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ABSTRACT: This study proposes an approach for optimizing a production process based 

on lean manufacturing tools. The water pipe production process has been given a Value Stream 

Mapping (VSM) treatment. Based on the existing status mapping, two example pipe families 

have been indicated as areas for improvement reduce the seven basic wastes, particularly 

excessive inventory, defects, delays, wasteful transportation, and excessive movement. 

Modifications were made to the method of in-process delays, transportation throughout the 

process, supervision of inventory conditions (work in process and finished items), control of 

setup activity, and production loop management. As a result of the enhancements, it is now 

feasible to cut process time, reduce overall time spent on procedures that offer value, and 

eliminate redundant processes. 
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1 INTRODUCTION  

Production processes involve input, 

transformation, and output that function as 

constraints on upstream and downstream movement 

and are required to accomplish the processes’ goals 

(Groover, 2015; Klimecka-Tatar, 2017). A 

production system is a group of people, equipment, 

and processes that work together to carry out a 

company's manufacturing activities (Chaple & 

Narkhede, 2017). A manufacturing company must 

have processes in place that allow it to efficiently 

complete its sort of production to be successful. To 

meet the competitive demands of today's markets, 

manufacturing businesses must rethink and 

restructure their production processes (Carreira, 

2004). 

Toyota created Lean more than a century ago, 

and it has already proven to be a world-changing 

corporate concept (Starbird, 2017). Lean is a set of 

management methods aimed at decreasing waste 

while also boosting efficiency and effectiveness. 

Lean is built on the concept of minimizing and 

eliminating wasteful and non-value-adding 

operations (American Society for Quality, 2021). 

Lean manufacturing, also known as lean production, 

is a technique and activity system for managing a 

manufacturing or service operation (Pearce et al., 

2018). The techniques and activities vary depending 

on the application, but the underlying principle 

remains the same: to eliminate all non-value-adding 

activities and waste from the business. 

The manufacturing of water pipes and pipe 

fittings is the topic of this case study. For this 

investigation, samples were taken of all of two pipe 

diameters. To decrease waste in production, we 

employed Value Stream Mapping (VSM) as a lean 

manufacturing system tool. Starting with process 

flow charts and value stream maps, examine the 

existing condition of the manufacturing process and 

look for waste. The observable waste from the 

process flow chart and the value stream mapping is 

then highlighted. Once the waste has been 

discovered, steps are taken to remove it. Make a 

new process flow chart and a value stream map for 

the future state. As a result of this improvement, the 

process time was reduced. Reduce the overall time 

spent on valuable procedures. and eliminate 

redundant processes. The process time was 

decreased as a result of this improvement. Reduce 

the amount of time spent on time-sensitive 

operations. as well as removing unnecessary 

procedures. We also offer recommendations and a 

future state map based on the findings (to-be-

process). 

 

2 VALUE STREAM MAPPING 

APPROACH 

A Value Stream Map (VSM) is a flowchart that 

depicts each stage of a product's or material's 
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creation, as well as the resources necessary for each 

step and their relationships. (King & King, 2015). 

It's a standardized method of recording (mapping) 

processes and information/material flows in their 

current state, then using a systematic method of 

evaluating these processes to find wastes and 

improve particular areas (Martin & Ostering, 2014). 

It's more than just a tool. It's a team-based technique 

that we think is the bedrock of every successful 

management strategy. Toyota's term for Value 

Stream Mapping is the Material and Information 

Flow Chart (MIFC). It is not utilized as a way of 

teaching or learning to see. Practitioners of the 

Toyota Production System use it to portray current 

and future, or ideal states, in the process of 

designing lean system implementation plans 

(Romero & Arce, 2017; Rother & Shook, 1999). 

