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Abstract

The furniture sector of the Philippines presently accommodates approximately 15,000 manufacturers. Employment is
envisioned at approximately 800,000 people inclusive of manufacturers, subcontractors, and suppliers. The furniture
market is a flexible industry that continuously strives to adapt to current trends and provide products that would be of
interest to a broad range of people and lifestyles on a global scale. The micro-company is offering different furniture
sets made with Mahogany and Gmelina, the enterprise also offers building materials. As a Company that produces
products like furniture to a wide area, proper operations management should be practiced in order to achieve better
customer service and reduce the cost in each process while increasing the profit, efficiency, and productivity. The
study was conducted to evaluate the area for improvement in the operations management of the company in terms of
Facilities Planning and Design using Lean Six Sigma Techniques, in particular Value Stream Mapping and 5S System.
The researchers made use of desktop research, document analysis, distribution of the questionnaire, and virtual
interview to collect necessary data for the study. With the information above, the company can address the identified
research problem by relay-outing and rearranging the processes in manufacturing the furniture single bed. It increases

the workflow efficiency by 19% in site 1 and 62% in site 2 and reduces the time spent in nonvalue-adding activity
by 9.92%.
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1. Introduction

The furniture sector of the Philippines presently accommodates approximately 15,000 manufacturers. Employment is
envisioned at approximately 800,000 people inclusive of manufacturers, subcontractors, and suppliers.['! The segment
utilizes 2.1 million roundabout laborers across the nation and serves 5.4 million individuals through its supply chain.
The furniture market is a flexible industry that continuously strives to adapt to current trends and provide products
that would be of interest to a broad range of people and lifestyles on a global scale. Consumer income, shifting
lifestyles, and developing urban landscapes are just a few of the issues that should be considered by people in the
sector.
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Lean manufacturing and Six Sigma have been successfully used in manufacturing and service fields to optimize
various performance indicators. In the past two decades, both lean manufacturing and Six Sigma have proven that by
focusing on process performance, cost, quality, and production time can be significantly improved.? In this study, the
researchers investigated the possible links between some optimization techniques used in operations management and
the performance of small and medium-sized enterprises in manufacturing operations. Operational management
activities should be primarily related to companies that belong to the industrial rather than non-industrial sector.
Workflow analysis has frequently been utilized with the objective of improving efficiency. It can be used to redesign
existing processes. *) Workflow design has been applied to improve the productivity of work processes or empower
parallelization of work.

The company is a micro-company located at Victoria Village, Tabunok, Talisay City. The company offers different
furniture sets made with Mahogany and Gmelina, the enterprise also offers building materials. Their target customers
are locals in the Visayas area. As a Company that produces products like furniture to a wide area, proper operations
management should be practiced in order to achieve better customer service and reduce the cost in each process while
increasing the profit, efficiency, and productivity. The researchers’ goal of this study was to propose recommendations
to the management in order to improve the current problem area/s in terms of Lean Systems, specifically the Facilities
Planning and Design. The proposed recommendations/process will be simplified and will be beneficial to the
company.

1.1 Objectives
This study is conducted to evaluate the area for improvement in the Operations Management of Jimmy’s Lumber and
Furniture Enterprises in terms of Facilities Layout and Design using Lean Six Sigma Techniques, in particular Value
Stream Mapping and 5S System. In line with that, this study aims to know the following:
e  What is the existing production process and layout of the production area of the company?
e  What are the current problems encountered by the company and production workers? What are the root
causes and its effect on the company?
e  What are the possible solutions and recommendations to improve the current problem area in the operations
management practices in terms of Facilities Layout and Design using Lean Six Sigma Techniques, in
particular Value Stream Mapping and 5S System?

2. Literature Review

In improving the efficiency of a production system, the most frequently used methods include Lean Principles and
Facilities Layout and Design,®! the other being Simulation. This study intends to incorporate Lean Principles into
Facilities Layout and Design techniques to provide better solutions and recommendations for improvement to the
Operations Management of the business as opposed to only using one method for improvement.

Lean Manufacturing / Production

The American Society for Quality (ASQ) defines lean as a “set of management practices to improve efficiency and
effectiveness by eliminating waste.” Whereas the system for running a manufacturing or service operation, whose
practices have the commonality of eliminating most, if not all, of the waste in the system is called Lean
Production.”! This study intends to use lean manufacturing principles to reduce the amount of different waste/s
created in the production process (Kosky et al. 2020).

On The Philippines’ Economy and Lean Systems

A case study from India has found that Lean principles can be used by industries when the economy is in recession to
survive by following lean techniques, in particular, Value Stream Mapping (Sing et al. 2009). To wit, The Office of
the National Statistician of the Philippines had said the 9.5% drop in GDP during 2020 was the biggest since the
government started recording annual output in 1946. Prior to this, the worst recession was in 1984, burdened with a
debt crisis (de Vera 2021). As of the first quarter of 2021 the Philippines was still in recession, suffering its fifth
consecutive quarter of economic contraction. Economic recovery remains to be delayed but the country seeks to move
up to a higher income status in 2022 but the decrease in GNI shows it may be difficult to achieve this (Biswas, 2021).

Visual Workplace
Lean Manufacturing often overlaps with Visual Workplace as its main principle rests on the definition that a visual
workplace is a self-ordering, self-explaining, self-regulating, and self-improving work environment—where what is
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supposed to happen does happen, on time, every time—because of visual devices (Galsworth 2005). Introducing the
5S and kaizen rules to an organization can bring significant and noticeable changes e.g., increased process
effectiveness and efficiency; improved visibility of the process; improved morale and safety of the employees; and
reduced delays, searching time, and dangerous conditions (Galsworth 2011). It has also been stated that the more the
process becomes visual; the more production velocity increases (Gupta & Jain 2014). One of the key principles of 5S
is to not distract the eye with cluttered, damaged, and/or dirty so the eye can focus on gathering useful information
(Ward et al., 2014). As such, images are used in a visual workplace to convey messages to be known to the workers
(Wilson 2016).

