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Abstract 
The transport sector is one of the main consumers of final energy, depending essentially on fossil 

fuels contributing, considerably to climate change. Typically, companies that operate in this sector 

have high levels of energy consumption, consequently, improvement and rationalization of 

energy efficiency and energy consumption in the transport sector has been the target of political 

measures towards environmental issues and preservation of energy resources. This work was 

developed within the framework of the Galp 20-20-20 Project, through the study of a real fleet 

consisting of both light and heavy duty vehicles operating on a waste management company. This 

work objectives consisted in improving the fleet energy efficiency through the study of energy 

efficiency measures that can be implemented, by developing a tool to simulate different scenarios, 

as well as studying appropriate functional units to this fleet. The scenarios considered include the 

introduction of electric, natural gas and Euro 6 vehicles into the fleet, as well as eco-driving 

training and tire replacement measures. Combined, the solutions tested resulted in two scenarios: 

one with a higher investment value, affecting 47% of the fleet, with improvements of 5,4% in 

energy consumption and about 9% and 7% in emissions of local pollutants and CO2, respectively; 

and a more conservative one, affecting 64% of the fleet, showing a potential reduction of 5.8% in 

energy consumption and around 6% in emissions of local pollutants. 

Keywords: Energy Efficiency, Transportation Sector, Electric Vehicles, Natural Gas Vehicles, 

Emissions of Greenhouse Gases 

 

1. Introduction 
 

The mobility concept is presently increasing in the day-to-day life of large cities, playing an 

important role in the transportation of people and goods, as well as services such as urban 

cleaning. The transportation sector is therefore one of the largest consumers of energy in the 

European Union (EU) countries depending mainly on the burning of fossil fuels, thus contributing 

to the emission of Greenhouse Gas (GHG) [1] [2]. Although it has become a more efficient sector, 

96% of its energy still needs to depend on fossil fuel consumption [3]. This sector accounted for 

33% of final energy consumption and 19.7% of GHG emissions in the 28 European Union 

countries in 2014 [4]. In the case of Portugal (PT), this sector represented 41% and 24% of final 

energy consumption and GHG emissions, respectively [4] [5]. The importance of increasing 

energy efficiency in this sector is evident by the result from these values.  

In order to achieve a competitive and sustainable transport sector, EU has been monitoring energy 

expenditure and GHG emissions through some regulations. In 2011, the EU adopted three targets 

to be achieved by 2020, namely reductions in GHG emissions of 20%, increase of energy 

efficiency by 20% (compared to 1990) and 20% use of renewable energy sources [6]. In PT, this 

sector is one of the main energy consumers. For this reason, a specific regulatory framework has 

been adopted, comprising a set of rules towards the monitoring and evaluation of global energy 

used by transport companies and companies with own fleet exceeding a global consumption of 

more than 500 toe. The “Plano de Racionalização de Energia” (PRCE) is performed by monitoring 

and evaluating the fleet, selecting the functional unit most appropriate to evaluate the fleet 

services and must include possible measures towards energy efficiency improvement to be 
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implemented within a 3 year period. These measures will be important for the audited company 

in practical terms, reducing energy consumption and costs as well as CO2 emissions and local 

pollutants, with a specific energy consumption reduction target of 5% over a three-year period 

[7].  Typically, reducing fossil fuels dependency and emission levels involves the introduction of 

alternative energy sources as well as vehicle propulsion technology, including electric (EV) and 

natural gas (NGV) vehicles [8]. Studies carried out indicate that the replacement of diesel vehicles 

by NGV allow a reduction of 24% in CO2 emissions [9], as well as 32%, 22% and 15% reduction 

in particulate matter (PM), nitrogen oxides (NOX) and volatile organic compound (VOC) 

emissions, respectively [10]. The introduction of EV leads to reductions in CO2 emissions of 

around 63% compared to the equivalent diesel vehicle [11]. However, the current level of maturity 

of these alternative propulsion technologies has created implementation difficulties. Moreover, 

the immediate impact of these alternatives in large fleets has a large time-scale, since the renewal 

rate is very slow [12]. 

The introduction of energy efficiency and rationalization measures in fleets is another alternative. 

