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ECO-TRAFFIC:  proyecto del Plan Nacional de I+D+i  

PERÍODO:  2017 – 2019 

2 Ciudades: Madrid y Cáceres 

8 EPOS (carta de interés y apoyo): CORREOS, I.D.A.E, ITS-España, 

Alphabet, Ayuntamiento de Madrid y Cáceres, PTV, LAT 

2 OBJETIVOS GENERALES: 
 - Analizar el potencial de reducción de las emisiones con un tipo de 
conducción eficiente. 
- Investigar el grado de aceptación de la conducción eficiente, así como la 
concienciación sobre sus beneficios y desventajas. 

PROYECTO ECO-TRAFFIC 
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PROYECTO ECO-TRAFFIC 

Ponecias en CIT2018: 
 

1. Analysing Fuel Savings through Eco-driving Patterns, Road Environment 
and Drivers Attitude. Yang Wang, David Lois, Alessandra Boggio, Andrés 
Monzón.  

2. Understanding the Context for Efficient Eco-Driving A Case study of 
Madrid. Alessandra Boggio, Yang Wang, Andrés Monzón    

3. Traffic towards sustainability: relationship between fuel consumption and 
level of service - A Case study in Madrid. Ana María Rodríguez-Alloza, 
Alessandra Boggio, Yang Wang, Andrés Monzón   

4. Correlación de variables que intervienen en el consumo del eco-driving 
en pequeñas ciudades.  Juan Francisco Coloma Miró, Marta García 
García, Yang Wang  

5. Eco-driving in small cities. driving performance in relation to driver’s 
profile. Marta García García, Juan Francisco Coloma Miró, Yang Wang 



CIT 2018 4 

Background Methodology Data Collection 

The Database Analysis Conclusions 

OUTLINE 
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BACKGROUND 

• Driving pattern influencing 
eco-driving 

• Road environment and slope  
• Psychological issues with eco-

driving 

HE PROBLEMS T OLUTIONS S UR FOCUS O 
GHGs 

Sustainability 
ICTs, TDM, 

Strategies, Skills ECO-Driving 

WHAT IS ECO-DRIVING?  
3 dimensions-Operational  
Calm driving, avoiding unnecessary 
stops, anticipatory and eliminating 
excessive idling, etc. Average 6% 
reduction of fuel consumption.  

WHAT INFLUENCE? 
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OBJECTIVES 

OBJECTIVE 1  OBJECTIVE 3  OBJECTIVE 2  

To address the 
explanatory variables 
of driving pattern and 
road environmental 
predictors related to 
fuel consumption.  
 

To examine the 
interrelations among 
those key variables 
with fuel 
consumption 
 

To analyse the 
difference of stress  
level of eco-driving 
participants before 
and after a training  
program. 
 

Presenter
Presentation Notes
Deepen the knowledge on the impact of eco-driving, through road test
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METHODOLOGY 

DATA ANALYSIS 
METHODS 
 
• TOP to BOTTOM 
Fuel savings by vehicle, route, 
drivers, traffic state, etc. 
 
• BOTTOM to TOP 
Factorial and Path analysis, 
etc. 



8 CIT 2018 

DATA COLLECTION 

WHEN? 



WHERE? 
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DATA COLLECTION 



WHERE? 
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DATA COLLECTION 



Data collected directly by OBD:  
• Instant travel time  
• Instant and average speed 
• Distance  

 Data collected by Questionnaire:  
• Climate (rain, wind, etc.) 
• Accident 
• Windows and Air condition statues  
• Attitudes of drivers 

• Revolution per minute 
• Instant fuel consumption 
• GPS     

 

DATA COLLECTION 

HOW? 



OTHER 103 EXTRA VARIABLES  

Driving pattern related  

• Speed (average, maximum, minimum, 95%) 
• Acceleration/Deceleration 
• RPM (average, maximum, minimum) 
• Average speed without considering speeds under X km/h 

Fuel consumption & Emissions  

• Fuel consumption using VSP model 
• CO2/CO/HC/NOx using VSP model 
• Percentage of time spent in VSP mode X (%) 

Road condition & Traffic state 

• Road name – Speed limitation 
• +-Slope (average, maximum, minimum) 
• Number of stops being stop speed under X km/h 
• %Stop time being stop speed under X km/h 

THE DATABASE 
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THE DATABASE 

Data were deleted if  

18 
Days 

24 
Drivers 

1,580 
Trips 

16 
103 KM 

420 
Samples 

GPS  
69 

RPM 
85 

1,156 
Trips 

Detour 
25 

No 
record 

81 

Presenter
Presentation Notes
73% trips, 27% were deleted
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ANALYSIS 

STEP1 
• Factorial analysis to identify main 

factors 

STEP2 
• Regression Analysis to order those 

predictors  

STEP3 
• Path analysis to address the 

interrelation of predictors 



 

Variable 

Factor  
Flow 

driving 

Inefficient 
driving 

behaviour 

Congestion 
situations 

  
Road 
grade 

Speed (% above 70 km/h) .92       
Speed (average) .87   -.38   
Speed (maximum) .84       
RPM (average) .72 .38     
Negative acceleration (average)   -.93     
Negative acceleration (SD)   .91     
RPM (maximum)   .66     
Trip duration     .87   
Congestion (number of 
stops/km.) 

