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Abstract 
 

The aim of this research is to study the effect of the shift from the traditional style of production to the application 
of modern techniques of lean in one of the old Iraqi industries to improve the flow of production and demand 
processing by reducing line intersections with optimal usage of available facilities.  Value stream mapping, (VSM) 
have been used to represent the production flow line. Therefore, two VSMs have been drawn, one to represent the 
current or actual status of the production flow line and the other to represent the modified-status after eliminating 
most of the identified wastes (non-value activities). ARENA software has used to develop the simulation models, 
with applying pull system of lean tools for the modified status instead of the push system that has used in the 
traditional style of production. Thus, numbers of add values (AV) have been obtained over several periods of run-
time for the designed simulation models. According to those add values, the modified status model proved that a 
reduction in work-in-process (WIP) by 52% at both of inventory and process levels could be obtained, in addition 
to other important results, which have been verified. 
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1. Introduction 
Production companies to be able to provide products in affordable prices with high or satisfactory customer quality, 
they need to look for new techniques to cope with severe markets competition. There is a need to lowering costs and 
providing as high customer value as possible in same time. Lean thinking is one of the new techniques that can help 
companies to meet with those needs. In any case, even for world companies which to look forward to implement 
new ways in production system like lean manufacturing system, there are numerous of problems that hinder them 
from walking in this road forward. Self-interest, striving to personal schedule, lack of understanding of the overall, 
clinging to traditional methods and past practices all can lead to the failure during the process of implementing lean 
manufacturing into business [1].  Due to such problems, the research aims to define how to build a lean production 
system inside a company, which has a traditional-style of production, in order to reduce or eliminate different kinds 
of wastes that eventuate along the production flow line. In this work, a case study has adopted at an Iraqi company 
for Leather Industries, where it has characterized by a traditional style in different levels of production system such 
as: materials procurement required for production, operations management, the storage and marketing of its 
products. Some important tools of lean have put forward for being apply in the operational system, first using the 
value stream mapping (VSM), the pull system instead of the used push system, change to cellular layouts, and then 
using Kanban system, in order to improve the system productivity and performance. Design of simulation models is 
to obtain a dynamic representation of the production line as the reality of the ongoing work and for the modified 
case by applying lean aspects in order to clarify the impacts of the proposed changes on the system operations and to 
simulate with the obtained results. 
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2.     Literature Review 
 
2.1 Lean applications in Various Sectors of Industry 
 Lean  is defined by a system that utilizes less, in term of all inputs, to create the same outputs as those created by a 
traditional mass production system, while contributing increased varieties for the end customer. Organizations 
converting to lean systems will give higher priority to operational issues compared to philosophical issues and will 
don't take the same way or same tools to make itself organization applied lean in its work [2]. In a study used to 
compare the implementing of lean production techniques at small and large U.S. manufacturers, the results showed 
that large manufacturers were able and more likely to implement these techniques than the small manufacturers. 
Although some of the techniques provided better results depending on the firm size, practices such as setup 
reduction, multifunction employees and Kanban system provide better organizational performance regardless of firm 
size [3]. In another study of applying lean in industrial organizations, it has identified to 22 lean practices and these 
practices have classified into four main categories: just in time, total productive maintenance, total quality 
management, and human resource management. Principal component analysis examined the influence of plant size, 
plant age, and unionization on implementation of these practices. Results showed strong support for the influence of 
plant size on lean implementation, whereas the influence of unionization and plant age was less pervasive [4]. 
Ultimate objective of lean manufacturing would be from applying it in continuous flow of production. Through the 
lean, the production flows continuously from one workstation to next and from one department to the next without 
work-in-progress (WIP) piling up. An application of lean manufacturing concept to the continuous production/ 
process sector with a focus on a steel industry approved that the lean manufacturing is a process for all seasons and 
it is not only limited to discreet manufacturing environment [5]. 
 
