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ABSTRACT 
Back ground :A huge quantity of industrial wastes is generates daily that exacerbates illegal dumping crisis due to the insufficient 

land and increasing cost associated with landfill disposal. Among different industrial activities, construction industry is not an 

environmentally friendly activity. Many studies conducted to encourage waste management activities and provide measures in 

construction activities. However, waste management and waste minimization among many of construction industries have not 

been successful and are not meet the requirement of the standard principals for sustainable construction waste management. For 

handling the waste arising among construction industry faces many challenges and it’s necessary to be applied more seriously. 

Objective:  This paper aims to explore the willingness level of waste management practice and to assess the level of effectiveness 

factors for Iraqi construction industry. The exploring level of willingness to Client, Designer, Contractor and Government to wastes 

minimization practice in Iraq construction industry. The effectiveness factors in practicing construction waste minimization were 

classified into three components which are “Recycle and Reuse”, “Education, Technology and Process Change” and “Material 

Change’’. Results: The results of data analysis show that generally the level of willingness is higher than moderate level (M= 3.18). 

However, Clients and designer have the highest willingness (M=3.3) and Government have the lowest willingness (M=3.05) to 

minimize wastes at construction industries in Iraq. First component “Recycle and Reuse” was found at moderate level while the 

other two components were lower than moderate level“. The first componentwas at moderate level 2.9 while two other 

components were lower than moderate level 2.97 and 2.94. conclusion: According to the pervious study government play an 

important role in sustainable waste management. For better implementation of practicing waste minimization by construction 

industry, regulatory frameworks and guidelines are required. Without the development of legal instruments and institutional 

support with the involvement of related stakeholders, proper waste management and minimization by construction industries 

cannot be achieved Therefore, the researcher conclude that by strict enforcement, incentive programs and guidelines specifically 

for implementing effective waste minimization methods the current waste management system among construction industries in 

Iraq can have a very successful improvement. 

 

KEYWORDS:   
 

INTRODUCTION 
 

Construction is the industry that generates the greatest quantity of construction waste in the world. It has a 
bad effective on the environment because generation of waste [1]. The Iraq constructions industry is increasing 
rapidly, building and projects are increasing. Construction waste in the local construction industry had no 
sustainable from Iraqi government. It is almost overly ignored by the official bodies concerned. This had led to 
the aggregation and accumulation of the problem being more complex to be solved. Minimization of wastage 
refersto any method, procedure, or practice which prevents, removes or lessens wastes at their sources or 



78                       ALI Hussien, et al., 2016/ Advances in Natural and Applied Sciences. 10(12) August 2016, Pages: 77-83 

 

permits their reclamation or recycling. Waste minimization as the most sustainable method for handling the 
waste arising among construction industry faces many challenges and it is necessary to be applied more 
seriously [2]. Conceptually, it is simpler to prevent waste production at source than to develop systems for waste 
treatment. Although the strategies of waste reusing and recycling put waste materials to beneficial use, these 
strategies do not avoid the production of waste. However, these approaches do assist in the reduction of quantity 
of waste to be finally disposed of [3]. A growing rate of awareness with respect to the waste management issues 
and the potential problems related to the negative impacts on the environment [4]. The lackof awareness and 
attitude has the negative impact on the implementation of environmental management among small and medium 
size firms [3]. In consistency with these findings, lack of proper training and education has the minimal effect 
on practicing waste minimization among construction industries [5]. Therefore, the researcher argued that in 
order to achieve a sustainable construction management increase in the level of awareness among contractors, 
client, designerand government should be taken as a serious strategy and policy. 

 
Literature Review: 

The Four Rs’ principle (Reduce, Reuse, Recycle and Recovery), represent waste hierarchy. Recently studies 
that concerned waste minimization in construction industry have been developing. Equipment, models, and 
techniques have been adapt to improve waste minimization practice on- construction site [9]. The successful 
methods to reduce waste construction most concerned low technology and low cost. Designer must have 
potential to minimizing material losses in design phase modify stander requirements to optimize way. Waste 
minimization strategy apply by other participation in construction industry can achieve sustainable material 
conserved. Create opportunities to minimization the construction waste at design phase which include durable 
and maintainable materials so that rang replacement is avoided and specifying reusable or recyclable materials 
to decrease land fill area [10]. On the other hand, the waste reduction at the construction phase minimize the 
total projects cost. Concept just-in-time ordering suitable to decrease losses material in construction site [11]. A 
waste reduction strategy must include waste reducing, where products are used for the same or new purposes 
without undergoing a physical change. Some of the materials recovered from construction and demolition waste 
include concrete aggregate and asphalt aggregate can full fill this criterion [6].Many other types of construction 
waste materials are reusable. Most of these materials come from demolition and renovation projects in addition 
to new construction projects. Such materials include: brick, concrete, and aggregate [12]. The reuse of 
construction materials in the western countries are usually made by contrapuntal organizations. Such 
organizations typically collect materials removed or salvaged by other contractors and offer them to be resold or 
reused in low cost construction. The Loading Dock and Urban Ore are two examples in the United State.  

