LIFE CYCLE ACTIVITY-BASED COSTING METHODOLOGY FOR
WASTEWATER TREATMENT USING MEMBRANE SYSTEM

NUR SYAMIMI BINTI JIRAN

UNIVERSITI TEKNOLOGI MALAYSIA



BAHAGIAN A - Pengesahan Kerjasama*

Adalah disahkan bahawa projek penyelidikan tesis ini telah dilaksanakan melalui
kerjasama antara Click or tap here to enter text. dengan Click or tap here to enter
text.

Disahkan oleh:

Tandatangan : Tarikh :
Nama :

Jawatan :

(Cop rasmi)

* Jika penyediaan tesis atau projek melibatkan kerjasama.

BAHAGIAN B - Untuk Kegunaan Pejabat Sekolah Pengajian Siswazah

Tesis ini telah diperiksa dan diakui oleh:

Nama dan Alamat Pcmeriksa Luar : Prof. Dr. Mohd Amri Bin Lajis
Fakulti Kejuruteraan Mekanikal Dan
Pembuatan, Universiti Tun Hussein
Onn Malaysia, 86400 Parit Raja,
Batu Pahat, Johor

Nama dan Alamat Pcmeriksa Dalam : Prof. Dr. Wong Kuan Yew
Sekolah Kejuruteraan Mekanikal
Fakulti Kejuruteraan
UTM Johor Bahru

Nama Penyelia Lain (jika ada)

Disahkan oleh Naib Pengerusi Sekolah:
Tandatangan Tarikh :

Nama



LIFE CYCLE ACTIVITY-BASED COSTING METHODOLOGY FOR
WASTEWATER TREATMENT USING MEMBRANE SYSTEM

NUR SYAMIMI BINTI JIRAN

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Doctor of Philosophy (Mechanical Engineering)

School of Mechanical Engineering
Faculty of Engineering

Universiti Teknologi Malaysia

APRIL 2021



DECLARATION

| declare that this thesis entitled “Life Cycle Activity-based Costing Methodology for
Wastewater Treatment using Membrane System” is the result of my own research
except as cited in the references. The thesis has not been accepted for any degree and

is not concurrently submitted in candidature of any other degree.

Signature . S
Name - NUR SYAMIMI BINTI JIRAN
Date . 12 APRIL 2021



DEDICATION

To my parents Hj Jiran Siper and Hjh Zaiton Bidin who keep pushing me
until the finishing line and to my lovely princess Faiha Alisha Muhamaad Fauzi; who
will one day be better than me.



ACKNOWLEDGEMENT

In the name of Allah SWT, the Most Gracious and the Most Merciful, | thank
You for giving me strength and idea through this challenging flow until this thesis
completed. This thesis could not be completed without support, guidance and
assistance from many people.

Firstly, I would like to express my appreciation and deep gratitude to my
supervisor, Prof. Dr. Muhamad Zameri Mat Saman and co-supervisor Prof. Dr.
Noordin Mohd. Yusof for their supervision, ideas, criticisms, support, and guidance
throughout completing this study. Without their continued supervision, this thesis
would not have been completed.

| am want to thank Universiti Teknologi Malaysia (UTM) for providing space,
facilities and opportunities which indirectly contributes during this journey. My
gratitude also goes to Ministry of Education Malaysia (KPM) for granting me the
scholarship under the MyBrain15 Scholarship Programme to pursue this PhD. degree.

| would like to thank my parents, Hj. Jiran Siper and Hjh. Zaiton Bidin,
siblings, families and friends who have given their prayers, encouragement, and
continued support for me throughout this long and loneliness trip. Special thanks to all
my colleagues at the Post-graduate room and AMTEC office Salwa Mahmood,
Tengku NorAzila, Zaina Norhallis, Afifah and many others for their moral support
during some hard times, guidance, knowledge exchange, and friendship for the past
few years. Their views and valuable input are precious in my research.

Finally, and the most important, | would like to extend my deep gratitude to
my beloved husband, Muhamad Fauzi Omar Abdul Aziz for being my backbone for
years, always patient and supporting me while I’m at my lowest point. Thank you so
much.



