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ABSTRACT: In this paper data presented from an experimental study on damaged 

communities to rebuild the damaged areas economic, fast and efficient and to save 

the environment, cut costs and offer jobsand to save the environment. Syria was the 

case study in this research where people are in need to go back to their homes from 

the camps that are not up to the human living standards. According to the study, 

there would be 142.5 million tons of concrete and 6.65 million tons of steel as debris 

besides metals and plastics with about 0.78 million ton as solid waste. Considering 

these amounts, it requires an extremely high budget to be disposed in landfills. A 

new technique was adopted to rebuild the destroyed cities efficiently and 

economically while taking environmental impacts into consideration. It is concluded 

that high percentage of the building debris can be reused, while  the transportation 

cost and the disposal cost of the unwanted debris will be diminished. Recycling 

reduces the environmental pollution as well as providing an economic value for the 

waste material as well.The suggested techniques and methodology of recycling and 

rehabilitation for the case study ( Syrian Case ) will save about 17 billion $. 
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1. Introduction 

The cessation of civil wars presents an unprecedented opportunity for these countries to 

rebuild their societies, polities, and economies and to embrace reforms that have been elusive 

in the past ( Krishna. Kumar., 1997). The conflicts and civil wars in the area have destructed 

infrastructures, roads, buildings bridges, factories, hospitals, schools ...........etc. Construction 

and Demolition (C&D) Debris is waste material that is produced in the process of 

construction, renovation, or demolition of structures. Structures include buildings of all types 

(both residential and non-residential) as well as roads and bridges. Components of C&D debris 

typically include concrete, asphalt, wood, metals, gypsum wallboard, and roofing. Land 

clearing debris, such as stumps, rocks, and dirt, are also included in some state definitions of 

C&D debris ( George, Tchobanoglous.,2003). 

Construction and demolition (C&D) wastes account for a significant portion of America's 

municipal solid-waste stream. Some studies estimate rates as high as 23% (Apotheker, S., 
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1990). Elgizawy et al. 2016, reusing the construction and demolition waste from construction 

is the best end of life alternative based on its environmental impact; unfortunately this is not a 

common practice in the construction industry currently which involves more complex 

procedures that do not allow for dismantling and reusing the materials easily and cost 

effectively. Gavilan and Bernold 1994, they concluded that many projects are under way to 

find better ways toreuse material (Knapp, 1992), to search for new methods of recycling waste 

economically (Kalin, 1991; Spencer, 1990), to study the impact of incineration (Schaub, 

1990), and to find ways to reduce the amount of generated waste( Castledine, 1990; Waste, 

1990). 

Reconstruction ofcitiesneedsan innovative methodology to repair the damages or reuse the 

damaged buildings' debris.This will reduce the environmental impact while saving money, 

since economy plays an important role. Development of, or improvements in, technologies can 

result in less material being required to manufacture products, maintenance or reconstruction. 

Mobile plants are available at fewer costs nowadays.  Thus, the innovative methodologies tend 

to exploit the advantages of the advanced technologies to a greater extent by optimally 

managingthe resources and available techniques. This research will focus on utilizing the 

mobile units for reconstruct and repair damages which have been occurred in the area. The 

effectiveness and performance of the introduced modified method will evaluate by analyzing 

the transportation cost reduction and how much the cost saving during other rehabilitation 

processes. In addition, thispaperwill discuss the new effective methodologies that must be 

followed when rehabilitating the damages districts.The Courage Services of the World Bank 

states: 

Syria, for example, as the country enters its sixth year of civil war, the conflict that 

has claimed between 132,000 and 470,000 lives, pushed half of the Syrian population 

out of their homes. The conflict also destroyed $70-80 billion in capital stock by mid 

of the year of 2014. Development organizations have a role to play in alleviating the 

suffering of the Syrian population both inside and outside Syria. They have the scope 

to champion a comprehensive and inclusive reconstruction plan that will not only 

foster peace today but also sustain peace tomorrow. The damage estimates range from 

about $3.7 to 4.5 billion for the six major cities. Aleppo, which is among those cities, 

is the most affected city with 40 percent of the estimated overall damage. Latakia is 

the least affected, although the conflict has increased pressure on the city’s 

infrastructure and services. Regarding sectors, housing is by far the most affected, 

with 65 percent of the estimated damages(World Bank, 2016). 