Lean’s Effect and Implementation Problems

When deciding Lean Strategy, it’s necessary to keep in mind what would yield the most benefit to the company thus
the focus on what to integrate into the study should be that which has the stronger significance on operational
performance while still being feasible. Previous evidence shows Just-in-Time and automation as having the strongest
while Kaizen, Total Productive Maintenance and Value-Stream Mapping have a lesser or negative effect (Belekoukias
et al. 2014). It’s important to ensure the success of the implementation of Lean concepts in manufacturing systems.
This can be done by (1) having a training program that focuses on how to eliminate waste; (2) having the training
include participants from the top, middle, low-level management, staff function personnel, process engineers and the
affected workers; and (3) having reliability in the manufacturing process as well as equipment (Hancock et al. 1998).

Facilities Layout Design

The main objective of facility layout design is to design smooth workflow and improve worker and equipment
productivity in operations. An efficient layout can reduce total operating costs and total manufacturing costs by as
much as 50% and 75% respectively by minimizing the total distance travelled of goods, the material handling cost,
and the time spent in the manufacturing system (Bozer et al. 2010). Multiple similar studies on Facilities Layout
Design with Lean Methods have been conducted (Balachandar & Reddy 2020; Kovacs & Kot 2017; Kovacs 2020)
that, in all cases, the combination of both yields more Key Performance Indicators (KPIs) for the study to measure.
Among these are Material Handling Costs, Distance of Material Flow, Cycle Time, and Workplace Ergonomics.

Flow Analysis and Techniques
A part’s flow is the path that it takes while moving through the facility. Flow analysis not only considers the path of
each part, but it also tries to minimize the: 1. distance travelled, 2. backtracking, 3. cross traffic, and 4 cost of
production. In establishing the best arrangement of equipment, four techniques can be used (Stephens, 2013):

e String Diagram

e  Multicolumn Process Chart

e From-to Chart

e  Process Chart
Studies have shown that redesigning a product’s workflow can be used as a technique to decrease cycle time and lower
production cost (Keil et al. 2014).

Flow efficiency is the proportion of distance travelled by the parts of a product when moving between workstations.

L Total Distance Travelled
Workflow Ef ficiency = Total Penalty Points X 100%

or

% Distance — Distance;geq; — Distancegceyar x 100%
0 = - 0
Distancey tyar

Work Measurement
Manufacturing Cycle Efficiency is defined by Chegg as the “proportion of time that is to be spent on manufacturing
by value-added activities.”

value — added time

MCE = - -
manufacturing cycle time

Manufacturing Cycle Time = process time + queue time + moving time + inspection time
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Production waste can come in the form of idle time. This waste can cause problems down the line such as
underproduction and lowering the Manufacturing Cycle Efficiency. A study on a steel-processing industry has shown
that Manufacturing Cycle Efficiency can be improved with a lean approach (Andrawati et al. 2019).Value-stream
mapping has proved to be an effective approach by differentiating between non-value-adding and value-adding
activities streamlining the process (Seth et al. 2017). In shared worker environments, such as the subject of this study,
machine idle time will certainly occur due to the lack of available workers. Thus, efficient utilization of labor is also
a method to lessen downtime (Hn et al. 2013). Several techniques from the Maynard’s Industrial Engineering
Handbook by Maynard and Zandin are used in this research to compute for standardized time with certain aspects
considered such as the allowance factor and performance rating (Maynard & Zandin 2001).

3. Methods

Subject Delimitation

Through thorough deliberation with the management of the company, the researchers and the management decided to
focus on the production layout of making the furniture. The product lines, process time, move time, queue time, raw
materials, machines, and equipment used were also considered. Thus, the study only focused on identifying the
problem and analyzing possible layout design in reducing the wastes on the production layout of the product focus.
Lean Six Sigma (LSS) techniques were used to analyze the manufacturing company's existing setup. The principle of
identifying the value stream and eliminating waste. It means knowing the process's flow and eliminating the barriers
that slow down or impede the flow, and those barriers were waste. The company also adopted the principle of
continuously improving in pursuit of perfection, gathering data, and sharing learning after improving, building quality,
and mistake-proofing into the process. To achieve the goal of the study, researchers applied the techniques of lean
systems to reduce wastes in the production area. Waste is defined as any action or process that does not add value to
the product or benefit the customer. The following are the wastes that were being addressed in the study:

Move or motion waste - Any movement or motion that the worker performed but does not add value to the product,
resulting in capital depreciation and opportunity loss.

Transportation - Transportation waste involves moving inventory, people, or tools more often or further than
necessary. Excessive movement can result in product damage, unnecessary work, and opportunity losses.

Inventory waste - This waste refers to the waste produced by unprocessed inventory. It includes the waste of storage
or space and the waste of capital tied up in the unprocessed inventory. It has an environmental impact like deterioration
or damage in work-in-process additional materials to replace damaged or obsolete areas and the energy to light.

Place Delimitation

This study was conducted in the company. It is a wood or furniture manufacturing sector that is located at Victoria
Village, Tabunok, Talisay City, Cebu. The proposed layout was only intended for two (2) of the three (3) locations of
production area of the company. Consequently, the proposed solution did not involve the 3rd location — Site 3 Mohon,
Talisay City, Cebu, because the management did not provide the researchers with the necessary data from this location.

