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Abstract: The reduction of logistics costs is very important for Mexican companies, especially for those from freight 
transport industry. They must manage their operations efficiently and effectively to increase the revenue, which is reduced 
if trucks are not being productive. The objective of this research is to provide a model for a Mexican freight transport 
company, which lets the company reduce transportation costs, based on assignment models to make daily assignment 
programme of trucks. One particularity of the model being built is the fact that it will not only include general costs as in 
a Generalised Assignment Procedure (GAP), but also penalty costs caused by truck drivers. The main problem consisted 
in minimize the total cost of assigning 100 vehicles owned by the company to 10 routes (in which it was required to be 
transported molasse,  and sand), considering that trucks cannot be assigned to some routes due to their characteristics, as 
well as they must assign different operators to the routes (which are classified as A, B, and C, depending on the 
characteristics like license type, performance, among others); thus, it was able to assign 100 operators with different 
characteristics to 100 different units required in 10 routes to satisfy market demands, achieving a reduction about 44.11% 
of current costs related to assignment, maintenance, idle time, penalty, and logistics costs. 
 
1 Introduction 

Freight transport is an important activity around the 
world, but particularly in Mexico, according to [1], road 
freight transport is accounting for 56% of the domestic and 
international freight transport. This activity plays an 
important role for the economy of the country. Many 
companies must deal with delays of their products by many 
issues, such as mentioned by [2], in which they are 
including natural disasters, road closing, road accidents, 
and others such as truck drivers time, vehicle age. It is 
important for the assignment to trucks and drivers to the 
routes consider different factors related to penalty costs, 
which results in the reduction of the company margin since 
prices are not able to be changed once the contract is 
signed. Thus, through this document we will propose a 
model to assign trucks weekly to help the company to 
assign and move the transport from one route to another to 
accomplish customer plans. One of the main problems for 
the company under study is the fact that 50% of the time is 
loss by operators, 40% due to maintenance and 10% due to 
external factors, which causes reduction of route 
productivity, which is about 60% average. With proposed 
model, it will be measured the impact of time in costs. By 

considering the penalty cost for maintenance or truck 
driver, it is expected to improve the delivery time and to 
fulfil the Estimated Time of Arrival (ETA) of each route, 
or at least, reduce the difference between ETA and real 
arrival time. 

 
2 Freight transport 

Logistics activities are core among companies, and, as 
established by [3], it is part of the value chain. Moreover, 
logistics function provides a link between supply and 
demand, product transformation and market of goods, as a 
result we deal with business complexity [4]. To increase 
supply chain productivity for freight transport companies, 
it is important to work with the distribution network on 
daily basis, it means, take in count the assignment of the 
driver to the truck, regarding the client and regarding the 
type of employee. 

Assignment problem is a method to match “tasks” 
(jobs) with an “agent” (man, machine capacity, ant it is 
applied to vehicle assignment problems to minimize total 
assignment costs [5], one characteristics of these problems 
is the fact that the demand is not stochastic, like in this case, 
since they have to work with a monthly programme [6], 
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which is known in advance, but they have to programme 
the units in a way that the productivity was increased. 
Moreover, even though there are some algorithms as used 
by [7], everything depends on the problem, it means, what 
applies to one problem does not mean will apply to others 
or will impact in the same way. 

Due to the high demand of logistics activities, in 
Mexico, Third Party Logistics (3PL) or outsourcing 
companies are important in states and Estado de Mexico, 
being large companies or small those who more uses this 
kind of service [8], which is critical for every company, 
since they put their products on the hands of other 
companies looking for benefits like [8]: 

• Logistics operations flexibility. 
• Concentration on business core activities. 
• Improved expertise to market since secondary 

activities are carried by a third party. 
• Cost savings from having their own trucks. 
• Re-engineering of logistics processes. 
• Access to new methods and technologies to 

develop core activities and involvement of all 
personnel. 

• Risk reduction in transportation management. 
 
