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Abstract This paper addresses a roll-on roll-off waste collection vehicle routing problem which 
involves large containers that collect huge amounts of waste from construction sites and shopping 
malls. In this problem, vehicles could only move one container at a time between customers’ locations, 
a depot, a disposal center, and a recycling center site. Other than a disposal center, a recycling center 
site is also added to the collection network based on which 10 trip types are defined. The problem 
aims to determine the optimal routes for minimizing the total distance traveled by vehicles resulting in 
a decrease in service time and cost. An initial solution is first generated by a heuristic algorithm and 
then, a hybrid meta-heuristic solution involving simulated annealing (SA) algorithm and hybrid SA 
and the local search algorithm is proposed to tackle the problem. The data of the problem which is 
categorized into 12 classes are first generated randomly. Then, a straightforward solution 
representation is presented to encode the problem. The final generated results, the degree of their 
improvement and their computation time are compared with each other. Numerical results show the 
performance of our proposed algorithm. Finally, conclusion remarks and future research directions are 
provided. 
 
Keyword: Roll-on roll-off waste collection problem, Industrial wastes, Metaheuristic algorithm, 
Simulated annealing. 
 
 
1 Introduction 
 
Among the sanitation collection routing problems are three basic problems including 
residential pickup problem, the container pickup problem, and the roll-on roll-off vehicle 
routing problem (RRVRP). There is a need of service on the part of most streets in the 
underlying street network in the residential pickup problem [1]. In the residential waste 
collection problem which includes waste treatment for private homes, vehicles move along 
the streets to collect the waste accumulated by residential customers. Locations such as 
hospitals, schools, shopping centers, and so forth require service in the container pickup 
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problem. Each container is believed to have characteristics such as known volume, weight, 
service time, and possibly a time window. This problem can be categorized as a Point-to-
Point Vehicle Routing Problem (VRP). The large trailers located at downtown areas, 
shopping centers, construction sites, and other critical locations require service in the RRVR. 
The trailers are moved between the locations where they are positioned and the disposal 
center by tractors. At the disposal center, full trailers are detached and empty trailers are 
attached to tractors. It is supposed to be an unlimited number of empty trailers at the disposal 
center. A tractor can only move one trailer at a time due to the size and weight limitations of 
the trailer. The complete servicing of a trailer by a tractor is called a trip. Each demand on the 
part of a customer has a required trip type. The movement of each trip can be preset. The 
service time of a trip is calculated by adding up the container loading/unloading time and 
traveling time between nodes. In previous research studies, by assigning a disposal site, and a 
depot and a number of customers, 4 types of trips have been defined. In the current study, by 
assigning a recycling center for recyclable wastes, the model has been extended and 10 trips 
have been defined for making the model more realistic. The objective function in this model 
is to decrease the service time of tractors and to find the optimal or rational routes. Using a 
heuristic algorithm, first, an initial solution is generated which is then, improved using SA 
and hybrid SA meta-heuristic algorithms.  

The rest of the paper is organized as follows: a related literature for waste collection 
problems is reviewed in section 2. Section 3 defines the presented problem and all trip types 
are introduced in this section. A methodology for tackling the problem is described in Section 
4. Some experiments are conducted in Section 5 and the results obtained by proposed 
algorithms are compared with each other. Finally, conclusion remarks and future research 
directions are provided in Section 6. 
 
