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Abstract 
 
Many of the manufacturing companies tend to outsource their logistic activities to third party logistics (3PL) providers 
due to numerous benefits they could obtain. Since 3PL providers provide their distribution services for multiple clients 
at the same time, managing these activities properly with an optimized cost is challenging for them. So, they are much 
interested in minimizing the distribution cost which will ultimately benefit the 3PL provider, and thereby the client as 
well. Shipment consolidation is one of the best and effective cost reduction strategies which could be followed by the 
3PL firms, when distributing goods of multiple clients. Vehicle Routing Problem (VRP) which is a well-discussed 
problem in the literature can be applied here since it is beneficial for the 3PL providers to find the optimal routes to 
distribute the goods from the central 3PL Distribution Center (DC), while consolidating shipments of multiple clients. 
Therefore, this literature survey has been carried out to analyze the solution approaches, used in the literature related 
to VRP and shipment consolidation such that it would help in future research in developing a model to optimize the 
distribution in a 3PL DC by consolidating shipments of multiple clients. The results of the study have shown that most 
of the referred papers have used metaheuristic algorithms in solving their models and when the number of nodes are 
larger, it is suitable to use metaheuristic algorithms. Therefore, it can be concluded that a metaheuristic algorithm 
would be appropriate when developing a model to optimize the distribution in a 3PL DC by consolidating shipments 
of multiple clients.  
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1. Introduction  
 
Vehicle Routing Problem is one of the most discussed problems found in the literature in the field of Operations 
Research, where the objective is to find the optimal design of routes, in order to serve a set of geographically dispersed 
customers by a fleet of vehicles. It has gained a lot of attention among the researchers for the last few decades due to 
its complexity, and since it contains many variants and extensions by adding different constraints to the problem. Few 
of such variants are Capacitated Vehicle Routing Problem (CVRP) where the capacity of the vehicles is imposed as a 
constraint, Vehicle Routing Problem with Time Windows (VRPTW) where the customer must be served within a 
specific time interval. A lot of attention to research work has been paid for VRP and several techniques on exact 
methods and the heuristic and metaheuristic algorithms have been proposed and developed in solving the VRP. 
(Ibrahim et al., 2019). Third-party logistics providers (3PLs) are a team who are excelled in handling the logistics 
activities such as warehousing, distribution on behalf of the manufacturing companies. Most of these manufacturing 
companies tend to outsource their logistic activities to 3PL providers, due to the numerous benefits they could obtain 
namely, they could focus on their core business activities, cost burden could be alleviated. Since the distribution of 
goods of their multiple clients in a 3PL Distribution Centre (DC) is handled by the 3PL providers, they are much 
interested in minimizing the distribution cost which will ultimately benefit the 3PL provider and thereby the client as 
well. 
Since 3PL service providers provide their distribution services for multiple clients at the same time, managing these 
activities properly with an optimized cost is challenging for them. Scheduling the vehicles and planning the routes is 
an important part of the process of reducing distribution costs. According to Hanbazazah, Abril, et al. (2019), one 
effective cost reduction strategy that has been used by 3PL companies is freight consolidation. By consolidating goods 
of multiple clients sent to the same region and distributing them together, 3PL providers could gain not only the benefit 
of cost reduction but also could reduce the impact on the environment since CO2 emission will be less. Ghaffari-Nasab 
et al. (2015) states that the application of consolidation by 3PL companies is a new research area and deserves more 
attention. 

Therefore, this study has been carried out with the objective of analyzing the solution approaches used in the literature 
related to VRP and shipment consolidation such that it would help in future research in developing a model to optimize 
the distribution in a 3PL DC by consolidating shipments of multiple clients. The approaches such as exact 
optimization, heuristic or metaheuristic algorithms used to obtain solutions in the literature have been discussed in 
this study. The findings of this study will help future research to consider suitable approaches when solving a model 
developed to optimize the distribution in a 3PL DC by consolidating shipments of multiple clients.  

The rest of this paper is structured as follows. Section 2 provides the methodology used in the study followed by the 
results obtained from the literature survey in section 3, analysis of the solution approaches and discussion in section 
4 and the paper concludes with the conclusion given in section 5. 

2. Methodology 
 
The systematic literature review was based on the content analysis to the shipment consolidation of multiple clients 
in a 3PL DC and the vehicle routing to optimize the distribution. Thus, the articles related to shipment consolidation 
and VRP have been selected from different academic databases like Science Direct, Research gate, Google Scholar. 
From the initial web search using the selected keywords in the study area, articles published very recently, after 2010 
has been filtered. 39 articles were selected for the analysis from the final review. The flow diagram of the methodology 
could be summarized as in the Figure 1. 

