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Abstract: The work is focused on the valve's spare part (for petrochemical plant application) production line 
optimization using the Value-Stream Mapping method. Output of this production process is the so-called "trim 
pack", an assembly composed by stem, disc, orifice plate, and guides. First step is based on the study of the Current 
State Map which represents a material and information flow mapping. Standard Operating Procedures (SOPs) are 
used for each valve's trim item considering all the production phases such as tooling lead time, semi-finished 
products queue, information transfer among departments, workflows, production lead time. This procedure allows 
drawing a map where cycle times, distances, movements (material and people), and waiting times are highlighted in 
order to identify and reduce the wastes (Transportation, Inventory, Movements, Waitings, Overprocess, 
Overproduction, Defects). Second step is the definition of eight new possible production line configurations (Future 
State Maps) with the aim of reducing or eliminating the Non-Adding Value activities. Then, a Decision Matrix has 
been used to evaluate and compare each solution proposed highlighting that two of them showed significant 
improvements since they obtained the highest scores. On the basis of the two best solutions, a ninth was defined as 
their combination, which includes the improvements produced by each of them. Finally, an economic analysis has 
been carried out. This analysis showed that it is possible to obtain an improvement in the layout which generates 
considerable reductions in terms of times and goods handling or human resources and, consequently, a large 
reduction of production costs even without processing technology modification. 

 

Keywords: Value Stream Map, Lean Manufacturing, Optimization, Decision Matrix, Engineering to order 
Business.

1. Introduction 

In recent years, challenges and global competition in 
manufacturing sector have forced companies to adopt 
strategies to improve their efficiency aiming at meeting 
customer expectations in terms of quality and cost. In this 
scenario, lean production plays a significant role in several 
industrial sectors: production, logistics, maintenance, 
quality management, customer service processes, and 
design. Lean production is a methodology based on 
eliminating or reducing wastes to maximize value to the 
customer by means of both continuous improvement of 
process and resources optimization. An important aspect 
concerns the process based on mapping the material and 
information flows of all components in value stream. To 
achieve this goal, one of the most attractive 
methodologies is Value Stream Mapping (VSM) (Romero 
and Arce, 2017). VSM is a simple and visual process-based 
tool which enables mapping of material and information 
flows in processes to identify wastes and assist in their 
elimination. Many literature studies have proposed to 
employ VSM in different industrial applications. Although 
the subject of VSM is widely discussed in literature, this 
study reports only a limited part of the available literature 

published in refereed journals, to the best of authors’ 
knowledge. Thus, the introduction focuses on the 
application and performance of VSM to similar fields and 
processes of industrial manufacturing. Belokar et al. 
(Belokar, Kumar and Kharb, 2012) use VSM in 
automotive industry case achieving an improvement in 
takt time of about 67%. Rajgopal et al. (Abdulmalek and 
Rajgopal, 2007) report a steel industry case showing a 
reduction of 15 days in Lead Time compared to current 
situation. Dinesh et al. (Dinesh Seth and Gupta, 2007) 
employ VSM to an Indian two-wheeled industry where a 
reduction of one minute and of about 2.7 days in 
Processing Time and in Production Lean Time are 
achieved, respectively. Issa (Issa, 2018) presents a small-
medium size plastic industry case. The results show an 
increase in productivity of 95.5%, a reduction in 
Manufacturing Lead Time of 10.4% and in Cycle Time for 
the cutting/packaging process of 35%. Harpreet et al. 
(Harpreet et al., 2018) study a group of micro, small and 
medium enterprises in India (MSMEs) with the aim of 
minimizing the Cycle Time, the covered distances and the 
Change Over Time. They show that the application of 
VSM allows for significant productivity improvement. 
Januska et al. (Januska and Rohac, 2015) employ VSM to a 
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plastic industry for pharmaceutical products. The results 
show a decrease in Total Lead Time from 296.36 to 96 
days while there are no changes in the Total Value Adding 
Time. Tyagi et al. (Tyagi et al., 2015) investigate a gas 
turbine process production. The results show a decrease 
in hand-offs of 64 points, of waiting time of 242 days and 
of total time of 410 days. The foregoing discussion 
suggests that although several studies have been reported 
on the VSM implementation in mass production process, 
the literature on VSM methodology applied to customized 
production is relatively limited. To this end, this study 
aims to deepen our understanding on VSM in 
petrochemical industry, a sector characterized by a strong 
customization of process production. The purpose is the 
optimization of a production line by evaluating all non-
value-adding activities and waste with the aim to improve 
the production capacity. The basic idea is the 
implementation of a future state value stream based on 
both the reduction of the number of workflows between 
the different departments and on the reduction in the 
manufacturing costs of semi-finished products. 

