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Preface

We are delighted to present the proceedings of the fourth edition of the 6th Inter
tional Manufacturing Engineering Conference and the 7th Asia-Pacific Conference
on Manufacturing System (iIMEC-APCOMS 2024), hosted by Universiti Malaysia
Pahang Al-Sultan Abdullah through its Faculty of Manufacturing and Mecha-
tronic Engineering Technology. Held on September 11 and 12, 2024, the confe
ence embraced the theme of “Sustainable Development Goals through Innovative
Manufacturing Engineering.”

IMEC-APCOMS 2024 has attracted a remarkable 99 submissions, all of which
underwent a rigorous single-blind review process. Based on the recommendation
of our dedicated reviewers, 44 papers were selected for publication in Volume 1
the conference proceedings. We are immensely grateful to all contributing author
whose research has added great value to this collection. Each paper in this volt
was thoughtfully evaluated by our esteemed technical review committee, comprisec
of leading experts in manufacturing engineering.

The conference served as a vibrant forum for the exchange of pioneering ideas
insights, highlighted by keynote presentations from distinguished speakers, including
Prof. Ir. Dr. Nik Mohd Zuki Nik Mohamed (Universiti Malaysia Pahang Al-Sultan
Abdullah, Malaysia), Prof. Dr. Cucuk Nur Rosyidi (Universitas Sebelas Maret,
Indonesia), and Prof. Dr. Ir. Anas Ma'ruf (Institut Teknologi Bandung, Indonesia).

In closing, we hope that readers find this volume insightful and enriching. Ou
sincere appreciation goes to Springer Lecture Notes of Mechanical Engineering fo
their invaluable support in bringing this publication to life. Additionally, we extend
our heartfelt thanks to the conference organizers and the dedicated members
the Conference Committee, whose tireless efforts made IMEC-APCOMS 2024 a
resounding success.

Pekan, Malaysia Siti Nadiah Mohd Saffe
Pekan, Malaysia Siti Zubaidah Ismalil
Surakarta, Indonesia Cucuk Nur Rosyidi

London, UK Mohammad Osman Tokhi



Contents

Enhancing Machining Efficiency: Exploring the Optimal MQL
Parameters for Turning AA6061-T6 with the Taguchi Method ... ... 1
M. U. Shah Buddin, Wahaizad Safiei, and A. Musfirah

The Support Vector Regression Method with the Grid Search
Algorithm in Forecasting Sales of Milk Product.................... 11
Nailah Khalishah Auliyaanisa, Rina Fitriana, and Elfira Febriani Harahap

Knowledge Management Strategic and Implementations

for Sustainable Tourism Industry: Evaluating Stakeholder

Engagement and Organizational Performance Using

an Interpretative Structural Modélling (ISM)....................... 25
Ibnu Zulkarnain, Augustina Asih Rumanti, Yudha Prambudia,
MohammadMi'radj Isnaini, and Artamevia Salsabila Rizaldi

An Aggregate Production Planning Model Under Carbon Trading
Constraints for Sustainable Operations. ............ ... .cooviinn... 37
Dwi Kurniawan, Shunichi Ohmori, Qian Huang, and Alex J. Ruiz Torres

Supersonic Separator Nozzlee A Review...............covvviivonn.. 51
Deevikthiran Jeevaraj, Mohd Fadzil Ali Ahmad, Nurul M. Suhaimi,
Ibnu Kasir Ahmad Nadzri, and R. N. Syafiq

Prioritized Performance of Circular Economy in Batik SMEs
Performance: Interpretive Structural Modeling Approach............ 61
Dana Azizah Rahmat, Augustina Asih Rumanti,

MuhammadAlmaududi Pulungan, and Mia Amelia

Effect of Correlated Color Temperature on Human Attention

as a Measure of Power Spectral Density Using EEG............... 71
Rahmaniyah Dwi Astuti, Ainun Rahmansyah Gaffar,

Pringgo Widyo Laksono, and Muhammad Syaiful Amri bin Suhaimi

Vii



viii Contents

Design of Printing Tools for Food Packaging Made from Rice Husk
Using the Quality Function Deployment Method.................... 83
Rianita Puspa Sari, Deri Teguh Santoso, Kori Hasanah,

