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ABSTRACT

Increase in water demand is unavoidable due to the population growth,
industrialization, urbanization and change of lifestyle. Aspires to become an
industrialized nation, Malaysia has set profound transformation putting the
manufacturing sector to spearhead the change and become one of the biggest
contributors to the Gross Domestic Product (GDP). Growth of manufacturing sector
in Malaysia creates increase of water demand that needs attention for performance
evaluation towards sustainability. Many assessment methods have been proposed
globally in response to these challenges. Evaluation and optimization of manufacturing
water use had been done in economic, environmental, social and technical aspects
respectively. Nonetheless, approaches to assess manufacturing water use in an
integrated aspect has yet to be conducted. Thus, this research aims to develop a novel
composite index to evaluate the performance of manufacturing water demand in a
holistic manner. The composite index is called Malaysia Manufacturing Industry
Water Benchmarking System (MIWABS) that was developed based on relevant sets
of indicators under relevant aspects in sustainability principles and was mapped out
with Sustainability Development Goals (SDGs). Selection and establishment of
indicators were carried out based on specified filtration criteria through water
stakeholder workshop. On the other hand, weightage of aspects was done based on
Analytic Hierarchy Process (AHP) method based on water experts’ feedback. As a
result, a total of nine indicators under four aspects; economic, environmental, social
and technical were created. The indicators that were established under MIWABS
framework are E1 (percentage of water in production), E2 (cost to treat wastewater),
Enl (percentage of recycle water), En2 (wastewater per product), En3 (water per
product), S1 (employee water use), S2 (water conservation effort), T1 (percentage of
utility water) and T2 (percentage of process water). Based on the AHP feedback
through the collective decision made by water experts in Malaysia, it was found that
economic indicators had the weight value of 29.6%, while environmental indicators
had the weight value of 38.6%. On the other hand, social indicators had the weight
value of 16.2% and technical indicators had the weight value of 15.6%. Rubber glove
and semiconductor industries were chosen as the case study to validate and
demonstrate the MIWABS framework. Selection of these industry subsectors were
made based on statistical data from Department of Statistics Malaysia (DOSM) which
was indicated as water-intensive industry. From the MIWABS scores, the profiling of
these two industries has been presented. The outcomes of MIWABS show potential
strategic improvements for Malaysia manufacturing water use. Due to the increase in
water demand, encouragement for water recycling shall be introduced. Additionally,
the findings also showed that, manufacturing shall opted for alternative water
resources such as groundwater and river to minimize water intake competition between
other sectors. Improvement of manufacturing water use is important to support this
sector so that it can be boosted as an important industry such as rubber glove which
had proven to be in stable and vital demand for the world even during economy
downfall due to the global pandemic COVID-19. Efficiency of manufacturing sector
aligning with National Policy Industry 4.0 shall be taken into account since water is
an integral component for the betterment of Malaysia as one of the industrialized
countries.
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ABSTRAK

Peningkatan pemintaan air bagi memenuhi pertumbuhan populasi,
perindustrian dan perubahan cara hidup tidak dapat dielakkan. Sejajar dengan aspirasi
menjadikan Malaysia sebagai negara perindustrian, sektor pembuatan kini dilihat
menjadi salah satu penyumbang terbesar kepada Keluaran Dalam Negeri Kasar
(KDNK) negara. Pertumbuhan sektor pembuatan menyebabkan pertambahan
pemintaan air. Melihat kepada senario ini, penilaian ke atas prestasi penggunaan air
bagi sektor pembuatan perlu dilaksanakan untuk memastikan kelestarian pengurusan
permintaan air di Malaysia. Pelbagai kaedah penilaian prestasi penggunaan air sektor
pembuatan telah dilaksanakan bagi menangani isu ini. lanya telah dijalankan secara
berasingan bagi menilai penggunaan air sektor pembuatan terhadap aspek ekonomi,
alam sekitar, sosial dan teknikal. Namun, kajian menyeluruh dengan mengintegrasikan
semua aspek lestari tersebut masih belum pernah dilakukan. Oleh yang demikian,
penyelidikan ini telah memperkenalkan satu sistem penanda aras penggunaan air
sektor pembuatan iaitu Malaysia Manufacturing Industry Water Benchmarking
System (MIWABS). Sistem ini dibangunkan secara sistematik berdasarkan integrasi
indikator-indikator yang penting bagi sektor pembuatan di Malaysia dibawah semua
aspek lestari dan diselarikan dengan Matlamat Pembangunan Lestari (SDG).
Pemilihan indikator dibuat berdasarkan kaedah saringan khusus melalui sesi bengkel
bersama pihak berkepentingan sektor air di Malaysia. Sementara itu, pemberat bagi
setiap indikator dibuat melalui kaedah Analytic Hierarchy Process (AHP) yang
mengambilkira maklumbalas pakar air di Malaysia. Sebagai hasil kajian, indikator-
indikator yang dipilih adalah E1 (% kos air/kos produksi), E2 (kos rawatan air), Enl
(% air dikitar semula), En2 (jumlah air sisa bagi setiap satu produk), En3 (jumlah air
bagi setiap satu produk), Sl(penggunaan air oleh pekerja kilang), S2 (usaha
penjimatan air), T1 (% penggunaan air terawat) dan T2 (% air untuk tujuan proses
pembuatan). Berdasarkan maklumbalas AHP, keputusan kolektif menunjukkan
pemberat indikator ekonomi adalah 29.6% manakala pemberat indikator alam sekitar
adalah sebanyak 38.6%. Pemberat bagi indikator sosial dan teknikal pula masing-
masing adalah 16.2% dan 15.6%. Industri pembuatan sarung tangan getah dan
semikonduktor telah dipilih bagi kajian kes, bertujuan untuk menunjukkan applikasi
dan validasi kerangka MIWABS. Pemilihan kedua-dua industri ini adalah berdasarkan
statistik pengguna air besar oleh pihak Jabatan Perangkaan Malaysia. Hasil pengiraan
skor MIWABS bagi kedua sektor pembuatan ini telah dibentangkan. Hasil kajian
MIWABS menunjukkan pengurusan permintaan air di Malaysia boleh ditambahbaik
melalui cara meningkatkan kadar peratusan kitar semula air di kilang-kilang di
Malaysia. Selain daripada itu, penggunaan sumber air alternatif seperti air bawah tanah
dan sungai juga boleh diambilkira oleh sektor pembuatan bagi mengurangkan
persaingan pengambilan air terawat dengan sektor lain. Penambahbaikan penggunaan
air bagi sektor pembuatan adalah penting bagi menyokong pertumbuhan sektor ini
memandangkan permintaan produk seperti sarung tangan getah yang kukuh walaupun
dalam tempoh pendemik COVID-19. Kecekapan sektor pembuatan selari dengan
pelan Industri Dasar Negara 4.0 Malaysia juga wajar mengambilkira penggunaan air
ke arah menjadikan Malaysia sebagai sebuah negara penindustrian.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Moving forward as developed countries, industrialization and urbanization has
created pressure to water resources management (Bao & Fang, 2012; Fujii et. al., 2012;
Gao et. al., 2008; Jia et. al., 2006; United Nations, 2015). United Nations World Water
Development Report 2015 projected manufacturing water demand will increase 400%
during 2000 to 2050 (United Nations, 2015) higher than global water demand in

agriculture and domestic sectors.

Global Manufacturing Competitive Index shows that, manufacturing strength
is clustered in three regional clusters: The North America, Europe and the Asia Pacific.
North America and Asia Pacific dominate the top 10 manufacturing competitive
nations. Numerous Asia Pacific countries like Malaysia, India, Thailand, Indonesia
and Vietnam will emerge as more competitive manufacturing countries (Tohmatsu,
2016). As reported by UNIDO (2018), Asia Pacific is currently the major

manufacturing producer in global perspective.