3 Freight transport productivity factors 

According to [9], there are some factors to take in count 
regarding truck utilization, which were related to vehicle 
capacity utilization, average speed, average lost time, 
average distance of transport, as well as the assigned route, 
which is important to make the right assignment. Identified 
as main factors affecting cost of truck operations [9,10]: 

• Lorry size and its utilization (productivity). 
• Use of Back-hauls (according to the demand). 
• Empty running. 
• Freight forwarding availability as well as 

other services. 
• Traffic conditions. 
• Road conditions. 
• Social problems. 
• Direct costs such as lubrication oil, labour 

costs, tires, vehicle maintenance, spare parts, 
and fuel. 

• Quality management. 
Other categories used for the optimization of the 

transport use are [11]: 
• Profitability: Related with performance ratios, 

truck use, profits, use of outsourcing. 
• Service quality: Objective’s achievement, 

measurement of inconveniences, service 
levels, non-conformance. 

• Equity: Service equity, client prioritization 
and segmentation, workload balance, 
collaborative planning. 

• Consistency: Oriented to people, time 
consistency, delivery consistency, issues 
management. 

• Simplicity: Separation, truck segmentation or 
service segmentation. 

• Reliability: Expected cost or loss, probability 
of failure, risks management, truck driver 
management. 

• External factors: Emissions, safety risks, 
social factors. 

On the other hand, even though [9] and [12], mention 
these factors, they do not use or propose any model in 
which those factors are able to be used to improve truck 
productivity. Moreover, talking about Mexico, some 
problems related to transport products we have: 

• Lack of road maintenance, having poor 
conditions of roads, producing productivity 
reduction. 

• Lack of preventive maintenance to units, and 
more corrective maintenance. 

• Lack of truck training. 
• Truck drivers have inadequate maintenance 

and poor driving habits. 
• Managerial and operational practices are not 

accurate, causing the delay and liberation of 
daily assignment programme for units. 

• Measurement system was not accurate to 
measure the quantity of fuel used in each 
travel. 

Despite the factors considered in the different models, 
we always talk about cost minimization or profit 
maximization, in terms of profits. However, time is an 
essential factor in products delivery by third party logistics, 
since we have some constraints like: 

• Opening hours of load and unload depot. 
• Closing hours of load and unload depot. 
• Road closure because of social problems in 

any region or climate. 
Those other factors cannot be controlled by the 3PL. 
 

4 Vehicle Routing Problems 
In order to solve vehicle assignment problems in which 

capacity constraints must be addressed (ensuring the 
minimum quantity required by the market is satisfied), 
whilst costs are minimised and truck drivers have to be 
assigned, it can be used the classical model of Vehicle 
Routing Problem (VRP), which can be found in the 
literature as many models adapted to different problems, as 
mentioned in papers [13] and [14]; however, none of them 
uses penalty costs as it was mentioned previously (even 
though time or distance can be considered as a cost). 
Regarding the literature review, in the Table 1 it is shown 
main factors considered by each model.

  
 

Table 1 Vehicle routing problems models 
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Subramanian et al. [15] X X X X X X X X X                   
Korablev et al. [16]                   X                 
Haughton [17]                     X               
Cordeao et al. [18]         X         X X X             
Huang and Liu [19]         X             X             
Vidal et al. [11] X X         X     X       X         
Yeun et al. [20] X X     X X       X                 
Christofides [21] X X       X X X   X X X             
Saint-Guillain [22] X X X         X     X X     X       
Archetti et al. [23] X                             X     
Nazari et al. [24] X                                   
Ghannadpour and Hooshfar [25]                   X             X   
Caric and Gold [26] X X               X                 
Lu, Zhang, and Yang [7] X X                                 
Londoño et al. [27] X X                                 
Haughton [28]   X                 X               
Gendreay [29] X X               X                 
Dahle et al. [30] X X                         X X     
Nagy et al. [31]           X                       X 
Frazzoli and Pavone [32] X X                                 
Guo et al. [33] X X X             X X               
Hanum et al. [34] X X         X X   X                 
IbrahIm et al. [35]   X                                 
Irnich et al. [36]   X X X X X X X X X   X X X         
Maleki et al. [37]       X                             
Kara and Bektas [38] X                                   
Toro et al. [39] X X X       X X X X   X           X 
Braekers et al. [40] X X X X X X X X X X X X X           
Khodabandeh et al. [41]                   X   X             
Bent and Hentenryck [42]                     X               
Coene, [43]                       X             
Pavone et al. [44]                   X X               
Hoogeboom et al, [45] X X               X                 
Backer et al. [46] X X                                 
Ochoa-Ortiz et al. [47] X X                                 
Chepuri and Homem-De-Mello [48]                     X               
Belachgar, [49] X X                                 
Kallehauge et al [50]                   X                 
Liñan-García [51]                     X               
Ralphs [52] X X                                 