Deviana Nauli Bernadeta, and Dewi Ayuningtyas

Process Signature in Machining of 316L Stainless Steel Under Dry
and Flood Condition. .. .........ui i e 95
Nur Cholis and Ahmad Razlan Yusoff

Human Cyber Physical System in Manufacturing 4.0:

An Application for Intelligent SCADA-Based Manufacturing........ 103
Engelbert Harsandi Erik Suryadarma, Pringgo Widyo Laksono,

llham Priadythama, and Lobes Herdiman

A Hybridized Artificial Bee Colony and Electric Eel Foraging
Algorithm for Constrained Engineering Problem.................... 115
Wei Wen Lee, Mohd Ruzaini bin Hashim, and Chin Kim Gan

Enhancing Experiential Learning in Manufacturing Engineering
Technology Courses: A Case Study of TVET Education in Malaysia
Technical University Network (MTUN) ........ ... ... 127
Kartina Johan, Noraini Mohd Razali, and Faiz Mohd Turan

Classification of Anabas testudineus and Oreochromis niloticus

UsSing Deep Learning .. ....oouuuui e 139
Amir Fakarullsrog Abdul Razak, Muhammad Nur Aiman Shapiee,
Mohd Izzat Mohd Rahman, Nur Aliya Syahirah Badrol Hisam,
Muhammad Amirul Abdullah, and Mohd Azraai Mohd Razman

Enhancing Performance of Batik SMEs through Cleaner

Production Adoption: Insights from Clustering Algorithm Analysis.. 151
Fandi Achmad, lbnu Zulkarnain, Augustina Asih Rumanti,

Iwan Inrawan Wiratmadja, and Shuhaida Mohamed Shuhidan

A Multi-echelon Fish Supply Chain Model with Waste Recycling... 165
llham Fairuzaman, Wakhid Ahmad Jauhari, and Cucuk Nur Rosyidi

Effect of Hybrid Coconut Oil-Based Nanocoolant on Surface
Roughness of AA6061-T6 in Turning Process. ...................... 177
A. M. A. A. Ali, Wahaizad Safiei, and M. U. Shauddin

Optimization of Spot Welding on Vitroperm 500F TL1 (VP 500F)
via Taguchi Method. .. ... e 191
Elora Sofea Zuraiman, H. Mas Ayu, Juliawati Alias, and Rosdi Daud

The Effect of Nanoparticles Addition in Modified Palm Oil-Based
Lubricant on Tribological Properties..............ccoiiiiiiinennn... 201
Abdullah Ariff Ariffin Othman, Norfazillah Talib,

Ainaa Mardhiah Sabri, Sandip Kunar, Amiril Sahab Abdul Sani,
Haslina Abdullah, Aslinda Saleh, and Said Ahmad



Contents ix

Cutting Force Analysis for Orthogonal Cutting Operation Using
Nano-Biobased Metalworking Fluid. .......... ... . ... .. ... .. ... ... 209
Zubaidah Zamri, Amiril Sahab Abdul Sani, Shahandzir Baharom,

and Norfazillah Talib

Implementation of Value Stream Mapping Techniques
in Improving the Performance of Service Industry.................. 219
Agha Khilfi Suarno, Norazlianie Sazali, and Afdhal Junaidi

Effect of Multiple Passes and Overlap Rate Parameters in Waterjet
Cleaning for Paint Removal Using RSM. ........................... 233
Mohd Nazir Mat Nawi, Hafiz Husin, M. A. Gebremariam,
Kushendarsyah Saptaji, and Azmir Azhari

Energy Consumption Optimization on Aluminum 6061 Curve
Cutting Using 5-Axis CNC Machine. ........... ..., 245
Najmuddin Yahya, Hariyanto Gunawan, and Muhammad Akbar

Prediction of Injection Product Weight and Energy Consumption
Based on Transfer Learning .............uiiiiiiiiinieinnaann... 255
Devic Oktora, Wen-Ren Jong, Yu-Hung Ting, and Sukoyo

An Optimization Model for Cross-Docking Operation Scheduling
and Distribution . ...... ..o i 267
Issacian Mutiara Paska, Cucuk Nur Rosyidi, and Wakhid Ahmad Jauhari