An analysis was then carried out based on the solution approaches used in the past literature which includes exact 
optimization, heuristic and metaheuristic algorithms. Computational time required for different algorithms and the 
number of nodes used for analysis in those studies were taken into consideration when doing this study. Further, some 
existing gaps in the literature related to this problem is highlighted in the study which will be elaborated later. 
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Figure 1. Flow diagram of the methodology 

 
3. Results obtained from the Literature Review 

 
3.1 Shipment Consolidation 

 
A study was conducted on logistics network design problems to minimize the total logistics costs for the network 
while establishing consolidation hubs where the shipments are collected from several suppliers, consolidate them and 
direct them to the appropriate manufacturing plants. An integer linear optimization model has been formulated and 
the study further illustrates solving it using Lagrangian relaxation algorithm. (Cheong et al., 2007)  
The study was conducted by (Birim, 2016) on VRP with Cross-Docking where the goods from several suppliers are 
consolidated in a cross-docking and distributed to customers considering their demands. In this problem, the authors 
have considered a heterogeneous fleet of vehicles. In Cross Docking goods from an inbound carrier are transferred to 
an outbound carrier where the goods are not stored in the warehouse. So, the inventory holding role is eliminated and 
at the same time products can be classified according to demand patterns and loaded to delivery vehicles.  This has 
been conducted in two parts where the first goods are taken from the suppliers and delivered to the cross-dock where 
they are consolidated for the delivery. Second consolidated products are delivered to the customers based on the 
demands. The mathematical model formulated in the study has the objective to minimize the total transportation costs 
and the fixed costs of the vehicles. Since the authors have considered the two instances as picking up from suppliers 
and delivering to customers, the constraints have been developed on considering the vehicle capacities, successive 
move of vehicles and so on. A simulated annealing algorithm, which is a metaheuristic has been proposed to solve 
this problem and it had shown solutions that are reasonable in terms of computational time and best cost values. The 
study further suggests that split deliveries, multiple products, and time horizon may also be adapted to the model.  
The study conducted by (Ma et al., 2016) on optimizing the container size and consolidating shipments which improve 
the carbon efficiency has suggested two models to minimize carbon emission. First, the authors have suggested a 
model for the Container Size Optimization (CSO) problem that minimizes the carbon emission by considering the 
selection of ideal sizes of containers for the shipment volume and determines the optimal number of containers that 
satisfies the shipment volume. As the second model, consolidation of shipments within a country (CSC) is proposed 
and thereby minimizes the overall carbon emission. It has been implemented using AIMMS and has been validated 
using a real-world dataset. Further research has been suggested by adding real-world considerations such as production 
schedules, trucking costs and constraints to be considered when consolidating shipments.  
The study conducted by (Simoni et al., 2017) has considered locating urban consolidation centers (UCCs) where 
deliveries from logistic companies are dropped off, sorted, and consolidated into smaller vehicles. This leads to 
advantages such as more environmentally friendly vehicles than trucks could be used, decreased amount of traffic in 
the urban areas. The model has been formulated as a mixed integer linear program(MILP) where the decision variables 
used were, whether to use a facility or not, the number of certain vehicle types to be used, characterized by different 
capacities, speeds, costs and emissions and the routes to be taken to serve all customers. The model has been divided 
into two sub-models to solve the location and vehicle routing components separately where the first model ensures 
the best configuration of UCCs and the customers assigned to each UCC. The second model which has vehicle routing 
components has been treated to identify the best routes and vehicles to serve the customers from the facilities identified 
from the first model. Genetic Algorithm (GA) which is a metaheuristic technique has been adopted to solve the models.
  

Identify the domains of the study

Search the literature on the key words & Screening

Review of the literature

Analysis & gap identification

Report the key findings
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A study was conducted on Freight Consolidation by (Hanbazazah, Abril, et al., 2019) which considered divisible 
shipments, delivery time windows, and piecewise transportation costs. The study has been conducted as an in-transit 
freight consolidation problem in a two-echelon transportation network, where products are transshipped by a 3PL 
company from multiple suppliers to a single customer via consolidation facilities. The study initially presents a binary 
mixed-integer linear programming model that incorporates piecewise transportation cost structure, delivery time 
windows and FCL consolidation for the time constraint, divisible shipments freight consolidation problem. The model 
proposed in the study has the objective to minimize the total cost of shipments from multiple suppliers to a single 
customer via multiple gateways and it has incorporated three types of constraints; piece-wise cost structure, flow 
balance and supply-demand parity.  The authors have identified that, though the model could be used to solve small 
to medium size problems, real-life large size problems need increasing computational time requirements. So, the 
authors have suggested an exact solution algorithm referred to as the 3PD algorithm which composes 3 phases as 
container load relaxation, temporal decomposition, and valid cut generation.  The proposed algorithm has been proved 
to solve realistic problems using a case study and a sensitivity analysis on several parameters such as time windows, 
LCL costs, demand structures has been conducted. The study elaborates that the proposed 3PD algorithm is more 
effective with shorter delivery time windows and lower LCL costs.  
A study conducted by (Hanbazazah, Castro, et al., 2019) on in-transit freight consolidation with the indivisible 
shipment (FCIS) which is a problem faced by 3PL providers, has proposed a mixed-integer linear programming model. 
Indivisible shipments mean the shipments cannot be split into multiple lots and assigned to separate routes. Since it is 
solvable only for small-sized problems using commercial solvers, a heuristic has been developed which decomposes 
the problem into multiple small subproblems. The paper concludes with the effectiveness of the proposed model solved 
with a large-scale problem.  
 

