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Abstract: Road transport is responsible for a considerable amount of pollutants emissions, so it 
is important to study the influence of road grade and the effect of increases in dynamic variables 
on energy consumption and pollutants emissions for the different driving contexts. In this way, a 
diesel-powered light duty vehicle (EURO 6) was monitored under real driving conditions. With 
the data collected the vehicle was characterized, its characterization, as well as the 
quantification of the energetic and environmental impacts was done using the VSP 
methodology. In addition, using the data from the experiments, a tool differentiates the different 
driving contexts of a batch of data was developed and validated. With this tool two 
methodologies were developed that were applied to the data collected in the characterization of 
the vehicle and others. 

The results of the analysis of the influence of the road grade show that in all contexts and 
modes the most sensitive variables were the emissions of NOx, ranging from 11.3 to 553%, and 
the fuel / CO2 pair, from 19.9 to 242%. The most sensitive variables to the decrease of the 
negative slopes were the fuel / CO2 pair, varying from -52.4 to -14.4%. Increases in mean 
positive acceleration result in increases in consumption and emissions. For urban and extra-
urban context increases in average speed did not result in increases in emissions. On the 
motorway, only at the highest speeds did emissions increase. The conclusions for the mean 
positive VSP were like those for the average speed. 

Keywords: real conditions; EURO 6; energy consumption; emission of pollutants; road grade; 

dynamic variables. 

1. Introduction 

According to a report by the International Energy Agency [1], the transport sector has a major 

impact on atmospheric air pollution, contributing with SO2, NOx, PM, CO, VOC and NH3, as a 

result of the high energy consumption of this sector. Road transport in the EU is responsible for 

a considerable amount of emissions of air pollutants, which shows the heavy reliance on road 

transport for fossil fuels [2]. Air pollution is the fourth largest human health risk factor in the 

world after high blood pressure, dietary risks and smoking [1]. The latest estimates target to 6.5 

million premature deaths due to air pollution. In addition to the risk to human health, air pollution 

is also a risk to the environment [1]. 

Regarding the driving context in the studies [6][7][8] the results and conclusions obtained were 

consistent. In all NOx emissions were higher in urban circuit, smaller in motorway and inter-

media in extra-urban. The highest emissions were observed in urban circuit, because there are 

more frequent accelerations. In a driving cycle with variations in speed, it is expected to 

increase emissions of NOx and CO2, in relation to driving in which the speed is more constant. 

High freeway speeds lead to high CO2 emissions. 

In the studies [9][10] the influence of road topography in energy consumption and emissions of 

pollutants was confirmed. Fontaras, Zacharof and Ciuffo [10] have reviewed the influence of 

other external factors on fuel consumption and emissions, factors such driving aggressiveness, 

etc. 
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In the studies [7][9][10] the influence of aggressive driving on the increase of CO2 and NOx 

emissions was confirmed. Gallus et al. [9] concludes that from CO and HC emissions data it is 

not possible to distinguish a normal driving type from an aggressive type. 

These studies reveal gaps in the literature. There are few studies analyzing the effects of road 
grades greater than 5% on consumption and pollutant emissions, as well as studies that classify 
the effects of increasing and decreasing road grades on consumption and emission of pollutants 
in qualitative terms. There are also few studies that allow to realize the effect that increases in 
dynamic variables with which the driver more easily identifies in his daily driving, mainly using 
data collected in RDE conditions. The intents of this work are to evaluate the influence of road 

slope on energy consumption and pollutant emissions (CO, HC, NOx, CO2) and to assess the 

effect of increases in dynamic variables  

2. Methodology 
 

2.1 – On road monitoring 

The experimental, on-road tests were performed on a BMW 325d, a EURO 6 Diesel vehicle. It 

has a 4 cylinder, inline, turbocharged, 2 l Diesel engine (167 kW @ 4400rpm) and an 8-speed 

automatic transmission. The vehicle curb weight is 1700 kg, with integrated emission and fuel 

reduction technologies, such as EGR, particulate filter, 2-way catalytic converter and Stop/Start. 

