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ABSTRACT

Construction waste resulting from building projects is one of the most damaging activities for the
environment because the former can be produced at any stage of a project. This study emphasizes the
importance of waste management and outlines the significant environmental and economic consequences
of construction waste, by examining the construction materials that generate the highest percentage of
them in construction projects. Additionally, the causes of waste generation in construction projects at each
stage was determined, in order to contribute to the development of effective remedial strategies for
reducing this type of waste. A quantitative descriptive approach was deployed, distributing a questionnaire
to 270 participants from the Iraqi construction industry. Finally, statistical analysis was used to analyze
the questionnaire data with SPSS software V.26. The results showed that concrete and aggregate
constituted 45%, timber 25%, plaster 15.7%, and soil 9.3%. It was also demonstrated that the main
reasons for waste generation in construction projects at different stages are the design and detail
complexity, inappropriate material supply, and insufficient material quantities. The most efficient
strategies for reducing waste are clarifying drawings, and incorporating renewable resources into designs,
ensuring efficient procurement and material handling.
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I. INTRODUCTION

Over 40% of the global solid waste is produced from
constructions, including concrete, wood, metal, glass, and
plastic, making it difficult to be disposed or managed [1]. This
large amount of solid waste results in soil and water
contamination, produces significant quantities of methane from
the decomposition of the organic matter, worsening the
greenhouse effect and the deterioration of the environment [2].
Failing to properly manage construction waste can result in
higher disposal costs, penalties for non compliance with
regulations, and missed opportunities for material recovery and
reuse [3]. Efficient waste management strategies can reduce
these expenses; therefore, the building sector needs to adopt
more sustainable procedures to minimize its environmental
impact and enhance its economic efficiency [4]. Global
demand for buildings and infrastructure is high since housing,
sanitation, and healthcare are essential for supporting the
growing population. Construction materials are used to meet
this demand; however, manufacturing them results in the
overexploitation of natural gravel and sand. Technologies
continue to encounter obstacles related to implementation and
environmental efficiency. Limited knowledge and practical
constraints have hindered the adoption of technologies that
could prevent construction waste. Nevertheless, the proper
utilization of the latter can ensure the supply chain security,
reduce the consumption of natural resources, and facilitate the
transition to a circular economy. Standardizing the existing
methods for treating waste materials and byproducts produced

during processing is a first step toward formulating policies
that facilitate their extensive use. This research examines the
obstacles and opportunities, as well as the necessary tactics for
advancing the minimization of construction waste to develop
sustainable infrastructure in the future. The construction
industry in Iraq uses a major part of the National Gross
Domestic Product (NGDP) [5S]. During 2023, the total cost of
complete and incomplete constructions was around 2.55 trillion
dinars, having increased by 25.5% since 2022. The value of the
materials used in buildings during 2023, was 72% of the total
cost, having increased by 30.4% since 2022 [6]. These findings
do not comply with the nations’ efforts for sustainable
development, arising issues of safety, productivity challenges,
quality concerns, and cost overruns. The methodology for
overseeing building projects in Iraq requires a modification,
which could be achieved through waste management. This
study aims to identify the construction materials that generate
waste in the construction projects and the causes of waste
generation during the design, implementation, and procurement
phases. It also aims to identify the best strategies to reduce
waste using the most efficient management practices in
construction projects.

II. CONSTRUCTION MATERIAL WASTE

Construction material waste, such as bricks, concrete, and
wood, is produced by various activities and accounts for 35%
of the total waste generated compared to other industries [7].
Despite the challenges of accurately assessing the average
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amount of waste generated on construction sites, the latter
adversely affects projects, communities, and ecosystems, as
shown in [8]. Waste materials in landfills are among the most
harmful for the environment and their processing can result in
great cost overruns and time delays [8, 9]. Authors in [10]
revealed that construction material waste consists of sand
(12.51%), brick (14.49%), timber (10.95%), and cement (10%).
Authors in [11] determined that the major components of
construction waste were reinforced cement concrete (5.16%),
brick (6.82%), ceramic (5.51%), tiles (6.68%), steel rebars
(4.67%), paint (6%), and wood (6.14%). Authors in [12] found
that the most common waste were concrete (16.5%), wood
(14.5%), reinforced cement (12.1%), asbestos (10.5%), glass
(9.4%), asphalt (7.3%), and tile ceramics (6.1%).

II. CONSTRUCTION WASTE CAUSES

There are two categories of physical waste: structural and
finishing. The usage of materials, such as concrete, steel, and
brick in structural activities during the construction stage
results in structural waste. Finishing waste comprises materials,
such as mosaics, cement, tiles, and paint utilized in the
implementation of projects [13]. They are the result of various
conditions and activities, including unsuitable treatment, lack
of transportation coordination, procurement issues, changes in
design, unsuitable storage, and unskilled workers and
subcontractors [14]. These findings underscore the significance
of labor in controlling waste, which is produced from
negligence and a lack of competency. A significant amount of
waste can be circumvented during the construction phase by
ensuring that all employees are committed to operating without
the oversight of management or incentives [15]. Furthermore,
material deterioration during delivery and a paucity of
packaging and supplies have been identified as significant
sources of waste material treatment [16]. Substandard
transportation and inadequate ordering can also result in the
production of waste [17]. A multitude of factors may contribute
to this issue, including the usage of materials that do not align
with the established specifications and the implementation of
an ineffective strategy for competent procurement [16].
According to the original plan, the alternation and subsequent
return of supplies by the contractor after a prior purchase can
result in waste. Furthermore, the inadequate and inefficient
storage of materials, such as cement in wet environments is a
significant contributor to waste generation [16]. Table I
displays the classification of these causes into four categories.

IV. CONSTRUCTION PROJECT WASTE
MINIMIZATION

Construction sites generate a considerable amount of waste
on an annual basis, which increases contractors' cost
considerations, including transportation, disposal, and
procurement expenses [18]. A reduction in waste volume at
construction sites is expected to result in decreased
expenditures for raw material procurement and landfill disposal
fees. An effective waste management is critical for a
sustainable building economy. This necessitates the regulation
and minimization of waste generation through the involvement
of skilled builders and contractors. A recent estimate suggests
that over 80% of the on-site refuse is recyclable and reusable
[19]. The building and demolition waste industry has relied on

variables, such as population growth, urban expansion, and
landfill expenses in specific regions.

