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Abstract—The rapid development of the industry has increased plastic production to meet market
demand, which has led to a rise in plastic waste volume. One way to reduce plastic waste is by processing it
into plastic pellets. CV. XYZ is a company that produces plastic pellets from PP, PS, and PE waste in Gresik,
East Java. In its production process, the company faces issues such as high lead times of 990 minutes and
non-standard product quality, including defects like clumping, cutting failures, and broken plastic pellets.
This study aims to reduce waste and minimize lead time by applying the lean six sigma method with a
DMAIC and FMEA approach. Three dominant types of waste were identified: inventory, defects, and
transportation. The implementation of improvement proposals successfully reduced lead time from 990
minutes to 780 minutes. The average sigma level was recorded at 3.14 with a DPMO of 50009, which falls
into the good category for the average industry in Indonesia. Recommendations include demand forecasting,
operator training, supplier selection, improving raw material quality, material handling, and utilizing
conveyors in certain areas while minimizing non-value-added activities. Through the design of process
activity mapping and big picture mapping, the efficiency of plastic pellet production can increase from
50.51% to 64.10%.
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I. INTRODUCTION

In the current era of industrial revolution, effectiveness and efficiency in the
production process have become very crucial aspects to be optimized by the company [1].
The utilization of resources must be carefully calculated so that it can run well and
smoothly. In recent years, the amount of plastic waste in Indonesia has continued to
increase along with the increasing population, industrial growth and high public
consumption [2]. According to data from the National Waste Management Information
System (SIPSN), Indonesia produced 13.08 million tons of plastic waste in 2023. If this
condition is left without the right solution, it can cause environmental pollution and will
be bad in the future. One way to be able to control the amount of plastic waste that is
wasted is to process it into plastic pellets to be reused [3].

CV. XYZ located in Gresik, East Java, is a company specializing in the production of
plastic pellets using plastic waste materials such as PS, PP, and PE. With a production
capacity of up to 2 tons per day. However, it faces several challenges in its production
process. These include transportation such as workers manually transporting plastic
materials multiple times, inventory of raw materials and additives that risk material
degradation and expiration, and motion manual movements like climbing and handing
materials to others near the machine funnel. Additionally, there are waiting in packaging
due to idle time waiting for silos to fill and machine setup during productive hours. Over-
processing occurs when defective products are reworked through the extrusion machine,
and manufacturing defects such as clumping, cutting failures, and broken pellets further
hinder production. The company also struggles with a lead time of 990 minutes to meet
its production targets. One method that is suitable for the problems that exist in the
company to reduce waste, minimize defects, and shorten the lead time is Lean six sigma.
Lean Six Sigma is a data-driven approach designed to enhance business processes,
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increase shareholder on customer satisfaction, quality, cost reduction, time efficiency,
and process speed. [4]. Lean six sigma is used because the concept of improvement is
structured and has a continuous control process. So that it is right as a solution to reduce
non-value-added activities and make continuous improvement both in terms of
production processes and quality [5]. To reduce waste, it is necessary to identify and
propose improvements that can be implemented. One approach used is Failure Mode
Effect Analysis (FMEA), which aims to analyze risks, prevent failures, and manage major
risks. FMEA reduces the frequency and impact of failures by assigning a Risk Priority
Number (RPN) based on the severity, likelihood of occurrence, and detectability of the
risk [6].

Previous research on waste elimination in the production process was conducted by
Hafizh and Prabowo in 2023. This research examines the production process of mosquito
coils, employing the Lean Six Sigma methodology through the DMAIC framework.
Tools such as Value Stream Mapping and Process Activity Mapping (PAM) are utilized,
with improvement recommendations provided using Failure Mode Effect Analysis
(FMEA) [7]. Similarly, a 2023 study by Candra et al. focused on the production process
of the RR K12 cover handle, also applying the DMAIC approach. Their research
incorporated fishbone diagrams and fault tree analysis for problem identification,
alongside proposing improvements through FMEA. Both studies highlight the application
of Lean Six Sigma principles to enhance production processes and address inefficiencies
[8]. Furthermore, Karuna et al in 2023 conducted research on the copper wire production
process using lean six sigma with sipoc diagrams, value stream mapping, and
improvement recommendations using 5w + 1h and FMEA [9]. This research focuses on
identifying and minimizing waste in the plastic pellet production process at CV. XYZ,
while proposing improvement strategies using the Failure Mode Effect Analysis (FMEA)
method. The study aims to provide the company with significant benefits by reducing
waste, enhancing production efficiency, and ensuring more optimal utilization of
resources to prevent unnecessary waste.

