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Abstract. This paper presents an application of the Capacitated Vehicle 

Routing Problem with Time-Windows (CVRPTW) in the context of the 

medical supply chain, in particular, dangerous waste collection. Waste 

disposal and collection in medical services implies the use of specialized 

equipment and vehicles to guarantee the accomplishment of local regulation 

and the fulfillment of medical standards. We develop the CVRPTW model 

using open source tools including Google-OR tools and Google Colab to solve 

and instance based on a practical case showing the ac hievement of cost 

reduction.  
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1 Introduction  

The medical healthcare supply chain comprises the activities pointed to guarantee 

the provision of medical services to fulfill medical standards and authorities’ 

regulation[5]; instead of focusing only on classical supply chain objectives as cost 

reduction [5]. These activities imply the transportation of medical supplies and 

equipment, as well as, the safely disposal of medical residuals. Medical waste 

transportation requires special equipment and trained personnel, which entails 

and additional effort for specialists in supply chain routing to ensure resource 

availability. Classic vehicle routing problems (VRP) have become more 

complicated by adding more restrictions to its mathematical formulations. One 

particular case is the CVRPTW, which deals with finding the best way to serve 

customers with known demand by using a uniform capacity fleet at the minimum 

cost using the less amount possible of vehicles. One customer can be visited only 

one time, and the vehicles return to a typical depot at the end of each delivery 

route. Moreover, delivery-time constraints are included. Time windows arise from 

daily circumstances faced by the organizations, such as fixed time schedules and 

specific business working schemes like bank deliveries, postal deliveries, 

automated refuse collection, and some others [28]. In the context of urban traffic, 

it is common to find mobility restrictions due to local authority policies imposed 
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to regulate lorry traffic in urban centers, especially those who contain dangerous 

materials. Also, medical institutions must deal with the traffic generated by 

medical service vehicles and carriers of medical supplies. This situation leads 

medical institutions to impose restrictions on waste transportation. Several cases 

of VRP problems have been reported in previous research. The current paper 

presents a CVRPTW applied in the context of medical waste transportation and 

disposal. The paper is organized as follows: First, relevant literature is reviewed, 

in section 2, then the mathematical model proposed is presented in section 3, later, 

a numerical application is shown in section 4. Finally, the results and conclusions 

are presented in sections 5 and 6, respectively.  

2 Background and previous models  

A pioneer formulation of VRP problems was provided early on 40’s decade by 

Danzig & Ramser [12] as a more general approach of previously related problem 

of the traveling salesman .Later several heuristics arose including savings, 

proximity, matching, and intra-route inter-route improvement [19,11], exact 

algorithms were also proposed[9,10,18,14,6]. Modern heuristic development is 

related to the last years, here we highlight the works in tabu search based 

algorithms [29,15,32] . According with Laporte, G,Toth, P.Vigo, D[19] some 

algorithms were over-engineered, also, the best metaheuristic procedure must 

have a broad and in-depth search of the solution space and can solve several 

variants of the problem [22].The main objective of VRP problems consists of 

determining the optimal route to serve customers with a fleet of vehicles incurring 

minimum distance or cost. VRP problems become more realistic by adding 

additional constraints to problem formulation. Common added constrains to 

original VRP include the capacity of the vehicle fleet, customer service time-

windows, rounded trips with pickup and delivery, multiple trips with one vehicle, 

and open VRP when vehicles are not required to return to source depots, among 

others. In the vehicle routing problem with time window constraints (VRPTW), 

vehicles must service each customer under the conditions of allowable delivery 

times, mainly imposed by delivery deadlines and deliverytime constraints [28].  

Due to the complexity of VRP, the use of exact algorithms is restricted to small 

instances with only a few points of delivery, while larger size problems require 

heuristic procedures to achieve good solutions [30]. VRPTW problems are quite 

difficult from a computational perspective since VRP is NP-Hard; even when the 

number of vehicles is fixed, finding a feasible solution is an NPComplete problem 

[28].  

In Colombia the CVRP and his generalization CVRPTW applies in many 

contexts, but in literature can be highlighted the works in collection of food 

donations [4], also in distribution patterns [8] and school bus routing [26]; also, 

there are interesting works applied in other similar countries for pharmaceutical 

distribution [17]. From the same search in Scopus, notice that there are 10  

Documents,  6  original  articles  and  4  proceedings  since  

2015[7,20,31,3,24,13,23,27,16,21]  

Recent heuristic methods were used by [8,4,26,17,25,5] to solve VRP. From the 

same search in Scopus, notice that there are 10 Documents, 6 original articles and 
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4 procedings since 2015[7,20,31,3,24,13,23,27,16,21]. CVRPTW model for cargo 

collection with heterogeneous capacity-fleet [25] In this item, the work shows 

relevant and similar applications of vehicle routing problems in Colombia.This 

work shows the application of the Capacitated Vehicle Routing Problem with Time 

Windows (CVRPTW) to collect different cargo-demand with mixed vehicle-fleet 

The CVRPTW is solved using google maps distance matrix API [1], and for solving 

the algorithm this work use google or-tools [2] for developers.  

3 Model development  

This section describes the notation used in the model as well as the solution 

procedure proposed.  