TABLE L CONSTRUCTION MATERIAL WASTE CAUSES
OVERVIEW
No. Cause
DC1 | Lack of attention in coordinating product dimensions
Modification of the design during the construction
DC2
phase
DC3 |Lack of awareness by designers of alternative products
DC4 Complexity in design and details
Design and | DC5 Drawing information needs to be clarified
documentation| DC6 Incorrect specifications
stage DC7 Poor site layout
Poor knowledge of construction techniques by
DC8 .
designers
DC19 [Lack of participation by contractors in the design stage
DC10 | Commencing work before completing documentation
DCl11 Lack of quantity estimation
DC12 Inadequate finance for the project
PCI Ordering either more of less material than what is
required
PC2 Purchasing products that do not meet the required
specifications
PC3 Supplying inappropriate materials to the site
Procurement PC4 Replacing required materials with more expensive
materials
PCS5 Replacing materials with unnecessary higher quality
materials
PC6 Material price inflation
PC7 Unsuitable strategies for competent procurement
MC1 Overloading means of transport
MC2 Lack of proper transportation planning
A MC3 Poor planning for material storage
Material —Fyjeg Theft
stl(:ra:gltle'and MCS5 Material damage on site
andiing MC6 Unnecessary inventories on site
MC7 Inconvenient material storage
MC8 Incorrect handling
CC1 Mistakes in choosing the correct materials
CC2 Insufficient quantities due to poor planning
CC3 Equipment failure
CC4 Inclement weather
CC5 Improper storage of materials
CC6 Incorrect construction techniques
CC7 Insufficient construction techniques
CC8 Poor communication between project parties
CC9 Conflicts between labor or with the project team
CC10 Lack of tools and equipment
CCl11 Producing extra amounts
CC12 Manufacturing faults
. CC13 Onsite material control shortages
Consttructlon CC14 Inadequate guidelines for handling
stage CC15 Lack of skilled subcontractors
CCl16 Unpackaged supplies
CC17 Lack of packaging and supplies
CC18 Lack of decision-making
CC19 Inadequate quality site documentation
CC20 Lack of contractor experience
CC21 Delayed arrival of materials
CC22 | Poor cooperation between the contractor and workers
CC23 Manufacturing defects that lead to reworks
cco4 Additional orders or mo@iﬁcations of orders by the
client
CC25 Inadequate training of workers
CC26 Poor site management
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The creation of an effective framework for developing
sustainable waste management 1is important for any
construction industry that wants to achieve a commendable
sustainable development profile [20]. The management of
construction and demolition waste involves the following
principles: the elimination of waste whenever feasible, the
reduction of waste wherever practical, and the reutilization of
materials that would otherwise be discarded. For instance,
discarded materials, such as concrete, bricks, and stones can be
repurposed into valuable resources, like cement, and recovered
flooring straw [21]. In the city of Baghdad, significant amounts
of waste are generated during the construction projects due to
the rapid population expansion, projected from 6 to 8% per
year. Material waste at construction sites in Iraq is caused by
inadequate site supervision, design flaws, substandard
materials, untrained labor, poor material quality, design
alterations, inaccurate specifications, inadequate storage
facilities, improper handling procedures, inefficient material
scheduling, erroneous supplier recommendations, and surplus
resulting from bulk purchasing. These factors increase waste
production at construction sites. Various waste-reduction
strategies promote sustainable construction and effectiveness
[22]. On-site waste management regularly helps prevent and
minimize waste. According to [23], the major indicators for
dealing with waste management are separating and recycling,
reusing, employing waste prediction methods, planning for on-
site  waste management, designing for flexibility and
demolition, effectively procuring waste, and applying
regulation and tax measures. Effective site management
includes material logistics control, waste segregation, material
reuse, and reducing material landfill. Authors in [24]
determined that the top-ranked strategies in waste construction
management were conducting supervisor training courses on
waste reduction strategies, using a standard design procedure,
providing incentives to encourage workers to reduce waste on
site, buying adequate raw materials, and conducting training
courses for handling labor, storage, and transportation. The
major methods of reducing material waste in the construction
industry include appointing waste management officers, using
prefabricated or off-site production of components and
integrating a material waste reduction plan [25]. Other methods
include using standardized design dimensions, experienced
design teams, sufficient building ingredient sizes, uniform
forms and spacing, avoiding design modifications, designing
off-site construction, gaining precise contract documents,
providing precise specifications and accurate material
estimations, providing drawings with simplified and suitable
details, taking material availability into account during the
design stage, and adopting renewable resources in the design.
Authors in [14] ranked the critical success factors for adopting
efficient waste management strategies, as well as the most
important waste minimization strategies, as follows: securing a
subcontractor for waste disposal, reducing design changes,
providing safe storage facilities for materials, adopting reusable
materials, preventing waste incorporation into soil, securing
waste collection containers, allocating spaces for waste
segregation, constructing with standard materials, and
providing on-site material compactors, as shown in Table II.

A. Materials and Methods

This study uses a quantitative technique and a questionnaire
survey to gather primary data, whereas secondary data were
obtained through a literature review, focusing on four target
groups to understand their perspectives: engineers, site
supervisors, contractors, and project managers.

TABLE IL. RECENT CONSTRUCTION WASTE
MANAGEMENT PRACTICE STRATEGIES
No. Strategy
DS1 Reducing changes in design

Integrating regulations of a material waste
DS2 .
reduction plan
. DS3 Adopting renewable resources in design
Design and Considering material availability and design
documentation | DS4 .
stage execution
DS5 Provide drawings’ suitable details
DS6 Provide precise specifications
DS7 Design insufficient information
DS8 Select experienced design teams
DS9 Design standardized dimensions
PS1 Waste-efficient procurement
PS2 Regulation and tax measures
PS3 Precise contract documentation
Procurement - - —

PS4 Supply materials with correct quantities
PS5 Provide materials with accurate specifications
PS6 Purchase materials from reliable suppliers
MS1 Provide safe facilities for sorting materials

Material storage | MS2
and handling MS3

Activity execution adopting reusable materials
Suitable construction material handling