The on-road tests were performed with a portable laboratory composed with an OBD scanner 

(OBDKey), GPS with barometric altimeter (GPSMap 76CSx) to measure altitude, exhaust gas 

analyzer (Maha MET 6.3 Combi Tester) to measure the concentration of HC, CO, CO2, O2, NO, 

NO2 and  NOx and a laptop with specific LabView program to collect and synchronize the data at 

1Hz. The vehicle was monitored in a total of 5h49min (4 experiments) and was driven through a 

specified route that complies with UE regulation for RDE [3]. The goal of these experiments was 

to test different engine operation conditions and collect a wide range of operation points, 

covering a wide range of engine load and speed. it also includes data from road grade. There 

was included data (56 experiments) from other databases collected with a similar experimental 

procedure. These data were included to improve representativeness of the analysis done in this 

work.  

2.2 – Data analysis 

Data processing 

The data collected includes average speed, altitude, RPM, engine air mass flow, pollutants and 

O2 concentration and lambda. After finding the delay of data collected with the gas analyzer, 

fuel consumption was calculated, by doing a mass balance to the chemical equation of the 

combustion process that occurs inside of a diesel engine. 

 
𝑎𝐶10𝐻18 + 𝑏(𝑂2 + 3.76𝑁2) → 𝑐𝐶𝑂2 + 𝑑𝐶𝑂 + 𝑒𝐻𝐶 + 𝑓𝑂2 + 𝑔𝑁𝑂 + ℎ𝑁2 + 𝑖𝐻2𝑂 +𝑗𝑁𝑂2 

 

 
(1) 

The acceleration of the vehicle was computed by interpolating the speed data with a second-

degree polynomial. Using a MATLAB algorithm and data from vehicle speed and altitude the 

instantaneous slope of the road was computed.  

Tool for determining the driving context 

For the second database of driving data, the task of identifying different driving context was 

harder (because the route of these experiments was unknown). To automate the process and to 

make it faster, a tool for determining the driving context was developed. The previous 

experiments conducted for this work were essential for calibrating and validating the tool. The 

first step to develop this tool was to understand what distinguishes different driving contexts. 

This was done by analyzing dynamic parameters and stop frequency, finding the ones which 
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vary less (lower ratio between standard deviation and average value). The chosen parameters 

were average velocity, mean positive and null VSP and stop frequency.  

The obtained equations were: 

• Urban:  

 [( v̅ < 45 ∨ VSP ≥ 0̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ < 8) ∧ stop frequency > 5% ] ∨ [v̅ ≤ 60 ∧ stop frequency > 10%] (2) 

• Extra-urban: 

 45 < v̅ < 69 ∧  VSP ≥ 0̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ < 20 ∧ stop frequency < 5% (3) 

• Highway: 

 v̅ > 69 ∧  VSP ≥ 0̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  ≥ 10 (4) 

Where: 

• v̅ – average velocity, [km/h]; 

• VSP ≥ 0̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ – average of the VSP values equal of higher than zero, [W/Kg]; 

• stop frequency – the percentage of time (in a certain interval) when velocity was zero. 

The classification of the driving context was made for blocks of 500 elements (or seconds), 

which means that all the values of the equations (2), (3) and (4) were recalculated for each 

block of 500s of data. It was proved by the validation of the tool for the data collected during this 

work that this time interval adjusts well to the calibration data. The error of this tool in the 

validation data was of 10,9%. 

Quantification of the energy impacts 

The VSP methodology [5] was used in the quantification of the energy impact. This 

methodology gives an estimate of specific power distribution (power per mass unit), that is 

function of the vehicle dynamics (speed, acceleration, rolling resistance and aerodynamic drag, 

road gradient) using the equation (5). 

 VSP = v ∗ (1.1 ∗ a + g ∗ sin(φ) + 0.132) + 0.000302 ∗ v3 (5) 

With: 

• VSP – Vehicle Specific Power [W/kg];  

• v – instantaneous velocity of the vehicle [m/s]; 

• a – instantaneous acceleration of the vehicle [m/s2]; 

• g – gravity acceleration [m/s2]; 

• φ – road grade [rad]; 

• 0.132 – rolling resistance coefficient [m/s2]; and 

• 0.000302 – aerodynamic drag coefficient [m−1].  
 