The first step in putting VSM into practice is to 

create a current state map. This phase involves 

creating a value stream map for the current process, 

which identifies different types of value-added and 

non-value-added operations (Jeong & Yoon, 2016; 

Manufacturing & Sustainability, 2020). A cross-

functional, multi-disciplined team usually creates 

the present state map to record how things actually 

work (as-is process). The next stage is to create a 

state map for the future (to-be process). To do so, 

first examine the present state map. The team must 

identify gaps or opportunities for improvement 

(e.g., huge inventory, long lead/cycle times) and 

justify why these operations are not value-added. 

The team recommends changes to the process, 

techniques, and structure based on the gap areas 

discovered. Then, using the future state map, a lean 

process flow is designed by removing non-value-

added activities and improving processes. After 

implementing the suggested modifications, the final 

stage is to assess the results. This must be measured 

in terms of reduced lead times, cycle times, 

inventory levels, and so on. Furthermore, the team 

must create a change plan that outlines the actions 

necessary to implement the suggested 

modifications. Figure.1 illustrates the processes 

involved in implementing VSM. 

 

3 RESEARCH METHODOLOGY 

The The VSM technique was established based 

on the above-mentioned application phases as 

shown in Figure 1. The selection of a product 

family is the initial step in this technique (Sutharsan 

et al., 2020; Yuvamitra et al., 2017).  

The firm chosen for this case study was a pipe 

manufacturer that produced two different diameters 

of pipe. The first was a polybutylene pipe with a 20 

mm diameter and a 150-m length and the last one 

was a 90-degree elbow with a 25-mm diameter. 

They were chosen because the manufacturing 

process entails all of the operations found in a pipe 

manufacturing plant, and they are typical of other 

sizes. 

 

Figure 1. Schematic of VSM implementation  

 

Information collected for each pipe 

manufacturing step was used to build a current 

status map. The present status map depicts every 

step of the process, from receiving a client order 

through shipping the final product. The current state 

map is used to carry out the mapping for the current 

state manufacturing process. In the planned map, 

dubbed the future state map, the deficiencies are 

addressed and improvements are presented 

(Kundgol et al., 2019). 

 

3.1 Current State Mapping 

The A current state map depicts the high-level 

processes involved in producing a product or 

providing a service, from the time a client places an 

order or requests a service to the time the product or 

service is delivered to the consumer. It represents 

what is happening right now, not what should or 

may happen in the future. Before attempting to 

develop ideal or future state maps, it is critical to 

get a thorough understanding of the existing 

situation. 

Through interaction with consumers, 

information about the customers' monthly 

requirements is gathered. Customers are asking for 

a wide range of items (water pipes). The monthly 

need for polybutylene pipe with a diameter of 20 

mm and a length of 150 meters is 420 rolls (1 roll = 

150 meters). The primary processes are first 

recognized. Material quality confirmation, pipe 

extrusion, pipe cutting, pipe roll tie-up, packing, 

and storage are the primary operations. The 

following data is encased in the data box: cycle 

time, change over time, and number of operators 

(Kundgol et al., 2019; Sutharsan et al., 2020). 
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Figure 2. Current state map of polybutylene pipe 20 mm x 150 m. 
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Figure 3. Current state map of 90º elbow x 25 mm 

 

As illustrated in Figure 2, the inventory triangle 

encloses two data work in process between each 

process and the final goods inventory. 

A 90-degree elbow with a diameter of 25 mm is 

depicted in Fig.3 as an example of a current state 

map. Material quality assurance, injection 

moulding, turning, deburring, date printing, 

assembly, and packing are all part of the main 

process. The data box had the same information as 

the preceding one. 

Tables 1 and 2 demonstrate the link between the 

time in each process and the process activity, as 

well as the waiting time that occurs between 

processes, based on both VSMs. Table 1 shows the 

manufacturing process for polybutylene pipe with a 

diameter of 20 mm and a length of 150 meters, 

whereas Table 2 shows the time-process 
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relationship for a 90-degree elbow with a 

diameter of 25 mm. Polybutylene pipe has a process 

time of 51.82 minutes and a waiting time (lead 

time) of 825.3 minutes, whereas the elbow 90° has a 

process time of 50.76 minutes and a lead time of 

1,643 minutes 
 

Table 1. Current state information of Polybutylene 

pipe  20mm x 150m 

Activity 
Process time 

(min) 

