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Abstract 
Hybrids are seen as a potential solution to urban traffic pollution and energy consumption; however studies show 

how pollution economic appraisal is one order of magnitude lower than fuel cost putting all the burden of the 

economic success the hybrid capability of reducing fuel consumption. 

Two Honda Civic Hybrid of the Italian Ministry of Environment fleet were constantly monitored while driven 

one each by the calmest and by the most aggressive of the Ministry drivers to assess driver effects on air 

pollutant emissions. 

Measurements have shown how the aggressive driver emits 10 times more VOC, and 4 times more CO and NOx 

than the calm driver while consuming 35% more fuel. In the economic appraisal over the expected 14 years 

vehicle life however the aggressive driver costs 16 300 € while the aggressive one 22 500 € only 38% more. This 

is due to the extremely low cost of emissions (excluding CO2) which is 160 € for the calm driver and 610 € for 

the aggressive one for the entire life of the vehicle. 

Unless pollutants are monetized according to the position where they are “left” in the atmosphere there is no way 

emission differences between cars and drivers can be reflected in any economic appraisal. 

 
Keywords—Hybrid vehicles, emissions, on-road acquisition, drive-style, economic appraisal. 

 
1. Introduction 

 
Hybrid cars are widely seen as a potential solution 
to urban traffic pollution and energy consumption; 
however previous studies, [1] and [2], have shown 
how pollution economic appraisal is one order of 
magnitude lower than fuel cost putting all the 
burden of the economic success of the hybrid on 
its capability of reducing fuel consumption. This 
effect is even greater if carbon dioxide reduction 
is considered as an effect of fuel consumption 
reduction rather than among the other air 
pollutants (i.e. nitrogen oxides, carbon monoxide, 
particulate matters and volatile organic 
compounds). Any initiative to internalize social 
costs would therefore not promote hybrid car 
diffusion as much as small Diesel engines despite 
hybrid cars can generally achieve lower air 
pollutant emissions [3]. 

Furthermore previous studies [3] showed how 
drivers are responsible, as much as vehicles, of 
the emissions, and, despite hybrid vehicles tend to 
pollute generally less than conventional ones, the 
drivers still can have an influence on the 
emissions. Driver education to a more 
“environmental friendly” behavior is therefore as 
important as lowering vehicle emissions. 
Is it possible to educate drivers to pollute less by 
internalizing the cost of their pollutions? In other 
words, where vehicles equipped with devices to 
measure the emissions really produced and drivers 
asked to pay for the corresponding social cost, 
would the price to pay be a sufficient incentive to 
change drive-style? 
This paper main objective is to answer to these 
questions. It was first necessary to assess the 
extent of driver influence on consumption and 
emissions of hybrid vehicles and then to make an 
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In this framework Honda Italia SpA has funded 
three subsequent CTL researches on its hybrids. 
The first to adapt CTL tools to hybrid vehicles; 
the second [3] to compare the performances of 
three Honda Civic, the Hybrid, the older hybrid 
named IMA and a conventional 2000 cc 16v; the 
third one to extend the results of the second, 
obtained monitoring a sample of drivers doing a 
given route with the three cars, to professional 
drivers unaware to be monitored. 
The campaign described in this section is the one 
organized for the third of the Honda-CTL 
researches. 
Honda Italia provided two identical Honda Hybrid 
to the Italian Ministry of Environment. The 
Ministry used them in its fleet of “service cars”. 
The cars were first given to CTL, in October 
2007, to be thoroughly tested on the chassis 
dynamometer, to check they had exactly the same 
energy-environmental response, and to be 
equipped with the latest version of CTL tool to be 
hidden on board from the drivers. 
The Ministry received the cars at the end of 
October and selected two drivers considered the 
most aggressive, a young man in his mid twenties, 
and the calmest, a fifty year old man. Cars and 
drivers were automatically monitored in 
November and December 2007 while used exactly 
as the two drivers were used to use the cars they 
drove previously. 
In two months the cars had an overall recorded 
millage of 3600 km subdivided in 173 sessions 
(each being the data collected from one switch on 
and off of the vehicle). 
The aggregate results of the campaign show 
average emissions of: 

x CO2 of 144 g/km, 
x CO of 0.83 g/km, 
x VOC of 0.01 g/km and 
x NOx of  0.0035 g/km. 

All these values are all below both EURO IV and 
EURO V limits with NOx and VOC one order of 
magnitude below the limit. The measured average 
fuel consumption is 13,8 km/l (7,2 l/100km). 
When the same results are split according to the 
driver (table 1) the calmer emits on average 130 
g/km of CO2 against 166 g/km of the more 
aggressive (28% less) and consumes 6.58 l/100km 
of fuel against 9.09 l/100km (38% less). 
Differences on the other emissions are even more 
pronounced 4 times for CO and NOx and 10 times 
for VOC (table 1 again). 
All these differences in emissions and 
consumptions do not reflect in the average speed 

which is even slightly higher in average for the 
calm driver than for the aggressive one. 