 
2. Methodology 

This study concerns the valve's spare parts (for 
petrochemical plants application) production line 
optimization using Value Stream Map (VSM) method. 
VSM allows identifying systemic sources of waste in a 
process (value stream) with the aim to remove or reduce 
these sources on a structural basis. It is a graphical 
technique characterized by different steps: first step 
consists of the target product identification, process 
family or service (a group of products/services based on 
similar or same processing phases) to sketch the Current 
State Map (CSM). CSM allows to understand the actual 
flow of material and information as a product goes 
through the manufacturing process to detect wastes that 
hinder flows by means of lean principles. In accordance 
with the assessment of CSM, second step is based on 
sketching Future State Map (FSM) aimed at value stream 
improvement. The FSM depicts the value stream of a 
product family after eliminating or reducing wastes 
highlighting all the achieved improvements. 

 

3. Case study: Petrochemical industry 

The case study is focused on the implementation of the 
so-called trim pack an assembly composed of four parts: 
guides, orifice plate, disc, and stem. This component is 
defined as the internal parts of a valve which are in 
flowing contact with the controlled fluid allowing basic 
motions and flow control. . Valve's trim operative mode is 
defined by the relative position between the disc and seat. 
The disc function is to allows to the control of the flow 
passing through the valve. The disc, connected to an 
actuator by the stem, run on the guides gradually hiding 
(closing phase) or discovering (opening phase) the orifice, 
controlling the flow rate inside the pipeline. In accordance 
with company management, the VSM methodology is 
applied to the trim pack production since it has an  impact 
on the whole production, and thus its improvement, could 

lead to a considerable increase in overall efficiency. Then, 
VSM is applied to the whole process with the aim to 
analyze direct impact on product lead time of this single 
sub-process. Standard Operation Procedures (SOPs) are 
used to define both the processes timeline and the 
activities necessary to ensure consistency in the quality 
and integrity of the product. Moreover, all these activities, 
procedures and changes are defined in close cooperation 
with operators and head of department. 

3.1 Current State Map 

Process and movement box 

Mapping procedure of CSM involves the use of boxes of 
different colors to identify the workflow: blue boxes are 
used to identify the processes (Process Box - PB), while 
the yellow boxes are used to identify the movements 
(Movements Box - MB) (Fig.1). Each PB identifies a 
single manufacturing step and they report:  

� Number of operators; 

� Number of machines; 

� Fully productive time: it is defined as the time 
required to manufacture only good parts without 
considering stop time, i.e. without including all the 
events that stop planned production for an 
appreciable length of time considering both 
unplanned stops (breakdowns) or planned stop 
(changeover); 

� Set-up time: it is the time required to prepare a 
machine or a process for production; 

� Planned production time: it is the total time that 
machine is expected to operate; 

� Run time: the manufacturing process is scheduled 
for production and it is running. It is the planned 
production time without considering down time; 

� Cycle Time: it is the total time required to complete 
a cycle of operation, i.e. from the beginning to the 
end of a process. It consists of Value Added (VA) 
time and Non-Value Added (NVA) time. VA time is 
the processes and activities in the production that 
improve the product or add usefulness to it. NVA 
time is the time spent during a process that adds 
nothing to the finished product. Thus, it is also 
called waste.  