ABSTRACT

Currently, the world is experiencing water crisis of declining clean water
supply due to many factors such as human population growth, climate change and
pollution. Membrane technology is known as a sustainable solution in preventing
water pollution by treating wastewater effluent especially from the textile factory.
Many researches on membrane performance and life cycle assessments have been
carried out, but study on the economic aspect of membrane system using a detailed
cost estimation method is limited. This study aimed to develop a life cycle costing
(LCC) methodology for estimating the total cost of membrane system for wastewater
treatment in small-scale textile factory using the activity-based costing (ABC) method.
The outcome of this study may help in estimating the total cost at any membrane life
cycle and determine the LCC of the membrane system. It can also serve as an economic
justification and used as a decision-making aid as it reveals the monetary as well as
other beneficial information of the product. The ABC method was used to compute
overhead costs based on resource and activity cost drivers. Next, the total cost of the
membrane system was calculated by adding overhead cost with direct material and
labour costs. Three case studies were used to demonstrate the capability of the
developed methodology in estimating the LCC and acting as a decision-making aid.
The validation process was carried out by comparing results from the developed
methodology with Fabrycky’s parametric cost model and Kumar’s parametric cost
model. To produce accurate cost results, the cost error of the developed model should
be less than 10%. Based on the results from case study 1, the cost of fabricating the
hollow fiber membrane module (HFMM) was found to be lower (RM241.10 per unit
HFMM) compared to the cost for membrane application (RM1,561.94). Results from
case study 2 revealed that the cost of operation and chemical cleaning for the
submerged membrane bioreactor (SMBR) was cheaper than the series HFMM
although both options have the same operation time and total filtering cycle. Lastly,
case study 3 showed that the combination of Polyvinyl Chloride, N-Methyl-2-
Pyrrolidone and Ethylene Glycol had the cheapest material cost hence indirectly
reducing the total cost of the membrane system. Apart from that, the ABC analysis
also revealed an area of improvement that is useful for overall cost reduction. In
conclusion, a methodology to estimate the LCC of membrane system throughout its
lifespan using ABC method was successfully developed. This method is able to
produce accurate result, avoid cost distortion and make cost estimation process easier
compared to the traditional technique. Hence, it helps membrane user in estimating the
total cost of the membrane system throughout its life cycle and monitoring the high-
cost activities as well as high consumable resources to avoid increase in total cost.
Subsequently, this method encourages the use of membrane as a sustainable system in
the water and wastewater industries.



