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Mobility did not cease growing since more than one century. It is related to our economic growth, 
just like greenhouse gas (GHG) emissions. On the other hand, public transport, ensures mobility for 
all by a modest cost, reduce accidents, pollution and take part in a better management of urban 
space. These problems of personal displacements in urban environment, relatively recent, will 
develop in the coming years, because of an increase in the number of inhabitants in the cities, an 
increase in the number of megalopolis, an increase in the traffic congestion in the cities in space and 
time. 
 
For a flow of people, the "systems" making it possible to ensure displacements must impact the 
environment at least, at the local level (pollutants, noise) and at the global level (greenhouse gas). 
These double problems take a particular dimension when we look in detail in technologies of 
transport current and available to short and medium term. Indeed, the reduction of the regulated 
pollutant emissions (CO, HC, NOx and Particles) can be accompanied by an increase of GHG 
emissions. 
 
For GHG, bus emissions with 10 persons are lower than a personal car (filled with 1,25 person). A 
strong development of public transport is thus necessary to replace individual transport, with in 
parallel the development of the soft modes (bicycle, roller and walk). 
 
ADEME thus launched in 1999 a programme of evaluation of these various technological pathways 
to provide elements of decision-making aid. The evaluation relates to measurements of the emitted 
pollutants, the behaviour in the time of the systems, the economic assessment and proposes ways of 
improvement. 
 
All the pathways, fuels, postprocessing or new vehicles, are detailed in two documents "Engines 
and fuels technologies for heavy duty vehicles" and "Evaluations results on buses" (www.ademe.fr). 
Extracts of these works are presented in this document. On the basis of these result, a tool of 
decision-making aid called, SIMULIBUS ref 5204, coupling the pollutant emissions and the 
traditionnal economic concepts entirely replaceable makes it possible to compare the pathways and 
to carry out the choice adapted best to its network. 
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Approximately 22 000 buses circulate in France, covering between 30 and 35000 km per year, with 
a more important use of the recent vehicles Euro 2 and 3 which carry out more half of the traffic. 
The lifespan of these vehicles is about 15 years. In addition, the buses Euro 0 still carry out a 
quarter of the traffic. 
 
An estimate of the various pathways is presented below, into total for France, then according to the 
standards of emissions of the engines. The share of clean buses is about 45 % (7000 buses with 
DPF, 1900 buses GNV in particular). The data used come from the UTP, the RATP, the suppliers of 
fuel, and particle filters. 
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The solutions offered to the networks to modernize their fleet of bus are thus of two types:  

• Renewal of the fleet: NGV Euro 3, Diesel Euro 3 with DPF (option of the manufacturer), 
electric and hybrid. The overcosts for this type of solution are about 40 to 80 000 euros, for 
a purchase price from approximately 130 000 euros in Diesel version, 

• Taking into account this purchase and lifespan price of the vehicles, the solutions making it 
possible to improve the fleet (retrofit) are to be considered : Diesel Euro 1 or 2 with DPF 
(retrofit), use diesel with 50 or 10ppm sulphur, Diesel with water emulsion or biofuel 
(methyl vegetable oil ester). 

 
Actions to implement for the existing fleet 
The technological solutions relate on the fuels or the systems of post-processing. They can be 
applied quickly and to a great number of vehicles. The repercussion is immediate on the emissions 
and the consumption of the fleet. Their cost is weak and about some percents total cost of the 
vehicle. 
 
New Fuels 
The fuels of new formulations of the Diesel are obtained by modifying the chemical composition of 
the fuel, without affecting its principal characteristics (cetane index, viscosity). Three types of 
solutions are distinguished: 

• Diesel reformulated by purification of the traditional cuts of the gas oil, called city fuels or 
Very Low Sulphur Content Diesels (VLSD), 
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• Additivated Diesel to which one adds compounds, generally oxygenated, allowing to 
improve combustion. Are included in this category the biofuels like ester, but also ethanol 
and biogas and Diesel with water emulsions. 

• Diesel known as of synthetics obtained starting from several sources and transformed by 
process Fischer Tropsch in liquid. The possible sources are the natural gas, coal, the 
biomass, non conventional resources (gas hydrates...). Today, there is no application of this 
kind of fuel for buses in France. 