MS4 Directing labor in material handling

CS1 Construction with standard materials

CS2 Provide material compactors on site

CS3 Allocate space for waste segregation

CS4 Prevent waste incorporation

CS5 Secure a subcontractor for waste disposal

cs6 Good organization between suppliers and

construction staff to avoid over-demand

CS7 Secure containers for waste collection

CS8 Conduct training courses for laborers

CS9 Schedule construction activities weekly
Construction CS10 Mixing-, transrpjtting, ar-1d casFing of concrete at

Stage sulFable time, Prov1de skhllled V\-/orkers-
csi1 Efficient strategies to provide suitable site
management methods
CS12 On-site waste material recycling
Cs13 Check supplied materigls for correct quality and
size
CS14 Appoint waste management officers
Csis Conduct training courses for sugervisors on
waste reduction strategies
CS16 Incentives to encourage \yorkers to reduce waste
on site
CS17 Identify administrators to manage waste

Three hundred surveys were distributed at construction sites
to individuals involved in various activities at different levels
in multiple cities in Iraq. Of those, 270 were returned, resulting
in a response rate of 77%. After the organization agreed to
collaborate with the researcher, 28 construction sites were
visited in Iraq to discuss the study's objectives and goals. The
materials measured at the beginning of the study were concrete
and gravel, timber, bricks, plaster, steel, and soil. The study
primarily assessed activities involving the typical materials
used in the local construction sector, monitoring the procedural
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work of each activity, including the supply, transportation,
handling, stock of materials and errors made by workers. By
monitoring the building sites, staff can identify actions
performed and report on how activities are completed. The
survey questions were designed to gather data for the
investigation and address the research inquiries. The survey
consisted of four sections. Section A included questions about
the types and percentages of waste generated from construction
materials. Section B included demographic information, such
as job position and work experience, as illustrated in Table III,
while section C included 53 questions about the causes of
increasing construction waste across four subsections. Finally,
section D consisted of 36 questions across four subsections
related to strategies for minimizing construction waste, as
portrayed in Table III.

TABLE III. DEMOGRAPHIC INFORMATION OF
RESPONDENTS
Frequency Percentage
Job position
Project manager 55 20.5
Site supervision 56 20.7
Contractor 22 8.1
Engineer 137 50.7
Total 270 100
Experience in years
5-9 31 11.3
10-15 42 15.4
16-20 97 36.1
>20 100 37.2
Total 270

In order to assess the content validity of this questionnaire,
a panel of five construction waste management experts
performed an evaluation [26]. The first edition of the
questionnaire was sent to five experts, whose responses
prompted modifications and enhancements to many topics.
Since all items in the current questionnaire represent
independent formative constructs, this study used a test-retest
approach to estimate the reliability of all items rather than the
Cronbach's alpha. Spearman correlation coefficients were
calculated between the test and retest, revealing that all values
exceeded 0.8, indicating acceptable reliability for the
questionnaire. After validation and pilot testing, the
questionnaires were distributed. The four construction stages
were correlated with causes of construction waste, such as
design (12 items), procurement (7 items), material waste and
handling (8 items), and construction (26 items). A total of 53
items were used to collect the data in section C. Section D of
the questionnaire comprised four subsections with 36 items:
design (9 items), procurement (6 items), material storage and
handling (4 items), and construction (17 items). A total of 350
questionnaires were distributed to project directors, site
supervisors, contractors, and engineers with construction
industry experience, who volunteered to participate in the
study. The data were subsequently analyzed using SPSS V 23
and statistical techniques, such as frequency, percentage, mean,
standard deviation, and the Relative Importance Index (RII).
Two prevalent response distortions linked to the sequence of
response options are primacy and recency biases. Primacy bias
refers to respondents' inclination to choose one of the first

alternatives provided. This may occur when a respondent
quickly scans the survey and selects the first answer with which
they agree. Recency bias refers to the tendency to select an
answer that appears toward the end of a list. When presented
with a long list of possibilities, respondents are more likely to
recall the choices they encountered last when picking an
answer. A reliability study using Cronbach's alpha was
performed to assess the survey's internal consistency.
Cronbach's alpha was 0.917 for the 54 items in section C and
0.957 for the 37 items in section D, indicating a high level of
dependability. To identify the primary sources of construction
waste and provide waste reduction indicators, a ranking and
analysis were performed based on the RII of the Likert scale.
To determine the relative ranking of the studies, the scores
were transformed into significant indices using:

RIIl = SWAXN 1

where W is the weighting given to each factor by the
respondent, ranging from 1 to 5, 1 having low significance and
5 very high significance, A is the highest weight (A =5), N =
270 and 0 SRIT£ 1.

V. RESULTS AND DISCUSSION

A. Construction Waste Percentage

Figure 1 shows which construction materials resulted in the
highest quantities of waste, according to the responses as a
percentage. Concrete and aggregates were at 45%, followed by
timber at 25%. Plaster and soil created less waste, at 15.7% and
9.3%, respectively, but their influence on waste formation
should not be neglected. The questionnaire results indicate high
waste rates for most building materials except steel and bricks
for which the waste rates were acceptable. Authors in [10]
revealed that construction material waste consisted of sand
(12.51%), brick (14.49%), timber (10.95%), and cement (10%).
Authors in [11] determined that the major components of
construction waste were reinforced cement concrete (5.16%),
brick (6.82%), ceramic (5.51%), tiles (6.68%), steel rebars
(4.67%), paint (6%), and wood (6.14%). Authors in [12] found
that the waste consisted of concrete (16.5%), wood (14.5%),
reinforcement (12.1%), asbestos (10.5%), glass (9.4%), asphalt
(7.3%), and tile ceramics (6.1%). These percentages are
considered high compared to the research results in the
countries in which the studies were conducted. This requires
reducing the percentage of construction materials used in
construction projects.

