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Keywords: This study aims to analyze the significant socioeconomic and environmental impacts of construction waste and to
Construction waste indicate management strategies. An extensive review of the literature and interviews with construction experts
Environment were used to identify waste impact factors. Then a questionnaire survey was conducted based on a five-point
;?§2§;;;imfte Likert scale and the data were analyzed by descriptive statistics. The result showed that construction waste be-

comes a challenge for almost 95.71% of ongoing construction projects. However, only 57.14% of the construction
companies have recorded and measured the volume of material waste. From purchased materials, 6-10% is
recorded as waste that lead to project cost overrun. In addition, there is no professional assigned to handle waste
issues in 75.71% of construction companies. The study also indicates that project cost overrun, pollution of the
environment, reduction in profit and failure of construction firms, excessive consumption of raw materials, and
public health and safety risks are ranked as the five major impacts of construction waste, respectively. Employing
a waste management officer, using prefabricated or off-site components, implementing strong onsite management
practices, reusing and recycling materials leftover on the sites, and practicing green building codes and specifi-

Waste management

cations are measures devised to mitigate construction waste and its impacts.

1. Introduction

The economic development of any country is largely dependent on
construction projects (Husnain et al., 2017). The construction industry
provides numerous job opportunities, economic contributions, and
serves as a basis for other businesses (Ofori, 2015; Venugopal et al.,
2020). The role it plays in socioeconomic development goes beyond its
share in national output (Lopes et al., 2011; Akadiri et al., 2012; Tafesse,
2020). It includes building, civil, and other heavy engineering projects
that are responsible for the growth of every country (Papargyropoulou
et al., 2011; Oladipo and Oni, 2012). In developing countries, construc-
tion activities account for 80% of the total capital asset, 10 % of their
GDP, and more than 50 % of the wealth invested in fixed assets (Jekale,
2004).

At the same time, the built environment consumes a significant vol-
ume of natural resources and accounts for the majority of solid waste
generations (Merino et al., 2010; Hakan et al., 2012; da Paz, 2018;
Muhammad et al., 2020). There is an increase in the amount of con-
struction waste generated from construction sites due to a variety of
reasons (Banias et al., 2011; Ignacio et al., 2011; Ajayi et al., 2017).
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Compared to other types of waste, construction waste has a high volume
(Luangcharoenrat et al., 2019; Tafesse and Adugna, 2021), representing
one third of all waste (Gottsche and Kelly, 2018). As indicated in a recent
study, construction waste constitutes approximately 10-30% of waste
disposed of at landfill sites around the world (Polat et al., 2017). The
quantity of natural resources consumed and waste generated by con-
struction sites is also estimated by (Ignacio et al., 2011). Their study has
shown that civil works and building construction consume 60% of raw
materials, with building projects accounting for 40% of this volume. In
addition, the construction industry produces approximately 35% of total
waste to the environment globally (Solis-Guzman et al., 2009; Yuan et al.,
2012). Similarly, the industry uses 35% of energy and releases 40% of
carbon dioxide into the atmosphere (Luangcharoenrat et al., 2019), at the
global level, the construction industry is responsible for 40% of total
energy and natural resource consumption (Asif et al., 2007).

To this end, construction waste received attention from industry
practitioners and researchers (Tam, 2008; Lu and Yuan, 2011; Adewuyi
and Odesola, 2016), currently, there has been an increase in global
awareness of construction waste (Shant and Daphene, 2014; Bajjou and
Chafi, 2019; Tafesse, 2021). For example, Eze et al. (2016) studied and
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noted that waste damages the construction project, the environment, and
the economy. As presented by other studies, energy efficiency, environ-
ment, and sustainability are mainly influenced by construction waste
(Castellano et al., 2016; Ghaleb et al., 2021). In addition, urban sus-
tainability, economic values, environmental safety, and community
well-being are the main areas impacted by construction wastes (Eze et al.,
2016; Laborel-Préneron et al., 2016; Aslam et al., 2020). In this regard, it
can be said that the environment, society, and economy are the three
pillar areas influenced by construction waste (Olanrewaju and Ogun-
makinde, 2020; Rodriguez et al., 2020).

In particular, health risks caused by a variety of diseases, traffic
congestion, conflicts with construction firms, closing drainage, and
leading to floods and waste transported by rainwater are some of the
main social impacts of construction waste (Nguimalet, 2007; ELARD and
GAA, 2009; Aboginije et al., 2020). In addition, as a by-product of con-
struction work, waste creates negative environmental impacts (Wu et al.,
2016), which includes soil contamination, water contamination, energy
and natural resources consumption, environmental degradation, and
landscape deterioration (Oladipo and Oni, 2012; Edwards, 2014; Mydin
etal., 2014; Milad and Sungjin, 2020). Moreover, material waste also has
a negative economic impact by contributing additional costs to projects
(Olusanjo et al., 2014). For instance, the contribution of construction
waste to the total project cost overrun is 30% of the total cost of materials
(Eze et al., 2016; Olusanjo et al., 2014), approximately 10-15% of pur-
chased materials for the construction of a project is recorded as a waste
(Wong and Yip, 2004). In this regard, construction waste has been argued
to be one of the main causes of economic reduction and business failure
in the construction sectors (Enshassi et al., 2006; Yeheyis et al., 2013).