Lean manufacturing could apply in high-speed manufacturing systems to reduce or ultimately eliminate waste. 
Where, the high-speed manufacturing systems should involve significant investments and it is necessary ensure 
improvement changes and planned carefully to minimize risks. To achieve this goal, it is necessary to analyze the 
manufacturing process in sufficient detail and the best method is to simulate the model for deriving performance 
indicators in the new setting [6]. In a forging shop floor, genuine advantages have obtained by applying lean 
principles. Due to increased customer expectations and fierce global competition, lean aspects have implemented to 
improve the process environment with moderate investment. In their work, the effectiveness of lean principles has 
substantiated in a systematic manner with the help of various lean tools [7]. Lean manufacturing concepts have 
applied on the discrete production sector of a metal fabrication company in Malaysia. The goal was to investigate 
the application of lean manufacturing tools to reduce production lead-time for a dedicated product family [8]. Since 
the role of suppliers is very important during lean application. Therefore, Duffie and Helper [9] focused on three 
different Honda suppliers and their participation in Honda's BP program (Best Practice, Best Process, and Best 
Performance). Applying lean principles in an inter ship project at an aerospace parts distribution company has been 
described by Chasborough [10]. The goal of the project was to reduce the inventory by applying a pull ordering 
system to the distributer`s value chain, and by applying lean tools, a reduction in inventory by 50-60% could be 
obtained. 
 
2.2     Lean principles and tools 
Lean production has defined by proposing value, value stream, flow, pull and perfection as the five basic principles 
of lean production [11]. JIT with pull system have proposed as a mainstay of lean manufacturing, where, "JIT aims 
to meet demand instantaneously, with perfect quality and no waste" or "JIT is a disciplined approach to improving 
overall productivity and eliminate waste. It provides for the cost-effective production and delivery of the necessary 
quantity of parts at the right quality, at time and place, while using the minimum facilities, equipment, materials and 
human resources". The main advantage of JIT is the reduction of inventory and waste [12]. Calls demand-based 
flow manufacturing is considering in a pull production system as the most benefit tool for lean manufacturing than 
can be implemented throughout the supply-chain. Many benefits can result from demand-based flow manufacturing 
including: decreases in cycle time, reduction in inventory levels, lower costs, higher customer service levels, higher 
quality, and ultimately higher profits. These results are further demonstrating through data collected from supply-
chains, which have made the transformation to pull production. Although, there are many advantages of demand-
based pull production, implementation requires information quality and manufacturing capabilities that must 
improved in order to support demand-based pull production [13].  
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2.3   Integrating VSM and Simulation 
Limitations of VSM have addressed by integrating the simulation, identified additional training tools besides 
quantifying the benefits of the procedure improvements. Thus, using the integration of VSM and simulation is to 
manage uncertainty in the system and creating a dynamic approach for evaluating different future state map [14]. 
Value stream mapping (VSM) had used in system design of a steel industry, where the simulation has needed to 
identify the impact of variations, such as machines reliability and materials availability on supply chain performance 
[15]. Simulation of a value stream map in a virtual small enterprise manufactures, before and after implementing 
Kaizen method had presented by Buruianal, Banul, etc. [16]. A highlight and an important development for the 
technical-economical performance and benefits have achieved by the simulation modeling of VSM. Integration 
VSM tools (such as Kanban and Milkrun) with a simulation model reduces the waste in terms of unnecessary 
inventories, excessive transportation, and idle times applicable to every production and layout designs. The 
combination of lean tools will be a way for routing increased flexibility and process improvement for any industry 
[17].   
 
VSM gives a static picture of a process that allows the user to see where value has added into the value stream. 
While, simulation used to evaluate the behavioral issues of the processes. The integration of VSM and simulation 
can aid in process improvement by showing both the static and behavioral characteristics of a process [18]. 
Industrial applications of the enhanced lean process show the effectiveness of simulation modeling and 
experimentation extends of value stream mapping to include time, the behavior of individual entities, structural 
variability, random variability, and component interaction effects. Hung and Liker [19] used simulation to study the 
effect of batch sizes on production lead-time in a multi-stage assembly operation. The study indicated the interaction 
of quality capabilities, logistical polices, and equipment reliabilities have a significant impact on pull system 
responsiveness and failure to consider these interactions will result in suboptimal performance of the pull system. 
 
3. Lean Approach 
The approach of Lean nurturing has done at Toyota Motor Company in Japan in the 1950s and later coined as the 
Toyota Production System (TPS). TPS is now a well-established philosophy in the manufacturing world that really 
endeavors for integrating and shortening the timeline between the supplier and the customer by eliminating hidden 
waste. Some of the standard tools, like VSM, production smoothing (Heijunka), continuous improvement (Kaizen), 
six-sigma, single-minute die exchange, total quality management, just-in-time, etc., have been conceived by TPS. 
The goal of lean manufacturing is to minimize waste in terms of non-value-added activities, such as waiting time, 
motion time, set-up time, and WIP inventory. Further, waste in a manufacturing environment, can be define as any 
redundant application of resources that does not add value to the product, or activities for which the customer is not 
willing to pay. Namely, few of the manufacturing wastes are over-production, WIP inventory, finished parts 
inventory, waiting time, inappropriate processing, unnecessary motion, transportation, defects, etc. In addition, 
scrap, unneeded items, old broken tools, and obsolete jigs and fixtures considered as waste. A study mentioned that 
to implement lean principles in any industrial organization, the first step is to identify the value stream that shows all 
activities of both value-added, and non-value-adding which are required to manufacture a product. Production 
operations could be grouping into the following three types of activities [20]:  

a. Value-Added Activities (VA): are activities that transform the materials into the exact product that the 
customer requires. 

