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Abstract

The increasing number of disasters (natural or man-made) worldwide has made post-disaster waste management an
essential aspect of disaster recovery. This is obvious in Iraq where the Iragi government faces an important challenge
regarding the events of 2014 (ISIS gang conflict) and the accumulation of huge volumes of construction and demolition
(C&D) waste resulting from military operations and terrorist destruction. Field surveys by the specialist teams estimated
the amount of waste at about 10 million tons in the Nineveh governorate only, much of which comprises potentially useful
materials that could be reused or recycled in the reconstruction process. This paper investigates the obstacles to the
sustainable management of such waste in the Nineveh governorate. A pilot questionnaire survey of 76 experts working in
the waste management sector was carried out to identify the obstacles to the sustainable management of accumulated waste
in the Nineveh governorate. Data analysis was carried out using SPSS version 23.0. Based on the identified obstacles, a
procedural method of managing post-war waste that accumulated in Iraq has been created. The paper illustrates several
conclusions in the strategic, economic, social, and environmental sectors to address identified gaps in sustainable waste
management in Irag. It is hoped that this study’s results will support post-disaster sustainable development goals in Irag.
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1. Introduction

“A disaster is a non-routine event that surpasses the ability of the affected area to deal with it in different aspects
such as save lives, maintain property, and protect the social, ecological, economic and political stability.” [1]. Disasters
come in two types, natural (earthquakes and floods) and man-made (conflicts and wars), and these disasters have a
considerable effect on the environment such as the destruction of buildings and infrastructure as well as social and
physical effects [2]. All types of disaster create large volumes of waste that vary according to the nature and severity of
the disaster [3]. The volume of waste generated by disasters in a short period exceeds twice the volume of annual waste
generated in peacetime [4]. The presence of this huge volume of waste affects all aspects of an immediate response or
recovery effort [5]. This waste represents, in many cases, a risk to human health from biological sources (flies, rodents,
rotting carcasses), chemical sources (asbestos, oils, solvents), and physical sources (cuts, abrasions, collapse) [6]. In the
long term, poor management of a clean-up can cause a slow and costly recovery [7]. However, the same waste could be
a worthy source of materials in the reconstruction process and have a positive economic impact if an effective waste
management strategy is adopted [1]. There may be valuable materials, such as metals and concrete, in the waste, which
can represent a source of raw materials used in the reconstruction process [8]. Disaster waste management is an important
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aspect of the response and recovery of disasters to reduce the consumption of natural resources and create a positive
environmental impact [6]. Disaster waste also represents a risk to human health through direct contact with the
accumulated waste, which may contain hazardous waste such as explosive bodies, oils, and asbestos, or indirect contact
through bugs and rodents, in addition to sudden collapse or structural failure [9]. The largest component of disaster waste
would meet the classification of construction and demolition C&D waste [10]. Recent experiences indicate that the most
important obstacle to the response process in a disaster is C&D waste management. The main challenge after each
disaster is the management of the accumulated waste in the affected area, which affects the efficiency of the
reconstruction process, the economy, and the environment [11].

2. Post-disaster Waste Management

The essential and most important aspects of post-disaster waste management operations are the removal and disposal
of waste from the affected area [12]. Post-war waste in Iraq is a mixture of one or more of the following: general
household waste, C&B materials, hazardous waste, and sometimes, explosive bodies [13, 14]. All of these types of waste
have challenges regarding their disposal. There was an additional challenge after the war as a new mixed-type of waste
was created, and this posed increased challenges regarding its collection, separation, cleaning, and disposal.

The sustainable management of post-disaster waste usually comprises the same processes of waste management,
which includes collection, transport, processing, and disposal in a landfill, except where the waste is contaminated or
contains explosive bodies [10].

In the case of huge amount of waste and in addition to the environmental impact and limitation of landfill sites, a
more sustainable process for the management of post-disaster waste is urgently required in Iraq, this process faced by
many obstacles that should be identified and removed.

3. Research Methodology

An extensive literature review has been made to explore the application of disaster waste management and its benefits
in different countries. After that, a research method was designed to carry out this research work. In the later stage, pilot
surveying was conducted to seek experts' opinion for the disaster waste management and the obstacles constraining its
application, a set of questionnaire was designed to collect data from the construction industry. And finally a procedural
method designed for the management of post-disaster waste based on questionnaire data analysis. The complete research
methodology is shown in Figure 1.

Journals & conference papers —> Problem identification —>  Research objective

!

< Obstacles constraining the application

Pilot study of disaster waste management

y

Suggested procedural method < Final questionnaire

Figure 1. Research Methodology

4. Data Collection and Analysis

The results of surveys by Iraqi teams, supported by many other institutes and organizations in the Iragi government
and the UN, shows that the total number of ruined assets is 8,457 economic assets with a total damage value of 75.306
trillion Iragi Dinar (ID) n government buildings and structures, also in the residential complexes and private properties. The
most damaged governorate was Nineveh [13, 15] as shown in Table 1.