In general, construction waste has harmful impacts not only in
developing countries but also in developed nations (Kabirifar et al.,
2021), findings from previous work have shown that construction pro-
jects in low and middle-income countries, still face construction waste
(Wu et al., 2016; Ghaleb et al., 2021). Construction waste does not only
affect the construction industry alone but touches the whole economy of
the concerned countries (Jawad and Omar, 2016). In recent years con-
struction waste has been recognized as the main obstacle to sustainability
(Al-Hajj and Hamani, 2011; Anderson and Thornback, 2012), while
sustainability has become a focus topic by different organizations (Narcis
et al., 2019). Globally, construction waste has been a topic of research
that many researchers have focused on (Enshassi et al., 2006; Akadiri
et al., 2012; Adewuyi and Odesola, 2016; Bajjou and Chafi, 2019; Abo-
ginije et al., 2020), and low-and middle-income countries lag in research
related to waste problems and, particularly in Ethiopia, Addis Ababa,
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none of these studies have been focused on the impacts of construction
waste except (Asmara, 2015; Endale, 2017; Tafesse, 2021), which are
concentrated on waste management strategies and (Tafesse and Adugna,
2021), focused on the critical factors causing construction waste. How-
ever, the relevance of studies conducted abroad is not tested and is un-
known to Ethiopian construction sectors, which require detailed
investigations. Therefore, this research aims to analyze the overall im-
pacts of construction waste and to indicate management strategies. To
achieve this aim, the study follows the following specific objectives;

1. To determine the contribution of construction waste to the project
cost overrun

2. To identify the major economic, social, and environmental impacts of
construction waste

3. To indicate measures that could be taken for preventing and reducing
waste generated by construction activities and their impacts.

1.1. Significance of the study

The implications of the study findings are significant, focusing on
social, practical, policy, and research values. The study broadens
knowledge of construction waste, resulting in a better understanding of
impacts posed by waste on social, economic, and environment that can
provide idea of measures to put in place to insure gradual to full control
of waste in building projects. In this regard, the output of the study can be
used as a guide for construction stakeholders, policymakers, and other
government agencies in Addis Ababa, Ethiopia, and other developing
countries. This, in turn, will improve the sustainability of the construc-
tion sectors by maintaining a cleaner environment, increasing the eco-
nomic benefit of construction stakeholders, and reducing the social
impacts caused by construction waste.

1.2. Limitation of the study

The geographical scope of the research was limited to Addis Ababa
and the study was also mainly restricted to building construction pro-
jects. In addition, the output of the study depends on the feedback ob-
tained from seventy (70) respondents using structured questionnaires.
However, the study fills a knowledge gap on the impact of construction
waste and introduces a systematic and comprehensive finding that can be
used by the construction stakeholders and government organizations as a
benchmark, particularly in developing countries. Furthermore, future

Figure 1. Waste of construction materials (authors field observation).
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researchers who want to further investigate areas related to this study in
other parts of Ethiopia or other developing countries can validate their
findings using the result of this study.

2. Research method

The research was focused on the impacts of construction waste and
management strategies. Building construction projects in Addis Ababa,
Ethiopia, were used for the study. The number of construction projects
and other buildings increases from time to time in the place. At the same
time, a large quantity of waste is generated from both public and private
ongoing building projects. For example, construction materials such as
cement, hollow concrete block, reinforcement bars, concrete, and mor-
tars are highly wasted (Figure 1).

2.1. Data collection

At the beginning, a detailed literature review was conducted to
identify the impacts of construction waste. The review included articles
that discuss the impacts faced by construction waste. After a detailed
review of the literature, twenty relevant factors of the impacts of con-
struction waste were identified. The factors identified from the literature
can be the input for producing the questionnaire to determine whether
these factors are relevant to the local environment (Bajjou and Chafi,
2019). In this study, the whole factors identified from the literature were
considered as input to develop the questionnaire.

Then, before producing the final version of the questionnaire, a pilot
survey was conducted to ensure the relevance of the questionnaire and to
examine the adequacy of the identified factors with the context of the
Addis Ababa building construction sectors. While carrying out data
collection, an in-depth interview with individual or multiple participants
could be employed (Creswell, 2013). A pilot survey can be conducted to
ensure the research instrument meets a suitable level of quality in terms
of credibility and dependability (Fashina et al., 2020, 2021). The method
was used to explore real information from participants on construction
waste in addition to a review of previous studies (Tafesse and Adugna,
2021).

