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Abstract 
 
In the present era of competition, industries are adopting lean manufacturing for successful survival. The purpose of 
this study is to investigate the status of lean manufacturing in Pakistani process industries in terms of lean practices, 
reasons, and challenges of implementing lean manufacturing. A survey was carried out to assess the level of lean 
implementation in Pakistani process industries. 150 process industries were contacted, in which 84 industries were 
responded. Major process industrial sector includes food and beverages, chemical processing, oil refineries etc. The 
managers were requested to provide valuable information regarding lean implantation. The reliability of questionnaire 
is 0.935. Statistical tests were conducted to assess the significant lean practices, reasons, and challenges of 
implementation of lean. It is observed that the level of implementation of lean manufacturing in Pakistani process 
industries is still low. Results indicate that the process industries who implemented the lean found to be very useful 
to reduce wastes and to increase quality. These practices are concerned with to eliminate the waste and quality 
improvement. It was investigated that major challenges are reduction in setup time and lean experts who facilitate the 
employees for lean production. In the present study, the sample size is small and hence, the findings ought to be 
generalized cautiously. Although the study indicates that implementation of lean is useful for Pakistani process 
industries but to quantify performance improvements through adoption of lean requires increased research work.  
  
Keywords 
Lean implementation, Process industries, Pakistan, Lean production, and Waste reduction.  
 
 
1. Introduction 
Lean manufacturing is a new term and introduced by Krafcik (AlManei et al. 2017). After the Second World War 
Japan evolved a new technology in production system called “Lean Manufacturing” for Toyota Production System 
(TPS). The aim of lean manufacturing is, attain the equivalent or increased output with equivalent or low input such 
as specified time limits, less space, less labor, less machinery and overall less cost (Womack et al. 2007). The five-
step thought process for guiding the implementation of lean techniques is shown in Figure 1. 

Customer’s need for a specific product will define the value. What and when product is delivered to the customer? 
What should be the price so the customer’s expectations must be met? All these questions define the value. After 
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1. Identify 
Value

2. Map the 
Value 
Stream

3. 
Create 
Flow

4. 
Establish 

Pull

5. Seek 
Perfection

deciding the value next step is mapping the “value stream”, defining all the steps and processes that involved in 
manufacturing or process of some product i.e. starting from raw material to the end finished product. It may be simple 
for discrete manufacturing industry but for process industry it will be very difficult task. This process will start from 
design, production, processing, procurement, HR, administration, Humane Resources, delivery, or customer service. 
After the removal of waste from value mapping the next step is to ensure the smooth implementation without any 
interruptions and or bottlenecks. This step should be implemented in a very tight sequence so that timely process of 
material should be ensured. The products are “pull” by customers as per their need either in a week or in a month. 
Result is not to build up large inventory and money saving that is beneficial for both customer and manufacturer.  

 

 

 

 

 

 

 

Figure 1: Five-step process for guiding the implementation of lean techniques  (Womack et al. 2007) 

 
There are many factors that are needed to be considered when planning to implement lean without the risk of any 
conflicts. Manufacturing organizations persistently doing efforts for improved performance to survive successfully in 
the present era of tough competition (Abdullah et al. 2008). As mentioned by Ghosh (2012), after the freedom of ideas 
and open market policies manufacturing businesses are also trying to indulge in  the heat of competition. The intensity 
of competition is increased in every sector of industry no matter it is manufacturing industry, process or discrete on. 
Upadhye et al. (2010) mentioned due to severe competition, cost reduction and improved customer satisfaction is 
major concern in manufacturing sector and they are trying to find tools for improvements.  

The process industries have been under continuous pressure to reduce operating cost and improve product quality and 
quantity. The manufacturing cost was excellent in the past but now this is not true. The competitors around the world 
are doing better and it must keep up. The customers are also grumbling and react to demand changes fast enough 
(Ghosh 2012). Not all companies can implement the same set of practices. Generally, the success of any management 
practice depends on organizational characteristics (Sousa and Voss 2008 as cited in Borges et al. 2015). Likewise, 
implementing lean is not straightforward, if not properly planned it will raise many obstacles, such as (Hodge et al. 
2011 as cited in Borges et al. 2015): resistance to change; reluctance in contributing with suggestions for improvement; 
lack of motivation; and lack of knowledge of the lean philosophy and its tools.  

Usually, the lean model is taken as discrete manufacturing tool and is useful for the products that are easily taken 
together. While on the other side the process industry converts raw material into consistent state that further mixed to 
form a final product. The final product of process industry cannot join and break together again. But in process sector 
its application is limited. Moreover no literature also represents the exact measurements and benefits of lean so it 
creates lesser awareness among industries of Pakistan (Panwar et al. 2015). Industries that are already practicing the 
process layout; the implementation of new technology is difficult for industry as well as people working in it (King 
2009).  

The primary purpose of study is to determine whether Pakistani process industries adopt this technology as a useful 
tool or not? Also, either this tool of manufacturing has been or started to be implemented in Pakistani process industry 
or not? Afterward, why should adopt lean in Pakistan process industries? This study will not help the Pakistani 
industries how to use lean but also help to target how this tool will be beneficial for industries. In contrast all questions 
of adoption it is important to highlight the challenges suffered by adopting lean. Without the study of challenges, it is 
useless to discuss any parameter. The process of lean is highly successful if it is implemented through proper direction 
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and care. If the challenges regarding lean implementation dealt carefully, success of lean can be increased to high 
degree. Finally, as studied from literature it seems and concluded that lean is successful tool for waste reduction and 
elimination then why industrial sector of Pakistan is it reluctant to opt lean? This study is the first attempt to fill this 
gap in research and will examine various aspects of implementation of lean manufacturing in process sector of 
Pakistan.  