 
2 Review of the Related Literature  
 
A waste collection problem was defined as a vehicle routing problem application by Golden 
et al. [2]. Residential, commercial, and RRVRP are three categories of waste management 
problems. In the residential waste collection problem, in order to collect the waste gathered 
from residential areas, vehicles move along streets. Therefore, the routing problem can be 
considered as an arc routing problem. Residential problems have been studied by Eisenstein 
and Iyer [3], Tung and Pinnoi [4], Bonomo et al. [5], and others. In the commercial waste 
collection problem, there are customers such as small office buildings, restaurants, and other 
commercial areas that throw garbage into containers found in customer locations. The garbage 
is then collected by vehicles. A dynamic algorithm for the residential waste collection 
problem was suggested by Eisenstein and Iyer [3]. They used stochastic models to address the 
uncertainty of amounts of garbage and service time. Some mathematical models and a 
heuristic method were presented by Tung and Pinnoi [4] for the residential waste collection 
problem. These models were later applied to actual problems, which led to more efficient 
routes. The residential waste collection problem was transformed by Bonomo et al. [5] into a 
traveling salesman problem. Then a case study was conducted for the southern area of Buenos 
Aires by applying the proposed method. Furthermore, solution methods have been developed 
for commercial problems by Kulcar [6], Arribas et al. [7], Sahoo et al. [8], Kim et al. [9], 
Benjamin and Beasley [10], among others. Although a number of studies have been 
conducted on residential and commercial waste collection problems, only a few studies have 
paid attention to RR-VRPs. To optimize the logistics network for the collection of containers 
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from vehicle dismantlers in the Netherlands, Baldaci et al. [11] presented a case study. A two-
step heuristic method was proposed which involved the generation of a large number of 
candidate routes, from which a combination could be selected. A case study for bulky 
recyclable waste collection was conducted by Bnomo [5]. RRVRP concerns the waste 
treatment for construction sites, downtown areas, and large shopping centers that dispose 
considerable amounts of garbage into large containers. The problem somehow resembles the 
full truck load vehicle routing problem since customers require large container-level services 
and vehicles can only move one container at a time. However, the problem is more complex 
than a usual full-truck load tractor routing problem because different service types for 
customer demands and dumping operations are required. RRVRP is sometimes called a skip 
collection.  
 
Table 1 Types of Waste Collection Vehicle Routing Problems 

Classification Type of waste Type of bin Location Type of problem 
Residential Household waste Bins Street Arc routing problem 
Commercial Commercial waste Large containers Commercial Node routing problem 

Roll-on-roll-off Construction wastes Large trailers or 
containers Construction sites Node routing and bin 

packing 
 
A mathematical model is proposed by De Meulemeester et al. [12]. In this model, they 
combine an exact enumerative algorithm, and offer two heuristics to solve a complex routing 
problem related to the collection and delivery of skips. The model proposed by De 
Meulemeester et al. [12] proves to be efficient to solve the routing problem by computational 
results on the case of a skip rental firm in Belgium. Golden et al. [2] propose that roll-on-roll-
off problems involve the pickup, transportation, unloading and drop-off of large trailers (or 
containers) usually located at construction sites. The roll-on roll-off Vehicle Routing Problem 
(RRVRP) is defined by Bodin et al. [13], then a mathematical programming formulation of 
the RRVRP with four different heuristic algorithms is used to solve this problem, and 
computational results are discussed. Some recommendations for further research are also 
given. An exact method based on a bounding procedure is described by Baldacci et al. [11]. 
In the exact method, it is tried to solve a time-constrained vehicle routing problem on a multi-
graph (TVPR-MG). The problem is then modeled by multiple inventory locations rollon– 
roll-off vehicle routing problem (M-RRVRP). In comparison with the procedure of solving 
M-RPVRP proposed by Fukasawa et al. [14], procedure proposed by Baldacci et al. [11] is 10 
times faster according to computational results. A hybrid meta-heuristic method is also 
proposed by Wy and Kim [15] to solve the roll-on roll-off vehicle routing problem. 
 

 
Fig. 1 Relevant papers about roll-on-roll-off Waste Collection 
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3 Statement of the Problem  
 
The roll-on roll-off vehicle routing problem (RRVRP) can be defined on a graph G = (V, A), 
where V is the vertex set representing the depot (located at vertex v0), the disposal center 
(located at vertex vd) and the locations which should be visited (set T= {1;,2, . . . , n}) in 
which n denotes trips to be scheduled. A travel time, tij corresponds to each arc (i, j) of the arc 
set A. Each trip i can be represented by the following movement vector: Mi = (si, vi1, vi2, . . . , 
viki, ei) in which  si is the start location of trip i, vi1, vi2,. . . viki are the intermediate locations 
in order to be visited on trip i, and ei is the destination of trip i. 