Il. LITERATURE REVIEW
A. Lean

Lean is a way of managing an organization that supports the principle of continuous
improvement. Its focus is on getting rid of anything that is not seen as creating more
value for customers, with the goal of increasing efficiency and effectiveness of operations
[10]. Lean is used to improve the efficiency of the production process in order to increase
customer value. In analysis, the production process is generally divided into three types of
activities [11]. Value added (VA), which are activities that add value to products or
services; non-value added (NVA), which are activities that do not add value; and
necessary non-value added (NNVA), which are activities without added value but are still
needed in the production process [12].

Lean waste, which was originally developed by Taiichi Ohno as the core of the Toyota
production system, is categorized into 7 types. [13]. First is transportation, which is the
activity of moving materials or semi-finished goods between workstations that do not add
value to the product. Second is inventory, which is an excessive supply of materials that
requires large storage space. The third is movement, which is unnecessary and non-value-
added operator movements. Fourth, waiting, which is the time lag between processes that
prevent operators from performing. Fifth, overproduction, which is producing more than
needed or ahead of schedule, leads to stock buildup. Sixth, overprocessing, which is the
use of non-optimal work methods or sequences, can increase the risk of product damage.
Lastly, defects, which are products that do not meet specifications or are damaged,
require rework [14].
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B. Six Sigma

Six Sigma is a method to eliminate defective products and waste so as to achieve
customer desires. Six sigma can build a framework for production process improvement.
Six sigma uses statistical tools in improving the process [15]. Six sigma performance is a
statistical terminology on a process that produces less than 3.4 defects or errors per one
million opportunities for defects. The highest Six sigma standard at a value of 3.4 defects
is a response to increasing customer expectations and the complexity of products and
processes in today's modern era. Six sigma has six levels where the higher the value, the
better the quality of the company. Despite its “complicated” name, Six Sigma uses well-
known quality control and improvement tools. By implementing Six sigma in the
company, the company can understand the threats that exist and know new opportunities
to be utilized for the company's growth so that the company can survive and thrive in the
midst of competitive competition [16].

The Define stage involves describing all process activities in each production line
through a current stream map, identifying the relationship between waste that occurs, and
defining the number of Critical to Quality (CTQ) values to help measure the Defects Per
Million Opportunities (DPMO) value [17]. In the Measure stage, the proportion of
defective products is evaluated to determine if they are within acceptable limits. This
stage aims to validate problems, analyze issues from existing data, and measure current
performance through DPMO calculations based on CTQ values. The goal of Six Sigma is
to achieve a process capability of 3.4 DPMO, signifying defects per one million
opportunities. The Analyze stage focuses on identifying the root causes of problems,
prioritizing solutions, and understanding the impact of process failures on customers.
During the Improve stage, corrective actions are planned and implemented to enhance
quality, often using tools like the Kaizen five checklist. The Control stage ensures that the
implemented improvements are sustained through monitoring and supervision. [18].

C. Lean Six Sigma

Lean Six Sigma is a widely adopted business improvement methodology utilized
across various industrial sectors. It combines the principles of Lean and Six Sigma to
enhance profitability by optimizing resources and improving customer satisfaction.
Initially introduced as an evolution of Six Sigma in 2003, LSS has gained significant
popularity and is now applied in numerous industries to enhance process capability,
maximize value, and boost customer satisfaction. When implemented effectively, LSS
can lead to reduced production costs, improved output quality, and positive impacts on
the financial performance of an organization [19].

D. Big Picture Mapping

The production system/process flow is described using big picture mapping, along with
the value stream that gives a summary of the information and physical flow of the current
system, pinpoints waste locations, and explains the lead time needed based on the
specifics of each process that takes place [20]. Big picture mapping is a tool whose
function is to describe the overall system and value stream that arises in the company. Big
picture mapping maps the process at the highest level which covers the process broadly
but with a low level of detail [21].