In order to assess set-up time and run time, the OEE 
(Overall Equipment Effectiveness) formulation has been 
taken into account as reported in Eq. 1. 

    
  

      
 (1) 

Where: 

  = fully productive time (Adding Value time); 

       = total production time. 

This definition was introduced by (SEMI, 2000) and it is 
directed to measuring the effectiveness of equipment 
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expressed entirely in terms of time. In this case, the 
average overall equipment efficiency           is adopted to 
identify the machines with similar characteristics. 
Following the average values for each work-center: 

� Boring machines: 78% 

� Lathes: 80% 

� Stellite Application: 70% 

� Grinding machines: 90% 

Set-up time (  ) and run rate (    ) are assessed in 
accordance with the ideal cycle time definition (theoretical 
minimum time to produce one part) as reported in Eq. 2 
and Eq. 3 respectively: 

                          (2) 

                          (3) 

MBs are used to define the type of transportation since 
transpallet is employed to movements within the same 
department while forklift is used for movements from 
Machinery to Fabrication department. The time required 
by the transpallet and by forklift are set at 20 minutes 
(0.33 h) and 40 minutes (0.66 h) respectively. To 
exemplify, the Current State Map for disc manufacturing 
process composed of both process and movement boxes 
is reported in Figure 1. 

 
Figure 1: CSM for disc manufacturing process 

The total number of entities in queue for each production 
phase is identified by triangle and reported in Figure 1 2. 

KPI 

Key Performance Indicators (KPI) are used to assess the 
measurement performance of the trim pack production 

process in accordance with the data collected for current 
state. The KPIs are identified in: 

� Adding Value time; 
� Set-up time; 
� Movements and Transportation time; 
� Waiting time. 

These values are expressed as percentage of the cycle time 
of each item as reported in Figure 2 3. NVA time are 
identified by movements, set-up and waiting time while 
VA time is identified by run time. The time needed for 
raw material procurement is not included since not scope 
of this study. 

  

  

 
Figure 2: KPI for actual Trim Pack production process 

Another KPI is used to identify the covered distances by 
the operators to move semi-finished products to and 
between the warehouses and different work-centers. 
These movements have been tracked using a "Spaghetti 
diagram". This tool is a visual representation based on a 
continuous flow line tracing the path of an item or activity 
through a process to identify redundancies in the work 
flow and opportunities to improve the process flow. The 
identification of the areas where materials stop, are staged, 
held, inspected and picked up is carried out based on the 
covered distances according to the warehouse location as 
reported in Table 1. 

 

Table 1: Covered distances by analyzed items. 
Item Covered Distances [km] 

Guides 2.3 
Disc 1.8 

Orifice plate 1.2 
Stem 1.0 

CARP –
Hydrocutting

N° Operatators: -
N° Machinery: -
Manufacture time (V):-
Set-up time (S): -
Cycle time (V+S): -

4
0

5

CARP – Oxyfuel
cutting

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

MU – Boring
machine
Prep. 309

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

CARP – Welding
309

N° Operatators: -
N° Machinery:  -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

MU – Boring
machine

Pre-stell. application

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

CARP – Stellite
appl.

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

12

MU – Boring
machine

First machining

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

CARP – Welding

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

Mu – Boring
machine

Stem and orifice plate

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

2

CARP – Welding
Anchorage installation

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

CARP –
Sandblasting

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

CARP – Refract. 
application

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

1

4
0

Heat Treatment

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

MU – Machine
boring

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

MU – Grinding

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

MU – Machine
boring
Finishing

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

Ass&Test – Mech, 
Ass.