3.2 Vehicle Routing Problem (VRP) 
  

Vehicle Routing Problem is a well-discussed problem in the field of Operations Research which is an extension of the 
travelling salesman problem. It can be described as finding the optimal design of routes to serve a set of geographically 
dispersed customers by a fleet of vehicles. There are many variants of VRP out of which two of them will be discussed 
in this paper; VRPTW and Multiple products and Compartment-related VRP.  Since the consolidation of shipments 
of multiple clients is the major problem discussed in this paper thus it is concerned with multiple products, Multiple 
product and Compartment related VRP is considered here with the VRPTW, since it is essential to satisfy the demands 
of multiple clients in a given time. This study has been carried out to identify how the models have been formulated 
and solved in the literature and the approaches used in them.  
 

3.3 Multiple products and compartment related VRP 
 

The study conducted by (El fallahi et al., 2008), has considered the VRP with multi-compartments. In their study, the 
authors have considered the problem where customers can order several products, and the vehicles contain several 
compartments, but one compartment is dedicated to one product. A memetic algorithm and a tabu search algorithm 
have been proposed in the study. A study has been conducted by (Hasani-Goodarzi & Tavakkoli-Moghaddam, 2012) 
on split VRP with capacity constraints for multi-product cross-docks. In VRP with split deliveries, customers can 
receive goods in multiple shipments, so the customer can be served more than one vehicle. A mathematical model has 
been proposed to optimize the total operational and transportation cost. GAMS software has been used to obtain 
solutions for this problem in small-sized instances.   
Asawarungsaengkul et al. (2013) has conducted a study on Multi size compartment VRP with a split pattern where 
the distribution of multiple types of fluid products to customers has been considered. The authors have mainly focused 
on splitting the order quantities and loading each split demand to the compartments with different capacities and then 
determine the optimal routes. The paper has proposed three mathematical models and solution procedures of an 
optimization approach using CPLEX, 2-opt algorithm, and clustering technique. The study conducted by (Zhang & 
Chen, 2014) on VRP in the frozen food distribution has proposed a model to optimize the total cost including 
transportation, refrigeration, penalty, and cargo damage cost. A heuristic-based genetic algorithm has been proposed 
to solve the model. The paper concludes that the proposed GA method can provide sound solutions in a reasonable 
time span.  
A study has been conducted by Kabcome & Mouktonglang (2015) on VRP for multiple product types, compartments, 
and trips with soft time windows. A soft time window is a special case of time windows where the time windows can 
be violated if a penalty is being paid. The mathematical model proposed in the study has been developed in 3 cases as 
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in the first case VRP for multiple product types, compartments, and trips and not considering time windows. In the 
second case time window is considered while in the final case, a soft time window is considered. The model proposed 
in this study contains lots of constraints since the study deals with several aspects of VRP. A set of data obtained from 
literature was used to validate the model while AIMMS software has been used to obtain the solution.  
The study conducted by (Chowmali & Sukto, 2020) on a multi-compartment VRP with a heterogeneous fleet of the 
vehicle has proposed a model to minimize total driving distance using a minimum number of vehicles. A heuristic 
algorithm has been proposed in the paper which had shown effective results in solving the model.  A study conducted 
on Fuel Replenishment Problem by Wang et al. (2020) has considered the multi-compartment VRP with multiple trips 
to determine the routing of vehicles and the allocation of multiple products to vehicle compartments. The proposed 
MILP model in the study has been solved using CPLEX and an Adaptive Large Neighborhood Search (ALNS) 
heuristic algorithm which had given optimal solutions much faster than the exact MILP model using CPLEX.  
 

3.4 Vehicle Routing Problem with Time Windows (VRPTW) 
 
Vehicle Routing Problem with Time Windows (VRPTW) is an extension of the general VRP where it is required to 
satisfy the customer order in a given specific time window. A study has been conducted by (Nazif & Lee, 2010) on 
applying a genetic algorithm to VRPTW. The genetic algorithm proposed has been tested and compared with other 
heuristics proposed previously which had shown better results in terms of quality of the solutions given.  
The study (Agra et al., 2013) has considered a robust optimization of vehicle routing problems with time windows 
where the travel times are stochastic. For example, in maritime transportation, there are frequent delays which should 
be taken into consideration. The authors have proposed two new formulations for the problem which were being 
solved using a branch-and-cut algorithm and column-and-row generation algorithm. The paper concludes that the 
results of the two formulations are similar while it was significantly faster than previously proposed formulations. Bae 
& Moon (2016) has conducted a study on multi-depot VRPTW. The authors have considered the problem of 
scheduling installation vehicles for electronics through synchronization with delivery service vehicles from multiple 
depots. A heuristic algorithm and a genetic algorithm have been developed to obtain the solutions for the developed 
mathematical model in the study. The paper concludes with the results demonstrating that the algorithms proposed 
can efficiently be used to solve problems with large instances.  
In the study conducted by Afshar-Nadjafi & Afshar-Nadjafi (2017) on time-dependent multi-depot VRP, a hard time 
window constraint for the customers has been considered. The problem also considers a heterogeneous fleet of 
vehicles. A mixed integer programming model has been formulated and a heuristic method has been proposed to solve 
it. The performance of the proposed algorithm has been compared with the results obtained from Lingo which had 
shown that the algorithm is efficient to give a satisfying solution.  
Overview of the literature review is given in Figure 2.  
 

