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Abstract Waste has been considered a major problem in the construction industry for its financial and environmental
impacts. The attention to Construction and Demolition (C&D) waste has been increasing in the past 20 years from both
researchers and specialists around the world. Large numbers of articles have been published in journals related to waste
management (WM) discussing sources of waste, cost of waste, and how to minimize waste. A survey of current models used
to minimize waste and increase their competition in the global market was reviewed. It is found that many countries have
developed regulations to minimize C&D waste. The purpose of this study is to understand the general view of construction
waste, cost of waste, sources of waste, and models of waste management. A web based survey design with 20 questions that
was distributed to 400 construction professionals from supervisors, field engineer, safety professional, and site managers. The
completed survey results were processed; graphs and charts were prepared and finally conclusion was developed and two
WM models were recommended, the first is the use of WM subcontractor and the second is to have a WM department within

the company.
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1. Introduction

The construction industry is a valuable part of the world
economy. Projects can create new public facilities and
renovate existing ones to increase the overall living
standards. However, each project creates construction waste
which can increase project cost and add to environmental
pollution. Construction waste issues have become more a
part of the focus on a project due to cost and environmental
awareness. In addition to its negative impact on the
environment by generating waste, consuming landfills, and
natural unrecoverable resources, construction project costs
increase significantly due to the amount of waste.
Environmental agencies have been assessing the waste
produced from the construction industry. A report from the
United States Environmental Protection Agency reports that
136 million tons of waste was generated in 2002 [1].

In an attempt to protect the environment and to improve
sustainability of the construction industry, regulations have
been developed in many countries to minimize construction
waste. One example is the United Nations Framework
Convention on Climate Change (UNFCCC) which has been
gradually begun to have enforcing laws and regulations
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relevant to waste [2]. Lean construction techniques also
outline procedures relate to elimination of waste. This
project will investigate the amount of waste generated in
several countries around the world, will explain types and
cost of waste, and will list the causes of construction waste.

2. Problem Statement

Due to the increasing number of construction project
throughout the world, it is logical that there was an increase
in the construction waste, which is mainly disposed in
landfills. This grow would enhance the need for having an
effective waste management plan and drive towards that as a
requirement by all the contractors and construction firms.
The completion of projects within budget and schedule are
the goal of construction companies. Any additional
efficiencies result in profit.

Over production, poor handling, incorrect storage,
incorrect ordering, design change, manufacturing defects
and rework are factors that contribute in material waste. It
has been recorded that 1-1.2 million dollars per project can
be lost on waste [2]. Other factors that contribute in a way or
another in the generating of construction waste are lack of
training and poor craftsmanship. Due to the fact that raw
materials wastage, ineffective management of waste is
common on construction sites, waste minimization became
an important area of concern in the construction industry.

Waste Management on project sites had become a major
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focus due to construction waste’s negative effect on land
depletion and deterioration, energy consumption and noise
pollution, and it has been considered to be a major source of
environmental pollution for its solid waste generation and
dust and gas emission. All of these issues highlight the needs
of waste management programs for construction companies
and this paper analyses few of the WM models that are being
implemented on construction sites.

3. Literature Review

Construction waste issues have become more a part of the
focus on a project due to cost and environmental awareness.
Types of construction waste, cost of waste, causes of C&D
waste, models of WM are the topics that will be covered in
this literature review, as well as the benefits of having better
WM.

3.1. Construction Waste

Many researchers have concentrated on the amount of
waste and debris generated from construction project to
show the importance of managing the waste generated by
construction projects. Construction industry generates waste
that has been calculated to include

e Australia generates about 14 million tons of waste [3].

e United States generates approximately 136 million
tons of construction waste [1].

e United Kingdom generates about 70 million tons of
construction waste every year [1].

e Holland generates around 4.25 thousand million tons
of waste each year [4].

3.2. Types of Construction Waste

It is very well recognized that the construction industry is
not environmentally friendly. A part from consuming large
amount of natural resources, it has been criticized to generate
high level of solid waste.

Construction Sector consumes 25% of virgin wood and
40% of raw stone, gravel and sand globally every year [5].
Other than solid waste; poor quality that causes re-work,
material double handling, schedule delays, commuting
within the job, waiting for decision and poor constructability
are considered other types of construction waste.
Construction waste can be grouped into two principle
components [6];

1) Time wastes which includes waiting periods, stoppages,
clarifications, variation in information, rework,
ineffective work, delays in plan activities, and abnormal
wear of equipment.