Zooming into Malaysia, the manufacturing sector has seen rapid evolution.
From mass production through the use of intensive labour force in production lines, to
the use of robotics to increase efficiency, the manufacturing industry is constantly
evolving with more infusion of automation. Today, the next phase of evolution is
referred to as the Fourth Industrial Revolution or Industry 4.0. (MITIL, 2018). As
manufacturing sector has proven to be the catalyst of economic development in
Malaysia since First Industrial Master Plan (Mohamed et al., 2018), slowing down the
pace in not an option. In fact, manufacturing sector is the second largest contributor

in national Gross Domestic Product of about 22% (DOSM, 2019).



With respond to the 4.4% growth of manufacturing factories in Malaysia
between 2010 and 2015, water demand in this sector has double-fold to support the
production demand (DOSM, 2015). World Resources Institute, the developer of
Aqueduct Water Risk Atlas, had projected that, Malaysia, despite having 907 billion
m? of rainfall a year and considered as water abundant country, is facing medium risk

of water stress by year 2030 (World Resources Institute, 2020).

Based on statistics from Malaysia Water Industry Guide, record shows increase
in demand of water for domestic and non-domestic in Malaysia for the past 12 years.
Water consumption in 2002 was 8,487 MLD (Lee, 2005). The demand increased up to
21% to a total of 10,716 MLD in 2014. Besides that, the trend shows non-domestic
water consumption is increasing along with the total water consumption (MWIG,
2018). As water demand is being shared among sectors such as domestic, commercial
and manufacturing, water stress has been predicted in Malaysia especially in states

where manufacturing sectors is concentrated (STAR, 2017).

National Water Commission (SPAN) has outlined nine (9) strategies that aim
for better enforcement, optimize water resources and development of research for
water industry (SPAN, 2019). These strategies are to curb issues such as water
shortage, water pollution and efficient value of water in Malaysia. Among these
strategies, water use in manufacturing sector shall play a role as it is expected that,

water demand in this sector will continue to increase over the years.

In line with this, it is important to assess the current performance of
manufacturing water use in Malaysia. Through empirical performance assessment,
significant indicators that affect manufacturing water use can be established. By
calculating the performance at factory and industry levels, improvement of these
indicators can be identified for future improvement towards water demand

management in Malaysia.



1.2 Problem Statement

It is understood that manufacturing water use affects water resources in terms
of quantity and quality. In term of quantity, manufacturing requires huge amount of
water and interruption is not permissible as it will affect the production. Without
proper water demand management, this will lead to water competitiveness and
uncertainties in water supply (Aggarwal & Kumar, 2011; Sachidananda et al., 2016).
In term of quality, manufacturing wastewater is one of the main causes of natural water
pollution and environmental degradation. Without proper policy and legislation
implementation, wastewater is often released with only partial treatment or without
treatment at all (Ranade & Bhandari, 2014). Even though impact of manufacturing
water use is significant, studies on water use in manufacturing received little attention
as compared to other sector (Ajiero & Campbell, 2018; Dupont & Renzetti, 2001;
Reynaud, 2003).

According to sustainable manufacturing principle, manufacturing continues to
improve the value of product while effectively reducing the intensity of materials use,
minimizing negative environmental impacts, keep safe for employees, communities
and consumers (OECD, 2009). Manufacturing has to correspond with economic, social
and environmental aspects while operates in optimum technology (Joung et. al., 2013;
Taylor et al., 2014). Thus, performance of water in manufacturing as one shall be

assessed in terms of these aspects.

Many methods had been done to assess the performance of manufacturing
water use. It includes product benchmarking (Den et. al., 2019), lifecycle assessment
(Burnip & Cowell, 2006; Walsh et. al., 2017), water footprint (X. Jia et. al., 2015;
Skouteris et al., 2017), strategic planning (Alun Gu, 2017; Shang et. al., 2016), water
auditing and econometric study (Kumar & Managi, 2009; Revollo-fernandez et. al.,

2019; Reynaud, 2003).



From these different approaches, environmental indicators had been used to
measure impact of manufacturing water use in terms of water quantity and wastewater
generation (Alkaya and Demirer 2015; Envirowise 2007; Saha et al., 2005). Technical
and social indicators had also been identified for technology improvement and water
conservation awareness (Ajiero & Campbell, 2018; Man et al., 2018). On the other
hand, economic indicators measure the value of water in manufacturing sector

(Shiwanthi et al., 2018; Walsh et al., 2017).

However, measurement of indicators was carried out in numerous research in
the past that focus to improve water use in specific industry such as automotive (Babel
et al., 2019; Semmens et al., 2014) and specific factory (Ghisi et al., 2014; Ozturk et
al., 2016; Saha et al., 2005). Besides that, effort to aggregate environmental indicators
was done based on principles of Industrial Ecology for manufacturing industry in
Greece (Gaidajis & Angelakoglou, 2016). Nevertheless, as to date, aggregation of
indicators concerning economic, environmental and social aspects has yet to be carried

out.

Understanding the circumstances that water use within a factory has many
various purposes that creates many relevant indicators, this research is closing the gap
by developing a composite index to assess the performance of manufacturing water
use in multidimensional aspects based on sustainability principles (economic, social,
environment and technical). As mentioned by Joung et al., (2013), aggregating and
evaluating indicators in environmental, economic, and social aspects together is a
practice to measure the sustainability on a larger scale compared to evaluating it
individually. The process of indicator aggregation has resulted a composite index score

which provides a more straightforward conclusion on the level of sustainability.

Therefore, this research aims to develop Manufacturing Industry Water
Benchmarking System (MIWABS) based on aggregated indicators for manufacturing
sector in Malaysia. MIWABS used stakeholder-driven approach where the established
indicators and weightage assignment were graded by water stakeholders and
manufacturing industry. The said indicators were established through a workshop,

while the weightage aspects were classified based on the consensus made by the



stakeholders. Through MIWARBS, it can be a form of standardization to interpret water
situation for manufacturing sector in Malaysia. With such composite index,
classification and ranking of each manufacturing factory can be done. Besides that,
comparison between manufacturing industry can be identified as well. This would help
the stakeholders to identify hotspot and make improvement for Malaysia

manufacturing industry water use.

1.3  Research Objectives

The overall research goal is to develop a composite index to holistically access
the performance of water use for manufacturing sector in Malaysia towards sustainable
water demand management. Following are the objectives to achieve the goals of this

research:

1. To develop Malaysia Manufacturing Industry Water Benchmarking System
(MIWARBS) framework that consists of indicators that are selected based on

sustainable principle and SDG.

2. To establish weightage to the indicators by using multi criteria decision
method.
3. To designate benchmark and target indicators based on manufacturing sector

scenario in Malaysia.

4. To compute the rating score based on actual data collected from selected

manufacturing industry in Malaysia to show the application of MIWABS.

5. To utilise the findings of MIWABS as a tool for decision making in Malaysia

water demand management.



1.4

Research Scope

The scope for the development of MIWABS are as follows:

MIWABS was developed based on composite index approach that consists of
aspects and a set of indicators. Establishment of indicators was carried out
based on systematic literature review, water stakeholders’ workshop, and
discussion with SPAN and UTM. The finalized set of indicators are based on
specified procedure that considered relevancy, applicability and accessibility

to manufacturing sector in Malaysia.

Weightage assignment for aspects was carried out by using Analytical
Hierarchy Process (AHP). Therefore, a standardized survey questionnaire
specifically for AHP weightage assignment was designed and developed. The
AHP questionnaires were distributed to water experts in Malaysia. The list of
respondents for the questionnaire was discussed with SPAN and UTM. The
respondents include government officers, researchers, academicians, officers

of water operators and utility manager for manufacturing factories.