The benefits of lean production are increasing day by day because of its high success impact on the culture of an 
organization. Various articles have been published in different journals regarding its success. From the past few year’s 
reviews from 2006-2011 one can see rapid change in performance of lean and it will be considered to be increased in 
future also (Jasti and Kodali 2015). Marodin and Saurin (2013) also found that drastic change in lean results for 50% 
of article in last few years of study. After analyzing different process industries this can be helpful for prospects of 
lean implementation. It will be useful and motivating to identify how lean can be adventitious or not in process 
industry. Every country industrial sector is the second largest sector of the economy. The industrial sector of Pakistan 
plays second largest individual role of the economy that accounts 25 percent of the GDP. The large, medium and small 
scale organizations comes under industrial sector (Jaleel 2012).  

2. Literature Review 
Process industries involve processes that involved continuous flow line (Dennis and Meredith 2000).The final product 
of these process are mostly non discrete items i.e. chemicals, gases, slurries, powders, and liquid solutions , and these 
items cannot be saved without any container. Fransoo and Rutten (1994) after studying found that there is high 
inventory of process industries “work in process (WIP)” while on the other side flow processes involve continuous 
long setup with high batch production. Such industries are less flexible towards the changes and follow the already 
scheduled simple flow and single routing. Shah (2005) suggests that high inventories in supply chain and lesser 
material efficiency (approximately 10%) and operations having no value added to the whole process are linked with 
process industries. Process industries have inventory of about 24% and Just in time (JIT) tool can be of great source 
for inventory control (Tawfik Mady 1991). Roy and Guin (1999), studied on Iron manufacturing industry and 
suggested that JIT can save large cost of inventory. Seasonal availability of raw material and there processing 
equipment is also counted as a waste that can be counted in other type of wastes in process industry and such wastes 
can be controlled through lean implementation. 

Many industries work on strategy that is “make and stock”. Hence there is huge inventory of raw materials, final 
products, and other materials. The purpose of lean is maximum utilization of space and equipment (Cox et al. 2005, 
Billesbach 1994). The result is reduced the problems and minimize the bottlenecks which reduces the chances of 
rework and unnecessary processes can be avoided. The major concern of lean is cost reduction and other assets that 
involved in specialized equipment, environmental considerations and high degree of automation (Ashayeri et al. 
1996). As the flow in process industry is continuous and run without any hindrances. There is no stop in between the 
processes, it leads to major productivity loss. But excessive use of pumps, motors and machinery in process industries 
leads to sudden and frequent breakdown (Billesbach 1994). Tools of lean like “total productive maintenance” (TPM) 
and 5S  can be used and most effective for continuous production without any breakdown (Sharma et al. 2005). The 
setup time for process industries is much larger compared to other as it involves processes like cleaning, separation 
and washing of processing equipment’s (Billesbach 1994).  To reduce setup time lean manufacturing techniques like 
quick changeover and reduction in setup time quick changeover can be useful. 

Other than above stated causes Cook and Rogowski (1996) described that the lean techniques can lead to reduce in 
time of manufacturing to delivery (lead time) and its  inconstancy and give precision for future demand estimating 
which result in saving huge amount of working capital of process industries. As indicated by Zanoni and Zavanella 
(2005), time and temperature are basic parameters upon which processes in process industry depends, heating in kiln, 
food processing, drying in paper and sugar industry and manufacturing of steel. All of these processes are mostly done 
in an industry’s warehouse and are very critical regarding customer’s point of view because delay in any one of the 
processes can affect the whole processing line that reduces the quality of product. Just in time “JIT” and “pull 
production” tools can be used for processes to be carried out timely. (Dov 1992) proved that to satisfy the quality of 
product at customer’s end JIT techniques such as “JIT deliveries,” kanban and “pull production” are very effective. 
Surprisingly, (Gunasekaran 1998) found that instead of very low operational efficiency, industries are very reluctant 
to apply all the method. Few of them has been applied in industry. 
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To check the feasibility of relevant issue all the data and their outcomes from the different researchers all over the 
word has been summarized in a single table. This empirical data will be helpful for the implementation of lean in 
process industries. Findings from analysis is shown in Table 1. 

Table 1. Survey studies regarding lean implementation in process industries 

Literature 
Reference 

Type of Industry and 
Geographical Area 

Focus of 
Investigation 

Key Findings 

(Tawfik 1991) 44 manufacturing 
enterprises in Egypt 
including textile, food 
and chemical companies 

Effect of type of 
industry on inventory 
control 

Inventory represents 24 percent of 
total assets in process industries. 
Techniques such as MRP, JIT, 
Kanban, and zero inventory are useful 
for inventory management 

(White 1993) 494 US manufacturing 
firms including large 
portion of process 
industries 

Benefits of JIT 
implementation 

90 percent gained benefits from 
implementing JIT. JIT is helpful in 
reducing lead time, decreasing 
throughput time, improving 
production quality, increasing 
productivity and enhancing 
customer responsiveness 