Adjustments

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

2
0

Ass&Test – NDT

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

4
0

Packing

N° Operatators: -
N° Machinery: -
Manufacture time (V): -
Set-up time (S): -
Cycle time (V+S): -

1

65%

20%

5%
10%

GUIDES

% Add. Val. Time % Set Up

% Movements % Waiting time

68%

8%

7%

17%

ORIFICE PLATE

% Add. Val. Time % Set Up

% Movements % Waiting time

74%

13%

9% 4%

STEM

% Add. Val. Time % Set Up

% Movements % Waiting time

62%13%

5%

20%

DISC

% Add. Val. Time % Set Up

% Movements % Waiting time

65%

20%

5%
10%

GUIDES

% Add. Val. Time % Set Up

% Movements % Waiting time
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The Spaghetti diagram allows to highlight an important 
aspect of companies that are characterized by custom-
made production such as those in the petrochemical 
sector. Indeed, in mass customization companies, the 
implementation of Lean tools appears easy since 
workflow path is in the same direction due to a repeated 
and linear production process. Instead, custom 
manufacturing allows companies to produce large 
quantities of products characterized by unique designs for 
a specific customer. In this context, the workflow path is 
not linear depending on the product type requested by the 
customer. To overcome this problem, it is important to 
select a determined workflow direction and then identify 
which of the current map movements occur in the 
"toward flow" or "against flow". In this case, the 
workflow from raw plates warehouse to assembly 
department (finished product) is selected in accordance 
with the company management as reported in Figure 3. 

 
Figure 3: Workflow path selected. 

By analyzing the routing sheet, the number of movements 
carried out by operators "toward flow" or "against flow" 
compared to the workflow selected is achieved and 
reported in Table 2. 

 

Table 2: Number of movements carried out in comparison 
to workflow path selected. 

Item Towards Flow Against Flow 
Guides 7 2 
Disc 13 5 

Orifice Plate 9 2 
Stem 7 4 
TOT 36 13 

Figure 4 shows a schematic Input and Output diagram in 
which the workflow of the trim pack components is 
reported. As said before, it is evident that custom-made 
production affects the workflow direction. An additional 
KPI is identified considering the number of inputs and 
outputs for each department represented in Figure 4. 

 

 
Figure 4: Input and Output diagram of trim pack 

manufacturing process. 

The KPI values for the different trim pack component are 
shown in Table 3. 

Table 3: Departments input and output. 
 Stem Orifice plate 

 Input Output Input Output 
Carp 0 0 1 2 
Mach. 1 2 2 2 
Stell. App. 0 0 0 0 
Cladding 1 1 0 0 
Sandblast. 0 0 1 1 
Refr. Appl. 0 0 1 1 
Heat treatm. 0 0 1 1 
Mech. Ass. 1 1 1 1 
 Guides Disc 
 Input Output Input Output 
Carp 1 2 3 4 
Mach. 3 3 5 5 
Stell. App. 1 1 1 1 
Cladding 0 0 0 0 
Sandblast. 0 0 1 1 
Refr. Appl. 0 0 1 1 
Heat treatm. 0 0 1 1 
Mech. Ass. 1 1 1 1 
 Tot 
 Input Output 
Carp 5 8 
Mach. 11 12 
Stell. App. 2 2 
Cladding 1 1 
Sandblast. 2 2 
Refr. Appl. 2 2 
Heat treatm. 2 2 
Mech. Ass. 4 4 

A circle diagram, also known as hand-off map, has been 
used to show the hand-off between the different work-
centers. This tool is a circle where all the process 
machines is represented as a point on its circumference. 
Lines are placed inside the circle linking the different 
machines and they are identified with different colors, one 
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for each trim pack component. The total number of 
handoffs are assessed. Too many lines inside the circle 
indicate potential wastes. The purpose of the tool is to 
reduce the number of handoffs in the process. Circle 
diagram for the trim pack is reported in Figure 5. 

 

 
Figure 5: Circle Diagram 

In the tables 4 and 5 are listed the number of hand-off for 
the completed production. 

