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Abstract 
As in many developing countries, Libya is still managing the solid waste improperly. This fact has led to increase the amount of solid 
wastes accumulated in the country. With low fuel costs, the companies make low consideration to the transportation cost. The 
research in municipal solid waste in Libya is rare and focused on waste classification area. The objective of this paper is to evaluate 
the municipal solid waste management system in Misurata city, Libya, and to suggest a model which minimizes the total cost of 
waste management by adding a collection stations. The paper evalutes two models: in the first model only collection vehicles are 
used, and the waste transfered directly to the dumping site. In the second model collection sites are tested, and the best one is selected 
according to the total cost. ADD algorithm used in the second model. The second model showed that there is a reduction in the total 
distance travelled by the trucks up to 45%. 
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1. Introduction* 

In developing countries, the urbanisation increased 
concentration of people which implies an accumulation of 
waste that needs to be properly disposed. Developing an 
adequate plan for waste management in these countries is 
still a real challenge. Recent studies have shown that the 
selection of an adequate solid waste management (SWM) 
strategy in underdeveloped and developing countries 
contributes to its optimization [1]. The implementation of 
the so-called 3R strategy (which are reduce, reuse and 
recycle) is growing, as it is necessary to reduce the wastes 
at the place of production, then to reuse it, and the last 
option is to recycle [2]. 

Unsuitable waste management practices may cause 
degradation of valuable land resources and create long-term 
environmental and human health problems. An efficient 
waste management plan is needed to obtain the quality of 
life and environment. Waste management requires many 
emerging technologies related to waste generation, collec-
tion and classification, transportation, and final disposal. 

Awareness to waste can affect all stages in the waste 
management process [3]. This has an impact on all waste 
management systems include: waste segregation, recycling, 
collection, willingness to pay for services, and the level and 
type of opposition to waste remedy and disposal services 
[4]. 

Waste collection stations play a significant role in a 
resident's total waste management system, serving as the 
link between a resident's waste collection schedule and a 
final disposal site. [5]. Badran and El-Haggar used mixed 
integer programming to find the best locations of the 
collection sites in Port Said [6]. Pérez-Salazar et al. [7] 
used a mixed integer programming model for facility 
location from pre-identified locations in Mexico. Asase et 
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al. [8] reviewed the integrated waste management systems 
in the city of London, Ontario-Canada and Kumasi, Ghana. 
Das and Bhattachayya [9] used mixed integer programming 
and heuristic algorithm to optimize the collection and 
routing in the waste management system to minimize the 
total cost. Economic considerations play an important role 
when the waste is to be transported at a distant site [10]. 
Kirca et al. [11] introduced that a integer model for deter-
mining the best locations of the collection stations. The 
model developed is a location-allocation model where the 
objective function training to optain a minimum cost trade-
off between the sum of fixed and operating costs of the 
collection stations. [12] used a model which determines the 
optimal locations of the landfill sites as well as the loca-
tions of the collection stations in North Greece. They 
implement a number of models to a number of district 
problems. In their approach described, various population 
growth patterns are considered, and multi-period decisions 
are made. However, most of the above-mentioned studies 
for the collection station problem try to identify the optimal 
location and number of collection stations for a given waste 
management task. Novarlić et al. Suggested innovative way 
of transport in organizing transport routes to improve waste 
management in cities [13]. 

Undoubtedly, sizes, and services offered very im-
portant for collection stations; they all serve the same basic 
goal (transfer waste from a number of collection vehicles 
into larger vehicles for more economical service to dump-
ing sites. In this form, a collection station is used to receive 
waste in the areas which designed to receive waste from 
small vehicles. The waste is normally compacted, then 
loaded into larger vehicles (e.g., usually transfer trailers, 
containers, railcars, and barges). On the other hand, long-
haul were shipment to a final site; typically, a landfill, 
damping sites or a composting facility. No long-term 
storage of waste takes place at a collection station; waste is 
quickly combined and loaded into a larger vehicle and 
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transferred, usually in a short period.  
Depending on its characteristics, the MSW can be 

preferentially processed by different approaches. The 
present waste management methods in Libya are highly 
dependent on dumping sites as only 3% of the MSW is 
recycled and composted, while the remaining 97% of 
MSW is eliminated through open dumping sites [14]. 
Waste recycling is mainly performed by garbage scaven-
gers at the dumping sites. To date, SWM in Libya is at the 
stage of transition and planning towards sustainable and 
effective approaches. Sustainable and more efficient waste 
management strategies are needed to reduce the heavy 
reliance on dumping sites.  