 
Figure 2. Overview of the literature review 

Table 1 summarizes the articles reviewed in the study with the solution approaches used. The articles are categorized 
as shipment consolidation, multi-product and compartment related VRP and VRPTW. 
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Table 1. Summary of articles reviewed with the solution approaches 

Category Solution Approach Articles 
Shipment 
Consolidation 

Exact (Ma et al., 2016) (Dondo et al., 2011) (Perboli et al., 2010) 
Heuristic (Cheong et al., 2007) (Hanbazazah, Abril, et al., 2019) (Hanbazazah, 

Castro, et al., 2019) (Crainic et al., 2011) (Perboli et al., 2011)(Mesa-
Arango & Ukkusuri, 2013) 

Metaheuristic (Perboli et al., 2011) (Simoni et al., 2017) (Kargari Esfand Abad et al., 
2018) (David et al., 2017) 

Other (Van der Heide et al., 2018) (Turkensteen & Hasle, 2017) 
Multi-product 
& compartment 
related VRP 

Exact (Hasani-Goodarzi & Tavakkoli-Moghaddam, 2012) (Kabcome & 
Mouktonglang, 2015) 

Heuristic (Asawarungsaengkul et al., 2013) (Zhang & Chen, 2014) (Wang et al., 
2020) (Chowmali & Sukto, 2020) 

Metaheuristic (El fallahi et al., 2008) 
VRPTW Exact (Agra et al., 2013) (Qureshi et al., 2010) (Oesterle & Bauernhansl, 2016) 

Heuristic (Afshar-Nadjafi & Afshar-Nadjafi, 2017) (Hu et al., 2013) (Guerriero et 
al., 2014) 

Metaheuristic (Bae & Moon, 2016) (Nazif & Lee, 2010) (Balseiro et al., 2011) (Liu & 
Lee, 2011) (Buhrkal et al., 2012) (Sivaram Kumar et al., 2014) (Dhahri 
et al., 2014) (Yan & Zhang, 2015) (Pace et al., 2015) (Dhahri et al., 
2016) (Alvarez & Munari, 2017) 

 
4. Results Analysis and Discussion 

 
The study was conducted on VRPTW, VRP with multiple products and compartments and Shipment consolidation 
where 39 papers were used from the final screening for the analysis. The solution approaches used in these articles 
can be mainly divided into three types, exact methods, heuristic approaches, and metaheuristic approaches. Table 2 
shows the solution methods with the number of articles in the referred papers while Figure 3 shows it using the 
percentages. It is noted that most of the papers have used metaheuristics-based algorithms and approaches to solve the 
models related to multiple products and compartment related VRP, VRPTW and consolidated shipments. Some of the 
metaheuristics used, were Genetic algorithms, tabu search, simulated annealing. Since VRP related problems are NP-
hard problems (nondeterministic polynomial hard problem), it is evident that metaheuristics approaches are suitable 
to obtain solutions within a reasonable time which may not give the optimized results.  
Furthermore, the analysis shows that, most of the articles which had used exact optimization has considered a dataset 
with a lesser number of nodes such as 15 nodes. Most of the studies with heurstic approaches have used datasets with 
around 50 nodes, while metaheuristic studies have used datasets with large number of nodes which is more than 100 
in many cases. When the number of nodes or customers increases, the complexity of the problem indeed increases. 
Therefore, it can be noted that, most of the studies with datasets which has large number of nodes have used 
metaheuristics to solve the problem.  

Table 2. No. of articles referred 

Solution Approaches No. of Articles in the 
referred literature 

Exact 8 
Heuristic 13 
Metaheuristic 16 
Other 2 
Total 39 
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Table 3 shows some of the algorithms used in the referred papers with their relevant problem. It is visible that most 
of the papers have used Genetic algorithm based algorithms to solve the related problem.  
 