Eco-driving training is one of the most used measures [12] resulting in reductions in fuel 

consumption for both light duty vehicles (LDV) and heavy duty vehicles (HDV), between 2% 

and 40% [13] [14]. The shift to more efficient tires may also play an important role as it can 

account for 20% of the vehicle's energy losses [15]. Tires are classified in the EU according to 

their rolling resistance, from A to G (without D classification for light commercial vehicles) since 

30 June 2012, with A being the most energy efficient tire [15]. It was estimated that a 4% 

improvement per vehicle in fuel economy can be achieved based on a 20% reduced rolling 

resistance of spare tire for passenger cars [16].  

Smarter fleet management is another factor to take into account, by introducing a selection process 

of the most efficient vehicles, allocating vehicles according with the service characteristics. 

Through the analysis of the fleet activity it is possible reduce fuel costs, in some cases, this 

management aims to minimize the number of vehicles or distance and frequency of travel, 

changing the operation of the fleets, registering 5% of savings in fuel consumption [17]. 

Taking all these points into account, the objective of this work was to characterize the energy and 

environmental impacts of a waste management company fleet, as well as quantify the results of 

the implementation of alternative solutions not yet present in the fleet. A detailed description of 

a global waste management vehicle fleet with over 300 light and heavy duty vehicles will be 

presented, regarding the energy and environmental characterization of a fleet, selection of most 

appropriate functional units, and evaluation of energy mitigation measures. 

2. Data and Methods 

Fleet characterization 

This work was developed in real operational context in a waste management company, within the 

framework of the Galp 20-20-20 Project, encompassing a fleet with a great diversity of both LDV 

and HDV, with 344 vehicles. The fleet has shown an increasing trend in energy consumption 

since 2013, being well above the value of 500 toe/year, since in 2014 it presented a consumption 

of 2640 toe. For this reason, the company is being obliged to make a plan to improve its energy 

efficiency, based on the measures presented in the PRCE.  

The existing fleet characterization was carried out using the year of 2015 data for the analysis, 

which included vehicle classification, distance driven, refueling data (in liters), transported 

weight, working hours, among others. The fleet energy characterization was made in three 

function units: energy consumption per kilometer (MJ/km), per hour (MJ/hour) and per ton-

kilometer (MJ/ton-km).  

The overall fleet data of this specific year is shown in Table 1. Regarding the energy consumption 

per ton-kilometer and per hour, the fleet has values of 0.0064 MJ/ton-km for 155 vehicles and 

402 MJ/hour for 166 vehicles, with available information to compute these units. 
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Table 1- Fleet global data in 2015 

Number of 

vehicles 
Average fleet age 

Kilometers 

travelled 

Average energy 

consumption 

(Mj/km) 

 

Liters consumed 

(liters) 

344 12 10.045.000 10,97 3.065.000 

 

In order to act more effectively on the fleet energy consumption, five critical categories were 

considered, predating a total of 237 vehicles. These categories have the largest number of vehicles 

and present high energy consumption in the three units considered. Category 1 corresponds to 

LDV, category 4 corresponds to heady duty (lorry) vehicles, category 5 are lorry’s with cranes, 

category 7 are constituted by cisterns and sewage cleaning vehicles, that frequently provide power 

to other systems, and category 12 corresponds to urban solid waste collection vehicles. 

The fleet characterization regarding GHG and local pollutants emissions will be carried out in 

Section 3, where Copert program was used [18]. This numerical tool provides fleet emission 

estimates of the main regulated air pollutants such as: CO; NOx, VOC and PM produced by 

different vehicle categories, as well as CO2, based on fuel consumption [19].  

One of the ways to reduce the energy consumption associated with the activity of the company 

under study is through a more careful management of the selected vehicles to perform the 

services. One of the ways to proceed is to make an allocation of the vehicles according to their 

characteristics. For this, it is necessary to estimate the energy consumption that each vehicle 

would make under certain service conditions, and to allocate them. This process will also allow 

to determine which unit of energy consumption best suits each type of vehicle/service: energy 

consumption per kilometer, per ton-kilometer or per hour. Table 2 shows the factors that allows 

to assess the units behavior under analysis, as well as the percentage of vehicles for which there 

is information. 
 