Rapid urbanisation, population growth and industriali-
sation contribute towards a large-scale increase of MSW in 
Libya. These factors have changed the characteristics and 
composition of the solid waste generated. For instance, the 
majority of the residents in the central part of Libya are 
dissatisfied with the current existing solid waste manage-
ment program, and the current SWM services are ineffi-
cient [15]. 

It is found that optimization of solid waste manage-
ment has not yet been used in any of the Libyan cities. All 
research regarding municipal solid waste in Libya conduct-
ed in the field of waste classification [16-19]. 

 

2. Municipal waste in Misurata city 

The waste management system in Misurata city, as the 
other Libyan cities, led to piling up of mountains of waste 
in the different sites. The waste accumulated even in the 
streets (see figure 1). The City Council (CC) controls the 
whole system of the MSW, starting from the collection, 
transportation process, and ending by damping sites. 
Furthermore, the CC has some equipment and the infra-
structures such as trucks and final dumping site. Currently, 
and for many years, these services provided freely. Like the 
other Libyan cities, waste is mostly dumped in the damping 
sites and burned it in open areas [20]. Consequently, the 
resulting pollutions can cause much health and environ-
mentally problems. The processes of collection and 
disposal of the waste are the responsibility of the CC which 
has limited equipment, and therefore, provide unreliable 
services. When the dumping sites are filled with wastes, the 
only solution for CC is to burn it. This inappropriate 
management of wastes can lead to serious health and 
environmental problems as a result of fires, explosions, and 
contamination of air, and might affect water as well. 
Undoubtedly, wastes polluting the environment and 
threaten human health requires the public education and 
awareness. 

The quantity of MSW generated in Misurata is esti-
mated to be more than 400 tons/day. About 85% of the 
produced waste is throwing in open dumps and about 
(15%) is composted. Even some of the waste is burned in 
the open areas, there are more than 2.300 open dumps in 
the country with an area of approximately 3.500 ha [14]. 
Most of these dumps are nearly saturated and no monitor-
ing nor evaluation procedure to the MSW activities. 
Therefore, there is almost no performance or target that 
should be achieved by the MSW management. 

 
Fig. 1. An overview of the waste accomulates in the street 

 

 
Fig. 2. Collection vehicles used in the area of study 

Except the composting plant, there is no treatment pro-
vided to the waste after collection. The old trucks used, 
shortage of technical skills, improper bin collection, and 
route planning are among the issues resulting in poor 
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collection and transportation of MSW. There are different 
types of vehicles used to collect the wastes such as ordinary 
trucks, tractor-trailers, dumper-placers, and tippers. The 
commonly used vehicle is the open-body trucks of 1-5-
tonne capacity. Tractor-trailers are used in smaller areas 
even if they were noisy and inefficient. Figure 2 shows 
a collection vehicle used in the area of study. 

In most of Libyan cities, citizens who handle wastes 
are valued as dirty, and poor, and carrying household 
waste to bins is often considered as a duty for young 
people and children. Efforts have been made by Misurata 
Council to increase public awareness of Waste Manage-
ment issues, and there have been radio programs on the 
awareness and education of Waste Management issues. 
The side effects of inappropriate waste disposal have been 
well publicised. Nevertheless, most people still do not 
realize that environmental quality is not just the responsi-
bility of the CC and that the individual also has an 
important role. 

