) mod-

el results in achievement of three ma-

in objectives that complement or en-

hance the required GMP require-

ments: 

1. Achieve product realization. 

2. Establish and maintain in a state of 

control. 

3. Facilitate continual improvement 

(FDA) (http://www.fda.gov). 

Ohno, 1988 identified several ty-

pes of manufacturing waste (mada). In 

order to speed the flow and improve 

processes work processes are rede-

signed to eliminate waste through pro-

cess of continuous improvement (Kai-

zen). Wastes are not found just in the 

production processes but can also be 
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applied to administration and other 

processes. Types of waste are: 

1. Overproduction (producing more 

than needed). 

2. Waiting time (idle time when ev-

ents are not fully synchronized). 

3. Unnecessary transport (carrying 

work in process long distances.  

4. Over processing (incorrect pro-

cessing). 

5. Excessive inventory. 

6. Unnecessary movement. 

7. Defects (repair or rework of prod-

uct/service – scrap). 

8. Unused employee creativity. 

Why pharmaceutical waste? 

Pharmaceutical waste is classified 

on the basis of their biological, chem-

ical, and physical properties. These 

properties generate materials that are 

either toxic, reactive, explosive, infec-

tious, or radioactive, poisons, even in 

very small amounts. They may have 

acute effects causing injury, illness or 

death. 

 Lean manufacturing prac-

tice in current good manu-

facturing practices 
Elsayed,2016 listed several lean 

tools, of interest is the process analyt-

ical technology (PAT) initiative, its 

goal is to understand and control the 

manufacturing process, which is con-

sistent with current drug quality sys-

tem: quality should be by design. 

The principles of FDA's and (PAT) 

initiative appear to be extremely ali-

gned with lean manufacturing think-

ing suggesting a positive outlook & 

lean pharma (Greene and O, Rourke, 

2006) 

GMP together with risk-based fra-

mework and process analytical tech-

nology initiatives developed by regu-

latory authorities to support innova-

tion and efficiency in cGMP enviro-

nment. cGMP for final medicinal pro-

ducts are clearly defined in each coun-

try and region. A common objective is 

to deliver high quality, safe and effec-

tive medicines, manufactured follow-

ing controlled procedures. 
 

 Relationship between Lean 

and cGMP   
In a Lean manufacturing environ-

ment, every customer-supplier conn-

ection is direct with unambiguous 

ways to communicate.  

As the overall goal is to keep pro-

duct flowing, consistent cycle time is 

an indicator of good customer-suppl-

ier relationship. In cGMP environm-

ent product cycle time is quality driv-

en, while cGMP focuses on manufac-

turing as a means to produce safe ef-

fective products that prevent harm, 

Lean focuses on reducing waste and 

balance quality with productivity and 

decrease cycle time as an improve-

ment and value creation. 

Lean and cGMP must be equal 

partner, both are imbedded into the 

culture of the organization and busi-

ness strategy, despite their different 

implementation tools. 

 Research methodology and 

implementation The  research 

aimed to shed light on the impleme-
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ntation of the lean concept in a pha-

rmaceutical industry and the princi-

ples of TPS to:  

 Determine the most common was-

tes that pharmaceutical industry fo-

cus to eliminate and the suitable u-

sed tools/techniques for lean im-

plementation. 

 Identify the critical success factors 

(CSF) for Lean implementation in 

pharmaceutical industry. 

 Determine the most challenges can 

lean take a part of the problem 

solving. 

 Identify the relation between lean 

and cGMP 

 Identify the relation between lean 

and pharmaceutical quality system 

(PQS). 

 Identify the relation between 

cGMP and (PQS). 

Research hypotheses 
Hypothesis (H1): lean manufactur-

ing tools are seen as an efficient man-

agement tool and have a positive im-

pact on pharmaceutical performance 

towards waste removal. 
 

Hypothesis (H2): lean tools have a 

positive impact on the challenges fac-

ing pharmaceutical industry. 
 

Hypothesis (H3): lean tools have a 

positive impact on continuous good 

manufacturing practice (cGMP). 
 

Hypothesis (H4): lean tools have a 

positive impact on pharmaceutical 

quality system (PQS). 

The research adopts quantitative 

method, the survey strategy is associ-

ated with deductive approach as it 

seeks to confirm hypotheses about le-

an implementation in pharmaceutical 

environment, and emphasize the th-

emes related to lean concept. The hy-

potheses of the study have provided 

the basis for analyzing data in a mean-

ingful manner. 