Table 2 - Percentage of the vehicles fleet with information on the seven parameters chosen for analysis of 

the three energy units 

 Parameters 

Unit Function 
Travelled 

distance 
%Idle 

Mean 

velocity 

Load 

factor 

Tons 

transported 

Operation 

hours 

Number 

of 

services 

Energy consumption 

(𝑀𝐽/𝑘𝑚) 
100% 62% 62% 45% 45% 48% 48% 

Energy consumption 

(𝑀𝐽/𝑡𝑜𝑛. 𝑘𝑚) 
45% 34% 34% 45% 45% 45% 45% 

Energy consumption 

(𝑀𝐽/ℎ𝑜𝑢𝑟) 
48% 62% 38% 43% 43% 48% 45% 

 

Fleet Performance Assessment Tool 

One of the objectives through the measure implementations presented in the PRCE plan is the 

achievement of a 5% improvement in the specific energy consumption in a 3-year plan for the 

company fleet. In order to reach the target defined by the PRCE, to analyze the energy and 

environmental impacts of some non - existent measures in the fleet and to evaluate its influence 

on the energy consumption in different functional units (MJ/km, MJ/hour and MJ/ton.km), a fleet 

performance tool was developed. In this tool, for each functional unit, the number of vehicles and 

established criteria can be changed.  

Three measures to promote energy efficiency were implemented, as presented in Table 3: disposal 

of vehicles with and without maintenance of fleet services (kilometers, hours and tons); 

replacement of vehicles by alternative technologies and more recent vehicles (Euro 6); and 

measures of operation and maintenance of the vehicles. The five critical categories of the fleet are 

the ones where these measures will be implemented. 
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Table 3 - Schematization of the scenarios and their variants to be implemented. 

Scenario Level 

Scenario 𝚰. A. Fleet resize 

Ι. a) - Without redistribution of services by 

vehicles scrapped 

Ι. 𝑏) - Redistributing the services 

 

Ι. a).1 – Energy consumption (𝑀𝐽/𝑘𝑚) 

Ι. a).2 – Energy consumption (𝑀𝐽/𝑡𝑜𝑛. 𝑘𝑚) 

Ι. a).3 - Energy consumption (𝑀𝐽/ℎ𝑜𝑢𝑟) 

Ι. b).1 – Energy consumption (𝑀𝐽/𝑘𝑚) 

Ι. b).2- Energy consumption (𝑀𝐽/𝑡𝑜𝑛. 𝑘𝑚) 

Ι. b).3 - Energy consumption (𝑀𝐽/ℎ𝑜𝑟𝑎) 

Scenario 𝚰𝚰- Vehicle fleet renewal / replacement. 

ΙΙ. a) -Introduction of IC Euro 6 vehicles in the 

fleet 

ΙΙ. b).1 - Introduction of EV and maintenance of 

the existing vehicles in the fleet  

ΙΙ. b).2 -Introduction of EV and IC Euro 6 in the 

fleet simultaneously 

ΙΙ. c) -Introduction of NGV in the fleet 

 

ΙΙ. a).1 – Energy consumption (𝑀𝐽/𝑘𝑚) 

ΙΙ. a).2 - Energy consumption (𝑀𝐽/𝑡𝑜𝑛. 𝑘𝑚) 

ΙΙ. a).3 - Energy consumption (𝑀𝐽/ℎ𝑜𝑢𝑟) 

ΙΙ. b).1.1 e ΙΙ. b).2.1 –without criteria application 

ΙΙ. b).1.2 e ΙΙ. b).2.2–170 𝑘𝑚/𝑑𝑎𝑦 

ΙΙ. b).1.3 e ΙΙ. b).2.3–115 𝑘𝑚/𝑑𝑎𝑦 

ΙΙ. b).1.4 e ΙΙ. b).2.4– 85 k𝑚/𝑑𝑎𝑦 

ΙΙ. c).1 - Energy consumption (𝑀𝐽/𝑘𝑚) 

ΙΙ. c).2 - Energy consumption (𝑀𝐽/𝑡𝑜𝑛. 𝑘𝑚) 

ΙΙ. c).3 - Energy consumption (𝑀𝐽/ℎ𝑜𝑢𝑟) 

Scenario 𝚰𝚰𝚰- Good practices of maintenance and 

operation. 