Collection vehicles consist of pick-up trucks of 1-ton 
capacity, some of them have a feature of lifting bins. 
These trucks used for collecting and transferring the waste 
from the streets to the dumping site. There are also trucks 
used for the transfer of the construction and demolition 
waste from sites to the dumping site. A 5-ton flatbed 
transfer vehicles can be used for waste transfer from the 
collection stations to the dumping site.  

There were two open collection sites in Misurata, and 
both of them were closed because of people unac-
ceptance. The residents have voiced concerns about waste 
collection centers who are poorly designed, located, or 
operated. Moreover, some individuals might feel that 
collection stations are disproportionately concentrated in 
or near their communities. Even so, collection stations 
play a most important role in a local community’s waste 
management system. In this work, two scenarios of waste 
collection were explained. The goal of this work is to 
assist the use of best practices in collection station siting 
to maximize facilities’ effectiveness and efficiency, while 
minimizing their cost and impact on the community. 

 

3. The approach 
A location problem is to find the locations of facili-

ties, which minimize the sum of weighted Euclidean 
distances of customers form these locations [21]. Some 
features should be considered in this approach such as 
space, number of new facilities to be located, and the 
number of existing facilities.  

Jacobsen [22] generalized incapacitated plant location 
model to the capacitated model with the lower bound 
named ADD-LO and the upper bound which named as 
ADD-HI. Domschke and Drexl [23] also used the same 
bounds, but with a starting procedure for the initial 
solution. Akinc and Khumawala [24] used the same 
branch and bound solution model for capacitated ware-
house location problem. The efficient branch and bound 
solution is made by developing dominance of lower and 
upper bounding procedures and branch and node selection 
rules utilizing the special structure of the problem. 

In ADD procedure, each depot is added to the solu-
tion reduces the cost as much as possible. In each itera-
tion, a depot is greedily added to the solution until the 

algorithm is not able to find a depot where the largest 
saving obtains.   

The city considered in this case study is Misurata city 
in Libya (see figure 3). Misurata is the third most popu-
lated city in Libya with a population over 300000; Table 
1 shows the population of each district in the city. How-
ever, a highly dense population results in large quantities 
of waste production in a small region. Currently, the 
average daily waste per person was estimated to be over 
one kilogram. The content of the waste shows some 
variability during different seasons. As mentioned earlier 
in this paper, there is no collection stations operating, thus 
the collection vehicles transport the waste to dumping 
site, which is at least 40 kilometres away from the city 
centre.  

 
Fig. 3. Misurata city map 

Table 1 
Population of the districts 

№ District Population 
1 Tomina 24.148 
2 Eldafnia 16.370 
3 Gaser Ahmed 19.208 
4 Elzaroug 32.288 
5 Elgiran 32.924 
6 9 yolyo 41.179 
7 Ras Touba 29.500 
8 Elmahgoub 30.027 
9 That Elremal 37.531 

10 Shuhada Rmila 52.326 
Total population 315.501 

 
The resources used for collection and transport, 

trucks and labor, can be utilized more effectively if waste 
could be transported to dumping site via collection 
stations. The quantity of waste generated has been 
significant raised in both quantity and diversity without 
investment in collection, transport, treatment and disposal 
services. These difficulties are further involved by 
political, economic and social influences. The intent of 
this section is to reduce the cost of transporting waste to 
the disposal site. Figure 4 shows the total quantity of 
waste generated every day in each district in Misurata 
city. 
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Fig. 4. Total daily waste 

Collection and transportation are a major cost in the 
waste management process [25]. Public firms collect 
house-to-house, typically between one and two times a 
week, depending on the availability and condition of their 
vehicles. Figure 5 shows the total monthly trips per 
district, which equal to 2.130 trips. These trips are done 
by small and medium collection vehicles. 

 
Fig. 5. Total number of trips 

The goal of this research is to minimize the total cost. 
For this purpose, two scenarios of waste collection are 
illustrated. The different transport models present the 
different transport approach among following points: 
With respect to the location problem under consideration, 
the method is performed in the following steps: 
• 10 collection districts;  
• one or more collection stations;  
• one dumping site. 