2)Material ~ wastes  comprising over  ordering,
overproduction, wrong handling, wrong storage, and
manufacturing defects.

The waste produced by the burning trash furnaces includes
more than 200 different dioxin compounds and generates
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large amount of CO, emission.

Demolition wreckage and package waste may be
categorized in three groups in the construction process. Due
to the variety of activities on construction sites, construction
waste may include plywood, platform, brick, paint, metal,
copper, aluminium, concrete, electrical cable, rebar, paper,
plastic, electrical device, steel, and much more.

3.3. Cost of Waste

Due to the different types of activities on construction
projects, different types of waste are generate that cause the
projects millions of dollars every year, which if it was
managed properly or minimized, construction contractors
could have been saving a tremendous amounts of money and
be more profitable companies.

The percentage of total purchased materials that ends up
as waste is about 9% and from 1% to 10% of every single
purchased construction material leaves the site as solid waste
(by weight) in the Dutch construction industry [7].

At the end of every project, there will be at least 20% of
the purchased material that is unused; this material ends up
as waste in most cases and since material accounts for more
than 50% of a construction project cost. According to a
report by Hong Kong’s Environmental Protection
Department, about 2900 tons of construction waste was
received at landfills per day in 2007 [1]. Minimizing the over
ordering will reduce the amount of waste significantly and
thus reduces the use of landfills. Each year construction
companies in the United Kingdom pay about £200 million in
landfill taxes.

In addition to its impact on the economic damages,
construction waste has a significant impact on environmental
damages. Construction industry consumes annually about
40% of the natural resources around the world. Due to grow
in the construction industry, construction waste is also
increasing rapidly, half of this waste is excluded from the
initial treatment and are disposed directly in landfills.

3.4. Causes of C&D Waste

Literatures that covered C&D waste generation indicated a
number of construction waste generation sources that
continues throughout a project from start to completion. The
main six causes of waste are design, procurement, materials
handling, operation, residual, and other [7].

Late design change is considered to be a major cause of
waste on construction sites, but there are other factors that
are considered to be C&D waste source, incomplete or late
information, poor material management, incompetent labour,
and damage during transportation are examples of C&D
waste sources. Recently, several studies have indicated the
importance of the design stage. It has been estimated that
33% of on-site waste is due to architects’ failure to
implement waste reduction measures during design stage [8].
A list of origins and causes of construction waste is shown in
table 1 [9].
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Table 1. Origins and causes of construction waste
Origins of
g Causes of waste
waste
e Errors in contract documents
Contractual o Contract documents incomplete at
commencement of construction
® Design changes
® Design and construction detail errors
Desi e Unclear/unsuitable specification
esign . o
® Poor coordination and communication (late
information, last minute client requirements,
slow drawing revision and distribution)
® Ordering errors (i.e., ordering items not in
compliance with specification)
Procurement ® Over allowances (i.e., difficulties to order
small quantities)
o Supplier errors
e Damage during transportation
Transportation | e Insufficient protection during unloading
o Inefficient methods of unloading
) o Lack of on-site waste management plans
On-site . . ..
o Improper planning for required quantities
management

. o Lack of on-site material control
and planning

o Lack of supervision

o [nappropriate site storage space leading to
damage or deterioration

Material .
® Improper storing methods
storage . .
e Materials stored far away from point of
application
e Materials supplied in loose form
Material o On-site transportation methods from storage
handling to the point of application

o Inadequate material handling

o Accidents due to negligence

. . o Equipment malfunction

Site operation .
® Poor craftsmanship

o Time pressure

e Waste from application processes (i.e.,

Residual over-preparation of mortar)
® Packaging
o Weather
Other

e Vandalism

4. Models of Waste Management

In this section we will show briefly some of the waste
management models and the ability to use them on
construction sites. The first 3 models are the average cost
estimation model, equivalent method of cost estimation, and
activity-based costing model [10].

1. Average cost estimation model

The average cost estimation model can be used when
considering a company producing one product only. It
involves simply dividing the total cost for the period in
question by the total production during that period, resulting
in the cost per ton, or litre etc.

This study proposes that when applying the average cost

estimation method, the cost of a given waste fraction is
determined by multiplying equation 1, by the actual or
budgeted average cost for the period in question.