E. Failure Mode Effect Abalysis (FMEA)

FMEA is a risk assessment technique employed to identify, minimize, or eliminate
risks across a company's design, production, and service processes. The main goal is to
predict potential risks and implement preventive actions, thereby improving the
company's competitiveness. Minimizing risks reduces failure costs while improving
quality and reliability, ensuring products meet customer needs. By analyzing potential
failures from the design phase, identifying causes and effects, and implementing
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corrective actions, FMEA helps improve product quality, customer satisfaction, and work
safety. Ultimately, it supports quality improvement, development, and increased
competitiveness [22]. Another purpose of conducting FMEA analysis is to identify faults
or failures that may negatively affect the operation of the system and minimize their
impact, respond satisfactorily to customer requests, determine the impact and likelihood
of weak aspects of the system to improve safety and reliability and make continuous
system improvements [23].

I1l. METHODOLOGY

In this research, the dependent variable used is the level of waste in the production
process of plastic pellets. The independent variables in this research are seven waste,
which are transportation, inventory, motion, waiting, overproduction, overprocessing, and
defects.

The data used in this research was gathered from both primary and secondary
sources, employing methods such as observation, interviews, literature reviews, and
documentation. The collected data was then analyzed using the Six Sigma methodology,
specifically following the Define, Measure, Analyze, Improve, and Control (DMAIC).
Below are the stages and tools applied in the research process :

1) Define
This stage is carried out to observe and define the existing conditions of the company.
Describing with a process map of production which includes an information flow map
and a physical flow map packaged in a big picture mapping tool.

2) Measure
In the measure stage, the production process is thoroughly mapped by analyzing
collected data to differentiate between value-adding and non-value-adding activities.
Key metrics are calculated, including PCE for production efficiency, DPMO for defect
frequency per million opportunities, and Sigma Levels for assessing the process's
ability to produce defect-free products. These metrics provide valuable insights into
process performance and areas for improvement.

3) Analyze
This stage analyzes the mapped details to identify the dominant types of waste in the
production process. It then examines the causes of waste and factors influencing
production using Pareto and fishbone diagrams. Additionally, process capability is
assessed to determine the process's ability before implementing further improvements.

4) Improvement
At this stage, researchers recommend improvements to address waste caused by
production process failures using Failure Mode and Effects Analysis (FMEA).
Additionally, improvement proposals are presented through future big picture
mapping with reduced lead time.

IV. RESULT AND DISCUSSION
A. Define

Physical flow is a flow of physical materials starting from the arrival of raw materials
from suppliers to finished goods in the form of plastic pellets ready to be distributed to
customers. The stages of the plastic seed production process can be seen as follows :

Production [Preheating] Blending Melting [Ekstrusion|
Preparation Process Process | Process Process

l

. 7 Packing Cutting Cooling
OVERIOTY (et 1y oSS Process —

Supplier —|

Process

Figure 1 Plastic Pellets Production Flow
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From Figure 1, it can be seen that the process begins with the receipt of materials from
suppliers then, production prep, blending, melting, extrusion, cooling, cutting, and
packing.

110 min

Figure 2 Big Picture Mapping Plastic Pellets Production Process

Figure 2 illustrates that the total lead time is 990 minutes, which consists of 500
minutes for value-added activities, 370 minutes for non-value-added but necessary
activities, and 120 minutes for non-value-added activities.

Additionally, the questionnaire distributed within the company provided data on the
common types of waste in the plastic pellet production process, with the waste weighting
detailed in the table 1.

Table 1 Waste Identification

No Type of Waste Scor
1 Overproduction 2,3
2 Waiting 2,7
3 Transportation 3,3
4 Overprocessing 3,0
5 Inventory 3,7
6 Motion 2,5
7 Defect 3,5

The three highest-scoring wastes identified are inventory waste (3.7), defects waste
(3.5), and transportation waste (3.3), as detailed in Table 1. Inventory waste arises from
inefficient material management, driven by factors such as the lack of demand
forecasting, imbalances in material flow, and the practice of ordering materials
excessively to capitalize on discounts. Defects waste stems from production errors, poor
raw material supplier selection, operator mistakes, and material quality degradation due to
prolonged storage. Transportation waste occurs because materials are still moved
manually during production, leading to inefficiencies in time and labor, as well as
increased risks of delays and errors in the production process.