Figure 6 illustrates both scenarios: First scenario is to 
send the collected waste directly to the dumping site, 
which is the current situation. The second scenario is to 
open collection stations. 

 

3.2.1 First model 

In this model, only the collection vehicles are used to 
collect the waste. The transport to the dumping site takes 
place immediately after the waste collection. Because of 
the long distances between the collection areas and the 
dumping site, this approach may be not useful. 

In this model, the following steps are taken: 
• the first step is to transport from thier parking place to 

the collection area, and in this step they are empty;  

• after collecting the wastes, transport from the collec-
tion area to the dumping site with loaded driving; 

• transport from the dumping site back to the parcking 
place after unloading waste. 
 

 
Fig. 6. Current situation and the suggested model 

3.2.2 Second model 
This model is decomposed into two phases. The first 

phase is the waste collection with the collection vehicles. 
The second phase is waste transportation with flatbed or 
SC-drawbar vehicles. There are basically the following 
routes.  

For collection vehicles:  
• transport from the parcking place to the collection 

area;  
• transport from the collection area to the collection 

station; 
• after unloading the filled container in the collection 

station, driving back to the parcking place.  
 
For transfer vehicles:  

• transport from the parcking place to the collection 
station;  

• after loading the wastes, transport from the collection 
statio to the dumping;  

• transport from the dumping site back to the parcking 
place. 
The following notations will be used in ADD algo-

rithm: 
I= the set of locations; 
I0= subset of I that has been decided to close; 
I1= subset of I that has been decided to open; 
I2= subset of I that is yet undecided. 
Anew facility is added at the location which results in 

the largest saving as follows: 
• Calculate the total cost according to the following 

equation: 
Total cost Ct= Fixed cost CF + total transportation 

costs from the collection areas to the collection station 
CCT + total transportation cost from collection station to 
the dumping site CTL. 
• For each depot (i) that belongs to the candidates 

depots (I2) or i ∈ I2 computes the saving cost (Ai0) 
with the formula below: 

Ai0  = C * (I1, J) – C * (I1 ∪ {i0}, J) – ai0. 
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• find the depot that have the largest saving depot i  
(i * such that A i * = max i ∈ I2{Ai0}). 

• if Ai* > 0, i* is transferred from I2 to I1 and another 
iteration is made. If Ai* ≤ 0, the elements of I2 are 
transferred to I0. 

• When the savings cost is less than zero the computa-
tions are discontinued. 
At the iteration number one of the first scenario, 

which shown in figure 7, it is cleary that opening collec-
tion station at any of the sites will minimize the cost. 

District number 7 is the one with the biggest savings, ans 
will minimize the total cost by 40% (to 2 235 840). 

Considering that collection station at site number 7 is 
obened, figure 8 showed the result of iterarion number 
two. Opening another collection station at district number 
2 will decrease the totatl cost to 2 192 929. 

At iteration number three, no savings is occurred and 
opening new collection station at any district will increase 
the total cost. 

District # 1 2 3 4 5 6 7 8 9 10
Fixed Cost 192,000 252,000 252,000 276,000 300,000 240,000 294,000 432,000 396,000 420,000

1 0 144,000 90,000 75,600 183,600 198,000 134,400 172,800 144,000 218,400
2 144,000 0 222,000 313,200 183,600 211,200 134,400 134,400 156,000 235,200
3 90,000 222,000 0 399,600 345,600 224,400 182,400 268,800 192,000 302,400
4 75,600 313,200 399,600 0 334,800 211,200 172,800 220,800 168,000 252,000
5 183,600 183,600 345,600 334,800 0 382,800 249,600 220,800 312,000 386,400
6 198,000 211,200 224,400 211,200 382,800 0 57,600 105,600 60,000 117,600
7 134,400 134,400 182,400 172,800 249,600 57,600 0 96,000 48,000 84,000
8 172,800 134,400 268,800 220,800 220,800 105,600 96,000 0 120,000 151,200
9 144,000 156,000 192,000 168,000 312,000 60,000 48,000 120,000 0 67,200
10 218,400 235,200 302,400 252,000 386,400 117,600 84,000 151,200 67,200 0