The interviewees included ten experts in the field of construction
project management; three project managers, four site managers, two
office engineers, and one design and supervision manager. With those
experts; the length of the questionnaire, level of complexity, structure of
the questions, the relevance of the identified factor from the literature
review were verified. During this stage, five new impacts factors of
construction waste (spending costs to landfill fee for disposing of wastes,
transportation charges to transport wastes, increase price of raw mate-
rials, disagreement between construction stakeholders, and losing repu-
tability and caused conflicts with the community) were added to the
questionnaire. Table 1 illustrates twenty (20) impacts of construction
waste extracted from literature and five (5) factors added during the pilot
survey or interviews.

2.2. Questionnaire design

The identified impact factors were then combined and designed in a
questionnaire. Finally, the modified version of the questionnaire was sent
to eighty-five participants in Addis Ababa public and private building
construction projects, such as clients, consultants, and contractors using
purposive sampling techniques. The respondents were first asked to
provide background information about their profession, organization,
years of experience, the existence of construction wastes, and its
contribution to project cost overrun and then asked to rate the socio-
economic and environmental impact of construction waste on a 5-point
Likert scale. Figure 2 illustrates the methodological approaches to the
study.
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Table 1. Impact factors of construction waste.

No.  Impacts of construction wastes

Reference/Source

1 Project cost overrun

2 Disease-associated with high levels
of air pollutants

8 Pollution of the environment by
discharging chemicals and other
materials

4 Reduction in profit and failure of

construction firms

5 Lower the GDP contribution of
construction firms

6 Excessive consumption of raw
material and resources depletion

7 Public health and safety risks

8 Pollution of soil by chemicals and
other materials

9 Delay of project time or time overrun

10 Sustainability reduction of
construction sectors

11 Land occupancy or land consumption
for dumping wastes

12 Traffic congestion

13 Generate waste that causes water
pollution

14 Effect on biodiversity and
destruction of the living environment

15 Severe effects on the welfare of the
waste disposed of communities

16 Emission of greenhouse gases into
the atmosphere causes climate
change

17 Dust generation to the surrounding

18 Flooding due to blockages by waste
debris

19 Increase in illegal dumping

20 Reduce agricultural productivity

21 Spending costs to landfill fee for
disposing of wastes

22 Transportation charges to transport
‘wastes

23 Increase price of raw materials

24 Disagreement between construction
stakeholders

25 Losing reputability and caused
conflicts with the community

Wong and Yip (2004), Eze et al. (2016),
and Olusanjo et al., 2014

Nguimalet (2007)

Coelho and Brito (2012), Hossain and Ng
(2019) and Luangcharoenrat et al. (2019)

Enshassi et al. (2006), Wahab and Lawal,
2011, and Dajadian and Koch (2014)

Enshassi et al. (2006) and Jawad and
Omar, 2016

Asif et al. (2007) and Ignacio et al. (2011)

Nguimalet (2007) and Tafesse (2021)

Oladipo and Oni (2012), Edwards (2014),
and Mydin et al. (2014)

Memon et al. (2020) and Tafesse and
Adugna (2021)

Castellano et al. (2016) and Ghaleb et al.
(2021)

Yeheyis et al. (2013) and Polat et al.
(2017)

ELARD and GAA (2009)

Olusanjo et al., 2014 and Aboginije et al.
(2020)

ELARD and GAA (2009)

Eze et al. (2016), Laborel-Préneron et al.
(2016), and Aslam et al. (2020)

Baek et al. (2013) and Ajayi et al. (2015)

Solis-Guzman et al. (2009) and Yuan et al.
(2012)

Nguimalet (2007) and ELARD and GAA
(2009)

Tafesse (2021)

Josimovic et al. (2014) and Olusanjo
et al., 2014
Interview/pilot survey

Interview/pilot survey

Interview/pilot survey

Interview/pilot survey

Interview/pilot survey

2.3. Data analysis

The data collected from construction experts were analyzed using
descriptive statistics methods in SPSS version 26. The mean score (MS)
was estimated using the formula in Eq. (1).

5
> WX
MS:@J <MS <5
Zi:lXi

(€Y

Where; MS is the mean score, W is the weight (score) assigned to each
variable by the respondents that range from 1 to 5, with 1 representing
very low impact, 2 = low impact, 3 = medium impact, 4 = high
impact, and 5 = and very high impact, X is the level of rating (fre-
quency of the index of the ith response) and i is the response category
index (the serial numbering of the respondents). The mean ranking of



S. Tafesse et al.

Heliyon 8 (2022) e09169

Research Problem

Literature Review

Construction Waste
Generation

Construction Materials

Construction Industry

Improper Management
of Wastes

Construction Activities

Research Strategy
(Quantitative)

Data Collection

Impact of wastes

=  Social Impact

=  Economic Impact

=  Environmental Impact

Managing the Stream
and Impact of Wastes

Data Analysis (Mean score
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Presentation, Interpretation
and Discussion of Findings

Conclusion and

Recommendation

Figure 2. Flow chart of the research.

each item is presented to provide a clearer picture of the level of
agreement reached by the study respondents and to identify the main
findings of the study.