B. Construction Waste Causes

Table IV shows that the arithmetic mean values of the
responses are all greater than 3, confirming that the proposed
causes in the design stage result in waste in building projects.
Additionally, it was noted that all RII values were high (0.7).
According to [27], in construction designs, the complexity of
design and details are the most significant factors resulting in
waste, making it difficult to accurately estimate materials and
quantities [24, 28]. The results revealed that several factors,
particularly the absence of customer interest in waste
minimization and negative attitudes toward it, act as deterrents
to the proactive and sustainable execution of waste reduction
techniques throughout the design process. These issues stem
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from mistakes made during the construction and renovation
efforts, as well as from improving the material value.

contributors to cost inefficiency in construction projects,
stemming from deficiencies in decision-making processes. The
procurement of materials exerts a substantial influence on the
generation of material waste and the aggregate expenses of a
project. Material storage and processing procedures are among
the most significant factors affecting waste production, as
illustrated in Table VL

TABLE V. CONSTRUCTION WASTE CAUSES IN THE
PROCUREMENT STAGE
C:d Cause M | SD |RII R
PC1 Ordering change 3.84(1.61[0.77 4
PC2 Lack of quality materials 4.00{1.41]0.80]3
PC3 Supplying slow deli f material 4.41]0.98|0.88 |1
m Concrete and Aggregate Replacing required materials with more .
PC4 placing requirc e 426(1.20(0.85 |2
o Tl mber expensive materials
PCS Replacerpent ofrejqulred materials Wlth higher 416113508313
m brick quality materials that are not required
PC6 Material price inflation 4.41[1.05]0.88 |1
jm] plaster PC7| Unsuitable competent procurement strategies |3.80]1.64]0.76 |5
m Steel TABLE VL. CONSTRUCTION WASTE CAUSES AT THE
il MATERIAL STORAGE AND HANDLING STAGE
M soi
Code Cause M | SD | RIl |R
Fio. 1 R £ Darticipant tage) rati . i MC1 Overloading means of transport 3.881.56|0.78 | 6
Irift.eri.alg e€sponses ol participants (as a percentage) rating waste-generating MC2 Lack of proper transponation planning 4211130 1084 | 4
- MC3 Poor material storage 4541094 091 |1
TABLE IV CONSTRUCTION WASTE CAUSES AT THE Mcd Theft 414 141 08315
. MCS5 Material damage 443 11.06 |0.89 | 3
DESIGN AND DOCUMENTATION STAGES MC6 Unnecessary inventories on site 448 11.01 |0.90 |2
Code Cause M |SD|RII R MC7 Inconvenient material storage 4.2511.27 10853
DC1 Lack in product dimensions 4.07(1.47| .81 |5 MC8 Incorrect handling 4.5610.90 |091 | 1
DC2 Design change 4.26(1.27| .85 |3
DC3 inexperienced designers _ 4.261.26| .85 |3 The objective of this study was to determine the most
DC4 Complexity in design and details 4.3811.13) .88 |1 significant factors contributing to waste generation. To this
DC5 Inadequate details of drawings 4.29(1.18| .86 |2 . . P .
—— end, the arithmetic mean, standard deviation, and relative
DC6 Incorrect specifications 4.29(1.17| .86 |2 . .
DC7 Design mistakes 3.9711.53 .79 16 importance factors were calculated. According to the RII
DCS Inexperience designer 3.9611.54 .79 |6 values (0.7), the factors related to waste storage were found to
DC9 Inadequate contractor experience 4.29]1.25] 86 |2 be of great significance. The factors were then arranged
Dbejo|  Beginning work before completing 4150135 83 la according to their relative influence on the waste production
documentation for a project B during the storage stage. The most significant factors
DC11 Lack of quantity estimation 4.07|1.47, 81 |5 contributing to waste generation are inadequate material
DCI12 Inadequate finance for the project 4.26(1.27| .85 |3

The superfluous on-site storage of materials and their
vulnerability to damage, coupled with the escalating costs from
unsuitable materials, utilities, and quality issues lead to delayed
deliveries, budget shortfalls, inadequate management, and
decreased efficiency and productivity. As presented in Table V,
the arithmetic mean values of the responses exceed the mean
value of 3. This finding suggests that the respondents agree that
the causes proposed in the procurement stage result in waste in
the building projects. The most significant factor for this is the
material price inflation, which leads to cost overruns [29]. The
second most significant factor is the substitution of the required
materials with more expensive materials, which results in
increased project costs due to waste. The third factor in the
rank based on its significance is the purchase of products that
do not meet the required specifications and the replacement of
the required materials with higher quality materials that are not
needed. These elements are identified as the primary

storage [30] and improper handling. These findings underscore
the efficacy of implementing a comprehensive material storage
plan to achieve the waste minimization objectives. During the
construction stage, the generation of waste may be attributable
to improper on-site practices. As shown in Table VII, the most
significant factor contributing to waste during construction
projects is the absence of skilled subcontractors, who is
responsible for material storage, material specification,
construction techniques, and quality control [31]. The
evaluation includes factors pertaining to project management
and planning, operational relationships, financial aspects, work
quality, and project complexities. The second most significant
factor contributing to this issue is insufficient quantities of
materials, owing to poor planning, incorrect construction
techniques, an unsuitable strategy for competent procurement,
and delayed arrival of materials at the work site. This has led to
delays in the project, as well as the expenditure of financial
resources and temporal investment. Additionally, there has
been a waste of construction materials due to demolition.
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Moreover, disputes among project team members or differing
points of view can result in erroneous decisions, leading to
waste, project delays, and additional costs.

C. Waste Management Strategies

The waste generated in construction projects has a
detrimental effect on the environment, causing greenhouse gas
emissions.

TABLE VII. CONSTRUCTION WASTE CAUSES IN THE
CONSTRUCTION STAGE
Code Cause M | SD | RII |[R
CCl1 Mistakes in materials 431]1.21]0.86 |5
CC2 Insufficient quantities of materials 444 11.0810.89 |2
CC3 Equipment failure 421 1.2810.84|7
CC4 Inclement weather 3.87 | 1.54 | 0.77 | 14
CC5 Improper storage of materials 4.00 | 1.50 | 0.80 |11
CC6 Incorrect construction techniques 443 | 1.11[0.89 |2
CC7 Insufficient construction techniques 430 | 1.12]0.86 | 5
ccs Poor communicatiqn between project 4241115085 6
parties
CC9 | Conflicts between labor or the project team | 4.39 | 1.06 | 0.88 | 3
CC10 Lack of tools and equipment 427 1 1.16|0.85| 6
CCl11 Producing extra amounts 437 11.04]10.87 | 4
CCl12 Manufacturing faults 393 1.51[0.79]12
CC13 Onsite material control shortage 412 11361082 |9
CCl14 Inadequate handling guidelines 429121086 |5
CC15 Lack of skilled subcontractors 4.531093[091 |1
CC16 Unpackaged supplies 4.16 | 1.30 | 0.83 | 8
CC17 Lack of packaging and supplies 3.96 | 1.50 [ 0.79 |12
CC18 Lack of decision-making 4.05] 1.45[0.81 |10
CC19 Inadequate quality of site documentation | 4.10 | 1.41]0.82 | 9
CC20 Lack of contractor experience 428 | 1.15]0.86 |5
CC21 |Delayed arrival of materials to the work site| 4.46 | 0.85 | 0.89 | 2
cc22 Poor cooperation between the contractor 388 | 1.5310.78 |13
and workers
CC23 | Manufacturing defects that lead to reworks | 4.39 | 1.11 | 0.88 | 3
cco4 Additional orders or moFiiﬁcation of orders 420112808417
by the client
CC25 Inadequate training of workers 4.09 114210829
CC26 Poor site management 429 | 1.71 1086 |5