Table 3. Algorithms used with the relevant article and problem 
 

Solution Algorithm Article Problem Discussed 
Tabu Search (El fallahi et al., 2008) Multi-compartment VRP 

(Liu & Lee, 2011) Inventory routing problem with time windows 
(IRPTW) 

(Jia et al., 2013) VRP 
(Gmira et al., 2021) Time-dependent VRP 

Memetic Algorithm (El fallahi et al., 2008) Multi-compartment VRP 
Simulated Annealing (Pace et al., 2015) Heterogeneous Fleet CVRPTW and Three-

Dimensional Loading Constraints  (3L-HFCVRPTW) 
(Birim, 2016) VRP with Cross Docking 

Genetic Algorithm (Zhang & Chen, 2014) VRP in frozen food distribution 
(Nazif & Lee, 2010) VRPTW with limits on capacity and travel time 
(Bae & Moon, 2016) Multi-depot VRPTW (MDVRPTW) 
(Sivaram Kumar et al., 2014) Multi-objective VRPTW 
(Yan & Zhang, 2015) Multi-objective VRP with soft time-window 
(Simoni et al., 2017) Multi-depot VRP with heterogeneous vehicle fleet 

problem (MDHFVRP) 
(Kargari Esfand Abad et al., 
2018) 

Pickup and delivery pollution-routing problem with 
integration & consolidation shipments 

Lagrangian relaxation (Cheong et al., 2007) Logistics Network Design with Supplier Consolidation 
Hubs and Multiple Shipment Options 

Adaptive large 
neighborhood search 
(ALNS) 

(Wang et al., 2020) multicompartment, multi-trip, split delivery VRP 
(Buhrkal et al., 2012) Waste Collection VRP with Time Window 

(WCVRPTW) 
Variable 
neighborhood search 

(Dhahri et al., 2014) VRPTW 
(Dhahri et al., 2016) VRPTW with preventive maintenance constraints 

(VRPTW-PM) 
Ant colony (Balseiro et al., 2011) Time-Dependent VRP with Time Windows 

(TDVRPTW) 
 

Figure 3. Solution methods used in referred literature 
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Table 4 given below shows those algorithms with the number of papers. Figure 4 shows the same in the graphical 
form. It is visible that most of the papers have used genetic algorithm in this process, which is a metaheuristic suitable 
for generating high-quality solutions for optimization and search problems. 

Table 4. Summary of  solution algorithms  used in the literature 

Solution Algorithm 

# of Articles in 
Referred 
literature Percentage 

Tabu  4 20% 
Memetic 1 5% 
Simulated Annealing 2 10% 
Genetic Algorithm 7 35% 
Lagrangian relaxation 1 5% 
adaptive large neighborhood search (ALNS) 2 10% 
variable neighborhood search 2 10% 
Ant colony 1 5% 

 

 
Computational time required to solve a problem using an algorithm is one of the best ways to assess the performance 
of the algorithm. Computational time depends on the number of the nodes or customers used in the dataset where it 
increases exponentially when the number of customers increases.(Bae & Moon, 2016). 
It is a challenge to compare the time taken by different algorithms in different studies since it usually depends on 
many factors. Number of nodes used for the data analysis one such factor which is also different in many studies. 
Some of the studies have not mentioned the computational time taken in their studies. In such case, it is very hard to 
compare the time taken for algorithms in different studies. 
 
From the study, it was identified that, the suitable approach to be followed would depend on the number of nodes or 
customers in the dataset. Based on the referred literature, it was noted that, exact optimization would be better if the 
number of nodes are lesser which is usually 15. When the number of nodes are around 50, heuristic approach is better 
while metaheuristic algorithms are preferred when the number of nodes are more than 100. This is due to the 
complexity of the problem increases when the number of nodes increases. Figure 5 summarizes the above situation 
and the average computational time taken for three different metaheuristic algorithms are shown when the number of 
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Figure 4. Some algorithms used in referred literature 
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customers are 100. From the below figure, future researchers can get an understanding on the solution approach to be 
followed depending on the number of customers in the study.   
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

5. Conclusion 
The consolidation of shipments of multiple clients when distributing their goods is one of the effective cost reduction 
strategies that could be followed in a 3PL DC. This literature survey has been carried out with the objective of 
analyzing the solution approaches used in the past literature which could be incorporated when optimizing the 
distribution in a 3PL DC by consolidating shipments of multiple clients. Since this is concerned with the VRP and 
shipment consolidation, the analysis was conducted on the papers related to VRPTW, multiple products and 
compartment-related VRP and shipment consolidation. The analysis has shown that most of the papers have used 
metaheuristics and heuristics-based algorithms when solving the models related to the above problems. This is 
because, VRP related problems are NP-hard in nature, therefore metaheuristic algorithms are more sutaible since 
solutions can be obtained in a reasonable computational time. It was also noted that, Genetic algorithm has been used 
in many of the papers. Furthermore, it was identified that most of the studies with datasets which has large number of 
nodes have used metaheuristic algorithms. The paper suggests that exact optimization is suitable when the number of 
nodes is less than 15 while heuristic approaches are suitable when the number of nodes are around 50. When the 
number of nodes are more than 100 which forms a complex problem, metaheuristic algorithms such as genetic, tabu 
search or memetic algorithms are better approaches to be used. The paper concludes that a metaheuristic algorithm 
would be appropriate when developing a model to optimize the distribution in a 3PL DC by consolidating shipments 
of multiple clients.  However, some challenges were existed when conducting the analysis such as difficulty to 
compare the computational time required by different algorithms in the literature. Furthermore, this study identifies 
that still there is room for improvement or gaps to address. It is well noted in reality when consolidating shipments 
where the product categories are not compatible or though the product categories are compatible and homogeneous 
yet the competitive brands are not allowed to distribute together, the 3PL service providers has their own difficulties 
in managing their disributions when such restrictions are imposed. Most of the times the vehicles were not upto the 
full truck load to meet such restrictions. Therefore, these important aspects are yet to address for future research. 
 