The table below shows the sectors with their low and high estimates according to the World 

Bank's Syria Damage Assessment(World Bank, 2016). 
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Table (1): The World Bank’s Syria Damage Assessment is a remote in-conflict 

damage assessment in six cities (Aleppo, Homs, Latakia, Dar’a, Idlib, and Hama) and 

covers six sectors (agriculture, health, education, energy, transport, and housing)( 

World Bank, 2016 ) [1]. 

 

Within the destruction areas, some buildings have a priority over others, such as drinking 

water and sewage treatment plants, hospitals, schools, interchanges. However, wars do not 

differentiate between a school or military base. On one hand, there are buildings that are 

partially damaged which only their architectural elements are destructed. On the other hand, 

there are heavily damaged buildings which they cannot be repaired unless taken down to 

ground. Both types of units are consisted of many useful materials, yet they are damaged 

because of a direct bomb impact or the bomb's waves. It is not economically wise to dispose 

all buildings' debris in landfills because, firstly, these debris could be recycled and reused in 

the same district that was taken from, secondly, transporting all these debris is expensive, yet 

these materials should be properly buriedwhich is also an expensive process. 

Iyer and Mastorakis (2006), said that once disaster or war occurred, it is very difficult to 

handle and control it. Hence proper planning shall always handle and mitigate the various 

kinds of disasters effectively, for which open, transparent and efficient systems have to be 

followed ( Gurumurthyet al., 2006 ). Thus, there is a need to introduce innovative strategies 

and programs that can both reduce the overall costs of services and make them accessible to 

more people (Krishna. Kumar., 1997). As a results, there is a need for systematic 

identification, preparation, prediction, assessment, evaluation of disaster events and 

incorporation of mitigate measures ( Gurumurthyet al., 2006 ). This research aims to introduce 

a procedure that will allow for recovering and reusing the materials easily and cost effectively. 

while offering jobs opportunities to the locals. 
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2. Methodology. 

Generally, solid waste includes all solid or semisolid materials that are no longer having 

sufficient value to retain by the possessor. Success of solid waste management depends on the 

appropriate assessment of quantity of waste generated. Tchobanoglous et al. (1977) have 

showed classical and simplified flow diagram for the solid wastes Figure (1) below. This will 

include high needs of man power and long distance of transportation from step to another one 

according to the flow diagram below.    

 
Figure (1). Classical and simplified flow diagram for the solid wastes  

( Tchobanoglous et. Al., 1977). 

The Environmental Protection Agency (EPA) in the US defines construction and demolition 

(C& D) waste as “waste that is generated from the construction, renovation, repair, and 

demolition of structures such as residential and commercial buildings, roads, and 

bridges”(Meyer  and Walsh 1996). According to this definition, the solid waste generated 

during war is similar to EPA [C & D] definition above. Therefore, the aim of this research is 

to reduce the amount of solid wastes by minimizing the consumption of new raw materials, 

increasing the rate of recovery and reuse, omit the transportation distances in addition to 

minimizing the manpower needed outside the destructed areas and offer the work to locals 

Generation rate of building and construction waste in many developed countries in usual 

situation but not during wars is between 500 - 1000 kg per capita per year  (Lauritzen and 

Hahn1992). Demolition materials or debris: it consists of soil, gravel, concrete, bricks, sand 

and stone, etc. They are heterogeneous in nature and their composition varies depending on 

many factors like location, age, shape, use and size of the building (Elgizawy et. al., 2016). 

The unwanted debris– generated during war - is to be replaced with new imported materials or 

materials that are brought from another area within the country. Beside the cost of the new 

materials, transportation cost is very considerable because the damage is immense. Now, an 
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important question surfaces, what is most economical way to have ready to use materials in 

site without costly transportation fees? 