ΙΙΙ. a)  -Eco-drive formations 

ΙΙΙ. b)  - Tire efficiency change 

ΙΙΙ. a).1 - Optimistic reduction 

ΙΙΙ. a).2 - Moderate reduction 

ΙΙΙ. a).3 - Pessimistic reduction 

ΙΙΙ. b).1 -Initial tires efficiency category- G,D,F 

ΙΙΙ. b).2 - Initial tires efficiency category -E,D,E 

 

For scenarios ΙΙ.b; ΙΙ.c and ΙΙΙ, an economic analysis was carried out concerning the scenarios 

whose unit is MJ/km, since it is the only unit which information is available for all vehicles. 

Investment and savings figures are presented with these measures, as well as an analysis of the 

net present value (NPV) that includes the investments values of each scenario that indicates the 

feasibility of an investment. The current value of the future Cash Flows (difference between the 

value of the investment and the savings achieved) is another information given by the NPV value. 

It is intended that the value of NPV be positive and as high as possible. The value of the savings 

with the investment ( 𝛽 ) is calculated with Equation 1, where EC corresponds to energy 

consumption of each vehicle, and α can be electricity or CNG price. For these economic analysis, 

the value of 5% for the discount rate was considered; price of diesel oil was assumed as 1.16 €/ 

liter, in the week of August 22 2016; Price for electricity of 0.12 €/kWh verified in the first half 

of 2016 and value of 0.92 €/Kg for CNG (0,018 €/MJ), in the same week. 
 

𝛽 = 𝐸𝐶 (𝑀𝐽) ∗Diesel Price (€/MJ)−𝐸𝐶 (𝑀𝐽) ∗(α price) (€/MJ) 
Equation 1 

The total annual energy consumption is calculated according to the changes that affected each 

vehicle, applying a reduction factor to the initial energy consumption in l/100km or setting a new 

energy consumption value when a vehicle is replaced. The liters used will be recalculated, 

resulting in the final value of annual energy consumption (in MJ).  

Emission analysis does not consider the emission value of the vehicles that have been disposed 

and for scenario II.b, the vehicles replaced by electric vehicles do not present values of emissions 

in the Tank-to-Wheel (TTW) phase. For the NGV scenario, the reduction factors in the emissions 

values considered is presented in Table 4, as are the reduction factors for LDV and HDV.   
 

Table 4- Reduction / increase factors used for emission analysi in scenario II.c. 

Pollutant 
LDV HDV ( [20] [21] 

Reduction / increase factor (-/+) Reduction / increase factor (-/+) 

CO -3,29 -0,25  

VOC +34,3 +0,41 

NOX -0,74 -0,61 

PM -0,34 -0,98 

CO2 -0,13 -0,12 
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Description of the scenarios 

Scenario 1 has two sub-scenarios, the sub scenario I.a in which vehicle disposal occurs without 

services maintenance and sub-scenario I.b with services maintenance. In scenario I, the 

replacement of up to a maximum of 30% of the fleet was imposed, since above this value the 

disposal would become unrealistic. In Ι.a).1 and b) the maximum percentage of the vehicles to be 

removed from the fleet considered is 21%, equivalent to 72 vehicles; For Ι.a).2 this maximum 

corresponds to 16%, a total of 25 cars, and finally to Ι.a).3 the established limit was 20%, the 

equivalent of 34 cars.  

In scenario I and II, the criteria used to select which vehicles will be scrapped was the age - where 

the oldest vehicles in each category are selected first (grouped into bins, each bin being the 

respective European standard emission) - and within each age group, by highest fuel 

consumptions units compared to the mean energy consumption of each category (l/100km; l/ton-

km and l/hour).  

For the scenario, I.b, the annual distance driven, tons transported and hours of work are 

maintained and is equally distributed to the remaining vehicles, for the respective class and under 

certain criteria. After the selection and the disposal, the number of kilometers, tonnes and hours 

of vehicles disposed shall be added for each category of vehicles that remains in the fleet. The 

criteria applied for the redistribution of these quantities shall be applied to vehicles that were not 

scrapped and which are below the average consumption (l/100km; l/ton-km and l/hour) of the 

corresponding category. 

