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ABSTRACT: To boost the economic waste cycle, the strategic design of the first entity in 

reverse supply chain structure must be perfectly studied. In this area, we found that the 

collection phase in the managing process of used oils from vehicles is poorly studied in African 

countries with the combination of operational research fundament. To give more visibility to 

collection step, we developed conjointly cluster sets location- allocation model to solve the 

vehicle routing problem (VRP) for formal collection points. Next, to avoid the creation of 

undesirable discharge points for the used engine oil, a new network noted as first collection 

point is developed to serve the informal mechanic cars operators who do oil changes vehicle. As 

benefic results, the environment pollution issue from this hazardous waste can be eliminated in 

urban area by the support of grid clustering model. To explain our contribution, a case of study 

is developed in the department of Tlemcen in Algeria 

KEYWORDS: Municipal liquid hazardous waste, Reverse supply chain root network design, 

informal collection point location, Grid and clustering space scale research 

 

1 INTRODUCTION  

For any type of waste, the collection phase is the 

principal precursor for the success of the recovery 

and / or transformation value chain (Akpan & 

Olukanni, 2020). On the other hand, the systematic 

constitution of the conceptual entities of this chain 

is not so simple in practice (Kazemi & al, 2019). 

The formal sector is managed with good control but 

for cases where the informal sector participates, it 

presents a negative impact on the environment and 

health. Especialy, in the case of hazardous wastes 

such as batteries, thermal engine oils, electronic 

components, expired drugs and other chemicals 

which are often landfilled with others wastes in 

urban household waste (Tong & al, 2018). As 

consequences, proportionally thus avoid a negative 

act. To provide a suistainable solution, in this study, 

we aim to propose a generic approach that can help 

the collection control operations in the case where 

the formal sector is dissociated from the informal 

sector. This contribution consists, first of all, in the 

presentation of conceptual approch. In the next, the 

technical approach as well as its resolution methods 

are presented in sections 3, 4 and 5.In order to 

position our study in relation to the literature, 

section 2 first presents a selection of research 

articles that focus on improving the reverse value 

chain in terms of contribution to legislation, 

collaboration, recovery process, recovery type, 

design and optimization technique. Subsequently, in 

section 6, a benchmarck on the collection of vehicle 

oils is investigated and detailed. 

1.1 Sustainable Waste added value proble 
To perform a reverse logistic network with 

systematic attention, the principal collection phase 

must be treated attentively (Lamber & al, 2011). 

During the conception phase, the multiplicity of 

viewpoints may pose a challenge when it comes, for 

example, to the product classification set, the 

treatment or elimination manners and, principally, 

willingness collaboration (Simpson, 2010). At the 

strategic level, the sustainable conception of the 

reverse supply chain must consider several pertinent 

parameters, were different issues of product 

valorization may be performed (Lu & Bostel, 2011) 

or more with rational disassembly paths (Hrouga, 

2016). In another way, regarding to energy 

consumption (Pourmohammadi & al, 2008 ans 

Chouinard & al, 2004) or carbon footprint 

evaluation of environmental emissions, it is possible 

to add measurable decisions into the global cost (Hu 

& al, 2016).   

1.2 Hazardous waste management situation   

Hazardous Waste Management has become a 

crucial concern for manufacturing industries during 

recent years in different countries. The control has 

come into being a huge challenge faced to Chinese 

environmental management (Duan & al, 2008). As 

the critical magnitude of specific hazardous wastes, 

we can refer to wastes plastic products in Turkey 

manufacturing industries (Öncel & al, 2017), or 
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focus on the considerable environmental and health 

damages due to the Aluminium dross and on 

indirect recycling approaches and recovery 

strategies (Mahinroosta & Allahverdi, 2018). Then, 

to improve the efficiency of the incineration 

process, a combative analysis was carried out 

between the incineration and disposal process in 

many European countries, on residual metals and 

mineral wastes (Iadarola & al, 2018). 

