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RESUMEN. 

 

Existen diferentes métodos para el control del 

consumo de combustible de la flota de camiones 

utilizados para el transporte de mercancías. Las 

metodologías que se aplican son logística, 

capacitación del personal, la tecnología del 

motor, neumáticos, control de amortiguación y la 

velocidad. Sin embargo, es necesario  predecir el 

costo de combustible para hacer una estimación 

del precio de un servicio de transporte de carga. 

Las empresas que controlan sus costos pueden 

ser más competitivas y sobresalir en la captura 

de más beneficios del mercado a precios 

competitivos. En esta investigación se propone 

un sencillo modelo matemático, que se basa en el 

uso de un equipo de control del motor, que 

depende de la eficiencia del combustible y el 

kilometraje. Los resultados mejoran la 

asignación de combustible y por lo tanto la 

planificación general de la operación de la 

empresa con el mejor servicio al cliente, 

haciendo más eficientes los costos y servicios. 
 

ABSTRACT. 

 

There are different methods for controlling the 

fuel consumption of the fleet of trucks used to 

transport goods, methodologies that apply 

logistics, staff training, engine technology, tires, 

ride control and speed. However, it is necessary 

to predict the cost of fuel to make an estimate of 

the price of a freight forwarding service. 

Companies that control their costs can be more 

competitive and excel in capturing more profits 

the market at competitive prices. In this research 

proposes a new mathematical model, which is 

based on the use of an engine control computer, 

which reports the mileage and fuel efficiency. 

The results improved fuel allocation and thus the 

overall planning of the operation of the company 

with better customer service, making more 

efficient the costs and service. 
 

INTRODUCTION 

The need to decrease emissions, but also to save 

energy and money, is at the heart of 

transportation companies (1). There is an 

abundance of possibilities and many companies 

have already found ways to improve their 

business models with individual solutions, which 

have the potential to be developed into best 

practices. Their experience is the source of the 

best practice models that benefit and encourage 

others to do the same.  

The general areas for improvement are: 1) the 

area of personnel there are various possibilities 

to enhance both the economic and environmental 

performance at the same time, logistics the most 

notable and well known is driver education and 

training, which focuses on making drivers aware 

of fuel-efficient driving, and contributes to 

enhancing the safety of both driver and goods. 

This generates savings in the form of lower 

insurance premiums, less energy consumption 

and better use of resources. 2) Smart or strategic 

logistics, for example the improved management 

of the supply-chain. Route planning enables a 

company to identify less profitable or more 

costly routes, whose planning can be optimized. 

Intermodal solutions can bring great benefits, 

because they combine the best of various modes 

of transport, possibly to improve the overall 

performance. When carrying goods from A to B, 
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it is generally advisable to look for alternative 

solutions and compare them. The consolidation 

of cargo is one of the best techniques to cut costs 

and emissions. It increases logistics service 

provider is revenues whilst offering lower costs 

to shippers and providing environmental 

advantages to all (2-5). Have primarily team-

driven vehicles, which would result in fewer 

empty runs. For this strategy to be successful 

there should be no imbalance between inbound 

and outbound freight: this means that one of the 

greatest efforts should also be made to adjust the 

commercial policy in order to archive this result 

(6). Transportation management systems can 

help analyze identifying profitable/unprofitable 

routes (6). Packaging reduction will inevitably 

lead to better economic performance, as well as 

being an advantage for the environment. Often 

packaging has already been optimized, but it 

everyone’s experience that packing still offers 

ample possibilities for improvement. It is worth 

re-thinking the packaging policy for many 

products and adjust/retrofit to the newest 

technology. It may also be worth considering this 

activity as an additional and innovative service 

that logistics service providers could propose to 

their customers. And 3), the technology, that 

which can benefit a company enormously (7-11). 

The best practices will only bring minor changes 

and benefits in a business process, the companies 

can make heavy investments, which although 

will only pay off after some/long time of usage, 

the savings will build up over time and be very 

significant. Whether the amount of money saved 

from new technology justifies the investment in 

new machinery, software or whether the 

economic benefits of introducing new 

technology sometimes remain a risk, all are ideas 

best evaluated case by case (11-14). Evaluating 

facilities and vehicles, energy consumption data 

can help find energy sources of energy waste. 

One of the most common problems of the 

transportation service industry is to determine 

how much fuel necessary in a service of freight. 