These strategies are classified according to the project
stage, strategy design, procurement phase strategies, storage
and handling phase strategies, and construction phase
strategies. As presented in Table VIII, the most significant
approach for minimizing waste during the design stage is to
limit the design alterations [30, 32]. A variety of measures may
be used to prevent alterations in design, including the
specification of features and measurements in drawings, the
intricacy of the design, and the involvement of a seasoned
designer. The second most critical technique is to ensure
adequate quantity, consistency, and spacing of construction
materials. This method is critical for achieving waste
minimization, as it reduces manufacturing faults and reworks,
which can be accomplished through the expertise of a skilled
designer. The integration of renewable resources in design and
the consideration of material availability during execution were
identified as the third most significant factors. The selection of
materials for a given project is contingent upon the designer's
proficiency in the domain of renewable resources, as well as
their ability to ensure the procurement of these materials in a
readily available manner. As shown in Table IX, in an analysis

of waste management strategies at the procurement stage, the
most efficient strategy for minimizing waste is the application
of waste-efficient procurement and the provision of materials
with accurate specifications.

TABLE VIII.  WASTE MANAGEMENT STRATEGIES IN THE
DESIGN AND DOCUMENTATION STAGES

Code Strategy M | SD | RII |[R

DS1 Reducing design changes 4.56 10.86 {091 | 1

DS2 |Integration of a material waste reduction plan| 4.16 | 1.41 | 0.83 | 4

DS3 Adopting renewable resources in design | 4.23 | 1.31 [0.85 | 3

DS4 Considering material ayallablllty at design 423 125 1085 | 3
execution

DS5 Providing simplified flnd suitably detailed 383153107715
drawings

DS6 Precise spemﬁcatlops ar-1d accurate material 4161131 o83 | 4
estimation

DS7 Sufficient design 443 11.0210.89 |2

DS8 Experienced design teams 3721144 (074 6

DS9 | Incorporate standardized design dimensions | 3.48 | 1.58 | 0.70 | 7

TABLE IX. WASTE MANAGEMENT STRATEGIES AT THE
PROCUREMENT STAGE
Code Strategy M | SD | RlI
PS1 Waste-efficient procurement 4.09 | 1.39 | 0.82
PS2 Regulation and tax measures 3.87 | 1.48 10.77
PS3 Precise contract documentation 4.06 | 1.38 | 0.81

PS4 Supply of materials with correct quantities | 3.97 | 1.35 | 0.79
PS5 |Provide materials with accurate specifications| 4.11 | 1.34 | 0.82

U= ||| s ==

PS6 | Purchase materials from reliable suppliers | 3.76 | 1.50 | 0.75

The significance of these strategies lies in ensuring the
provision of materials that meet precise specifications, the
selection of materials that result in minimal waste generation,
and the incorporation of natural materials derived from
renewable resources. The adoption of reliable suppliers, the
assurance of the safe receipt of materials, and the procurement
of materials that align with specifications are crucial in
facilitating efficient purchasing operations [24]. The second
most significant factor is to ensure a precise contract
documentation, suggesting that contract documents should
include regulations for waste management. The third most
significant strategy is the provision of materials in precise
quantities, a measure intended to prevent cost wastage. As
displayed in Table X, a variety of strategies have been
employed to minimize waste in construction projects during the
material storage and handling stages. The most significant
strategy to reduce waste is the proper handling of construction
materials, followed by the allocation of labor to the appropriate
material handling tasks [30, 33]. Furthermore, it is important
that labor receive training in meticulous handling and stacking
techniques.

TABLE X. WASTE MANAGEMENT STRATEGIES AT THE
MATERIAL STORAGE AND HANDLING STAGES

Code Strategy M SD RII | R

MS1 Sorting materials 3.53 1.56 4

MS2 Reusable materials 3.99 1.36 1080 | 3

MS3 Suitable material handling 4.46 0.84 1089 1

MS4 Method material handling 4.36 1.04 1087 | 2
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Table XI presents a comprehensive overview of the waste
management strategies categorized according to the
construction stage. The findings indicate that on-site waste
material recycling and reuse is the most effective strategy for
waste minimization [34, 35]. The provision of incentives to
encourage workers to reduce waste on site was identified as the
second most significant factor [36]. The third most significant
strategy is to provide efficient methods and adopt suitable site
management techniques. The effective management of
construction sites is contingent upon the proper management of
waste, which entails its appropriate separation, reuse, and
recycling. In addition to the provision of adequate supervision
by contractors, subcontractors, and project team members, an
effective construction site management ensures the presence of
skilled labor, adequate storage, appropriate construction
equipment, and means of transportation.