1.3 Hazardous waste management 

information, network design and 

collection 

In order to perform the collection chain, 

different methodologies for structuring the network 

design were investigated. In California (USA), an 

inspection review between 2004 and 2017 confirms 

that through the public education and environmental 

quality information, performances indicators to 

ensure the best management for collection and 

recycling household waste parameters can be 

ameliorated (Lim-Wavde & al, 2016). Otherwise, in 

Turkey, a study based on multi objective mixed 

integer location/routing aims to minimize 

transportation cost and risks for large-scale 

hazardous waste management systems (HWMSs) 

(Yilmaz & al, 2016). Similarly for different types of 

waste in Sweden, it is also possible to evaluate for 

municipal policy instruments. Many parameters 

such weight-based waste tariffs and special systems 

for the collection of food with regarding to the rate 

of collected volumes with food waste separately 

option are investigated (Andersson & Stage, 2018). 

At large scale of supply chains for different final 

consumption goods, sow by demand-driven input–

output attribution method, it will be possible to 

identify hazardous waste hotspots in UK (Court & 

al, 2015). Then, in south of Italy, the vehicle routing 

and scheduling problems for hazardous waste 

collection and disposal (under option of disposition 

time with the specification of road and waste) is 

optimally solved to trace the best planning of the 

fleet trucks (Dotoli & al, 2017). Moreover, with 

regard to the time windows and vehicles 

availability, an industrial multi objective hazardous 

waste location-routing problem is optimized by 

considering the incompatibility between some kinds 

of wastes and the incorporation way of routing 

decisions (Rabbani & al, 2018). 

1.4 Smart waste collection 

    In the context of the smart waste collection, 

hazardous waste tracking and investigation need to 

establish a real time monitoring information 

management platform for storing and transporting 

with RFID, GPRS and GIS technology (Huida & al, 

2012). Further GIS based visual analysis has 

yielded a solution to the allocation of waste bins 

(Bennekrouf & al, 2020) and with the help of 

support prediction analyses that can prescribe 

optimal truck for garbage truck (Ahmad & Kim, 

2020). Based on IOT (Intenet of Think), at 

operational level with taking felling level of bins, 

the daily collection management of waste with 

trucks and routes optimization is performed (Vu & 

al, 2020). 

2 CONTRIBUTION 

Input network planning of end of use oil requires 

a GIS, a Multi cluster location allocation 

optimization, and an efficient collection phase at the 

level of formal and informal initial collection 

points. For a large size of the waste collection 

network, the VRP is limited and the location- 

allocation clustering method is an ideal solution. In 

this context, we develop a various generic sub 

models for the routes VRP belonging to the 

planning of end-of-use oil collection. Firstly, the 

given support optimizes a tank fleet truck with 

respect to capacity constraints and to done a 

monthly collection calendar to visit formal end of 

use oil points. As results, our contribution is 

investigated in medium size due to real case of 

study, but it can be applied for any case with any 

size of collection center that serves various 

collection points. As contribution to reduce the new 

uncontrolled landfills, multi-grids GIS clustering 

method is developed and tested in a space that 

contains more than 52 informal pollutions points. 

Also, this contribution can be used for any case of 

strategic bins location and any case of waste with 

Multi-criteria decision analysis to ameliorate the 

adjustment points of localization. In summary, our 

contribution serves to present a sustainable support 

through the performance of the upstream network of 

hazardous waste collection or others wastes with the 

possibility to moving from basic logistic to 4.0 

logistic by adding the IOT system. 

3 PROBLEM DESCRIPTIONS 

In several cities of Africa, the lack of a simple 

methodology for waste management is slowing 

down a real launch of sustainable reverse supply 

chain with positive benefits for the environment and 

businesses. Unfortunately, in any industrial or 

commercial activity zone, the current objective of 

any waste operator is to get rid of it. Moreover, by 

looking at the reverse network structure, we notice 

that the indispensable entity called “collect point” 

exists but in two different forms. The first form is 

the formal collect point which is a part of an 

officially organization with a significant 

contribution for reverse first stage procurement 
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were the amount of unwanted streams is currently 

less than 50%. However, for the second form that is 

called “informal collect point”, it is certainly large 

in volume and is often marginalized due to a lack of 

motivation for collaboration. Worse than that, with 

regard to the hazardous wastes disposal process 

assigned to all informal entities, it takes on the 

ground the reverse way of cleanliness and 

sustainable development. To remedy this anarchic 

management of urban waste collection, we propose 

a specific waste collection approach and we 

consider the example of oils used by thermal motor 

vehicles. Our study was dedicated to hazardous 

waste lubricants given to the very harmful 

circumstances occurred from their bad elimination 

in the nature. Also, our study is not limited to this 

type of waste but can be generalized to other cases 

of modern waste collection in urban areas.  