 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about International Scientific Journal about International Scientific Journal about International Scientific Journal about LogisticsLogisticsLogisticsLogistics    

Volume: 9  2022  Issue: 1  Pages: 75-84  ISSN 1339-5629 
    

VEHICLE ASSIGNMENT WITH PENALTY COSTS: A CASE OF MEXICAN FREIGHT TRANSPORT  

Felix Eduardo Bueno-Pascual; Jose Luis Martinez-Flores; Diana Sanchez-Partida; Patricia Cano-Olivos 

 
 
 

~ 78 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

As it can be seen in Table 1, many models work in 
general way with constraints of time, capacity, pickup and 
delivery and routing. In fact, regarding models, according 
to [29] the more used VRP models according to 144 articles 
are (Figure 1): Capacitated Vehicle Routing Problem 
(CVRP), VRP with Time Windows (VRPTW), 
Heterogeneous VRP, Multi-Depot VRP, Backhauls VRP, 
Split Delivery DRP and Dynamic DRP. Which is what it 
was found in the literature review, but there are two models 
that were not considered previously like VRP with fuel 
consumption proposed by [25] and VRP with emissions 
proposed by [31] and [39]. Those late models are 
important, since they are not just focusing on time or a 
general constraint, but a constraint per unit or in a global 

way with environmental focus. It is important to highlight 
this since the models continue to use general costs, total 
times from one departure point to a destination point, time 
constraints, but they are not considering important factors 
that costs that can be caused by delays in the load centres, 
delays in destinations centres, delays due to operator 
undiscipline or due to truck failure due to it has to be send 
to maintenance, as well as the sending of the unit in 
advance to comply with preventive maintenance programs 
(in this company trucks have to be deviated from the 
current route just because the preventive maintenance was 
programmed with one day in advance, instead of being 
programmed at least with one week in advance to move 
units impacting the less possible the transport programme).

 

 
Figure 1 Most used VRP models in literature, own elaboration with data from [53]

As it can be seen, from literature, there are many 
variants of VRP models, but all of them works in general 
way with distances, costs, or revenues, in global way, 
without taking in count any penalties caused for 
transportation delay, being responsible mainly the truck 
driver. Moreover, this costs are not considered in some 
cases, since they only are focusing on distance 
optimization, when not necessarily the distance is 
proportional to the cost, since they are other factors as the 
fuel, which is spent depending on the route, it means, if the 
street has a slope, the effort required to move the unit will 
be greater and they will require more fuel than if the truck 
was operated in a plain road. 
 
5 Methodology 

The objective of this research was to help the company 
to create the daily programme of units assigned to the 
routes, using assignment on the vehicle routing problem 
considering costs of maintenance, for trucks assignment 

considering not a global unitary cost, but units costs of 
maintenance idle time, costs of truck driver idle time, as 
well as internal logistics costs, which will impact 
operations as reduce company profits. It helps to the 
organization to provide a better trucks assignment, 
reducing in the short-term these costs and in the long-term 
maintenance costs as well as the loss of customers due to 
lack of programmes fulfilment. Finally, it is compared the 
current assignment costs (for one day) to the costs related 
with the assignment using the mathematical model. 
 