(Sohal and 
Egglestone 1994) 
 

51 Australian industries 
including 69 percent 
industries from process 
sector 

Status of lean 
implementation 

82 percent industries were practicing 
lean manufacturing. Substantial 
benefits can be achieved through 
implementation of lean manufacturing 
despite of type or size of industry 

(Besson and 
Haddadj 1999) 
 

50 US chemical firms Effect of employees’ 
skill on lean adoption 

Successful implementation of lean 
manufacturing needs elevation 
in employees’ skills 

(Amoako‐
Gyampah and 
Gargeya 2001) 
 

48 manufacturing firms 
in Ghana (most of the 
firms are from process 
sector) 

Status of JIT 
implementation 

Same fundamental understanding of 
JIT as in developed countries. JIT 
manufacturing firms give emphasis on 
employees’ training, 
cellular manufacturing, setup time 
reduction, continuous quality 
improvement and supplier relationship 
 

(Soriano‐Meier 
and Forrester 
2002) 

Survey of 30 UK 
ceramics industries 

Factors affecting JIT 
implementation 

Lean production’s effects can only be 
seen in long term. There 
exists strong relationship between 
managerial commitment and JIT 
implementation 

(White and  
Prybutok 2001) 
 

494 US manufacturing 
firms (including 
continuous flow 
industries) 

Comparison of JIT 
practices 
implementation 

Repetitive process industries have 
higher utilization of JIT practices in 
comparison with non-repetitive 
industries like job or batch production 

(Shah and Ward 
2003) 

1748 US manufacturing 
firms 

Investigation of lean 
practices 
implementation 

Lean implementation depends on 
plant age and size but not on type. JIT 
practices are more common in discrete 
industries and TPM practices are more 
likely to be implemented in process 
industries 

(Fullerton 2003) 253 US firms including 
58 process industries 

Benefits of 
implementing JIT 

Only 14 out of 58 process industries 
were using JIT. JIT firms are more 
profit earning than non-JIT firms 
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Literature 
Reference 

Type of Industry and 
Geographical Area 

Focus of 
Investigation 

Key Findings 

(Ismail 2005) 94 Manufacturing firms 
in Egypt (including 34 
process industries) 

Status of JIT 
implementation 

16.08 percent food industries and 25 
percent chemical industries had 
implemented JIT philosophy. 
Implementing JIT can significantly 
improve the performance. It can be 
successfully implemented just like in 
USA or Japan 

(Bonavia and 
Marin 2006) 

76 ceramic tile 
industries in Spain 

Investigation of lean 
practices 
implementation 

Most lean practices are still not 
widespread. Quality control and TPM 
are common whereas other practices 
are absent. Lean practices generally do 
not depend on plant size 

(Taj 2008) 65 Chinese industries 
including textile, 
chemical, petroleum and 
food industries 

Areas of lean 
assessment 

The major areas of lean assessment are 
inventory, team approach, 
process, maintenance, layout and 
handling, suppliers, setup, quality, and 
scheduling/control. Petroleum industry 
has shown highest level of 
performance on these assessment areas 
 

(Koumanakos 
2008) 

1,358 Greek process 
industries including 
food, chemical and 
textile 

Benefits of lean 
implementation 

Higher the inventory level, lower the 
rate of return. Lean manufacturing 
makes an industry more efficient in 
terms of profitability 

(Abdullah et al. 
2008) 

36 cement industries in 
Libya 

Reasons of non-
implementation of JIT 
 

Only 14 percent were implementing 
JIT. Prominent reasons were lack of 
top management support and 
unfamiliarity with JIT practices. 
Although JIT implementation is 
perceived as a useful methodology 

(Moriones et al. 
2008) 

203 industries in Spain 
including major part 
from food and drink, 
chemical, paper, rubber 
and plastic, primary 
metal and textile 

Factors affecting JIT 
implementation 

JIT can be applied in any production 
setup and does not depend on size or 
age of plant. JIT implementation is 
low in paper and textile industries. 
Advanced manufacturing technology, 
quality management, collaboration 
with suppliers and customers and, 
work organization positively affect JIT 
implementation 

(Chen and Shang 
2008) 

Survey of 246 Chinese 
industries including 107 
process industries 

Status of JIT and MRP 
implementation 

JIT has been widely accepted in 
China. 84 process industries included 
in survey were using only JIT or a 
combined MRP/ JIT system. Most 
notable JIT components are “setup 
reduction”, 5S, kaizen, “cross 
training” and “multi-functional team.” 
Kanban and 
“pull production” are rarely used 

(Scott et al. 2009) 46 respondents from 
Canadian food 
manufacturing industry 

Investigation of 
continuous 
Improvement 
programe  

23.1 percent food processing units 
have implemented lean 
manufacturing as structured 
continuous improvement programe 

(Abdullah et al. 32 iron and steel Investigation of Only 17 percent industries were using 
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Literature 
Reference 

Type of Industry and 
Geographical Area 

Focus of 
Investigation 

Key Findings 

2010) industries 
in Libya 

status of 
JIT and MRPII 

JIT/MRPII. Managerial 
commitment is must to incorporate 
JIT 
 
 

(Gebauer et al. 
2009) 

95 pharmaceutical 
organizations from 20 
European countries 

Investigation of lean 
manufacturing 
adoption 

Plant size and company type have 
positive effect lean 
implementation. Lean manufacturing 
helps to enhance operational 
performance. The adoption rate of 
lean manufacturing in 
pharmaceutical sector is still low 