2.3.1. Reliability analysis

Reliability testing is one of the first essential steps to be considered in
statistical analysis (Enshassi et al., 2010; Ye et al., 2014). Cronbach's
alpha was used to evaluate the reliability or internal consistency of the
measurement of the questionnaires using Eq. (2) (Cronbach, 1951).

:2
o K (17261 > @

“K-1 5x

Where a, Cronbach alpha; K represents the number of items; 5;» repre-
sents the variance of the scores for each item; 84 represents the scores for
each element; 3" 5i2 represents the variance of the total variance of the
observed test. Cronbach's alpha coefficient was used to determine the
internal consistency of the questionnaire's criteria, as well as the suit-
ability of the data for analysis, especially when using a Liker scale on a
questionnaire (Nunnally and Bemstein, 2007; Feild, 2013). A Cronbach's
alpha data, ranging from 0-1, were obtained to measure the internal
consistency of the answers provided by the respondents (Nunnally and
Bemstein, 2007; Fashina et al., 2021). Cronbach's alpha for this study is
0.956, indicating excellent reliability and internal consistency on the
item of the research outputs. "Cronbach's alpha if item deleted" was
checked to confirm the contribution of all items on the questionnaire to
good internal consistency or reliability (Feild, 2013; Ajayi et al., 2017). In
this case, any item with a Cronbach's alpha greater than the established

value of 0.956 is not a good construct and should be removed from the
list of variables. This implies that 95.60% of the answers provided by the
participants on the social, economic, and environmental impacts of
construction are reliable. As shown in Table 4, there is only one variable
(increase in illegal dumping) with a value greater than 0.956, and it is
thus excluded from further analysis. After removing this variable, the
overall Cronbach's alpha coefficient is increased to 0.958.

2.3.2. Test of normality

A p-value below 0.05 in the normality test indicates that there is a
significant difference between the groups of participants about the
affected variable at 95% confidence level (Feild, 2013). Any p-value
above 0.05 indicates that there is no significant difference among the
groups (Ajayi et al., 2017). The results of the normality test for the data
collected from study participants are shown in Table 4. The significant
value of all items assessed is 0.000 for the Kolmogorov-Smirnov test,
which is less than the required normality criterion of 0.05 (p < 0.05), and
thus the participants' response to the impact of construction waste is not
uniformly distributed.

2.4. Ethical clearance

Dilla University, College of Engineering and Technology Research
Ethics and Review Board (RERB) ad hoc committees approved this research
and it was carried out in accordance with the standard ethical practices
required by academic research. Before distributing and filling out the
study questionnaires, the participants of the study were verbally briefed
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Table 2. Characteristics of the study respondents.

Characteristics of respondents Frequency Percentage (%) Characteristics of respondents Frequency Percentage (%)
Company Position

Contractor 34 49 Site engineer 20 28.57
Consultant 24 34 Office engineer 16 22.86
Client 12 17 Project manager 7 10
Overall work experience Quantity surveyor 7 10
1-5 year 19 27.14 Resident engineer 4 5.78
6-10 year 22 31.42 Site supervisor 4 5.78
11-15 year 18 25.72 General formal 3 4.29
>16 year 11 15.72 Counterpart engineer 2 2.86
Work experience with their current position Designer 2 2.86
1-5 year 31 44.29 Architect 2 2.86
6-10 year 30 42.86 Contract administer 2 2.86
11-15 year 7.14 Design and supervision department manager 1 1.43
>16 year 5.71

on the purpose of the research and a copy of letters requesting their
genuine cooperation and consent to participate in the survey was sub-
mitted. It was also made clear to the respondents that their participation
in the research survey was voluntary and that they had the option not to
participate. In addition, the participants were assured that the informa-
tion requested in the questionnaire would be kept confidential.