Scenario II deals with the renewal/replacement of fleet vehicles by vehicles of alternative 

technologies or by IC Euro 6 vehicles. The following scenarios are included: ΙΙ.a Introduction of 

IC Euro 6 vehicles; ΙΙ.b EV introduction; and ΙΙ.c Introduction of NGV. In II.a, category 7 was 

not considered. The fuel consumption values used for the analysis of the introduction of IC Euro 

6 vehicles were the following for categories 1,4,5 and 12, respectively: 5,9; 44,3; 52,9 and 48,8 

l/100km. After the vehicle disposal, IC Euro 6 vehicles will only replace vehicles with average 

fuel consumption above the presented values. The maximum possible replacement rate is 39.2%, 

50.3% and 48.0% for sub-scenarios ΙΙ.a).1, ΙΙ.a).2 and ΙΙ.a).3, respectively, the equivalent of 135, 

78 and 79 vehicles, totaling 203, 112 and 116 vehicles.  

Scenario II.b studies the introduction of EV in the fleet in substitutions of category 1 vehicles, 

since it is the category that best suits this technology. Scenarios II.b).1.2 to II.b).1.4 reduce the 

amount of fleet that can be replaced for EV, by limiting the EV electric autonomy to 170, 115 and 

85 kilometers per day, meaning that vehicles that travel more than the established limits cannot 

be replaced by EV. The sub-scenario II.b).1.1 does not apply any criteria of distance traveled per 

day. For the simulations ΙΙ.b).1 and ΙΙ.b).2 vehicles not selected to be replaced by EV, in relation 

to the criteria used, shall be kept or replaced by IC Euro 6 vehicles. The energy consumptions of 

the EV considered are 0.53 MJ/km. The savings obtained with the introduction in the fleet of 

EV´s are calculated with the Equation 1. 

Table 4 summarizes the percentages and number of vehicles replaced for the different distance 

traveled per day criteria used. 

 
Table 5- Percentages and number of vehicles replaced for the different distance traveled per day criteria 

used. 

Scenario 

Scenario ΙΙ. b).1 Scenario ΙΙ. b).2 

Replacement 
percentage 

(%) 

Number 
of EV 

Number 
of equal 
vehicles 

Replacement 
percentage 

(%) 

Number 
of EV 

Number 
of IC Euro 
6 vehicles 

ΙΙ. b).1.1 e ΙΙ. b).2.1 31 105 0 31 105 0 

ΙΙ. b).1.2 e ΙΙ. b).2.2 30 103 2 30 103 2 

ΙΙ. b).1.3 e ΙΙ. b).2.3 26 88 17 29 88 14 

ΙΙ. b).1.4 e ΙΙ. b).2.4 22 76 29 28 76 21 

 

Scenario II.c studies the introduction of CNG vehicles, since the daily distance traveled by the 

company's vehicles are less than 400 km. In the sub-scenarios ΙΙ.c).1, ΙΙ.c).2 and ΙΙ.c).3, once the 

number of vehicles under study changes, the maximum fleet replaced will be 60%, 58% and 55%, 
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respectively. This occurs because the categories subject to the replacement by NGV in ΙΙ.c).1 are 

the categories 1, 4 and 12. For the remaining sub-scenarios only categories 4 and 12 shall be used. 

The average values of consumption of the vehicles entered are 7,4 [22], 74,7 [23] and 65,1 

m3/100km. 

Scenario C has two sub-scenarios: drivers selected to eco-driving courses (III.a) and changing 

energy efficiency of the fleet tires (III.b). In III.a the sewage cleaning vehicles from category 7 

were not considered, because the eco-drive training focus on more efficient and safe driving 

habits. Therefore, the total number of drivers considered in this scenario is 222. The reduction 

factors simulated in III.a were based on literature values and divided into an optimistic scenario 

of 10% reduction (III.a.1), moderate scenario of 5% reduction (III.a.), and a pessimistic scenario 

of 2.5% reduction (III.a.3). These factors are applied in the first year after the eco-driving course. 

In the second year, it is considered that the factors are halved. In the third year, behavior goes 

back to the original state just as before the eco-driving courses. It is considered a driver per 

vehicle, being selected 12 drivers per training with a value of 1500 euros per class. The selection 

of the drivers for training is made by evaluating the highest vehicle fuel consumption deviations 

compared with the vehicles of its class (MJ/km). The reduction factors simulated in III.b were 

obtained from a tire efficiency calculator developed by the EU, assuming a 100% urban driving 

routes and C2 class vehicles (light commercial vehicles) [24]. Since there was no specific 

information regarding the energy class of tires that each vehicle had, two sub-scenarios were 

tested: Sub-scenario ΙΙΙ.b).1, where it was considered that the LDV class circulates with the worst 