(Rahman et al. 
2010) 

187 manufacturing 
firms in 
Thailand including 
process 
industries such as food 
and 
textile 

Comparison of large 
and 
small industries in 
regards 
to lean practices 
implementation 

Large industries emphasize more on 
JIT whereas small industries 
emphasize more on waste 
minimization. Adoption of lean 
manufacturing significantly affects 
operational performance 

(Small et al. 
2011)  

64 USA firms including 
37 
process industries 

Assessing the 
implementation of 
process 
management 
initiatives 

In low or moderate level of technology 
firms, kaizen, benchmarking 
and TQM were more popular 
initiatives in comparison with lean 
manufacturing 

(Bhasin 2012) 68 UK manufacturing 
firms 
including process 
industries 

Obstacles to adopt 
lean 

Major obstacles to implement lean are 
“insufficient supervisory 
skills to implement lean,” 
“insufficient workforce skills to 
implement lean,” “resistance to 
change” and “insufficient senior 
management skills to implement 
lean” 

(Lyons et al. 
2013) 

62 UK process 
industries 

Implementation of 
lean 
practices 

Only those lean practices are 
extensively used in process industries 
which are associated with elimination 
of wastes. Use of 5S, TPM, 
quality management, visual control 
and SPC is widespread, 
whereas use of cellular 
manufacturing, JIT production and 
pull 
production is rare 

 
From Table 1 it can be seen clearly there is substantial weightage of improvements in inventory in process industries, 
elimination and reduction of waste, customer satisfaction, quality management and continuous improvements 
(Gebauer et al. 2009, Koumanakos 2008, Tawfik 1991). However, discrete industries adopted lean more rapidly than 
process industries. And lean manufacturing is common for discrete type industries rather than process (Small et al. 
2011). Hence, most of the lean practices are not very common in process industries (Bonavia and Marin 2006). 
Adoption rate of “lean” is higher in developed countries like European side, Australia and china as depicted by Table 
1. while developing countries have low trend of lean implementation in manufacturing sector (Abdullah et al. 2008, 
Abdullah et al. 2010). 
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3. Methods 
A survey form has been generated based on the problem. Before finalizing a draft has been prepared and discussed it 
with experts for better quality of research. The final format is spread in different industries and data has been collected. 
There are three major portions of questionnaire. In first section there are five questions that contained general 
information of an organization like name, type of process etc. In second section there are three questions that covers 
the answers related to lean implementation awareness. Last section of the questionnaire comprises on issues related 
to lean manufacturing that industry can be faced. Four questions has been discussed in the last part to identify “reasons 
of not implementing lean,” “reasons of implementing lean,” “lean practices” and “challenges while implementing 
lean,” respectively. Issues related to lean implantation and their related items along with literature resources is 
summarized in Table 2. 

Table 2. Literature summary of lean issues and test of reliability for internal consistency 

Lean 
Implementation 

Issue 

No. 
of 

items 
Items Literature 

Source 
Cronbach’s 

α 

Reasons of 
implementing 
lean 

07 • Elimination of wastes 
• To decrease production costs 
• To improve quality 
• To facilitate JIT production 
• To increase customer satisfaction 
• To increase supply chain efficiency 
• To increase utilization of space 

(White 1993, 
Taj 2008, 
Singh et al. 
2010b) 

0.906 

Lean practices 16 • Value stream mapping (VSM) 
• 5S 
• Setup reduction 
• Lot-size reduction 
• Total productive maintenance (TPM) 
• Work standardization 
• Statistical process control (SPC) 
• Quality management programs 
• Takt time 
• Pull production 
• Production levelling 
• Kanban 
• Flexible and cross functional teams 
• Continuous improvement programs 
• Supplier integration and partnership 
• Long-term relationship with suppliers 

(Shah and 
Ward 2003, 
Lyons et al. 
2013) 

0.829 

Challenges to 
implement 
lean 

10 • To facilitate small batch production 
• To identify techniques for setup time reduction 
• To deal with typical process characteristics (time and 
• temperature, etc.) 
• To arrange lean implementation experts 
• Lack of training 
• Short lead times 
• Perishable nature of products 
• Improper information exchange across supply chain 
• To facilitate JIT production 
• To facilitate JIT purchasing 

(Bhasin 
2012, 
Ezingeard 
and Race 
1995, 
Houghton 
and 
Portougal 
1995, Powell 
et al. 2010, 
van der 
Vorst et al. 
2001) 

0.628 

Reasons of not 
implementing 
lean 

08 • Large batch production is necessary for capacity 
utilization 

• Process industries already have continuous 

Ezingeard 
and Race 
(1995), 

0.721 
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Lean 
Implementation 

Issue 

No. 
of 

items 
Items Literature 

Source 
Cronbach’s 

α 

production 
• Lack of education and expertise on lean 
• Lack of financial resources 
• Lack of time 
• Cultural barriers (resistance to change) 
• Lack of senior management’s interest and support 
• Lean is complex to implement 

Hokoma et al. 
(2008), 
Hokoma et al. 
(2010) 

Likert 5-point scale ranges 1 = “not use at all” up to 5 = “always use,” will be used for the measures of “lean practices.” 
Same level scale has been utilized for all remaining issues items, ranges from 1 = “not important” to 5 = “most 
important.” For the given analysis Simple Random Sampling (SRS) has been used. In this type the probability of 
occurrence of each sample is equal. It does not require any division of samples but if the sample has not meet the end 
requirement of analysis then it will create difficulties. To check the consistency of results a reliability test has been 
carried out. A factor Cronbach’s α has been calculated for all reactions collected from survey. Result variables with 
value of α more than 0.60 has been considered highly consistent. For all the issues addressed in questionnaire reliability 
test has been done. Final conclusion is showed in Table 2. More the value of coefficient of Cronbach’s α indicates that 
there is internal evenness of all factors of the related concerns. The complete questionnaire reliability score is 0.935. 
 

