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ABSTRACT 

 
Solutions to the current calamity of fossil fuels are becoming more urgent with each moments 
passing. It is not news for those in technical professions as well as many others, that reserves of oil 
are diminishing and prices for petroleum based products are increasing. A most transparent option 
exists today, and is becoming exploited by many countries worldwide. This solution answers to 
the title of biofuels, consisting of gases, liquids and even biomass for various energy requirements. 
Two biofuels in particular hold precedence with regard to transportation fuels, namely biodiesel 
and ethanol, and have been studied in the following report. The said fuels are produced by 
transesterification of oils and fermentation of sugar based crops respectively, for use in transport 
fleets worldwide. Stockholm, Sweden is in the forefront for use of the said fuels in their public 
transportation sector, with nearly the entire fleet fueled with ethanol. Persistence, extensive 
research and unprecedented environmental support equate to the success of this fuel, which is used 
competitively to petroleum diesel, while including reduced environmental impacts. Other cities in 
Europe also have similar capacities to utilize biofuels, although some have failed to hold to this 
technology. Troyes, France, the home of CREIDD (Center of Research and Interdisciplinary 
Studies on Sustainable Development) and UTT (University of Technology of Troyes), has been 
further studied to produce the relative measures needed for biofuel implementation in this 
municipality, while generating the impacts toward the environment and municipality in the form of 
costs, emissions and savings. Surprisingly, and hereafter, it has been concluded that the use of 
biodiesel, and not ethanol like Stockholm, offers the best course of action for Troyes both 
economically and environmentally. Cities throughout Europe can follow suit and discover the 
biofuel most applicable to their locality and promote further sustainability, although the question 
still arises of whether biofuels are indeed sustainable. 
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1.0  INTRODUCTION 

 
European cities, stand ahead of other world localities in their use of biofuels for transport. The 
availability of the biofuels and ease of implementation due to political programs, city dimensions 
and startling interest from the public has created demand for an environmentally sound solution in 
city centers. The use of biofuels for public transport has thus taken precedence at solving the 
current misfortunes for health and the environment. Stockholm, as can be seen in the subsequent 
text, has developed a program for the use of ethanol in their fleet of buses. Other cities have 
followed this example, and are part of a “team” of ethanol users.  
 
However, relativity of ethanol in other cities in Europe is in question. The home of CREIDD and 
UTT, Troyes, France, has been further explored for the use of ethanol and thereafter biodiesel. The 
applicability, costs and environmental impacts are consequently explored to help alleviate a choice 
for the local transport authority and provide a persuasive outlook for the use of a biological fuel 
and overview whether the Stockholm example is pertinent to the said municipality for a 
sustainable transport system. 
 
Additionally, the question of a sustainable transport system is under investigation for the said 
localities. Though, what is Sustainable Transport? The Center for Sustainable Transportation 
answers this question most appropriately in the following manner. A sustainable transportation 
system is one that: 

• Allows the basic access needs of individuals and societies to be met safely and in a manner 
consistent with human and ecosystem health, and with equity within and between 
generations. 

• Is affordable, operates efficiently, offers choice of transport mode, and supports a vibrant 
economy. 

• Limits emissions and waste within the planet’s ability to absorb them, minimizes 
consumption of non-renewable resources, limits consumption of renewable resources to the 
sustainable yield level, reuses and recycles its components, and minimizes the use of land 
and the production of noise. (CST, 2006) 

 
Several of these factors will be explored in further context in the following text to show that 
sustainable transportation is functioning and is under investigation in many municipalities. Ethanol 
and Biodiesel will be explored as sustainable “solutions” to the petroleum problem, as well as their 
regional applicability and provide an example for additional cities to follow suit. 
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2.0  AIMS AND OBJECTIVES 

 
Aims for the subsequent report are to thoroughly study the use of biofuels throughout Sweden and 
France for public transportation and discover suitable options for cities based upon a benchmark 
model of Stockholm, Sweden’s ethanol bus program. The objective of the said work is to produce 
costs, environmental impacts and other relevant information to be supplied to the local public 
transport authority for persuasive measures to promote biofuels in their current fleet. In more 
detail, the objectives for the study are to: 
 

• Benchmark the Stockholm Ethanol Program 
• Discover the motive for which cities prevail with biofuels 
• Identify barriers to the use of biofuels 
• View the technical aspects of using biofuels for transport 
• Calculate costs for the use of different biofuels 
• Review environmental impacts for the use of biofuels 
• Promote the use of biofuels for European cities, with example of Troyes, France 
• Show that biofuels CAN be used for transport w/ Stockholm as the benchmark 
• Prove that “Sustainable Transport” has been defined by Stockholm and thereafter Troyes 

 
Moreover, the overall objective is to show that the use of biofuels is indeed relevant in the 
municipality of Stockholm and can be simple to implement in European cities at the present time. 
Finally, this report aims to show that the use of biofuels can compete with, and even cost less than, 
petroleum fuels. 
  