B. Measure

at this stage DPO and DPMO will be calculated. DPMO will be converted into sigma
value, and PCE will be calculated to evaluate the overall efficiency of the plastic pellet
production process.

Table 2 Plastic Pelet Data Production 12 Period

. . Defects
— ORI IINIERGG) Clumping Cutting Fail  Broken
Dec-2023 47670 3337 2386 1430
Jan-2024 48660 3651 1947 1460
Feb-2024 45330 3174 2720 1361
Mar-2024 44730 2684 2684 1342
Apr-2024 46340 3246 1390 1854
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May-2024 52260 3659 2352 2090
Jun-2024 53280 4262 1598 2131
. . Defects

Period Production Total (Kg) Clumping _Cutting Fail _Broken
Jul-2024 50460 3534 2018 2270
Aug-2024 45660 3197 1142 1826
Sep-2024 51660 3617 2066 1808
Nov-2024 52140 3652 2607 2086

Total 588380 41528 25170 21666

1) Calculation of DPO, DPMO, and Sigma Level

Furthermore, the calculation of DPO, DPMO, and sigma level values in the plastic
pellet production process in each period is carried out to determine the chances of defects
appearing on a million occasions. The calculation results can be concluded that the sigma
value obtained shows that the company is good enough in handling the quality that arises
during the production process. From the calculation, DPO, DPMO values, and sigma
levels for 12 periods from December 2023 - November 2024 can be seen in the table 3.

Table 3 DPO, DPMO, and Sigma Level

Period Production Total (Kg) | Defects Total (Kg) | CTQ DPO DPMO | Sigma Level
Dec-2023 47670 7153 3 0,050017 | 50017 3,14
Jan-2024 48660 7058 3 0,048349 | 48349 3,16
Feb-2024 45330 7255 3 0,053350 | 53350 3,11
Mar-2024 44730 6710 3 0,050004 | 50004 3,14
Apr-2024 46340 6490 3 0,046684 | 46684 3,18
May-2024 52260 8101 3 0,051671 | 51671 3,12
Jun-2024 53280 7991 3 0,049994 | 49994 3,14
Jul-2024 50460 7822 3 0,051671 | 51671 3,12
Aug-2024 45660 6165 3 0,045007 | 45007 3,19
Sep-2024 51660 7491 3 0,048335 | 48335 3,16
Nov-2024 52140 8345 3 0,053350 | 53350 3,11
Dec-2023 47670 7783 3 0,051690 | 51690 3,12

Average 0,050009 | 50009 3,14

Based on the table 3 of the above calculations and the sigma conversion table, CV.
XYZ is at level 3.14 sigma or can be said to be at level 3 sigma with an average DPMO
value of 50009 for every 1,000,000 productions made by CV. XYZ. Based on this
explanation, it can be said that the company still does not meet the target, towards the
Indonesian company standard. Therefore, improvements are needed by analyze the
factors that cause defects to occur so that the company's sigma value can approach the
standard value set by Six Sigma.

2) Calculation of Process Cycle Efficiency (PCE) Value

Table 4 Classification of Plastic Pellet Production Process Activities

. Time Activity Type

N (IS (Minutes) VA NNVA NVA
1 Raw material receiving 15 v
2 Raw material inspection 20 v
3 Raw material weighing 15 v
4 Manual recording of raw materials 20 v
5 Entering data into the computer of raw materials that have 10 v