ABSTRAK

Dunia kini sedang mengalami krisis air iaitu pengurangan bekalan air bersih
ekoran pelbagai faktor seperti pertumbuhan populasi manusia, perubahan iklim dan
pencemaran. Teknologi membran telah dikenali sebagai penyelesaian mampan bagi
mencegah pencemaran air menerusi kaedah rawatan sisa buangan terutamanya dari
kilang tekstil. Banyak penyelidikan ke atas prestasi membran dan penilaian kitaran
hayat telah dijalankan tetapi masih kurang kajian dari aspek ekonomi sistem membran
tersebut dengan menggunakan kaedah penganggaran kos yang terperinci. Kajian ini
bertujuan untuk membangunkan satu metodologi Kos Kitaran Hayat (LCC) bagi
menganggar kos keseluruhan sistem membran untuk rawatan sisa buangan di kilang
tekstil berskala kecil dengan menggunakan Kaedah Pengekosan Berasaskan Aktiviti
(ABC). Hasil kajian ini boleh membantu menganggar jumlah kos keseluruhan pada
mana-mana peringkat kitaran hayat membran dan menentukan LCC sistem membran
tersebut. la juga boleh digunakan sebagai justifikasi ekonomi dan sebagai alat bantu
membuat keputusan kerana ia mendedahkan maklumat kewangan dan maklumat
penting yang lain mengenai produk terbabit. ABC digunakan bagi menganggar kos
pasti berdasarkan pendesak-pendesak kos bagi setiap sumber dan aktiviti. Kemudian,
kos keseluruhan sistem membran dikira dengan menambah kos pasti dengan kos bahan
langsung dan kos buruh langsung. Tiga kajian kes telah digunakan bagi menunjukkan
kebolehan metodologi yang dibangunkan dalam menganggar LCC dan bertindak
sebagai alat bantu membuat keputusan. Proses pengesahan telah dilakukan dengan
membandingkan keputusan daripada methodologi yang dibangunkan dengan model
kos parametrik Fabrycky dan model kos parametrik Kumar. Untuk menghasilkan
keputusan kos yang jitu, kesilapan kos bagi metodologi yang dibangunkan perlu
kurang daripada 10%. Berdasarkan keputusan kajian kes 1, kos pembuatan modul
membran serat berongga (HFMM) adalah lebih rendah (RM241.10 seunit HFMM)
berbanding kos penggunaannya (RM1,561.94). Hasil daripada kes kajian 2
mendedahkan kos operasi dan kos pembersihan kimia bagi membran bioreaktor
tenggelam (SMBR) adalah lebih murah berbanding siri HFMM walaupun kedua-
duanya mempunyai masa operasi dan jumlah kitaran tapisan yang sama. Akhir sekali,
keputusan kajian kes 3 menunjukkan kombinasi Polyvinyl Chloride, N-Methyl-2-
Pyrrolidone dan Ethylene Glycol mempunyai kos bahan paling murah, maka secara
tidak langsung mengurangkan kos keseluruhan sistem membran tersebut. Selain itu,
analisis ABC juga mendedahkan kawasan yang boleh ditambah baik untuk
mengurangkan keseluruhan kos. Kesimpulannya, metodologi untuk menganggarkan
LCC sistem membran sepanjang kitaran hayatnya menggunakan kaedah ABC telah
berjaya dibangunkan. Kaedah ini mampu menghasilkan keputusan yang lebih tepat,
mengelakkan salah anggar kos dan membuat proses anggaran kos menjadi lebih
mudah berbanding kaedah tradisional. Oleh itu, ia membantu pengguna membran
untuk menganggar jumlah kos keseluruhan sistem membran sepanjang kitaran
hayatnya dan memantau aktiviti kos yang tinggi serta sumber yang paling banyak
digunakan untuk mengelakkan kenaikan kos keseluruhan. Seterusnya, kaedah ini dapat
menggalakkan penggunaan membran sebagai sistem yang lestari untuk industri air dan
air sisa.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Background of the Research

World sustainability directly depends on the human population and their
activities. As the lifespan of products becomes shorter due to rapidly changing trends,
a high amount of energy and raw materials are being over-consumed hence depleting
resources for the next generation (Black et al, 2011). At the same time, the natural
environment is being threatened by the revolting impacts of human activities including
the overflowing of waste landfills, harmful gas emissions and various forms of
pollution (Harte, 2007; Jaafar et al, 2007). Clean water is a vital element for human
life but its sources are now facing the threat of depletion due to many factors (Kumar,
Groth, & Vlacic, 2014; Kumari & Patil, 2019). The world is experiencing water
shortage due to world climate change, high water demand from the industries,
increasing human population, the dwelling of new water sources and water pollution
(Pitatowska & Wlodarczyk, 2018; Vegera, Malei, & Trubovich, 2018). Sewage
discharge from the manufacturing and agricultural industry is a major factor
contributing to the water crisis (Pang & Abdullah, 2013; United Nation (U.N.)-Water,
2011).

Water pollutant exacerbates the situation by contaminating large volumes of
available water, rendering it unsuitable for human consumption. In Malaysia, there are
several prominent problems related to clean water such as the prolonged water supply
disruption around Kuala Lumpur and several regions in Selangor, the drastic reduction
of the remaining amount of water in the dams caused by the dry spell in 2016 and the
pollution of rivers resulting in raw water contamination. In early 2019, dozens of
students and residents in Pasir Gudang suffered from the effects of the toxic waste
dumped by irresponsible manufacturers that caused airborne pollution and also water
contamination in the area, Sungai Kim Kim. At the end of 2019, another incident of



illegal waste dumping in Sungai Semenyih caused residents nearby to endure smelly
odours while many areas in Selangor suffered water disruption due to the forced
shutdown of the Sungai Semenyih Water Treatment Plant. These problems primarily
affected water supply for residential use. The continuous monitoring program by the
Department of Environment Malaysia shows a declining trend in clean water river in
Malaysia and the total number of slightly polluted and heavily polluted rivers keeps
increasing every year due to many factors including, discharges from industry, sewage
treatment plants, animal farms, agricultural activities and surface runoff (Afroz &
Rahman, 2017). Hence, specific strategies and models focusing on wastewater
treatment are needed to minimize the water pollution problem in Malaysia (Ujang &
Buckley, 2002).