 
 

3.0  METHODOLOGY 

3.1 METHODOLOGY INTRODUCTION 

 
The use and understanding of biofuels for transport is not a simple matter to comprehend. Many 
issues must be discussed to portray the employment of biofuels to the simplest extent. This report 
aims to initially build a small knowledge of biofuels for the reader, and subsequently provide 
measures for usage of biofuels, examples of cities with biofuels currently in place, show the 
benefits and consequences for biofuels usage and ultimately show savings with utilization of 
biofuels, both monetary and environmental. 
 
To conduct a study of biofuels for transportation, used in Stockholm and ultimately applied for 
usage in a French municipality, a great deal of information was needed to give an overall picture 
of the municipalities’ use of biofuels, which included the capacity to use biofuels, regional 
availability of fuels, encompassed fleets, current environmental situation, emissions, willingness to 
employ the said fuels and much more. The research into the use of biofuels in both Stockholm and 
France has been conducted with the following methodology in order to give the reader a more 
transparent view of this project and a view of how the research was conducted. 
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3.2 CONCEPT PHASE/PROJECT DEFINITION 

 
UTT and CREIDD can be held with high regards for choosing to fund and take on this project 
from the beginning phases. When CREIDD and UTT were approached, the only regards to the 
project were that it was to explore the use of Sustainable Transportation in a global perspective. 
Initially Mr. Fabrice Mathieux (PhD.) was contacted to whether a project in Sustainable 
Transportation suited CREIDD and if they would take on a student to conduct such a project. Dr. 
Mathieux was very excited and welcomed such a project, though the real project scope had yet to 
be defined.  
 
Definition of the project however was conducted upon arrival at the campus of UTT, and 
moreover at the CREIDD laboratory. Hereafter, it was concluded that an extensive literature 
review of “all that has to do with Sustainable Transport” should commence to allow preferences to 
be made and the project to get underway. It is from the literature review that the real project 
definition was found and the research set in place. 
 

3.3 RESEARCH PHASE (LITERATURE REVIEW) 

 
Upon choosing the area of biofuels for transportation, a large literature review was conducted to 
give a global view of biofuels, transportation and sustainable development within this discipline. A 
great deal of the more relevant literature reviewed can be seen in the references for further 
information.  
 
Areas covered included in the extensive literature review are as follows:  

• European laws on environmental concerns,  
• Policies for sustainable development,  
• European directives for biofuels,  
• Current biofuel use in respective areas,  
• Biofuels production and trading regionally, 
• Application of biofuels for energy 
• Technical reviews of alternative fuels in transport 
• Research into logistics at RATP (Paris) and SL (Stockholm) 
 

3.3.1 Stockholm Research 

 
Ultimately, as Stockholm is the base of education at KTH it was chosen for a benchmark in the 
transportation study. This was not only due to the geographical location, but most importantly to 
its highly regarded use of biofuels in their transportation systems, as will be discussed immensely 
in the subsequent text. Hereafter the following information was researched with Stockholm in 
mind: 
 

• Current publications on Stockholm Ethanol program 
• Newspaper articles on Ethanol program 
• Ethanol Bus Buyers’ Consortium publications and Website 
• Ethanol use in Stockholm and Sweden 
• Interviews with SL staff 
• Interviews with Stockholm Environment and Health Administration 
• Interviews with SCANIA 
• Scania Bus technical data sheets, emissions data, and efficiency data 
• Review of data from studies conducted on Scania Engines (Scania, KTH, KFB, SL) 
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Much of the data provided for Stockholm SL, came directly from publications by SL for their 
environmental performance measures, test studies by KTH and collaborating institutes and 
interviews with specialists in the ethanol program for Stockholm. (Caddet, 2007; Egebäck, 2004; 
Dickinson, J. et al, 2002) One most prominent interviewee was Mrs. Eva Sunnerstedt at the 
Stockholm Environmental and Health Administration. Her job was to set up the Miljöbilar 
(Environmental Cars) program in Stockholm and advise and regulate the ethanol bus program at 
SL. (Sunnerstedt, 2007) Several interviews were conducted, and it is from these interviews that 
other specialists were found and questioned whom subsequently provided information and data for 
more research. 
 