3. Results and discussion
3.1. Characteristics of the respondents
The characteristics of the respondents who provided information for

the study were examined to determine the level of reliability of the data
provided. Table 2 shows, of the 85 questionnaires sent out to

respondents, 40 were to contractors, 30 to consultants, and 15 to clients
based on their company type, and 70 (82.35%) were returned for the
study; 34 (49%), 24 (34%), and 12 (17%) from contractors, consultants,
and clients respectively. The findings also indicated that a large pro-
portion (31.42%) of the 70 respondents surveyed had an average of 6-10
years of work experience in construction projects. Similarly, a breakdown
of the assessed respondents revealed that 44.29% have been in their
current position for 1-5 years. Based on their profession, site engineers
and office engineers have a high proportion, accounting for 28.57% (20)
and 22.86% (16) of all respondents, respectively. Additionally, project
managers and quantity surveyors ranked third with 10% (7) of the total
of respondents. The site supervisors and resident engineers make up
5.78% of the total (4). The general foreman had a 4.29% share (3). The
architect, counterpart engineer, designer, and contract administrator

Hiring of professionals to handle waste issues _
—_—
Calculating cost overrun due to materia wastes L
Record of material wastes =

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00%

Calculating cost overrun due to
materia wastes

Hiring of professionals to handle

Record of material wastes .
waste 1ssues

H Not Sure 15.72% 15.72% 10%
= No 27.14% 28.57% 75.72%
HYes 57.14% 55.71% 14.28%

Figure 3. The record of waste, its cost overrun, and waste management professionals.

Table 3. Level of the agreement of respondents on the existence of material waste.

Level of respondent responses Contractors Consultants Clients Overall

Frequency Percent Frequency Percent Frequency Percent Frequency Percent
Strongly agree 13 38.2 12 50 7 58.33 32 45.71
Agree 15 44.1 37.5 4 33.33 28 40
Moderately agree 4 11.8 8.33 1 8.33 7 10
Disagree 0 0 4.17 0 0 1 1.43
Strongly disagree 2 5.9 0 0 0 0 2 2.86
Total 34 100.0 24 100 12 100 70 100
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represented 2.86% (2) of all respondents. The last position held by the
respondent is design and supervision department manager, accounting
for 1.43% (1) of the total number of respondents.

3.2. Assessing the existence of material waste

It is expected that every construction project should run within the
estimated amount or quantity of construction materials. However, waste
on any type of construction material has occurred in practice and has
caused serious challenges in projects. This is because construction ma-
terial constitutes a major cost component of construction projects
(Musarat et al., 2020; Tafesse and Adugna, 2021), therefore, excessive
usage of material resources has a direct impact on the overall project
costs performances (Pheng and Hou, 2019). The amount of material
waste generated by building construction projects causes serious social,
economic, and environmental influences (Olanrewaju and Ogunma-
kinde, 2020; Rodriguez et al., 2020). Before determining the effects of
waste, an assessment was performed to confirm its presence on building
construction sites in Addis Ababa, Ethiopia. For this purpose, respondents
were asked whether construction material waste is a problem or not in
their project sites (Table 3).

Table 3 depicted; construction waste is a problem facing 95.71%
ongoing construction projects with different level of agreement. As
perceived by the respondents, only 1.43% of the construction companies
indicated that construction waste is not a problem at their sites. The
remaining 2.86% of total respondents strongly disagree with the issues or
responses indicating that construction waste is not a problem in their
organization. As a result, it is possible to conclude that construction
waste is a challenge over 95.71% of building construction projects in
Addis Ababa.

3.3. Measurement of the volume of waste

To enumerate the amount or extent of construction waste generated
during construction works, material that is wasted or left on the site and
sent to a landfill should typically be recorded. Figure 3 illustrates the
construction companies' practice of recording waste, calculating the cost
overrun of various materials waste, and the presence of professionals to
handle construction material waste issues.

Figure 3 shows that 57.14% of the participants knew that their
companies recorded the amount of construction waste generated from
their sites, while the remaining 27.14% indicated that their companies
did not record the amount of waste left at their sites. The other 15.72% of
respondents were not sure whether their company had recorded con-
struction material waste or not. At the same time, 55.71% of the

45%
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construction companies calculate the costs overrun due to construction
material waste. The remaining 28.57% of the survey respondents
confirmed that they did not record or calculate the costs associated with
construction waste, and the remaining 15.72% were not sure. Those who
did not calculate the cost of material waste present a lack of strong
management, a shortage of personnel, and a lack of daily data record
practices as reasons. As perceived by 75.71% (53) of the respondents, no
professional is assigned to handle waste issues in their organization. The
other 14.28% of all the respondents employed a specific person to handle
the issues, while the remaining 10% were not sure. However, those who
did not hire a specific person (75.71%) indicates that quantity surveyors
and site engineer had the required skills to manage construction material
waste.

Furthermore, companies who responded ‘Yes’ for the calculation of
the cost overrun of construction waste (55.71%) or 39 of 70 respondents
(Figure 3), responded to the extent of the percentage of construction
material waste compared to the total costs incurred to purchase con-
struction materials (Figure 4).