5.1 The Classic Vehicle Routing Problem 

This problem parts from a Classic Vehicle Routing 
Problem (VRP). However, since trucks must stay in the 
same route going from an origin to a destination, the 
problem is simplified to an assignment problem in which it 
must be assigned trucks and operators to any route [30]. 
The general model for this problem is an assignment 
model, which is given by the direct costs (cd) – related to 
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unit wear, tires, toll payment, driver wage, fuel, insurance 
– and penalty costs – truck driver idle time (��), 
maintenance idle time (��), internal logistics costs (cl), 
caused by delays for the traffic department, and fine costs 
(cs), the following equations. 

 
Objective function: 

��� � 	 ∑ ∑ ∑ ����� � ∑��� � ���� � ∑ ���� � ∑ ���� 
   (1) 

Subject to: 
∑ ����� � ��  Route programme (2) 
∑ ��� � �  Operators available (3) 
∑ ��� � �   Trucks available  (4) 
��� � 0   ∀� � 0, ∀� �0, ∀ � 0  (5) 
 
Where: 

��� 	 Binary variable representing the assignment 
of unit � to the driver �, to the route 

(6) 

�� 	 Quantity of product transported by the 
assigned unit (truck capacity) 

(7) 

�� 	 Quantity of product demanded in route k (8) 
� 	 Total number of operators available (9) 
� 	 Total number of trucks available (10) 
 

Since each operator has specific characteristics, costs 
depend on assigned operator and units available. The 
objective is to minimize the assignment cost for the 
company, taking in count penalties. Once the routes are 
stablished, it must be analysed if any of them are close 
enough to interchange operators or units and any 
programme can be completed faster or can be completed 
reducing costs, depending on the conditions. 
 

5.2 The application of VRP model to a Mexican 
freight transport company 

As the objective of this research is to define a model to 
assign vehicles to a route, it will be applied quantitative 
cross-sectional research because the sample is taken from 
one part in time [54]. For this study, data were collected 
from logs used in the company to record times of each unit, 
which are divided into: Departure time, Arrival Time to 
Load, Documentation, Departure Time from Load Centre, 
Arrival Time to Destination, Unload Time in Destination, 
Documentation Time, Available Time. All those times are 
arranged in a matrix to measure times from the origin to 
the destination and compare it with the Estimated Time of 
Arrival (ETA), which allows to see how much difference 
of time there are between planned and real times. Also, 
using the data from truck logs, it was obtained the driver 
performance. 

To create the model, it was used a set of data of one 
day, it means, it is going to be created the programme for 
the units assuming 100 trucks are available, and they will 
be assigned to any route, and it was selected the most 
representative products which account for 80% of incomes. 
These data were selected since it is a planning period in 
which the company, and once units are assigned, it can be 
used the adapted VRP model to work with the units 
attending close routes without increasing costs 
meaningfully. Moreover, it is important to mention that 
origin and destination centres normally does not work on 
weekend, allowing units to be swapped between routes, 
unless the programme has been finished. The sample is 
representative, because we are going to use all the units that 
in this case are 100 and they are classified according to 
number of trailers they can pull, type of trailer, product to 
be transported, the capacity of the truck and the route that 
can be assigned due to vehicle aging (Table 2).

 
Table 2 Trucks classification 

Number of Trucks Trailers Type Product Volume Route Classification 
40 2 Tanker Molasses 60 Any A 
25 1 Tanker Molasses 30 Plain B 
15 2 Tanker Molasses 60 Plain C 
20 2 Dump body Sand 60 Any A 

Trucks Type A are the newest, requiring zero 
maintenance, Type B requires preventive maintenance 
(which is scheduled based on the kilometres travelled by 
the truck, established as 15000 kilometres) and type C 
requires corrective maintenance, whose hours where 
calculated based on the company standard work rates from 
the maintenance system (Table 3). Maintenance costs are 
given in Table 3. 

Table 4 shows number of available Truck Drivers for 
each type, classification used by the company considering 
driver performance, type of license (which is considered 
when transporting dangerous material such as alcohol, 
which can be only transported by drivers A). 

 

Table 3 Driver’s classification 

Truck Type Maintenance($/Hour) Required hours 

A 0 0 

B 250 5 

C 750 24 
 

Table 4 Driver’s classification 
Driver Type Number of Drivers 

A 50 
B 40 
C 10 
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To run the mathematical model, it was selected the 10 
main client routes, which accounts for about 60% of the 
sales. And the programme for each one is shown in Table 

5. “Routes A” are plain, and it can be used any kind of 
truck, Routes B are able to be assigned Trucks type A and 
B, and Routes C only can be assigned Trucks Type A.