Normalization of multidimensional indicators was done by using Proximity-
to-target (PTT) approach. The indicator’s score was calculated based on
selected benchmark and target values. Benchmark and targets for each
indicator were defined based on specified criteria based on Malaysian policy
goals, international goal, guidelines or best data performance. The selection of
benchmark and target were based on relevancy and availability of threshold

value for manufacturing sector in Malaysia.



1.5

A questionnaire was developed for data acquisition. The questionnaire was
designed specifically to gather information of the established indicators. The
questionnaire had been deliberated through the collaboration of SPAN and

UTM before it was distributed to selected manufacturing factories.

Selection of manufacturing industries were made through scoping process with
the Department of Statistics Malaysia based on secondary data from
manufacturing census 2015. From the water intensive industry, a list of
manufacturing factories was given by SPAN based on the big water user
criteria; water consumption over 30,000m*/month. The questionnaires were

distributed based on the final list discussed with SPAN and UTM.

MIWABS performance index is determined through aggregation of the

indicators score with its respective weightage.

Research Limitation

The limitation for the development of MIWARBS are as follows:

Questionnaires feedback from manufacturing factories were on voluntary
basis. However, difficulties on gathering feedbacks were faced for data

collection.

Establishments of benchmark and target values can only be made based on
literature threshold values since there is no current policy statement of

manufacturing water use.



1.6  Significant of Research

To date, performance assessment of manufacturing water use has not been
measured holistically. Through MIWABS, the current performance of water use in
manufacturing facility can be quantified. With this, evaluation and improvement can

be done in respect to identify relevant indicators.

Besides that, since MIWARBS is relevant to water demand management, which
is a way forward to water demand management in Malaysia, it can provide reliable
information for policy making. Thus, it can help in decision making among the policy

makers themselves.

Most importantly, the MIWABS framework is flexible and adaptable with
time. MIWABS is not only monitoring the performance of manufacturing water use
from time to time, its established indicators can be replaced and reviewed. This is to
ensure MIWABS adequately reflects the latest manufacturing water use technology in

Malaysia.

In short, MIWABS is a useful tool for the policy makers and facility engineer
in the manufacturing sector to continuously measure and monitor the performance of

manufacturing water use in Malaysia.

1.7 Thesis Outline

Chapter 1 generates the overview of the research. The background of the
research, problem statement, objectives, scope and limitation of the research were
thoroughly discussed in this chapter. Lastly, the chapter provides the significant of the

research.



Chapter 2 discusses all the relevant literatures that were included in this
research. In this chapter, literatures were discussed in several sub chapters which are
global water demand, manufacturing water demand, assessment of manufacturing
water use, and development of composite index as well as review on existing

composite index in water resources management.

Chapter 3 provides an insight towards the research methodology of this
research. The research background was discussed, along with the methodological flow
chart. Besides that, the establishment of the indicators and framework structure,
together with the adoption of Proximity-to-Target (PTT) method were discussed.
Weightage assignment through Analytical Hierarchy Process (AHP) and data
collection for each indicator were explained as well. Lastly, the aggregation of

indicators to form MIWABS were also described.

Results and discussions are explained in Chapter 4 and Chapter 5. In Chapter
4, the results and outcomes of the research were conferred. Under the fourth chapter,
the development of the research framework together with descriptions of each
established indicator was illustrated. The results obtained from AHP were showed and
discussed as well. The type, target and low benchmark on each established indicator

as well as PTT scores were also discussed at the end of chapter.

Chapter 5 further explained on MIWABS score calculation. The differences
between the selected manufacturing industries were discussed. Besides that, pie radar
chart showing indicators profiling were explained. This is to identify the hotspots for
improvement in Malaysia manufacturing water use. Then, strategic enhancements

based on MIWABS result were proposed.

Lastly, with the results obtained from the research, conclusions,
recommendations for future researcher, and limitations of the study were mentioned

and discussed specifically in Chapter 6.



REFERENCES

Abad, L., Amalu, N., Kitamura, K., Lohan, R., & Simalabwi, A. (2015). The
Malaysian Semiconductor Cluster. Microeconomics of Competitiveness.

Agana, B. A., Reeve, D., & Orbell, J. D. (2013). An approach to industrial water
conservation - A case study involving two large manufacturing companies
based in Australia. Journal of Environmental Management, 114, 445—-460.

Aggarwal, S. C., & Kumar, S. (2011). Industrial water demand in India: Challenges
and implications for water pricing. In India Infrastructure Report 2011 (pp.
274-281). Retrieved from
http://www.idfc.com/foundation/policy/india_infrastructure report.htm

Ajiero, I., & Campbell, D. (2018). Benchmarking Water Use in the UK Food and Drink
Sector: Case Study of Three Water-Intensive Dairy Products. Water
Conservation Science and Engineering, 3(1), 1-17.

Akenji, L., & Bengtsson, M. (2014). Making Sustainable Consumption and Production
the Core of Sustainable Development Goals. Sustainability, 6(2), 513-529.

Alias, A. H., Boyle, C. A., & Hassim, S. (2017). Water demand management: A review
on the mechanisms to reduce water demand and consumption. Infernational
Journal of Civil Engineering and Technology, 8(3), 554-564.

Alkaya, E., & Demirer, G. N. (2015). Water recycling and reuse in soft drink/beverage
industry: A case study for sustainable industrial water management in Turkey.
Resources, Conservation and Recycling, 104, 172—-180.

Alun Gu, Y. Z. and B. P. (2017). Relationship between Industrial Water Use and
Economic Growth in China : Insights from an Environmental Kuznets Curve.
Water 2017, 9(556).

Ameen, R. F. M., & Mourshed, M. (2019). Urban sustainability assessment framework
development: The ranking and weighting of sustainability indicators using
analytic hierarchy process. Sustainable Cities and Society, 44(September
2018), 356-366.

ASM. (2016). Strategies to Enhance Water Demand Management in Malaysia.
https://doi.org/10.15713/ins.mmj.3

131



Aylward, B., Seely, H., Hartwell, R., & Dengel, J. (2010). The Economic Value of
Water for Agricultural, Domestic and Industrial Uses: A Global Compilation
of Economic Studies and Market Prices Notes: “prepared for UN FAO,” 46.

Babel, M. S., Oo, E., Shinde, V. R., Kamalamma, A. G., & Haarstrick, A. (2019).
Comparative study of water and energy use in selected automobile
manufacturing industries. Journal of Cleaner Production, 118970.

Badrul, H., Wu, X., Ding, X., & Bureau, Q. (2017). Industrial Water Management
Policy Comparative Analysis & Comparison of Water Pricing. Journal of
Energy Technologies and Policy, 7(1), 36—44.

Bao, C., & Fang, C. lin. (2012). Water Resources Flows Related to Urbanization in
China: Challenges and Perspectives for Water Management and Urban
Development. Water Resources Management, 26(2), 531-552.

Becker, R. A. (2015). Water use and conservation in manufacturing: Evidence from
U.S Microdata.

Beekaroo, D., Callychurn, D. S., & Hurreeram, D. K. (2019). Developing a
sustainability index for Mauritian manufacturing companies. Ecological
Indicators, 96(August 2018), 250-257. Retrieved from
https://doi.org/10.1016/j.ecolind.2018.09.003

Bertule M., Bjornsen, P.K., Costanzo, S.D., Escurra, J., Freeman, S., Gallagher, L.,
Kelsey, R. H. and V. (2017). Using indicators for improved water resources
management - guide for basin managers and practitioners.

Bruneau, J. F., & Renzetti, S. (2014). A panel study of water recirculation in
manufacturing plants. Canadian Water Resources Journal, 39(4), 384-394.

Burdack, D. (2011). The Economic Impact of Water Restrictions on Water-Dependent
Business in South East Queensland, Australia. University Postdam.