Assembling mobile recycling planton-sitesthe answer. A number of waste-to-resource 

solutions have been designed and tested in the damaged areas for Asia and the Pacific 

(ESCAP). Some of these have been large, centralized facilities based on foreign technologies 

and largely incompatible with local know-how, resources and behaviours. Many of these 

initiatives have failed. Smaller, decentralized and localized solutions also have been 

developed, and many of them have proven tobe incredibly effective. One success story in 

particular is the integrated resource recovery centre model developed by Waste Concern and 

which the United Nations Economic and Social Commission for Asia and the Pacific (ESCAP) 

now promotes extensively across the region, see Figure (2) below, (ESCAPWorld Bank, 2012) 

[10]. 

 
Figure (2). Integrated resource recovery centre model for metals ofsolid  

wasterecycling for Asia and the Pacific (ESCAP, 2012).   

According to Recycling Construction and Demolition Wastes Association (2005), recycling 

on-site will considerably reduce the transportation cost, this will also provide hundreds of jobs 

to those who used to live in the same area but flew for their and their families’ lives. Where 

these recycling plants are going to be assembled? 

After studying the site selection and the possible areas it is suggested to use the parks and 

public facilities for many advantages.Furthermore, therearevast uncharted minefields which 

hinder transportation movement and impose danger to the worker and drivers. Hence, 

therecycling processes are preferable to take place those public facilities foradvantages that are 

mentioned below:( No renting and leasing fees for the land,parks and public facilities are 

abundant among the targeted boroughs and many recycling units are capable to work 

outdoors ). 

What could possibly be recycled in damaged areas? As a result of the viscous street battle and 

airborne bombs, there could be many damaged buildings in one borough or municipality. 
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However, a high percentage of the buildings' debris could be recycled. Spivey (1974) 

documented one of the earliest efforts to categorize construction wastes (Apotheker, S., 1990). 

He classified the most common components of work-site wastes as follows: (1) Demolition 

materials (i.e., concrete, brick, wallboard, plaster, and used lumber); (2) packaging materials 

(i.e., paper, cardboard, plastic, excelsior, and metal retaining bands); (3) wood (including trees 

and scrap lumber); (4) waste concrete and asphalt; (5) garbage and sanitary waste; (6) scrap-

metal products; (7) rubber, plastic, and glass; and (8) pesticides and pesticide containers ( 

Apotheker, S., 1990 ; Spivey, D.A. 1974 ). Utilization of demolished waste offers not only the 

solution of disposal problems but also helps to conserve natural resources for meeting 

increased demand of aggregates and save energy ( Gunasekar and Ramesh 2016 ). 

 

3. Results and Discussions.  

The results are based upon the above studies, researchesandfindings. It is important to 

remember that this discussions and analysis are depending upon using thesuggestedmobile 

recycling plants on-site mentioned and describedabove. Therefore it is concentrated in 

discussion on the recycling categories of construction and demolition waste, which will have 

the most and the highest economic value in rehabilitation processes and have high tonnage 

parentage of construction debris. These construction and demolition solid wastes will include 

concrete, reinforcement steel, metals and plastics. As a result, the following solid wastes 

categories are what could be recycled and generated in one building in the affected area. 

 
A. Recycling of Concrete and Reinforcement Steel. 

Meyer and Walsh (1996), emphased that the construction and demolition waste comprises 

mainly concrete, asphalt, masonry and wood products as well as metals, plastics, insulation, 

and paper and cardboard. Concreteis the highest tonnage material among the fourrecyclable 

materials mentioned earlier due to the fact that almost all residential buildings are built using 

cement concrete. According to the American Concrete Pavement Association (2009), 

"Concrete recycling is a relatively simple process that involves breaking, removing and 

crushing hardened concrete from an acceptable source to produce recycled concrete aggregate 

( RCA ), a granular material that can be producedfor any application for which virgin 

aggregate might be used. Concrete pavements are 100 percent recyclable." 

On one hand, damaged concrete structures are abundant in the afflicted districts. On the other 

hand, the outcome, recycled concrete aggregates, has as same quality and properties as the 

natural aggregates and has many applications. Singh and Kumar in 2014 in their researches 

they concluded that Construction and Demolished waste concrete may be an alternative to the 

conventional concrete. Many researchers concluded that the results show that the composition 

and the compactive effort influence on the physical characteristics of the RCDW aggregate. 