 
Fig. 1 First level supply chain design & two 

steps of study 
As mentioned above, the studied network is 

composed of formal and informal collection points, 

where the polluting lubricant amount ranges from a 

few liters up to cubic meters. The first formal 

collect points are important, and their dispersions 

are located at the access of the cities with high fuel 

demand. Specifically, they are built inside the fuel 

stations. The volume of lubricant waste is 

equivalent to a cubic unit number; it is often less 

than ten cubic meters after each collection point 

visit. For the informal collection points, their 

distribution is important over all the 

agglomerations. They represent the emptying 

stations and garages for mechanical maintenance of 

vehicles. Given their large number, the quantity of 

waste used oils cannot reach one cubic meter per 

day.  

For all African countries such as Algeria, 

advanced treatment recovery technology of this 

typical waste is currently not acquired. The huge 

amount of waste lubricant is sold by export to 

external revaluation centers which are located in 

developed countries. As is explained in figure 1, our 

study is limited to the amelioration of the collection 

phase for a vehicle lubricant waste in which the 

physical stream is assigned from formal and 

informal first collect points to principal collect point 

for exportation via regional collection point. 

However, the collaboration progress between the 

main cited entities can give indirectly several 

advantages in favor of the environment. 

As mentioned above, we can classify our study 

in three parts. The first part consists in a tactical 

study which concerns a rooting truck organization 

to collect a lubricant waste. The second one is a 

strategic study that deals with a best localization of 

smart tank for their rapprochement to informal 

points. Then, finally, to perform the rule of each 

tank, it is possible to realize an embedded to know 

the filling level at each tank.  

The purpose of the first study is to reorganize 

vehicle tours. Compared to what is done in a 

decentralized way, where the collection is done 

after a phone call or by making a tour without 

planning after a long time, our contribution offers 

solutions with an integral vision. For many 

situations of distribution or collection by trucks, the 

visits‟ missions dimensioning is not adequate 

compared to various parameters. To reduce the CO2 

emission rate, the optimization of the number of 

vehicles, the rooting distance and the charging rate 

become a necessity. In addition, technically 

speaking, and in the case of Africa, powerful 

software and skilled operators are not always 

available to solve such large optimization problems. 

For this, we were inspired by the localization - 

allocation problems widely discussed in the 

literature review to develop a mixed mathematical 

programming model in integers (Farahani & al, 

2018). We have divided the vehicle rooting problem 

into two sub-problems I and II, thus allowing the 

simplification of its complexity. 

The sub-problem I gives a set of collection areas 

issue from a nearest formal collection points. 

Compared to a significant minimum load rate of the 

chosen class truck, it contributes during the mission 

to a reduction in Co2 emissions since the visits at 

low load rate of the truck are illuminated. To 

accomplish the collection of dangerous liquid 

waste, the traveling Salesman Problem (TSP) is to 

organize the passage of the appropriate truck by 

capacity to all formal points assigned through each 

area as explained in figure 2. For more details on 

the mathematical algorithm of subproblems I and II, 

below the 1st logistic study which gives 

respectively the first stage and the second stage 

modelization. 
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Fig. 2 Representation of waste collection problem for 

a considerable number of formal collection points  

 

4 PROBLEM FORMULATION 

4.1 First-stage: Formal collect point, zone 

establishment and their affectation to 

collection center 

The variable and parameters used in the 1st 

model are presented as:   

Index and sets 

 : index of formal collect point,       
 : index of the center of formal collect point,       
 : index of collect center,      

 : index of vehicle,      

Data 

Qi: amount of used vehicle oil collected per formal 

collect point i  

Capl: capacity of tank carried by vehicle l   

Ratel: the minimum filling rate to initiate collection 

by vehicle l   

Dist1ij: distance from formal collect point i and 

center of formal collect point j  

Dist2jk: distance from center of formal collect point 

j and the collect center k 

Decision variables 

      {
                                                

           
 

 

     {
                                                   

            
  

 

     {
                                      

            
  

 

     {
                              

            
 

 

Objective function and constraints can be 

defined as follow 

       (∑∑               

  

 ∑∑               

  

)              

 

The objective function (1) aims to optimize the 

choice of the formal center of collection points by 

looking at the total distance minimization. Also, it 

allows all collection points i belonging to the 

collection points center j to be assigned to the 

collection center k. 