Table 4: Trim pack hand-off  
Process step Quantity 
Welding ↔ Boring machine 7 
Hydrocut ↔ Boring machine 5 
Stell. Appl. ↔ Boring machine 4 
Boring machine ↔ Mech. Ass. 4 
NDT ↔ Packing   4 
NDT ↔ Mech. Ass.  4 
Grinding ↔ Boring machine 3 
Lathes ↔ Boring machine 3 
Lathes ↔ Grinding 2 
Lathes ↔ Cladding 2 
Sandblast. ↔ Refr. Appl. 2 
Welding ↔ Sandblast. 2 
Refr. Appl. ↔ Heat Treatm.  2 
Oxyfuelcut ↔ Welding  1 
 Heat Treatm. ↔ Boring machine 1 
Grinding ↔ Heat Treatm. 1 
Total Hand-off 47 

Table 5: Manufacture hand-off 
Item Manufacture Hand-off 
Disc 19 
Orifice Plate 10 
Stem 10 
Guides 8 
Total Hand-off 47 

Furthermore, the hand-off for the different information 
within the production process is evaluated considering 
each trim pack component as reported in Table 6. 

Table 6: Information flows between departments 
item mac. → 

carp. 
mac. → 
heat tr. 

carp. → 
heat tr. 

mac. → 
mec.ass 

Disc 8 1 1 1 
Orifice 
Plate 2 1 1 1 

Stem 2 0 0 1 
Guides 5 0 0 1 

 

3.2 Future State Map 

Improvement solutions 

According to future state, eight improvement solutions 
are analyzed with the aim to minimize wastes. These 
solutions are based on: 

� Covered distances for handling of semi-finished 
products; 

� Waiting time in queues; 
� Workflow path; 
� Information flow between departments; 
� Input e Output between departments; 
� Capacity (maximum amount of production 

available if equipment is fully productive). 

Covered distances and waiting time in queues correspond 
to higher share of waste of Production Lead Time 
occurring in manufacturing process. The improvements of 
future states are achieved by determining the KPI of the 
different solutions proposed. Then, future states, 
identified by letters from A to H, are compared with 
current state as reported in Figure 6. The impact of the 
proposed solutions on production process is assessed 
according to the rate of improvements. This parameter is 
calculated by comparing current and future state. 
Different colors are used to graphically identify the 
efficiency of the solutions: green and red indicate the best 
and the worst rate of improvement respectively.  

The potential cost savings due to future states application 
are estimated in the lower part of Figure 6. These values 
are obtained by multiplying the difference between 
current and future Production Lead Time by an estimated 
hourly rate. Due to company confidentiality policy, the 
hourly cost adopted cannot be reported. The greater 
savings are achieved by the solution identified by letter F. 
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Figure 6: KPI comparison between current state and future 

states 

Improvement solutions assessment 

A Decision Matrix (DM) has been used to assess the best 
future state. The different criteria affecting the decisions 
are listed as rows while future states as the columns. Then, 
a rating scale is adopted to assess the value of each 
criteria/state combination. The selection of the criteria 
and their weights (1-10) has been carried out by 
Production Planning and Control Department considering 
the decisions on health and safety risk of the operators as 
well as the product quality risk as more significant (Table 
7). Clearly, one of the main goals of this analysis is the 
cost saving estimation thus, it is characterized by a high 
weight within the Decision Matrix. The score of each 
future state is achieved by multiplying the actual ratings by 
the weighted rankings. 

Table 7: Criteria and weights for Decision Matrix 
Criteria Weighting 
Health and Safety Risk 9 
Quality Risk 9 
Movements 6 
Covered distances 6 
Production Lead time 7 
Flexibility 5 
Waiting Time (waste, hand-off) 6 

Infrastructures (cranes) 6 
Impact on others 5 
Ergonomy 6 
Material Flow 7 
Teamwork 5 
Impact on CPI 7 
Investment cost 7 
Estimation cost saving 8 

Figure 7 shows the Decision Matrix of the trim pack. 
Green boxes in Decision Matrix identify scores equal to 
or greater than seven, value selected as a threshold to 
evaluate strengths of the different options proposed. By 
analyzing Figure 7, the options identified by letters F and 
G shows the best score. 