(A/(B+0)) 1)

A = quantity of a certain waste produced

B = quantity of normal product output, and

C = the sum of the quantities of all the different waste
produced

2. Equivalent method of cost estimation

This model can be applied to companies producing a
limited number of different products, all based on mainly the
same raw material and having similar manufacturing
process.

ER = (normal cost per unit for a given product) / (normal
cost per unit for the product with the lowest cost per unit).
Where ER = equivalent rate.

3. Activity-based costing model

The activity-based costing (ABC) model is based on the
fact that if many of the costs arise from factors that are
non-volume based, the ABC model is clearly applicable. The
goal is to trace costs to products or services instead of
arbitrarily allocating them.

The models shown above are all based on several
mathematical equations and steps that should be followed,
number to be input, and calculations to be performed in order
to get results which are not very applicable on construction
sites, they are applicable for industrial management but not
necessarily applicable for waste management purposes.

4. This model was proposed for evaluating the
environmental, economic and social sustainability of
demolition waste [1]. By inputting data obtained from a
practical case into the established model, social impacts of
demolition waste were studies. The reason of scant use of
this model is because of the low priority of the social
influence of performing construction waste management on
construction sites, and because of social impact is not always
amenable to empirical measurement.

The following waste management models are applicable
to construction sites and projects.

5. Investment in C&D waste management

Investment in C&D waste management can help promote
waste management practices in many ways by assigning
workers responsible for on-site waste collection, sorting and
handling, purchasing equipment and machines for waste
management, developing and implementing waste
management plans, motivating practitioners to minimize
C&D waste and improving operatives’ skills of waste
handling through vocational training.

The financial reward of this model was perceived as a key
incentive driving waste reduction during a construction
project [9].

6. Site space for performing waste management

Site space refers to the space used for on-site waste
collection, sorting and handling. Since C&D waste is often
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the mixture of inert and organic materials, and mixed and
contaminated waste is not suitable for reuse or recycling but
generally disposed of at landfills directly [11], on-site sorting
is effective in achieving a higher rate of waste reuse and
recycling. According to Yuan (2013) site space was found to
be one of the most important factors when selecting on-site
sorting schemes. Without a space layout pre-planned for
waste collection and sorting, the temporary placement of
sorting facilities and implementation of waste collection and
sorting activities might disarrange other construction
activities [12].

The pollution resulted from the huge amount of C&D
waste to the surroundings would be greatly lessened through
effective on-site sorting [11], therefore sufficient on-site
space for waste sorting is important to maximizing C&D
waste reuse and recycling.

7. The waste contractor

The use of a waste contractor or waste transportation firm
with a primary responsibility to provision of waste collection
bins and labelling of the bins to suit the waste stream
identified in the contractor’s waste management plan is
highly recommended [4]. The waste material can become the
property of the waste removal contractor and any rebates
paid on recyclable products should be made to the account of
the waste removal contractor.

8. Eliminating Waste

This model is also known as designing out waste, which is
the technique of minimizing waste by avoiding, eliminating,
and reducing waste at its source. Designing out waste at the
carliest stages of the construction process offers the greatest
opportunities for waste minimization [13].

Some waste generated in the process of construction can
be eliminated by using durable modular metal form systems
for use in concrete construction may be selected on the basis
of being readily demountable and reusable on other projects.
Eliminating wood waste associated with formwork
fabricated of plywood and dimensional lumber can be
beneficial to reduce impacts on human health and the
environment [14].

Reducing waste means more efficient use of materials by
adopting efficient practices, less product will be purchased
which will lead to less generation of waste and thus cost
savings on material and waste disposal.

9. Three Rs’ (3Rs)

This model refers to the 3Rs’ of Reduce, Reuse, and
Recycle. The 3Rs’ is meant to their desirability [15].
Reduction is considered as the most effective and efficient
method for managing C&D waste. By reducing waste
generation the cost of waste transportation and disposal will
be reduced as well. The reuse of material that is considered
waste is another effective method of reducing waste that is
disposed on landfills and thus a major cost savings for
construction projects. The third part of this model
encourages the use of recycled material. Using recycle
material will protect the environment and reduces the use of
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unrecovered natural resources.
10. Prefabrication

This model wuses prefabrication and Industrialized
Building Systems (IBS) to reduce waste generation and
management problems [16]. Advantages of applying
prefabrication in the building and construction activities
include enhance integrity on the building design and
construction, reduction unskilled workers; reduce
construction cost, fixed design at early stage of design, better
supervision, promote safer and more organized construction
site and improve environmental performance through waste
minimization.