been received.
6 Raw material storage 10 v
7 Arrangement of raw materials 20 v
8 Delivering materials to the machine area 20 v
9 Cleaning the machine area 20 v
10 Inspection of the machine area 15 v
11 Machine setup 110 v
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12 Waiting for the machine to be ready 40 v
13 Pouring PP plastic waste and_coloring materials into the 60 v
machine
. Time Activity Type
A (UL (Minutes) VA NNVA NVA
14 Inspection of material not bottlenecking in the machine 5 v
funnel
15 Material mixing process 45 v
The process of melting plastic waste and coloring into a
16 40 v
homogeneous melt
17 Inspection of the color of the melt 5 v
18 Extrusion process into plastic melt 30 v
19 Inspection of melt quality 15 v
20 Withdrawal of plastic melt to cooling bath 30 v
21 Cooling of plastic strands 30 v
22 Quality inspection of strands after cooling 10 v
23 Collection of lumpy defect strands 10 v
24 Sort defect products 15 v
25 Putting processable defect strands into the machine 30 v
26 Putting unprocessable defects into the defect special bin 10 v
27 Cutting plastic strands into plastic pellets pellets 35 v
28 Inspecting the results of cutting strands 15 v
29 Collecting defect strands into the defect bin 10 v
30 Inspection of plastic pelletss 15 v
31 Collecting broken plastic pellets defects into the defect bin 15 v
Putting the good plastic pellets into the bin connected to the
32 : 30 v
silo and blower.
33 Waiting for the silo to fill and preparing sacks 20 v
34 Filling the sacks 30 v
35 Stitching the sacks 30 v
36 Inspection of sacks 10 v
37 Lifting the sacks to the storage area 25 v
38 Arranging the sacks to the storage area 25 v
39 Recording production results manually 60 v
40 Entering production data into computer by administration 20 v
staff
Total 990 12 25 3

The process cycle efficiency (PCE) calculation is as follows:

Value Added 500

PCE= x100% = %x100 =50,51%

lead time

Based on the Process Cycle Efficiency (PCE) value of 50.31%, the plastic pellets

production process is still inefficient, indicating the need for improvements in the
production process.

C.

Analyze
At the analyze stage, an analysis will be carried out regarding the level of waste that

occurs and the effect of negative impacts on the company. From this analysis, effective
and efficient improvement proposals can be determined to eliminate existing waste.

1)

a)

Identify Cause of Waste

In the plastic pellet production seven types of waste can be identified :

Inventory waste occurs due to an imbalance between the materials being processed
and those entering storage. Additionally, the company's tendency to order in larger
quantities to take advantage of discounts leads to material accumulation. The absence
of an inventory control system and proper monitoring of materials and products
exacerbates the situation, resulting in excessive material buildup that occupies space
without adding value.
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b) Defects occur when the production of plastic pellets does not meet the company's
established specification standards. These defects stem from processes that deviate
from the company's work standards, poor material quality composition, and errors in
machine settings.

¢) Transportation waste occurs because the flow of materials from storage to the
machines is still done manually and happens during each production cycle. This issue
arises due to insufficient material handling systems and a suboptimal company layout.

d) Overprocessing waste occurs when production failures lead to defective products.
These defective products are reprocessed and reintroduced into the operating
machines. This rework is considered wasteful because the products that should have
been produced according to the amount of raw material are not achieved, requiring
additional processing time.

e) Waiting waste occurs because packaging operators wait for the silo to be filled before
they can begin the packaging process. Additionally, operators also wait for the
machine setup to be completed and ready for use.

f) Motion waste occurs because operators engage in non-value-added activities during
the plastic pellet production process. These activities are repetitive, such as manually
placing materials into the machine hopper, recording data manually, and then
transferring it to a computer.

g) Overproduction waste is rare because the company does not experience
overproduction or stockpile products for long periods. In fact, the company sometimes
struggles to meet its daily production targets.

2) Pareto Diagram

Pareto Diagram Defect Product
45000 41528 120,00%

40000
100% 100,00%
35000
25170
30000 80,00%
25000 N 21666 0.00%
20000 75,48% e
o 47,00%

15000 40,00%

10000
20,00%

5000

0 0,00%

Clumping Cutting Failure Broken Plastic Pellet

N Precentage Cumulative Precentage

Figure 3 Pareto Diagram Defect Product

The Pareto diagram analyzes product defects, highlighting three main categories:
clumping, cutting failure, and broken plastic pellets. Clumping has the highest frequency,
with 41,528 cases (47% of total defects), followed by cutting failure with 25,170 cases.
Together, these two categories account for 75.48% of total defects. Broken plastic pellets,
with 21,666 cases, make up the remaining 24.52%. According to the Pareto Principle,
most issues stem from clumping and cutting failures, making them the top priorities for
improvement. Addressing these will significantly reduce overall defects, after which
efforts can focus on broken plastic pellets to enhance product quality further.