Membrane technology is acknowledged as an innovative technology that is
widely used in many application and industries due to its advantages compared to
traditional methods (Naveed, Bhatti, & Ali, 2006; Nicolaisen, 2003) including in the
water and wastewater industry particularly desalination and wastewater treatment
system (Goh & Ismail, 2018). Membrane technology has been proven to be an
effective and sustainable method for removing all micro-organisms and eliminating all
suspended solids present in wastewater (Capar, Yetis, & Yilmaz, 2006; Naveed et al,
2006) as well as producing better output quality of water (Drioli & Fontananova, 2004;
Li et al, 2011; Ong & Chung, 2012), requiring only a minimum number of workers
(Cheryan & Rajagopalan, 1998; Suéarez et al, 2015) and yet keeping the environmental
footprint to a minimum (Dasgupta et al, 2015; Molinari, Argurio, & Poerio, 2009; Yeo,
Law, & Fane, 2006). With the current global water crisis, membrane technology can
be used to purify municipal and industrial wastewaters for reuse or treatment before

safely release into natural water stream (Mahmood, 2016).

As human activities of today will have an impact on the next generation in
terms of raw material availability and future world conditions, the development of a
sustainable product is needed to minimize the adverse impacts (Hemdi, 2013). The
design of sustainable product should include cost considerations i.e. producing a

quality product at a minimum cost throughout its lifespan (Ljungberg, 2007). Hence,



the cost assessment via life cycle costing (LCC) analysis need to be performed before
considering the implementation of membrane technology.

Apart from the quality of the product, cost is a critical aspect of business
industries (Seo et al, 2002a) that may affect policies and strategies of the companies
(Gupta & Galloway, 2003). Hence, it is important for decision-makers and industry
players to understand the feasibility of projected plan (Salehi et al, 2014). Previously,
membrane technologies have been rejected by small industries because it is claimed
as expensive tools (Mulder, 2012; Pang & Abdullah, 2013). However, with recent
technological innovations in membrane technologies, the cost of the membrane system
is claimed to have decreased. This hence leads to an increase in the use of membrane
systems for the wastewater treatment (Wang et al, 2014). To survive in the competitive
market of today, manufacturers have to consider reducing the LCC of their product
instead of only reducing cost of material acquisition, production and transportation
(Seo et al, 2002a).

There are many techniques available for estimating product cost and plenty of
cost models had been developed to facilitate the estimation process. Different products
may entail different types of costs and every cost problem has different historical data
viability, depth of analysis and goal of the analysis (Fixson, 2004). However, LCC
analysis needs to be conducted as early as possible because estimating cost during the

design stage could reduce the overall cost up to 85% (Dowlatshahi, 1992).

As sustainability has now become a global issue and a viable marketing
strategy around the world, demands on membrane technology continue to increase and
projected to keep growing into the future (Mahmood, 2016). Researches had been
conducted on the potential and performance of the membrane system especially in
relation to the environmental aspect (Kamali et al, 2019). However, very few had
studied its economic aspect including the LCC of the membrane system due to
variation in the raw wastewater characteristics, difficulties in gathering cost data and
analyses that are time-consuming (Lau & Ismail, 2009; Lo, McAdam, & Judd, 2015).



Cost assessment needs to be performed to provide an economic justification in
term of monetary value, to ensure that the membrane technology is a good option that
balances both economic and environment aspects hence accepted as a sustainable
product option (Bick et al, 2012) and act as an evaluation point in comparing several
options based on the total cost and other benefits offered (Suérez et al, 2015).
However, estimating the total cost of the membrane system at design stage is a tedious
and complex task because it deals with multiple processes in which most of the data
input comes from other process output, limited sources of data availability, multiple
tangible costs and some processes sharing the working space and equipment (Tu, Xie,
& Fung, 2007).