Burnard, M. D., Coe, 1., & Brodnik, A. (2015). Recycling and Reuse of Textile
Effluent sludge. In Environmental Implications of Recycling and Recycled
Products (pp. 213-258).

Burnip, G. M., & Cowell, S. J. (2006). Evaluation of the environmental impacts of
apple production using Life Cycle Assessment ( LCA ): Case study in New
Zealand, 114, 226-238. https://doi.org/10.1016/j.agee.2005.10.023

Canada, S. (2011). Industrial Water Use. Retrieved from
https://www150.statcan.gc.ca/nl/en/pub/16-401-x/16-401-x2014001-
eng.pdf?st=0lrWPWU4

132



Carden, K., & Armitage, N. P. (2013). Assessing urban water sustainability in South
Africa - Not just performance measurement. Water SA, 39(3), 345-350.

Celine Rojon, Nicole Bode, A. M. (2020). BIROn - Birkbeck Institutional Research
Online What Clients Want: A Conjoint Analysis of Precursors to Coach
Selection. International Journal of Evidence Based Coaching and Mentoring,
18, 73-87. https://doi.org/10.24384/68qj-0r87

Chakrabartty, S. N., & Campus, K. (2018). Composite Index : Methods and Properties
Composite Index: Methods and Properties. Applied Qualitative Methods,
12(June 2017).

Chang, D., & Ma, Z. (2012). Wastewater reclamation and reuse in Beijing: Influence
factors and policy implications. Desalination, 297, 72—78.

Chaves, H. M. L., & Alipaz, S. (2007). An integrated indicator based on basin
hydrology, environment, life, and policy: The watershed sustainability index.
Water Resources Management, 21(5), 883—895.

Chen, Z. yue, Huang, Z. hai, & Nie, P. yan. (2018). Industrial characteristics and
consumption efficiency from a nexus perspective — Based on Anhui’s
Empirical Statistics. Energy Policy, 115(December 2017), 281-290.

Choi, I. C., Shin, H. J., Nguyen, T. T., & Tenhunen, J. (2017). Water policy reforms
in South Korea: A historical review and ongoing challenges for sustainable
water governance and management. Water (Switzerland), 9(9).

Coca, G., Castrillon, O. D., Ruiz, S., Mateo-Sanz, J. M., & Jiménez, L. (2019).
Sustainable evaluation of environmental and occupational risks scheduling
flexible job shop manufacturing systems. Journal of Cleaner Production, 209,
146-168.

Demirer, N. (2015). Reducing water and energy consumption in chemical industry by
sustainable production approach : a pilot study for polyethylene terephthalate
production. Cleaner Production, 99, 119-128.

Den, W., Chen, C.-H., & Luo, Y.-C. (2018). Revisiting the water-use efficiency
performance for microelectronics manufacturing facilities: Using Taiwan’s
Science Parks as a case study. Water-Energy Nexus, 1(2), 116—-133.

Den, W., Chen, C., & Luo, Y. (2019). Revisiting the water-use efficiency performance
for microelectronics manufacturing facilities : Using Taiwan ’ s Science Parks

as a case study global Environmental Management Initiative International

133



Technology Roadmap for Semiconductors. Water-Energy Nexus, 1(2), 116—
133.

Dieter, C. A., Maupin, M. A., Caldwell, R. R., Harris, M. A., Ivahnenko, T. L.,
Lovelace, J. K., ... Linsey, K. S. (2015). Estimated Use of Water in the United
States in 2015: U.S. Geological Survey Circular 1441. USGS.

DOE. (2009). Environmental Quality Industrial Effluent Regulations 2009.
Percetakan Nasional Malaysia Berhad.

DOE. (2018). Malaysia Environmental Quality Report, Ministry of Energy, Science,
Technology, Environment and Climate Change.

Dos Santos, P. H., Neves, S. M., Sant’Anna, D. O., Oliveira, C. H. de, & Carvalho, H.
D. (2019). The analytic hierarchy process supporting decision making for
sustainable development: An overview of applications. Journal of Cleaner
Production, 212, 119-138.

DOSM. (2008). Malaysia Standard Industry Classification. DOSM (Vol. 2008).

DOSM. (2015). Economic Census 2016 (Manufacturing). Retrieved from
https://www.dosm.gov.my/v1/index.php?r=column/cone&menu_id=WI1JHbk
SnUIFseUR1emJzcFQyc2Q4UT09

DOSM. (2016). Department of Statistics Malaysia Press Release Report on Survey of
Manufacturing Industries 2015.

DOSM. (2017). Economic Census 2016. Department of Statistics Malaysia. Retrieved
from
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=404&
bul id=d01JVFg2UzYwaW5iZnpjK1ZBbEVxUT09&menu_id=Z0VTZGU1
UHBUT1VIMFlpaXRRRO0xpdz09

DOSM. (2018). Sustainable Development Goals (SDG) Indicators Malaysia.

DOSM. (2019). Department of statistics Malaysia: Press release Malaysia economic
performance fourth quarter 2018. Department of Statistics Malaysia.
Retrieved from
https://www.dosm.gov.my/v1/index.php?r=column/pdfPrev&id=SU85RzF6 T
JNQdWIJqUTd1RG9XeGF5dz09

DOSM. (2020a). Index of industrial production Malaysia April 2020. Retrieved from
https://www.dosm.gov.my/v1/index.php?r=column/pdfPrev&id=a0 VR Qkgr
WHIDMVJGMFRBeVFlem5Zdz09

DOSM. (2020b). Monthly Rubber Statistics. Department of Statistics Malaysia.

134



Duarte, R., Pinilla, V., & Serrano, A. (2014). Looking backward to look forward: water
use and economic growth from a long-term perspective. Applied Economics,
46(2), 212-224.

Dupont, D. P., & Renzetti, S. (2001). The role of water in manufacturing.
Environmental and Resource Economics, 18(4), 411-432.
https://doi.org/10.1023/A:1011117319932

Egilmez, G., Kucukvar, M., Tatari, O., & Bhutta, M. K. S. (2014). Supply chain
sustainability assessment of the U.S. food manufacturing sectors: A life cycle-
based frontier approach. Resources, Conservation and Recycling, 82, 8-20.

Envirowise. (2007). Benchmarking water use in dairies.

EPU. (2016). Kertas Strategi 16: Memastikan Perkhidmatan Bekalan Air dan
Pembetungan yang Berkualiti dan Cekap. Retrieved April 29, 2017, from
https://www.epu.gov.my/sites/default/files/Kertas Strategi 16.pdf

EPU. (2019a). FGD stategic paper 16 for RMK 12 Malaysia Plan (Theme 1-3).
Retrieved April 30, 2020, from https://www.epu.gov.my/ms/content/focus-
group-discussion-12019-strategy-paper-16-12th-malaysia-plan-water-sector

EPU. (2019b). Water sector transformation: water beyond enabler, FGD stategic paper
16 for RMK 12 Malaysia Plan. Retrieved April 30, 2019, from
https://www.epu.gov.my/ms/content/focus-group-discussion-12019-strategy-
paper-16-12th-malaysia-plan-water-sector

Feng, S., Joung, C., & Li, G. (2010). Development overview of sustainable
manufacturing metrics. In Proceedings of the 17th CIRP International
Conference on Life Cycle Engineering, 6—12.

Feres, J., Reynaud, A., & Thomas, A. (2012). Water reuse in Brazilian manufacturing
firms. Applied Economics, 44(11), 1417-1427. https://doi.org/Doi
10.1080/00036846.2010.543070

Florke, M., Kynast, E., Birlund, I., Eisner, S., Wimmer, F., & Alcamo, J. (2013).
Domestic and industrial water uses of the past 60 years as a mirror of socio-
economic development: A global simulation study. Global Environmental
Change, 23(1), 144-156.