Time Delimitation
The study was conducted this academic year 2021-2022, within the first and second cluster of the first semester. The
study was expected to finish this December 2021.

Research Environment

The researchers conducted the study at The company, which is located at Victoria Village, Tabunok, Talisay City.
The company operates in the Wood or Furniture Manufacturing sector. There are no studies conducted related to this
topic, so this study is considered as the first study in the place where it was conducted.

Research Respondents

In gathering the needed data respondents represent, the entire population of the target users, and their number was
enough from which to adequately gather data, the researchers interviewed the business owner and the production
workers of the company. The business owner is the one who is responsible in establishing the rules and policies within
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the company, implementing strategies for the development of the company, and preparing the business plan of the
company. The production workers, on the other hand, are the ones who showed the step-by-step process in making
the products being produced and the list of raw materials and equipment being used.

Research Procedures

Figure 1 below shows the inputs that were needed for the focus of this study being Facilities Layout and Planning,
Workflow Analysis in particular, and integrating Lean Principles and Techniques. After the researchers have gathered
the needed data using research instruments, it was treated with data analysis tools to come up with proposals for
improvements in the Operations Management of the company, and its Facilities Layout and Design.

Lean Systems
= 55 (Son, Set-in-
Order, Shine,
Standardize, and
Sustain)

Lean Systems
= Problems
Encountered by
Workers
= Existing Production
Process

= Evaluation of

Facilities Layout and Options
Planning * Proposal of an

= String Diagram improved Facility

+  Block Diagram Layout

= From-to Chart «  Proposal for

Improvements to the

Workflow Analysis Operations
Workflow Analysis = Workflow Efficiency Management

- Process time and Computation

: = Manufacturing Cycle
Manufacturing Cycle Efficiency 9 Ly
Time

Computation

Facilities Layout and
Planning
= Existing Layout of
Facilities

- Existing Layout of
Production Area

Figure 1. Research Procedure

4. Data Collection

The methods of data collection needed to be used for the complete fulfillment of this research study were the interview,
the document analysis/desktop research, the questionnaire, and the focus group discussion through virtual or online
means. Through this, the researchers obtained information needed that would be subject to analysis in order to provide
solutions and to propose recommendations to improve the Operations Management practices in terms of Facilities
Layout and Design using Lean Six Sigma Techniques.

5. Results and Discussion

A. Facility Planning (Manufacturing Cycle Efficiency)

Manufacturing Cycle Efficiency (MCE) is a tool used in measuring the proportion of production time spent on value-
added activities. This can be used in any business to get rid of the non-value-added in order to shorten the time in
manufacturing a product thereby reducing costs. The Value-added activities include all the activities in processing a
product while non-value added activities include the queuing, moving and inspecting the products.

Table 1 shows the existing process in the making of a single bed had 186.37 and 114.44 minutes for value-adding and
non-value-adding activities, respectively.

Table 1. Summary of Value Adding Analysis (Existing Process)

Value-
Non value-
Process ag::;d added time
(minutes) (minutes)

Cutting Process of Single Bed in Cutting Area 33.32 13.48
Planing and Drilling Process of Single Bed 53.93 9.29
Cutting Process of Single Bed in Workstation 24.73 13.16
Assembly of Single Bed 26.55 353
Transporting of Assembled Single Bed 0 26.83
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Sanding and Body Filling Process 34.15 3.72
Varnishing/ Painting and Drying Process 13.69 12.66
TOTAL 186.37 114.44

Table 2 shows the summary the proposed process brought the non-value-adding activities down to 68.684 minutes

which ultimately led to the increase of Manufacturing Cycle Efficiency.

Table 2. Summary of Value-added Time Analysis (Proposed Process)

Value- Non value-
Process added time | added time
(minutes) (minutes)

Cutting Process of Single Bed in Cutting Area 47.43 12.96
Planing Process 33 7.49
Drilling Process 24.4 6.27
Assembly of Single Bed 38.7996 26.784
Sanding and Body Filling Process 31.84 3.57
Varnishing/ Painting Process 14.65 4.1
Drying Process 0 7.51
TOTAL 190.1196 68.684

To compute for Manufacturing Cycle Efficiency, the processes were classified as part of one of four Manufacturing

Cycle Times.

Existing Manufacturing Cycle Efficiency

Value Added Time (Processing Time)

" Manufacturing Cycle Time (Process Time+Queue Time+ Moving Time+ Inspection Time)

321.04 minutes

T 321.04 minutes +111.58 minutes + 50 minutes + 33.91 minutes

_ 321.04 minutes
" 516.53 minutes

= 0.62150r62.15%

Result showed a 62.15 % of its manufacturing time spent in value added activities while 37.85% spent in the non-

value-added activities.

Proposed Manufacturing Cycle Efficiency

Value Added Time (Processing Time)

Manufacturing Cycle Time (Process Time+Queue Timet Moving Time+ Inspection Time)

261.43 minutes

261.43 minutes+53.99 minutes + 22.96 minites + 24.34 minutes

_ 261.43 minutes

362.72 minutes

= 0.7207 Or 72.07%

Result showed a 72.07 % of its manufacturing time for value added activities while 27.93% spent in the non-value-
added activities. The improvement on the Manufacturing Cycle Efficiency of the proposed system is 9.92%.
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B. Facility Planning (Workflow Efficiency)

Workflow efficiency formula was used as a key metric to identify the best possible workflow pattern for the process.
The workflow patterns are represented in a string diagram. The company has two different sites. Figure 2 and 3 show
the existing workflow pattern of the company and its distance in meters.

| z ,‘7
PA |
1.0
4 1458 4448
\ oA )
1.50
i _ ; A J
Y [ Cg___\ le—29 30— S1A )

Figure 2. Existing Workflow Pattern of Site 1

-

Figure 3. Workflow Pattern of Site 2

The computation of the distance covered from one workstation to another is computed using the distance formula
and the distances are derived from the from-to chart shown in table 3 and 4.