Having a start and an end location is obligatory for a trip, but it might not have any 
intermediate locations. The movement vector is specified in advance for each trip and 
represents a continuous amount of uninterrupted work assigned to a tractor. 

Minimizing the total travel time of the vehicles needed to service all of the trips requiring 
service is the primary objective of the problem. Minimizing total travel time can result in 
minimizing the daily vehicle operating cost that is paid in providing the desired service. 
Minimizing the number of vehicles (or capital cost) needed to provide the desired service is 
the secondary objective of the problem. In the algorithms developed in this paper, the number 
of tractors can be specified in advance and a solution can be found that reduces total travel 
time or the number of vehicles needed for servicing. The workday length for each tractor is 
limited to be no greater than a specified upper bound, L. No vehicle capacity is specified, 
because the vehicle can only move one trailer at a time. 

In the RRVRP model, a recycling center is added for recyclable wastes. In the models 
existing in the literature, only one disposal site was appointed and nothing has been said about 
the separating the recyclable wastes from non-recyclable wastes. However, in the model 
proposed in this article, two landfills, one for recyclable wastes and one for non-recyclable 
wastes, are considered. Therefore, in the travel graph, another node as the center for recycling 
the waste (indicated by RE) is added. Meanwhile, the types of trips change by adding this 
node. In the model proposed in [13], 4 types of trips are defined, while in this paper, 10 types 
of trips have been defined where every customer could demand any trip type. It is worthwhile 
to mention that in each customer demand; the wastes can be of the recyclable or non-
recyclable types or both of them. The types of container trips change based on the type of the 
wastes. In this model, the tractors can travel in 4 different ways: (1) without a container: this 
is not profitable and it is an obligation for logistic models (2) with an empty container (3) 
with a filled container (4) with a half-filled container. In this model, it is supposed that the 
container can be stored in both disposal center and recycling center. The objective of the 
problem is to minimize the distance traveled by all tractors and minimize the whole service 
time. Furthermore, in this model, the number of vehicles is specified in advance, however, 
some of the vehicles might not be used in optimal solution. Consequently, the number of 
vehicles is reduced to an optimal number. 
 
3.1 Each Trip Type Specifications 
 
10 types of trips are defined for the RRVRP. Let Ti be the set of trips associated with trip type 
i, where 𝑖 ∈ {1,2,3,4,5,6,11,12,21,22}  and let 𝑇 = 𝑇1 ∪ 𝑇2 ∪ 𝑇3 ∪ 𝑇4 ∪ 𝑇5 ∪ 𝑇6 ∪ 𝑇11 ∪ 𝑇12 ∪
𝑇21 ∪ 𝑇22  be the set of all trips. These trip types can be described as follows: 
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Trip type1. A tractor moves a full container from the customer’s location to the recycle 
center, empties the recyclable wastes, then goes to the disposal center and empties remainder 
wastes and then returns empty container to the customer’s location (Figure 2). 

 

    
                                                                       

                                            
Fig. 2 Schematic figure for trip type 1 

 
Trip type 2. A tractor delivers an empty container to the customer, brings a full one from the 
customer’s location to the recycling center, recyclable wastes are unloaded, and then the 
tractor goes to the disposal center and empties remainder wastes. Finally, the emptied 
container is then stored at the disposal center (Figure 3). 

 

 
 
Fig. 3 Schematic figure for trip type 2 

 
Trip type 11. A tractor moves a full container from the customer location to the recycling 
center, empties the recyclable wastes and then returns it to the customer’s location (Figure 5). 
Trip type 12. A tractor moves a full container from the customer’s location to the disposal 
center, empties the non-recyclable wastes and then returns it to the customer’s location 
(Figure 4). 
Trip type 21. A tractor delivers an empty container to the customer, brings a full one from 
the customer’s location to the recycling center, then empties recyclable wastes and. Finally, 
the emptied container is then stored at the recycling center (Figure 5). 
Trip type 22. A tractor delivers an empty container to the customer and brings a full one from 
the customer’s location to the disposal center. The tractor empties the non-recyclable wastes 
and the emptied container is then stored at the disposal center (Figure 4). 
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Fig. 4 Schematic figure for trips type 12 and 22 
 