1,552,800 1,986,000 2,479,200 2,424,000 2,899,200 1,808,400 1,453,200 1,922,400 1,663,200 2,234,400
2,399,329 2,992,251 3,213,923 3,094,834 3,522,117 2,622,984 2,235,840 2,784,901 2,397,923 3,001,067

Cost
 

Fig. 7. Iteration number 1 

District # 1 2 3 4 5 6 7 8 9 10
Fixed Cost 192,000 252,000 252,000 276,000 300,000 240,000 294,000 432,000 396,000 420,000

1 0 144,000 90,000 75,600 144,000 144,000 134,400 144,000 144,000 144,000
2 144,000 0 156,000 156,000 156,000 156,000 134,400 134,400 156,000 156,000
3 90,000 192,000 0 192,000 192,000 192,000 182,400 192,000 192,000 192,000
4 75,600 168,000 168,000 0 168,000 168,000 168,000 168,000 168,000 168,000
5 183,600 183,600 312,000 312,000 0 312,000 249,600 220,800 312,000 312,000
6 60,000 60,000 60,000 60,000 60,000 0 57,600 60,000 60,000 60,000
7 0 0 0 0 0 0 0 0 0 0
8 120,000 120,000 120,000 120,000 120,000 105,600 96,000 0 120,000 120,000
9 120,000 120,000 120,000 120,000 120,000 60,000 48,000 120,000 0 67,200
10 67,200 67,200 67,200 67,200 67,200 67,200 67,200 67,200 67,200 0

Cost 1,346,400 1,600,800 1,639,200 1,672,800 1,621,200 1,738,800 1,725,600 1,832,400 1,909,200 1,933,200
3,703,324 2,192,929 2,607,051 2,373,923 2,343,634 2,244,117 2,553,384 2,508,240 2,694,901 2,643,923 2,699,867  

Fig. 8. Iteration number 2 

District # 1 2 3 4 5 6 7 8 9 10
Fixed Cost 192,000 252,000 252,000 276,000 300,000 240,000 294,000 432,000 396,000 420,000

1 0 0 0 0 0 0 0 0 0 0
2 134,400 0 134,400 134,400 134,400 134,400 134,400 134,400 134,400 134,400
3 90,000 182,400 0 182,400 182,400 182,400 182,400 182,400 182,400 182,400
4 75,600 168,000 168,000 0 168,000 168,000 168,000 168,000 168,000 168,000
5 183,600 183,600 249,600 249,600 0 249,600 249,600 220,800 249,600 249,600
6 57,600 57,600 57,600 57,600 57,600 0 57,600 57,600 57,600 57,600
7 0 0 0 0 0 0 0 0 0 0
8 96,000 96,000 96,000 96,000 96,000 96,000 96,000 0 96,000 96,000
9 120,000 120,000 120,000 120,000 120,000 60,000 48,000 120,000 0 67,200
10 67,200 67,200 67,200 67,200 67,200 67,200 67,200 67,200 67,200 0

Cost 1,502,400 1,612,800 1,630,800 1,669,200 1,611,600 1,683,600 1,783,200 1,868,400 1,837,200 1,861,200
2,348,929 2,619,051 2,365,523 2,340,034 2,234,517 2,498,184 2,565,840 2,730,901 2,571,923 2,627,867  

Fig. 9. Iteration number 3 
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Figure 10 shows the results for different scenarios. 
For first scenario, the total cost for one year equals to 
3 703 324. This cost could be reduced by adding two 
collection stations at disrticts 7 and district 1.  

 
Fig. 10. Results of both scenarios 

 
The primary purpose for using collection stations is to 

minimize the transportation cost to the damping sites. 
Integrating a small amount of waste from collection 
vehicles into larger vehicles will minimize the cost of 
transporting of waste by allowing staffs to spend less time 
carrying of waste to damping sites and more time collect-
ing waste. Furthermore, this procedure also will reduce 
vehicle maintenance costs and fuel consumption, while 
minimizing the overall traffic in the city center. In 
addition, a collection station also may provide: A possi-
bility to classify the waste prior to disposal; An oppor-
tunity to select the optimal disposal options; A possibility 
to service as a collection centre for public use. 