The compaction process has promoted a partial crushing and breakage of RCDW particles, 
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changing the grain-size distribution and increasing the percentage of cubic grains. This 

physical change contributes to a better densification of the RCDW aggregate and consequently 

an improvement in bearing capacity, resilient modulus and resistance to permanent 

deformation. The results have shown that the RCDW aggregate may be utilized as coarse base 

and sub-base layer for low-volume roads (Fabiana et al., 2011). Thus, all these advantages 

must be exploited to have "green" rehabilitated municipalities; moreover, all these processes 

are undertaken locally to diminish the transportation cost. The recycled concrete aggregates 

(RCA) could accordingly be used as: (Aggregates in Concrete Mix Design, Base materials in 

road construction, Many types of general bulk fills, Bank protection, Base or fill for drainage 

structures and Noise barriers and embankments). 

Nowadays, the available technology allows havingon-site recycling of concrete using portable 

concrete recycling plants which are whether track-mountedormobilemachinesand can 

economically be propelled from one place to another. Portable crushers can be towed while 

mobile crushers have to be moved using a truck and a flatbed trailer. Thus, the type of the 

crusher is to be specified depending on the nature of the work, moreover, the size of the 

crusher is be determined upon the desired size of the RCA and the production rate , Figure(3) 

shows an example of a mobile crusher 

 
Figure (3): KPI-JCI and ASTEC Mobile Screens, GT125 Jaw Crusher ideal for aggregate 

production, mining, recycling and concrete applications. 

 

Reinforcement steel will be separated by a big magnet during the crushing of concrete and 

gathered next to the crusher for later and direct treatment and recycling after hauling the steel 

to the metal recycling plant.Many references indicated that the percentage of reinforcement 

steel ranged from 2-4 % of construction and demolition solid waste (Tarun and Kumar 2003). 

Kareem et. Al. 2015, they mentioned that the observations showed that timber boards from 

timber formwork was the most significant waste type requiring disposal (about 50%), while 

steel from metal formwork had the highest recovery level of about 100%  according to ( 
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Bhattacharyya et al., 2013; Kareem et al., 2015). Franklin Associates and Prairie Village, KS 

(1998) found that metals have the highest recycling rates among the materials recovered from 

C&D sites. The Steel Recycling Institute estimates that the recycling rate for C&D steel is 

about 85 percent (18.2 million tons out of 21.4 million tons generated). These numbers include 

not only scrap steel from buildings but also from roads and bridges (George, Tchobanoglous., 

2003). Thus, steel generated from damaged buildings or any other sources can be used and 

utilized in new construction materials.Figure (4) below shows the suggested steel separation 

sequence. 

 
Figure (4): Suggested steel separation sequence in concrete crushers. 

 

 

B. Recycling of Metals. 

Metals can be recycled indefinitely without losing any of its physical and chemical properties 

which can be reused without having lower quality output, (British Metal Recycling 

Association). Several other materials including steel scraps, lime wastes, copper slag, sawdust 

ash, etc. can be used in construction materials. Steel scrap can be composed of steel cans, 

appliances, automobiles, construction equipment, bridges, etc. The recycling of steel scrap is 

well established ( Gunasekar and Ramesh 2016 ). However, visual inspection, manual pre-

sorting and magnetic separator are used to separate metals as desirable materials in this stage. 

These methods are adapted for separation in the study done by Fabianaet. al. (2011).In this 

study, the metal recycling plants will be relatively bigger and recycling the metal is not as 

simple comparing to the concrete recycling. The metals should be transported to the recycling 

yards. In general, metal are classified into two groups, ferrous and non-ferrous. Nowadays, 

raw metals are expensive in comparison with the past, so recycling all types of metal is 

economical and environmentally friendly. 

Table (2) below shows a list of necessary items (column #1)which are available in a typical 

apartment (300 m2 and 8 people) withtheir quantities (column #2) that are selected as a base 

for calculations and results, the weight of  items (column #3)are selected according to "Set of 

average weights for furniture, appliances and other items." Provided by Furniture Re-use 

Network (2010).The metal percentages (column #4) areused according to Eco-design Guide of 
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WEEE Compliance Schemes (2017). Metal weight (column #5) is the result of multiplication 

of column #2, #3 and #4. It is obvious that six hundred fifty five kilograms of solid waste 

metal will be generated from in a typical apartment of an area of 300 m2 area occupied with 8 

persons. However, not all that quantity will be easily separated and useful for recycling. It is 

estimated that 10-20 % will be lost from recycling processes; therefore, about 500 kg of metals 

will be generated.  