Recycling provides the opportunity to reclaim valuable resource and minimize the amount of waste placed 
in landfills. Recycling involves separating unusable materials such as aggregates to create hot asphalt mixtures 
for urban paved roads. The recyclable materials are then processed and returned to be used again as a part of 
other products [7] .Construction and demolition (C&D) waste contains a high percentage of recyclable content 
that can exceed 50 %. This recyclability is dependent on some aspects of the construction operation. One aspect 
of (C&D) waste recyclability is the type of a construction or demolition project. Construction of urban houses 
generates more brick waste, while new industrial construction may present a variety of waste materials such as 
concrete and reinforcement steel [8].One of the most important aspects in the (C&D) waste recycle is the 
availability of markets for recycled materials. Markets for recycled (C&D) waste are based on geographic 
regions and are usually influenced by three main factors  
• Legislations or Regulations.  
• Increased tipping fees at landfills.  
• Cost for trucking materials to recycling facilities.  

 
Legislations or Regulations are very instrumental in developing markets for recycled (C&D) waste. Many 

recyclers believed that government mandates requiring the use of recycled materials will force new markets to 
develop. Recycled aggregate is one example of how increased mandate would help open up markets. In United 
States, there is a forced article to use the recycling concrete or asphalt in the renovation works of highways [13].  

Tipping fees at landfills and costs of transportation prove to be very instrumental in the market of the 
recycled (C&D) waste. These factors dictate an economical haul distance which can be changed based on the 
salvage or resale value of the waste materials. The haul distance is not constant as long as materials values 
fluctuate. For transportation to be viable, the cost for tipping or processing at the market facility must be lower 
than the cost for tipping at a landfill. The difference between these two costs is comparable to the maximum cost 
a contractor can spend to economically transport wastes [14].  

Despite of the Four Rs’ principle is facilitated to manage the construction waste; it fails to treat the root 
causes of waste. This principle gives a broad guidance for contractors to adopt a waste minimization approach in 
their projects during the construction phase. But, it does not identify the waste-stream components in relation to 
waste occurrence due to design. Decisions as to which post-construction or post-demolition materials can be 
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salvaged are dependent on a multitude of reasons such as the project’s type, storeroom capacity at construction 
sites, the presence of markets for disposed materials and cost-effective recovery methods, project timelines, and 
contractor skills and history. Several material types which are disposed of at construction and demolition sites 
can be salvaged or else processed for recycling [15]. Recovery ranked fourth in its priority. Recovery which is 
acquainting as the removal of materials or components from the waste stream in a manner to keep its original 
form for reuse in the similar form as it was produced. With recovery, the quantities of waste ending up in a 
landfill can be minimizing. In Germany, the incineration technology has assisted the recovery of metal waste. 
Equipment that use in recovery, will cut off until 2 to 3 kilogram harmful heavy metal in 1 ton waste after 
percolation and burning process. Thus, this method resolved the problem efficiently from taken space to the 
landfill. Moreover, gas produced during the handling process is used to generate electricity. The recovery steps 
also have been applied in many countries. However government has to advocacy this process because the setting 
up of the recovery factory may cause a sum of money [16]. The Four Rs’ principle gives insufficient effort and 
no structured approach to address waste at source design. It deals with waste that has already been produced 
[17]. 

 
Methodology: 
3.1Construction Waste management willingness and Practice: 

The questionnaire is a description and evaluation for the willingness to minimize the waste in construction 
projects through four involved groups including contractor, client, designer and government. two more question 
also regarding to the current level of practices and  important factor in waste minimization were evaluated based 
on a Likert scale has five points, this points can be designated as (1) strongly disagree, (2) disagree, (3) not sure 
or normal, (4) agree, (5) strongly agree as shown in table 3.1. 
 