TABLE X1 WASTE MANAGEMENT STRATEGIES AT THE
CONSTRUCTION STAGE
Code Strategy M | SD | RII |[R
CS1 Construction with standard materials 4.00 | 1.420.80 |10
CS2 | On-site waste material recycling and reuse | 4.53 | 0.82 |1 0.91 | 1
CS3 Allocating space for waste segregation 42211231084 |7
CS4 Preventing waste incorporation 4.10 | 1.3810.82 | 8
CS5 | Securing a sub-contractor for waste disposal | 4.34 | 1.05 [ 0.87 | 5§
cs6 Good organization betwc?en suppliers and 433 111108715
construction staff to avoid over-demand.
CS7 Secure containers for waste collection 440 1.06 [ 0.88 | 4
CS8 Conduct training courses for laborers 3.97 1 1.45|0.79 |11
CS9 Schedule weekly construction activities 4.04147(0.81 |9
Mixing, transporting, and casting concrete at
CS10 suitable times and providing skilled workers 3.82|1.4210.76 |13
csil Adopt efficient strategies for suitable site 446 | 1.04 1 0.89 | 3
management
CS12 Provide on-site material compactors 42 1121]086]6
csi3 Ensure correct quality _and size of supplied 38 | 153078 |12
materials
CS14 Appoint waste management officers 42 1126(084 17
CSi5 Conduct supervisor training courses on waste| 5 - | | 59|75 |14
reduction strategies
CS16 Incentives to encourage workers to reduce on- 45 1097109012
site waste

CS17 | Identify an administrator to manage waste | 3.8 | 1.55|0.78 |12

A comprehensive plan, incorporating prefabricated
elements and on-site waste separation, is important in order to
ensure the efficacy of these measures. The strategy has
facilitated substantial waste reduction and enhanced recycling
rates in various building projects by offering direction,
assistance, and resources. The usage of prefabricated elements
and the separation of waste on-site are two crucial tactics that
must be employed. The adoption of the Building Information
Modeling (BIM) approach in underdeveloped nations, such as
Iraq, is hindered by numerous obstacles. BIM is experiencing a
surge in adoption within the construction sector, owing to its
numerous advantages, including enhanced productivity,
superior project outcomes, reduced construction waste, and
decreased costs. The challenges associated with this approach
include implementation costs, inadequate standards and
processes, and a deficiency in BIM understanding. As
presented in Table XII, a number of studies on the factors
contributing to waste generation and strategies for addressing

them have been conducted in Iraq and published in both
domestic and international journals.

VI. CONCLUSIONS

Construction waste, a byproduct of construction projects,
has been identified as a primary contributor to environmental
degradation, pollution, and carbon emissions. This waste is
generated during all phases of a project, underscoring the need
for comprehensive management strategies to reduce its impact.

TABLE XII. CAUSES OF WASTE GENERATION AND
STRATEGIES IN IRAQ
Nol Ref. | Year Causes of construction Strategies to | Material waste
i waste minimize waste | percentage
Iﬁiggqolﬁi_tz tqull;l; ll(n zxgt Material Cement 8%,
1| [37] | 2017 | labor’s experience, non- accuracy, Sand 7.8%,
tropical of structural exp enepged Grave! 8.2%,
elements during execution| supervision Ceramic 7.8%
Improving
contract
Lack of it " documents to
?rfanz 21?1_;11: ‘;;S e avoid wastage Sand 11%,
& plan, from design |Aggregate 11%,
changes of the design
2 | [38] (2019 lack f‘ it t al changes, changes| Cement 9.8%,
ac c(())nfrrcl)_lﬂl::cll?i:n in the Concrete 8%,
su er’vieion requirements of | Gypsum 8.6%
sup h the client,
avoiding design
error
contral wast, | Cement 13%.
Poor management, poor use of com Autér Sand 18%,
31 [39] |2016 supervision, design ;0 ams ig the Gravel 15%,
mistakes, design revisions plaﬁflin i hich Brick 7 %,
P & MEM 1 coramic 12%
tech equipment
Poor material storage, Dee;\l]ig;:)ﬁl:erllily
lake in design documents,| . ’
. . tinder must be
material handling process, d Brick 15%
bad quality of material, prepare e >
4 | [40] |2021 mistakes in desien accurately,  |Sand 12%, Steel
cilange: in or(iel% ? effective turning [4%, Cement 4%
insufficient contractor for labor,
method contactor
experience

The objective of this research is to examine critical
reduction measures that have been adapted for the developing
nations. The findings provide insights into the potential
strategies that various stakeholders in developing nations could
employ to reduce construction waste at various stages of
building projects through the application of targeted measures.
The findings suggest that the initiative contributes to the
realization of this study’s sustainable environmental objectives
while generating economic benefits. The result of this initiative
is a substantial reduction in carbon emissions, which in turn
enhances global responses to climate change and fosters
sustainable development. The study showed that the production
of concrete and aggregates resulted in a significant amount of
waste, with a percentage of 45%. This was followed by timber,
which accounted for 25% of the waste generation. Plaster
(15.7%) and soil (9.3%) were shown to result in lower amounts
of waste than concrete and timber. However, their influence on
waste formation should not be overlooked. The study identified
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design complexity and detailing, unclear drawing information,
incorrect specifications, and contractor lack of involvement in
the design phase as the most common causes of waste
generation. The study revealed that the most effective waste
reduction strategies are: clarifying designs with dimensions and
details, using building materials of adequate size, ensuring
uniformity and spacing, using renewable resources in design,
and considering material availability during construction. Cost
overruns, the substitution of the required materials for more
expensive ones, the purchase of products that do not meet the
required specifications and the substitution of materials for
higher-quality materials that are not required are among the
most significant causes of cost waste in construction projects.
Furthermore, critical waste management strategies during the
procurement phase include: efficient waste removal, the
provision of materials with precise specifications, the usage of
natural materials derived from renewable resources, an efficient
procurement process, the assurance of accurate contracts, and
the provision of materials in the correct quantities. With respect
to material storage and handling, the most prevalent causes of
waste include inadequate material storage planning, improper
handling techniques, the presence of unnecessary on-site
stockpiles, and material spoilage on-site. The study further
proposes remedial strategies to reduce waste at this stage,
including proper construction material handling and the
training of workers in proper material handling techniques. In
the context of construction projects, the primary factors
contributing to waste during the execution phase are: shortage
of skilled subcontractors, inadequate material quantities due to
insufficient planning, improper construction techniques,
delayed material delivery to the site, manufacturing defects
resulting in rework, and conflicts among workers or the project
team. In order to address the issue of waste reduction at this
stage, a number of remedial solutions have been proposed.
These include the implementation of on-site recycling and
reuse of waste materials, the provision of incentives to
encourage workers to reduce waste on-site, and the provision of
effective strategies for adopting appropriate site management
methods. This research identified several limitations. Firstly,
the scope of the data collection is constrained to Iraq.
Consequently, the research does not extend to a broader
geographic perspective and the survey's scope was limited to
individuals involved in 25 distinct projects. As a result, the
findings may not be indicative of the broader solid waste
management field. In the interest of mitigating potential biases,
future studies should consider expanding their sample to
include other developing countries. A number of novel
advances have emerged that hold great promise for future
research, acting as solutions to the construction waste
management problem. The employment of digital technology
to enhance waste management techniques exemplifies this
trend. The planning and completion of construction projects
undergoes a radical transformation thanks to the emergence of
the Internet of Things (IoT) and Building Information
Modeling (BIM). The usage of BIM facilitates the reduction of
waste through two mechanisms: first, the accurate estimation of
materials, and second, the efficient management of projects.
The enhanced coordination of waste collection and disposal is
enabled by the real-time data provided by IoT sensors.