Table 3. From-to Chart of the Existing Workflow Pattern of Site 1

F(f,ff?ﬁf ITn()) STORAGE | CUTTING | PLANING | DRILLING | ASSRMBLY
STORAGE (SA) | 0 29.92 44.48 44.34 44.18
CUTTING (CA) 0 14.58 14.51 14.53
PLANING (PA) 0 1.0 25
DRILLING (DA) 0 1.50
ASSEMBLY (AA) 0

Table 3. From-to Chart of the Existing Workflow Pattern of Site 2

FR(.)M/ TO SANDING PAINTING DRYING SHOWROOM
(unit in m)

SANDING 0 8.06 8 4

PAINTING 0 8.06 7
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FR(.)M/ TO SANDING PAINTING DRYING SHOWROOM
(unit in m)
DRYING 0 4
SHOWROOM 0

Results show that the best solution for relayout is to use U-shaped Layout for both sites with an improvement of 19%
for site 1 while there was an improvement of 62% for site 2 as shown in tables 4 and 5 respectively.

Table 4. Workflow Efficiency for Site 1 (Existing vs. Proposed)

SITE 1
WORKFLOW
SOLUTION STRING DIAGRAM EFFICIENCY IMPROVEMENT
EXISTING | PROPOSED
N ) TN . TN
\\j_)/ni :41\\ ::)/’p«i,: 94(\ . /\
e
¥
A: U-shaped {/ 2 71% 19%
Layout N
1 N
\»)
B: S-shaped 529 589, 6%
Layout 19.21
C: W-shaped T T 60% 89,
Layout

Table 5. Workflow Efficiency for Site 1 (Existing vs. Proposed)
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SITE 2
WORKFLOW
SOLUTION STRING DIAGRAM EFFICIENCY IMPROVEMENT
EXISTING | PROPOSED

TN TN

P s (N

NS '\__%_,/'T
A: U-shaped i 100% 62%
Layout

[ = , - Do f

N SN S
B: S-shaped 7 o: 7 38% 61% 23%
Layout ' I
C: W-shaped ( Pra i ora ) 60% 22%
Layout ]

Computation for Workflow Efficiency for Site 1 Solution A

Distance (between two points) = /(X; — X3)2 + (¥, — Y3)?
Where:
X; andY; = centroid of the column department in the table

X, and Y, = the centroid of the row department in the table respectively

Solution:

Distance (between two points) = /(52 — 19)% + (12 — 17)2

Distance (between two points) = 33.38 m

Total Distance Travelled (TDT)

Workflow Ef fici = 100
orkflow Ef ficiency Total Penalty Points (TPP) X
o 1.26 m
Workflow Ef ficiency = 178 x 100

Workflow Ef ficiency = 71%
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5.3 Proposed Improvements

The primary recommendation of the researcher is to re-layout the production area following the U-shaped flow pattern.
Based on the evaluation of option and comparative analysis, the U-shaped flow pattern has the highest workflow
efficiency. In site 1, the efficiency improvement is 19%, from 52% existing efficiency to 71% U-shaped efficiency.
In site 2, the efficiency improvement is 62%, from 38% existing efficiency to 100% U-shaped; it would be beneficial
to the production area to apply the U-shaped flow pattern.

Opportunit Cost-
OM Area PP y Payback Period Savings benefit
Loss (per year) Ratio

Facility Planning | Php 372,151.01 flay‘sno“ths and 8

Work 2 months and 14
Measurement Php 372,151.01 days

Php 340,687.01 | 10.83

Php 337,831.01 | 9.84

Upon implementation, it incurs a cost of downtime, labor cost, materials cost, and opportunity cost. There will be a
Php 340,687.01 in savings with a payback period of 1 month and 4 days in facility planning implementation. The cost-
benefit ratio of facility planning is 10.83, which means that the benefit is greater than the cost of implementing the
solution. In work measurement implementation, there is Php 337, 831.01 in savings with a payback period of 1 month
and 7 days. The cost-benefit ratio of the work measurement is 9.84. This also means that the benefit is greater than
the cost of implementing the solution. Obstructions in the layout process are those that can stop or slow the flow of
the implementation process. The obstructions are the cost, weight of the machines, time, or the implementation period.
The cost is being handled by identifying the cost-benefit ratio, savings, and the payback period. To handle the heavy
machines, workers can disassemble the machine to reduce into small parts and can be moved faster and safer. Workers
handle the time by minimizing their idle time and maximizing productive time.

As for the secondary recommendations, the researchers will recommend transferring all the processes in one location
and creating a new operation layout where all the operations are placed in one location to avoid unnecessary process
and production waste if budget allows. The 5S methodology is also recommended to be applied in the production area
to sort and standardize the tools and equipment in the workstation by purchasing trash bins for proper waste disposal.
Subsequently, the researchers recommend purchasing additional or replacement light sources in the workstations to
minimize errors in the Cutting, Planing & Drilling, and Assembly stages of the process.

6. Conclusion

The furniture industry in the Philippines is growing and is highly competitive owing to many companies, both local
and international. The industries producing furniture like Jimmy’s Lumber and Furniture Enterprises should aim to
have its operation to perform properly to cope with the standards and demands in the market. The company should
have an excellent operation in inventory, capacity, quality management, and processes to help create a competitive
advantage that can support an entrepreneur to compete in the business world.

