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ABSTRACT

The rapid growth of Malaysia’s construction industry contributes indirectly to 

the growth of the economy. With the increase in new building technologies, waste 

production in construction is rising proportionally. The current construction practices 

focus on a limited recycling mechanism in which most building waste is discarded at 

landfills. This is due to the higher preliminary costs for proper waste disposal that must 

be borne by construction companies. Case studies on implementing Eco-costs per 

Value Ratio (EVR) index in waste management based on suitable residential projects 

within the perimeter of several influencing factors are still lacking. Hence, the aim of 

this study to further explore on the use of EVR in managing construction waste 

produced from sites. The approach used was close monitoring using Google My Maps, 

Appsheet and spreadsheet. The cost of disposing off the construction waste from its 

generation at the initial stage can be reduced if the estimated cost was within the 

standardised amount. Furthermore, this would determine a better version of any 

adopted construction method and materials used so that the amount of waste can be 

reduced. Based on the improved version of EVR index in conventional, semi-IBS 

construction methods, the finding has indicated between 0.026 and 0.126 based on six 

samples in Setia Alam from the year 2016 to 2021. Besides, the adoptions of additional 

assessment process like waste index, waste volume, waste generation rate, and waste 

level were also done in this research. This created a platform to assess the construction 

waste and preliminary cost from the perspective of developers. It created a complete 

assessment tool with a benchmark to assist developers in monitoring construction 

waste during field inspections. Based on the material waste justification and 

monitoring using tools and benchmark, future projects can be evaluated more 

effectively on sites and cost justification by contractors in the preliminary contract can 

halted from being overpriced. Furthermore, the benchmark between conventional, 

semi-IBS and IBS creates a progressive monitoring on on-sites waste generation. In 

addition, Google My Maps and Appsheet also create a cloud-based platform to monitor 

the amount of waste there.
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ABSTRAK

Pertumbuhan pesat industri pembinaan Malaysia menyumbang secara tidak 

langsung kepada pertumbuhan ekonomi. Dengan peningkatan dalam teknologi 

bangunan baharu, pengeluaran sisa di pembinaan meningkat secara berkadar. Amalan 

pembinaan semasa memberi tumpuan kepada mekanisme kitar semula yang terhad di 

mana kebanyakan sisa bangunan dibuang di tapak pelupusan sampah. Ini disebabkan 

oleh kos awal yang lebih tinggi untuk pelupusan sisa yang mesti ditanggung oleh 

syarikat pembinaan. Kajian kes tentang pelaksanaan indeks Kos-Eko per Nisbah Nilai 

(EVR) dalam sisa pengurusan berdasarkan beberapa faktor yang mempengaruhi 

kesesuaian projek kediaman masih kurang. Oleh itu, matlamat kajian ini untuk 

meneroka lebih lanjut mengenai penggunaan EVR dalam menguruskan sisa 

pembinaan yang dihasilkan dari tapak. Pendekatan yang digunakan ialah pemantauan 

rapi menggunakan Peta Google, Lembaran Aplikasi dan lembaran hamparan. Kos 

pelupusan sisa pembinaan daripada penjanaannya pada peringkat awal boleh 

dikurangkan jika anggaran kos berada dalam lingkungan jumlah yang diseragamkan. 

Tambahan pula, ianya akan menentukan versi yang lebih baik daripada mana-mana 

kaedah pembinaan dan bahan yang digunakan supaya jumlah sisa dapat dikurangkan. 