A Fuzzy Programming Model for Aggregate Production Planning
Considering Defect Rate Reduction and Learning Curve............ 277
Rahmat Herpradipto, Cucuk Nur Rosyidi, and Wakhid Ahmad Jauhari

In-Situ Dimensional Accuracy Optimization for Thermoplastic
FD M o 289
J. S. Cheong and K. Fikri Muhamad

Development of Aircraft Part Heat Treatment Operation
Scheduling Based on a Variable Neighborhood Search Algorithm ... 299
Sukoyo and Fiona Sekarrani Zharfan

Advanced Pill ldentification Using Deep Learning Techniques....... 313
Mohd Rais Hakim Bin Ramlee and Ismail Mohd Khairuddin

In What Ways Does the Malaysian Industry’s Product Service
System’s Accuracy of Inventory Control Operate?.................. 323
Siti Zubaidah Ismail, Irfan Syahmi Zamhuri, and Johanna Ahmad

Overcoming Barriers to Sustainable Manufacturing in Indonesian

Small and Medium Industries. A Fuzzy AHP and Fuzzy TOPSIS
APPrOaCN . 331
Dudi Sentana Iskandar, Shih-Che Lo, Rachmawati Wangsaputra,

and Nur Faizatus Sa'idah



X Contents

Development of an Omnidirectional Three-Wheeled Real-Time
Teleoperation Robot Based on Human-Machine Interaction

with Voice Command. ... ... 343
Andreas Wegiq Adia Hendix, Pringgo Widyo Laksono,
BambangSuhardi, and Eko Pujiyanto

Improving Pipe Production Performance Using Sustainable Lean

Supply Chain . ... 355
Raihan Cecarrio Rubiyanto, Iveline Anne Marie, Emelia Sari,

and Mohd Yazid Abu

Sustainability Indicators for Semiconductor Industry

Sectors: A Review of Literature and Maturity Evaluation

from a Triple-Bottom-Line Viewpoint.............. ... ... ... ... 369
Khairil 1zhan Anuar and Amiril Sahab Abdul Sani

Digital Dynamic Capabilities, Digital Transformation
and Organizational Agility to Improve Sustainability
Performance: A Conceptual Model . .......... .. .o 379
Afrin Fauzya Rizana, Ilwan Inrawan Wiratmadja, and Muhammad Akbar

Lean Thinking in Service Sector: Waste Identification in Malaysian
Customs Administration . ... 391
Pei Fang Lee, Nur Amalina Muhammad, Eh. Di Sutam,
HasnidaAb-Samat, Jeng Feng Chin, and Joshua Prakash

A Scientometrics Review of Nozzle Wear in Abrasive Waterjet
MaChiniNg ... e 405
Nuraini Lusi, |. Gusti Ngurah Bagus Catrawedarma,

Mebrahitom Gebremariam, Abdur-Rasheed Alao,

Kushendarsyah Saptaji, and Azmir Azhari

Improvement Production Performance Using Sustainable Lean

Approach: A Case Study in Shoe Manufacturer.................... 417
Tiena Gustina Amran, Emelia Sari, Aishah Zahra Setiawan,

Ellyana Amran, Annisa Dewi Akbari, and Mohd Yazid Abu

Vehicle AC Compressor’s Piston Defect Classification
with DCGAN-Enhanced CNN . ... 437
Dedi Arianto and Nughthoh Arfawi Kurdhi

Psychosocial Risk ldentification and Prioritization in Kitchen

Work Environment Using Analytic Hierarchy Process (AHP)........ 447
Nur Amirah Elias, Fazilah Abdul Aziz,

MuhammadAiman Naim Idris, Noraini Mohd Razali,

and Nur Najmiyah Jaafar



Contents Xi

Impact Framework of Sugar Agroindustry Restructuring

on SUPPlY Chains .. ... 457
Yudha Adi Kusuma, Cucuk Nur Rosyidi, Eko Pujiyanto,

and Retno Wulan Damayanti

The Study of Compressive Strength of Cement Brick Reinforced
with Heat Treated and Non Heat Treated Kenaf Fiber.............. 467
Muhammad Afiq Rosdi, Noor Mazni Ismail, and Radhiyah Abd Aziz