From process strategy checklist, the researchers have surmised that the company uses a batch production process
strategy to manufacture a moderate volume of variety of products, primarily frames for single beds. The company's
existing layout of the production area has ample space for its current operations while also having unutilized areas.
The facility's layout also does not conform to any of the standard flow patterns.

With the current facility layout, workers travel a considerable distance from one workstation to another when
transporting materials. The facility layout does not follow any certain flow pattern and there are instances of
backtracking throughout the process. The two problems result in a Workflow Efficiency of 52% and 38% for Site 1
and Site 2 respectively. The existing process also has 68.684 minutes of non-value adding processes and takes 321.04
minutes (5 hours and 21 mins) to create 1 unit of a single bedframe resulting in 37.85% waste in non-value adding
activities caused by backtracking, delay, and scattered storage spaces in the process.

There are also problems with regards to the Lean aspect as there are numerous instances of unwanted waste around
each individual workstation which stems from having no proper implementation of 5S in the workplace.
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The primary recommendation from the researchers is to renovate the production area with the proposed U-shaped
layout which increased the workflow efficiency for both Site 1 and 2 by 19% and 62% respectively. The prosed layout
also took into consideration the existing columns of each site keeping costs to a minimum.

References
H. Oh, S.-Y. Yoon, and J. Hawley, “What virtual reality can offer to the furniture industry,” Psu.edu. [Online].
Available: https://citeseerx.ist.psu.edu/viewdoc/download.[Accessed: 16-Oct-2021].

Furniture -  securing the future of Philippine industries,” Gov.ph. [Online].  Available:
http://industry.gov.ph/industry/furniture. [Accessed: 27-Aug-2021].
Researchgate.net. [Online]. Available:

https://www.researchgate.net/publication/46475929 The furniture industry in_the Philippines? [Accessed:
31-Aug-2021].

Furniture market research reports & Furniture Industry analysis, Marketresearch.com. [Online]. Available:
https://www.marketresearch.com/Consumer-Goods-c1596/Consumer-Goods-Retailing-c80/Furniture-c115/.
[Accessed: 31-Aug-2021].

N. Mandahawi, R. H. Fouad, and S. Obeidat, “An application of customized Lean Six Sigma to enhance productivity
at a paper manufacturing company,” 2012.

E. Battistoni, A. Bonacelli, A. F. Colladon, and M. M. Schiraldi, “An analysis of the effect of Operations Management
practices on performance,” Int. J. Eng. Bus. Manag., vol. 5, p. 44, 2013.

C. Cain, “Organizational workflow and its impact on work quality,” Patient Safety and Quality: An Evidence-Based
Handbook for Nurses. [Online]. Available: https://www.ncbi.nlm.nih.gov/books/NBK2638/. [Accessed: 21-
Oct-2021].

M. Magiera, "A multi-level method of support for management of product flow through supply chains", Bulletin of
the Polish Academy of Sciences Technical Sciences, vol. 63, no. 4, pp. 933-946, 2015. Available:
https://journals.pan.pl/dlibra/publication/97789/edition/84377/content/bulletin-of-the-polish-academy-of-
sciences-technical-sciences-no-4-a-multi-level-method-of-support-for-management-of-product-flow-through-
supply-chains-magiera-m-2015-63?language=en. [Accessed 21 October 2021].

What is Lean? Lean Manufacturing & Lean Enterprise | ASQ", Asq.org, 2021. [Online]. Available:
https://asq.org/quality-resources/lean. [Accessed: 18-Oct-2021].

P. Kosky, R. Balmer, W. Keat and G. Wise, Exploring engineering, 5th ed. Academic Press Inc, 2020.

B. Singh, S. Garg and S. Sharma, "Lean can be a survival strategy during recessionary times", International Journal
of Productivity and Performance Management, vol. 58, no. 8, pp. 803-808, 2009. Available:
https://www.researchgate.net/publication/235288674 Lean can be a survival strategy during recessionary
times. [Accessed 18-Oct-2021].

B. de Vera, "PH posts worst recession in 2020", Philippine Daily Inquirer, 2021.

R. Biswas, "Philippines remains mired in recession due to latest Covid-19 wave", IHS Markit, 2021. [Online].
Available: https://ihsmarkit.com/research-analysis/philippines-remains-mired-in-recession-due-to-latest-
covid19-wave-May21.html. [Accessed: 18-Oct-2021].

G. Galsworth, Visual workplace visual thinking. Visual-Lean Enterprise Press, 2005.

G. Galsworth, Work that makes sense. Portland, Or.: Visual-Lean Enterprise Press, 2011.

S. Gupta and S. Jain, "The 5S and kaizen concept for overall improvement of the organisation: a case
study", International Journal of Lean Enterprise Research, vol. 1, no. 1, p. 22, 2014. Available:
https://www.researchgate.net/publication/264821761 The S5S and kaizen concept for overall improvement
_of the organisation_a_case_study. [Accessed 21 January 2022].

A. Ward, J. Shook and D. Sobek, Lean product and process development, 2nd ed. Cambridge, MA: Lean enterprise
institute, 2014, p. 215.

M. Wilson, "The Visual Workplace", Lean Challenge, 2016. [Online]. Available:
https://www.iecieeechallenge.org/the-visual-workplace/. [Accessed: 22- Jan- 2022].