 
Table 5 Routes and programmes 

Route 1 2 3 4 5 6 7 8 9 10 
Tons 500 500 400 600 550 650 120 240 300 120 
Type A B C A A B B A B C 
Product Molasses Molasses Molasses Molasses Molasses Molasses Sand Sand Sand Sand 

To assign every unit to a driver and a route, there is a 
cost, as it was mentioned previously, which are shown in 

Table 6. Also, to differentiate the units of molasses from 
sand, it was used the letter M and S.

 
Table 6 Assignment cost for every route regarding truck and driver type 

Truck Driver 1 2 3 4 5 6 7 8 9 10 
MA A 50 100 50 50 50 100 1000 1000 1000 1000 
MA B 75 50 50 75 75 50 1000 1000 1000 1000 
MA C 200 150 50 200 200 150 1000 1000 1000 1000 
MB A 50 75 150 50 50 75 1000 1000 1000 1000 
MB B 75 50 150 75 75 50 1000 1000 1000 1000 
MB C 200 150 150 200 200 150 1000 1000 1000 1000 
MC A 75 50 150 75 75 50 1000 1000 1000 1000 
MC B 50 25 150 50 50 25 1000 1000 1000 1000 
MC C 150 75 150 150 150 75 1000 1000 1000 1000 
SC A 1000 1000 1000 1000 1000 1000 75 50 50 50 
SC B 1000 1000 1000 1000 1000 1000 50 75 50 75 
SC C 1000 1000 1000 1000 1000 1000 100 100 100 100 

6 Results and findings 
According to the results obtained from running the 

problem by using Excel solver and GAMS, it was obtained 
the solution shown in Table 7, in which it is shown how 

many trucks of each type and driver type is assigned to 
each route. Assigning 5 trucks classified as Type A (tanks 
transporting volumes of 60 tons) that transport molasse to 
the route 1 using drivers type A, 5 units of this type to the 
route 3 and so on.

  
Table 7 Route assignment by truck and driver type 

   Route 
Truck Type Driver 1 2 3 4 5 6 7 8 9 10 

MA A 5 0 5 6 7 1 0 0 0 0 
MA B 0 5 1 0 0 9 0 0 0 0 
MA C 0 0 0 0 0 0 0 0 0 0 
MB A 0 1 0 8 3 0 0 0 0 0 
MB B 0 0 0 0 0 0 0 0 0 0 
MB C 0 0 0 0 0 0 0 0 0 0 
MC A 0 0 0 0 0 0 0 0 0 0 
MC B 0 0 0 0 0 0 0 0 0 0 
MC C 4 3 1 0 1 1 0 0 0 0 
SA A 0 0 0 0 0 0 1 3 5 1 
SA B 0 0 0 0 0 0 1 1 0 1 
SA C 0 0 0 0 0 0 0 0 0 0 

  TONS 540 510 420 600 570 660 120 240 300 120 

As it is shown in Table 7, in some cases, the demand 
was satisfied and in other cases the demand was exceeded 
(Table 8 shows decoded results built by considering tables 
2 – 6), for this kind of problems there is not an issue if the 

demand surpasses the transported quantity, since 
everything depends on the unit capacity, and it is not 
allowed to run any route with less product than the truck 
capacity.
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Table 8 Units and type of drivers assigned by route 