Table 3.1: Items Related To Waste Management Willingness and Practice 

No. Items 
1 Do you agree that “Contractor” is willing to minimize waste? 
2 Do you agree that “Client” is willing to minimize waste? 
3 Do you agree that “Designer” is willing to minimize waste? 
4 Do you agree that “Government” is willing to minimize waste? 
5 Do you agree that the current practice in waste management and waste minimization is helpful to reduce waste 

production? 
6 What do you think about the “Most” important factor in construction projects? 

 
3. 2 Effective factors on Waste Minimization: 

The last section in this questionnaire was related to the effective factors on waste minimization. In this 
section of the questionnaire, focuses on information about factors such as education and training recycling, 
technology or modification and issues related to material, which can influence on waste minimization. and  
important factor in waste minimization were evaluated based on a Likert scale has five points, this points can be 
designated as very low(1), low (2), medium (3), high (4), and very high (5) as shown in table 3.2.  
 
Table 3.2: Items Related to Effective Factors on Waste Management 

No. ITEMS 
1 Buying repairable, refillable and durable materials 
2 Buying materials with reuse packing. 
3 Using non-toxic or less toxic products 
4 Changing design of the construction process. 
5 Using low waste technology 
6 Offering education or training. 
7 Faceplate reusing and recycling for different sort of wastes. 
8 Using materials before expiry dates or damage. 
9 Exchange waste with others. 
10 Recycle materials for resource recovery or as a by-product 

 
RESULTS AND DISCUSSIONS 

 
4.1 Willingness to waste management in Iraq construction industry: 

To assess the level of willingness to waste management in Iraq construction industry four items were 
designed. This section is aimed at identifying the status of the willingness to waste management in Iraq 
construction industry among respondent. This dimension includes four items, which were studied using these 
items in terms of 5 Likert scale ranging from strongly not agree to strongly agree. Table 4.1 shows that the 
highest mean score belonged to, “willingness of Client to minimize waste.” with (M=3.3, S.D=1.281) followed 
by “willingness of Designer to minimize waste.” with (M=3.3, S.D=1.298). The lowest mean belonged to 
“willingness of Government to minimize waste.” with (M=3.05, S.D=1.309). 
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Table 4.1: The Level of Willingness to Waste Management in Iraq Construction Industry 
Items  Mean SD 
 Do you agree that “Contractor” is willing to minimize waste? 3.1 1.292 
Do you agree that “Client” is willing to minimize waste? 3.3 1.281 
Do you agree that “Designer” is willing to minimize waste? 3.3 1.298 
Do you agree that “Government” is willing to minimize waste? 3.05 1.309 
Total 3.18  

 
4.2 Exploratory Factor Analysis: 

Exploratory Factor Analysis was used to define the factor structure among 10 items related to effectiveness 
factors among construction waste minimization. Firstly, the KMO (Kaiser-Meyer-Olkin) was 0.711, above the 
suggested value of .6 revealed the of sampling adequacy and also Bartlett’s test of sphericity was significant (χ2 

(45) = 169.22, p <0.05). The diagonals of the anti-image correlation matrix were all over 0.5, which supported the 
contribution of each item in the factor analysis. Initial communalities were more than 0.3 indicated variables fit 
well with the factor solution. These results also showed that all loading factors were above 0.5. The results of 
EFA on all 10 items extracted three factors with eigenvalues greater than 1. The eigenvalues and total variance 
explained by the three factors is shown in table 4.6. The results after Varimax rotation indicated that the first 
factor which is related to recycle and reuse explained 17.84 % of the variance and the second factor (education, 
technology and process change) 17.75% of the variance. The third components included related items to 
material change or modification which explained 14.67 % of the variance. 
 
Table 4.2: Factor Loadings Based Principal Component Analysis with Varimax  Rotation For 10 Items Related To Effectiveness Factors 

Among Construction Waste Minimization 
 Components 
Items 1 2 3 
Q14 0.744   
Q21 0.698   
Q22 0.636   
Q17  0.665  
Q16  0.656  
Q18  0.595  
Q19  0.57  
Q20   0.685 
Q15   0.67 
Q13   0.563 
Eigenvalues 1.784 1.775 1.468 
% of Variance 17.844 17.751 14.678 

Extraction Method: Principal Component Analysis, Rotation Method: Varimax with Kaiser Normalization. 
 