 

 
 

Fig. 5 Schematic figure for trips type 3, 4, 5, and 6 
  

Trip type 3. A tractor brings an empty container to the customer from disposal center (Figure 
6). 
Trip type 4. A tractor obtains a full container from a customer’s location and transfers it to 
the disposal center (Figure 6). 
Trip type 5. A tractor brings an empty container to the customer from recycling center 
(Figure 6) 
Trip type 6. A tractor obtains a full container from a customer’s location and transfers it to 
the recycling center (Figure6). 
 

 
                                              

 Fig. 6 Schematic figure for trips type 11 and 21 
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3.2 The RRVRP as an Asymmetric Vehicle Routing Problem 
 
The RRVRP can be viewed as an Asymmetric Vehicle Routing Problem (AVRP) in the 
following way. Define a complete, directed graph H = (X, B), where X ={0, 1, 2, . . . , n} is the 
set of nodes. Node 0 demonstrates the depot and node i (𝑖 ∈ {1,2, … ,𝑛} ) denote the trips to be 
serviced. Each arc (𝑖, 𝑗) ∈ 𝐵 represents the joining of trip j after trip i on a route in which if i 
= 0, it shows the joining of the depot to the trip j at the beginning of a route, and j =0 shows 
the joining of node i to the depot at the end of the route. The service time di on node i is the 
service time for the appropriate trip type for trip i as explained in previous subsection.  It is 
assumed that d0 = 0. The routes formed by the AVRP service all of the nodes i in X. 
Minimizing the total travel time of the vehicles is the primary objective of the AVRP. 
Minimizing the number of tractors needed to perform the service is a secondary objective of 
the AVRP. The duration of each route is no longer than L with each route beginning and 
ending at the depot. Table 2 summarizes the attributes of each trip type. In this Table, D 
denotes disposal site, recycling center is represented by R , C shows customer and ,distance is 
denoted by d.  
 
Table 2 Attributes of each trip 

 
Service type Identification number Start point of trip End point of trip Corresponding figure 

CRDC 1 Customer Customer 2 
DCRD 2 Disposal site Disposal site 3 
CRC 11 Customer Customer 5 
CDC 12 Customer Customer 4 
RCR 21 Recycling center Recycling center 5 
DCD 22 Disposal site Disposal site 4 
DC 3 Disposal site Customer 6 
CD 4 Customer Disposal site 6 
RC 5 Recycling center Customer 6 
CR 6 Customer Recycling center 6 

 
 
4 Method 
 
According to the NP-hard nature of the problem [17-19], we use metaheuristic algorithm to 
solve it. The present study introduced a hybrid metaheuristic approach to solve the RRVRP 
with recycling center, which consists of a construction algorithm and several improvement 
algorithms. The construction algorithm is a heuristic algorithm that generates an initial 
solution for RRVRP with available recycling center. Algorithm 1 demonstrates the steps of 
the proposed algorithm for solving the problem.  
 
 
4.1 Construction algorithm 
 
Suppose that there are n customers and m available vehicles in the problem. Customers are 
represented by numbers from 1 to n and vehicles are represented by n+l to m+n. Then, a 
chromosome including the permutation of numbers from 1 to m+n is generated, randomly. 
The numbers greater than n+1 are representative for vehicles which are assigned to the 
previous numbers which are less than n or equal to n (step 1). The algorithm is continued until 
there are no customers to be assigned to vehicles (step 2).  The total travel distance of each 
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vehicle is calculated based on the number of the customers assigned. How the travel distance 
is going to be calculated depends on the type of the customer service as before explained? For 
instance, if the customer service is trip type 1, the vehicle should travel the distance between 
the current location and the customer. After getting the container from the customer, it should 
travel the distance between the customer and recycling center, and then the distance between 
the recycling center and the disposal site. Finally, after traveling the distance between 
disposal site and the customer, it returns the container to the customer’s location. Algorithm 2 
summarizes the proposed approach to generate initial solution. In this algorithm, D denotes 
disposal site, recycling center is represented by R, C shows customer and, distance is denoted 
by d. 
 