Franek, J., & Kresta, A. (2014). Judgment Scales and Consistency Measure in AHP.
Procedia Economics and Finance, 12(March), 164—173.

135



Fresner, J., & Krenn, C. (2018). Theoretical minimum consumption calculation as
starting point for cleaner production option identification as a new approach to
benchmarking. Journal of Cleaner Production, 172, 1946—1956.

Frost, K., Hua, 1., Hampton, E., Engineering, C., & Drive, S. M. (2019). * Quantifying
spatiotemporal impacts of the interaction of water scarcity and water use by the

2

global semiconductor manufacturing industry .” Water Resources and
Industry, 22(August), 100115.

Fujii, H., Managi, S., & Kaneko, S. (2012). A water resource efficiency analysis of the
Chinese industrial sector. Environmental Economics, 3, 82-92.

Gaidajis, G., & Angelakoglou, K. (2016). Sustainability of Industrial Facilities through
Water Indicators. Environmental Processes, 3, 91-103.

Gan, X., Fernandez, 1. C., Guo, J., Wilson, M., & Zhao, Y. (2017). When to use what :
Methods for weighting and aggregating sustainability indicators. Ecological
Indicators, 81(February), 491-502.
https://doi.org/10.1016/j.ecolind.2017.05.068

Gao, L., Zongguo, W., Bin, D., Chao, Z., & Jining, C. (2008). An analysis of industrial
water conservation potential and selection of key technologies based on the
IWCPA model. Resources, Conservation and Recycling, 52(10), 1141-1152.

Garcia-Bernabeu, A., Hilario-Caballero, A., Pla-Santamaria, D., & Salas-Molina, F.
(2020). A process oriented MCDM approach to construct a circular economy
composite index. Sustainability (Switzerland), 12(2), 1-14.

Garcia-Bustamante, C. A., Aguilar-Rivera, N., Zepeda-Pirrén, M., & Armendariz-
Arnez, C. (2018). Development of indicators for the sustainability of the sugar
industry. Environmental and Socio-Economic Studies, 6(4), 22-38.

Geissen, S.-U., Bennemann, H., Horn, H., Krull, R., & Neumann, S. (2012). Industrial
Wastewater Treatment and Recycling - Potentials and Prospects. Chemie
Ingenieur Technik, 84(7, S1), 1005-1017.

Ghisi, E., Rupp, R. F., & Triska, Y. (2014). Comparing indicators to rank strategies to
save potable water in buildings. Resources, Conservation and Recycling.
https://doi.org/10.1016/j.resconrec.2014.04.001

Gleick, P. H. (2000). The Changing Water Paradigm - A Look at Twenty-first Century
Water Resources Development. Water International, 25(1), 127—-138.

Gleick, P. H., & Miller, R. W. (2002). The World’s Water, 2000-2001 (Book).

Electronic Green Journal.

136



Goepel, K. (2018). Implementation of an Online software tool for the Analytic
Hierarchy Process (AHP-OS). International Journal of the Analytic Hierarchy
Process, 10(3), 469—487.

Gracia-de-renteria, P., Barberan, R., & Mur, J. (2020). The Groundwater Demand for
Industrial Uses in Areas with Access to Drinking Publicly-Supplied Water : A
Microdata Analysis. Water, (198), 12.

Green Building Council. (2020). Total Resource Use Efficiency (TRUE) Rating
System.

Gunkel, G., Kosmol, J., Sobral, M., Rohn, H., Montenegro, S., & Aureliano, J. (2007).
Sugar cane industry as a source of water pollution - Case study on the situation
in Ipojuca river, Pernambuco, Brazil. Water, Air, and Soil Pollution, 180(1-4),
261-269.

Haapio, A. (2012). Towards sustainable urban communities. Environmental Impact
Assessment Review, 32(1), 165-169.

Hassan, A., Saari, M. Y., & Tengku Ismail, T. H. (2017). Virtual water trade in
industrial products: evidence from Malaysia. Environment, Development and
Sustainability, 19(3), 877-894.

Hoekstra, A. Y. (2008). Water neutral: Reducing and offsetting the impacts of water
footprints. Institute for water education.

Hoekstra, A. Y., & Chapagain, A. K. (2007). Water footprints of nations: Water use
by people as a function of their consumption pattern. Integrated Assessment of
Water Resources and Global Change: A North-South Analysis, 35—48.

Holger Jung, J. K. (2014). Water in the Paper Industry, 7, 11-13.

Hooi, L. W. (2016). The Manufacturing Sector in Malaysia. In Organisational Justice
and Citizenship Behaviour in Malaysia, Governance and Citizenship in Asia
(pp. 21-37).

Huovila, A., Bosch, P., & Airaksinen, M. (2019). Comparative analysis of
standardized indicators for Smart sustainable cities: What indicators and
standards to use and when? Cities, §9(January), 141-153.

IARC. (2012). Occupational Exposures in Rubber Manufacturing Industry. Retrieved
from https://www.ncbi.nlm.nih.gov/books/NBK304412/

Intel. (2015). 2015 Corporate Responsibility Report technology to make the most.

ISO. (2014). Environmental management - Environmental performance evaluation

guideline (IS0 13031) (Vol. 2006).

137



Jakeman, A. J., Letcher, R. A., & Rojanasoonthon, S. (2005). Integrating knowledge
for river basin management Progress in Thailand. Australia Centre for
International Agricultural Research.

Jia, S. F., Yang, H., Zhang, S. F., Wang, L., & Xia, J. (2006). Industrial water use
Kuznets curve: Evidence from industrialized countries and implications for
developing countries. Journal of Water Resources Planning and Management-
Asce, 132(3), 183—191.

Jia, X., Li, Z., & Wang, F. (2015). A new graphical representation of water footprint
pinch analysis for chemical processes. Clean Technologies and Environmental
Policy, 17(7), 1987-1995.

Jiang, Z., Zhang, H., & Sutherland, J. W. (2011). Development of multi-criteria
decision making model for remanufacturing technology portfolio selection.
Journal of Cleaner Production, 19(17-18), 1939-1945.

IMG. (2019). Groundwater Overview in Malaysia.

Joung, C. B., Carrell, J., Sarkar, P., & Feng, S. C. (2013). Categorization of indicators
for sustainable manufacturing. Ecological Indicators, 24, 148—157.

Jozsef, B., & Petru, G. (2014). Production cost optimization in industrial wastewater
treatment. In Procedia Economics and Finance (Vol. 15, pp. 1463—1469).

Juwana, 1., Muttil, N., & Perera, B. J. C. (2012). Indicator-based water sustainability
assessment - A review. Science of the Total Environment, 438, 357-371.

Juwana, 1., Muttil, N., & Perera, B. J. C. (2016). Application of west Java water
sustainability index to three water catchments in west Java, Indonesia.
Ecological Indicators, 70, 401-408.

Kandananond, K. (2018). the Utilization of Water Footprint To Enhance the Water
Saving Awareness: Case Study of a Ceramic Product. International Journal of
GEOMATE, 14(46), 107-112.

Khadka, C., & Vacik, H. (2012). Comparing a top-down and bottom-up approach in
the identification of criteria and indicators for sustainable community forest
management in Nepal. Journal of Forest Research, 85(1), 145—158.

Khalid, R. M. (2018). Review of the water supply management and reforms needed to
ensure water security in Malaysia. International Journal of Business and

Society.

138



Kiang, T. T. (n.d.). Singapore’s Experience in Water Demand Management. Retrieved
February 19, 2017, from
https://www.iwra.org/congress/2008/resource/authors/abs461 article.pdf

Kim, D. B., Leong, S., & Chen, C.-S. (2012). An Overview of Sustainability Indicators
and Metrics for Discrete Part Manufacturing. In Proceedings of the ASME 2012
International Design Engineering Technical Conferences & Computers and
Information in Engineering Conference (pp. 1-9).