4. Data Collection 
The targeted population is process industrial sector of Pakistan. Major process industrial sector includes food and 
beverages, chemical processing, oil refineries etc. The managers of Pakistani process industries were requested to 
provide valuable information regarding lean implantation in Pakistani process industries. 150 Pakistani process 
industries were contacted, in which 84 industries were responded. The achieved rate of contacted response was 56 
percent.  
 
5. Results and Discussion 
From 150 Pakistani process industries 15 industries have not implemented lean practices. For finding the significant 
motives of not implementation of lean, one sample t-test, the t- test has been carried for value 3. Table 3 shows the 
reasons mean scores and rank values of not executing lean practices in Pakistani process-based industries. The 
statistics of one sample are also shown in Table 3. Table 4 shows the significant reasons of not implementing lean are 
“Cultural barriers (resistance to change)” (8.791, 0.000) and “Lack of senior management's interest and support” 
(6.292, 0.000). Nevertheless, the other major and most significant reason behind not implementation of lean is that 
industries are already going through continuous production. While on other side, process industries of Pakistan do not 
follow the typical process characteristics like “dependence of process on time and temperature” are substantial reasons 
behind not accepting lean. Amazingly, Large batch production is essential for capacity utilization, Lack of financial 
resources and Lack of education and expertise on lean are also not considered as important reasons of not applying 
“lean” practices. The one sample statistic of t-test is shown in Table 5. 

Table 3. Rank table base on mean and t statistics 

Reasons of not Implementing Lean Mean Rank t 
Large batch production is necessary for capacity utilization 3.67 3 5.604 
Process industries already have continuous production 2.87 8 -1.586 
Lack of education and expertise on lean 3.40 5 3.976 
Lack of financial resources 3.63 4 4.665 
Lack of time 3.33 7 2.059 
Cultural barriers (resistance to change) 3.86 1 8.791 
Lack of senior management's interest and support 3.69 2 6.292 
Lean is complex to implement 3.35 6 2.712 
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Table 4. One sample t-test for reasons of not implementing lean 

Reasons of not Implementing Lean t df Sig. 
(2-tailed) 

Mean 
Difference 

95% CI 
Lower Upper 

Large batch production is necessary for capacity 
utilization 5.604 83 .000 .667 .43 .90 

Process industries already have continuous production -1.586 83 .117 -.131 -.30 .03 
Lack of education and expertise on lean 3.976 83 .000 .405 .20 .61 
Lack of financial resources 4.665 83 .000 .631 .36 .90 
Lack of time 2.059 83 .043 .333 .01 .66 
Cultural barriers (resistance to change) 8.791 83 .000 .857 .66 1.05 
Lack of senior management's interest and support 6.292 83 .000 .690 .47 .91 
Lean is complex to implement 2.712 83 .008 .345 .09 .60 

Table 5. One sample t-test statistics 

Reasons of not Implementing Lean N Mean Std. Deviation Std. Error Mean 
Large batch production is necessary for capacity utilization 84 3.67 1.090 .119 
Process industries already have continuous production 84 2.87 .757 .083 
Lack of education and expertise on lean 84 3.40 .933 .102 
Lack of financial resources 84 3.63 1.240 .135 
Lack of time 84 3.33 1.484 .162 
Cultural barriers (resistance to change) 84 3.86 .894 .098 
Lack of senior management's interest and support 84 3.69 1.006 .110 
Lean is complex to implement 84 3.35 1.167 .127 

 

For finding the significant reasons of implementing lean in Pakistani process industries, 1 sample t-test with value of 
3 is chosen. The ranks of reasons of implementing lean practices in Pakistani process industries based on the mean 
and also the t-statistics, shown in Table 6. The major concerns behind lean implementation in Pakistan’s process 
industries is “To decrease production costs” (6.454, 0.000), shown in Table 7. Other important reasons of 
implementing lean are “To increase utilization of space” (5.145, 0.000), “To increase customer satisfaction” (4.260, 
0.000), and “Elimination of wastes” (-2.211, 0.030). Nevertheless, the current study revealed that in Pakistani process 
industries “To improve quality”, “To facilitate JIT Production” and “to increase supply chain efficiency” are not 
substantial reasons of implementation of lean practices in Pakistan. The one sample statistic of t-test is shown in Table 
8. 