1.2 Problem Definition

At present, many sustainability assessments focus more on the environmental
assessment as there is an international standard for it whereas limited international
standards or guidelines are available for the social and economic assessment specially
in the manufacturing industry (Costa, Quinteiro, & Dias, 2019; Kelly & Hunter, 2009;
Korpi & Ala-Risku, 2008) due to difficulties in identifying the parameters involved in
both elements (Hunkeler et al, 2008; Kelly et al, 2009). The lack of studies on LCC is
caused by several factors including, lack of reliable historical cost data (Arditi &
Messiha, 1999), differences in the nature of the problem (Life cycle cost analysis,
2016), uncertainties related to LCC assumptions (Dwaikat & Ali, 2018), and
difficulties in obtaining cost parameters (Dwaikat et al, 2018). There are many ways
others had employ to deals with insufficient data problem when conducting cost
estimation activity including combining cost estimation methods, adopting other
historical data and results and develop databases using machine learning (ML) based

on historical data.

In the case of the economic assessment to determine the LCC of the membrane
system, although some researchers had included economic assessment in their study,
most had focused more on the basic economic calculations related to the initial and
operational costs of the membrane system during the membrane application stage (Ang



et al, 2017; Bick et al, 2012; Coté, Masini, & Mourato, 2004; Hitsov et al, 2018;
Humeau et al, 2011; Keeley, Jarvis, & Judd, 2012; Samhaber & Nguyen, 2014; Suarez
et al, 2015; Yoon, Lee, & Kim, 2004). Some common cost analysis involves
expenditures related to investment, operation, maintenance, labour, energy and
membrane replacement. Such assessment also typically only covers the application
and usage stage (Korpi et al, 2008). Hence, those calculations are not a proper
economic indicator to show the actual economic point of view of the product or
system. Economic assessments should cover all stages of the product and include all
costs related to the product throughout its lifecycle. Due to concerns on the use of the
lifecycle engineering concept in designing products, the LCC of the product has
become one of the elements that need to address well (Ahmad et al, 2018; Alting &
Jogensen, 1993; Asiedu & Gu, 1998; Hemdi, 2013; Lu et al, 2011).

The LCC analysis of the product should be carried out to determine the
economical aspect of the product or system. LCC refers to all costs associated with the
product or system to the defined lifecycle (Fabrycky & Blanchard, 1991). As
membrane technology is a new trend in Malaysia, the LCC analysis should performed
to determine the LCC value of the membrane system. The LCC analysis could be a
justification to prove the economical point of the membrane system (Judd, 2017;
Suarez et al, 2015) and in highlighting areas for cost reduction (Judd, 2017) to make
the membrane system more attractive for implementation. Some companies that had
implemented the membrane system are unsure about its cost-effectiveness. As the
membrane system could be one of the best methods for filtering industrial wastewater
(Drioli et al, 2004; Judd, 2017; Kamali et al, 2019; Mahmood, 2016; Owen et al, 1995;
Vergili et al, 2012), an LCC analysis is important and should be performed in detail.
A few studies found in literature had integrated LCC analysis and activity-based
costing (ABC) method for application on other products and processes (Duran &
Afonso, 2020; Kayrbekova, Markeset & Ghodrati, 2011; Pazarceviren & Dede, 2015;
Rivero & Emblemsvag, 2007; Yang, 2018), but hardly any had reported on the usage

of the ABC method in the LCC assessment of the membrane system.