A questionnaire was designed to 

ask all potential participants identical 

questions in the same order. A pilot 

sample was distributed for testing its 

validity and reliability to measure its 

internal consistency. Furthermore, a 

focus group performed on two groups 

to gather data related to feelings and 

opinion of participants involved in 

several segments of pharmaceutical 

industry to get fresh data generated 

through interaction of participants. 

Group 1:  classified according to job 

title from several sectors in a pharma-

ceutical organization. 

Group 2: classified as top manage-

ment level. 

The purpose is that it allows for 

meaningful comparison of responses 

across participants from the two gr-

oups to get range of possible respons-

es, and to make sure that all segments 

of the pharmaceutical industry was 

represented. 

Selecting the most appropri-

ate sample 
The quality of the sample is an im-

portant as its size (Collis and Hus-

sey,2009) 

As data collected from a number of 

organization that applied lean princi-

ples have on average more than seven 
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years of experience in lean practices, 

it could not be possible to collect data 

from the entire population. In order to 

make sure that all segments of the 

pharmaceutical industry are repre-

sented in the sample, stratified ran-

dom sampling was used (Proportional 

method). Net sample size of 100 of 

potential employees from several sec-

tors were asked to fill the question-

naire, it include a combination of op-

en and closed questions. Questions 

were linked to different variables to 

test the four hypotheses.  

In order to avoid measurement er-

rors, repeatability error was tested 

(test- re- test). Results of this re-test 

analysis allowed to understand that no 

major repeatability issues existed. 

(Sekaran and Bougie, 2016). 

The independent variables 

(IV) related to different lean 

techniques will be correlat-

ed to four dependent varia-

bles (DV) which are: 
 Lean performance 

 Challenges facing pharmaceutical 

industry 

 cGMP 

 PQS 

The questionnaire consisted of 

three major parts, the first included 

general questions to determine the re-

spondent's profile and to assess their 

expertise in lean concept (7 questions) 

and verify if the organization apply 

lean in the sense of TPS. The second 

part included (12) questions designed 

to focus on undertaking a lean con-

cept. In the third part (9 questions) 

participants were asked to indicate 

whether they have used the best prac-

tices that contributed to most of a lean 

project's success. The paper will ex-

plore their findings. 

Results and analysis 
Data from a survey from more than 

30 published reference cited in (Elsa-

yed,2016) that investigated lean prin-

ciples showed that the most critical 

wastes that faced pharmaceutical in-

dustry and affect its performance are: 

waiting time, inventory, and defect. 

The most used lean tools/techniq-

ues to solve the critical wastes are: 

Kaizen.5 S, value stream map, just-in-

time, Toyota production system, and 

FMEA. 

As for the identified critical suc-

cess factors, the survey revealed 

the following factors: 

1. Management commitment; empl-

oyee involvement; reward and re-

cognition; education and training. 

2. Management support, communica-

tion. 

3. Link of lean with the strategic ob-

jectives to properly utilize lean re-

sources; application of lean con-

cepts in all functions; and creating 

a lean culture within organization 

for improvement, and product de-

velopment. 

4. The appropriate application of the 

process performance measurement 

system to evaluate lean manage-

ment. 
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Analysis of questionnaire's 

results  
The data obtained from the ques-

tionnaire were analyzed using descrip-

tive statistics (Sekaran and Bou-

gie,2016) to test the hypotheses to:  

 Determine the most common 

waste(s) in pharmaceutical indus-

try. 

 Focus to evaluate the suitable lean 

tools and techniques to determine 

waste in pharmaceutical industry. 

 Study the synergetic effect among 

managing pharmaceutical challen- 

 

ges and achieving improvements in 

cGMP environment and pharmaceuti-

cal quality system (PQS). 

A scale analysis on all variables 

was performed using the software 

package for social sciences (SPSS) in 

order to test the reliability of the vari-

ables. This resulted that all variables 

are reliable with a Crombach's alpha 

of 0.819 in the top management group 

and of 0.836 in employees group. This 

ascertains consistency. 

 

 

 

Table 1: A Compendium of correlation and linear regression 

between groups. 
         