-.52   .67   

Congestion (stop time/km.) -.55   .63   
Slope (average)       .93 
Fuel consumption (km.) -.40     .76 
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RESULTS 

Sig = 0.00; MSA = 0.71 Value below 0.3 are not reported 

What are the 
explanatory 

variables? 
 

Presenter
Presentation Notes
exploratory factor analysis Table 3 shows the association of variables and defines four factors, explaining a variance of 81.7%. First factor is related to free flow driving conditions, defined by higher speed and lower fuel consumption. The second factor, “Inefficient driving behaviour”, is mainly defined by more deceleration situations (average), variability (high deceleration SD) and excessive engine RPM. Third factor describes retention or congestion circumstances on the road, while last fourth component is strongly associated to more slope grade roads and high fuel consumption. 



Factors  B se t β 
Speed (maximum) -.019** .00 -.019 -.20 

Speed (average) -.028** .00 -.028 -.20 

Slope (average) 61.38** 1.87 61.38 .55 

RPM (average) .00 .00 .00 .03 

RPM (maximum) .00** .00 .00 .11 

Negative acceleration (SD) -2.37* .78 -2.37 -.12 

Congestion (number of stops/km.) .14 .08 .14 .05 

Congestion (stop time/km.) .02** .00 .02 .22 

Negative acceleration (average) -3.71** .61 -3.71 -.25 

Which factors 
effect fuel 

consumption? 
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Note: *(p < .01), **(p < .001). 

RESULTS 

Presenter
Presentation Notes
The analysis revealed a strong and significant relationship between independent variables and fuel consumption (F = 287.31, p < .001, R²= .702). more slopes (average), more congestion (stop time per kilometre) and more RPM (maximum) were associated with an increase in fuel consumptionnegative acceleration (especially average and to a lesser extent, standard deviation), more speed (maximum and average) are associated with a decrease in fuel consumption along the trip



Avg fc Avg fc_km 
RPM 

(average) 
Speed 

(average) 

Negative 

acceleration 

(SD) 

DIESEL -3.8% 1.7% -12.8% -0.1% -28.1% 

GASOLINE -6.8% -4.3% -12.4% -3.9% -35.6% 

AVERAGE -5.5% -1.7% -12.7% -2% -31.9% 

Did people Eco-
driving?  

Yes and NO  
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RESULTS 
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RESULTS 

RMSEA=.06; CFI=.98 

What does Eco-
driving fail?  

Presenter
Presentation Notes
using the maximum likelihood estimation method with the program AMOS 24RMSEA=.057; CFI=.98
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Predictors 
Sum of  
Squares 

  
df 

Mean 
Square 

  
F 

  
p 

Eco driving .00 1 .00 .00 .95 

Driver 155.34 21 7.39 5.31 .00 

Eco driving * Driver 85.41 21 4.06 2.92 .00 

Congestion .25 1 .25 .186 .66 

Trip duration 3.87 1 3.87 2.78 .09 

RESULTS 

What drivers 
perceived?  

Presenter
Presentation Notes
What people perceived before and after eco-driving326 answers from 1156 trips, 420 in totalGLM analysis revealed a major significant effect for Driver (F(1,21) = 5.31, p < .0001), and the interaction between driver and eco driving condition (F(1,21) = 4.06, p < .0001). It is remarkable that neither eco driving, congestion nor trip duration influence stress level.eight of the twenty-two drivers reduce their stress level in the eco driving condition versus time 1, nine drivers do not experience changes, while in only five cases stress level increases slightly
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CONCLUSIONS 

7 variables related to driving pattern were obtained 
through the regression analysis, traffic delay and slope 
were found to explain 70% of fuel consumption.  

Eco-driving rules could gain higher fuel savings in free 
flow roads. 

Deceleration rate, RPM and speed, and confirmed traffic 
delay and road slope have direct influence on fuel     
consumption. 

Presenter
Presentation Notes
, i.e., free flow is driving under higher speed and lower fuel consumption, inefficient driving behaviour (non eco-driving) refers excessive energy speed and more deceleration, congestion situation is explained by longer travel time and more number of stops, and road gradeability associates to higher road slope and more fuel consumption. 
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FUTURE RESEARCHES 

Escalate  
Experiment 

Study On 
Other 

Factors 
Survey on  

drivers 

Presenter
Presentation Notes
more eco-driving practicer at longer time period and including drivers’ profile as another control variable into the analysis. inclusion of the influence of road characteristics e.g., number of lanes, level of service speed limit as well as traffic intensitylarge scale survey on stress caused by circumstances of driving on compliance with eco-driving rules



Yang Wang  
yang.wang@upm.es 
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