An Ensemble of User-Based and Item-Based Collaborative
Filtering Recommendation System for Smart Vending Machines. . ... 477
Darmawan Hindardi, Shi-Woei Lin, and Wisnu Aribowo

An Integrated Order System of Prototype Parts in a Vehicle
Development Activity: A Case Study ..., 489
Stanislaus Mariano Pradipta, Parwadi Moengin, and Rahmi Maulidya

Implications of Different Stabilizers to the Physical and Optical
Properties of Sn@ Thin Films: Towards Humidity Sensing

Applications ... . 501
A. S. Ismail, R. Mohamed, M. H. Mamat, S. Kossar, and M. M. Yusoff



Improvement Production Performance )
Using Sustainable Lean Approach: e
A Case Study in Shoe Manufacturer

Tiena Gustina Amran, Emelia Sari, Aishah Zahra Setiawan,
Ellyana Amran, Annisa Dewi Akbari, and Mohd Yazid Abu

Abstract Company X, an Indonesian shoe manufacturer, encountered significant
challenges in meeting production targets and maintaining quality standards from July
to December 2021, with defect rates surpassing 0.1%. This study aims to enhance
shoe production by applying a sustainable lean production approach. By employing
Process Activity Mapping and Sustainable Value Stream Mapping, the analysis iden-
tified four significant types of waste: defects, waiting, transportation, and excessive
motion. The initial Process Cycle Efficiency of 42% is projected to improve to 53%
following the proposed interventions. Additionally, the effort required to implement
sustainable practices measured in the Sustainability Index was initially calculated
at 125.88% and is expected to improve to 98.87% with the recommended improve-
ments. Critical proposed solutions include Failure Mode and Effects Analysis, the
introduction of machine checklist sheets, auxiliary tools, operator training, material
handling modifications, process tool redesign, eliminating non-value-added activ-
ities, and implementation of the 6R framework. These solutions are designed to
enhance efficiency, reduce waste, and support Company X’s sustainability objectives.

Keywords Sustainable lean production - Sustainable value stream mapping *
Process activity mapping * Sustainability index - Failure mode and effect analysis
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1 Introduction

A manufacturing company operates as an integrated business entity where people,
machines, methods, money, materials, and the environment are part of a cohesive
system. In the quest to become global industry leaders, companies focus on enhancing
the efficiency and effectiveness of their resources. Manufacturing involves trans-
forming raw materials into finished goods through value-added steps, increasing
market value. Resource efficiency and effectiveness are critical to optimizing the
manufacturing production process.

One critical approach to improving product efficiency and effectiveness is empha-
sizing the final product’s quality. High product quality can drive a company’s success,
particularly in manufacturing. By conducting thorough quality analyses, companies
aim to minimize defects that may arise during production. Reducing defects lowers
waste and signifies a robust and well-managed production system.

Shoe manufacturing is divided into three main stages: cutting, stitching, and
assembling. The most critical assembly process combines the shoe’s upper and
bottom parts. Errors during assembly can be particularly costly for the company,
making this stage the most crucial in ensuring the overall success of the production
process.

Table 1 compares the production targets for four products at Company X. This
comparison highlights the rationale for selecting AFL products as the focus of
this study. Among the four products, AFL is the most in demand by customers.
The company employs a make-to-order strategy to determine production quan-
tities, meaning the production targets are directly based on customer requests.
The differences between monthly production targets, particularly from October to
December, are illustrated in Fig. 1. These discrepancies suggest that the company
faces challenges related to the efficiency and effectiveness of its production processes.

Based on preliminary observations from October and November, it was found that
3.5% of the production target still needed to be met in October and 2.8 % in November.

1200000 -
1000000 :
800000 -
600000
400000 -
200000

i OTarget

@ Productio
n

Jul Ags Sep Oct Nov Des

Fig. 1 Production target comparison for AFL products from October to December
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g?:?éliellr—]};;tiﬁ;::%znld for Product Unit Demand Rank
AFL Pairs 1,100,535 1
AMIL Pairs 769,200 3
WF Pairs 633,626 4
AM 95 Pairs 943,040 2

It was previously identified that the product suffered poor quality, leading to rejec-
tion. Many defects occurred in the assembly section, resulting in waste. According to
quality control monitoring, product defects are classified into two grades: B-Grade,
which has minor defects, and C-Grade, which has major (severe) defects. The accept-
able defect rate for B-grade products is capped at 0.1% of the production volume,
while C-grade products are limited to 0.01% of their production volume. Table 2
presents the monthly defect data for AFL products, categorized by defect type.