 

 
Figure 7: Decision Matrix 

Final solution assessment 

In accordance with the best options F and G as reported 
in DM (Fig. 7), the ninth solution obtained as their 
combination is presented with the aim to merge their 
single improvements aspects. Thus, Input and Output 
diagram of this adopted solution is obtained and reported 
in Figure 8. It can be noticed that the whole handling 
process appears more uniform according to a significant 
reduction in the number of workflows also by comparing 
it with the one of Figure 4. A decrease in the number of 
workflows allows both a reduction in the covered 
distances for semi-finished product and a decrease in 
material and information handoff between the different 
departments leading to a reduction in adjustments due to 
frequent movements from one department to another. 
This means an improvement in production capacity with a 
consequent reduction in the manufacturing costs of semi-
finished products. Table 8 reports the number of inputs 
and outputs for each department referring to the different 
Trim Pack components. 

Option ACTUAL A
Rate of 
improv.

B
Rate of 
improv.

C
Rate of 
improv.

D
Rate of 
improv.

E

Buffer [n° 
pieces]

48 47 2% 48 0% 47 2% 48 0% 45

Waiting Time 
[h]

68 65.5 3% 67.5 0% 65.5 3% 67.5 0% 63.5

Hands-off 
(info) [numb]

25 17 32% 13 48% 15 40% 11 56% 13

Passages with 
flow

36 34 -6% 38 5% 34 -6% 38 5% 36

Passages 
against flow

13 15 13% 11 -18% 15 13% 11 -18% 13

Movements 
[km]

6 4.8 24% 2.8 56% 4.1 35% 2.1 67% 3.11

Movements 
[h]

27 23.6 13% 22.8 16% 22.8 16% 22 19% 22.8

Pord. LT [h] 454 448.1 1.2% 449.3 1.0% 447.3 1.4% 448.5 1.1% 445.3

Cost saving 
per trim

-420 € -330 € -480 € -390 € -630 €

Cost Saving 
per Year

-42,000 € -33,000 € -48,000 € -39,000 € #######

Cost saving estimation

Value Stream Mapping - Future state KPIs comparison

E
Rate of 
improv.

F
Rate of 
improv.

G
Rate of 
improv.

H
Rate of 
improv.

COMBINED
Rate of 
improv.

45 6% 45 6% 46 4% 46 4% 47 2%

63.5 6% 62.5 7% 63.5 6% 63.5 6% 65.5 3%

13 48% 15 40% 14 44% 17 32% 10 60%

36 0% 38 5% 40 10% 36 0% 37 -6%

13 0% 11 -18% 9 -44% 13 0% 12 15%

3.11 51% 2 68% 2.4 62% 2.75 56% 2.1 67%

22.8 16% 22.4 18% 22.4 18% 22.8 16% 21.6 21%

445.3 2% 443.9 2.2% 444.9 1.9% 445.3 2% 446 2%

-630 € -735 € -660 € -630 € -570 €

-63,000 € -73,500 € -66,000 € -63,000 € -57,000 €

Value Stream Mapping - Future state KPIs comparison

Cost saving estimation

Criteria 
Option 1*: 
Current - if 
applicable 

Score Option  
A* Score Option 

B* Score Option 
 C* Score 

Health and Safety Risk 8 72 8 72 7 63 8 72 
Quality Risk 8 72 8 72 7 63 8 72 
Movements 0 0 6 36 7 42 7 42 
Covered distances 0 0 4 24 7 42 5 30 
Production Lead Time 2 14 5 35 4 28 6 42 
Flexibility 7 35 5 25 6 30 5 25 
Waiting time (waste, hand off) 3 18 6 36 8 48 7 42 
Infrastructures (cranes) 9 54 8 48 7 42 6 36 
Impact on others 8 40 7 35 7 35 6 30 
Erognomy 5 30 7 42 7 42 8 48 
Material Flow 5 35 4 28 6 42 4 28 
Teamwork 5 25 7 35 6 30 7 35 
Impact on CPI 9 63 6 42 7 49 4 28 
Investment cost. 9 63 7 49 7 49 7 49 
Estimation cost saving. 2 16 6 48 4 32 7 56 