VSP was computed for each second of data collected. Fuel consumption and the emissions of 

CO2, CO, HC and NOx (in g/s) were plotted in function of the VSP modes. The obtained curves 

are a characteristic of this vehicle, with these curves and with the distribution of time (%) in 

function of the VSP modes of any other trip/route it is possible to estimate the fuel consumption 

as well as the emission for any of these pollutants by the applications of these equations, (6) 

and (7). 
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Consumptionx = 1000 ∗ (vx̅)−1 ∗ ∑ Ci

VSP ∗ %ti

14

i=1

 
(6) 

 

 
Ey = 1000 ∗ (vx̅)−1 ∗  ∑ Ei

VSP ∗ %ti

14

i=1

 
(7) 

Where: 

• Consumptionx – fuel consumption of the tested vehicle driven in the route x, [g/km]; 

• vx̅– average velocity of the vehicle in the route x, [m/s]; 

• Ci
VSP– fuel consumption of the tested vehicle in the VSP mode i, [g/s]; 

• %ti – % of time expended in the VSP mode i; 

• Ey – emission of the pollutant y in the route x, [g/km]; and 

• Ei
VSP– emission of the tested vehicle in the VSP mode I for the pollutant y, [g/s] [11]. 

 

2.3 – Evaluation of the impact of external factors  

Road grade impacts 

For this analysis data from 12 experiments was used, all of them performed in the same course, 

four of them were carried out within this dissertation, the other 8 come from other databases in 

order to increase the statistical representativeness of the results. The goal of this analysis was 

to analyze the influence of the road grade in fuel consumption and pollutants emissions of this 

vehicle. This analysis was made based on a modal distribution of the road grade, otherwise the 

results would be much harder to read. The road grade data were grouped in 8 modes, that are 

presented in the Table 1. 

Table 1 – Modes chosen for the road grade. 

M

o

d

e 

Road grade [rad] M

o

d

e 

Road grade [rad] M

o

d

e 

Road grade [rad] M

o

d

e 

Road grade [rad] 

1 φ < −0.15 3 −0.10 ≤ φ < −0.05 5 0 ≤ φ < 0.05 7 0.10 ≤ φ < 0.15 

2 −0.15 ≤ φ < −0.10 4 −0.05 ≤ φ < 0 6 0.05 ≤ φ < 0.10 8 φ ≥ 0.15 

The quantification of the energy impact was done like described in topic 0..  

To identify the degree of impact that a certain mode of road grade has in terms of fuel 

consumption of emission of pollutants, values for comparing the results are needed. These 

values were called reference values. The reference values were obtained according to the topic 

0, but with the component of the road grade equal to zero, it means that the reference values 

are trips with equal dynamic, but in a flat road. The influence of the road grade was evaluated 

by equation (8). 

 variation =
varmode z − varref.

varref.

∗ 100 (8) 

In equation (8), varmode z is defined as the variable that is needed to evaluate the impact, for 

example, the emissions of NOxfor the mode 6 of the road grade, in this case z=6 and varref. is 

the value of the NOx emissions for the reference case, it mean a route with zero grade. The 

impacts of the all the road grade modes in the fuel consumption and emission of pollutants were 

evaluated in all the different driving contexts.  

Influence of the dynamic variables on fuel consumption and pollutants emissions 
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In this analysis, data from 60 driving cycles was used, in which 56 cycles come from other 

databases to increase the statistical representative of this analysis. The other 4 cycles were the 

experiments carried out for this work. 

The dynamic variables that were studied in this analysis were: 

• Mean positive acceleration; 

• Average velocity; and 

• Mean positive VSP. 

These were the variables chosen because they are easily controllable in a daily driving. The 

values of these variables were calculated for each driving context within each cycle. The fuel 

consumption, and the emission of each pollutant (CO2, CO, HC, NOx) was plotted in function of 

all the dynamic variables chosen for this analysis. The outliers were eliminated to obtain the 

curve that shows better adjustment.  

Boundaries for different contexts  

In all the plotted graphs there is a zone where there is a higher concentration of urban dots, a 

zone where there is a higher concentration of extra-urban dots and the same happens for 

highway context. However, the boundaries between these zones are not well established so the 

equations that establish these limits are (9) e (10). 

 inferior limitc
var = var̅̅ ̅̅ c − 2σc

var 
 

(9) 
 

 upper limitc
var = var̅̅ ̅̅ c + 2σc

var 
 

(10) 

Where: 

• var – it is the variable that is being studied, for example, the average velocity or the 

mean positive acceleration, etc; 

• c – it represents the driving context of the variable being studied, for example, the mean 

positive acceleration for urban context; 

• var̅̅ ̅̅ c – it is defined has the average value of the variable (var) in all the cycles studied 

for the cases in driving context c;  

• σc
var – standard deviation of the elements for the variable (var) in all the cycles in driving 

context c;  

• inferior limitc
var – inferior limit of the variable (var) for the driving context c; and 

• upper limitc
var – upper limit of the variable (var) for the driving context c. 