(11

(2]

(3]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

N. H. Hoang et al., "Waste generation, composition, and handling in
building-related construction and demolition in Hanoi, Vietnam," Waste

Management, vol. 117, pp. 3241, Nov. 2020,
https://doi.org/10.1016/j.wasman.2020.08.006.
I. Aiguobarueghian, U. M. Adanma, and E. Kupa, "Impact of

biodegradable plastics on U.S. environmental conservation: A
comprehensive review, exploring the effectiveness, challenges, and
broader implications of bioplastics in waste management and eco-
preservation," Engineering Science & Technology Journal, vol. 5, no. 7,
pp. 2157-2185, Jul. 2024, https://doi.org/10.51594/estj.v5i7.1309.

R. Woodard, "Waste Management in Small and Medium Enterprises
(SMEs): Compliance with Duty of Care and implications for the Circular
Economy," Journal of Cleaner Production, vol. 278, Jan. 2021, Art. no.
123770, https://doi.org/10.1016/j.jclepro.2020.123770.

K. Kabirifar, M. Mojtahedi, C. Wang, and V. W. Y. Tam, "Construction
and demolition waste management contributing factors coupled with
reduce, reuse, and recycle strategies for effective waste management: A
review," Journal of Cleaner Production, vol. 263, Aug. 2020, Art. no.
121265, https://doi.org/10.1016/j.jclepro.2020.121265.

"Iraq - Industry, Value Added (% Of GDP) - 2025 Data 2026 Forecast
1968-2023 Historical," Trading Economics.
https://tradingeconomics.com/irag/industry-value-added-percent-of-gdp-
wb-data.html.

Public Sector Building and Construction Statistics Report. Directorate of
Building and Construction Statistics at the General Authority for
Statistics and Geographic Information Systems, 2023.

C. Birkle, D. A. Pendlebury, J. Schnell, and J. Adams, "Web of Science
as a data source for research on scientific and scholarly activity,"
Quantitative Science Studies, vol. 1, no. 1, pp. 363-376, Feb. 2020,
https://doi.org/10.1162/qss_a_00018.

M. Osmani and P. Villoria-Sdez, "Current and Emerging Construction
Waste Management Status, Trends and Approaches," in Waste (Second
Edition), T. M. Letcher and D. A. Vallero, Eds. Academic Press, 2019,
pp- 365-380.

M. Amsale, "Concrete and Concrete Making Materials Wastage
Minimization in Construction of Housing project in Bole Bulbula site,"
M.S. thesis, Addis Ababa Science and Technology University, Addis
Ababa, Ethiopia, 2017.

E. N. Shaqour and R. T. Almashhour, "Causes of Building Material

Waste in Construction Sites," Journal of the Egyptian Society of
Engineers, vol. 59, no. 1, pp. 3-9, 2020.

H. Arshad, M. Qasim, J. Thaheem, and H. F. Gabriel, "Quantification of
material wastage in construction industry of Pakistan: an analytical
relationship between building types and waste generation," Journal of
Construction in Developing Countries, vol. 22, no. 2, pp. 19-34, Jan.
2017.

A. Aboginije, C. Aigbavboa, and W. Thwala, "A Holistic Assessment of
Construction and Demolition Waste Management in the Nigerian
Construction Projects," Sustainability, vol. 13, no. 11, Jan. 2021, Art. no.
6241, https://doi.org/10.3390/sul3116241.

C. S. Poon, A. T. W. Yu, and L. H. Ng, "On-site sorting of construction
and demolition waste in Hong Kong," Resources, Conservation and
Recycling, vol. 32, mno. 2, pp. 157-172, Jun. 2001,
https://doi.org/10.1016/S0921-3449(01)00052-0.

A. Nawaz, J. Chen, and X. Su, "Factors in critical management practices
for construction projects waste predictors to C&DW minimization and
maximization," Journal of King Saud University - Science, vol. 35, no.
2, Feb. 2023, Art. no. 102512,
https://doi.org/10.1016/j.jksus.2022.102512.

M. 1. Al-Sari, I. A. Al-Khatib, M. Avraamides, and D. Fatta-Kassinos,
"A study on the attitudes and behavioural influence of construction
waste management in occupied Palestinian territory," Waste
management & research: the journal of the International Solid Wastes
and Public Cleansing Association, ISWA, vol. 30, no. 2, pp. 122-136,
Feb. 2012, https://doi.org/10.1177/0734242X11423066.

G. A. Bekr, "Study of the Causes and Magnitude of Wastage of
Materials on Construction Sites in Jordan," Journal of Construction

www.etasr.com

Mohammad: Minimizing Construction Waste: Management Practice Strategies across All Project Stages



Engineering, Technology & Applied Science Research

Vol. 15, No. 4, 2025, 25118-25126 25126

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Engineering, vol. 2014, no. 1, 2014, Art. no. 283298,

https://doi.org/10.1155/2014/283298.

A. Al-Hajj and K. and Hamani, "Material Waste in the UAE
Construction Industry: Main Causes and Minimization Practices,"
Architectural Engineering and Design Management, vol. 7, no. 4, pp.
221-235, Nov. 2011, https://doi.org/10.1080/17452007.2011.594576.

A. J. Aboginije, "An assessment of construction and demolition waste
management systems in the Nigerian construction industry," Ph.D.
dissertation, University of Johannesburg, Johannesburg, South Africa,
2020.