Berdasarkan versi indeks EVR yang telah ditambah baik dalam konvensional, hasil 

dapatan bagi kaedah pembinaan separa IBS berdasarkan enam sampel di Setia Alam 

dari tahun 2016 hingga 2021 ialah antara 0.026 dan 0.126. Selain itu, penggunaan 

proses penilaian tambahan seperti indeks sisa, isipadu sisa, kadar penjanaan sisa, dan 

tahap sisa juga dilakukan dalam penyelidikan ini. Platform untuk menilai sisa 

pembinaan dan kos awal dari perspektif pemaju dapat diwujudkan. Ia juga sebagai alat 

penilaian lengkap dengan penanda aras untuk membantu pemaju dalam memantau sisa 

pembinaan semasa pemeriksaan lapangan. Berdasarkan justifikasi bahan sisa dan 

pemantauan menggunakan alat dan penanda aras, pada masa hadapan projek boleh 

dinilai dengan lebih berkesan di tapak dan justifikasi kos oleh kontraktor dalam 

kontrak awal boleh dihentikan jika terlalu mahal. Tambahan pula, penanda aras antara 

konvensional, separa IBS dan IBS mewujudkan pemantauan progresif ke atas 

penjanaan sisa di tapak. Selain itu, Peta Google dan Lembaran Aplikasi juga 

membolehkan platform berasaskan awan untuk memantau jumlah sisa di tapak.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Construction waste has been an issue with the utmost importance concerning 

the construction industry in the 21st century. It generates a high volume of construction 

waste worldwide and has constantly led to a negative effect on the environment (Abd 

Rahim and Kasim, 2017). Generally, all construction waste created by human activities 

leads to environmental concerns (Rahim et al., 2017). The construction industry is one 

of the major elements that have been associated with a strong impact on the earth. With 

the notable rise in world population growth, the importance of increasing buildings 

and other infrastructures has become a significant action in Malaysia as a developing 

country.

According to Rahim and Kasim (2017), Malaysian construction projects have 

been shown in the value of projected new construction works as reported by CIDB in 

the year of 2017 which was forecast at RM138.0 billion compare to RM 131.0 Billion 

in the year 2016. The construction industry’s capability, high quality, and efficiency 

are important in attracting investors. As total, 6,305 construction projects involving 

RM166.4 billion were initiated in Malaysia in 2016. As a constantly developing 

country, Malaysia has been successfully implementing sustainable development as one 

of its national measures due to the crucial responsibility held by the construction 

industry in Malaysia in the generation of wealth for the nation and the social and 

economic buildings and infrastructures. The authorities, non-government 

organisations (NGO), and construction companies in Malaysia initiate the reduction of 

this environmental issue without restraining the need for development.

Solid Waste and Public Cleansing Management Corporation of Malaysia stated 

that eight million tonnes of construction waste are produced annually from
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construction activity (Taha 2015). The past few decades of the construction industry 

have contributed to a continuous increase in construction waste due to fast 

development and urbanization (Saadi, Ismail and Alias, 2016). The severity of these 

environmental issues is increasing and should be controlled. Moreover, the increased 

building projects have led to a major waste generator and illegal disposal, which is 

rising in Malaysia. In a recent study by Rahim et al. (2017) states illegal dumping of 

construction waste was stated to be a distressing issue in Malaysia, which has negative 

effects on the economy, environment, and social. It was also highlighted that 933 tons 

of wastes accumulated in Klang Valley, including the dumpsites exceeded 52 numbers 

of sites as cited in (Saadi et al., 2016). This phenomenon caused harms to the 

environment, such as greenhouse gas emission. Previous researchers highlighted that 

the awareness among contractors regarding the construction waste management 

process in Malaysia was still lacking, while the illegal dumping generated from 

construction waste increased (Seow Ta Wee, 2016; Isnin, 2018). It was proven that an 

increase occurred in the projects leading to the construction waste (Ahmad, Husin and 

Zainol, 2014).

This research proposed an alternative to monitoring construction waste 

produced at the site by implementing an Eco-costing per Value Ratio (EVR) and 

determining the waste index between projects to control the produced waste and the 

total waste within the benchmark. It is an initiative to reduce disposal cost-based 

contract document and monitored towards sustainable development.

1.2 Background of the Problem

The background of the problem is the construction waste produced by the 

current construction method, which carries high operation cost in contract binding for 

site management. Van Ewijk and Stegemann (2016) stated that construction waste 

consists of three primary categories: material, time, and machinery wastes. These 

wastes are the most crucial elements with an important function in gaining sustainable 

development of the country that applies sustainable actions in the Malaysian
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construction industry. This research emphasised materials waste, which could be as 

accurate as construction waste.