The equations (9) and (10) were obtained based on the approximation of the data of the 

dynamic variables for the different contexts to normal distributions, which was verified based on 

the visual quantile-plot method (Q-Q plot) [12]. 

Defemination of the value of the increment  

The goal of this analysis was to compare how much percent the same increase in a specific 

dynamic variable affects a certain fuel consumption and pollutants emission inside of each 

driving context. The goal is to answer questions such as: what is the effect of a 5% increase in 

the average speed for urban context in the fuel consumption or what is the variable that is more 

affected by an increase in 5% in the mean positive acceleration? The value of the increments to 

be made to the dynamic variables were decided to be 5% of the length of the interval that the 

dynamic value convers in a certain driving context. The value of the interval was decided to be 

5% of the range that a certain dynamic variable convers within the all the domain (all driving 

contexts), and is defined by equation (11). 
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 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑣𝑎𝑟 = 0.05 ∗ (𝑢𝑝𝑝𝑒𝑟 𝑙𝑖𝑚𝑖𝑡𝑣𝑎𝑟 − 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 𝑙𝑖𝑚𝑖𝑡𝑣𝑎𝑟) 
 

(11) 

Where the upper limitvar is the maximum value that variable (var) assumes in all the domain, 

including all the driving context, the inferior limitvar is defined has the minimum value that 

variable (var) assumes in all the domain, including all the driving context and the 

value of the incrementvar is the 5% value of the domain that is going to be incremented in the 

variable (var) in order to verify the effect of this increase in an energetic variable (fuel 

consumption and pollutants emission).It was assumed 5% for the value of the increment 

because it was considered to be a reasonable value to increase the variables, since it 

subdivides the domains of the dynamic variables into a satisfactory value of points that allow 

obtaining results that can be interpreted. 

 Nondimensionalization of the analysis 

The goal of this analysis was to compare effects of constant increases in a specific dynamic 

variable in the fuel consumption and in the pollutants emissions (CO2, CO, HC, NOx). The 

method used allows to have result like the ones shown on Figure 2.  

The easiest way to understand the result is to interpret them. Analyzing the results for urban 

context in the Figure 3, the first increment in the average velocity means the average velocity 

was increased from 1.74 km/h to 8.29 km/h. This increase in the velocity led to a variation in the 

fuel consumption from 142.17 g/km to 110.28 g/km. This result shows that an increment of 6.55 

km/h in the average velocity has reduced the fuel consumption in 22.43%. This result was 

obtained using equation (12). 

 
Variationj=1

consumption
= 100 ∗

ConsumptionB − ConsumptionA

ConsumptionA

= 

 

= 100 ∗
110.28 − 142.17

142.17
= −22.43 % 

 

 
 
(12) 

 

 

3 – Results 

3.1 – – Road grade impacts 

In CI engines CO emissions are low enough in absolute value to be considered as not important 
[13]. Therefore, the increases in CO emissions will not be classified. In the Table 2 can be 
observed that in all contexts and modes the most sensitive variable was the emissions of NOx 
and the second most sensitive was the fuel / CO2, except for modes 5. The HC emissions 
occupied the third position of sensitivity in most modes, in all contexts. However, the most 
sensitive variables to the reduction in the negative road grades were the fuel consumption and 
the emissions of CO2, for all the driving contexts and road grade modes The emissions of NOx 
were the less sensitive variable to the reduction of road grade (negative) for all the driving 
contexts and road grade modes (there is only one exception), this information was obtained by 
the interpretation of the Table 3. 

In the case of positive road grades, the trend was clear, with the increase of the road grade the 

fuel consumption and the pollutants emissions have increased. It happens because when the 

vehicle is in a road with positive road grade there is a component of the weight of the vehicle in 

the direction of the movement. To avoid the deceleration of the vehicle this force needs to be 

balanced by another force with equal magnitude but pointing upwards, this force needs to be 

generated by the engine, for this to happens, it will be needed an increase of the power required 

to the engine [4]. Gallus et al. [9] have found the existence of linear correlations between the 

road grade (positive) of the route and the emissions of CO2 and NOx for all the driving contexts. 