According to the majority of research respondents (38.46%), from the
total purchased material, 6-10% recorded as wastage. However, the
general response of the respondents indicate that the cost overrun due to
construction waste ranges from 1-25%, with an average contribution of
12.5%. As a result, the finding of this study indicates that construction
waste is considered one of the major economic problems. From a previ-
ous study, the total cost overrun due to material waste is 30% of the
purchased materials (Eze et al., 2016; Olusanjo et al., 2014). Depending
on the material type, 8.47%-16.61% of the amount of material is
recorded as waste out of the total materials delivered to construction sites
(Adewuyi and Odesola, 2016). Similarly, a study by Shant and Daphene
(2014) shows that at the end of every project, at least 20% of the pur-
chased material will be unused. It is also further supported by other re-
searchers, Adewuyi and Otali (2013), material wastage accounts for
between 20-30% of project cost overruns. In other words, the reduction
in construction waste can help to increase the total profit and gain eco-
nomic stability for a country and construction firms (Husnain et al.,
2017).

3.4. Impacts of construction waste

A thorough review of the existing literature and interviews were
conducted to identify the existing impacts of construction waste. A total
of 25 impacts of construction waste were identified and classified as
economic, social, or environmental groups. As presented in Table 4, the
impact items were subjected to quantitative data analysis using SPSS
(descriptive, reliability analysis, and normality test).

40%
35%

38.46%

N\

30%

AN

26%

25%
20%

20.

19

15%

\m o

10%

5%

0%

1-5% 6-10% 11-15%

un
-
g

16-20% 21-25%

==@=Cost overrun due to construction material wastes

Figure 4. Cost overrun due to construction material waste.
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Table 4. Descriptive statistics and normality test of the collected data.

S.No. Impacts of construction waste Mean  Std. Deviation = Rank  Cronbach's alpha if item deleted a**  Kolmogorov-Smirnov
test
Statistic ~ df  Sig.
EC1 Project cost overrun 4.21 931 1 .953 272 70  .000
EN1 Pollution of the environment by discharging chemicals and other 4.14 967 2 .953 .284 70  .000
materials

EC2 Reduction in Profit and failure of construction firms 4.00 1.090 3 .956 271 70  .000
EN2 Excessive consumption of raw material and resources depletion 3.99 1.210 4 .955 .256 70  .000
SE1 Public health and safety risks 3.97 1.179 5 .952 .238 70  .000
EN3 Pollution of soil by chemicals and other materials 3.93 1.121 6 .952 .240 70  .000
EC3 Delay of project time or time overrun 3.91 1.100 7 .952 274 70  .000
EC4 Spending costs to landfill fee for disposing of waste 3.90 1.079 8 .952 .223 70  .000
EN4 Sustainability reduction of construction sectors 3.87 1.006 9 .956 237 70  .000
EN5 Generate waste that causes water pollution 3.83 1.239 10 .952 .269 70  .000
EN6 Land occupancy or land consumption for dumping waste 3.81 997 11 .956 .188 70  .000
SE2 Traffic congestion 3.79 1.034 12 .953 194 70  .000
EC5 Transportation charges to transport waste 3.77 1.253 13 .953 .208 70  .000
EN7 Effect on biodiversity and destruction of the living environment 3.76 1.233 14 .952 .207 70  .000
EC6 Lower the GDP contribution of construction firms 3.74 1.359 15 .953 275 70  .000
SE3 Disease-associated with high levels of air pollutants 3.73 1.350 16 .956 .251 70  .000
EN8 Severe effects on the welfare of the waste disposed communities 3.67 1.176 17 .954 .210 70  .000
EC7 Increase price of raw materials 3.66 1.361 18 .952 .257 70  .000
EN9 Emission of greenhouse gases into the atmosphere causes climate change  3.61 1.487 19 .954 .288 70  .000
EN10  Increase in illegal dumping b*** 3.60 1.459 .958 231 70  .000
EN11 Dust generation to the surrounding 3.47 1.411 20 .954 217 70  .000
SE4 Flooding due to blockages by waste debris 3.43 1.420 21 .953 .256 70  .000
SE5 Disagreement between construction parties 3.40 1.232 22 .953 .158 70  .000
SE6 Losing reputability and caused conflicts with the community 3.37 1.374 23 0.56 176 70  .000
EC8 Reduce the crop productivity 3.21 1.371 24 .954 .181 70  .000

a**; Overall Cronbach's alpha coefficient is 0.956.
b***; Item was removed because it does not contribute to the overall reliability.

EC; economic impacts, SE; social impacts, and EN are environmental impacts of construction waste.

3.4.1. Economic impacts

As shown in Table 4, the overrun of construction project costs is the
first economic impact ranked caused by construction waste (mean =
4.21). Ones if construction waste occurs on construction sites, there will
be a need to replace and rework, transport, and dispose of waste mate-
rials that require extra costs. In this regard, waste has been noted as a
negative economic impact by contributing additional costs (Eze et al.,
2016; Mydin et al., 2014). For instance, the contribution of construction
waste is 30% of the project cost overrun of materials (Olusanjo et al.,
2014), depending on the material type, 8.47%-16.61% amount is
recorded as wastage (Adewuyi and Odesola, 2016). In Nigeria, the per-
centage contribution of material waste to project cost overrun ranges
from 1.96% to 8.01%, with an average contribution of 4.0%, as reported
by (Saidu and Shakantu, 2016). Therefore, it has been noted that the
increasing construction waste causes cost overrun or economic in-
efficiency of the projects (Li et al., 2013).