Since there is no standard procedure yet on how to perform the LCC of the

membrane system, this study aims to develop a simple and effective methodology



towards that end by using the ABC method. Using the ABC method, the cost of the
product is estimated on the basis of the quantity of the resource consumed by each
flow of activity in the production process. The ABC method is a detailed cost
estimation system whereby the product cost is determined from its source making it
suitable for dealing with indirect costs (Ben-Arieh & Qian, 2003; Carli & Canavari,
2013; Chouhan, Soral & Chandra, 2017; Esmalifalak, Albin & Behzadpoor, 2015;
Gunasekaran, Marri & Grieve, 1999a; Gunasekaran & Sarhadi, 1998; Majid &
Sulaiman, 2008; Wang & Han, 2013), able to produce reliable results (Majid et al,
2008; Tang, Wang, & Ding, 2012; Wang et al, 2013) and provide information related
to specific activities (Baykasoglu & Kaplanoglu, 2008; Zhuang & Burns, 1992). ABC
was developed to understand and control the indirect costs, as well as to highlight what
trigger cost and how to manage those factors in order to control the product cost.
Activity-based life cycle costing (ABLCC) analysis is more detailed and
comprehensive as it captures costs from its source and covers the entire life-cycle of
the product. The expected outcomes from the study will be a systematic methodology
to measure LCC which can assist in decision-making process specially on the
economic aspect. The purpose of this methodology is to measure the total cost involved

in the membrane system’s overall lifecycle.

1.3 Research Questions

The research questions for this study are as follows:

I Is there a methodology for estimating the total cost of the membrane system
for wastewater treatment in small-scale textile factories using a detailed cost

estimation technique?
ii. How to determine the LCC of the membrane system?

iii. How to demonstrate the effectiveness of the methodology and validate the

results from the methodology for estimating the LCC of the membrane system?
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1.5

Research Objectives

The research objectives of this study are as follows:

To develop a methodology to calculate the total cost of the membrane system
for wastewater treatment in small-scale textile factory using a detailed cost

estimation technique i.e. the ABC method.

To determine the LCC of the membrane system using the developed
methodology.

To demonstrate the effectiveness of the methodology using the case study
technique and to validate the results by comparing it with another developed
cost model.

Research Scopes

The scopes of the study are as follows:

Focus on the total cost of the membrane system from the pre-manufacturing

stage, manufacturing stage, usage stage and post-use stage.

The case study will focus on the hollow fiber membrane module (HFMM) used

to treat wastewater from the textile manufacturing industry.

The textile manufacturing industry chosen is a small-and-medium textile

factory in Batu Pahat, Johor.

For labour cost, this study only takes into consideration the workers’ salaries;

only a minimum total number of workers are taken into consideration.



1.6 Research Methodology

The research methodology of the study is shown in Figure 1.1 which is based
on the research objectives and scope stated previously. A detailed explaination on the
research methodoloy is presented in Chapter 3.

Identify research gap based on literature review related to
membrane system and sustainability.

v

Review and choose a suitable cost estimation technique based
on its advantages and problem situation including historical
data, level of analysis and depth of analysis.

v

Collect data through laboratory visits, brainstoming and
discussion with membrane researchers, review of
manufacturer’s manual and standard operation procedure
(SOP) and past research.

\4

Develop a methodology for estimating the LCC of the
membrane system using the ABC method i.e. the chosen cost
estimation technique. Derive equations to calculate the
overhead cost and total cost of the membrane system
throughout its lifecycle in Microsoft Excel.

v

Develop grapical use interface (GUI) cost model to facilitate
user in using the developed methodology by using Microsoft
Visual Studio.

v

Conduct several case studies to test the capability of the
developed model and to validate the result produced.

v

Discuss the developed methodology and the developed cost
model by reviewing its strengths. Highlighting the limitations
for future research.

Figure 1.1 Research methodology of the study



1.7 Significance of the Research

Firstly, this study determines the total cost of the product throughout its
lifespan i.e. covering the pre-manufacturing, manufacturing, usage and post-use stages
using the ABC method, a detailed cost estimation technique. This is a new
methodology that fulfills the research gap in the economic aspect of the sustainability
concept i.e. LCC. This methodology integrates LCC and ABC in order to determine

the LCC of the membrane system.

The developed methodology helps designers, researchers and manufacturers in
estimating the total cost of the membrane system throughout its lifecycle including its
LCC. Therefore, it can facilitate decision-making in terms of the economic aspect. The
result from the developed methodology can be a reference point to decide whether the
cost at any stage is within the company’s preference before proceeding with the chosen
membrane-type for filtration system. Estimating the LCC has many advantages despite
being tricky as it involves tangible and intangible costs. Hence, a user-friendly cost

model is needed to simplify the estimation process and to prevent miscalculations.