Table 1. Destruction value in the residential private sector [13]

Governorate Destruction value (million 1D) Destruction percentage
Nineveh 12,580,540 435
Al-Anbar 6,040,316 20.9
Salahuldin 5,498,028 19.0
Kirkuk 1,954,827 6.8
Diyala 1,956,030 6.8
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Baghdad 480,858 1.7
Babil 391,833 14
Total 28,902,433 100.0

A detailed literature review has been made for identifications of the obstacles constraining the application of post
disaster management in Nineveh governorate (the most destructed city in Iraqg) in this research. The identified obstacles
were processed through a short pilot study. Specialist's opinion during pilot study is revised in final set of questionnaire
which was send to practitioners working in construction industry and waste management. The respondents were
requested to share their experience in assess the degree of effect of each obstacle. Finally, 76 questionnaires were
considered for this research which was received during data collection period.

SPSS software V.23 has been successfully used for data analysis of such problems, therefore, same software used
for data analysis in this paper.

5. Results and Discussion

As discussed earlier, the respondents were requested to share their opinion based on their experience in construction
industry and waste management. 5-point likert scale has been provided to the respondents and requested to weight the
degree of effect of each obstacle. Table 2 shows the degree of effect of obstacles constraining the application of disaster
waste management in Irag.

Table 2. Obstacles to the sustainable post-war management of waste

No. Obstacle Degree of effect
Strategic
1 Missing reliable information about the existence of waste High
2 Lack of waste management intention in the related institution’s policy High
3 Lack of related regulations Good
4 Lack of distribution of waste management responsibilities Good
5 Lack of contractual experience Good
6 Lack of coordination between the government and destroyed property owners High
7 Inability to allocate temporary areas for waste management processes Good
8 Lack of waste management plan High
9 Lack of private sector partnership in the sustainable management field High
Social obstacles

10  Lack of experts in the waste management field Medial
11 Lack of awareness in the importance of disaster waste management. Good
12 Existence of residential assemblies in the destroyed areas Media
13 Lack of acceptance of the recycled (or reusable) materials in the local market Good
14 Existence of historical buildings in the destroyed areas Good

Environmental obstacles

15  Variety of waste leads to difficulty separating the components High
16  Lack of landfill sites for the large amount of waste Good
17 Inability to prepare new landfill sites according to environmental specifications High
18  Existence of explosive remains in the waste High
19  Existence of hazardous pollutants in the waste High
20  The environmental impact of the waste High

Economic obstacles

21 Not enough governmental financial allocations High
22 Lack of invitations to the private sector to participate in waste management High
23 Thetime required to collect and separate the waste Medial
24 The time required for the recycling process Good
25  Lack of specialized equipment and plants High
26 The cost required to transport waste to the landfill sites High
27  Waste transportation could hamper road traffic Good

The local market does not absorb the high quantities of raw materials that are predicted

. Good
to come from the reuse and recycling process

28
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As shown in Table 2, the final result of the questionnaire analysis listed 28 obstacles facing the application of
sustainable management of C&D waste that accumulated in Mosul city after the war, distributed into four main sectors:
strategic, social, environmental, and economical sectors, and the degree of effect for each one. Fourteen obstacles have
a high degree of effect, 11 obstacles have a good degree of effect, and three obstacles have a medial degree of effect.

The 14 high-effect obstacles consist of five strategic obstacles, five environmental obstacles, and four economic
obstacles. This distribution indicates an obvious weakness in the strategic management related to C&D waste
management including the preparation of plans, the absence of specified and systematic procedures for construction
waste management, the absence of coordination between the local governorate and the destroyed building owners in
addition to an important aspect, the absence of private sector partnership in the field of sustainable management of post-
war waste.

In the environmental sector, the importance of the high degree obstacles comprises the negative impact of the C&D
waste on the environment and human health in addition to the explosive remains among the waste. The financial
allocations generally represent an important challenge in all disaster responses, especially man-made disasters, because
war exhausts most government budgets.

The researcher suggests developing strategic management of the C&D waste by creating a set of management
procedures and regulations. The researcher also suggests increasing the awareness of local authorities and related
institutes of the importance of construction waste management and the application of its procedures through training,
seminars, and continuous improvement. In the financial sector, the researchers suggest taking steps toward private sector
partnership in C&D waste management and the reconstruction process by modifying related regulations and learning
from other country’s experiments in this field. Other obstacles in the environment and social sectors can be passed
through a management procedure followed and tracked by the management team responsible for the reconstruction
process.

5.1. Suggested Procedural Method

Based on related literature [3, 5, 9, 16, 17] and the questionnaire data analysis, a procedural method has been
suggested for managing the post-disaster waste in Iraq; Figure 3 shows the flow chart of the suggested procedure.
(Suggested forms can be found in Appendix I.)

6. Comparison with Other Related Studies

The following table presents a comparison of this study’s results and methodology with two related recent studies in
the region.