Sustainable development is an operation that mainly prioritises environmental 

issue. According to Yahya and Boussabaine (2006), one of the main themes of 

‘sustainable development’ is waste management. Sustainable waste management is a 

medium contributing to reduced waste, reuse, recycle, and waste recovery. Waste is 

any losses from the activities that generate direct or indirect cost without adding any 

value to the product from the client’s perspective. A contract bind document will be 

present in any construction works as a chain between client and contractor during the 

work progress.

As in contract bind, the construction waste should be disposed of by the 

contractor to the designated dumping ground. These criteria have been acknowledged 

with a contract amount under a preliminary contract. However, due to improper waste 

management, the construction waste channelled to the landfill is not adequate. As a 

result, the total construction waste management is stated in the contact instead of 

monitored, leading to high preliminary cost for this item in the tender document. The 

Star (2010) reported that landfill has led to social and environmental problems. The 

improper method of managing the waste leads to wastes filling the landfill.

According to Vasudevan (2015) rapid urbanisation leads to an increase in 

waste management cost and the emergence of landfill site problems in the nation. The 

majority of the landfills in Malaysia consist of poor management. The landfills 

function as dumping areas without a suitable standard system and proper treatment 

facilities for waste treatment. Besides, replacements for landfill sites are yet to be made 

(Vasudevan, 2015) This study determined the current construction waste disposal 

practices by localised contractors and identified the volume of construction waste 

produced based on the trade of work and stages throughout the contract period. By 

adopting Eco-costing per Value Ratio (EVR) in analysing the project healthiness, 

monitoring waste generation on monthly basis, and controlling and minimising the 

volume produced at the construction site.
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1.3 Statement of the Problem

The process of minimising environmental impact has always been questioned. 

One of the methods to overcome this challenge by implementing an Eco-costing per 

Value Ratio (EVR) in construction waste management. However, a barrier is present 

in highlighting sustainable development in the construction industry due to the 

constructions waste, which is produced from the site in the total construction period 

that drastically increases annually. Furthermore, waste generation has become a crucial 

concern in Malaysia (Noor Yasmin Zainun, Ismail Abdul Rahman and Rosfazreen 

Azwana Rothman, 2016) with a high amount of construction waste created in the 

country due to the rapidly developing construction industry. The needs for houses and 

big infrastructure projects lead to the rise in construction waste (Ahmad et al., 2014). 

To ensure that this waste is generated to the correct channel for disposal, the higher 

preliminary cost in contract sum should be captured by construction companies. The 

approach of implementing EVR in construction is constantly monitored by tools and 

spreadsheet, while the production of construction waste is the initial stage that creates 

more possibilities to reduce the preliminary cost.

The latest breakthrough in construction waste management is the 

implementation of eco-costing as marginal prevention costs. Eco-costs are ‘costs’ 

associated with direct and indirect environmental impacts costs generated from the 

material purchased during construction (Masudi, 2013). Eco-costs are identified as 

costs of prevention measures, which require the reduction of the current emissions to 

a degree of sustainability. The author also stated that the costs are related to the 

measure and recycle product based on the Earth’s approximate carrying capacity. Eco­

costing is a model introduced by Vogtlander to achieve the double aims, sustainability, 

and economy (Vogtlander, Brezet and Hendriks, 2001), while Firman et al. (2012) 

introduced it, as an element of LCA studies using the economy-ecology approach, 

especially for consumer products.

In this research, the Eco-cost per Value Ratio (EVR) was adopted for 

construction waste management using the sustainability and economy-ecology 

approach, which focused on waste minimisation between conventional semi-IBS and
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IBS construction towards sustainable development. In this case, the monthly waste 

production was monitored while the construction waste disposal cost was controlled 

This process involved the reduction of contract preliminary cost for sustainable waste 

management. Notably, the quantitative assessment was applied in this research to 

evaluate the environmental impact due to waste generation.