Waiting time 

(min) 

Quality confirmation 35 60 

Pipe extrusion 11.52 248 

Cutting 0.18 0 

Tie-up 1.68 0 

Packing 2.1 490 

Storage 1.34 27.3 

Total 51.82 825.3 

3.2 Flow Process Chart 

3.2.1 Current Flow Process Chart 

To analyze the process for improvement, we 

gathered information using a variety of industrial 

engineering approaches, including flow process 

charts, 5W2H, and ECRS. A flow process chart was 

used to depict the material flow from the beginning 

to the end of the process. Figure 4 depicts a flow 

process chart for polybutylene pipe with a diameter 

of 20 mm and Figure 5 depicts a flow process chart 

for a 90-degree elbow with a diameter of 25 mm. At 

a distance of 292 meters and a total duration of 

877.12 minutes, the number of symbols in Figure 4 

are 5, 2, 1, 7, and 2, representing operation, 

transport, inspection, delay, and storage, 

respectively. The value of work elements is 

indicated and it can be observed that there are four 

valuable work elements out of 17 work elements, 10 

non-value-added elements that must complete, and 

three non-value-added or waste elements. Figure 5 

shows the flow process chart of a 90-degree elbow 

with a diameter of 25 mm. It's 578 meters long and 

takes 1,708.76 minutes to complete. The operation, 

transport, inspection, delay, and storage symbols 

have a total of 6, 1, 1, 8, and 3 symbols, 

respectively. It can be seen that out of 19 work 

elements, seven are useful, 11 non-value-added 

elements must finish 11 elements, and there is a 

non-value-added element. 

 

3.2.2 Proposed Flow Process Chart 

Using ECRS as a technique for improvement, 

we undertake analysis based on the current state of 

the process flow diagrams for both products to 

remove or decrease non-value activities.   

 

Table 2. Current state information of Push on Elbow 

90 x  25mm 

Activity 
Process time 

(min) 

Waiting time 

(min) 

Quality confirmation 35 60 

Injection 2 30 

Turning 1.8 960 

Deburring 0.146 15 

Date printing 0.045 88 

Assembly 0.766 30 

Packing 11 460 

Total 50.76 1,643 

 

Eliminating two work components and reducing 

the process time by one element for polybutylene 

pipe, merging four elements into two, and 

reordering and simplifying the work method by 

three elements. For the push-on elbow, four parts 

were combined into two, and the process time was 

reduced by one element. After that, a new process 

flow diagram was created. Figures 6 and 7 

demonstrate this. 

After improvement analysis and specifying 

measures, the proposed flow process chart in Figure 

6 indicates the number of symbols is 5, 2, 1, 3, and 

2, representing operation, transport, inspection, 

delay, and storage, respectively, with a distance of 

292 meters and a total duration of 573.22 minutes. 

Out of the 13 work elements, there are four valuable 

work elements, as well as 9 non-value-added 

elements that must be performed. 

Figure 7 shows the proposed flow process chart 

of a 90-degree elbow with a diameter of 25 mm. It 

is 578 meters long and takes 1213.76 minutes to 

complete. The operation, transport, inspection, 

delay, and storage have a total of 6, 1, 1, 6, and 3 

symbols, respectively. It can be seen that out of 17 

work elements, seven are useful, while 10 non-

value-added elements must finish. 

After improvement analysis and specifying 

measures, the proposed flow process chart in Figure 

6 indicates the number of symbols is 5, 2, 1, 3, and 

2, representing operation, transport, inspection, 

delay, and storage, respectively, with a distance of 

292 meters and a total duration of 573.22 minutes 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.19, ISSUE 4/2021 

40 

 
Figure 4. Flow process chart of polybutylene 20 mm x 150 m. (current state) 

 
Figure 5. Flow process chart of Elbow 90º x 25 mm. (current state) 

 

Out of the 13 work elements, there are four 

valuable work elements, as well as 9 non-value-

added elements that must be performed. Figure 7 

shows the proposed flow process chart of a 90-

degree elbow with a diameter of 25 mm. It is 578 

meters long and takes 1213.76 minutes to complete. 