Table 4 also shows that a reduction in profit that causes the failure of
construction firms is second in the economic impact of the increased
generation of construction waste (mean = 4.00). The profit of con-
struction companies depends on the proper use of material resources or
resource efficiency, and if there are any types of material recorded as
waste, there will be associated costs in addition to the purchasing costs of
materials. Therefore, construction wase results in financial loss causing a
reduction of the profit and failure of the construction sector (Wahab and
Lawal, 2011; Dajadian and Koch, 2014). Nowadays, construction waste is
a critical issue faced in many countries of construction projects. For
example, Eze et al. (2016), demonstrated that construction waste is one
of the leading causes of business failure among building stakeholders in
developing countries.

In addition, delay of project time or time overrun is the third-ranked
economic impact as a result of waste in construction sites (mean = 3.91).
Construction waste causes the project to be delayed due to the fact that
there is the time needed to clean or remove waste materials, replace and
rework. In particular, the project schedule is one of the main aspects that
is highly impacted by construction waste (Memon et al., 2020). Despite
the fact that construction waste has a significant economic impact, losing
reputability and causing conflicts with the community (mean = 3.37), is
the least ranked economic impact of construction waste.

3.4.2. Social impacts

The community has suffered as a result of construction waste. From
Table 4, it can be seen that public health and safety risks (mean = 3.97),
traffic congestion (mean = 3.79), and disease-associated with high levels
of air pollutants (mean = 3.73) are the three most influential impacts of
construction waste respectively. Similar to the other waste impact cate-
gories, the two factors with the least significant economic impacts of
waste include; flooding due to blockages by waste debris (mean = 3.43)
and disagreement between construction parties (mean = 3.40), respec-
tively. This study has indicated construction waste has a potential impact
on the health and wellbeing of society as it is mostly disposed of near
residences and significantly pollutes the environment.

Continuous and improper waste disposal contributes to air and water
pollution, both of which are harmful to human health and have serious
consequences for the welfare of the communities (Chooi et al., 2018;
Samuel, 2019; Rodriguez et al., 2020). The study also pointed out health
hazards, disasters, overflow incidences, and environmental pollution are
just a few of the negative impacts of construction waste (Nguimalet,
2007). The negative impacts caused by construction waste include;
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aesthetically unattractive surroundings, loss of land, increase in the
spread of diseases, community health suffers in the vicinity of waste
accumulation, and air and water pollution (Aboginije et al., 2020). In
addition, waste from construction sites is dumped around the roadside
creating traffic congestions and closing the drainage system that diverts
the flow of floods to roads and houses of the community. Transportation
and traffic congestion have been similarly indicated to be placed at the
highest risk point influenced by construction waste from construction
projects (ELARD and GAA, 2009).

3.4.3. Environmental impacts

As shown in Table 4, based on the result obtained from the
compressive analysis, the first environmental impact ranked of con-
struction waste is environmental pollution (mean = 4.14). Waste
generated on construction sites pollutes the environment by releasing
chemicals and other materials into it. Environmental pollution has also
been reported as one of the most significant impacts of construction
waste (Nayanthara and S.B.K.H, 2008; Coelho and Brito, 2012; Hossain
and Ng, 2019). The construction industry generates a significant amount
of waste that causes environmental pollution (Li et al., 2013; Ajayi et al.,
2015; Anderson and Thornback, 2012), by contributing more than 33%
of global CO; emissions (Baek et al., 2013).

In addition to that, excessive consumption of raw material con-
sumption and depletion of natural resources (mean = 3.89) rank second
in its adverse effect on the environment. The main sources of construc-
tion materials are nonrenewable and are increasingly degraded and
depleted. The construction project becomes a major environmental
burden, consuming bulk non-renewable resources and raw materials,
along with generating great quantity waste (Faleschini et al., 2016;
Husnain et al., 2017). Construction projects consumed approximately
40% of the natural resources and energy (Wu, 2003), and improper
management waste resulted in the depletion of natural resources (Cas-
tellano et al., 2016).