I. Belekoukias, J. Garza-Reyes and V. Kumar, "The impact of lean methods and tools on the operational performance
of manufacturing organisations", International Journal of Production Research, vol. 52, no. 18, pp. 5346-5366,
2014. Available: https://www.tandfonline.com/doi/full/10.1080/00207543.2014.903348. [Accessed 18-Oct-

2021].
Hancock, Walton M., and Matthew J. Zayko. "Lean production: implementation problems." I/E Solutions, vol. 30, no.
6, June 1998, p. 38. Available:

© IEOM Society International 588



Proceedings of the 4" Asia Pacific Conference on Industrial Engineering and Operations Management
Ho Chi Minh City, Vietnam, September 12-14, 2023

https://go.gale.com/ps/i.do?id=GALE%7CA20855146&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn
=10851259&p=AONE&sw=w&userGroupName=anon%7E87b240a3 [Accessed 18-Oct-2021.]

Y. Bozer, J. Tanchoco and J. White, Facilities planning, 4th ed. Hoboken, NJ: John Wiley & Sons, 2010, pp. 3-8.

E. BALACHANDAR and B. REDDY, "Redesign of A Facility Layout for Efficiency Improvement and Cost
Reduction", Journal of Critical Reviews, vol. 7, mno. 16, pp. 2168-2175, 2020. Available:
https://www.bibliomed.org/mnsfulltext/197/197-1594628022.pdf?1634574453. [Accessed 21 October 2021].

G. Kovacs and S. Kot, "Facility layout redesign for efficiency improvement and cost reduction", Journal of Applied
Mathematics and Computational ~Mechanics, vol. 16, no. 1, pp. 63-74, 2017. Available:
https://yadda.icm.edu.pl/yadda/element/bwmetal .element.baztech-e40e146¢-4d66-480b-bel f-
87545258cf88/c/12_547-556 01039 Bpast.No.67-3 01.07.19 K2.pdf. [Accessed 21 October 2021].

G. Kovacs, "Combination of Lean value-oriented conception and facility layout design for even more significant
efficiency improvement and cost reduction", International Journal of Production Research, vol. 58, no. 10, pp.
2916-2936, 2020. Available: https://fr.booksc.eu/book/80679406/e9b390. [Accessed 18 October 2021].

M. Stephens, Manufacturing Facilities Design & Material Handling, 5th ed. West Lafayette, Indiana: Purdue
University Press, 2013, p. 115.

S. Keil, D. Eberts and R. Lasch, "Redesigning Product Workflow for Excellence,” in IEEE Transactions on
Semiconductor Manufacturing, vol. 27, no. 4, pp. 539-550, Nov. 2014, doi: 10.1109/TSM.2014.2349735.
Available: https://ieeexplore.icee.org/abstract/document/6880322

Learn About Manufacturing-Cycle-Efficiency-Mce | Chegg.com", Chegg.com, 2021. [Online]. Available:
https://www.chegg.com/learn/accounting/managerial-accounting/manufacturing-cycle-efficiency-mce.
[Accessed: 13- Nov- 2021].

S. Indrawati, A. Azzam and A. Ramdani, "Manufacturing Efficiency Improvement Through Lean Manufacturing
Approach: A Case Study in A Steel Processing Industry", IOP Conference Series: Materials Science and
Engineering, vol. 598, p. 012062, 2019. Available: http://Manufacturing Efficiency Improvement Through Lean
Manufacturing Approach: A Case Study in A Steel Processing Industry. [Accessed 10 November 2021].

D. Seth, N. Seth and P. Dhariwal, "Application of value stream mapping (VSM) for lean and cycle time reduction in
complex production environments: a case study", Production Planning & Control, vol. 28, no. 5, pp. 398-419,
2017. Available: https://www.tandfonline.com/doi/10.1080/09537287.2017.1300352. [Accessed 10 November
2021].

[30] K. Hn, G. Lee and S. Choi, "Manufacturing cycle time reduction for batch production in a shared worker
environment", International Journal of Production Research, vol. 51, no. 1, pp. 1-8, 2013. Available:
https://www.tandfonline.com/doi/10.1080/00207543.2011.631604. [Accessed 10 November 2021].

H. Maynard and K. Zandin, Maynard's Industrial Engineering Handbook. New Y ork: McGraw-Hill, 2001.

Axenics, “What is manufacturing?,” Axenics, 10-Dec-2019. [Online]. Available: https://axenics.com/blog/what-is-
the-difference-between-assembly-and-manufacturing. [Accessed: 28-Jan-2022].

H. K. Toenshoff, “Cutting, Fundamentals, in CIRP Encyclopedia of Production Engineering, Berlin, Heidelberg:
Springer Berlin Heidelberg, 2014, pp. 345-357.

advmedialab, “Drilling in wood processing: what tools are used?,” Wirutex, 28-Nov-2019. [Online]. Available:
https://www.wirutex.com/en/tool-for-drilling-wood-processing/. [Accessed: 28-Jan-2022].

How to Dry Paint? What Technologies are available?, BECCA INC, 25-Jun-2017. [Online]. Available:
https://www.beccainc.com/dry-paint-technologies-available/. [Accessed: 28-Jan-2022].

R. Lynn, “Essential principles for a Lean system,” Planview, 03-Mar-2020. [Online]. Available:
https://www.planview.com/resources/articles/essential-principles-lean-
system/?fbclid=IwAR2dldZMaulDBJJ Mpm1BSigbsQmVb7g6k xptlEA27iZr2XQHOpUliECfA. [Accessed:
22-Jan-2022].

S. Bragg, “Manufacturing cycle efficiency definition —,” AccountingTools, 18-Nov-2021. [Online]. Available:
https://www.accountingtools.com/articles/manufacturing-cycle-efficiency.html. [Accessed: 22-Jan-2022].