 
Post-treatment 
In addition to the actions relating to the fuel, it is advisable to implement effective post treatment 
systems to clean up buses in services. These devices make it possible to complete combustion after 
the combustion chamber and thereby to reduce the emissions of unburned products thus: CO, HC 
for catalyst of oxidation and particles with the Diesel Particle Filter. Systems making it possible to 
reduce NOx are currently under study for urban buses applications. 
 
New solutions to adopt when renewing fleets 
If actions on the existing fleet make it possible to reduce the pollutant emissions (in particular 
particles), it is appropriate however, in a preoccupation of environmental protection, energy 
diversification, a reduction gases for purpose of greenhouse gas and reduction in noise, to call upon 
new technologies. 
 
The renewal makes it possible to replace old vehicles, with generally degraded operation, by new 
vehicles, respecting the last standards in application. The following pathways are detailed in the 
following chapters: 

• Natural Gas Vehicle (NGV) 
• Liquified Petroleum Gas (LPG) 
• Hybrid, electric and fuel cell 

 
Methodology  
To evaluate these pathways, ADEME developed a simple and reproducible methodology. It is 
applied for all the pathways and thus allows the comparisons. The quantified performances are : 

 
• emissions of regulated and not regulated 

pollutants, 
• fuel consumption, 
• maintenance of the these performances 

during one year of real use, 
• dispersion of the results in a fleet, 
• problems appeared in exploitation, 

consumption in real use. 

Measures on cycle
pollutants

consumption
phase 1

T T+12 months
1 year program : consumption, problem

Measures on cycle
pollutants

consumption
phase 2

Evolution of performances

Measures on cycle
pollutants

consumption
phase 1

T T+12 months
1 year program : consumption, problem

Measures on cycle
pollutants

consumption
phase 2

Evolution of performances

 
source ADEME 

 
For that, a representative cycle, called ADEME/RATP, of a bus in urban environment is used 
for, on the one hand having results of measurements of emissions and consumption close to 
reality, and on the other hand, so that the tests are reproducible. 
 
Analysis of the results of the evaluations:  
Comparative of the pathways 
Results of these evaluations and the comparative ones are presented in detail in the work 
"Evaluations results on buses". The comparative following is presented below: 

• Regulated pollutants (NOx/particles) and gas emissions of greenhouse gas, 
• Multicriterion in comparison with the reference Diesel Euro 3, 
• External costs comparison, 
• Comparison by SIMULIBUS. 
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Regulated pollutants (NOx/particles) and greenhouse gas emissions : 
Graph below details the emissions of NOx and particles in gram per kilometer and adds the 
greenhouse gas emissions from well to wheel, represented by the diameter of the circle on each 
pathway (this being supplemented by the values indicated of equivalent CO2 from well to wheel 
per kilometer). Emissions taken into account, resulting from various European studies, are 
detailed in the table below: 
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In addition to the various pathways, impact of an increase mean speed of 5 km/h is presented: 
reduction at the same time polluting and GHG, about 10 %. 
Modern Diesel (with DPF) competition NGV in the field of the particles and is placed 
advantageously on GHG. Optimum being biofuel and DPF, which makes it possible to couple 
polluting profits and GHG. If a DeNOX system is added, this Diesel system presents very good 
results. 
LPG (only Euro2 due to a lack of manufacturers) positions correctly in terms of pollutants, but 
present of strong emissions of GHG, related to the efficiency of spark plug ignition engine. 
NGV improves between Euro2 and 3, and led to good results on the pollutants, the NOx being 
strongly reduced on the Iveco engine. For the emissions of GHG, important progress were also 
realized between the engines RVI and Iveco, with profits of about 15 %, thanks to the 
development of an optimized engine coupling the advantages of the down-sizing, for the GHG, 
and of the stoichiometry/ 3 ways catalyst, for the pollutants. 
Hybridization allows profits for pollutants: NOx for the Diesel version and NOx and particles for 
the turbine version with NGV. The profits in terms of consumption, therefore from GHG, are not 
obtained, and optimizations are still necessary: 
• energy management 
• energy recuperation with the use of other components (supercapacitors for example) 
• weight saving and use of engine resulting from the car 
 