J. Huang, R. Zhao, T. Huang, X. Wang, and M.-L. Tseng, "Sustainable
Municipal Solid Waste Disposal in the Belt and Road Initiative: A
Preliminary Proposal for Chengdu City," Sustainability, vol. 10, no. 4,
Apr. 2018, Art. no. 1147, https://doi.org/10.3390/su10041147.

S. M. Elgizawy, S. M. El-Haggar, and K. Nassar, "Approaching
Sustainability of Construction and Demolition Waste Using Zero Waste
Concept," Low Carbon Economy, vol. 7, no. 1, pp. 1-11, Mar. 2016,
https://doi.org/10.4236/1ce.2016.71001.

N. Islam, M. Sandanayake, S. Muthukumaran, and D. Navaratna,
"Review on Sustainable Construction and Demolition Waste
Management—Challenges and Research Prospects," Sustainability, vol.
16, no. 8, Jan. 2024, Art. no. 3289, https://doi.org/10.3390/sul 6083289.

T. O. Adewuyi and I. A. Odesola, "Material Waste Minimisation
Strategies among Construction Firms in South-South, Nigeria,"
Intemnational Journal of Sustainable Construction Engineering and
Technology, vol. 7, no. 1, pp. 11-29, Feb. 2016.

S. O. Ajayi et al., "Waste effectiveness of the construction industry:
Understanding the impediments and requisites for improvements,"
Resources, Conservation and Recycling, vol. 102, pp. 101-112, Sep.
2015, https://doi.org/10.1016/j.resconrec.2015.06.001.

S. O. Ajayi et al., "Attributes of design for construction waste
minimization: A case study of waste-to-energy project," Renewable and
Sustainable Energy Reviews, vol. 73, pp. 1333-1341, Jun. 2017,
https://doi.org/10.1016/j.rser.2017.01.084.

S. Tafesse, "Material waste minimization techniques in building
construction projects," Ethiopian Journal of Science and Technology,
vol. 14, no. 1, pp. 1-19, Jan. 2021, https://doi.org/10.4314/ejst.v14il.1.

R. Heale and A. Twycross, "Validity and reliability in quantitative
studies," Evidence-Based Nursing, vol. 18, no. 3, pp. 66—67, Jul. 2015,
https://doi.org/10.1136/eb-2015-102129.

O. P. Akadiri, "Development of a multi-criteria approach for the
selection of sustainable materials for building projects," Ph.D.
dissertation, University of Wolverhampton, Wolverhampton, UK, 2011.

C. Luangcharoenrat, S. Intrachooto, V. Peansupap, and W.
Sutthinarakorn, "Factors Influencing Construction Waste Generation in
Building Construction: Thailand’s Perspective," Sustainability, vol. 11,
no. 13, Jan. 2019, Art. no. 3638, https://doi.org/10.3390/sul 1133638.

C. M. Rose and J. A. Stegemann, "From Waste Management to
Component Management in the Construction Industry," Sustainability,
vol. 10, no. 1, Jan. 2018, Art. no. 229,
https://doi.org/10.3390/su10010229.

J. Liu, Y. Yi, and X. Wang, "Exploring factors influencing construction
waste reduction: A structural equation modeling approach," Journal of
Cleaner Production, vol. 276, Dec. 2020, Art. no. 123185,
https://doi.org/10.1016/j.jclepro.2020.123185.

E.C.Eze,I. A. Awodele, and S. I. Egwunatum, "Labour—specific factors
influencing the volume of construction waste generation in the
construction industry," Journal of Project Management Practice, vol. 1,
no. 2, pp. 1-16, Dec. 2021, https://doi.org/10.22452/jpmp.vol 1no2.1.

F. Jalaei, Zoghi ,Milad, and A. and Khoshand, "Life cycle environmental
impact assessment to manage and optimize construction waste using
Building Information Modeling (BIM)," International Journal of
Construction Management, vol. 21, no. 8, pp. 784-801, Jun. 2021,
https://doi.org/10.1080/15623599.2019.1583850.

P. M. Naik and B. V. Birajdar, "Critical Analysis of Material Wastage
Standards for Construction Projects -Site Observations on Basic
Construction Materials Wastage and Remedies," International Research

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Journal of Engineering and Technology (IRJET), vol. 07, no. 12, pp.
677-697, Jan. 2020.

Z. Bao, W. M. W. Lee, and W. Lu, "Implementing on-site construction
waste recycling in Hong Kong: Barriers and facilitators," Science of The
Total Environment, vol. 747, Dec. 2020, Art. no 141091,
https://doi.org/10.1016/j.scitotenv.2020.141091.

D. Han et al, "Research on recycling and key technologies of
construction waste," E3S Web of Conferences, vol. 490, 2024, Art. no.
03012, https://doi.org/10.1051/e3sconf/202449003012.

S. Nagapan et al., "Preliminary Survey on the Crucial Root Causes of
Material Waste Generation in Malaysian Construction Industry,"
Engineering, Technology & Applied Science Research, vol. 8, no. 6, pp.
3580-3584, Dec. 2018, https://doi.org/10.48084/etasr.2388.

A. M. Al-Zubaidy, "Major factors contributing to the construction waste
generation in building projects of Iraq," MATEC Web of Conferences,
vol. 162, 2018, Art. no. 02034,
https://doi.org/10.1051/MATECCONF/201816202034.

M. M. Mahdi and N. S. Ali, "Reducing Waste of Construction Materials
in Civil Engineering Projects In Iraq," Zanco Journal of Pure and
Applied Sciences, vol. 31, no. s3, Aug. 2019,
https://doi.org/10.21271/ZJPAS.31.53.35.

S. A. M. Alkaabi and H. Kh. B. Al-Agele, "A Study of Waste
Management Reality in Construction Projects in Iraq," Wasit Journal of
Engineering Sciences, vol. 4, no. 1, pp. 76-92, Jan. 2016.

A. Hussain, "Evaluating Waste Material Among Construction Project:
Identify Reason Waste and Suggestion Improvement Designer,
Contractor and Client Practice," Journal of Korean Society of
Environmental Engineers, vol. 43, no. 6, pp. 453-460, Jun. 2021,
https://doi.org/10.4491/KSEE.2021.43.6.453.

www.etasr.com

Mohammad: Minimizing Construction Waste: Management Practice Strategies across All Project Stages