The outcome of the study is expected to facilitate researchers and practitioners
in the manufacturing industry to estimate the LCC of any membrane-type and use it as
an economic justification to prove that the membrane system is a sustainable and
economic option in the wastewater filtration application. This is important because
environmental activists had previously claimed that although membrane technology is
a sustainable solution in preventing industrial water pollution, no detailed cost
estimation that cover the LCC of the membrane system has been carried out. Hence,
the developed methodology attempts to fill this gap. In addition, this could be an
interactive point to promote the implementation of membrane technology in the water
and wastewater industry as this technology has been proven to be sustainable with
minimum cost. It helps in sustaining the environment and reducing the cost for the

manufacturer as it is easy to modify into the existing treatment plant’s system.

The results of the methodology can help the user in monitoring high cost

activities and high consumable resources to avoid an increase in the total cost at any



product stage. Apart from the monetary value, the ABC method also reveals areas that

can improve the overall production and process flow as well as reduce the total cost.

1.8

Assumptions

The proposed methodology for estimating the LCC is implemented under

several assumptions listed as follows:

Vi.

Vii.

Selection of resources, activity and cost drivers are based on brainstorming
sessions with membrane researchers from the Advanced Membrane
Technology Research Centre (AMTEC), UTM.

All activities included in this study for every membrane lifespan is based on
the basic flow at each cycle which is retrieved from the SOP prepared by

AMTEC and past researchers.

The economic life of equipment and machines are assumed to be 5 years or
43,800 hours for stainless steel equipment and 3 years or 26,280 hours for glass

equipment when there is no information provided by the manufacturer.

The operation time for the membrane manufacturing is assumed to be 26 days
per month and 8 hours per day. This is based on the operation time applicable
in AMTEC UTM and as used by other membrane researchers while fabricating

the membrane module.

The operation time for the textile factory during the membrane application is
assumed to be follow the case study company’s working hour that is, 24 hours

per day and 26 days per month.

The labour cost only considers the workers’ wage based on the minimum

worker’s wage in Malaysia.

The recycling and disposal activity in the post-use stage will be handled by a
third party such as Alam Flora and South Waste Management (SWM).

10



1.9 Thesis Structure

This thesis consists of seven chapters. Chapter 1 presents the background of
the study, problem definition, research questions, research objectives, research

methodology, research scopes, assumptions used and significance of the research.

Chapter 2 discusses and reviews relevant literatures which consists of several
topics including, sustainability concept, sustainability developement, textile industry,
sustainability assessment, LCC, cost estimation technique, the ABC method, cost
model and membrane system. The basic procedure to conduct LCC analysis that is
commonly used by others is explained. Several cost estimation techniques used to
estimate the cost for various products and applications are reviewed and compared
based on its advantages and limitations. The method for choosing the most suitable
cost estimation technique for this study is also discussed. Based on that, the ABC
method is chosen as the cost estimation technique. The basics of the ABC method are
reviewed and its advantages and limitations are discussed in detail. Several developed
cost models are reviewed as a guidance in developing the cost model for the membrane
system. Lastly, this chapter explains basic information about the membrane system

throughout its lifespan as the main case study in this research.

Chapter 3 explains the methodology of the research which includes the
research framework and the theoretical methodology used in this study. Next, the
development of the methodology to estimate the LCC using the ABC method is
described in detail. Lastly, the developed software prototype, case study involved and
method of validation used for the developed methodology is explained.

Chapter 4 describes in detail the development flow of the cost model to
estimate the LCC of the membrane system. This includes defining the problem and
listing the input, processing and output of the software. The software prototype for the
LCC is presented with an illustration of the main page, methodology page, user guide
page, evaluation page and setting page. Next, the flow of calculating the overhead cost

in the GUI with sample calculation of each equation used in the developed

11



methodology is presented. The case studies used in this study are also briefly discussed
in this chapter.

Chapter 5 discusses the result and analysis of each case study. Some possible
improvements based on the Pareto chart, value analysis and what-if analysis model are

also listed for further analysis. Lastly, the results of the model validation are presented.

Chapter 6 discusses in detail the development of the methodology and also the
proposed cost model software. The strengths and limitations of the developed
methodology are also discussed in this chapter. Lastly, summarizes the conclusion of

the study and lists some opportunities for future research.
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