The operation, transport, inspection, delay, and 

storage have a total of 6, 1, 1, 6, and 3 symbols, 

respectively. It can be seen that out of 17 work 

elements, seven are useful, while 10 non-value-

added elements must finish. 

3.3 Future State Mapping 

The existing process has been modified as a 

consequence of a study of the current state map 

utilizing lean manufacturing concepts. Referring to 

the proposed flow process chart, Figures 8 and 9 

illustrate the future state map of polybutylene pipe 

20mm x 150m and elbow 90 x 25mm. 

Tables 3 and 4 demonstrate the relationship 

between the time in each process and the process 

activity, as well as the waiting time that occurs 

between processes, based on both future state 

VSMs. 
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Figure 6. Flow process chart of polybutylene 20 mm x 150 m. (propose state) 

 

Figure 7. Flow process chart of Elbow 90 x 25 mm. (propose state) 

 

Table 3. Future state information of Polybutylene 

pipe  20mm x 150m 

Activity 
Process time 

(min) 

Waiting time 

(min) 

Quality confirmation 35 45 

Pipe extrusion 11.52 210 

Cutting 0.1 0 

Tie-up 1.4 0 

Packing 2.1 240 

Storage 1.1 27.3 

Total 51.22 522.3 

 

 

Table 4. Future state information of Push on Elbow 

90 x  25mm 

Activity 
Process time 

(min)  

Waiting time 

(min) 

Quality confirmation 35 45 

Injection 2 30 

Turning 1.8 480 

Deburring 0.146 15 

Date printing 0.045 88 

Assembly 0.766 30 

Packing 11 460 

Total 50.76 1,148 
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Figure 8.  Future state map of polybutylene pipe 20 mm x 150 m. 
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Figure 9. Future state map of Elbow 90 x 25 mm. 

4 RESULTS AND DISCUSSION 

The case study outcomes were analyzed using 

the VSM chart. Data of several significant 

magnitudes indicates whether the production 

process improves or deteriorates in accordance with 

the criteria. Improvements are made in each process 

through reducing cycle times and eliminating non-

value-added tasks. According to the flow process 

chart, the work elements of the polybutylene pipe 

were reduced from 17 to 13 elements, whereas the 

elements of the elbow pipe were reduced from 19 to 

17 elements. The work element time decreased from 

877.12 to 573.52 minutes and 1,708.76 to 1,213.76 

minutes, representing 34.61% and 28.97%, 

respectively. 

The development of a VSM chart can minimize 

the manufacturing waiting time (lead time) for both 

sample items. The polybutylene pipe's 

manufacturing lead time was decreased from 825.3 

to 522.3 minutes, while the elbow pipe's production 

lead time was lowered from 1,643 to 1,148 minutes, 

a 36.71 percent and 30.13 percent reduction, 

respectively. 
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5 CONCLUSION 

The purpose of this paper is to provide an 

approach known as VSM for describing, analyzing, 

and identifying possible areas of improvement 

within an organization's processes. We discovered 

waste that had previously been overlooked in the 

work flow with the aid of VSM. The current state 

map is being developed in our project. The map 

indicates that certain operations waste a lot of time 

due to long cycle times, lead times, and waiting 

times. As a result, VSM assists the firm in 

identifying various non-value-adding activities or 

wastes. A suggested map is created when certain 

modifications in the process are made using a flow 

process chart to decrease waste. The manufacturing 

lead time for polybutylene pipe was reduced from 

825.3 to 522.3 minutes, while the manufacturing 

lead time for elbow pipe was reduced from 1,643 to 

1,148 minutes, a 36.71 percent and 30.13 percent 

reduction, respectively. It has been demonstrated 

that VSM is an excellent lean technique for 

identifying value stream losses and identifying 

improvements in specific areas. 
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