Gallus et al. [9] refer that this trend of higher emissions for higher road grades is due to the 

necessity of having higher engine loads with more frequency. These linear correlations were 

also found in this analysis as shown in the Figure 1. In this analysis was also found the 
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existence of linear correlations between the road grade of the route and the fuel consumption, 

the emissions of CO and HC.  

Table 2 – Results of the variation relative to the reference value and classifications (1º,2º and 3º) of the 
increases by road grade modes (positive), for the different driving contexts. 

 Urban  Extra-Urban  Highway 

Mode 5 6 7 8  5 6 7 8  5 6 7 8 

Fuel[%] 19.9 74.1 105 242  30.0 91.8 154 197  31.7 101 155 242 

𝑪𝑶𝟐[%]   

CO - - - -  - - - -  - - - - 

HC[%] 14.1 62.2 86.8 219  25.8 85.1 145 182  32.5 100 154 237 

𝑵𝑶𝒙[%] 11.3 76.4 132 307  25.4 104 213 325  43.4 193 370 553 

 

Table 3 - Results of the variation relative to the reference value and classifications (1º,2º and 3º) of the 
reduction by road grade modes (negative), for the different driving contexts. 

 Urban  Extra-Urban  Highway 

Mode 1 2 3 4  1 2 3 4  1 2 3 4 

Fuel[%] -34.8 -51.4 -31.5 -14.4  -34.6 -42.2 -42.7 -23.7  -32.3 -52.4 -51.5 -26.8 

𝑪𝑶𝟐[%]   

CO - - - -  - - - -  - - - - 

HC[%] -9.19 -30.5 -14.2 -7.40  -5.69 -15.1 -22.9 -17.7  -9.76 -31.6 -33.4 -22.6 

𝑵𝑶𝒙[%] 22.3 -2.66 4.16 -3.28  26.6 14.4 -3.20 -14.4  8.55 -11.0 -16.7 -22.8 

 

 

Figure 1 - Graphical representation of the linear correlations of the 𝐶𝑂2 and 𝑁𝑂𝑥 emissions by modes of 
road grade (positive), for all the driving contexts.  

3.2 – Influence of the dynamic variables on fuel consumption and pollutants emissions 

Mean positive acceleration 

From the observation of Figure 2 it can be understood that in all the driving contexts that 
incrementing the mean positive acceleration results in an increase in the fuel consumption and 
in the emissions of all pollutants, because the variation is always higher that zero in the graphs. 

Another characteristic that all these results have in common is the sensibility of the variables, in 
all of them the variable that has shown more sensitive to the increases in the mean positive 
acceleration were the emissions of NOx, the second variable more sensitive were the emissions 
of HC, the third were the emissions of CO2, the fourth were the fuel consumption and the less 
sensitive were the emissions of CO. The last two variables have shown a similar degree of 
sensibility. From the first increment until the last the difference between the variation suffered by 
the variables decreases. The results for the emissions of NOx are in line with the studies [6-9], 
while for the emissions of CO2 the results are in line with the one in the studies [6][9] and for the 
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emissions of CO in extra-urban and highway contexts, the results are coherent with the ones 
within the study [6].  

 

Figure 2 - Comparison of the percentage variation suffered by the consumption of fuel and emissions of 
pollutants for increases in mean positive acceleration, on all the driving contexts. 

Average speed 

The next paragraphs refer to the results shown in Figure 3.    

For urban context, increases in the average velocity have produced a decrease in the fuel 

consumption and in the emissions of all the pollutants. It means that for all the increments the 

variations of the variables were negative, but it is important to notice that as it has been 

incrementing the average velocity the variation in the fuel consumption and in the emissions of 

all the pollutants were growing. This growth was smoother for the emissions of CO and HC, for 

the emissions of HC the variations remained almost constant and equal to -10% until the sixth 

increment, reaching -8% in the last one. The emissions of CO varied from about -7% until 

approximately -3%. The fuel consumption, the emissions of CO2 and the emissions of NOx 

varied from -22% until a value near zero, but negative. These last three variables have shown a 

higher growth of the variation along the increments. The study [6] confirmed the results obtained 

for the emissions of  CO2, HC and NOx.  

 

Figure 3 - Comparison of the percentage variation suffered by the consumption of fuel and emissions of 
pollutants for increases in average speed, on all the driving contexts. 

In the case of the extra-urban context the largest variations that existed were around 0%. 