energetic class, "G", while for the HDV it is assumed that all the directional tires are "D" class 

and that all rear tires are "F" class tires. For Sub-scenario ΙΙΙ.b).2, the LDV start with "E" class 

tires, and the HDV with "D" and "E". This hypothesis was used because the rear tires are typically 

retreaded. The EU labeling table does not apply to this type of tire, so for these tires it was decided 

to attribute the two lower efficiency classes for the HDV European class (F and E). The average 

mileage of the 237 vehicles in analysis corresponds to 31,284 km and assuming a life time for 

each tire of 40,000 km, therefore the efficiency plan to be implemented in the company must 

consider one tire change per year. The criteria for the selection of the vehicles is the highest fuel 

consumptions within each class (MJ/km). 

 

3. Results and Discussion 

With the Copert Program the initial emissions of the fleet was obtained, and are represented in 

Table 6. The HDV are the highest contributors on the total fleet pollutant emission. In this type 

of vehicles, categories 4 and 12 are the responsible for most of the total emissions, contributing 

together with about 69,4%, 68,5%, 67,9%, 66,7% e 62,5%, of the total emissions of CO, VOC, 

NOX, PM e CO2, respectively. 

 

Table 6 - Emissions of the fleet (in tonnes), as well as the percentage corresponding to LDV. 

Fleet CO VOC NOX PM CO2 

Total emissions (tones) 12,93 1,69 51,54 0,87 8 213,22 

LDV (tones) 0,61 0,06 3,14 0,08 929,97 

LDV percentage  4,70% 3,80% 6,12% 9,14% 11,30% 

HDV (tones) 12,32 1,63 48,40 0,79 7 283,25 

Category 1 (tones) 0,22 0,02 1,67 0,03 454,25 

Category 4 (tones) 5,82 0,67 22,79 0,36 3 607,88 

Category 5 (tones) 0,58 0,05 1,95 0,03 445,02 

Category 7 (tones) 1,13 0,19 4,95 0,09 648,45 

Category 12 (tones) 3,15 0,48 12,19 0,22 1 526,88 

 

In Figure 1 a and b, it is possible to verify the effect of the number of services in the energy 

consumption per kilometer and per tons-kilometer. The other factors studied (presented in Table 

2) have similar impacts in these units. Regarding the energy consumption per hour, there was no 

great impact of the studied factors. A better reallocation of fleet vehicles, by allocating vehicles 
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to services that best suit their characteristics, allows to achieve improvements in energy 

consumption by distance traveled, only in category 1, by 1.3%. A reallocation of the total five 

identified critical categories vehicles, this value increases to 17.1%. Regarding the reallocation of 

only the categories 4, 5, 7 and 12 of HDV, energy efficiency improvements of 27.0% per ton-

kilometer (MJ/ton-km) are achieved. It is possible to conclude that the energy consumption per 

kilometer is the unit that best suits for all vehicles of the fleet, and the energy consumption per 

ton-kilometer adapts better to HDV categories. For vehicles in category 7 it was expected that 

MJ/h would be the most adequate since the work performed by these vehicles requires much time 

of stopped work, with the pumps working many hours. However, this did not occur possibly due 

to the fact that the data available did not correspond to the pumps working hours from the vehicles. 

 

Figure 1  - a)-Comparison of the effect of the number of services on energy consumption per kilometer 

(MJ/km) (a) and b)-on energy consumption per tonne-kilometer (MJ/ton.km) (b), for category 4. 

Results indicate that scenarios Ι.a).1; Ι.a).2 (vehicles disposal without maintaining the services) 

and Scenario Ι.b).3 (vehicles disposal and maintaining the services in the fleet) present the largest 

reduction in energy consumption, about 9,8%; 7,9% and 9,0%, respectively. However, the 

scenarios without service maintenance may not be completely possible.  