3.3.2 Troyes Research 

 
The following structure and items were used and followed when researching for the use of biofuels, 
data, and applicability of biofuels in Troyes: 
 
• Collaboration with TCAT 
• Questionnaire 
• Information/Data Gathering 
• Data and biofuels production information from Soufflet 
• Regional publications on biofuels 
• Interviews 
• “Urban Travel Plan” (PDU) for Troyes 
 
Most notably, information such as data for efficiency, types of buses, maintenance schedules, etc. 
were provided from Mr. Etienne Marvy, Technical Director at TCAT. Information was provided 
from both answers to a questionnaire conducted and discussions at several interviews and 
presentations to TCAT and the local authorities, CAT. CAT also provided the PDU (Urban Travel 
Plan) for their municipality, which outlined many of the key data facts for Troyes and its 
agglomerated area.  
 
The questionnaire was created to give a global perspective of the transportation authorities’ 
undertakings, stance on the environment, data for calculations and views of technical directors.  
A few examples of questions asked are as follows: 
 

• How much fuel is used approximately in each bus? 
• Are there any taxes imposed on TCAT for the use of the roadways in Troyes? 
• What are the promotional measures for biofueled transport at TCAT? 
• What is the average efficiency of the engines? 

 
The questionnaire and subsequent interviews answered many questions which were imposed on 
TCAT. Much of the data needed for calculations, research and understanding of the issue of 
biofuels at TCAT were exclusively understood from the said options. The questionnaire, answered 
most entirely by Mr. Etienne Marvy, can be seen in Appendix E. (Marvy, 2007) 
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3.4 STOCKHOLM VS. TROYES: A SMALL OVERVIEW 

 
In subsequent sections, continuously Troyes will be compared to biofuel usage in Stockholm and 
data from Stockholm will be applied for use in Troyes fleets. Stockholm therefore serves as a 
benchmark in this study, and does not act as a comparison measure, but merely a best case 
scenario for biofuels employment. Troyes will be further studied, with environmental emissions 
measured, and several recommendations provided to alleviate the strenuous activity of initiating 
such a program in the municipality.  
 
This report will therefore be split into two separate research section, with the Troyes section 
drawing on evidence from Stockholm, with separate conclusions and discussion sections. Section 
five will deal with Stockholm and the findings from much research into their ethanol program 
followed by a discussion of their program and conclusion. Sections six through seven will 
thereafter provide a look at Troyes, how they can implement biofuels, environmental emissions 
calculations, costs, recommendations and conclusions. 
 

3.5 EMISSIONS/COSTS CALCULATIONS 

 
The extent of the calculations from the many sources were conducted with Microsoft Excel; tables 
and figures created with Microsoft Excel. Those tables and figures which were taken from other 
sources are referenced as such, and those of own work also follow suit. 
 
In both the Appendices and text, one can view the environmental emissions calculations from 
given data, calculated for Troyes. Data was provided from Scania on emissions, and these figures 
were applied to Renault buses in Troyes, as they both meet the same standards for European 
emissions limits. No data was provided from TCAT or Renault, therefore Scania data was fitted to 
work with these buses. Many of the tables and figures show the reductions in using different types 
of fuels, in comparison to petroleum equivalents, as well as combined with a particulate filtering 
system to further reduce emissions. 
 

3.6 INDUSTRIAL PARTNERS 

 
Several industrial partners were collaborated with during the research phase of this project. Much 
of their data has been used in the calculations section. These industrial partners include bust is not 
limited to: 

• StorStockholms Lokaltrafik (SL) 
• Scania 
• TCAT- (Transports en Communes de l’Agglomération Troyenne) 
• Ethanol Bus Buyers Consortium 
• SEKAB- Swedish Ethanol Kemi AB 
• Soufflet 
• BEST-Bio Ethanol for Sustainable Transport 
• BAFF-Bio Alcohol Fuels Foundation 

 
Limitations and drawbacks of their collaboration are provided afterward below. 
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3.7 LIMITATIONS AND DATA AVAILABILITY 

 
Although a great deal of cooperation was in place for the current research project from many 
industrial partners, their help was not necessarily provided first hand. In its stead, much of the 
work and data provided from industry came directly from reports and data from research institutes, 
collaborating institutes and publications. 
  
A great example would be the relation to Stockholm’s public transportation authority, SL. No 
direct contact was made with SL, even after intense mailing and mailing. Much of the data came 
from collaborating institutes such as Stockholm’s Environmental and Health Authorities and 
publications provided by research institutes. Also noteworthy, the Ethanol Bus Buyers Consortium 
also portrays itself as being ready and open to promote sustainable transportation for other 
European cities willing to conduct an ethanol program. However, after much contact from both 
TCAT and own questions, no answers were ever provided and little to no information was given as 
to how to go about creating a program in a city, even with the need and willingness in place. An 
overview of the relationship with a few industrial partners has been provided below to give a 
detailed perspective into the unwillingness to provide data for this research: 
 
 
Stockholm SL 

• Little to no communication 
• Reluctant to work with student 
• Only forwarded mails, and no direct contact 