Having a better WM, a construction company can reduce
its cost of waste disposal as well as onsite risks and
environmental pollution. The company that has better
construction waste record will have better chance to meet the
government regulations and contractual obligations. To
support the idea of the WM and to reach to the best
conclusion and give the best recommendation a survey
questionnaire was prepared as explained next.

5. Data Methodology

Survey was designed to collect information to understand
the level of support related to WM on a construction site.
Through research of survey development, a survey of 20
questions was prepared and submitted to Purdue
University’s Institutional Review Board (IRB). The IRB
approved the questions and the survey was distributed to 400
construction professionals.

The survey was distributed to employees with the titles of
field engineer, superintendent, supervisor, general foreman,
project control, safety professional, site manager,
construction business owner, designer, and project manager.
The list was developed by selecting 40 personnel from 10
titles randomly, the total number of selected personnel to
whom the survey was sent equaled to 400. The survey was
available for over 2 months to allow sufficient time for
everybody to participate; the goal was to reach at least 100
responses. The total number of completed surveys included
96 construction professionals; this is 24% of total surveys
sent out. Once the survey was closed data collection process
started, conclusion and recommendation was developed
accordingly. Appendix 2 lists the survey questions and their
answers.

The survey included demographic data and pointed
questions to determine the general knowledge of the people
working in the field related to waste management.
Demographic information included participant’s personal
experience, the size of the company, and the business type
that the respondent’s company performs, then the survey
tried to explore the construction projects through a number
of questions to discover the types of waste containers, the
discipline that generates the most waste on construction sites,
and the advantage to use recycled material on construction
sites. The third part of questions concentrated on the reasons
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of supporting WM, the availability of sufficient training, and
the company’s WM plan. The last group of questions
addressed the penalties and the clause that relates to waste
management. Appendix 1 illustrates the survey questions.

6. Results

Demographics show that 52% of the participants have
worked in the industry for more than 10 years and that 79%
of them work for large companies of 5000 employees or
more, these companies vary from construction as the highest
percentage 96%, procurement 79%, design 71%, and
transportation and recruiting with lower percentages44% and
38% respectively. Figl shows the distribution of experience
of the responses.

Majority of these companies have WM procedure 92%
and that 99% of the participants support WM, however only
86% of the participants support WM because it protects the
environment while 7% support WM because it’s a cost
savings. Respondents work on projects which 96% amongst
use separate container for different waste from metal bin
91%, oil drum 64% to cable and concrete bin 40% and 38%
respectively. Nearly half of the respondents 49% agree that
the waste is disposed daily on project sites while 33%
indicated that the waste is disposed on weekly basis,
bi-weekly and monthly got lower results with 5% and 1%
respectively, The percentage of people who didn’t know the
schedule of waste disposal was 12%. Fig 2 shows the time
interval waste disposal on construction sites.
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The company’s encouragement to the practice of WM is
very important factor in our study. The third group of
questions was about the support to WM, 73% of respondents
think that their companies support the practice of WM and
92% think that WM will help reducing construction waste.
The ultimate goal of construction WM is zero waste,
however 69% of the respondents think that their projects
produce significant amount of waste which opposes the
notion of having low waste construction sites. Large percent
of our respondents 89% think that there should be more
support to apply WM on construction sites.

Respondents who didn’t receive WM training equalled to
60 which represent 64% of total participants and 82% think
that there should be more training on WM. In regards to the
discipline with most waste, civil got the highest percentage
amongst the disciplines that generate the most waste with
40%, mechanical discipline with 32%, and then structural
steel with 11%. Electrical and piping disciplines came with
the lowest percentage amongst the disciplines that generates
the most waste with 9% and 8% respectively. Fig 3 shows
the distribution of the most waste generating discipline on
construction sites.

Going through the survey, the last three questions showed
that 68% of the respondents think that penalties should be
charged on contractors who don’t have WM plan and 81%
think that contracts should include a clause that requires the
contractor to use recycled material because 81% think that
will reduce the amount of waste.

[I m
Between 2 and 5
years

Less than 2 year

Between 5 and 10
years

More than 10 years

Figure 1. Distribution of experience of the respondents

Figure 2.