       Route 
TT PR TR Tons Route DR 1 2 3 4 5 6 7 8 9 10 
MA Mol. 2 60 Any A 5 0 5 6 7 1 0 0 0 0 
MA Mol. 2 60 Any B 0 5 1 0 0 9 0 0 0 0 
MA Mol. 2 60 Any C 0 0 0 0 0 0 0 0 0 0 
MB Mol. 1 30 Plain A 0 1 0 8 3 0 0 0 0 0 
MB Mol. 1 30 Plain B 0 0 0 0 0 0 0 0 0 0 
MB Mol. 1 30 Plain C 0 0 0 0 0 0 0 0 0 0 
MC Mol. 2 60 Plain A 0 0 0 0 0 0 0 0 0 0 
MC Mol. 2 60 Plain B 0 0 0 0 0 0 0 0 0 0 
MC Mol. 2 60 Plain C 4 3 1 0 1 1 0 0 0 0 
SA Sand 2 60 Any A 0 0 0 0 0 0 1 3 5 1 
SA Sand 2 60 Any B 0 0 0 0 0 0 1 1 0 1 
SA Sand 2 60 Any C 0 0 0 0 0 0 0 0 0 0 

          TONS 540 510 420 600 570 660 120 240 300 120 
Keys: TT: Truck Type  TR: Trailers PR: Products  DR: Drivers Mol.: Molasses

According to the values in Table 8, it is important to 
assign the right type of driver and truck to the route to 
reduce costs, if it is not done, costs start increasing due to 
penalties caused by maintenance, truck drivers, or other 
factors. The minimum cost found by running the model is 

shown in Table 9, which it can be observed that 
maintenance represents an important cost in the logistics 
process, as well as idle time cost, due to it is important to 
train drivers to reduce or eliminate those costs affecting the 
company incomes and profit.

  
Table 9 Assignment total cost 

Costs Current Using the Assignment Model % Reduction 

Assignment $278 $228 18.27% 

Maintenance $367,331 $195,000 46.91% 

Idle Time $123,981 $75,250 39.31% 

Penalty $13,957 $11,400 18.32% 

Logistics $3,232 $2,500 22.64% 

TOTAL $508,779 $284,378 44.11% 

In this case, since the data from company is sensitive, 
there were used values representing costs of penalties; 
however, those costs are proportional to the current costs 
in the company; thus, it is important to make an alignment 
into the operations of the logistics and traffic department to 
reduce costs and increase revenues. Savings are calculated 
just for one assignment, showing the impact in those costs, 
but if it is considered that each month units are assigned at 
least 20 times (depending on the route), it would be shown 
the real impact that can be achieved by considering a 
mathematical model instead of just using trial and error 
techniques as currently it is done. 
 
7 Conclusion and recommendations 

For freight transport companies, it is important to 
develop a strategy to minimise logistics costs, since their 
main business is related to this activity, and it is the case of 
this Mexican freight transport company, for which it is 
important to consider costs incurred in operations to help 
the company to find out ways to reduce them. Hence, it was 
applied and adapted a vehicle assignment problem based 

on the classic vehicle routing problem to create the daily 
programme in which it was assigned the one hundred units, 
however, to apply the model in posterior days, assigned 
units should be removed from it, or add some constraints 
to avoid consider them. Moreover, with obtained results, it 
was confirmed the impact of low trucks productivity due to 
delays due to maintenance, idle time caused by the truck 
drivers or by delays on road from a source point to a 
destination point, which will cause additional costs or less 
incomes since the units will make less travels, causing 
those trucks cannot be assigned to other routes or 
programmes. The application of the VRP adapted to 
consider penalty costs shows a reduction about 44.11% of 
the total costs, which is important, since many of hidden 
costs of the company are due to lack of productivity due to 
short time in scheduling preventive maintenance 
programmes, idle time caused by the truck driver, delays 
caused in origin and destination centres, and also delays on 
road (caused, for instance, by weather conditions), which 
impacts to the company and it is reflected directly in the 
costs and incomes. 
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On the other hand, this research can be extended by 
taking in count different factors identified as those that 
cause more impact to the company, since in this case just 
were included the penalty costs, but there are other 
considerations that can impact the operations and work 
with the segregation of them, like the logistics costs 
(caused by the delay in the release of daily programme, 
lack of deposits of travel expenses to the truck drivers, 
delay in releasing load orders or purchase orders in fuel 
stations, among others). Also, further research can be 
developed by using the VRP model to move trucks 
between routes, considering a specific rout as starting point 
and incorporating it to others until it is assigned to the final 
circuit, if it is required because of operations. 
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