Algorithm 1 Framework of proposed algorithm 

1-give parameters: 
                        n=number of tractors 
                        m=number of customers 
2-generate an initial solution by the construction algorithm of section (4-1) and set 
                  Current solution=the initial solution 
3-improve the current solution by SA algorithm of section (4-2) and set 
                    Current solution=SA improve solution 
4-improve the current solution by local search algorithm (2 opt) of section (4-3) 
5=if local search improve solution was better than current solution set: 
                       Current solution=local improvement solution 
6-stop the algorithm 

 
Algorithm 2 Construction algorithm 

1-Generate a permutation by numbers from 1 to m+n, randomly 
2-Set the initial location of the vehicle to depot, Initial location=depot 
3-Set x to the vehicle with the smallest allocated number 
4-If there is a vehicle to assign, go to Step 5, or else go to Step 8 
5-If there is a customer requiring service from vehicle x, go to Step 6,  or else go to Step 7 
6-1-If the trip type set for the customer assigned to vehicle x is of type 1: Vehicle new 
coordinate=customer coordinate   then calculate f value as follows:  f=f+d (vehicle new 
location and C)+d (C and R)+d (R and D)+d (D and  C) 
6-2- If the trip type set for the customer assigned to vehicle x is of type 2: new coordinate= D                      
f=f+d(vehicle new location and D)+d(D and C)+d(C and R)+d(R and  D) 
6-3- If the trip type set for the customer assigned to vehicle x is of type 11: new coordinate=C                  
f=f+d(vehicle new location and C)+2*d(C and R)   
6-4 - If the trip type set for the customer assigned to vehicle x is of type 12: new 
coordinate=C                   f=f+d(vehicle new location and C)+2*d(C and D)   
6-5- If the trip type set for the customer assigned to vehicle x is of type 21 : new 
coordinate=R                   f=f+d(vehicle new location and R)+2*d(C and R)   
6-6- If the trip type set for the customer assigned to vehicle x is of type 22: new coordinate=D                       
f=f+d(vehicle new location and D)+2*d(C and D)   
6-7 - If the trip type set for the customer assigned to vehicle x is of type 3: new coordinate=C                        
f=f+d(vehicle new location and D)+ d(C and D)   
6-8-If the trip type set for the customer assigned to vehicle x is of type 4: : new coordinate=D   
f=f+d(vehicle new location and C)+ d(C and D)  
6-9- If the trip type set for the customer assigned to vehicle x is of type 5: new coordinate=C 
f=f+d(vehicle new location and R)+ d(C and R) 
6-10- If the trip type set for the customer assigned to vehicle x is of type 6: new coordinate=R 
f=f+d(vehicle new location and C)+ d(C and R) 
7-new coordinate=depot   and   x=x+1 
8- return f value 
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4.2 Simulated Annealing 
 
Simulated annealing (SA) is a random-search technique which utilizes an analogy between 
the way in which a metal cools and in which it freezes into a minimum energy crystalline 
structure (the annealing process) and the search for a minimum in a more general system; it 
forms the basis of an optimization technique for combinatorial and other problems. 
 
Algorithm 3 SA pseudo code 

Input: Cooling schedule. 
s = s0 ; Generation of the initial solution  
T = Tmax ; Starting temperature  
Repeat 
Repeat at a fixed temperature  
Generate a random neighbor s′ ; 
∆E = f (s′) − f (s) ; 
If ∆E ≤ 0 Then s = s′  Accept the neighbor solution  
Else Accept s′ with a probability exp(- ∆E /T) 
Until Equilibrium condition 
e.g. a given number of iterations executed at each temperature T  
T = g (T ) ; Temperature update  
Until Stopping criteria satisfied e.g. T < Tmin 
Output : best solution found 

 
 
4.3 Local Search Algorithm 
 
The solutions generated are improved by using local search improvement algorithms 
presented in Algorithm 4 [20]. This procedure recurs while an improvement is sought in inter-
route and intra-route methods. In the exchange improvement algorithm “m–n”, there is an 
exchange between m stops from a route and n stops from another route. If the exchange 
proves to be useful for improving the quality of the solution, it will be accepted [21]. 
 