b. Non Value-Added Activities (Non-VA): are activities, which are not required for transforming the materials 
into the product that the customer wants. Anything, which is a non value-added may be defined as a waste. 
While, that adds unnecessary time, effort or cost is considered as a non value-added. Another way of looking 
at waste is that, any material or activity for which the customer is not willing to pay. 

c. Necessary Non Value-Added Activities (Necessary, Non-VA): are activities that do not add value from the 
perspective of the customer but are necessary to produce the product unless the existing supply or production 
process is radically changed. This kind of waste may be eliminated in the long run but is unlikely to be 
eliminated in the near-term.  

4. The Case Study and Results  
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The research issue has studied in an Iraqi production companies for leather industries. It is one of the oldest 
industries in Iraq, which characterized by a traditional style of production, in terms of administration and 
management, organizing contracts with suppliers and customers, the flow of production line, planning and control at 
both levels of processes and inventories. The goal was to prove the possibility of applying modern concepts (lean 
principles) of production for the purpose of accessing best performance and work productivity by eliminating wastes 
of the traditional system to be able to develop and compete with the similar global industry. The basis of this work 
depends on the study and analysis of the reality of current work status, then classifying activities and operations, 
consisting of the production line into the value-added (VA), (Non-VA), and (Necessary Non-VA) activities. 
 
4.1   Applying VSM with Simulation Modeling 
In this paper, the VSM has used as a pictorial representation of all activities required to produce the product, 
including those in the supply chain, as well as those in internal operations. A predefined set of icons are generally 
used to construct the value stream map (see Figure 1). Simulation models have designed for the constructed VSM of 
the related production system in order to simulate the designed models in a dynamic environment to describe the 
effect of changes on the system performance in movable and quantified terms. Working principle of this research is 
to reduce the level of non-value activities present in any form by implementing the various tools available in lean 
tool kit. Therefore, value stream map has constructed as a first tool helps to visualize the non-value-added activities. 
 
4.2      Mapping the Current Status 
Through deep study of the production line under consideration, VSM has mapped after divided the status of the 
current production flow into parts on the basis explained in subsequent paragraphs. All operational activities have 
defined into detailed steps and then classified into three types: value, non-value, and necessary-non-value activity. 
Table (1) describes all activities that performed in the real or current status of the production flow line, which have 
classified into three types according to their values that added on the final product.  
 
 
 

 

 

  

 

 
 

 

 

 

 

 

 Figure 1: Set of icons used in constructing VSM  

4.2.1   Mapping the Physical Flow 
Once the product family has clearly identified, the map of the current state could drawn. Then the first step is to 
"take a walk" along the entire length of the value stream to be mapped, documenting all the actions performed on the 
product, facilities, transport links, all information about management actions, and the time required to perform those 
actions. The first step is to make a list of all actions done on the physical flow line and classifying them into one of 
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the three types of activities that mentioned before. Total needed time (product cycle time), which is the sum of the 
time required to conduct all steps of actions on the product, is compared with the actual value creating time, which is 
the time summation of value creating steps only, to judge whether a step adds value or it's just a waste. Therefore, 
one has to think like a customer and ask if he would pay less money for the product or be less happy with the 
product if a given step and its corresponding time have not done [11]. Materials flow, (from the external supplier 
sources, stocks, the production plan depending on the estimated market request, production process, workers and 
means of transportation) and the informational flow (manual and electronics information flows), that include all the 
participating elements in a production process, are taken into consideration. Finally, a time-and-steps line will be 
drawn and placed along the bottom of the map and can be visualize in. The line will show the total time for each 
facility and for each transport, and the value creating time for each step. Furthermore, the action steps for each 
facility and the transport link will be figure out on the line. A summary box will drawn at the end of the line 
showing, total time, in-plant time, transport time, storage time and value creating time. 
 
4.2.2    Mapping the Information Flow 
After mapping the physical flow of the product, one needs to map the information flow. The information flow that 
will captured on the map is the frequency of orders, e.g. daily, weekly and monthly also how the information is 
transmitted between the facilities, by phone, electronically, fax [21]. In the case study of this work, the workshops 
receive a weekly programming plan about the demand orders from the production control department. In this work, 
according to the weekly plan, materials and information flows have mapped and simulated.  
 