Table 6. Rank table base on mean and t statistics 

Reasons of Implementing Lean Mean Rank t Sig. (2-tailed) Mean Difference 
Elimination of wastes 2.61 7 -2.211 .030 -.393 
To decrease production costs 4.08 1 6.454 .000 1.083 
To improve quality 3.10 5 .591 .556 .095 
To facilitate JIT Production 3.26 4 1.916 .059 .262 
To increase customer satisfaction 3.70 3 4.260 .000 .702 
To increase supply chain efficiency 2.81 6 -1.726 .088 -.190 
To increase utilization of space 3.80 2 5.145 .000 .798 
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Table 7. One sample t-test for reasons of implementing lean 

Reasons of Implementing Lean t df Sig.  
(2-tailed) Mean Difference 95% CI 

Lower Upper 
Elimination of wastes -2.211 83 .030 -.393 -.75 -.04 
To decrease production costs 6.454 83 .000 1.083 .75 1.42 
To improve quality .591 83 .556 .095 -.23 .42 
To facilitate JIT Production 1.916 83 .059 .262 -.01 .53 
To increase customer satisfaction 4.260 83 .000 .702 .37 1.03 
To increase supply chain efficiency -1.726 83 .088 -.190 -.41 .03 
To increase utilization of space 5.145 83 .000 .798 .49 1.11 

Table 8. One sample t-test statistics 

Reasons of Implementing Lean N Mean Std. Deviation Std. Error Mean 
Elimination of wastes 84 2.61 1.628 .178 
To decrease production costs 84 4.08 1.538 .168 
To improve quality 84 3.10 1.478 .161 
To facilitate JIT Production 84 3.26 1.253 .137 
To increase customer satisfaction 84 3.70 1.511 .165 
To increase supply chain efficiency 84 2.81 1.012 .110 
To increase utilization of space 84 3.80 1.421 .155 

 
For finding the lean tools that were significantly used in Pakistani process industries one sample t-test with test value 
of 3 is used, as shown in Table 9. According to Table 9, significantly higher used lean tools are “Value stream 
mapping” (-41.408, 0.000), 5S (4.256, 0.000), “Setup reduction” (-5.006, 0.000), “Lot-size reduction” (3.250, 0.002), 
SPC (-6.335, 0.000), “quality management program” (-4.693, 0.000), “Takt time” (-2.387, 0.019), “Pull production” 
(-5.170, 0.000),  “Kanban” (-4.157, 0.000), “Flexible and cross functional teams” (-5.979, 0.000), “Continuous 
improvement programs” (3.409, 0.001), “Supplier integration and partnership” (-9.039, 0.000),  and “Long term 
relationship with supplier” (-5.464, 0.000). Practices of lean that are not very common in process industries of Pakistan 
are “Total productive maintenance”, “Work standardization”, and “Production leveling.” The one sample statistic of 
t-test is shown in Table 10. 

Table 9. One sample t-test for use of lean tools 

Lean Tools t df Sig.  
(2-tailed) Mean Difference 95% CI  

Lower Upper 
Value stream mapping (VSM) -41.408 83 .000 -1.833 -1.92 -1.75 
5S 4.256 83 .000 .655 .35 .96 
Setup reduction -5.006 83 .000 -.726 -1.01 -.44 
Lot-size reduction 3.250 83 .002 .500 .19 .81 
Total productive maintenance (TPM) -.993 83 .324 -.143 -.43 .14 
Work standardization .300 83 .765 .036 -.20 .27 
Statistical process control (SPC) -6.335 83 .000 -.881 -1.16 -.60 
Quality management program -4.693 83 .000 -.667 -.95 -.38 
Takt time -2.387 83 .019 -.417 -.76 -.07 
Pull production -5.170 83 .000 -.940 -1.30 -.58 
Production leveling -1.041 83 .301 -.202 -.59 .18 
Kanban -4.157 83 .000 -.655 -.97 -.34 
Flexible and cross functional teams -5.979 83 .000 -.667 -.89 -.44 
Continuous improvement programs 3.409 83 .001 .452 .19 .72 
Supplier integration and partnership -9.039 83 .000 -.929 -1.13 -.72 
Long term relationship with supplier -5.464 83 .000 -.476 -.65 -.30 

 

  

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 7541



Table 10. One-Sample t-test Statistics 

Lean Tools N Mean Std. Deviation Std. Error Mean 
Value stream mapping (VSM) 84 1.17 .406 .044 
5S 84 3.65 1.410 .154 
Setup reduction 84 2.27 1.329 .145 
Lot-size reduction 84 3.50 1.410 .154 
Total productive maintenance (TPM) 84 2.86 1.318 .144 
Work standardization 84 3.04 1.092 .119 
Statistical process control (SPC) 84 2.12 1.274 .139 
Quality management program 84 2.33 1.302 .142 
Takt time 84 2.58 1.600 .175 
Pull production 84 2.06 1.667 .182 
Production leveling 84 2.80 1.782 .194 
Kanban 84 2.35 1.444 .158 
Flexible and cross functional teams 84 2.33 1.022 .111 
Continuous improvement programs 84 3.45 1.216 .133 
Supplier integration and partnership 84 2.07 .941 .103 
Long term relationship with supplier 84 2.52 .799 .087 

Table 11 depicted the findings of one sample t-test (test value is taken 3) to prevailed the major challenges that has 
shown the results of one sample t-test (test value 3) to find major challenges that Pakistan’s process industries may 
confronted during implementation of lean in process sector. The study found that “To identify techniques for setup 
time reduction”, “To deal with typical process characteristics (time and temperature etc.)”, “To arrange lean 
implementation experts”, “Lack of training”, “Short lead times”, “Perishable nature of products”, “Improper 
information exchange across supply chain”, and “to facilitate JIT purchasing”. The one sample statistic of t-test is 
shown in Table 12. 