If it assigns an inferior or bigger quantity to the 

real one required, in volume, this represents 

losses worth millions to the companies of 

transportation being this a factor implicated with 

his growth on the market (1). Traditionally, on 

the basis of fuel statistics expense for kilometer, 

the companies assign the total of fuel to do its 

services (7). In the present study, was reported 

the benefits of adjusting the fuel consumption 

according to an optimization by the use of Global 

Positioning System and an engine control unit. 

Results evidence a reduction in the budget of 

20%, and with a regulation in the routes, times of 

delivery got better. 

DEVELOPMENT 
 

212 road tractors CUMMINS ISX 450 were 

habilitated with an engine control unit according 

to age (for example, Cummins ISX Engine ECU 

ECM Computer Control Module Unit (part# 

3684275) MY 2008), that it is a unit of electronic 

control that manages several aspects of the 

operation of internal combustion of the motor. 

The intention was controlling and to measure the 

engine fuel consumption. The ECU, in each 

tractor, were installed, tested and calibrated by 

company personnel that sold. The acquisition 

data validation was carried out by a standard 

operating procedure, which considered the 

following: Verification of correct operation of the 

device, the device preventive maintenance, 

periodic calibration, and verification of its 

operation. The data were filtered and validated 

according to the following four methods: 

comparisons with similar data, plausibility check 

for limits defined values, regression analysis and 

tests of outliers. The results of the proposed 

equation were validated by using t student test 

for two populations, empirically calculated 

consumption and the model against actual 

consumption reported by the ECU, where it was 

observed that the results did not fit, and thus had 

significant differences between the proposed 

calculation, and the estimate calculation that the 

company performed empirically. 

As well, make a map the real consumption of 

fuel. This ECU comprises sensors like the MAP, 

sensor of position of the accelerator, sensor of air 

temperature, oxygen sensor and many others. 

This ECU can be programmed and his 

information registered in a computer, and 

downloads the information in a portable 

computer via USV. This equipment has the 

capacity to transmit in real time his geographic 

position by satellite. 

It was compared the traditional way that has the 

company to assign the fuel for freight of the road 

tractors against the proposed methodology. They 

tried historical consumption of fuel against the 

consumption of 212 road tractors with the ECU 

installed in a circuit controlled of 1000 km of 

long. The obtained records were processed 

statistically determining the benefit of used the 

ECU. 

According to the traditional way in which the 

company has done the budget, the highway 

efficiency of a loaded tractor was considered of 
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2.25 km/l, and 2.95 km/l when the tractor is 

empty. The operator of the tractor made the 

records in kilometers, of its conduction with the 

empty tractor (α, km) and with loaded tractor (β, 

km). The equation to calculate the diesel 

assignment (Vce) is the following: 

𝑉𝑐𝑒 =
𝛽

2.25
+

𝛼

2.95
   (1) 

According to the method proposed, with the 

ECU, was possible to know all the traveled 

distance (d, km), of the tractor loaded and 

without load, and a report of percentage of every 

charge conditions. The highway efficiency was 

reported in kilometers for liter of combustible 

(ηe, km/l). The next equation was used to 

determine the diesel assignment (VCC): 

𝑉𝐶𝐶 =
𝑑𝛽%

𝜂𝑒
+

𝑑𝛼%

𝜂𝑒
   (2) 

 

RESULTS  

 

Two hundred twelve units with Cummings ISX 

450 engine were habilitated with the ECU. These 

units were analyzed in a circuit of 10000 km; the 

travel of service with charge and without charge, 

and the performance of the tractors were 

quantified. The Fig.1 shows that the use of 

empirical method does not consider the actual 

fuel consumption and the fuel amount were 

designated almost always greater than that 

actually consumed by the trucks.  

To validate the results, the Student t test for two 

populations was used. In the case of empirically 

calculated liter was obtained an average of 

4342.9 liters to 10000 km in 100 samples, for the 

liters calculated with the proposed model the 

average liters for 10,000 km was 3420.19 for 100 

samples, the resulting t was -29003, and p 

3.268E-73 to a level of 0.05, so the two averages 

were significantly different. 

The student t-test between the liter calculated by 

the model and actual liters consumed reported by 

the ECU, showed that the average liter that was 

calculated by the model were of 3420.19297 for 

10000km, average liters consumed were 

3421,166 ally, the t resulted was 0.02173 and the 

p was 0.98269, to a level of 0.05, so between 

these two averages there are not significant 

difference, so that the model fits the data 

reported by the ECU. 