∑                              

 

                                  

The equation (2) verifies that each formal 

collection point i is assigned to only one formal 

collect point center j. 

 

                           

                                                               
 

The condition (3) is complementary to condition 

(2) and forces the opening of a collection point 

center j to assign it a formal collection point i 

∑
                    

  
 

                                        

The condition (4) verify that each grouping of 

formal collect points assigned to the collection point 

center j must be affected to one collect center k 

∑
                    

                       
 

                                       

The equality (4) means that each grouping of 

formal collect points assigned to the collection point 

center j must have only one type of vehicle l to 

complete the phase of the collection tour 

∑             ∑    

 

 

 

                     

              

∑            ∑          

 

 

 

           

                                                      
The equations (6) and (7) verify the vehicle 

capacity to choose for collection operation with a 

respect to a minimal fill threshold. 

      {   }                                                (8) 

    {   }                                             (9) 

    {   }                                            (10) 

    {   }                                                (11) 

 

The mathematical identifications (8-11) are 

related to the binary nature of the decision 

variables. 
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4.2 Second-stage: Set of Traveling Salesman 

problem (TSP) formulation and 

optimization 

After defining the nodes of each set of formal 

collection point to be affected to central collection 

point in previous study, the layout of real road to 

take by truck is drawn. Next two approaches of 

solutions can be used; first give the exact solution 

of TSP based on the optimization of MILP (Mixed 

Integer Linear Problem) model were the number is 

less than 30 nodes. Were, this study use formulation 

of Dantzig as follow (Dantzing & al, 1959):  

Data 

 (T,N)  the set of travels truck T and nodes N 

defined in previous study   

N: number of the nodes for each truck travel T 

      : real distance between node i and node j 

 

Decision variables 

      {
                               

                                    
           

 

Complementary decision variable to eliminate 

the sub tours such as  

U i : rank of node to be visited  were U(1) is the 

principal center of collection,      {   } 
 

Objective function and constraints can be defined 

as follow 

       ∑∑                                       

  

 

∑                                                                                                                        

∑                        

 

                                 

        (     )                  

                                                             
 

      {   }                                          
The objective function (12) minimizes the global 

travel distance of truck T to visit all nods N, the 

constraints (13-14) mean that, there is only one 

outgoing arc and incoming arc for each selected 

node. Then the inequality (15) is related to verify 

the elimination of set of sub tours. Last constraint 

(16) notifies the binary decision variable. 

4.3 Third-stage: Localization of smart tank 

to serve the informal collect point 

To facilitate the reconciliation of garage owners 

who change engine oil for all types of vehicles, 

locating an intermediate drop-off point is very 

crucial. Indeed, an interview with people involved 

in transport, confirms that the oil change is done 

every week or every two weeks. On the other hand, 

they prefer to do the emptying individually or at 

undeclared garages and doing the work in the 

informal. So to present a durable solution, the 

location of reservoirs equipped with level sensors is 

very motivating. To manage the reduction of the 

search space of sites that present tank candidate 

localization points which coincide with nodes of a 

specific grid, a model of localization optimization is 

developed in this section. The variables and 

parameters used in the 3rd model are presented as: 

Index and sets 

   : index of informal collect point,       
  : index of informal clustering center,       
 

Data 

            : geometrical position of informal collect 

point     
            : geometrical position of candidate 

informal clustering center     
            : distance from formal collect point    to 

candidate clustering point     
REQ: condition of the maximum requirement 

distance to allow the assignment of informal 

collection point to a selected clustering center.   

 

Decision variables 

        {
                                               

                             
           

 

 

       {
                                          

                                   
           

 

 

Objective function and constraints: 

      ∑      

  

                                             

∑      
  

                                                       

                                                        

                                

                                                                      
       {   }                                                  

      {   }                                           (22) 

 

The objective function (17) minimizes the 

number of clustering center to be assigned to a set 

of informal collect point. The equation (18) requires 

that each informal collection point     must be 

assigned only to one clustering center   . The 

equality (19) ensures the location condition of 

clustering centre     before assigning it an informal 

collection point     The condition (20) verifies that 

the maximum requirement REQ of assignment is 

not exceeded. The last equations (21) and (22) are 

related to the nature of decision variables. 
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5 RESOLUTION APPROACHES 

5.1 Resolution approach for the first model 

(stage 1): 

For the resolution of the proposed mathematical 

model at this problem stage, we use an optimization 

solver in order to find the appropriate allocation of 

collect point and root zones establishment to their 

collection center. 