Table 11. One sample t-test for challenges while implementing lean 

Challenges while Implementing Lean t df 
Sig.  
(2-

tailed) 

Mean 
Difference 

95% CI  

Lower Upper 

To facilitate small batch production -.113 83 .911 -.024 -.44 .40 
To identify techniques for setup time reduction -7.436 83 .000 -1.095 -1.39 -.80 
To deal with typical process characteristics (time and 
temperature etc.) -4.429 83 .000 -.810 -1.17 -.45 

To arrange lean implementation experts -3.537 83 .001 -.393 -.61 -.17 
Lack of training -2.947 83 .004 -.548 -.92 -.18 
Short lead times -3.586 83 .001 -.464 -.72 -.21 
Perishable nature of products -7.442 83 .000 -.976 -1.24 -.72 

Improper information exchange across supply chain -
12.017 83 .000 -.940 -1.10 -.78 

To facilitate JIT production -2.902 83 .005 -.500 -.84 -.16 
To facilitate JIT purchasing -3.164 83 .002 -.548 -.89 -.20 
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Table 12. One-Sample Statistics 
 

Challenges while Implementing Lean N Mean Std. 
Deviation 

Std. Error 
Mean 

To facilitate small batch production 84 2.98 1.939 .212 
To identify techniques for setup time reduction 84 1.90 1.350 .147 
To deal with typical process characteristics (time and temperature etc.) 84 2.19 1.675 .183 
To arrange lean implementation experts 84 2.61 1.018 .111 
Lack of training 84 2.45 1.703 .186 
Short lead times 84 2.54 1.187 .129 
Perishable nature of products 84 2.02 1.202 .131 
Improper information exchange across supply chain 84 2.06 .717 .078 
To facilitate JIT production 84 2.50 1.579 .172 
To facilitate JIT purchasing 84 2.45 1.586 .173 

 
Unexpectedly, Pakistani process industries do not observe “To facilitate small batch production” or “To facilitate JIT 
production” as significant challenge to implement lean. In the prescribed study process industries along with discrete 
industries has been selected for study purpose. The present study is mainly in Pakistan’s process industry context. The 
process of implementation of lean in Pakistan is very slow and still at low level in comparison to other world industries 
like China, USA etc. (Chen and Shang 2008), though, the percentage is more than other industries of developing 
countries (Abdullah et al. 2010, Amoako et al. 2001). Survey results suggest that for Pakistani process industries 
leading reason of not implementing lean is “Cultural barriers (resistance to change)” (8.791, 0.000) and “Lack of 
senior management's interest and support” (6.292, 0.000). Inadequate training and education about lean is another 
major reason of not implementing lean. Besson and Haddadj (1999) studied and suggested that proper skills related to 
lean implementation are necessary for lean implementation in industry. Hokoma et al. (2008, 2010) stated that the 
main reason of not implementation lean is “unfamiliarity with JIT/TQM” but in context of Pakistan this statement is 
true somehow and concept is not clear about lean and it decreases the rate of implementation.  Substantial reason 
behind not implementation lean in process industries of Pakistan is “To decrease production costs” (6.454, 0.000), 
shown in Table 7. Other major reasons of implementing lean are “To increase utilization of space” (5.145, 0.000), “To 
increase customer satisfaction” (4.260, 0.000), and “Elimination of wastes” (-2.211, 0.030). In process industries the 
quality of raw materials are variable and output is also vary accordingly. The quality of output also effect. Due to 
increasing competition in industrial sector, customers focus on superior quality. And these factors work as a driving 
push to improve the process through lean implementation. Reduction in delivery time, cost reduction, increased 
product variety can be achieved through lean implementation. And these factors are necessary to achieve to meet the 
current demand of high competition to survive in industrial sector. Hence it is necessary to encourage industrialists to 
implement lean both in discrete as well as process industries. Primarily lean tools that were used in the Pakistani 
process industries where lean implementation is practices are “Value stream mapping”, 5S, “Setup reduction”, “Lot-
size reduction”, SPC, “quality management program”, “Takt time”, “Pull production”, “Kanban”, “Flexible and cross 
functional teams”, “Continuous improvement programs”, “Supplier integration and partnership”, and “Long term 
relationship with supplier”. 5s implementation is very effective tool of lean and used in process industries Lyons 
(2013). To make work environment effective and making options for lean, 5S can be a successful tool. Also, 5S will 
reduce the non-value-added processes and activities at every stage.  The use of these lean tools indicates to some 
important insights about lean implementation in Pakistani process industries: 

• “5S”, “TPM”, “visual control,” “work standardization,” “quality management” and “continuous improvement” 
are lean tools but they are not specifically related to lean. They are considered as techniques used in management 
for layout, quality and considered as world class management techniques subsequently, it isn't shocking in the 
event that they are generally utilized as a part of Pakistani process ventures. 