1.4 Research Objectives

This study aims to identify, analyse, improve, and monitor the construction 

waste produced from the site by implementing eco-costing for building material during 

the construction period to minimise construction waste and preliminary cost in contract 

documents.

The research objectives (RO) are as follows:

• To identify the cost associated with waste construction from different types of 

construction.

• To improve the EVR method in the current framework in line with the present 

construction process.

• To analyse the eco-cost per value ratio index resulting in waste construction 

from different type of construction.

• To develop an EVR monitoring method to monitor waste construction from 

different type of construction.
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1.5 Research Questions

To fulfil the aforementioned research objectives, the following research 

questions (RQ) are presented.

Research Question 1: What is the cost associated with waste generation from 

different types of construction?

Research Question 2: Does the current EVR method useful for this research?

Research Question 3: What is the value of eco-cost per value ratio index for 

waste generation from the construction waste from different types of construction.

Research Question 4: What is the recommended monitor method for 

construction waste generation at the site?

1.6 Significance of the Research

This research creates an opportunity to control the construction waste disposal 

cost, which has constantly been an issue for any organisation through the 

implementation of eco-costs in construction practice. Subsequently, a platform could 

be created by the developers to implement eco-costing, which could be improved 

further to control construction waste. This method reduced the waste between 

conventional type, semi-IBS and IBS type in order the waste generation control and 

reduction from the preliminary stage of a project. The results were predicted to be the 

basis for more active progress to implement eco-cost in the construction industry to 

reduce the production of construction waste for sustainable development. Varies type 

of material adopted which related to sustainable development to reduce the 

construction waste. Industrialized Building System (IBS) and drywall was one of 

material which included in this assessment. This is to be in line with sustainable 

development goal (SDG). The reduction issues in the cost of construction waste 

disposal are one of the main issues in the construction industry. Moreover, the
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implementation of efficacious eco-costing construction, waste disposal, and cost 

reduction will enhance sustainable development activities that provide environmental 

safety and economic benefits for the communities and consumers, including 

substantial savings in construction costs. This study was predicted to emphasis the 

significance of implementing eco-cost in the construction, efficient waste disposal and 

cost reduction for sustainable waste management for the sustenance of ecological 

system improved social welfare for all Malaysian citizens and future generations.

Industry validation required to justify the effectiveness of monitoring method 

based in research objective 4. Intended to ensure construction results in construction 

waste management that meets the operational needs of the user. In other words, 

checking that the finished product meets the requirements. Its helps to deep study and 

understanding of the system and process are made possible due to the validation. Its 

ease to investigate any deviation caused during the process. A validated method 

required less process control compare to manual and makes the monitoring process 

efficient. Construction waste that produced at site needs a proper platform to monitor 

and disposed. With the monitoring tools in place its ease the process of data collection 

and monitoring.

The method which adopted in this research based on documentation references 

on current construction waste management implemented by management. It is based 

on six active projects involving conventional, semi-IBS and IBS construction to justify 

the cost associated between material waste. Type of material used were identified as 

10 sample. Analysis will be made through site inspection to collect data of material 

waste and volume. Justification of the EVR index is based on spreadsheet and 

monitoring using cloud based platform.

1.7 Scope and Limitation of the Research

The scope of the study was performed by reviewing the case studies to identify 

the effective method of construction waste management. The EVR index, was adopted 

and improved based on conventional, semi-IBS and IBS construction as per six project

7



sites. Subsequently, the focus could be placed on the purchase, delivery, and labour 

costs despite the lack of emphasis on these aspects in previous studies. Besides that, 

adoption of waste generation rate (WGR) and waste volume measured based varies 

type of construction material consist in this research. A case study on construction 

waste disposal cost and analysis of cost-saving in preliminary cost were identified from 

previous and current projects under the selected developer. Besides, the EVR index 

for sample selected sites was identified and evaluated in terms of the result based on 

the EVR benchmark for the Malaysian construction industry. This action assisted the 

study in controlling construction waste, which carried high preliminaries cost in the 

contract sum.