References 
 
Afshar-Nadjafi, B., & Afshar-Nadjafi, A. (2017). A constructive heuristic for time-dependent multi-depot vehicle 

routing problem with time-windows and heterogeneous fleet. Journal of King Saud University - Engineering 
Sciences, 29(1), 29–34. https://doi.org/10.1016/j.jksues.2014.04.007 

Agra, A., Christiansen, M., Figueiredo, R., Magnus, L., Poss, M., & Requejo, C. (2013). The robust vehicle routing 
problem with time windows. Computers and Operations Research. 

Alvarez, A., & Munari, P. (2017). An exact hybrid method for the vehicle routing problem with time windows and 
multiple deliverymen. Computers and Operations Research, 83, 1–12. 
https://doi.org/10.1016/j.cor.2017.02.001 

Asawarungsaengkul, K., Rattanamanee, T., & Wuttipornpun, T. (2013). A multi-size compartment vehicle routing 

Figure 5. Approach to be followed based on no. of nodes 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 940



problem for multi-product distribution: Models and solution procedures. International Journal of Artificial 
Intelligence, 11(13 A), 237–256. 

Bae, H., & Moon, I. (2016). Multi-depot vehicle routing problem with time windows considering delivery and 
installation vehicles. Applied Mathematical Modelling, 40(13–14), 6536–6549. 
https://doi.org/10.1016/j.apm.2016.01.059 

Balseiro, S. R., Loiseau, I., & Ramonet, J. (2011). An Ant Colony algorithm hybridized with insertion heuristics for 
the Time Dependent Vehicle Routing Problem with Time Windows. Computers and Operations Research, 
38(6), 954–966. https://doi.org/10.1016/j.cor.2010.10.011 

Birim, Ş. (2016). Vehicle Routing Problem with Cross Docking: A Simulated Annealing Approach. Procedia - 
Social and Behavioral Sciences, 235(October), 149–158. https://doi.org/10.1016/j.sbspro.2016.11.010 

Buhrkal, K., Larsen, A., & Ropke, S. (2012). The Waste Collection Vehicle Routing Problem with Time Windows 
in a City Logistics Context. Procedia - Social and Behavioral Sciences, 39, 241–254. 
https://doi.org/10.1016/j.sbspro.2012.03.105 

Cheong, M. L. F., Bhatnagar, R., & Graves, S. C. (2007). Logistics network design with supplier consolidation hubs 
and multiple shipment options. Journal of Industrial and Management Optimization, 3(1), 51–69. 
https://doi.org/10.3934/jimo.2007.3.51 

Chowmali, W., & Sukto, S. (2020). A novel two-phase approach for solving the multi-compartment vehicle routing 
problem with a heterogeneous fleet of vehicles: A case study on fuel delivery. Decision Science Letters, 9(1), 
77–90. https://doi.org/10.5267/j.dsl.2019.7.003 

Crainic, T. G., Mancini, S., Perboli, G., & Tadei, R. (2011). Multi-start heuristics for the two-Echelon vehicle 
routing problem. Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial 
Intelligence and Lecture Notes in Bioinformatics), 6622 LNCS(May 2014), 179–190. 
https://doi.org/10.1007/978-3-642-20364-0_16 

David, J., Ortiz, C., David, J., & Ortiz, C. (2017). The vehicle routing problem and its intersection with cross-
docking. Graduate Theses and Dissertations. 

Dhahri, A., Mjirda, A., Zidi, K., & Ghedira, K. (2016). A VNS-based heuristic for solving the vehicle routing 
problem with time windows and vehicle preventive maintenance constraints. Procedia Computer Science, 80, 
1212–1222. https://doi.org/10.1016/j.procs.2016.05.473 

Dhahri, A., Zidi, K., & Ghedira, K. (2014). Variable Neighborhood search based Set Covering ILP model for the 
vehicle routing problem with time windows. Procedia Computer Science, 29, 844–854. 
https://doi.org/10.1016/j.procs.2014.05.076 

Dondo, R., Méndez, C. A., & Cerdá, J. (2011). The multi-echelon vehicle routing problem with cross docking in 
supply chain management. Computers and Chemical Engineering, 35(12), 3002–3024. 
https://doi.org/10.1016/j.compchemeng.2011.03.028 

El fallahi, A., Prins, C., & Wolfler Calvo, R. (2008). A memetic algorithm and a tabu search for the multi-
compartment vehicle routing problem. Computers and Operations Research, 35(5), 1725–1741. 
https://doi.org/10.1016/j.cor.2006.10.006 