• As the experts who are implementing lean are not for specific industry so one can find them easily. 
• Change in batch size is not a demand of lean tool so it can be easily implemented in Pakistan.  
• Not only the quality will improve but also waste will be reduced.  
• As from literature review it is clear that Value Stream Method can be worked as a primary tool while adopting 

lean in process industries.  (Upadhye et al. 2010). But our findings depicted that VSM techniques are not very 
rare in process industries. 
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According to the results of the current study the most prominent challenges while implementing lean are “To identify 
techniques for setup time reduction”, “To deal with typical process characteristics (time and temperature etc.)”, “to 
arrange lean implementation experts”, “Lack of training”, “Short lead times”, “Perishable nature of products”, 
“Improper information exchange across supply chain”, and “to facilitate JIT purchasing”. During lean implementation 
in process industries the major hindrance is the main lead who take the team in effective manner suggested by 
Kamakura (2006). In Pakistan lean manufacturing is under developing stage. Secondly the lean tool is more common 
in discrete manufacturing area. So, experts required who devised lean tool very effectively is required for successful 
implementation. In a recent study of UK firms, Bhasin (2012) in his study suggested that “lack of supervisory skills 
to implement lean” is a major hindrance to implement lean. The important factors summarized from the present study 
are below, and that are necessary for successful lean implementation in reference to process industry:  

• For Pakistani industries lean is new concept but majority of the industrial sector is aware of its effect and usage 
that it is a tool of continuous improvement.  

• The startup to implement lean is almost same for both discrete manufacturing and process industries.  
• Industries of Pakistan who has not implemented lean found that it is very useful tool to reduce the waste and 

increase quality of product.  
• Significant concerns of lean in Pakistan are those that are related to elimination and reduction of waste and quality 

improvement.  
• One of the biggest challenges is to provide proper training and to find expert who can implement lean very 

effectively. 

6. Conclusion 
The major concern of this study was to discover the how successful is the lean implementation in Pakistan’s process 
sector industries. After the study of literature, the purpose of this study was to discuss the process of lean 
implementation is divided in to for heads, namely:   
1. Why lean is not implemented, 
2. Why lean should be implemented 
3. Tools required for Lean tools, and  
4. Challenges faced while implementing lean  

After reviewing the questionnaire based on the data collected from multiple industries of Pakistan it is observed that 
lean implementation process is highly challenging till in Pakistan. As industries has already developed their culture 
so “Cultural barriers (resistance to change)” is the primary reason of not adopting lean. Moreover, higher authorities 
are not willing to accept any change as the process is already going in bulk mode so we can say “Lack of senior 
management's interest and support”, “Large batch production is necessary for capacity utilization”, “Lack of 
expertise,” “lack of education” and “inadequate training” can be other factors of not success of lean implementation.  

After studying it is concluded that lean practices like “Value stream mapping”, 5S, “Setup reduction”, “Lot-size 
reduction”, SPC, “quality management program”, “Takt time”, “Pull production”, “Kanban”, “Flexible and cross 
functional teams”, “Continuous improvement programs”, “Supplier integration and partnership”, and “Long term 
relationship with supplier” are extensive in Pakistani process industries. “Customer satisfaction” and “waste 
elimination” are the significant reasons behind the lean adoption. The findings based on the study done in different 
process industries of Pakistan suggest that to implement lean the major hurdles are “To facilitate JIT Production”, “to 
increase supply chain efficiency” and “to arrange experts to implement lean”. 

The study performs on relatively smaller sample hence the results analysis should be done carefully. The study shows 
it is very useful if Pakistan’s industries started implementing lean but it is suggested before implementation further 
analysis (empirical studies) should be carried out to reduce the chances of failure. As it is fact that lean implementation 
is new for Pakistani industries so to encourage the industries and for better results further research will explore more 
perspectives. These factors are worked as driving force to adopt lean in Pakistani process industries. Chowdary and 
George (2011) in his study concluded that operational areas creating major wastes are difficult to find for waste 
reduction. To implement lean tools related to “JIT production” such as “pull production” and Kanban in process sector 
research is required. As there are no evidence as such of lean implementations in Pakistan process industries even not 
at small scale so 1st step is to explore required possibilities to implement lean in small industries i.e. small food 
industries. Then analyze their issues separately. Finally discuss pros and cons of implementing and not implementing 
lean. Different sectors like cement, food, chemicals have different issues of implementation as it depends on nature of 
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process going in industry.  It will also provide further tools and guidelines for every type of process industry. 
Increasing research will increase the chances of successful implementation of lean and break the barriers that cause 
hindrances in implementation in process sector. If following efforts has been done then lean implementation can be 
successful in Pakistan’s process sector:  

1. Educate industry resource persons about lean manufacturing. For this purpose, arrange seminars and trainings; 
2. Implementation of VSM can help to identify areas of significant non-value-added activities where large benefits 

can be recognized; 
3. It will be beneficial to start the implementation with low cost tool and done minor such as 5S, Total Productive 

Management, visual control, kaizen and “work standardization”; 
4. After minor changes move towards the major changes that are exploring possibilities for lean tools such as 

Kanban, “pull production,” “JIT production” and “production levelling”; 
5. Carry out comparison of different tools especially on basis of function i.e. functional benchmarking and generic 

benchmarking to adopt lean manufacturing; and 
6. Sign MOU with different process industries from all over the world that have gain success in lean implementation. 

From above mentioning efforts one can emphasis on upgrading the operational and functional approaches of Pakistani 
process industries by implementing lean. As this can lead to reduce the waste and increase the productivity as well.  
The limitation or future aspects of lean may still exist that needs to be further investigation. The aspects are: Lean 
models for process industry, Key performance indicators, Supplier involvement, Best practices in lean management 
of process industries, Overcoming capacity constraints for continuous flow process industries, and More empirical 
studies. 
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