5.2 Resolution approach for the second model 

(stage 2):  

The aim of the second problematic is to solve the 

set of Traveling Salesman problem (TSP) in order 

to define the suitable scheme affectation and the 

best roads to pursue. Additionally, due to the 

complexity of our problem particularly when the 

number of collection points is so important, we 

adapt an optimization method based on Simulated 

Annealing (SA). For more detail about SA approach 

of resolution our previous work (Mekamcha & al, 

2019) explain it. 

6 RESULTS AND DISCUSSION 

To demonstrate the practical contribution of our 

study, we are interested in the organization of the 

waste management generated by the emptying of 

the engine oils at the department of Tlemcen in 

Algeria. As for regular points dedicated to the 

operating of emptying, we distinguish only two 

companies (Naftal and Total) that can manage the 

collection of lubricant waste. Initially, Naftal and 

Total distribute the lubricants to their customers but 

since the legislation of law for urbane hazardous 

waste collection, they were responsible for the 

collection. Despite all this initiatives, the report 

indicator of the collection compared to the delivery 

remains weak and does not exceed 40% annually. 

To correct this structure, we worked with the 

company Naftal which holds 80% of the lubricant 

market in Algeria. For the department of Tlemcen, 

we have identified 54 formal collection points 

which are essentially fuel and oil distribution. In 

order to organize this first phase, namely, the formal 

collection from 54 formal points equipped with 

waste oil storage tank towards the only center 

located in the municipality of  Remchi, we sought to 

find solutions to this two questions : what is the 

optimal number of tanker trucks and how in relation 

to this number the tours will be planned monthly ? 

Our approach to the archive and history 

departement allowed to use the annual liters average 

for 2014 to 2017 waste lubricants at each formal 

station. Then from monthly average data of used 

collected waste oils, it is possible to withdraw a 

significant decision. Using the model I, we give a 

strategic vision of the collection area per zone with 

the objectif to fix the cluster center by optimizing 

the calculation of distances as near as possible to 

cluster center. The optimality of the obtained 

decisions indicates that the number of trucks visit 

within the size of tanks have been reduced and can 

be performed by using the model II.  As results of 

this first organization, it may be possible to do one 

visit per formal collection point per month. The 

figure 3 represents a geographic synthesis of model 

I that is obtained by LINGO 12 solver. It concerns a 

geographic reconciliation of formal collection point 

grouped in 8 zones by respecting the capacity of 

truck tanks. 

Consequently, we deduce 8 zones of cluster 

formel collection points were each one must be 

visited monthly by a tanker truck of 6 m3 at its 

volume capacity. Respectively, the areas are 

therefore  C15, C25, C36, C41, C47, C51 and C54. 

The truck of 12 m3 volume capacity is charged to 

do the collection of waste oil for a cluster collection 

point C 17. Afterward, the model II is used to 

disaggregate each zone of cluster collection points 

in order to represent it in the form of a closed circuit 

whose principal center of the collection will be 

hung also to get the tour. As an advantage of this 

study compared to the study presented in model I, 

we will this time consider all the possible real travel 

paths between two points using Google Earth.  

To reduce the TSP problem complexity with 

multi paths  options, a  LINGO 12 is used for small 

size of collection points which is less then 15 

points. But in the case were the nombre of paths and 

the collection points is important, a metha-heuristic 

based on SA (simulated annealing) is tested and 

gives an acceptable result 

 

 Fig. 3 Formal collection point zone by cluster in 

Tlemcen departement 
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Fig. 4 Monthly visit of collection related to important 

rooting circuit C25 

 

 Fig. 5 Monthly visit of collection related to important 

rooting circuit C25 (Zoom of grouped red stars 

presented in figure 4) 

 

In Figures 4 and 5, we present the rooting of the 

circuit C25, that holds the most important number 

of collection points to visit. In addition, the anarchic 

missions are eliminated and replaced by a monthly 

visit of collection. In relation to the network 

structure, the sizing of the tanks dedicated to the 

storage is defined by respecting a monthly visit. 