Time interval of the waste disposal on construction sites
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Figure 3. The discipline that generates the most waste on construction site

7. Conclusions

The construction industry has been assessed on the
amount of waste produced each year. Most construction
companies concentrate on reducing cost by improving
productivity and compressing schedule without realizing that
managing construction waste is another huge cost saving
factor that they need to take in consideration.

For many years as one of the main reasons for occupying
the landfills with millions of tons of waste every year causing
millions of dollars to the companies trying to control waste
and follow the proper disposal procedures. In an attempt to
protect the environment, many countries have developed
various regulations to minimize C&D waste, but only few
large size companies have established waste management
guidance and procedures to reduce construction wastes and
maximize their reuse.

This project identified that not only projects costs are
increased due to the increased amount of waste, but also
significant amount of valuable land is being occupied with
the waste generated on construction projects which is
negatively impacting our environment. It appears that
construction waste is a global phenomenon that involves
Europe, Asia, Australia, and America.

Although all the concentration is on construction phase at
construction sites, but one major factor that affects the
amount of construction phase is the design. Engineering
firms must establish new design standards to help reduce the
amount of construction waste by designing to dimensions
available in the market that will eliminate cutting and
shaping steel frame, plywood, and drywall.

The survey that was designed for this study confirmed
some of the information that was available before we start
this research. Most projects generate significant amount of
waste that can be eliminated by using smart engineering,
standard dimensions, recycled material, metal form work
instead of wooden form work for concrete works. The lack of
training is another significant factor that construction
companies should re-visit. Most of these projects use
separate waste containers or bins for each kind of waste
without most of them knowing the reason behind it because

of lack of training. Although most of our surveyors have long
years of experience but the majority of them indicated that
they didn’t have any kind of training on WM. Providing the
proper training to the individuals that are performing work
on site is definitely additional cost to the project but it will
save huge amount of money at the end.

Having a WM contractor is the recommended model to be
used on construction projects. Having a separate
subcontractor for WM will eliminate or at least reduce
company’s responsibility regarding the disposal of C&D
waste. The WM contractor will estimate the quantity of total
construction waste and its main components, will be
specialized for managing waste on the project site, and shall
have sufficient staff that is professionally trained and have
extensive knowledge on construction waste and shall be fully
engaged in the process. Providing different containers and
smaller bins for all possible kinds of waste marked clearly
and properly to indicate the type of waste that will contain,
scheduled waste disposal and replacement of waste
containers will be part of the subcontractor’s responsibility.
There should be weekly meetings to discuss the amount of
waste disposed for each discipline to track, assess, evaluate,
and act accordingly to reduce it.

Another recommended model is to have a department of
WM that will hire specialty staff. The WM staff
responsibility shall be managing waste and dispose it
properly. Post signs of wastes and waste management on
different location on the project; develop training sessions to
the craft and improve their knowledge regarding C&D waste
types and disposal process, Locate waste containers around
the project in multiple areas to make it as easy as possible on
the craft encourage them to dispose their waste properly,
estimate the quantity and the types of waste in the design
phase so that smart engineering can be applied and a
significant cost will be saved during the construction phase.

This study is a foundation for future studies about
construction waste; it can be used as a reference for
construction companies to establish their WM plans and
procedures. This study can be a material for WM training
sessions on construction sites and help construction
companies to find the best way to control waste.
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Appendix 1. Survey Questions

97

Ques. No. Description

1 How many years of experience do you have in construction industry?

2 What is the size of the company you are employed in?

3 What type of business does your company do? Select all that applies

4 Do you support the idea of Waste Management? If your answer is No, skip 5

5 Why do you support the idea of Waste Management?

6 Does your company have a Waste Management Procedure?

7 Do you think that the construction waste should be reduced?

8 Do you use Separate containers for disposal? If your answer is No, skip question 9

9 What kind of waste container does your project uses? Select all that applies

10 How often does the project dispose its waste?

11 Do you think there is enough encouragement from your company to practice Waste Management?
12 Do you think that there should be more support to apply Waste Management on construction sites?
13 On average how much waste does your project generate on a monthly basis?

14 Do you think using Waste Management will help reducing construction waste?

15 Did you receive any kind of training of Waste Management?

16 Do you think there should be more training on Waste Management?

17 What discipline do you think generates the most amount of waste?

18 Do you think penalties should be charged against contractors who don’t have waste management plan?
19 Do you think the use of recycled material will reduce waste?
20 Do you think that there should be a contract clause that requires the contractors to use recycled material

where possible?
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