Total 80 537 94 627 97 637 95 635 
  54%  63%  64%  64% 

 

Criteria 
Option  

D* 
Score Option 

 E* 
Score Option  

F* 
Score Option  

G* 
Score Option 

H* 
Score 100% 

scores 
   

Health and Safety Risk 7 63 7 63 8 72 8 72 8 72 90    
Quality Risk 7 63 7 63 8 72 8 72 8 72 90    
Movements 9 54 7 42 8 48 8 48 7 42 60    
Covered distances 9 54 6 36 10 60 8 48 7 42 60    
Production Lead Time 5 35 7 49 10 70 9 63 7 49 70    
Flexibility 6 30 6 30 6 30 6 30 5 25 50    
Waiting time (waste, 
hand off) 

10 60 8 48 7 42 7 42 6 36 60    

Infrastructures (cranes) 6 36 7 42 6 36 5 30 6 36 60    
Impact on others 5 25 7 35 6 30 6 30 7 35 50    
Erognomy 8 48 7 42 9 54 9 54 8 48 60    
Material Flow 6 42 5 35 6 42 8 56 5 35 70    
Teamwork 7 35 6 30 6 30 7 35 7 35 50    
Impact on CPI 5 35 7 49 3 21 3 21 4 28 70    
Investment cost. 6 42 6 42 4 28 5 35 6 42 70    
Estimation cost saving. 5 40 8 64 10 80 9 72 8 64 80    

Total  662  670  715  708  661 990    

  67%  68%  72%  72%  67%     
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Figure 8: Spaghetti diagram of final solution 

Thus, the final solution proposed involves significant 
improvements in the plant layout without any changes in 
manufacturing operations: 

� Increasing in workflows in "towards flow" 
configuration (37 in "towards flow", while 12 in 
"against flow"); 

� Increasing production capacity,  

� Increasing investment, human and 
environmental safety. 

� Reduction in handoff by 60%; 

� Reduction in covered distances for semi-finished 
products by 67%. 

Table 8: Final solution input and output. 
 Tot 
 Input Output 
Carp 1 4 
Mach. 4 5 
Stell. App. 1 1 
Cladding 0 0 
Sandblast. 2 2 
Refr. Appl. 2 2 
Heat treatm. 2 2 
Mech. Ass. 4 0 

Final solution leads to a reduction in Production Lead 
Time of about 2% for each Trim Pack produced while a 
potential cost saving of 60000 €/year is achieved 
depending on the annual Trim Pack production. Due to 
company confidentiality policy, the economic analysis 
cannot be reported. 

 

4.Conclusion 

This work concerns the analysis and the optimization of 
the production line relating to valve's spare part for 
petrochemical applications using the Value-Stream 
Mapping methodology. A considerable scientific interest 
of this topic emerges due to strategic and technological 
importance of the petrochemical industrial sector strongly 
characterized by custom production processes. Indeed, 
Lean techniques are usually implemented in companies 
characterized by mass-customization production leading 
great benefits when standardize routes in production exist. 
In this context, this study aims to determine that an 

accurate and proper analysis using Lean tools, leads to 
significant improvements also for companies based on 
complete operational flexibility in production. The 
assessment of improvement aiming at minimizing waste 
and increasing the efficiency of the processes to create 
value is carried out by comparing current state and future 
states. In particular, the proposed scenario leads to a 
reduction in covered distances for handling of semi-
finished products of 67% and a reduction in material and 
information hand-off of about 60%. Finally, Production 
Lead Time decreases of about 2% referring to each Trim 
Pack produced with a consequent potential cost saving of  
60000 €/year depending on the annual production. 
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