Figure 2 provides an overview of the shoe manufacturing process, highlighting the
various types of waste generated. The outcome of this process can result in A-grade
products, B-grade products, or unsellable items. A company aims to produce the
highest quality products to minimize waste. Similarly, Company X strives to make
its production process as efficient and effective as possible. However, when products
are deemed unsellable, the company suffers financial losses. A mitigating analysis
was conducted to identify the factors contributing to product defects.

Based on the explanation above, this research aims to design an improved produc-
tion process using a sustainable lean production approach. The specific objectives
are: (1) Identify and analyze the factors contributing to waste (2) Assess the imple-
mentation of the 6R principles in the production process (3) Propose improvements
to minimize waste by applying Sustainable Value Stream Mapping (SVSM) and
Process Activity Mapping (PAM) to enhance production efficiency (4) Measure the
impact of Sustainable Lean Production (SLP) on the Sustainability Index (SI).

Table 2 The percentage of AFL product defects in July—December 2021

Jul Aug Sep Oct Nov Dec
Production 240,959 259,249 274,062 240,646 411,300 436,056
B-Grade (%) 0.02% 0.01% 0.12% 0.10% 0.13% 0.08%
C-Grade (%) 0.004% 0.003% 0.01% 0.001% 0.03% 0.002%
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Fig. 2 Shoe manufacturing process

2 Literature Review

2.1 Lean Production

Lean production is characterized by systematic efforts to identify and eliminate
waste or unproductive activities and to achieve continuous improvement in response
to customer demands or in pursuit of perfection [1]. The lean approach seeks to
maximize results while using minimal resources. At the core of lean principles is the
emphasis on waste reduction [2]. Waste encompasses not only resource and financial
inefficiencies but also includes any processes in production that are inefficient or
ineffective [3].

Waste encompasses all work activities or processes that do not add value
(non-value added) in the production process, from raw materials to the final
product reaching the market. The eight fundamental types of waste in manufac-
turing systems include overproduction, excess inventory, defects, over-processing,
waiting, unnecessary motion, underutilization of human resources, and inefficient
transportation.
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2.2 Sustainable Manufacturing, Sustainable Lean
Production, and 6R Concept

Sustainable manufacturing minimizes negative impacts on the environment by mini-
mizing natural resources, maintaining economic aspects, and maintaining the safety
of workers, groups, and consumers [1]. Companies across various industries often
face the challenge of waste generation. During the production process, the amount
of waste produced can sometimes be substantial [4]. This waste includes materials
that do not meet standards, items that are in-process but fall short of quality require-
ments, and finished products that fail to pass quality control. Sustainable lean produc-
tion combines lean production principles with sustainable manufacturing, aiming to
enhance the production process’s environmental, economic, and social aspects [5].

The 3R concept is a concept that consists of three components. These components
are reduced, reused, and recycled. Reuse is the use of waste that can still be used.
Recycling is reprocessing discarded waste. The most important thing about the 3R
concept is Reduce. Reduce minimizes wasted waste so there is no need to reuse or
recycle [6]. From the 3R concept, it has grown to 6R. The other three components
are recovery, redesign, and remanufacture.

2.3 Value Stream Mapping (VSM) and SVSM

VSM sketches the status of existing and future factory industrial layouts [1]. This tool
requires tracing the activities that lead to the final product or service being delivered
to the consumer and the activities performed step by step. VSM is a powerful tool
for analyzing a company’s production flow [7]. The use of VSM focuses on finding
waste to optimize production [8]. It is a straightforward visual approach depicting the
current material and information flows associated with a particular product family.
VSM incorporates new ideas into the proposed picture of how materials and infor-
mation should flow for the product group, resulting in an action plan that brings the
new vision to life. Thus, lean tools and approaches will improve flow and efficiency
while eliminating waste in manufacturing and industrial operations.