Figure 2-a shows the gradual reduction in energy consumption with the increasing of the number 

of EV introduced in the fleet. The total fleet energy consumption reduction potential (including 

HDV) is reduced from 4.3% for sub-scenario ΙΙ.b).1.1 to 2.1% for 85 km/day criteria (sub-

scenario ΙΙ.b).1.4). As the criteria of electric autonomy (kilometers per day) is reduced, the 

number of vehicles selected is reduced to 31% of the total fleet vehicles, in the case ΙΙ.b).1.1 to 

22% with the criteria of 85 km/day, equivalent to less 26 cars between the two limits. The obtained 

results are mainly caused by the influence of the vehicles replacement that cover greater distances 

and have larger fuel consumptions per distance unit travelled (MJ/km) compared to the global 

fuel consumption of the corresponded category. According to the kilometers traveled by the 

vehicles of category 1, the point A from Figure 2-a of the scenario II.b).3, is the most advised for 

the company. In the Scenario II (introduction of new vehicles), scenario II.a) shows the best 

results in terms of energy efficiency improvement, around 7%. The substitution of 8% of the fleet, 

about 27 vehicles, is the most favorable case to the company for this scenario.  

A possible hypothesis for the verification of the impacts that the introduction of EV may have on 

financial and environmental terms for the company is the replacement of 1% of the fleet, 

equivalent to 4 vehicles, for sub-scenario ΙΙ.b).1.1 to sub-scenario ΙΙ.b).1.3 and 3 vehicles for sub-

scenario ΙΙ.b).1.4. In these points, the investment values for the reduction of one unit of energy 

(𝑀𝐽) decrease as the criteria of the km/day is increased, as well as obtaining higher values of 

NPV. Another possibility is the replacement of 15% of the fleet, equivalent to 35 vehicles replaced 

in sub-scenario ΙΙ.b).1.3, that is the most realistic scenario according to the range of the EV 

selected to be introduced in the fleet. This solution leads to a reduction of 3,4% in energy 

consumption and 4,3% in emissions of CO2. Finally, for the sub-scenario ΙΙ.c), we obtained the 

worst results, as can be seen in Figure 3-c. In this scenario, the introduction of NGV worsens the 
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energy consumption of the fleet.  This occurs because the company’s vehicles (categories 1,4 and 

12) show values of energy consumption less than 8%, 29% and 27% lower than the NGV 

consumption. However, large reductions in pollutant emissions are achieved with the introduction 

of NGV in the fleet, from 8% to 66%, while the reduction in VOC emissions was 60% (sub-

scenario ΙΙ.c).1.  

Scenario III (eco-driving and tire change) obtained improvements between 2%-8% (scenario III.a) 

and 4% (scenario III.b) in energy efficiency (MJ/km). In Figure 3-b it is verified that B1 

corresponds to the point where it is necessary less investment level to obtain a reduction of energy. 

This corresponds to training 20% of the drivers of the fleet, meaning that reasonable reductions 

can be achieved without having to introduce new vehicles in the fleet.  

  
Figure 2 a- Average energy consumption of the fleet (scenario ΙΙ.b).1) and b- Investment made per unit of 

energy saved (MJ), as a function of the percentage of EV introduced into the fleet. 

 
 

Figure 3 a- Average fleet consumption as a percentage of NGV introduced in the fleet and b- Investment 

made per unit of energy saved (€/MJ) according to the percentage of drivers with eco-drive formations. 

After evaluating measures to improve fleet efficiency, two solutions were proposed to the 

company in order to analyze the potential impact of these measures on a three-year plan to 

improve fleet efficiency by 5%. Solution A includes measures with higher initial investment 

value. It was selected 35 EV´s (Criteria of 115 km/day), 23 IC Euro 6 vehicles, 8 NGV´s, 86 

vehicles with tire replacement and 72 drivers with eco-training. It was decided not to replace tires 

in EV´s, IC Euro 6 and NGV´s, but all vehicles subject to ΙΙΙ.a are also subject to ΙΙΙ.b, making a 

total of 160 vehicles affected by this solution (equivalent to 47% of the total fleet). This solution 

includes all measures previously indicated, as well as the points of least investment per unit of 

energy reduced, points of greater value of liters saved by number of vehicles replaced and points 

of maximum NPV value (for example Points A and B1, from Figure 2-b and Figure 3-d, 

respectively). This proposal covers 160 vehicles, equivalent to 47% of the fleet.  

Solution B covers only scenarios III.a).3 and III.b).1, about 219 vehicles, equivalent to 64% of 

the fleet, where for the scenario III.a).3 the Pont B2 from Figure 3-d is considered. In these 

solution, it was decided to increase the number of drivers covered by measures ΙΙΙ.a and ΙΙΙ.b. For 

scenario ΙΙΙ.a, another low investment point was selected, covering 156 drivers and for the 

scenario ΙΙΙ.b a total of 201 vehicles. 

a) b) 

a) b) 
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For solution A, a 5.4% reduction in energy consumption (reduction equivalent to 177 toe/year) 

was achieved, with an investment of 497 thousand euros in the first year and 60 thousand in the 

second and third year, with savings of 286 thousand euros in fuel and a Payback Time of 8 years. 