4.3 The Level of effectiveness factors in Iraq construction industry: 

To assess the level of effectiveness factors in Iraq construction industry the mean of all items and total 
mean for each component were calculated. According to the results of factor analysis this part of questionnaire 
comprised  three subscales including “Recycle and Reuse “, “Education, Technology and Process Change” and 
“Material Change”.  Recycle and Reuse with three items, Education, Technology and Process Change with four 
items and Material Change with three items, which measured the Level of effectiveness factors among the 
respondents. Respondents should choose 5 statements in terms of 5- Likert scale ranging from strongly disagree 
to strongly agree shown in table 4.3.  

The results showed that the highest overall mean belonged to Material Change subscale M=2.97 followed 
by Education, Technology and Process Change with M=2.94. As seen in Table (4-7), among items related to 
Recycle and Reuse the highest mean belonging to, the “Recycle materials for resource recovery or as a by-
product.” with (M=2.90, SD=1.31) followed by “Exchange waste with others.” with (M=2.84, SD=1.25). 
“Changing design of the construction process.” with (M=3.03, S.D=1.28) in Education, Technology and Process 
Change subscale showed the highest mean score. Among related items to Material Change the highest mean 
score was observed for item “Using materials before expiry dates or damage.” with (M=3.25, S.D=1.20). 
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Table 4.3: The Level of effectiveness factors in Iraq construction industry 
Dimension Items Mean SD 
Recycle and Reuse Q14. Buying materials with reuse packing. 2.82 1.26 

Q21. Exchange waste with others 2.84 1.25 
Q22. Recycle materials for resource recovery or as a by-product. 2.90 1.31 
Total 2.85  

Education, 
Technology and 
Process Change 

Q16. Changing design of the construction process. 3.03 1.28 
Q17. Using low waste technology. 3.00 1.37 
Q18.Offering education or training. 2.99 1.30 
Q19. Facility reusing and recycling for different sort of wastes. 2.75 1.27 
Total 2.94  

Material Change Q15. Using non-toxic or less toxic products 2.83 1.24 
Q13. Buying repairable, refillable and durable materials 2.83 1.13 
Q20.Using materials before expiry dates or damage. 3.25 1.20 
Total 2.97  

 
To evaluate the level of respondents perception related to effectiveness factors in Iraq construction industry 

the total mean of these three sub dimensions was compared with the median of scale (1 to 5), with 3 as a 
moderate level. Table 4.4 shows the result of one sample t-test. The results showed that the average of “Recycle 
and Reuse” and “Material Change” were not significantly different from the average of scale (value of 3) which 
confirmed the level of these two component were at moderate level. 

For “Education, Technology and Process Change” the results of one sample t test showed that there was 
significant difference for this component with the median of scale and it was lower than moderate level.  
 
Table 4.4: One Sample T- Test Result to Effectiveness Factors on Waste Minimization in Iraq Construction Industry 

Dimension  N Mean SD t p value 
Recycle and Reuse 138 3.00 0.956 0 1 
Education, Technology and 
Process Change 

138 2.79 0.831 -2.919 0.004 

Material Change 138 2.97 0.814 -0.453 0.651 
 

4.10 Relationship between The Level of effectiveness factors in Iraq  construction industry and Type of 
company: 

The one-way ANOVA test was run to compare the mean of three effectiveness factors among different 
types of company. Due to unequal group size instead of ANOVA for comparing among groups, Welch test 
should be used. Equal group sizes may be defined by the ratio of the largest to smallest group being less than 
1.5. Prior to data analysis, all variables were subjected to normality test and the results revealed that all research 
variables were distributed normally. The results in table 4.5 of Welch test shows that there were no significant 
difference among different types of companies for “Recycle and Reuse” (Welch statistic = 0.729, p =0 .576), 
Education, Technology and Process Change (Welch statistic = 1.592, p =0 .192)   and Material Change(Welch 
statistic = 3.712, p =0 .588). 
 