SVSM is the development of a value stream mapping tool used to identify and
evaluate the production process by paying attention to sustainable aspects.
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2.4 SI and Failure Mode and Effect Analysis (FMEA)

The SI calculates three aspects of sustainability: economic, environmental, and social.
The resulting score quantifies the company’s effort in terms of time and cost to
advance sustainability [9]. Several categories were selected as indicators in this study,
as presented in Tables 3 and 4.

Failure Mode and Effect Analysis (FMEA) is a testing tool used to identify,
prioritize, and eliminate potential failures, focusing on prevention rather than reactive
problem-solving [ 10]. Severity measures the impact of a failure, and its ranking can be
reduced through design modifications. Occurrence indicates how frequently a cause
of failure arises, with a ranking of 10 necessitating immediate action. Detection
refers to the ability to identify a failure mode, and the Risk Priority Number (RPN) is
calculated by multiplying severity, occurrence, and detection. A higher RPN indicates
a greater need for corrective action [11].

3 Methods

Figure 3 shows the framework of thought used in this research. While Fig. 4 explains
the flowchart of research methodology, Fig. 5 Flowchart of PAM and SVSM, and
Fig. 6 Flowchart of SI.

Table 3 Sustainability indicators

Source Economy Environment Social

El1 |E2 |E3 |E4 |NI |[N2 |[N3 |[N4 N5 [N6 [S1 |S2 |S3
Garbie et al. [1] - |~ - -
Helleno et al. [12] A -
Garza-reyez et al. [13]
Choudary et al. [14] - -
Gholami et al. [15] - -
Hartini et al. [16] - - - - I R I R
Marie et al. [17] - - - - -
Sari et al. [9] - - I B

Saraswati et al. [18]

Selected indicators

Economy: Time E1, Cost E2, Inventory E3, Quality compliance and product defect E4
Environment: Material consumption N1, Energy consumption N2, Waste recycle N3, Water
consumption N4, Air pollution N5, ISO 14001 compliance N6

Social: Satisfaction employee S1, Work environment: noise level and lighting level S2, Employee
training S3
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Table 4 Sustainability indicator description
Aspect Indicator Unit | Input Calculation | Information
Economy Time % VAT | Value Added | TE = (VAT/ | Processing
Time TT)100 time from raw
TT Total Time mateqals or
- materials to
QE | Quality finished
Efficiency products
Quality % ND Number of QE = Product quality
Efficiency Defect (1-(ND/ efficiency level
TP Total Product | TE)100
Environment | Material % ME Material ME = (VAM/ | Amount of raw
Consumption Efficiency TM)100 materials or
VAM | Value Added materials used
Material
™ Total Material
Energy Kwh |EC Energy EC The using of
Consumption Consumption energy and
resources for
the production
process
Waste Water | % WE | Waste Recycle | WE = (WR/ | Reprocessing
Recycling Efficiency TW)100 of water used
WR Waste for the .
Recycling production
process
™ Total Waste
IS0 14001 % YES/NO Environmental
Compliance standards that
have been
applied to the
company
Air pollution | % AP Air Pollution | AP Air pollution
caused by
production
process/
machines
Social Satisfaction % SE Satisfaction SE Employee
level Employee satisfaction in
carrying out the
activities

(continued)
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Table 4 (continued)

Aspect Indicator Unit | Input Calculation | Information
Noise level NAB dBl Noise level
consequence by
machine used
Lighting level | LUX LUX The level of
lighting used in
the production
process
Employee % NT Number of E_HRD = Operator
Training Employee (NT/NE)100 | training
Training
NE Number of
Employee
initial condition Problem Effect Desired Condition Solution Target

Economic
environmental

social

‘good quality

ditional tools
(FMEA proposal)

target not achieved

process tim

\
l
|
|

additional material
handling modifications
(6R)

S

achieved

Fig. 3 Research Framework

4 Results and Discussions

4.1 Sustainable Value Stream Mapping and Sustainability
Index

Figure 7 presents the current SVSM. The Sustainability Index (SI) calculates the
sustainability level across economic, social, and environmental dimensions. The data
in Table 5 indicates an SI value of 125.88%.
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START

PRELIMINARY RESEARCH
Observations were carried out at PT. XYZ
directly and conducted an interview with
the company.

l

PROBLEM IDENTIFICATION
The production process is not optimal,
causing waste in the process.