McGraw McGraw-Hill Dictionary of Scientific & Technical Terms, (2003)
https://encyclopedia2.thefreedictionary.com/normal+time

A. Hayes, “Operations Management (OM), Investopedia,  21-Jan-2022. [Online].  Awvailable:
https://www.investopedia.com/terms/o/operations-management.asp. [Accessed: 22-Jan-2022].

How paint is made - manufacture, making, used, components, composition, product, industry, machine,”
Madehow.com. [Online]. Available: http://www.madehow.com/Volume-1/Paint.html. [Accessed: 28-Jan-
2022].

What is a Wood Planer & What does a Planer do?, The Daily Gardener, 17-Oct-2020. [Online]. Available:
https://www.thedailygardener.com/what-is-wood-planer. [Accessed: 28-Jan-2022].

© IEOM Society International 589


https://encyclopedia2.thefreedictionary.com/normal+time

Proceedings of the 4" Asia Pacific Conference on Industrial Engineering and Operations Management
Ho Chi Minh City, Vietnam, September 12-14, 2023

J. Ratnasingam, F. Ioras, O. C. Hunm, M. Manikam, and S. R. Farrokhpayam, “Dust-Emission from Abrasive Sanding
Processes in the Malaysian Wooden Furniture Industry,” Journal of Applied Sciences, vol. 9, pp. 3770-3774,
20009.

Zandin, Kjell B. Maynard’s Industrial Engineering Handbook Fifth Edition, (2001)

StartWoodworkingNow, “What is varnish? 5 interesting facts you should know,” Start Woodworking Now, 12-May-
2020. [Online]. Available: https://startwoodworkingnow.com/what-is-varnishing/. [Accessed: 28-Jan-2022].

Chen James, Investopedia, (2021).

Tech tip: Introducing business process participants, Laserfiche, 10-Sep-2012. [Online]. Available:
https://www .laserfiche.com/ecmblog/tech-tip-introducing-business-process-participants/. [Accessed: 30-Jan-
2022].

Zandin, Kjell B. Maynard’s Industrial Engineering Handbook Fifth Edition, (2001)

Researchgate.net. [Online]. Available:
https://www.researchgate.net/publication/306144149 Tempo rating approach using fuzzy rule based syste
m_and westinghouse method for the assessment of normal time. [Accessed: 22-Jan-2022].

Flow Analysis. (n.d.). Designmethodsfinder.com. Retrieved January 22, 2022, from
https://www.designmethodsfinder.com/methods/flow-analysis

Jain, M. (2016, August 30). String Diagram: Meaning and benefits (with diagram). Your Article Library.
https://www.yourarticlelibrary.com/industries/productivity-industries/string-diagram-meaning-and-benefits-
with-diagram/90453

From/to Chart. (n.d.). Cam.Ac.Uk. Retrieved January 22, 2022, from
https://www.ifm.eng.cam.ac.uk/research/dstools/fromto-chart/

The Cartesian plane. (n.d.). Varsitytutors.Com. Retrieved January 22, 2022, from
https://www.varsitytutors.com/hotmath/hotmath _help/topics/cartesian-plane

Routing. (n.d). Cambridge.Org. Retrieved January 22, 2022, from
https://dictionary.cambridge.org/us/dictionary/english/routing

H. Hirano, 5 pillars of the visual workplace. New York: Productivity Press, 1996, p. 13

S. Sindhuja, "Flow Pattern in Plant Layout (With Diagram) | Industries", Essays, Research Papers and Articles on
Business Management. [Online]. Available: https://www.businessmanagementideas.com/industries/flow-
pattern-in-plant-layout-with-diagram-industries/9228. [Accessed: 21- Jan- 2022].

Material flow pattern, theintactone, 2019. [Online]. Available: https://theintactone.com/2019/10/09/0pc-u2-topic-5-
material-flow-pattern/. [Accessed: 22- Jan- 2022].

M. Soberi, "Application of fuzzy AHP for setup reduction in manufacturing industry", Journal of Engineering
Research and Education, vol. 8, pp. 73-84, 2016. Available:https://www.researchgate.net/profile/Mohd-
Soberi/publication/318110021 Application of fuzzy AHP for setup reduction in manufacturing industry/l
inks/595a219e458515a5406fa67¢c/Application-of-fuzzy-AHP-for-setup-reduction-in-manufacturing-
industry.pdf. [Accessed 20 January 2022].

Analytic Quality Glossary", Qualityresearchinternational.com, 2022. [Online]. Available:
https://www.qualityresearchinternational.com/glossary/effectiveness.htm. [Accessed: 21- Jan- 2022].

J.  Morfaw, "Fundamentals of project sustainability", Pmi.org, 2014. [Online].  Available:
https://www.pmi.org/learning/library/fundamentals-project-sustainability-9369. [Accessed: 21- Jan- 2022].

0. Icmeli Tukel and W. Rom, "An empirical investigation of project evaluation criteria", International Journal of
Operations &  Production Management, vol. 21, no. 3, pp. 400-416, 2001. Available:
https://www.emerald.com/insight/content/doi/10.1108/01443570110364704/full/html. [Accessed 21 January

2022].
Ideal Approach - Step 4 - Comparing Costs and Benefits - Persistent Organic Pollutants (POPs)
Toolkit", Popstoolkit.com, 2022. [Online]. Available:

http://www.popstoolkit.com/economic/training/ideal/cost+benefit.aspx#:~:text=Benefit%20%E2%80%93%20
Cost%20Rati0%20(BCR),will%20return%20%241.25%200f%20benefit. [Accessed: 31- Jan- 2022].