3) Fishbone Diagram

Environment Machine
] ene

The room temperature is
too hot

Clumping f::ll'nlxlrli
Defect ; E : :
Rusl The cooling pr
hand mater e performed 1o Kl
Man Method
a.Fishbone Diagram Clumping Defect b. Fishbone Diagram Cutting Fail
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The quality of the plastic waste

is poor.
_—

taking too long to feed
materials into the cutting The material mixture
machine. composition i f
yposition is incorrect. Broken
Plastic
Pellets

The cutting machine's REM Taking too long in the
setting is too high. cooling process

c. Fishbone Diagram of Broken
Figure 4. Fishbone Diagram

The causal diagram in figure 4.a analysis of clumping defects identifies three factors:
material, machine, and human. Material issues arise from mixing plastic waste with iron
grams, which block extrusion filter holes, causing clumps. Machine-related causes
include damaged extrusion filters, leading to uneven melts. Human factors involve
operators neglecting detailed cleaning and periodic checks, disrupting the extrusion
process.

The causal diagram in figure 4.b analysis of cutting failure defects identifies four
factors: machine, environment, method, and human. Machine issues include worn blades
that fail to cut pellets properly and a weakened dynamo reducing cutting speed.
Environmental causes involve excessively high room temperatures. Method-related issues
arise from a cooling process that is too fast, leaving plastic strands insufficiently
hardened. Human factors involve operators misjudging the hardening time and inserting
strands into the cutting machine prematurely.

The causal diagram in figure 4.c analysis of broken plastic pellet defects identifies
four factors: material, human, method, and machine. Material issues stem from poor-
quality plastic waste and improper mixture composition in the machine. Human factors
include delays in inserting plastic strands into the cutting machine, causing breakage.
Method-related causes involve extended cooling times, making strands too hard and
brittle. Machine issues arise from improper settings, leading to overly fast cuts that cause
the strands to break.

4) Supply Chain Response Matrix

Cumulatif Inventory
N = 3,18 Days

Storage of Finish Goods
1,07

Production Process (WIP)
L1

Raw Material

Cumularif Lead
Storage

Time = 14,92 Days

14 14,5 14,667

Figure 5. Supply Chain Response Matrix

In addition from figure 5 can be seen that the cumulative lead time value is 14.92
days. While the value of cumulative days of physical stock is 3.18 days. So the total
supply chain response time in the plastic pellets production process is 18.1 days. Days
physical stock is the average per day of the length of time the material is in the process.
The greater the value of days physical stock, the longer the accumulation of inventory
throughout the process. The largest days of physical stock occur in raw material storage.
This is due to the imbalance between the amount of incoming material and the material
that will be processed into plastic pellets. This imbalance occurs because, in the material
procurement process, the company always overstocks in buying materials, causing raw
materials to accumulate in storage for a long time.
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D. Improvement
1)  Failure Mode Effect Analysis (FMEA)

Table 5 Failure Mode Effect Analysis For Improvement Stages

Potentia

Potential

| Failure  Effect of SBRUBI ol Occurance G Detection RPN
Mode Failure Y Cause Control
Create
Incomplete cleaning
lumpy cleaning 8 checklist, 8 512
plastic periodic
have . Check the
- Extrusion .
irregular sieve in a machine
Clumpin shapes, 7 before 5 280
8 state of .
g Defect poor di - starting
isrepair :
texture, production
and the Inspect
produci)t Iron gram before
cannot be ;
cut. contaminate 6 r:z);tigrlig?s 5 240
d material into the
machine
Low engine Monitor
RPM due to cutting
lack of 5 machine 5 175
The power power.
plastic :
strands Cutting Schedule
are not blade is 8 maintenance 6 336
completel worn and checks
. y C”t_?l”,d Too fast Follow
Cutting  are still in 7 cooling 5 established 5 175
Failures t?? forn:j process SOPs.
ot Jagge Address
strands, Room electrical
making temperature 6 6 252
. voltage
them is too hot -
issues.
unsellable
In a hurry to Inspect
insert into strands
the cutting 5 before 6 210
machine cutting.
Poor quality ;FJghlt;eerlr
of plastic 6 PRl 8 384
Waste selection
Broken process.
plastic .
pellets are M?Yt]?;'al Develop
smaller in . 7 materials and 4 224
Broken - composition
: size and . . dyes.
Plastic 8 is not right
Pellets have
brittle Too long Follow the
properties cooling 5 SOP that has 5 200
that affect process been set
quality. Cutting Control
machine cutting
RPM is too 4 machine 4 128
fast mode.
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Potentia  Potential