At the collection center, workers can classify coming 
wastes to different categories. Waste classification has 
two stages: separating recyclables waste and identifying 
any parts that might be unsuitable for disposal (e.g., 
harmful wastes, white goods, material, tires, or batteries). 
Distinguishing and extracting recyclable items (which 
might generate revenue) reduces the volume and weight 
of waste transporting to the final damping sites. Classify-
ing and removing inappropriate wastes might be more 
efficient in the collection centers than the damping sites. 

Waste collection centers also might offer adaptability 
in terms of disposal alternatives. CC decision-makers will 
have great opportunity to choose the most effective option 
for damping sites, even with the cost of more distant. 
Moreover, they also can think about multiple damping 
sites, secure competitive transporting fees, and select a 
desired method at damping site. 

As abovementioned, collection centers can open to 
public use. For instance, this facility enables residents to 
transfer waste directly to the local collection center for 
classification and later for final disposal. Some collection 
centers might offer service to collect bulky items, yard 
items, hazardous, and recyclable items. These centers can 
be also used to help the residents because they facilitate in 
achieving recycling objectives and increase the public’s 
awareness of proper waste Management. 

 

4. Conclusions 
Waste management is a global and challenging envi-

ronmental issue facing the world. This paper illustrates 
the current situation of waste collection, management, 
transportation, and final disposal in Misurata, Libya. The 

performance of the MSW system depends heavily on 
many important factors such as the country situation, 
policies in environmental fields, the available technology, 
and the awareness and education of residents. Increased 
community awareness is needed by Misurata city council 
regarding waste management issues. 

One of the objectives of this work is to suggest opti-
mal locations and an investment plan for collection 
stations to the Municipal Council of Misurata. Two 
models have been evaluated in order to help the decision 
maker to prepare a request for a proposal for a collection 
station bidding, by determining the total number of the 
collection stations. The waste management system in 
Misurata city suffers from many factors includes technical 
issues, unfavorable legislative, and operational con-
straints. More active responsibility of the private sector 
and full integration of the unofficial sector is suggested. 
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Аннотация 
Управление твёрдыми бытовыми отходами в Ливии, как и во многих 
развивающихся странах, по-прежнему организовано ненадлежащим 
образом. В результате несвоевременного вывоза отходов наблюдает-
ся их скопление в городах. Одна из причин такого положения 
заключается в том, что компании, обеспечивающие вывоз мусора, не 
принимают в расчёт транспортные затраты по причине низкой 
стоимости топлива. Исследования в области утилизации твёрдых 
бытовых отходов в Ливии редки и сосредоточены, главным образом, 
на проблеме сортировки отходов. Целью настоящего исследования 
является оценка системы управления твёрдыми бытовыми отходами 
в городе Мисрата (Ливия) и разработка модели, которая позволяет 
определить минимум суммарных затрат на переработку твёрдых 
бытовых отходов в результате использования дополнительных 
пунктов (станций) накопления отходов. В статье представлен анализ 
двух моделей: в первой модели рассматривается вариант транспорти-
ровки твёрдых бытовых отходов непосредственно на место их 
захоронения; во второй модели оценивается эффективность предва-
рительного накопления отходов на промежуточной станции. 
Критерием эффективности второй модели является величина 
суммарных затрат на переработку отходов. В качестве расчётного 
метода используется ADD-алгоритм. Результаты расчётов с исполь-
зованием предлагаемой модели показали, что сокращение общего 
пробега автомобилей-мусоровозов, в случае использования промежу-
точного пункта накопления мусора, может достигать 45%. 
 
 
Ключевые слова: твёрдые бытовые отходы, Ливия, накопительные 
пункты, ADD-алгоритм. 
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