Biography

Chum Keji A. Ocan is an ongoing Master of Engineering major in Industrial Engineering candidate in Cebu Institute
of Technology — University. He received his degree in Bachelor of Science in Industrial Engineering in 2019. His
major fields are based on Industrial Engineering, Operations Management, Lean Six Sigma, and Data Analysis.

© IEOM Society International 590


https://www.designmethodsfinder.com/methods/flow-analysis?fbclid=IwAR346AJT7Zm5XXI2vaBATsauN1ukhynN5xYX9dHuapCKXeaztPhsjBekwbc
https://www.yourarticlelibrary.com/industries/productivity-industries/string-diagram-meaning-and-benefits-with-diagram/90453?fbclid=IwAR0QbZYYbzk8cZACORFbazO7Tcu43VLvnJNao6gc9z9MxyUgs09VZ26R-BU
https://www.yourarticlelibrary.com/industries/productivity-industries/string-diagram-meaning-and-benefits-with-diagram/90453?fbclid=IwAR0QbZYYbzk8cZACORFbazO7Tcu43VLvnJNao6gc9z9MxyUgs09VZ26R-BU
https://www.ifm.eng.cam.ac.uk/research/dstools/fromto-chart/?fbclid=IwAR3Q05nKIs3PynAH0a6tIroTCszjimQ0GUenuYJI2d1CloaWgmJXqomKTRU
https://www.varsitytutors.com/hotmath/hotmath_help/topics/cartesian-plane?fbclid=IwAR1mB_6Em49yHhcxw4i21bfAvcM4-q3jbHlwlygDzwshuBDNUsit-dxTWvU
https://dictionary.cambridge.org/us/dictionary/english/routing?fbclid=IwAR35uehQxPuZzFvuLFYIVdLBNS3GxjryTO6WWHoH7wOS1CH3PxhDrED4d5I
https://www.businessmanagementideas.com/industries/flow-pattern-in-plant-layout-with-diagram-industries/9228?fbclid=IwAR3EKFRfo4WG_xEJaVNRvH9qcfOIIpraRW6tamkCpIVRhhDFuTjmz2JB3WM
https://www.businessmanagementideas.com/industries/flow-pattern-in-plant-layout-with-diagram-industries/9228?fbclid=IwAR3EKFRfo4WG_xEJaVNRvH9qcfOIIpraRW6tamkCpIVRhhDFuTjmz2JB3WM
https://theintactone.com/2019/10/09/opc-u2-topic-5-material-flow-pattern/?fbclid=IwAR2incPV4diq2Ymxt2M-Luo3YzCt-M4quvM0KV9zQkHEntfeOs1mShfpjVs
https://theintactone.com/2019/10/09/opc-u2-topic-5-material-flow-pattern/?fbclid=IwAR2incPV4diq2Ymxt2M-Luo3YzCt-M4quvM0KV9zQkHEntfeOs1mShfpjVs

Proceedings of the 4" Asia Pacific Conference on Industrial Engineering and Operations Management
Ho Chi Minh City, Vietnam, September 12-14, 2023

Currently, he works as a full-time faculty member and project management associate of Cebu Institute of Technology
— University in the Industrial Engineering Department and in the Quality Assurance Office for Administration.

Maelin B. Dagohoy is currently working as a Production Supervisor in one of the biggest food manufacturing in
Cebu, Sunpride Foods Inc. - one of the leading meat processors in the Philippines with integrated operations for
preparation and production of prominent, high-quality brands like Sunpride, Holiday, Kassel, Good Morning and
Shoppers. She received her degree in Bachelor of Science in Industrial Engineering in year 2023 and graduated as
Cum Laude. She is also eligible in Civil Service and received her certification as a Lean Six Sigma White Belter in
2020.

Mhedi Luis E. Guillen is an Assistant Store Manager at 7-Eleven- the largest convenience chain store in the world
with over 83 thousand branches, committed to providing top-notch customer service. He earned his Bachelor's degree
in Industrial Engineering in 2023 from Cebu Institute of Technology - University. During his term, he served as the
auditor of the Engineering council. His role was to ensure error-free budget allocation for the entire organization.
Mhedi's main areas of expertise are Operations Management and Human Resource Management.

Kenneth Kent B. Lavador holds a Bachelor of Science in Industrial Engineering from a reputable university, i.e.,
the Cebu Institute of Technology - University. He's working as a Process Documentation Associate under the
Department of Operational Excellence in a Publishing Company. His scope of tasks includes process documentation,
reviewing and renewing processes, and presently being trained on handling Negative Feedback Reports by proposing
pertinent solutions and recommendations regarding the case.

Emily Rose D. Ermac is a recent graduate who obtained a Bachelor of Science in Industrial Engineering in February
2023. Currently employed as a Process Documentation Associate in a publishing company, her journey began in the
vibrant city of Cebu. It was there that she embarked on her academic path, earning recognition as a non-academic
scholar at Cebu Institute of Technology-University.Her role as a Process Documentation Associate allows her to
employ her engineering skills to simplify intricate processes within the publishing industry.

Francis Ryan L. Eusebio is an Industrial Engineering undergraduate of Cebu Institute of Technology University.

While he has enjoyed his time at University, he is currently taking a short break from his studies to focus on family
and work as a Virtual Assistant for a small IT company.

© IEOM Society International 591



	1. Introduction
	1.1 Objectives
	2. Literature Review
	3. Methods
	4. Data Collection
	5. Results and Discussion
	5.3 Proposed Improvements
	6. Conclusion
	References
	Chum Keji A. Ocan is an ongoing Master of Engineering major in Industrial Engineering candidate in Cebu Institute of Technology – University. He received his degree in Bachelor of Science in Industrial Engineering in 2019. His major fields are based o...