| Failure  Effect of SIS okl Occurance Sl et Detection RPN
; y Cause Control
Mode Failure
Too long in Check
feeding into 5 texture and 5 200
the cutting temperature
machine of strands.

The RPN calculation results in Table 5 indicate that the three highest-ranking issues
are clumping defects, cutting failure defects, and broken plastic pellets.. The highest RPN
on clumping defects has a value of 512 with the cause of cleaning is not thorough and
detailed and recommendations create a checklist of areas that must be cleaned and carried
out periodically. The second highest RPN on the defect of broken plastic pelletss has a
value of 384 with the cause of poor quality raw materials and recommendations for
improvement in the form of a strict selection of suppliers and providing feedback report
cards to suppliers. The third highest RPN on the defect of failed cutting has a value of
336 with the cause of blade wear and improvement recommendations in the form of
scheduling and maintenance of machine part changes.

2)  Future Big Picture Mapping

0 0 0 0 0 0
85 min [—‘ 145 min I—] 110 min ’—| 45 min 35 min ’—| 130 min ’—| 105 min
Figure 6. Proposals Big Picture Mapping

From the proposals big picture mapping, it can be seen that after processing the data
using lean six sigma, the lead time for plastic pellet production has improved. It reduced
from 990 minutes to 780 minutes, showing a decrease that can be calculated using the
formula.:

%Enhance = %mm% —=21,2%

Based on the efficiency percentage increase calculation, the result was 21.2%. The
proposed Process Cycle Efficiency (PCE) value can then be determined using the
following formula :

Value Added 500

PCE = x100% = %x100% = 64,10%

lead time

So the percentage value of efficiency in the plastic pellets production process has
increased from 50.51% to 64.10%.

V. CONCLUSION

Based on the results and discussion chapter, the following conclusions can be drawn
from this research. The results of waste identification show three dominant types of
waste, namely waste in storage in the form of material accumulation which results in
narrow space for movement, reduces the quality of raw materials, and has the potential to
become deadstock. Defective waste in the form of products produced that do not meet

©Asosiasi Prakarsa Indonesia Cerdas (APIC)
123



M.H Aziz and D. Ernawati. / Jurnal Sistem Cerdas (2025) Vol 08- No 01 elSSN : 2622-8254 Hal : 113 - 126

company standards and have an impact on the company's reputation and customer
confidence in the company. Transportation waste is in the form of material movements
that are carried out manually and repeatedly. Lead time, which initially amounted to 990
minutes, was successfully reduced to 780 minutes through a reduction in the form of
delay activities of 120 minutes and a reduction in time on important but non-value-added
activities of 90 minutes. Also obtained is a DPMO value of 50009 with a sigma level of
3.14.

Proposed improvements to reduce the level of waste were carried out through FMEA
analysis, which resulted in recommendations for improvements to minimize waste and
defects. For waste of inventory with the highest weight, it is recommended to do demand
forecasting and evaluate the production process. For waste of defect, it is recommended
to conduct training for operators, supplier selection, and maintain the quality of raw
materials so that it does not decrease. For waste of transportation, it is recommended to
provide material handling to operators and start using conveyors for certain parts.
Furthermore, the highest RPN on clumping defects has a value of 512 with the cause of
cleaning is not thorough and detailed and recommendations create a checklist of areas
that must be cleaned and carried out periodically. The second highest RPN on the defect
of broken plastic pelletss has a value of 384 with the cause of poor quality raw materials
and recommendations for improvement in the form of a strict selection of suppliers and
providing feedback report cards to suppliers. The third highest RPN on the defect of
failed cutting has a value of 336 with the cause of blade wear and improvement
recommendations in the form of scheduling and maintenance of machine part changes.
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