Table (2): Necessary items available in a typical apartment (300 m
2
 and 8 people). 

(#1) (#2) (#3) (#4) (#5) (#1) (#2) (#3) (#4) (#5) 

Item 

Q
u

a
n

ti
ty

 

W
ei

g
h

t 

(K
g

) 

M
et

a
l 

P
er

ce
n

ta
g

e 
(%

) 

M
et

a
l 

W
ei

g
h

t 

(K
g

) 

Item 

Q
u

a
n

ti
ty

 

W
ei

g
h

t 

(K
g

) 

M
et

a
l 

P
er

ce
n

ta
g

e 
(%

) 

M
et

a
l 

W
ei

g
h

t 

(K
g

) 

Fridge 1 45 66 30 TV/ Radio 2 20 75 30 

Washing 

Machine 
1 75 45 34 Vacuum 1 2 22 1 

Cooker 1 45 99 45 Kettle 1 2 95 2 

Freezer 1 30 66 20 
Metal  

Sink 
1 20 100 20 

Heater 5 7 80 28 
Sofa  

Bed 
4 85 75 255 

Food 

Mixer 
1 3 75 2 Bath (Metal) 3 40 100 120 

Fan 4 10 75 30 

Bulk  

Load of 

Materials 

1 40 100 40 

TOTAL                                                                                                                                                               655 

 

C. Recycling of Plastics.  

Plastic materials are very abundant too. Plastic waste materials used in new construction. This 

included PVC plumbing pipe, PVC siding, Styrofoam insulation, and plastic sheet. It is a light 

weight component however is quit bulky to transport. Styrofoam is a petroleum-based plastic 

which does not biodegrade by time and is very dangerous when burnt so it presents a real 

problem (Elgizawy et al., 2016). Thus, recycling of plastics must be taken into consideration. 

According to the British Plastics Federation “The UK uses over 5 million tonnes of plastic 

each year of which an estimated 29% is currently being recovered or recycled." After 

collecting the plastic materials, such as plastic bottles and bags, from damaged buildings and 

neighbourhood, one of the two sorting processes, mechanical or hand sorting, takes place 

because plastic materials are categorised into 7 different types as shown in Table (3) below. 

The outcome of recycling is very beneficial to the community both economically and 
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environmentally. Recycled plastics can be reused in a vast range of materials. As the New 

York Stake Department of Environment Conservation shows all types of plastic materials 

before recycling and after recycling uses, the below table will elaborate more for the post uses 

for recycled plastics. 

Most of the researches indicate that the percentage of plastics solid waste composition in 

municipal solid waste within the range of 4–14% (Franklin et al., 1998; Tuprakay et al., 2014). 

It is different in the case of construction and demolition waste during the wars. Therefore it is 

estimated that the percentage will be less than this value and it could be ranged from 0.5-1.5 % 

weight ratio to the total amount of concrete weight.  

Table (3): Recyclable plastic types from construction and demolition and buildings areas. 

Plastic Type Recyclable Products After-Recycling Use 

Polyethylene 

Terephthalate (PET) 

used in the production of soft drink 

bottles, peanut butter jars, etc. 

can be recycled into fiberfill for 

sleeping bags, carpet 

High-Density 

Polyethylene (HDPE) 

found in milk jugs, butter tubs, 

detergent bottles, motor oil bottles 

can be recycled into flower pots, trash 

cans, traffic barrier. 

Polyvinyl Chloride 

(PVC) 

used in shampoo bottles, cooking oil 

bottles, fast food service items. 

can be recycled into drainage and 

irrigation pipes... 

Low-Density 

Polyethylene (LDPE) 

found in grocery bags, bread bags, 

shrink wrap, margarine tub tops... 

can be recycled into new grocery 

bags... 

Polypropylene (PP) used in most yogurt containers, straws, 

pancake syrup bottles, bottle caps. 

can be recycled into plastic lumber, 

car battery cases. 