Group 

Variables 

Independent 

variable 

Dependent 

variable 
Results Interpretation 

Top 

Management 

Lean 

Tools/techniques 

Lean 

performance 
0.000 Significant 

Lean & 

pharmaceutical 

challenges 

0.002 Significant 

The relation 

between Lean, 

cGMP, and 

PQS 

0.000 Significant 

Employees 

Lean 

performance 
0.000 Significant 

Lean & 

pharmaceutical 

challenges 

0.008 Significant 

The relation 

between Lean, 

cGMP, and 

PQS 

0.036 Significant 

  
 
 

-  
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- Interestingly table (1) highlights that 

as all values of the variables in both 

groups are less than 0.05, this indi-

cates accepted hypotheses, assuming 

confidence level of 0.05%. 

This indicates that lean tools and 

techniques are seen as an efficient man-

agement tools that eliminates waste 

problems and has direct positive impact 

on the productivity in pharmaceutical 

industry. 

- Lean tools have a positive impact on 

the challenges facing pharmaceutical 

industry. 

- Lean tools have a positive impact on 

lean performance, cGMP, and 

pharmaceutical quality system 

(PQS). As all of these have an effec-

tive impact on the productivity and 

quality. 

      Discussion: 

Table 2: Commonalities of previous literature and current 

research 
 

 

Item Literature reviews Current Research 

Successful tools 
Kaizen,5s, VSM, J-I-T, SOP, 

TPM, FMEA 

Kaizen,5s, VSM, J-I-T, 

SOP, TPM, FMEA, DOE 

Pharmaceutical 

performance 
Waiting time, Inventory, Defect 

Waiting time, Inventory, 

Defect, over production, 

transportation 

 
 

 

 

A remarkable result from table 

 (2) is that the current research bears 

 a close resemblance to the previous 

literature. 

Participants showed that transporta-

tion often leads to operations having to 

wait for raw materials or products to be 

delivered due to delay. 

Both top management and employ-

ees think that lean tools and techniques  

have a positive impact on the challeng-

es facing pharmaceutical industry as: 

 
 

 Reducing the cost and at the same 

time maintaining the quality of the 

products. 

 Changing commercial business 

model from indirect to direct mar-

keting and sales 

 More responsive supply chain from 

"Push" to "Pull" driven  

 Remain competitive in the market. 

 The pharmaceutical quality system 

(PQS/ICH Q10) can be perceived as 

"expensive" and non-value adding 
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by some areas of GMP, while 

ICHQ10 is supporting the require-

ments of the quality management 

system ISO 9001/2015 considering 

risk-based thinking throughout the 

organization. 

 Pharmaceutical industry already has 

its own standard correlated to lean 

concept by applying process analyti-

cal technology (PAT) and ICHQ10 

principles. 

Conclusion 
Competition from low-cost countries 

and faltering home economics has turn-

ed the attention of manufacturers to op-

erational costs and waste reduction. The 

current descriptive research aimed to s-

hed light and provide portrayal of the i-

mplementation of the concept of lean p-

roduction and the TPS philosophy in p-

harmaceutical industry performance, a-

nd how it could be helpful technique th-

at may be used to face challenges in ph-

armaceutical industry, as well as studyi-

ng the effect and the relation between, 

Lean, cGMP, and pharmaceutical quali-

ty system (PQS). The findings of the st-

udy indicate that the most successful t-

echnique and lean tools are Kaizen,5s, 

VSM, TPS, J-I-T, SOP, TPM, FMEA 

and DOE. 

This conforms and matches litera-

ture. It is concluded that design of ex-

periment (DOE) beside the previously 

identified aspects play more important 

role towards implementing TPS. The r-

esearch underlined that lean concept ha-

s a positive impact on the challenges fa-

cing pharmaceutical industries through 

maintaining the quality of products, ch-

anging commercial business from indi-

rect to direct marketing, and more resp-

onsive supply chain from "push" to "p-

ull" driven. In a lean pharma manufact-

uing environment, cGMP and lean con-

cept must be equal partners and embded 

into organization's culture. Cultural and 

design of experiment aspects play imp-

ortant role in the current pharmaceutical 

industry. 

There is no question that the elimi-

nation of waste is an essential ingredi-

ent for survival in today's manufacturin-

g world for improvement. Improveme-

nt is hard work, it requires smart man-

agers, great leaders, and empowered e-

mployees. 
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