The student t-test between the liter calculated by 

the empirical model and actual liters consumed, 

reported by the ECU, showed: the average liters 

calculated by the empirical model were 

4342.91295 for 10000 km, average liters 

consumed were 3421,166, the t resulted was -

28.942718 and p of 4.99455E-73, to a level of 

0.05, so between these two averages is a 

significant difference, so that the calculation 

empirical does not fit with data reported by the 

ECU. 

The Fig. 2 shows the block diagram and the 

probability of occurrence of the two hundred 

twelve units tractors average highway efficiency. 

It is observed that the average highway 

efficiency is slanted to the right. This implicates 

that in the greater part of the services, the 

performance has been superior to calculate for 

the company without the ECU. Whenever fuel is 

supplied in excess, and the excess is not reported, 

the company loses money and thus 

competitiveness. According to the Fig. 3, more of 

50 % of the cases the highway efficiency 

surpasses the average consumption; 

approximately the 25 % present average highway 

efficiency between 2.7 and 2.84, and the rest is 

minor to 2.7. This is the consequence of having a 

fleet of trucks with different antiquity; older 

trucks use more fuel, so lower yields. 

 

 
Figure 1. The highway efficiency, actual consumption of 

diesel, and Comparison of the difference between the 

quantities of diesel using the empirical method (Vce) minus 

proposed method (Vcc)  

 

According with the Fig 4 the difference between 

the empirical calculation, and the calculation 

based on the ECU is very significant. For logic 

and corroborating with the track record, fuel 

allocation has been wrong. The positive results 

mean that the fuel was not enough, because to 

meet the freight service, it was necessary to 

refuel (36.3 % of cases), the negative results 

indicate that the fuel was more than enough, it 

means that this fuel leftover, that not was 

reported by the drivers, and was taken by drivers, 

is a lost for the company (63.7 % of cases). 
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Figure 2.  Probability of the highway efficiency of the truck 

fleet, and block diagram of the highway efficiency 

  

 
 

Figure 3 Diagram of box of the highway efficiency 

  

  
Figure 4. Difference of average consumption diesel, 

consumption real minus designated. 

 

This disparity between the empiric assignment of 

fuel and the calculated with ECU support, 

indicated that the traditional way to assign fuel is 

bringing as consequently losses and uncertainty 

in the enterprise, since on the one hand the over-

assignment of fuel, and the lack of the same, 

causes problems between the drivers and the 

administrative staff in the justification of the 

assigned fuel. The dispersion in the values of 

performance factor can be due to the lack of 

standardization in the technique of driving of the 

tractor, the lack of maintenance, or differences in 

the techniques of repair, and spare parts. 

Additionally it was observed that some drivers 

do non-justified stops, they get out of the 

assigned way, they lead to velocities that do not 

enable the saving of fuel, and in general, this 

provokes that they put themselves in situation of 

risk of theft, variations in assigned traveled 

distance, and variations in the performance 

factor.  

The information obtained with this work, helped 

to change the department of logistics and 

administration, changing the way of fuel 

assigning, the creation of a secure road map, the 

creation of a program of maintenance and the 

unification of repairs according to the type of 

motor, as well as driver training for consumption 

efficient fuel, and the control of routes.  

Finally, the average cost of an ECU currently 

depends on the age of the truck tract, also 

requires an installation cost of close to $1000 

USD. An ECU for a 2008 MY truck tract is about 

$3000 USD. On average, with the use of this 

device has a saving of 921 liters per 10000 km. 

The cost of a liter of diesel is $0.98USD in 

México, so is required save the equivalent to 

4081 liters to recover the investment of the ECU, 

on a truck, otherwise seen with a constant service 

that accumulate 44330 km is enough savings to 

recover the investment in the ECU, this means 

for the company, that the future services will 

bring better utilities, efficiency and operations 

control. 
  

CONCLUSION 

 

The empirical calculations based on track records 

became obsolete and were the cause of loss for 

the company as of uncertainty in the real 

consumption of fuel. The proposed based 

formula in the real measurement of consumption 

was helpful to add a new methodology for the 

calculation of assigned fuel, as well as of the 

control of the service. The results reported in this 

work served as base for a change in the 

administrative handling, control of the staff and 

the possibility of substantial saving to the 

company. 
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