Polystyrene (PS) found in disposable hot cups, packaging 

materials (peanuts), and meat trays. 

PS can be recycled into plastic lumber, 

cassette tape boxes, flower pots... 

Other Types of Plastics This is usually a mixture of various 

plastics, like squeeze ketchup bottles, 

"Microwaveable" dishes. 

usually not recycled because it is a 

mixture of different types of plastics. 

 

D. Advantages and cost reduction benefits. 

During the war, there have been continuous bombardments by air strikes and canons. The 

severity of the aftermath cannot be accurately assets because the war is not over and the 

damages are being increased day by day. As a result, an estimation method is adapted to 

estimate the quantities that could be available for recycling in order to rehabilitate the cities 

destructed and have an idea of the number of jobs that will be offered to those who will be 

coming back to their homes.This method depends on the number of people displaced, within 

the country or outside, or killed in one area to approximately estimate the quantities of 

concrete, steel, rubble and other materials.  

A typical four-story building with eight apartments; 300 m
2
 of living space each would 

consume 960 tons of concrete and 45 tons of steel, on average. Eight people are assumed to 
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reside one residential unit as an average. If these assumptions are taken into consideration, an 

average of 15 tons of concrete per capita and 0.7 tons of steel per capita will be adaptedas 

abases in the following cost analysis.  

Many assumptions had to be made because it is impossible to have almost precise numbers 

when there is no access by any international organization. Moreover, the borough is assumed 

to have only apartment buildings while there are boroughs where only detached houses are 

allowed. Also, social buildings, such as schools and hospitals, are not accounted for because 

this process requires statistics for buildings' types and classifications. However, even if these 

numbers could be approximated, the severity of damage in buildings cannot be assessed 

without on-site evaluation. On one hand, there are some satellite-based damaged assessments 

for the historical buildings in Aleppo. On the other hand, there not accurate and the war is still 

continuous and the level of damage is increasing. 

The Syrian population was 22 million people according to the UN. It was stated by the UN 

that "Nearly half of Syria’s population uprooted by civil war." Since the beginning of the war 

6.6 million refugees were displaced to areas within Syria. The latest announcement was in 

late 2016 regarding the casualties which were around 400,000 deaths. Around 2.5 million 

were moved outside the country. The total number of the people affected would be around 

9.5 million people. This shows the destruction is severe and vast, people are in need to go 

back to their homes from the camps that are not up to the human living standards.  

If there are 9.5 million people affected by the war and according to the assumptions made 

above, there would be 142.5 million of concrete and 6.65 million of steel as debris. 

Considering these amounts, it requires an extremely high budget to be disposed in landfills.   

In order to minimize the cost of transportation of debris, it is thus important to show the 

difference between the conventional methodology and Innovative Rehabilitation Methodology 

of Recycling Buildings' Debris in Damaged Districts (IRMIDD) Figure (5). 

 

Figure (5): Layout of Conventional solid waste transportation. 
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According to the minimum requirements for landfills, 100-kilometers distance is assumed as 

the minimum travel distance in order to calculate the transportation fees. 

According to the Figure (5) above, it is estimated that the route of a proper disposal for 30-

ton truck is to be 200 Km. These 30 tons of materials would replace travelling on route of 

150 Km as an average, because some of the material are coming from quarries and the rest of 

materials is coming from the boarders. Thus, the total cycle of one ton is to be 350 Km.  

According to the Freight Metric Truck Operation Cost Calculator, the cost of transportation 

would be 0.092 $/ton per Km. Several assumption are made when calculating the 

transportation cost according to the economic status nowadays and the expertise opinion. The 

table below showsthe calculation method to estimate the amount of money that the 

conventional method requires for proper and environmental disposal. 

Table (4) : Estimated transportation cost (billions $) based on conventional transportation method. 

Debris 

Type 

Estimated 

amount (million 

tonnes) 

Travelling 

Distance for 

Disposal (Km) 

Cost 

($/tonne.Km) 

Estimated Transportation 

Cost (billions $) 

Concrete 142.5 350 0.092 4.589 

Steel 6.65 350 0.092 0.214 

Metals 0.78 350 0.092 0.025 

Plastics 0.78 350 0.092 0.025 

TOTAL 150.71 350 0.092 4.853 

 

The total amount is 4.853 billion dollars for four types of recyclable materials. Thereis 

however more materials can be found to be recycled instead of being disposed which means 

this number could go much higher than 4.853 billion dollars. Also, the disposal costs 

considerable amount of money as the Concrete Network states "as high as $100 per ton.” The 

table below shows that the totalestimated disposal cost is 15.07 billiondollars. 