Table 4.5:  Results of Welch test for Comparison among Companies for Effective Factors on Waste Minimization 

Effectiveness factors types of company Mean SD Welch  P value  

R
e

cy
cl

e 
an

d 
R

e
u

se 

Registered General Building contractor 2.943 1.022 0.729 0.576 

Developers 3.090 0.907   

Registered specialist contractors 2.844 0.547   

Consultant 3.286 0.951   

Government Departments 2.892 1.028   

E
du

ca
tio

n
, 

T
e

ch
n

ol
og

y 
an

d 
P

ro
ce

ss
 C

h
an

g
e 

Registered General Building contractor 2.610 0.787 1.592 0.192 

Developers 2.971 0.743   

Registered specialist contractors 2.567 0.842   

Consultant 2.946 0.947   
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Government Departments 2.956 0.838   
M

at
e

ria
l C

h
an

ge 

Registered General Building contractor 3.122 0.774 0.712 0.588 

Developers 2.949 0.776   

Registered specialist contractors 3.133 0.722   

Consultant 2.881 0.823   

Government Departments 2.858 0.883   

 
4.11 Relationship between the effective factors on waste minimization and number of executed projects in Iraq 
construction industry: 

To evaluate the relationship between the number of projects and effectiveness factor on waste minimization 
in construction project in Iraq spearman correlation coefficient was applied and the results showed that there 
was no significant relationship between number of projects and effective factor on waste minimization.These 
results indicated that the level of effective factors on waste minimization is independent from yeas of company 
experience, which means these effective factors are not affected by their work experience as shown in table 4.6.  
 
Table 4.6: Relationship Between Effective Factors On Waste Minimization And Number Of Project 

 Recycle and Reuse Education, Technology and 
Process Change 

Material Change 

Correlation 
 Coefficient (r)  

-0.125 0.034 0.016 

p value 0.143 0.689 0.849 

 
4.12 Relationship between the level of effectiveness and years of experience in Iraq construction industry: 

To evaluate the relationship between the years of experience and effective factor on waste minimization in 
construction project in Iraq spearman correlation coefficient was applied and the results showed that there was 
no significant relationship between years of experience and effective factor on waste minimization as shown in 
table 4.7.  

 
Table 4.7: Relationship between effective factors on waste minimization and years of experience 

   Recycle and Reuse Education, Technology and 
Process Change 

Material Change 

Correlation 
Coefficient (r) 

0.058 -0.036 0.085 

p value 0.498 0.674 0.324 

 
Conclusion: 

According to the pervious study government play an important role in sustainable waste management. For 
better implementation of practicing waste minimization by construction industry, regulatory frameworks and 
guidelines are required. Without the development of legal instruments and institutional support with the 
involvement of related stakeholders, proper waste management and minimization by construction industries 
cannot be achieved Therefore, the researcher conclude that by strict enforcement, incentive programs and 
guidelines specifically for implementing effective waste minimization methods the current waste management 
system among construction industries Improve technology design and modification with respect to the 
technological aspects for improvement of construction waste management, government and relevant agencies 
should modify waste minimization technologies that are responsible for controlling construction wastes arising. 
Also to guarantee that that technologies that applied by contractors and managers generate less wastes in Iraq 
can have a very successful improvement. 

The level of willingness to waste management practice in Iraq construction industry. Frequency analysis by 
using mean and standard deviation was used to determine the level of willingness of Client, Designer, 
Contractor and Government to minimize wastes. The results indicated that generally the level of willingness is 
higher than moderate level (M= 3.18). However, Clients and designer have the highest willingness (M=3.3) and 
Government have the lowest willingness (M=3.05) to minimize wastes at construction industries in Iraq.  

Assessing the level of factors effectiveness in Iraq construction industry.  For achieving this objective both 
frequencies analysis and factor analysis were used. The factor analysis was used to elucidate the number of 
variables and their correlation allocated in each dimension to explore indices as effective factor in practicing 
construction waste minimization. In the next step, the overall mean score for each dimension was calculated and 
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applied for mean analysis and comparison among dimensions using one sample t-test. According to the results 
of factor analysis three main factors extracted include “Recycle and Reuse “, “Education, Technology and 
Process Change” and “Material Change”. The results from frequency analysis have shown that that the 
“Material Change” (M= 2.97) category has the highest level of effectiveness that followed by “Education and 
Technology” (M= 2.94) and “Recycle and Reuse” (M= 2.85) category respectively. Waste minimization 
strategies such as using materials before expiry dates or damage, changing design of the construction process 
and recycle materials for resource recovery or as a by-product have the highest effectiveness. According to this 
argument, the researcher elucidates that enhancing the quality and design of construction materials in a short 
term could move construction industries toward more sustainable waste management.  
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