SCOPE OF PROBLEM

l

DATA COLLECTION
1. General data of PT XYZ
2. Production process data

3. Disability data
4. Production process time

l
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l‘*

RESEARCH PURPOSES
1. Identify and analyze the factors that
cause waste.
2. Identify the application of 6R in the
AFL production process.
4. Provide suggestions for improvements
to minimize waste so as to increase
production efficiency.
5. Measuring the contribution of
sustainable lean production to the
sustainability index.

LITERATURE
REVIEW

Fig. 4 Flowchart of Research Methodology

DATA PROCESSING

1. Calculate cycle time, normal time and standard time.
2. Identify factors that cause waste in products using the

Ishikawa diagram
3. Create SVSM current state.

4. Identify the sustainability index from the contribution

of sustainable lean production.

5. Analyze the application of 6R in the production

process.

l

DESIGN PROPOSAL

l

CONCLUSIONS AND
RECOMMENDATIONS

FINISHED

Figure 8 shows the future SVSM after implementing improvements (details of
improvement see Sect. 4.2). These enhancements include increased efficiency in
time management, defect reduction, material consumption, and employee training.
Specifically, time efficiency improved by 53%, defect rates decreased to 93%, and
employee training effectiveness rose by 92% due to operator training.

As a result of these improvements, Process Cycle Efficiency (PCE) increased by
11%, and quality efficiency improved by 3%. Consequently, production output could
increase by 3—-4% per month. These proposed improvements help the company more
accurately achieve its production targets. Table 6 summarizes these improvements,
leading to a projected future SI of 98.87%.
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Fig. 5 Flowchart of PAM
and SVSM START

k.

Create tables to make observations
on the production process

i

Observe and record production
process time

l

Recapitulate the results of
runtime observations

Calculating data recapitulation
results into cycle time, normal time
and standard time

.
Determine whether the activity
category includes VA, NNVA, or
NVA.

l

Create PAM and SVSM Current
State

A4

FINISHED

4.2 Proposed Improvement

The recommendations for addressing defect waste include conducting a Failure Mode
and Effect Analysis (FMEA) and performing regular machine inspections using a
checklist. Successful implementation of FMEA requires individual awareness and
responsibility, as it is a vital tool for quality control. Table 7 presents the proposed
corrective actions based on the FMEA results.

Based on the FMEA results, a standard protocol for using tools and materials in
production is recommended. Once the tools and materials reach the end of their desig-
nated usage period, they should be promptly replaced to minimize machine damage,
reducing downtime and defect rates. Introducing a machine inspection checklist will
help operators efficiently identify potential machine issues. Operators can ensure
consistent performance by systematically checking all machine conditions against
the required standards.
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Fig. 6 Flowchart of SI

Create and compile questions regarding
company sustainability in environmental,
economic and social aspects

]

Determine interview targets for questions
regarding company sustainability

]

Interviewing targets with questions about
company sustainability

Carry out a recapitulation of the results of
interviews regarding sustainability at the
company.

Determine sustainability aspects
according to the recapitulation of
interview results

Analyzing the company's
sustainability index

FINISHED

Additionally, the proposed addition of auxiliary equipment targets the cooling
process. After careful analysis, it was determined that using the tools listed in
Table 7 for cooling can significantly reduce the time needed for shoes to dry. More-
over, the proposed operator training addresses frequent machine downtimes that
currently require technician intervention. By providing operators with basic training
in handling downtime, the waiting time for repairs can be reduced, especially given
the limited availability of technicians and the extended time needed for machine
maintenance.