Three open source tools were used to develop the solution procedure , these 

are described next:  

– Tool 1. googleDistance Matrix API: The CVRPTW is solved using google maps 

distance matrix API [1], and for solve the algorithm this work use google  

– Tool 2. Or-tools [2] for developers:OR-Tools is open source software for 

combinatorial optimization, which seeks to find the best solution to a problem 

out of a very large set of possible solutions. – Tool 3. IDE: IPython/Google 

Colab.  

3.1  Capacitated vehicle routing problem formulation  

The VRPTW can then be formally described as the following multicommodity 

network flow model with time window and capacity constraints:  

subject to  

(VRPTW)min XX cijxijk  

k∈K (i,j)∈A  

(1) 

  X X xijk = 1 ∀i ∈ N, k∈K 

j∈∆+(i)  
(2) 

  

X  

x0jk = 1 ∀k ∈ K,  
j∈∆+(0)  

(3) 

 
 X  X xjik = 0 ∀k ∈ K,j ∈ N,  

xijk −  

 i∈∆−(j)  i∈∆+(j)  

(4) 

  X xi,n+1,k = 1 ∀k ∈ K,  
i∈∆−(n+1)  

(5) 

 
xijk (wik + si + tij − wjk) ≤ 0 ∀k ∈ K,(i,j) ∈ A,  

(6) 

 ai X xijk ≤ wik ≤ bi X xijk ∀k ∈ K,i ∈ N, j∈∆+(j)  j∈∆+(i)  (7) 

 E ≤ wik ≤ L ∀k ∈ K,i ∈{0,n + 1},  (8) 
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X X  

 di xijk ≤ C ∀k ∈ K, (9)   i∈N j∈∆+(i)  

 xijk ≥ 0 ∀k ∈ K,(i,j) ∈ A,  (10) 

 xijk ∈{0,1} ∀k ∈ K,(i,j) ∈ A.  (11) 

The objective function (1) of this nonlinear formulation expresses the total cost. 

Given that N = V \{0,n + 1} represents the set of customers, constraints (2) restric 

the assignment of each customer to exactly one vehicle route. Next, constraints (3)-

(5) characterize the flow on the path to be followed by vehicle k. Additionally, 

constraints (7)- (8) and (9) guarantee schedule feasibility with respect to time 

considerations and capacity aspects, respectively. Note that for a given k, 

constraints (7) wik = 0 whenever customer i is not visited by vehicle k. Finally, 

conditions (11) impose binary conditions on the flow variables. The binary 

conditions (11) allow constraints (6) to be linearized as  

  wik + si + tij − wjk ≤ (1 − xijk)Mij ∀k ∈ K,(i,j) ∈ A  (12)  

where Mij are large constants. Furthermore, Mij can be replaced by maximum {bi + 

si + tij − aj,0} , (i,j) ∈ A and constraints (6) or (12) need only be enforced for arcs (i,j) 

∈ A such that Mij > 0 otherwise, when maximum {bi + si + tij − aj,0} = 0 ; these 

constraints are satisfied for all values of wik,wjk+ and xijk .  

4 Numerical Example  

A test set is proposed based on real data collected from a medical supply chain. 

Currently there are locations known as blue dots (Deposit of expired drugs, 

partially consumed or exposed to inadequate temperatures, see Fig. 1) with the 

aim of collecting these medicines to give them an environmentally adequate 

disposition and also the greening of the supply chain.  

Our proposal is to evaluate how many trucks are necessary to collect an estimated 

monthly demand at 574 collection points (blue points), taking a random start in the 

direction Cl. 72 #68h-55 a 68h-1, Bogotá due to its proximity to all the´ edges of the 

city.  
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Fig.1: Blue points (demand points in Bogota)  

5 Results  

Once we running the model and solve the problem, the results are: Total load of 

454817 kg, total distance of 161921 m and 7.4 hours. We only show the first 4 

routes of 100 as follows.  

Table 1: Solution for the CVRPTW  

  (a) Route 1-Truck 58  (b) Route 2-Truck 59  

  Route 1  D  169 247 471 422 332 D  Route 2  D  146 493 35 536 353 D  

  Load (kg)  0  1099 460 566 569 1173 0   Load (kg)  0  696 998 585 652 937 0 

  Total Load  3867  
Total Distance(m) 1355  

  Total Time  4  

  Total Load  3868  
Total Distance(m) 4563  

  Total Time  16  

(c) Route 3-Truck 60  (d) Route 4-Truck 61  

 

  Route 3  D  132 33 29 351 283 D  Route 4  D  18 462 119 70 17 D  

  Load (kg)  0  1060 865 852 514 700 0  Load (kg)  0  847 1158 530 839 409 0  

  Total Load  3991    Total Load  3783  
Total Distance(m) 2914  Total Distancia(m) 1789  
  Total Time  9    Total Time  4  
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6 Conclusions and future work  

In this paper, we have presented a solution procedure for the CVRPTW applied to 

the waste collection and disposal in the context of medical supply chains.  

The procedure shows how to achieve. The proposed modeling approach may be 

suitable for real-live problems without requiring specialized equipment to get 

good solutions. Further research should focus on the development and 

improvement of heuristic procedures to achieve quality solutions in reasonable 

computation times.  
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