The polluting of soil by chemicals and other materials created by
construction waste is found to be the third environmental impact of
construction waste (mean = 3.93) as perceived by the respondents.
Construction waste is dumped inside or outside the site in direct contact
with the soil. In Ethiopia, there are no policy implications, character-
ization, or methods of separating harmful waste and disposing of them.
This is in line with the argument (Olusanjo et al., 2014), that waste
consumes land and heavily contaminates the soil, having a significant
impact on agricultural productivity and forestation. Furthermore, this
result is in agreement with the findings of (Mbala et al., 2019), who
ranked land pollution by construction waste as the most detrimental
impact of construction waste. In another direction, the reduction of
construction waste means reducing the amount of hazardous waste and,
in turn, reducing the impact of waste on the environment (Liu et al.,
2020).

3.5. Waste management strategies

The large proportions of waste generated from the construction in-
dustry have had adverse environmental and socioeconomic impacts, and
therefore there is a need to promote construction waste management
practices (Bakchan and Faust, 2019). Preventing and reducing waste
streams helps to control its socio-economic and environmental impacts
and achieve sustainability (Ajayi et al., 2015, 2017). However, effective
control of construction waste would not be possible without the

Table 5. Implementation of waste management strategies.

Response Frequency Percentage (%)
Yes 32 45.71
No 38 54.29

Total 70 100

Heliyon 8 (2022) e09169

Table 6. Construction waste management practices.

No. Waste management practices

1. Employing a specific professionals to inspect and handle construction waste related
issues

2. Adoption of prefabricated or off-site production of components and recent technology
products which enable to reduce construction waste

3. Strong coordination between consultant, client, contractors, and other stakeholders
during the planning, design, and construction stages of projects.

4. Implement strong onsite management practice and create awareness among the
construction work members

5. Reusing and recycling the material leftover on sites

6. Offer incentives and tender premiums related to waste management

7. Increased implementation of green building codes and specifications

8. Introduction of penalties for construction firms with poor waste management practices
9. Increased landfill charges

10. Incorporation of a material waste minimization plan policy in construction contracts

11. Measuring the size of the work and using the proper amount of material on site help to
reduce the work item needed to rework, repair and replace.

12. Enhancing proper material storage, effective and frequent site supervision

13. Taking into account the environment during designing and aiming to achieve resource
optimization

14. Providing scheduled training on material waste minimization strategies for
construction workers

15. Keep in mind the economic, social, and environmental effects of waste at all stages of
the project

implementation of waste minimization or management strategies
(Tafesse, 2021). If construction waste management strategies are effec-
tively implemented, its potential economic, environmental, and social
benefits are immense (Kofoworola and Gheewala, 2009), the imple-
mentation of waste reduction initiatives during construction work saves
costs and reduces environmental impacts (Gottsche and Kelly, 2018). The
environmental, economic, and social benefits of implementing waste
management strategies are significant in improving the sustainable
construction industry (Jaillon and Poon, 2008). The implementation of
waste control strategies in Ethiopian construction companies was
assessed using Yes/No questions, and the result is shown in Table 5.

As indicated in Table 4, 45.71% (32) of construction companies
implemented waste management strategies capable of mitigating con-
struction waste and its impacts. However, the majority of respondents
(54.29%) stated that no specific waste control measures were in place at
their organization. Participants who answered “yes” (45.71%) were
asked to express their experience with waste management practices used
in construction projects via an open-ended questionnaire and interviews.
Table 6 summarises the results of content analysis on the responses.

4. Conclusion

The objective of this paper was to identify the negative consequences
of construction waste generated by construction projects. A literature
review and expert interviews were used to identify the socioeconomic
and environmental impacts of waste. A list of 25 negative waste impacts
was compiled and quantitatively analyzed using descriptive statistics.
Based on the results of the comprehensive analysis, it is possible to
conclude that construction waste has become a major environmental and
socioeconomic concern in Ethiopia, due to the increasing amount of
waste generated by construction projects in nearly 95.71% of the
ongoing construction projects. However, only 57.14% of the companies
have recorded and measured the amount of construction waste generated
from their sites. Due to construction material waste, the majority of
construction companies experience a 6-10% cost overrun compared to
the total cost of purchased materials. At the same time, the overall
response of the participant was between 1-25%, with an average
contribution of 12.5% of material cost overrun.
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This study also contributed its findings, revealing that the top-ranked
impacts of construction waste are; project cost overrun, pollution of the
environment by discharging chemicals and other materials, reduction in
profit and failure of construction firms, excessive consumption of raw
materials leading to resource depletion, and public health and safety
risks. To prevent the stream of waste and achieve sustainable construc-
tion projects; hiring a waste management officer, using prefabricated or
off-site components, implementing strong onsite management practices,
reusing and recycling material left on sites, increasing the implementa-
tion of green building codes and specifications, and instituting penalties
for poor waste management practices are a devised measures that should
be implemented by construction stakeholders. Therefore, the main
contribution of this study is the critical impacts of construction waste and
management practices in the Addis Ababa construction industry. The
finding of the study allows which aspects must be addressed first to
improve waste efficiency and sustainability on construction sites using
the indicated management measures.
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