Cost justification on project value and monthly waste disposal cost for the 

selected construction method determined by documentation reference. The limitation 

of this study was from how the data collection of residential projects was considered, 

where the conventional and selected sustainable building material construction method 

within Setia Alam was employed. To illustrate, the sample selected project site by the 

developer who ventured into sustainable building material construction method in their 

ongoing projects. Therefore, this action would be a platform to justify the eco-costs in 

waste management, which would improve the disposal cost between conventional and 

sustainable building material construction methods.

The second limitation was the development in Setia Alam. This area was 

selected as a reference for the case study, which was divided into residential 

conventional and residential sustainable building material used construction method. 

The cost of construction waste disposal was evaluated from the residential project. 

Therefore, the implementation of eco-costing in the construction industry was justified 

at residential projects to control construction waste disposal cost in the contract 

preliminary.

The third limitation was based on EVR benchmarking for construction waste 

for conventional, semi-IBS and IBS construction development in Setia Alam. 

According to Masudi (2013), it focuses on identifying the benchmark value for waste 

index, wastage level, carbon footprint and eco-costs/value ratio (EVR). Whereby this

8



study was elaborated further on contribution of eco-costs/value ratio (EVR) as 

benchmarking for conventional, semi-IBS and IBS construction based on construction 

material such as concrete, rebar and BRC, bricks, timber formwork, drywall, plaster 

cement, tiles, ceiling, metal deck and IBS panel. It is was improvement from previous 

research on construction material. Besides that, identification of wastage level and 

waste index based on additional construction material and construction method has 

improved the index between projects for continues monitoring during construction 

period. Carbon footprint was not included in this study because this study focuses on 

implementing eco-costs for building material during the construction period to 

minimise construction waste and preliminary cost in contract documents. With the 

improved benchmarking, the construction waste production at site can be reduced and 

monitored.

1.8 Sustainable Construction Practice

By its very nature, the construction industry consumes a lot of natural 

resources. But there is more pressure on construction companies to minimise their 

environmental impact as a result of growing worries about climate change and the 

limited nature of these resources. The basic standards for a construction nowadays are 

changing due to changes in the construction standards. In terms of embedded energy 

consumption and building energy requirements, technological advancements are also 

opening up new opportunities. Adopting sustainable construction practices has 

significant obstacles, but it also has many advantages.

The goals of sustainable construction are to reduce the industry’s impact on the 

environment. Sustainable construction methods include using renewable and 

recyclable materials, reducing the embodied energy in building materials, reducing the 

energy consumption of the finished building, reducing on-site waste, protecting the 

natural habitats during and after the construction phase.

9



1.9 The Organisation of the Thesis

The organisation of each chapter is presented in Figure 1 below:

q
S3"Y]

Introduction of topic of research

A review of the literature related to the research, such as conceptual 
understanding, EVR, and justification of construction waste disposal cost

Demonstration of research plan and methods

Presenting data collection and data analysis from case study. Monitoring 
of waste management using Google MyMaps and Appsheet

Conclusions and recommendation on research topic

Figure 1. 1 Organisation of the thesis

1.10 Summary

Sustainable waste management could significantly contribute to the national 

economy and reduce the use of natural resources by monitoring construction waste 

generation. This issue has been critical in the industry as the substantial construction 

of building and infrastructure is normalised and expected to increase in Malaysia. As 

mentioned in the statement of the problem for this research, construction waste 

management using sustainability and economy-ecology approach was made through 

the adoption of Eco-cost per Value Ratio (EVR) to minimise the construction waste 

by analysing the material usage and monitored throughout the project. This chapter 

presented the total flow of this research. To address the problem in the case study and 

identify the EVR index, it could be improved and implemented in construction practice 

between conventional and sustainable building material construction type for 

sustainable waste management.
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