Ghaffari-Nasab, N., Ghazanfari, M., & Teimoury, E. (2015). Hub-and-spoke logistics network design for third party 
logistics service providers. International Journal of Management Science and Engineering Management, 
11(1), 49–61. https://doi.org/10.1080/17509653.2014.992994 

Gmira, M., Gendreau, M., Lodi, A., & Potvin, J. Y. (2021). Tabu search for the time-dependent vehicle routing 
problem with time windows on a road network. European Journal of Operational Research, 288(1), 129–140. 
https://doi.org/10.1016/j.ejor.2020.05.041 

Guerriero, F., Surace, R., Loscrí, V., & Natalizio, E. (2014). A multi-objective approach for unmanned aerial vehicle 
routing problem with soft time windows constraints. Applied Mathematical Modelling, 38(3), 839–852. 
https://doi.org/10.1016/j.apm.2013.07.002 

Hanbazazah, A. S., Abril, L., Erkoc, M., & Shaikh, N. (2019). Freight consolidation with divisible shipments, 
delivery time windows, and piecewise transportation costs. European Journal of Operational Research, 
276(1), 187–201. https://doi.org/10.1016/j.ejor.2018.12.043 

Hanbazazah, A. S., Castro, L. E., Erkoc, M., & Shaikh, N. I. (2019). In-transit freight consolidation of indivisible 
shipments. Journal of the Operational Research Society, 71(1), 37–54. 
https://doi.org/10.1080/01605682.2018.1527191 

Hasani-Goodarzi, A., & Tavakkoli-Moghaddam, R. (2012). Capacitated Vehicle Routing Problem for Multi-Product 
Cross- Docking with Split Deliveries and Pickups. Procedia - Social and Behavioral Sciences, 62(2010), 
1360–1365. https://doi.org/10.1016/j.sbspro.2012.09.232 

Hu, W., Liang, H., Peng, C., Du, B., & Hu, Q. (2013). A hybrid chaos-particle swarm optimization algorithm for the 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 941



vehicle routing problem with time window. Entropy, 15(4), 1247–1270. https://doi.org/10.3390/e15041247 
Ibrahim, A. A., Lo, N., Abdulaziz, R. ., & Ishaya J.A. (2019). Capacitated Vehicle Routing Problem. International 

Journal of Research -GRANTHAALAYAH, 7(3), 310–327. 
https://doi.org/10.29121/granthaalayah.v7.i3.2019.976 

Jia, H., Li, Y., Dong, B., & Ya, H. (2013). An Improved Tabu Search Approach to Vehicle Routing Problem. 
Procedia - Social and Behavioral Sciences, 96(Cictp), 1208–1217. 
https://doi.org/10.1016/j.sbspro.2013.08.138 

Kabcome, P., & Mouktonglang, T. (2015). Vehicle routing problem for multiple product types, compartments, and 
trips with soft time windows. International Journal of Mathematics and Mathematical Sciences, 2015. 
https://doi.org/10.1155/2015/126754 

Kargari Esfand Abad, H., Vahdani, B., Sharifi, M., & Etebari, F. (2018). A bi-objective model for pickup and 
delivery pollution-routing problem with integration and consolidation shipments in cross-docking system. 
Journal of Cleaner Production, 193, 784–801. https://doi.org/10.1016/j.jclepro.2018.05.046 

Liu, S. C., & Lee, W. T. (2011). A heuristic method for the inventory routing problem with time windows. Expert 
Systems with Applications, 38(10), 13223–13231. https://doi.org/10.1016/j.eswa.2011.04.138 

Ma, N. L., Tan, K. W., Lik, E., Chong, M., & Tan, K. W. (2016). Improving Carbon Efficiency through Container 
Size Optimization and Shipment Consolidation. Proceedings of the International Conference on Logistics and 
Transport: 8th ICLT 2016. 

Mesa-Arango, R., & Ukkusuri, S. V. (2013). Benefits of in-Vehicle Consolidation in Less than Truckload Freight 
Transportation Operations. Procedia - Social and Behavioral Sciences, 80, 576–590. 
https://doi.org/10.1016/j.sbspro.2013.05.031 

Nazif, H., & Lee, L. S. (2010). Optimized crossover genetic algorithm for vehicle routing problem with time 
windows. American Journal of Applied Sciences, 7(1), 95–101. https://doi.org/10.3844/ajassp.2010.95.101 

Oesterle, J., & Bauernhansl, T. (2016). Exact Method for the Vehicle Routing Problem with Mixed Linehaul and 
Backhaul Customers, Heterogeneous Fleet, time Window and Manufacturing Capacity. Procedia CIRP, 41, 
573–578. https://doi.org/10.1016/j.procir.2015.12.040 

Pace, S., Turky, A., Moser, I., & Aleti, A. (2015). Distributing fibre boards: A practical application of the 
heterogeneous fleet vehicle routing problem with time windows and three-dimensional loading constraints. 
Procedia Computer Science, 51(1), 2257–2266. https://doi.org/10.1016/j.procs.2015.05.382 