Table 1: Average emissions, consumption and speed 
for the two drivers 

 

Drivers 

Calm Aggressive 

CO2 g/km 130 166 

CO g/km 0.37 1.38 

VOC g/km 0.002 0.018 

NOx g/km 0.004 0.014 

Average speed km/h 39.4 37.7 

Consumption l/100km 6.58 9.09 
 
To check whether these difference varied with the 
route chosen the emission of the two vehicles 
have been analyzed according to the road segment 
on which they were produced. Such analysis 
showed how differences are higher on urban 
roads, where average speeds are low; while the 
more the average speed grows the less difference 
between driver-emissions exist. 
Figure 4 is a snapshot of CTL web interface for 
data analysis. It has a map of Rome. Few road 
links, on which vehicles passed several times 
each, are highlighted in red. Clicking on one 
highlighted link the “call out” window with the 
chart pops up. The chart in the popped up window 
in Figure 4 shows on “via del Circo Massimo” the 
dependence of CO emissions from one aggregate 
indicator of the driver behavior: the standard 
deviation of the accelerator pedal position. Each 
dot in the figure is one passage of one 
vehicle/driver on via del Circo Massimo. The dot 
is green for the aggressive driver and red for the 
calm one. The more the driver moves the 
accelerator pedal, passing suddenly from zero 
(0%) to full throttle (!00%) and vice versa the 
more the standard deviation grows. The calm 
driver arrives maximum to 28% on the link wile 
the aggressive driver reaches 45%. On the vertical 
axes there are the CO emissions in g/km. The red 
dots are almost always on the bottom line between 
0 and 2 g/km (1 g/km is the Euro IV limit) while 
the green dots goes up to 20 g/km. 
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Table 3: External costs for the two drivers according to 
the Handbook [8] 

Total Costs 
according to 

source [8] 

Costs for the different drivers 
Calm Aggressive  

CO2 812.5 1037.5 
CO 0 0 

VOC 0.6 5.0 
NOx 5.7 20.0 

Total cost for 
emissions 

818.8 1062.5 

Consumption 15471.3 21378.6 
Total cost 16290.1 22441.1 

 

Table 4: External costs for the two drivers according to 
NAMEA cost tables [9] 

Total Costs 
according to source 

[8] 

Costs for the different 
drivers 

Calm Aggressive 
CO2 2784.9 3556.1 
CO 136.7 509.9 

VOC 4.0 36.1 
NOx 19.1 66.8 

Total cost for 
emissions 

2944.7 4168.9 

Consumption 15471.3 21378.6 
Total cost 18416.0 25547.5 

 
Table 4 is obtained repeating the same 
calculations with the NAMEA [9] social costs. 
Beside CO2, VOC and NOx costs being all from 
3 to 7 times higher the main difference between 
the costs in table 3 and 4 is the CO. The social 
cost for non CO2 emissions for the aggressive 
driver were in table 3 25 €. In table 4 they are 
612.8 €. The main difference is in the nearly 
510 € for CO which was completely neglected in 
table 3. 
Overall the emissions costs for the calm driver 
rise from 800 to 2900 € and for the aggressive 
from 1000 € to 4100 €. Still the main cost is CO2, 
which is linked to consumption more than 
anything else. 
Even considering the higher NAMEA [9] values 
to calculate the social costs the overall cost 
difference between an aggressive and a calm 
driver is only 38% despite the aggressive driver 
emits 10 times more VOC, and 4 times more CO 
and NOx than the calm driver while consuming 
35% more. 

5. Conclusions 
Hybrid cars have proven to be able to contain 
noxious emissions (all but CO2 which depends 
mainly on fuel consumption) while being in the 
same league of conventional Diesel cars in terms 
of fuel consumption. 
Previous studies had shown how internalizing the 
external costs of vehicle-pollution was not enough 
to justify the extra cost of an hybrid vehicle 
mostly because the main social cost is due to the 
monetization of CO2.  
Despite the good results of the hybrid technology 
to minimize noxious emissions however drivers 
still have an influence on the emissions produced. 
The aim of this paper was to assess whether the 
technique of internalizing the social costs of 
emissions could be used to foster a more 
“environmental friendly” behavior on the drivers. 
Two identical Honda Civic Hybrid were equipped 
with CTL tool to monitor driver behavior and 
vehicle response to it and given to two 
professional drivers of the Italian Ministry of 
Environment selected because they are the 
calmest and the most aggressive drivers in the 
Ministry service. The drivers were unaware to be 
monitored and therefore behaved normally. 
The vehicles were monitored for two months and 
had an overall mileage of 3600 km. 
As overall result the car were able to keep all 
emissions under the EURO IV and EURO V 
limits but when the same results are split 
according to the driver the calmer emits on 
average 130 g/km of CO2 against 166 g/km of the 
more aggressive (28% less) and consumes 
6.58 l/100km of fuel against 9.09 l/100km (38% 
less). 
Differences on the other emissions are even more 
pronounced 4 times for CO and NOx and 10 times 
for VOC. 
All these differences in emissions and 
consumptions do not reflect in the average speed 
which is even slightly higher in average for the 
calm driver than for the aggressive one. 
When analyzing the data on single road links 
differences are even greater; the aggressive driver 
can emit 20 times more CO than the calm one. 
Despite these results in the economic appraisal 
over 250 000 km in 14 years estimated vehicle 
lifetime the calm driver costs between 16 300 € 
and 18 400 € (depending on the social costs used 
to monetize emissions) while the aggressive one 
costs between 22 500 € and 25 500€ only 38% 
more. This is due to the extremely low cost of 
emissions (excluding CO2) which is maximum 
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