Table 3. Comparison with related studies

Study Work Results

Study of the solid waste generated during the
war in Syria through field survey, and
investigates an economical solution to make
theses waste useful in the rehabilitation
process.

Ayman A. Awad et al. “Innovative
Rehabilitation Methodology of Recycling
Building Debris in Damaged Districts”
(SYRIA) 2016.

Suggest techniques and methodology for
recycling debris and rehabilitation strategies of
damaged districts in Syria.

Study of the current status of post-conflict
waste in Libya (volume of waste accumulated,
actions undertaken to deal with it).

Propose a framework for the management of
post-conflict waste in Libya.

Ashraf Ali “Framework for Management
of Post-Conflict Waste in Libya” 2017.

Current study

Aws. Noaman “A Suggestion of a
Procedural Method for the Management
of Post-War Waste” 2019.

Study of the waste accumulated after the war
in Mosul city (Iraq) through field survey, and
investigate the obstacles to the application of
post disaster waste management.

List the obstacles constraining the application
of post-disaster waste in lraq and suggest a
procedural method for managing the post-
disaster waste.
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START

| Post-war waste |

v

| Investigating the security of the area |4—| Use form shown in table A-1
‘Woaiting for explosive treatment Is it secured?
Y
Conduct it < Access to the site
Investigating Pollution | Use form shown in table A-2
Pollution exists? ‘Waiting for treatment
‘Waste identification »  Use form shown in table A-3

v

. 5 Separate according to material type.
‘Waste separation > v
- g Use form shown in table A4
¢ Feasibility studies
* Waste application
* Sustainable criteria
‘Waste analysis < o Waste hierarchy
o Life cycle assessment
¢ Local regulations
¢ Plan preparations
> Reusable waste
¢ ® Design an area for collection and storage
e Material specification
Reuse process "| » Description labelling
¢ » Use form shown in table A-5
Raw material source
»> Recyclable waste
® Design an area for collection and storage
L » Design an area for recycling process
3 e Specify the recycling plant specification
G [P "|  Desizn an area for resulting materials
¢ ¢ Recyclable list using form A-6
® Description labelling using form A-7
Raw material source
* On-site landfill
> Landfill < p ¢ Manage transportation
* Manage waste in landfill sites

Figure 3. Procedural method flow chart
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7. Conclusions

e There is a lack of awareness among those in the reconstruction field of the importance of the accumulated
construction waste in the reconstruction process.

e There is a clear lack of landfill sites to dispose of all the construction waste accumulated after the war.

e There is a lack of public and private sector partnership in the construction waste management and reconstruction
process.

e There is an obvious environmental impact of the accumulated waste in the damaged cities.

e The management of construction waste accumulated after the war as a significant effect on the reconstruction
success targets (time, cost, quality)

e It is recommended that the suggested procedure method and forms should be used in the management of C&D
waste.

e The local authorities and institutes responsible for the reconstruction process should consider the results of this
research.

e A specialized team responsible for reconstruction management and construction waste management in Mosul city,
and other cities liberated from terrorism, should be established.

e Public awareness of the application of the sustainability aspects in construction waste management should be
increased by training programs, workshops, seminars, and other advertisement facilities.

e Partnership with the private sector should be considered in construction waste management and strategies, and the
obstacles to this should be eliminated.
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Appendix |
Table (A-1). Safety approval form
Site Discovered explosive bodies
Surveyed area | Instruments used Notes
Name Location Number Type

Signature: Signature: Signature:

Surveying team approval

Member name: Member name: Head of the team

Table (A-2). Pollutant waste identification checklist

Project name:

Address:
Date:
Verified by:
: Pollution effect
No. Waste polluted Unit atl.rj[d - - -
quantity Soil Water Air Does Not Exist

Table (A-3). Waste identification form

Project name:

Address:
Date:
Identified by:
No. Waste type Unit Approxir_nated Ability to remove
quantity Able Unable
1 Concrete
2 Brick
3 Block
4 Stone (masonry)
5 Ferrous metals (steel, iron, etc.)
6 Non-ferrous metal (aluminum, copper, etc.)
7 Gypsum (plastering)
8 Rock, gravel
9 Soil, dirt, landscape debris
10 | Asphalt
11 Glass
12 Pipes, pipe fixtures
13 Wood
14 Ceiling tiles
15 Gypsum board
16 Roofing materials
17 Plastics
18 | Cardboard paper
19 Mixed waste type
20 Other waste (specify)
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Table (A-4). Waste Separation form

Project name:
Address:
Date:
Identified by:

No. Waste type Unit Quantity

Table (A-5). Reusable material list and labels

Project name:
Address:
Date:
Approved by:

No. Material type Code Unit Quantity Usage limitation Notes

Table (A-6). Recycling list

Project name:
Address:
Date:
Approved by:

No. Recyclable material Code Unit Quantity Notes

Table (A-7). Recycling labels

Project name:
Address:
Date:
Approved by:

Material name

Code

Source

Specification

Usage recommendations
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