4.2.3    Current-Status Map Analysis 
The current-status map is very helpful, since it shows how production is presently occurring. Its analysis allows to 
identifying of waste and suggests the improved actions for the design of a new flow, smoother, without returns, 
which produces in a shortest lead-time, highest quality, and lowest cost. The VSM of the current-status for one batch 
flow of the leather product has mapped, where the output results of the map have obtained by simulating the 
constructed VSM by ARENA software, this map shown in Figure 2. The current-status map shows that the 
production flow has based on the push-system strategy. 
 

  

 

Figure 2:  The current-status VSM for one batch production flow of the leather product      
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4.3      Mapping the Modified Status 
Reducing the lead-time in any production system is a continuous improvement process; this could obtain by 
applying the pull-system strategy as an important tool of lean production. Using Kanban signal and eliminating non 
value-added activities are other means of lean improvement. The modified status VSM is mapped and simulated by 
ARENA to obtain the output results shown in figure (3). In this work, different kinds of pull-system as a lean tool 
supported by Kanban signals have been proposed.  Rearranging layout into cell layouts by converting from line to 
U-shape within some workshops of bottleneck process have proposed too.  
 
4.4    Comparison between the Current and Modified Models Results 
The summary (Table 1), shown that 33 action steps are carried out to produce one batch of product, which takes 
2111 minutes or 4.4 workdays that is in the current-status. In the modified status, by eliminating non value-added 
actions, only17 action steps which add values to the finished product and they are carried out in 992 min. or about 
two workdays to produce one batch of production. Thus, the ratio of value creating-time out of total time is about 
47% or by a modification ratio 53% and the ratio of value-creating actions out of total action steps is 51.5%. 
However, since there are some necessary actions still needed to be done even they do not add any value to the final 
product, the total number of action steps required after the modification is 22 and they are carried out in 1039 min. 
or by about 2.16 workdays in order to produce one batch of production. Thus, the ratio of value-necessary creating 
time out of total time will be about 49.22% or by a modification ratio of 50.78%. 
The output results of the simulation models for both of the current and modified statuses have summarized in tables 
(2) and (3) respectively and for five days of simulated running time.  
 

 
 

Figure 3:  The modified status VSM by using lean tools 
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Table 1:   Description of the real status activities carried out on the production line of leather industry 
Physical Action Required to Create one Batch ( Each Batch Consists of 20 Pair of Shoes) 

Activity  
No. Activity Description Standard 

Time (min.) 
Type of 
Activity 

Number of 
Workers in 

Current Status 

 
Number of  
Workers in  

Modified Status 
 

 Transport link 1:   

1. 

Receipt and transport raw 
material from warehouse A 

to weaning facility  
(100 m) 

15 Non-VA 3 3 

 Weaning Workshop:   

2. Prepare filling material 5  Necessary 
Non-VA 6 6 

3. Sorting leather  3  Necessary 
Non-VA 1 1 

4. Cutting filling material 70 VA 1 1 
5. Designing leather 53 VA  1 

6. 
Packaging weaning leather 

and filling material in 
packs 

2  Non-VA 1 1 

7. Inspection WIP 4 Necessary 
Non-VA 1 1 

 Transport link 2:   

8. Transport packs to 
warehouse B (100m) 15  Non-VA - - 

9. Storing WIP at warehouse 
B 

480 
 (1 workday) Non-VA - - 

 Total Time 
 

647 min. = 
1.35 workday 

  

 Transport link 3:  

10 

Receipt and transport WIP 
from warehouse B to 

sewing facility 
(100 m) 

15 Non-VA 3 0 

 Sewing Workshop:  

11. Marking all the parts of 
weaning leather 88 VA 1 1 

12. Gluing  parts 150 VA 2 1 

13. Sewing parts (leather and 
filling material) 350 VA 10 10 

14. make holes for the cord 20 VA 1 1 

15. Fixing two valves at side 
face of shoes 20 VA 1 0 

16. Cleaning face of shoes 60 VA 1 0 

17. Inspection WIP 15 Necessary 
Non-VA 1 1 

18. Packaging in sack 10 Non-VA 1 0 
 Transport link 4:  

19. Transport sack to 
warehouse B (100m) 15 Non-VA - - 

20. Storing WIP at warehouse 
B 

480  
(1 workday) Non-VA   

  
Total time = 
1223 min. = 
2.25 workday 

 
 