Algorithm 4 Local search improvement procedure 

1-  s = s0 ;  Generate an initial solution s0 
           While not Termination Criterion Do 
2- Generate (N(s)) ; Generation of candidate neighbors 
           If there is no better neighbor, Then Stop; 
3- s = s′ ; Select a better neighbor s′ ∈ N(s) 
        Endwhile 
Output: final local optima 

 
Following is a small-sized example for the problem proposed in this paper. It is supposed that 
there are three customers and two vehicles. First, an initial solution is generated randomly as 
the matrix [2,4,3,1,5] in which the first tractor (i.e. the tractor is shown by number 4) services 
Customer 2 and Tractor 5 first services Customer 3 and then Customer 1. The total travel 
distance as calculated by construction algorithm for this generated solution is 300. 
Subsequently, by using 2-OP improvement method other solutions are generated which are 
presented in Table 3, respectively. Coordinate of each node is summarized as follows:  

Customer1= [10,20], Customer2=[10,30] ,  Customer3=[20,30] , Depot=[50,50] ,disposal 
site=[15,20] , and   recycling center=[20,30]. 
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Table 3 Illustrative example for generating a solution and improving it 
Chromosome Exchange points Objective function value 

2-4-3-1-5 2 and 4 300 
4-2-3-1-5 2 and 3 260 
4-3-2-1-5 No exchange 240 

 
 
5 Experimental Results 
 
To test efficiency of the proposed algorithm, random data is used. The test problems are 
categorized into four different sizes and each size includes three classes resulting in 12 states. 
Size 1 has 20 customers and 3 vehicles, Size 2 has 35 customers and 4 vehicles, Size 3 has 50 
customers and 6 vehicles, Size 4 has 75 customers and 8 vehicles. Coordinates of the 
customer locations, depots and disposal sites are randomly placed in a 100*100 square.  
 
Table 4 Characteristics of each generated test problem 

Number of 
customers class 

Number of each trip type 
Type

1 
Type

2 
Type1

1 
Type1

2 
Type2

1 
Type2

2 
Type

3 
Type

4 
Type

5 
Type

6 

20 
A 8 8 - - - - 1 1 1 1 
B   4 4 4 4 1 1 1 1 
C 3 3 3 3 2 2 1 1 1 1 

35 
A 13 13     2 2 2 3 
B   8 8 7 7 1 1 1 2 
C 6 6 6 6 3 3 1 1 2 1 

50 
A 19 19     3 3 3 3 
B   10 10 9 9 3 3 3 3 
C 8 6 6 6 6 6 3 3 3 3 

75 
A 25 25     7 6 6 6 
B   20 20 14 14 2 1 2 2 
C 10 10 10 10 7 7 6 5 5 5 

 
 
Construction algorithm, SA algorithm and hybrid Local search and SA algorithm were 
programmed in MATLAB software. For all 12 states, the software was run 30 times and the 
maximum and minimum values found along with the best solution found in SA and hybrid 
SA algorithms are presented in Table 5. Figures 7 and 8 demonstrate convergence 
performance of SA and hybrid SA, respectively.  Horizontal axis represents number of 
iteration and the vertical axis shows cost function. 