Ky, S.J., & Yoo, S. H. (2012). Economic Value of Water in the Korean Manufacturing
Industry. Water Resources Management, 26(1), 81-88.

Kumar, R. (2019). Malaysia set to become preferred location for semiconductor
industry.  The Star  Online, pp. 2019-2021. Retrieved from
https://www.thestar.com.my/business/business-news/2019/06/06/malaysia-
set-to-become-preferred-location-for-semiconductor-industry

Kumar, S., & Managi, S. (2009). Industrial Water Demand and Shadow Price. In The
Economics of Sustainable Development: The Case of India (Vol. 32, pp. 167—
181). https://doi.org/10.1007/978-0-387-98176-5

Lee, H., Jin, Y., & Hong, S. (2016). Recent transitions in ultrapure water (UPW)
technology: Rising role of reverse osmosis (RO). Desalination, 399, 185-197.

Lehtonen, M., Sébastien, L., & Bauler, T. (2016). The multiple roles of sustainability
indicators in informational governance: Between intended wuse and
unanticipated influence. Current Opinion in Environmental Sustainability, 18,
1-9.

Lewandowska-Czarnecka, A., Piernik, A., & Nienartowicz, A. (2019). Performance
indicators used to study the sustainability of farms. Case study from Poland.
Ecological Indicators, 99(June 2017), 51-60.

Li, Y., Gu, Y., & Liu, C. (2018). Prioritising performance indicators for sustainable
construction and development of university campuses using an integrated
assessment approach. Journal of Cleaner Production, 202, 959-968.
https://doi.org/10.1016/j.jclepro.2018.08.217

Liedl, C. (2011). Top-down vs. Bottom-up. Centre for European Studies. Universiteit
Twente.

Lin, W. S., Lee, M., Huang, Y. C., & Den, W. (2015). Identifying water recycling
strategy using multivariate statistical analysis for high-tech industries in

Taiwan. Resources, Conservation and Recycling, 94, 35-42.

139



Lindstr, V., & Ingesson, N. (2016). Advances in Production Management Systems.
Initiatives for a Sustainable World, 488, 892—-899.

Lizawati Abdullah, Norhaslina Jumari, Roshdi Sabu, Huraizah Arshad, F. F. M. F.
(2015). Assessment Criteria on Sustainable Rating. Jurnal Teknologi, (MAY),
0-11.

Loucks DP, G. J. (1999). Sustainability criteria for water resource systems.
Cambridge Press.

Luan, I. O. B. (2010). Singapore water management policies and practices.
International Journal of Water Resources Development, 26(1), 65-80.

Luo, Y.-C., Chen, C.-H., Lee, M., Chen, S.-T., Lu, B.-S., & Den, W. (2018). Strategic
optimization of water reuse in wafer fabs via multi-constraint linear
programming technique. Water-Energy Nexus, 1, 86—96.

Lyu, S., Chen, W., Zhang, W., Fan, Y., & Jiao, W. (2016). Wastewater reclamation
and reuse in China: Opportunities and challenges. Journal of Environmental
Sciences (China), 39(August 2018), 86-96.

Man, Y., Han, Y., Wang, Y., Li, J., Chen, L., Qian, Y., & Hong, M. (2018). Woods to
goods: Water consumption analysis for papermaking industry in China.
Journal of Cleaner Production, 195, 1377-1388.

Mani, M., Madan, J., Lee, J. H., Lyons, K. W., & Gupta, S. K. (2014). Sustainability
characterisation for manufacturing processes. Production Research,
(November), 37-41.

Mays, L. W. (2007). Water Resources Sustainability.

Megayanti, W., Anityasari, M., & Ciptomulyono, U. (2018). Sustainable suppy chain
value stream mapping (Ssc-Vsm) the application in two bottle drinking water
companies. In Proceedings of the International Conference on Industrial
Engineering and Operations Management (Vol. 2018—March, pp. 3573-3585).

Meleth, J. P. (2012). An Introduction to Latex Gloves. Lambert Academic Publishing.

Miah, J. H., Griffiths, A., McNeill, R., Halvorson, S., Schenker, U., Espinoza-Orias,
N. D,, ... Sadhukhan, J. (2018). Environmental management of confectionery
products: Life cycle impacts and improvement strategies. Journal of Cleaner
Production, 177, 732-751.

MITIL. (2018). National Policy on Industry 4.0, Ministry of International Trade and
Industry.

140



MITI. (2020). Vision, Mission, Objectives and Functions. Retrieved from
https://www.miti.gov.my/index.php/pages/view/2047?mid=29

Mohamed, Z., Kadir, Z. A., Alya, N., & Raof, A. (2018). Malaysia Industrial Master
Plans ( IMPs ) and the Focus on the Nation Technology and Innovation
Development. Jostip, 4(2), 11-19.

Mohammadi, M., Man, H. C., Hassan, M. A., & Yee, P. L. (2010). Treatment of
wastewater from rubber industry in Malaysia. African Journal of
Biotechnology, 9(38), 6233—6243.

Mohd razali husain, Asnor muizan ishak, Nurhareza redzuan, terry van kalken. (2017).
Malaysian National Water Balance System ( Nawabs ) for Improved River
Basin Management : Case Study in the Muda River Malaysian National Water
Balance System ( Nawabs ) for Improved River Basin Management: Case
Study in the Muda River Basin . In 37th IAHR World Congress.

Molinos-Senante, M., Marques, R. C., Pérez, F., Gomez, T., Sala-Garrido, R., &
Caballero, R. (2016). Assessing the sustainability of water companies: A
synthetic indicator approach. Ecological Indicators, 61, 577-587. Retrieved
from http://dx.doi.org/10.1016/j.ecolind.2015.10.009

Mousavi, S., Kara, S., & Kornfeld, B. (2015). Assessing the impact of embodied water
in manufacturing systems. Procedia CIRP, 29, 80-85.

MPC. (2016). Malaysia’s Performance in Environmental Performance Index.
Malaysia Productivitiy Corporation, 2016(23rd January2016), 16.

MWIG. (2018). Malaysian Water Industry Guide, SPAN.

Nandan, A., Yadav, B. P., Baksi, S., & Bose, D. (2017). Assessment of water footprint
in paper & pulp industry & its impact on sustainability. World Scientific News,
64(March), 84-98. Retrieved from
http://psjd.icm.edu.pl/psjd/element/bwmetal.element.psjd-39e3a89e-5917-
4a87-9203-ed4d893bb5ce

Nagvi, S. A., Arshad, M., Farooq, A., & Nadeem, F. (2020). Implementation of
sustainable practices in textile processing mills of Lahore, Pakistan. Polish
Journal of Environmental Studies, 29(1), 1-9.

Narayanaswamy, V., & Muthusamy, K. (2011). Sustainability Index Benchmarking in
a Semiconductor Manufacturing Environment. Advanced Materials Research,

383-390, 3377-3381.

141



Nestle. (2016). Nestlé in Society Report 2016. Retrieved July 30, 2018, from
https://www.nestle.com/sites/default/files/asset-
library/documents/library/documents/corporate _social responsibility/nestle-
in-society-summary-report-2016-en.pdf

OECD. (2008). Handbook on Constructing Composite Indicators. Retrieved from
https://www.oecd.org/sdd/42495745.pdf

OECD. (2009). Sustainable Manufacturing and Eco-Innovation: Towards a Green
Economy. Organisation for Economic Co-Operation and Development, 53(4),
1-8.

Ofwat. (2019). PR 19 Final Determination Policy summary (Vol. 2019).

Ostad-Ahmad-Ghorabi, M. J., & Attari, M. (2013). Advancing environmental
evaluation in cement industry in Iran. Journal of Cleaner Production, 41, 23—
30.