Diesel Diesel Diesel NGV LPG RME 100  RME 30 RME 30 Emulsion Emulsion Emulsion
500 350 50 Algérie 350 50 500 350 50

GHG g/MJ 8,1 8,4 9,0 9,7 9,0 23,7 13,0 13,4 7,3 7,6 8,1
gGHG/liter ou Nm3 290 302 322 381 228 848 466 480 235 244 261
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Lastly, the biogas pathways, estimated in the absence of measurements on euro 3, makes it 
possible to use powerful engines NGV in terms of emissions, with an entirely renewable fuel 
whose emissions of GHG are very small from well to wheel. 
 
Comparison Multicriterion:  
Another possible approach is the use of a multicriterion table and a comparison with the version 
Diesel standard Euro 3. 

 Health Green 
House Gas   Economic aspect Public perception 

 CO HC NOX Part UnRegl from well to 
wheel 

Energy 
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The "best Diesel" pathway gathers the whole of the applicable pathways on a diesel engine 
(DPF, DeNOx and biofuel), and these results obtained by the DeNOx solution are thus to 
confirm. 
 
This table highlights:  
• good results in local pollutants and perception of the public of "new" pathways (LPG, NGV, 

hybrid) but capital and use costs higher than Diesel reference, 
• solutions of retrofit (DPF, Diesel with water, Biofuel) present less powerful results but also 

overcosts definitely weaker, 
• couplings are possible for the retrofit, making it possible to couple advantages with the local 

polluting (reduction of the particles with the DPF) and emissions of GHG (Biofuel for 
example), 

• in addition, NGV progressed on the level of the emissions of GHG and present emissions of 
the same level as the Diesel. 

 
Precedents comparative show well that each pathway has advantages and disadvantages different 
on the level from the pollutants and GHG. A method makes it possible to add all the emissions, 
by using a common unit: the money. 



N°6 

Comparison by the external costs:  
This method is based on an European study ExternE (http://externe.jrc.es), which provides, for 
the whole of the pollutants in urban environment, a cost in Euros per ton of pollutants. These 
costs translate the impact of the pollutants for the society as regards diseases, hospitalizations...  
External costs used are: 
 

Pollutants CO HC NOx Particles CO2 
Cost in 

Euro/ton 3,5 2000 8200 126900 46 

 
By using the data base of the emissions, measured on cycle ADEME/RATP, the results are as 
follows: 
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GES : GHG, carb : fuel, Diester : Biofuel, FAP : DPF, Part : particle 

source ADEME 
 
This representation allows a simple comparison of the various pathways. Indeed, it should be 
stressed that the values obtained are not to consider into absolute but into relative for 
comparison, account of the precision of the coefficients used. It is to be retained:  
• the progress obtained on the NGV since euro 2 and Diesel since euro 1 
• the effect of the DPF on the induced cost of the particles, 
• for gas pathways, the principal costs, with equal shares, the NOx and the GHG 
• for Diesel pathway with DPF, the distribution of the costs is 2/3 for NOx and 1/3 for the 

GHG. The DeNOx solution (estimated) will make it possible to improve these results. 
 
Estimated cost of the various pollutants for each pathway can be integrated into the economic 
assessment, as well as the costs related to the fuel, for example. SIMULIBUS was carried out in 
this objective to couple the environmental and economic "traditional" costs. 
 
Comparison by SIMULIBUS  
Choice of a bus pathway is based on several essential criteria:  
• environmental performances in terms of pollutants and GHG, 
• costs of the solutions considered: investment, use, maintenance, 
• adaptation to the network: workshop, infrastructures, lines of exploitation, history... 
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While being based on these considerations, ADEME developed a tool of decision-making aid, 
SIMULIBUS, aiming at as well as possible helping decision makers and persons in charge for 
networks. This tool carries out an economic assessment of the various pathways : 
• Diesel for the reference. A calculation can be carried out which simulates the situation "to let 

go", where the vehicles are renewed without change of pathway, nor improvement of 
existing (retrofit), 