According to Table 5, case (1) shows the initial solution generated by construction 
algorithm. Case (2) uses SA improvement algorithm (where First Temperature is considered 
1000, Final Temperature is 1, and iteration is50). The program which is written in MATLAB 
is run for 30 times to obtain the maximum and minimum values. The average calculation time 
is also obtained. Case 3 uses SA algorithm in which the First Temperature is 100, the Final 
Temperature is 1, and iteration is considered 10.  In case 4, the solution found in case 3 is 
improved using Local Search algorithm. 
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 Fig. 7 The Result of SA algorithm for test problem 50A 

 
 Fig. 8  The Result of SA+local algorithm for test problem 50A 
 
 
Table 5 Obtained results by solving test problems 

 
Used vehicle Improvement (Case 4) 

SA+LOCAL 
(Case 3) 

SA 
 

(CASE2)SA Case 1 

 
final 

 
Initial 

 

 
(c-b)/c*100 

 
(a-c)/a*100 

 
(a-b)/a*100 

 

Cpu 
time 
(s) 

 
OFV 
(C) 

 
OFV 

 

Cpu 
time 
(s) 

 
OFV 
(b) 

Initial 
solution(a) 

 

      MIN MAX min max  min max   
2 3 0.5 21.0 21.4 8 3283 3304 3322 3352 12 3265 3287 4181 20A 
2 3 0.7 16.4 17.0 6 2986 2993 3018 3024 10 2953 2972 3579 20B 
2 3 0.6 26.3 26.7 6 2818 2856 2823 2867 11 2802 2839 3875 20C 
3 4 1.9 18.9 20.5 12 5742 5763 5758 5793 18 5624 5654 7108 35A 
3 4 1.0 19.4 20.1 10 5419 5447 5444 5462 15 5383 5395 6754 35B 
4 4 0.6 22.9 23.4 10 5752 5763 5766 5783 15 5704 5729 7476 35C 
5 6 3.9 18.7 21.8 14 8054 8073 8084 8098 21 7731 7758 9926 50A 
6 6 5.2 20.0 24.2 13 7305 7321 7356 7369 20 6923 6938 9149 50B 
5 6 5.1 15.6 19.9 13 7589 7607 7603 7632 20 7203 7220 9018 50C 
7 8 5.8 18.4 23.1 21 10904 11172 10919 11203 28 10449 10526 13687 75A 
6 8 2.8 21.0 23.2 18 10421 10462 10441 10483 25 10152 10172 13238 75B 
7 8 1.8 21.4 22.8 18 10613 10623 10642 10673 25 10403 10432 13520 75C 

 
According to Table 5, case (1) shows the initial solution generated by construction algorithm. 
Case (2) uses SA improvement algorithm (where First Temperature is considered 1000, Final 
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Temperature is 1, and iteration is50). The program which is written in MATLAB is run for 30 
times to obtain the maximum and minimum values. The average calculation time is also 
obtained. Case 3 uses SA algorithm in which the First Temperature is 100, the Final 
Temperature is 1, and iteration is considered 10.  In case 4, the solution found in case 3 is 
improved using Local Search algorithm. 
 
 
6 Conclusions 
 
The present study introduced the RRVRP-RS problem which is an extended form of the 
previous models for the roll on-roll off waste collection problem. In this model, a recycling 
center was added along with disposal site. According to the new network, 10 trip types were 
defined. In spite of the previous studies, all types of garbage were taken to a compatible 
landfill and separating different types of garbage was taken into consideration. This study 
proposed a hybrid meta-heuristic approach involving the hybrid SA and Local Search 
Algorithm. Using the above-mentioned algorithms, the best route for vehicles is determined. 
The obtained result showed that the hybridization of the algorithms results in a decrease in 
service time and cost. The algorithms are compared to each other in terms of best solution 
they could find and computational time. Due to its strategic nature of the proposed problem, it 
is rational to spend more time to find a better solution. Hybrid SA reduced transportation 
distance and time causing a significant reduction in cost. For example, this reduction in the 
distance could result in fuel and labor cost reduction. By comparing the ways to improve SA 
algorithm (with First Temperature 1000, Final Temperature 1, and iteration=50) we can find 
out that allowing to SA algorithm to run more time than hybrid SA and local search algorithm 
(First Temperature=100, Final Temperature=, and iteration=10) can yield to better results. For 
future researchers direction, we can suggest adding more than one recycling and disposal 
centers to the proposed network. Also, a heterogeneous fleet of vehicles could be applied, 
which are different with each other in traveling time, fixed and variable cost. 
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