Oxford Business Group. (2020). Malaysia’s leading role in meeting global demand for
medical gloves amid the Covid-19 pandemic. Retrieved July 1, 2020, from
https://oxfordbusinessgroup.com/news/malaysias-leading-role-meeting-
global-demand-medical-gloves-amid-covid-19-pandemic

Ozturk, E., & Cinperi, C. (2018). Water efficiency and wastewater reduction in an
integrated woolen textile mill. Cleaner Production Journal, 201, 686—696.

Ozturk, E., Koseoglu, H., Karaboyaci, M., Yigit, N. O., Yetis, U., & Kitis, M. (2016).
Minimization of water and chemical use in a cotton/polyester fabric dyeing
textile mill. Journal of Cleaner Production, 130, 92—102.

PBAPP. (2014). Why Manage Water Demand in Penang ? Retrieved November 11,
2019, from http://www.pgigc.com.my/2014/images/international-
conference/1b_Water Demand Management Ir Jaseni Maidinsa.pdf

Piadeh, F., Alavi-moghaddam, M. R., & Mardan, S. (2018). Assessment of
sustainability of a hybrid of advanced treatment technologies for recycling
industrial wastewater in developing countries: Case study of Iranian industrial
parks. Journal of Cleaner Production, 170, 1136—1150.

Pinar, M., Cruciani, C., Giove, S., & Sostero, M. (2014). Constructing the FEEM
sustainability index: A Choquet integral application. Ecological Indicators,
39(March 2017), 189-202.

PNMB. Water Services Industry Act 2006 (2006).

PNMB. (2010). Federal Constitution. The Commissioner of Law Revision Malaysia.

142



Pollesch, N. L., & Dale, V. H. (2016). Normalization in sustainability assessment:
Methods and implications. Ecological Economics, 130, 195-208.

PUB. (2017). PUB Industrial Water Works. Retrieved February 22, 2020, from
https://www.pub.gov.sg/usedwater/treatment/industrialwaterworks

PUB Singapore. (2008). Water Efficient Building Design Guidebook.

Qader, L. K. A.-, Exposure, M., & Concern, H. (2011). Green Marketing Practices in
Electronic Manufacturing Companies in Malaysia and the Common Problems
Facing Green. In The 9th Asian Academy of Management International
Conference.

Ramezani, O., Kermanian, H., Razmpour, Z., & Rahmaninia, M. (2011). Water
Consumption Reduction Strategies in Recycled Paper Production Companies
in Iran. In Proceedings of the International Conference on Information and
Communication Technologies.

Ranade, V. V., & Bhandari, V. M. (2014). Industrial Wastewater Treatment,
Recycling, and Reuse: An Overview. Industrial Wastewater Treatment,
Recycling and Reuse. Elsevier Ltd.

Rao, P., Sholes, D., Morrow, W. R., Lawrence, I. I. I., & National, B. (2017).
Estimating U . S. Manufacturing Water Use. ACEEE Summer Study on Energy
Efficiency in Industry.

Revollo-fernandez, D. A., Rodriguez-tapia, L., & Morales-novelo, J. A. (2019).
Economic value of water in the manufacturing industry located in the Valley
of Mexico Basin, Mexico. Water Resources and Economics.

Reynaud, A. (2003). An econometric estimation of industrial water demand in France.
Environmental and Resource Economics, 25(2), 213-232.
https://doi.org/10.1023/A:1023992322236

Royal Academy of Engineering. (2010). Global Water Security — an engineering
perspective.

Saad, M. H., Nazzal, M. A., & Darras, B. M. (2019). A general framework for
sustainability assessment of manufacturing processes. Ecological Indicators,
97(September 2018), 211-224.

Saaty, T. L. (1990). How to make a decision: The analytic hierarchy process. European
Journal of Operational Research, 48(1), 9-26.

Saaty, T. L. (2008). Decision making with the analytic hierarchy process. International

Journal of Services Sciences, 1(1), 83.

143



Sachidananda, M., Webb, D. P., & Rahimifard, S. (2016). A Concept of Water Usage
Efficiency to Support Water Reduction in Manufacturing Industry.
Sustainability, 1-15.

Saha, N. K., Balakrishnan, M., & Batra, V. S. (2005). Improving industrial water use :
case study for an Indian distillery, 43, 163—174.

Sahin, O., Edoardo, B., Beal, C., & Steward, R. (2017). Managing water demand
through dynamic pricing: A holistic systems modelling approach. In
Sustainable Development of Energy, Water and Environment Systems (pp. 1—
13).

Saleh, A., & Ndubisi, N. (2006). An evaluation of SME development in Malaysia.
International Review of Business ..., 2(1), 1-14. Retrieved from
http://www.geasiapacifico.org/documents/IBRP1.pdf

Salehi, E., & Shafie, M. (2020). Adsorptive removal of acetaldehyde from water using
strong anionic resins pretreated with bisulfite: An efficient method for spent
process water recycling in petrochemical industry. Journal of Water Process
Engineering, 33(October 2019).

Sangwan, K.S., Bhakar, V., Digalwar, A. K. (2018). Sustainability assessment in
manufacturing organizations: Development of assessment models. An
International Journal, 25(3), 994—1027.

Sarkar, P., Joung, C. B., Carrell, J., & Feng, S. C. (2011). Sustainable Manufacturing
Indicator Repository. In Proceeding of the ASME 2011 International Design
Engineering Technical Conference & Computer and Information in
Engineering Conference (Vol. 2, pp. 943-950).

Schillinger, J. (2016). Global modelling of domestic and manufacturing water uses.
Wageningen University.

Schirnding, Y. von. (2002). The role of indicators. In Health in Sustainable
Development Planning: The Role of Indicators (pp. 19-26).

Schulze, C., Thiede, S., Thiede, B., Kurle, D., Blume, S., & Herrmann, C. (2019).
Cooling tower management in manufacturing companies: A cyber-physical
system approach. Journal of Cleaner Production, 211, 428-441.

Sdoukopoulos, A., Pitsiava-latinopoulou, M., & Basbas, S. (2019). Measuring
progress towards transport sustainability through indicators: Analysis and
metrics of the main indicator initiatives. Transportation Research Part D, 67,

316-333.

144



Seiler, D., Donovan, D., & O’Donnell, G. E. (2018). Facing the Information Leaks in
Industrial Water Systems: A Concept for Proxy Measurements to Support
Water Metering Audits. Procedia CIRP, 69(May), 597—602.

Semmens, J., Bras, B., & Guldberg, T. (2014). Vehicle manufacturing water use and
consumption : an analysis based on data in automotive manufacturers ’
sustainability reports. Int J Life Cycle Assess, 19(1), 246.

Shackley, S. (2015). Characterisation of waste water from biomass gasification
equipment: a case-study from Cambodia. World Review of Science,
Technology and Sustainable Development, 12(2), 126.

Shang, Y., Wang, J., Ye, Y., Lei, X., & Gong, J. (2016). An analysis of the factors that
influence industrial water use in Tianjin , China. International Journal of
Water Resources Development, 1-12.

Shiklomanov, I. A. (2000). Appraisal and Assessment of World Water Resources.
Water International, 25(1), 11-32.

Shiwanthi, S., Lokupitiya, E., & Peiris, S. (2018). Evaluation of the environmental and
economic performances of three selected textile factories in Biyagama Export
Processing Zone Sri Lanka. Environmental Development, 27, 70—82.

Singla, A., Sethi, A., & Ahuja, I. S. (2018). A study of transitions between technology
push and demand pull strategies for accomplishing sustainable development in
manufacturing industries. World Journal of Science, Technology and
Sustainable Development, 15(4), 302-312.