Therefore, it can be considered that there were no increases in fuel consumption or emissions 

for speed increases. HC and CO emissions have always decreased for average speed 

increments. The variation of the emissions of HC and CO have increased with the increase of 

the increments, because as the average speed increases the variations grow. Fuel 
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consumption, CO2 emissions and NOx emissions increased their variation up to the third 

increment, where they stabilized at about 0% and remained the same until the last increase. 

The results obtained for the pollutant emissions are in line with those verified in the study [6]. 

On the motorway, up to the fourth increment the maximum variation suffered by consumption 

and by the emissions of pollutants was around 0%. Thereafter, all increases in average velocity 

resulted in increasing increases in CO and HC emissions. From the first to the seventh increase 

in average speed, variations in fuel consumption, CO2 emissions and NOx emissions ranged 

from about 0% to -2%, i.e. increases in average speed led to decreases in consumption and on 

the emissions of these pollutants. From the eighth increment, variations in fuel consumption, 

CO2 emissions and NOx emissions were positive, so increases in average speed resulted in 

increases in fuel consumption and CO2 and NOx emissions. The results obtained for the 

emissions of CO2 and NOx agree with those of the study [6]. 

4 – Conclusions 

The introduction of data from other databases made it difficult to subdivide a batch of data into 
the various driving contexts (due to lack of knowledge of the route). To automate the process by 
making it faster, a tool was developed to determine the driving context. Therefore, a certain 
degree of uncertainty may underlie these conclusions because it is not known what error the 
tool for determining the different driving contexts had in classifying the tests that were not 
performed within the scope of this dissertation. 

It is important to note that in all contexts and modes the most sensitive variable was the 
emissions of NOx (1º) and the 2º most sensitive was the fuel / CO2 pair, except for modes 5 of 
road grade. HC emissions occupied the 3º position of sensitivity in most modes, in all contexts. 
It was also concluded that there are linear correlations of (positive) slopes with CO2 and NOx 
emissions for all, as well as for fuel consumption, CO and HC emissions. However, the 
variables most sensitive to decreasing negative slopes were fuel consumption and CO2 
emissions, for all contexts and modes. The same is true of the emissions of NOx which for all 
driving contexts and modes (there is an exception) of grade revealed the variable less sensitive 
to the decrease of slope. 

Despite the effort involved in the distribution of road slopes in a number of ways in which a good 
representation of all was achieved, it was not possible to guarantee the statistical representation 
of the most extreme modes when they were separated in the different driving contexts. So this 
will be a point to take into account in future work. Some of the inconsistencies with the 
remaining trends in the most extreme modes may have their cause here. 

Increases in positive average accelerations result in increases in fuel consumption and 
emissions of pollutants. The variable that was most sensitive to increases in average positive 
accelerations was emissions of NOx, the second most sensitive were emissions of HC, the third 
the emissions of CO2, the fourth the consumption of fuel and lastly CO. The latter two showed a 
similar degree of sensitivity. The highest increases occurred on motorways (3 to 8%), the 
second largest in extra-urban (2 to 6%) and the lowest in urban (2 to 5%).The degree of 
sensitivity shown by fuel and CO2 emissions is not as expected. The expected result would be 
that these variables exhibited the same degree of sensitivity because the mass of fuel burned is 
directly proportional to the mass of CO2 formed, this conclusion is taken from the mass balance 
to the chemical equation of combustion of diesel fuel, equation (1). 

For urban context increases in average speed have translated into a decrease in fuel 
consumption and emissions of pollutants. That is, for all increments, the variation of the 
variables was negative. Emissions of CO (~ -5%) and HC (~ -10%) showed almost constant 
change, while fuel consumption and CO2 and NOx emissions ranged from -25 to 0%. In the case 
of the extra-urban context the largest variations that existed were around 0%. Therefore, it can 
be considered that there were no increases in fuel consumption or emissions for speed 
increases. On the motorway, up to the fourth increment the maximum variation suffered by 
consumption and emissions of pollutants was around 0%. Thereafter, all increases in mean 
velocity resulted in increasing increases in CO and HC emissions. From the first to the seventh 
increase in average speed, variations in fuel consumption, CO2 emissions and NOxemissions 
ranged from about 0% to -2%, ie increases in average speed led to decreases in consumption 
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and on the emissions of these pollutants. From the eighth increment, changes in fuel 
consumption, CO2 emissions and NOx emissions were positive, so increases in average speed 
resulted in increases in fuel consumption and CO2 and NOxemissions, the maximum variations 
were approximately 15% 
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