    Among other things, for so-called informal 

collection points, their distribution is compact along 

all urban areas. Usually, they present the drain 

points, locations for mechanical maintenance and, 

with a less important factor, some people with a 

little bit of mechanical maintenance that do the oil 

change at home. But unfortunately, behind these 

actions of very frequent maintenances, the concern 

for the ecologists occupation is stengh neglected by 

man as welle as operators. Regarding the discharge 

place,  a questionnaire was sent to several informal 

collection points, where their answers were : nearly 

41 % refuse to answer  by saying anything, 32% do 

not respect the environment and eliminate oils 

through sewage, also close to 11% gives the 

lubricant free of charge to building construction 

organizations for use in the formwork of the 

reinforced concrete casting structure and the 

remaining 16% secretly eliminates it in isolated 

locations without thinking of its infiltration effect in 

the soil. However, their compelling response to this 

polluting approach is that there is no suitable venue. 

However, for most of the informal points that 

necessarily follow these polluting elimination 

operations, it is because there is no suitable place to 

facilitate the launch of the upstream point of the 

reverse logistics chain. For a visibility of 

reconciliation of the informal points, the use of the 

clustering approach proposed in model III is 

developped and implemented on the municipality of 

Tlemcen. Therefore, an analysis of the installation 

versus the number of smart tanks to be located is 

presented in Figure 6, based on a grid distance 

network space of 200 meters and a distance to serve 

each informal point that not exceed 1 km.  

On an area of 25 km2, we have made a census of 

50 regroupings as informal maintenance points 

which are represented by red bridges in the figure 6. 

To perform this coverage effectively, a grid 

application divides a study area in a set of      200m 

X 200m sub-areas. The optimisation of model 

related to the informal collection point location 

presented in section 3.1 shows 6 locations  

  

Fig.6  Location of 6 tank  for 25 km2 area related to 

Tlemcen city 

They are represented by the star symbol. It 

shows the best optimal location of 6 smart tanks 

taking into account each informal operator of 

mainteance oil vehicle change as well as travels less 

to 1 km to find a waste oil discharge point. The 

choice of tank will be 1000 L and 2000 L depending 

on the number of maintenance points to be 

assigned. Once the tank has reached a required 

threshold, the on-board sensor emits a signal to 

discharge it via a subcontracted vehicle to the main 

collection center. 

7 NOTATION 

In all urban agglomerations of the world, one 

notice the increasing evolution of the fleet of 

vehicles with thermal motors as (automobile, 
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motorcycle, truck, engine, ect ...). As a result, the 

amounts of waste from engine lubricants are 

increasing as well. Unfortunately, this increase in 

quantity with very dangerous characters for the 

environment can harm soil, air and drinking water if 

it is poorly managed. For example, the contact of a 

lubricant with the soil damages the fertility of the 

soil and then contaminates the rainwater which 

infiltrates thereafter into the water bodies. For the 

atmosphere, its elimination by the conventional 

incineration method results in huge amounts of CO 

and Co2 emission witch encouraging the 

phenomenon of greenhouse effect. Following this 

observation, our contribution in this work concerns 

the improvement of the reverse supply chain 

dedicated to waste lubricants at the upstream level. 

By following the quantitative and sustainable way, 

we studied the problem of oil waste collection 

generated from thermal engines. First, we have 

rearranged the planning of the vehicle rooting fleet 

with the respect to the fundament of operational 

research at the department of Tlemcen in Algeria. 

Next, to think of a strategic vision, we have 

proposed an approach to the localization of smart 

reservoirs through the clustering approach in order 

to favor the approach of  joint ownership between 

operator (small-collection point) and benefit 

(collection point). In order to improve the 

information system at the level of the first scale 

reverse supply chain, the knowledge of the real-time 

filling level of each tank is very essential for 

optimal collection. By using the engineering of both 

Internet of Things and Embedded Systems, we have 

making a microelectronic prototype to know remote 

fill rate oils in each smart tank. In addition to 

environmental interest, our study contributes 

economically by the optimal conception of the first 

level reverse supply chain dedicated to used oils 

collection. For future, our study can be exploited in 

several countries with the same situation as Algeria. 
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