 

  

 Transport link 5:  

21. 
Receipt and transport WIP 
from warehouse B to fixing 
and packing facility (100) 

15 Non-VA 3 0 

 Fixing and Packing Workshop:  

22. Fix and glue the base of 
shoe on its die 20 VA 1 1 

23. Heating face of shoes 10 Non-VA 0 0 
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24. Drew face of shoes 40 VA 1 1 
25. Cut excesses 20 VA 1 1 
26. Grinding  and gluing 15 VA 1 1 
27. Gluing the sole 10 VA 1 1 
28. Fixing the sole 45 VA 1 1 
29. Pluck out die 6 VA 1 1 
30. Sewing sole 20 VA 1 1 

31. Inspection finished shoes 20 Necessary 
 Non-VA 1 1 

32. Packing finished shoes 5 VA 1 1 
 Transport link 6:  

33. Transport box to warehouse 
C (100 m) 15 Non-VA - - 

 
 

Total time =  
241min = 

 0.5 workday 
   

Summary of physical Actions  

 Total VA Necessary 
Non-VA Non-VA 

Total  
Workers in current 

status 

Total Workers in 
modified status 

 

Action 
Steps 33 17 5 11 

Time 
2111 min. 

= 4.4  
workday 

992 min. 47 min. 1072 min. 

Distance 

600 m over 6 transport links  
Plus about 400 m the product moves between facilities on 

whole production line 
 

48 30 

 
Table 2:   Summery of simulation model results for the current-status VSM 

Simulated 
Time 
(min.) 

Total 
Number of 
WIP 

Number of 
Produced 
Batches 

VA Time 
Per 
Entity 
(min.) 

Non-VA 
Time Per 
Entity 
(min.) 

Max.   
Waiting 
Time Per 
Entity 
(min.) 

Total Time 
Per Entity 
(min.) 

Accum-
ulated VA 
Time 
(min.) 

Accumulated 
Non VA 
Time 
(min.) 

Accumulated 
Waiting Time 
(min.) 

480 22 0 361 14 39 414 1346 98 78 
960 43 0 846 109 352 1307 3768 286 1088 
1440 62 2 934 129 1016 2079 6707 522 3701 
1920 77 3 934 129 1467 2530 9065 815 7080 
2400 96 4 934 129 1931 2994 11633 1030 11867 
 

Table 3:   Summery of simulation model results for the modified status VSM 

Simulated 
Time 
(min.) 

Total  
Number of  
WIP 

Number of 
Produced 
Batches 

VA Time 
Per 
Entity 
(min.) 

Non-VA 
Time Per 
Entity 
(min.) 

Max. 
Waiting 
Time Per 
Entity 
(min.) 

Total Time 
Per Entity 
(min.) 

Accum-
ulated VA  
Time 
(min.) 

Accumulated 
Non VA 
Time 
(min.) 

Accumulated 
Waiting Time 
(min.) 

480 11 0 363 10 5 378 361 10 5 
960 21 0 929 85 414 1428 1966 216 818 
1440 31 2 934 105 670 1709 3163 347 1532 
1920 39 3 934 105 870 1909 5555 486 3367 
2400 46 5 934 105 1396 2435 8044 667 6441 

 
 
5. Conclusions 
  Some important conclusions have found from the results of this study: 

• The VSM is an extremely valuable tool helps to apply lean aspects for continuous improvement efforts. By 
simulation modeling of VSM, one can obtain a dynamic picture, which describes the effect of changes on 
the operating system that might be missing when the VSM has used alone. 

• Simulation modeling becomes a powerful tool for management decision making by analyzing the effect of 
various factors of change within the system without making the actual or physical changes, so it 
contributes in money saving and time.   

Note: One simulation workday equals 480 min. 
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• By applying different tools and techniques of lean production, the simulation model of the modified status 
showed that a reduction in WIP could obtain by about 52% during five workdays of simulated run-time. A 
percent of 62.5% is the reduction in labor for the modified status than the traditional status. Reduction of 
maximum waiting time per entity (one batch) was 72.3% after five workdays of simulation time. In 
addition, the reduction ratios of total time, accumulated value added (VA) time, accumulated Non-VA 
time, and accumulated waiting time after five workdays of simulation time were 81.3%, 69%, 64.75%, and 
54.27% respectively, as the results of comparison between the traditional and modified status. 

• Such a study of this research is very important in the development of the old style industrial systems used 
in Iraq to be able to continue in the market and compete with similar international products, and contribute 
to the development of the country's economy. 
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