Regarding transportation waste, the recommendation includes introducing modi-
fied material handling equipment. Previously, Company X avoided using fuel-
powered material handling due to high costs, including fuel and maintenance
expenses. Furthermore, the considerable distance between workstations and environ-
mental challenges, such as rain, which can halt operations due to lack of coverage for
transported materials, exacerbates the issue. The proposed solution is a rooftop trolley
bicycle, which offers a cost-effective alternative with minimal fuel and maintenance
requirements and reduces waiting time during transport.
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PPIC

Supplier Customer

L Xtra:
" ShiE

Waiting spor Waiting
Cutiing Sewing Assembling
2 2 2
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I’ VA 024263 -I’ VA 1262338 VA 779.943"
NNVA - 198377 NNVA 216,256~ NNVA 3071,82"
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Bottom Supply

i

Time

Quality [ 0% ]
Efficiency

Matrsl [ yris i % ]

Consumption

Encrgy [ 12470000 Kwh 1
Consumption

‘Waste Water
Recycling

65% ]

1SO 14001
Compliance

83% ]

Air Pollution

70% ]

Level

Noise Level 86 dBI ]

e . — e
Level

Employee
Training

86% 1

Fig. 7 Current state sustainability value stream mapping

The waste caused by extra processing increases the overall production time. Upon
identification, it was found that these processes frequently yield non-standard results.
To address this, operators must closely monitor the process to ensure outcomes meet

Table 5 Current value of sustainability indicator

Pillar Aspect | Indicator Performance | Performance metrics Value of
measures change
Existing Target
Economy Ell Time % 43 50 7
E12 Quality % 90 100 10
Efficiency

(continued)
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Table 5 (continued)

Pillar Aspect | Indicator Performance | Performance metrics Value of
measures change
Existing Target
Environment | N11 Material % 65 80 15
Consumption
N12 Energy Kwh 12,470,000 | 12,000,000 | 470,000
Consumption
N13 Waste Water | % 85 95 10
Recycling
N14 1SO 14001 % 83 95 12
Compliance
NI15 Air pollution | % 2.5 3 0.5
Social S11 Satisfaction % 70 72
level
S12 Noise Level | NAB 86 85 1
S13 Lighting LUX 700 750 50
Level
S14 Employee % 86 95 9
Training

the required standards. The proposed solution for this waste includes streamlining
and combining time-consuming activities and aligning the process improvements
with the PAM recommendations (Fig. 9).

5 Conclusion

This study identified four types of waste: defects, waiting, transportation, and extra
processing. The factors contributing to defects include issues related to machines,
materials, human error, and methods. Waiting is primarily caused by human and
machine factors, while transportation waste is attributed to human, material, and
environmental factors. Human and machine-related factors drive extra processing
waste. The PCE based on PAM was 42%. This mapping identified 22 value-added
(VA) activities, 23 necessary but non-value-added (NN'VA) activities, and three non-
value-added (NVA) activities. The breakdown of process types includes 30 operations
activities, two transportation activities, seven inspection activities, and nine waiting
activities. The SI calculated in this study indicated a company effort of 125.88%
towards achieving sustainability.
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Fig. 8 Future state sustainability value stream mapping

The company’s implementation of the 6R concept is structured around the
following strategies: (1) Reduction, which involves minimizing waste through pattern
mapping and the use of automated machines in the cutting process (2) Reuse,
focusing on the reuse of supporting materials (3) Recycling, mainly through the water
treatment plant for wastewater management (4) Recovery, which includes repairing
cutting molds for reuse and reworking products that do not meet company standards.
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Table 6 Future value of sustainability indicator

431

Pillar Aspect | Indicator Performance | Performance metrics Value of
measures change
Existing Target
Economy Ell Time % 53 50
El2 Quality % 93 95
Effiency
Environment | N11 Material % 74 80 6
Consumption
N12 Energy Kwh 12,470,000 | 12,000,000 | 470,000
Consumption
N13 Waste Water | % 85 95 10
Recycling
N14 1SO 14001 %o 90 95 5
Compliance
NI15 Air pollution | % 2.5 3 0.5
Social S11 Satisfaction % 70 72
level
S12 Noise Level NAB 86 85 1
S13 Lighting Level | LUX 700 750 50
S14 Employee % 92 95 3
Training

Several recommendations have been made to support continuous improvement
in the production process. These include implementing FMEA-based suggestions,
creating checklist sheets for machine inspections, adding auxiliary tools, providing
operator training, modifying material handling procedures, applying the poka-
yoke method by incorporating automatic temperature detectors, redesigning process
activity tools, and summarizing work element activities aligned with the 6R strategy
in the proposed activity mapping process. Following the proposed improvements,
the PCE increased to 53%. However, the SI improved to 98.87%.
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Fig. 9 Redesigning hand trolley
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