Skouteris, G., Ouki, S., Foo, D., Saroj, D., Altini, M., Melidis, P., ... Dell, S. O. (2017).
Water Footprint and Water Pinch Analysis Techniques for Sustainable Water
Management in the Brick-Manufacturing Industry. Journal of Cleaner
Production, 172, 786—794.

SPAN. (2016). Buletin bil 1/2016. SPAN, 1-20.

SPAN. (2018). Penganjuran Seminar Berkenaan Skim Pelabelan Produk Cekap Air
(SPPCA) oleh SPAN.

SPAN. (2019). Buletin 2019, Edisi 2/2019 (Vol. 2).

Spies, J., Devisscher, T., Bulkan, J., Tansey, J., & Griess, V. C. (2019). Value-oriented
criteria, indicators and targets for conservation and production: A multi-party
approach to forest management planning. Biological Conservation,

230(November 2018), 151-168.

145



Spiller, M. (2016). Adaptive capacity indicators to assess sustainability of urban water
systems - Current application. Science of the Total Environment, 569-570,
751-761.

STAR. (2017). Manage water resources better - Letters _ The Star Online. Retrieved
from file:///C:/Users/user/OneDrive/PhD/literature  review/Manufacturing
Malaysia/Manage water resources better - Letters  The Star Online.html

STAR. (2019). Water tariff to increase next year after implementation of new
mechanism. StarProperty. Retrieved from
https://www.thestar.com.my/news/nation/2019/10/10/water-tariff-to-increase-
next-year-after-implementation-of-new-mechanism

Statista. (2020). Production of semiconductors in Malaysia 2013-2019 Production of
semiconductors in Malaysia from 2013 to 2019. Statista, pp. 2019-2020.
Retrieved from https://www.statista.com/statistics/719265/semiconductor-
production-malaysia/

Sullivan, C. (2002). Calculating a Water Poverty Index. World Development, 30(7),
1195-1210.

Talukder, B., Hipel, K. W., & Gary, W. (2017). Developing Composite Indicators for
Agricultural Sustainability Assessment : Effect of Normalization. Resources,
6(66), 1-27.

Teo, Y. H. (2014). Water services industry reforms in Malaysia. International Journal
of Water Resources Development, 30(1), 37-46.

The EU SME Centre. (2013). The Water Sector in China. EU SME Centre.

Tian, G., Zhang, H., Feng, Y., Jia, H., Zhang, C., Jiang, Z., ... Li, P. (2017). Operation
patterns analysis of automotive components remanufacturing industry
development in China. Journal of Cleaner Production, 164, 1363—-1375.

Tohmatsu, D. T. (2016). Global Manufacturing Competitiveness Index.

TSMC. (2017). TSMC 2017 Corporate Social Responsibility Report.

UK, E. (2018). The Manufacturing Sector in Malaysia. Retrieved from
https://www.ukessays.com/essays/economics/the-manufacturing-sector-in-
malaysia.php?vref=1

UN. (2019). SDG INDUSTRY MATRIX - Industrial manufacturing.

UN - Water. (2012). UN-Water Annual Report 2012.

UN Statistical Commission. (2017). Global Indicator Framework for the Sustainable

Development Goals and Targets of the 2030 Agenda for Sustainable

146



Development. Retrieved April 15, 2017, from
https://unstats.un.org/sdgs/indicators/Global Indicator Framework after 2019
refinement_Eng.pdf%O0Ahttps://unstats.un.org/sdgs/indicators/Global
Indicator Framework A.RES.71.313 Annex.pdf

UNESCAP. (2011). Integrating environmental costs to tackle water scarcity:
Singapore water pricing policy. Retrieved June 14, 2020, from
https://www.unescap.org/sites/default/files/41.  CS-Singapore-water-pricing
policy.pdf

UNIDO. (2018). Demand for manufacturing: Driving inclusive and sustainable
industrial development.

United Nations. (2015). The United Nations World Water Development Report 20135.

Vajnhandl, S., & Valh, J. V. (2014). The status of water reuse in European textile
sector. Journal of Environmental Management, 141, 29-35.

van Oel, P. R., & Hoekstra, A. Y. (2012). Towards Quantification of the Water
Footprint of Paper: A First Estimate of its Consumptive Component. Water
Resources Management, 26(3), 733-749.

Vassolo, S., & Do6ll, P. (2005). Global-scale gridded estimates of thermoelectric power
and manufacturing water use. Water Resources Research, 41(4), 1-11.

Walsh, B. P., Bruton, K., & Sullivan, D. T. J. O. (2017). The true value of water : A
case-study in manufacturing process Centre for Waste Reduction Technologies
United States of America. Journal of Cleaner Production, 141, 551-567.

Wan, 1. (2015). Rubber Glove. Alliance Research (Vol. 2012).

Wang, H., & Lall, S. (2002). Valuing water for Chinese industries: a marginal
productivity analysis. Applied Economics, 34, 759-765.
https://doi.org/10.1080/00036840110054044

Water Research Foundation. (2015). Methodology for Evaluating Water Use in the
Commercial, Institutional, and Industrial Sectors.

WCED. (1987). Our common future. In: Brundtland Report. World Commission on
Environment and Development. Oxford University Press, Brundtland, 1-300.

World Resources Institute. (2020). Aqueduct Projected Water Stress Country
Rankings | World Resources Institute. Retrieved from
https://www.wri.org/resources/data-sets/aqueduct-projected-water-stress-
country-rankings

WRI. (2011). Sustainability Reporting Guidelines.

147



WWAP. (2017). WWAP (United Nations World Water Assessment Programme). The
United Nations World Water Development Report. Wastewater. The Untapped
Resource.

Yacob, P., Wong, L. S., & Khor, S. C. (2019). An empirical investigation of green
initiatives and environmental sustainability for manufacturing SMEs. Journal
of Manufacturing Technology Management, 30(1), 2-25.

Yap, J. (2010). Rubber gloves. OSK Research.

Yazid, N. M., & Hashim, A. (2019). NKEA : Positioning of the Malaysian Rubber
Gloves Industry. Board, Malaysian Rubber, (November).

Zaharia, C. (2012). Evaluation of environmental impact produced by different
economic activities with the global pollution index. Environmental Science
and Pollution Research, 19(6), 2448-2455.

Zhang, C., & Chen, M. (2018). Prioritising alternatives for sustainable end-of-life
vehicle disassembly in China using AHP methodology. Technology Analysis
and Strategic Management, 30(5), 556-568.

Zhang Xiuqin, Xingmin, M., & Hongbo, S. (2012). Chinese water policy for
sustainable water resources: Options for the future. African Journal of
Biotechnology, 11(58), 12141-12152. https://doi.org/10.5897/ajb12.423

Zhang, Y. (2017). Social sustainability in Manufacturing.

Zhaoa, N., & Samsonb, E. L. (2012). Estimation of virtual water contained in
international trade products using nighttime imagery. International Journal of
Applied Earth Observation and Geoinformation, 18(1), 243-250.

Zheng, Y., Wang, L., Chen, H., & Lv, A. (2019). Does the Geographic Distribution of
Manufacturing Plants Exacerbate Groundwater Withdrawal? -A case study of
Hebei Province in China. Journal of Cleaner Production, 213, 642—649.

Zhongfan Zhu, J. D. (2019). Current status of reclaimed water in China: An overview.
Journal of Water Reuse and Desalination, 9(3), 338.

Zhou, J., Xu, Q., & Zhang, X. (2018). Water Resources and Sustainability Assessment
Based on Group AHP-PCA Method : A Case Study in the Jinsha River Basin.
MDPI, 1880.

Zhou, L., Tokos, H., Krajnc, D., & Yang, Y. (2012). Sustainability performance
evaluation in industry by composite sustainability index. Clean Technologies

and Environmental Policy, 14(5), 789-803.

148