• Diesel with particle Filter. This pathway treats a "retrofit" solution (improvement of existing) 
and renewal (new Diesel bus with DPF). Were taken into account, on the one hand, the 
environmental profits on the particles and the emissions of CO, HC and, in addition, the 
aspects "investments", for a tank dedicated to the Diesel with 50 ppm sulphur or the 
additivated Diesel, and for the maintenance of the DPF, 

• the emulsions pathway (Aquazole, Gecam or Aspired), as well as the biofuels (30 %) can be 
simulated, by using the Diesel pathway with or without DPF and the reductions of emissions 
of pollutants indicated (Emulsions: -5 % on NOx and -30 % on the particles, Biofuel -18% 
on CO2), 

• Natural Gas Vehicle. This pathway implies the renewal of the fleet and requires more or less 
important investments:  

o installation or modification of the workshops for security reasons, 
o gas compressor: investment, hiring integrated or not in the price of gas. 

• Liquified Petroleum Gas. This pathway calls also upon investments. It is necessary to check 
compatibility between numbers of bus considered and deposit surfaces it. 
 

This tool of decision-making aid is a technical and economical guide which allows:  
• to list the whole of the parameters having an impact on the economic assessment of a 

pathway. Values registered by defect guide the user at the beginning, 
• to put the good questions and to contact the good interlocutors, in France, to answer it and to 

thus make the choices best adapted, 
• to compare various pathways between them with short and/or long term view, while being 

able to modify the whole of the parameters. 
 
The results of SIMULIBUS For the pathway selected and correctly indicated, the results 
calculated by SIMULIBUS make it possible to evaluate the evolution over 10 years of the whole 
of the costs. It calculates the cost of the various pathways, starting from data provided by the 
user. The data to be informed are as follows:  
• description of the current fleet and the wishes of introduction of the new buses (over 10 

years) 
• general financial information: rate and life of loans, lifespan of the buses 
• recovery of the petroleum tax, price of the fuels and trend of prices 
• price of the new buses 
• workshops: cost of the transformations, 
• stations: maintenance, cost of acquisition 
• financial assistances. 
 
Values by defect are given, but is to the decision maker to seek, for his particular case, "to 
personalize" these values. Indeed, practically all the costs are evolutionary in time and are a 
function of the quantities or of specific contracts signed by the grid system, in progress or to 
come. The emissions can also be indicated, knowing that the measurements carried out by 
ADEME are provided by defect. An example of results is presented below. The software 
calculates, for each pathway, the various costs: 
 



N°8 

Marque AA CC AA
Modèle gazole 1 GNV 3 GPL 1
Carburant utilisé Gazole GNV GPL
Prix du bus HT en €  150 000 180 000 180 000 
Filtre installé sur bus Gazole OUI
Consommation en Litre ou M3 aux 100 kilomètres 44,5 60,0 100,0
Coût d'entretien au 100 kilomètres en € 2,0 5,5 5,5
Durée de vie 15 15 15
Coût annuel d'exploitation brut en € 28 134 29 779 28 254 
Frais d'acquisition (amortissement linéaire sur durée de vie) en € 9 999 11 999 11 999 
Frais de maintenance en € 1 000 2 750 2 750 
Frais de carburant en € 17 135 15 030 13 505 
Total brut sur durée de vie en € 608 781 601 130 583 343 

Dont coût émissions polluants en € 186 742 154 412 159 502 
Total actualisé sur durée de vie en € 708 688 661 396 643 779 

Dont coût émissions polluants en € 222 254 183 776 189 833  
coût entretien : maintenance cost, coût annuel d'exploitation : annual exploitation cost, frais d'acquisition : purchase cost, 

frais de maintenance : maintenance cost, frais de carburant : fuel cost, durée de vie : lifetime, coût des émissions : emissions cost 
 
The charts make it possible to emphasize the weights of the various parameters and to compare 
pathways easily: 
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Bilan filière GNV : NGV pathway balance, Cout Net achat : net purchase cost, cout emissions : emissions cost 

cout net entretien : net maintenance cost, cout net carburant : net fuel cost, cout parc existant : net existing fleet cost 
 

 
 
To order : ADEME Edition, www.ademe.fr : 
• SIMULIBUS : ref 5204 
• Part 1 : "Engines and fuels technologies for heavy duty vehicles" 
• Part 2 : "Evaluations results on buses" 