Table (5): Estimated Disposal Cost (billions $) 

Debris Type 
Estimated amount 

(million tonnes) 
Cost ($/tonne) Cost 

Concrete 142.5 100 14.25 

Steel 6.65 100 0.665 

Metals 0.78 100 0.078 

Plastics 0.78 100 0.078 

TOTAL 150.71 100 15.07 

Moreover, the disposed materials must be replaced with new materials which will increase the 

cost even more. Disposing debris and replacing it with new materials does not make job 

opportunities for the locals who are in need of income and new jobs to start taking care of their 

families. Therefore, the main goal of Innovative Rehabilitation Methodology of Recycling 

Buildings' Debris in Damaged Districts (IRMIDD) is to eliminate the transportation cost and 
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create job opportunities for the locals. Local recycling plants will offer many new jobs and 

produce reusable materials that will be used in rehabilitation the damaged districts. Figure 

(6) shows that the transportation and disposal fees are eliminated as most of the debris is being 

recycled. 

 
Figure (6): Layout of Innovative Rehabilitation Methodology of Recycling Buildings' Debris in 
Damaged Districts (IRMIDD) 

The transportation cost for a 350-Km route is $32.2 per ton and the disposal cost is $100 per 

ton. On the hand, according to the Recycling Construction and Demolition Waste (2009), the 

cost for concrete and metal recycling is $10and $15 per ton, respectively. The transportation 

cost for the recycled concrete and metal, according to Recycling Construction and Demolition, 

is $11 and $12, respectively. Thus, by adapting the Innovative Rehabilitation Methodology of 

Recycling Buildings' Debris in Damaged Districts (IRMIDD), the total cost for recycling142.5 

tonnes of concrete is about 2.993 billion dollarscomparing to 18.839 billion dollars if the 

conventional method is to be used. For metal, the cost for recycling is about 200 million 

dollars comparing to 982 million dollars. 

As a results, if the total cost of preparing and recycling processes of reusable materials are 

equals to prices of new materials needed, then the saving amount of money resulting from 

introducing this innovative method for rehabilitation and reconstruction is the amount 

calculated in Tables (4) and (5) and ranged from 4.85 to 14 billion dollars only for the case 

study adapted in this study (Syrian case).  

 

4. Conclusions. 

Regional conflicts have affected millions of people who were forcibly evacuated out of their 

damaged communities to seek peace. Construction and demolition waste resulting from war in 

that area. Solid waste are huge and affect the environment and these amounts require an 

extremely high budget to be disposed in landfills. Many types of wastes will be generated and 

the most important are concrete, steel, metals and plastics. Concrete waste could be used in the 
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new concrete materials as a recycled concrete aggregate. Steel waste could be used in roads, 

some types of construction in the rehabilitation and reconstructions processes. There are six 

types of plastics materials resulted in the damaged areas could be recycled for many purposes. 

Metals are classified as ferrous and nonferrous and could be recycled or reprocessed, which is 

considered economical and environmentally friendly. Recycling reduces the environmental 

pollution as well as providing an economic value for the waste material. Usage of recycled 

waste can not only preserve the finite raw materials, but also reduce energy consumption and 

overall construction costs. The suggested (IRMIDD) methodology for recycling and 

rehabilitation the damaged area reduce the total cost for recycling 142.5 tonnes of concrete to 

about 2.993 billion dollars comparing to 18.839 billion dollars if the conventional method is to 

be used. While, for metal, the cost for recycling is about 200 million dollars comparing to 982 

million dollars by using the above methodology, respectively. Thus, the Innovative 

Rehabilitation Methodology of Recycling Buildings' Debris in Damaged Districts (IRMIDD) 

is highly effective for achieving lower cost of transportations, recycling and reconstruction and 

keep environment safe as well as  employment of the affected people and encourage them to 

return their home.  
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