In solution B, the reduction in energy consumption was 5.8%, equivalent to 188 toe/year, with an 

investment of 162 thousand euros, saving about 209 thousand euros in fuel, with a Payback Time 

of 1 year.  

The investment values are based on the extra costs of the EV and NGV compared to IC diesel 

vehicles acquisition, extra costs of energy efficient tires with regard to current costs used, and the 

costs of 1500 euros per class in eco-driving training. To conclude, the solution B is the one that 

best suits the reality of the company, allowing to reach the goal of 5% with a low investment 

value. In terms of emissions it is noted, in Table 7 that solution A allows to reduce, on average, 

9% of annual emissions compared to 6% of solution B. 

 

Table 7 - Results obtained for the two solutions for local pollutants. 

Local Polutants CO VOC NOX PM 

Solution A-Emissions (Tons) 12,00 1,51 46,94 0,77 

Solution A-Reduction 7,20% 10,99% 8,93% 11,50% 

Solution B-Emissions (Tons) 12,2 1,6 48,5 0,8 

Solution B-Reduction 6,0% 5,8% 6,0% 5,8% 

4. Conclusions 

The main objective of this study was to characterize the energy and environmental impacts of a 

waste management company fleet, as well as the results quantification of some alternative 

solutions implementation not yet existent in the fleet. In this way, a data analysis tool was 

developed capable of quantifying the fleet energy consumption according to the introduction of 

rationalization measures. In addition, it was intended to analyze the functional unit that best suits 

the study fleet. The accomplishment of this work allowed the following conclusions: 

• Classes 1,4,5,7 and 12, are the most critical classes of the fleet, and it is them that the 

measures of energy efficiency should be applied.  

• The estimation of CO2 emissions and local pollutants (CO, VOC, NOX and PM) allowed 

to conclude that the HDV of the fleet contributes most to the emission values recorded, 

emitting around 7,283 tons of CO2. 

• The study concluded that a fleet energy analysis in terms of kilometers traveled is 

adequate for all vehicles in the fleet, and the analysis in terms of energy consumption per 

tonne kilometer is the most adequate for the category of HDV of the fleet. This occurs 

due to the reduction effect that´s verify with the introduction of transported tonnes in 

energy consumption per kilometer to energy consumption per tonne-kilometer. However, 

an increase in the number of vehicles monitored, would allow to obtain values more 

realistic relating to your use.  

• A better reallocation of fleet vehicles, by allocating vehicles to services that best suit their 

characteristics, allows improving energy consumption by distance traveled only in 

category 1 of 1.3%. A reallocation of the vehicles associated to the identified critical 

categories represents increases of up to 17.1%.  

• In Scenario I, the results indicate that Scenarios Ι.a).1; Ι.a).2 and Scenarios Ι.b).3 have 

the largest reduction in energy consumption, 9,8%; 7,9% and 9,0%, respectively. 

However, the scenarios without services maintenance may be difficult to implement, once 

the company may not be able to respond to all the services that are required. In the 

Scenario II, the scenario II.a shows the best results in terms of energy efficiency, about 

7%. For the scenario ΙΙ.c, the worst results were obtained. However, reductions in 

pollutant emissions are achieved from 8% to 66%. 
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• Scenario III (eco-driving and tire change) obtained improvements between 2%-8% 

(scenario III.a) and 4% (scenario III.b) in energy efficiency (𝑀𝐽/𝑘𝑚). This means that 

reasonable reductions can be achieved without having to introduce new vehicles in the 

fleet.  

• Two solutions A and B were proposed. The 5,8% improvement with a cost difference of 

208.000€ and emission reduction between 5%-6% in local pollutants for solution B 

proves that it is possible to achieve a good energy efficiency without a large initial 

investment. 

Considering the results presented above, with the solutions explained and presented previously, 

the objective of this study was reached, demonstrating that the company can achieve an 

improvement of up to 5% of its energy efficiency with the adoption of one or both solutions. 
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