Perboli, G., Tadei, R., & Tadei, R. (2010). New families of valid inequalities for the two-echelon vehicle routing 
problem. Electronic Notes in Discrete Mathematics, 36(C), 639–646. 
https://doi.org/10.1016/j.endm.2010.05.081 

Perboli, G., Tadei, R., & Vigo, D. (2011). The two-echelon capacitated vehicle routing problem: Models and math-
based heuristics. Transportation Science, 45(3), 364–380. https://doi.org/10.1287/trsc.1110.0368 

Qureshi, A. G., Taniguchi, E., & Yamada, T. (2010). Exact solution for the Vehicle Routing Problem with Semi Soft 
Time Windows and its application. Procedia - Social and Behavioral Sciences, 2(3), 5931–5943. 
https://doi.org/10.1016/j.sbspro.2010.04.008 

Simoni, M. D., Bujanovic, P., Boyles, S. D., & Kutanoglu, E. (2017). Urban consolidation solutions for parcel 
delivery considering location, fleet and route choice. Case Studies on Transport Policy, 6(1), 112–124. 
https://doi.org/10.1016/j.cstp.2017.11.002 

Sivaram Kumar, V., Thansekhar, M. R., Saravanan, R., & Miruna Joe Amali, S. (2014). Solving multi-objective 
vehicle routing problem with time windows by FAGA. Procedia Engineering, 97, 2176–2185. 
https://doi.org/10.1016/j.proeng.2014.12.461 

Turkensteen, M., & Hasle, G. (2017). Combining pickups and deliveries in vehicle routing – An assessment of 
carbon emission effects. Transportation Research Part C: Emerging Technologies, 80(1), 117–132. 
https://doi.org/10.1016/j.trc.2017.04.006 

Van der Heide, G., Buijs, P., Roodbergen, K. J., & Vis, I. F. A. (2018). Dynamic shipments of inventories in shared 
warehouse and transportation networks. Transportation Research Part E: Logistics and Transportation 
Review, 118(August), 240–257. https://doi.org/10.1016/j.tre.2018.07.012 

Wang, L., Kinable, J., & van Woensel, T. (2020). The fuel replenishment problem: A split-delivery multi-
compartment vehicle routing problem with multiple trips. Computers and Operations Research, 118. 
https://doi.org/10.1016/j.cor.2020.104904 

Yan, Q., & Zhang, Q. (2015). The Optimization of Transportation Costs in Logistics Enterprises with Time-Window 
Constraints. Discrete Dynamics in Nature and Society, 2015. https://doi.org/10.1155/2015/365367 

Zhang, Y., & Chen, X. D. (2014). An optimization model for the vehicle routing problem in multiproduct frozen 
food delivery. Journal of Applied Research and Technology, 12(2), 239–250. https://doi.org/10.1016/S1665-

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 942



6423(14)72340-5 
 
 
Biographies 
 
H.D.W. Weerakkody is a final year undergraduate reading for B. Sc. (Honours) in Management and Information 
Technology in the Department of Industrial Management, University of Kelaniya, Sri Lanka. 
 
Annista Wijayanayake received her Doctor of Engineering and Master of Engineering in Industrial Engineering and 
Management, specializing in Financial Engineering from Tokyo Institute of Technology Japan, respectively in 2001 
and 1998. Currently she is serving as a Senior Lecturer at the Department of Industrial Management, University of 
Kelaniya- Sri Lanka.  She had served as a honorary Research Fellow at Royal Melbourne Institute of Technology 
(RMIT) Australia in 2004  and as a lecturer, at the Faculty of Economics and Business and Faculty of Information 
Technology Monash University-Australia from 20017-2019. Also, she had served as an Academic Advisor for B.Sc. 
in Management and Information Technology degree programme, University of Kelaniya from 2003-2008.  She won 
many international awards for her research and teachings. She received the academic excellence award for her 
Master’s degree by research by Tokyo Foundation- Japan for Inbound Students. She also received the 2019 teaching 
excellence award from the Department of Econometrics and Business Statistics - Monash University for her 
teachings. Her research has been featured in prestigious journals such as Mathematical Programming, International 
Journal of Theoretical and Applied Finance, Journal of Global Optimization and in many International Conference 
Proceedings. 
 
D. H. H. Niwunhella is a Lecturer in the Department of Industrial Management, University of Kelaniya, Sri Lanka. 
She received the B.Sc. (Honours) in Management and Information Technology from the University of Kelaniya, Sri 
Lanka, specialized in Business Systems Engineering and was awarded as the best graduating student in 2018. 

Proceedings of the 11th Annual International Conference on Industrial Engineering and Operations Management 
Singapore, March 7-11, 2021

© IEOM Society International 943


	1. Introduction
	2. Methodology
	3. Results obtained from the Literature Review
	4. Results Analysis and Discussion
	5. Conclusion
	References