 

Scania 

• Provided much data for emissions and 
calculations 

• Reluctant to answer questions on costs 
• No further contact after costs were 
questioned 

 
TCAT 

• Incredibly willing to collaborate 
• Many interview set up 
• Data provided rapidly 

Ethanol Bus Buyers Consortium 

• Little to no contact established 
• Would not contact TCAT regarding Ethanol 
Bus Program 

• All professional contacts given, gave no 
response 

Table 3-1: Industrial Partner Overview  

Source: Own 
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4.0  BACKGROUND: BIOFUELS FOR TRANSPORT 

 
The negative environmental consequences coming and seen from fossil fuels, as well as their 
respective supplies, has created large debates, speculation, and research into the use of renewable 
energy for transportation needs. What are these alternatives to the current fossil fuels, foremost 
gasoline (petrol) and diesel, which are environmentally friendly and biologically produced? 
Furthermore are they available with environmental benefits, economic competency and available 
in large scale for transition from fossil fuels? Two such fuels provide alternative solutions to this 
problem, namely ethanol and biodiesel. 
 

4.1 ETHANOL 

 
4.1.1 Introduction and Production 

 
The first aforementioned solution to this question is the alcohol fuel ethyl alcohol, simply known 
as ethanol. Ethanol is a clean-burning, high-octane fuel which is currently produced almost 
entirely from renewable resources. It is at present used in nearly every country as an octane 
enhancer and oxygenate, to increase octane values by 2-3% in blends of 5% to 10%. (IEA, 2005)  
 
Is ethanol the answer to the growing dependency and dwindling availability of oil however? One 
may believe that this is so for the reason that the United States of America, the current largest 
consumer of all petroleum based products and fuels, is looking toward ethanol for their energy 
requirements. On March 9, 2007, President George Bush signed a pact with Brazil to begin 
exportation of ethanol to be used more heavily in the United States. This will successively 
decrease the dependency of oil and in turn, increase sustainability index of the USA. (BBC, 2007) 
 
Ethanol fuel is a derivative of sugar and starch based crops and plants, which grow worldwide. It 
is produced by fermenting the sugars with yeast by fermentation and distilling them. 
Fundamentally this is the exact same process as making alcohol for say Vodka and Beer, which 
contain ethanol as their active ingredient. The crops used for ethanol widely vary, and as may be 
seen in the ensuing text, the crops vary from simple grass and woods to sweet potatoes and corn 
(maize) and the production processes respectively vary with plant selection. Current trends are 
being applied to the study of ethanol from lignocellulosic plants, i.e. wood and forestry residues, in 
nearly every country worldwide to take advantage of every process possible for this sustainable 
fuel. (NRI, 2006) 
 

4.1.2 Crops and Efficiency 

 
As formerly mentioned, ethanol can be produced from a wide variety of plants and crops with 
relatively high levels of starch and sugar. At the present, sugarcane and corn represent the most 
popular production crops for ethanol, corn being used in the United States and sugarcane 
employed by Brazilian ethanol producers. The selection of different crops depends entirely on the 
infrastructure currently available in a particular country, and moreover the preference. France 
produces ethanol chiefly from sugar beets and wheat, largely from the Champagne-Ardenne region, 
from their prime producer Soufflet in the forefront. (LODA, 2006) USA on the other hand 
employs the use of corn from the Mid-West region for production of ethanol. The selection of 
crops is again dependent upon the climate of the region and preference. The chief agricultural 
crops for the production of ethanol worldwide include: 
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• Corn 
• Wheat 
• Sugar beets 
• Switch grass 
• Woody Fibers 
• Sweet Potatoes 
• Sugar Cane 
• Sweet Sorghum 

 
Not all crops are equivalent in their net energy required, from upkeep to harvest and ultimately use 
in vehicles as fuel. Ethanol produced from different crops yields a range of return of energy 
compared to the energy required for farming the crop. For example, sugar cane returns around 8 
units of energy per unit of energy input to grow it. On the other hand, corn returns only around 
1.35 units of energy per unit input. (IEA, 2005) Different crops also return varying amounts of 
liquid fuel per harvested area.  
 
This brings up the question of whether ethanol is actually sustainable at all. Brazilian ethanol costs 
much less to produce and requires less energy because of cheaper manual labor. Provided by what 
many call slave labor, comparable to the clothing industry’s seat shops or even “blood diamonds” 
of Africa, Brazil in 1990, produced ethanol at a mere cost of $0.34 per gasoline-equivalent liter. 
(IEA, 2005) The costs to produce the same ethanol in the United States per liter would be well 
above $1.00, undoubtedly. As mentioned previously, the United States pact with Brazil to import 
ethanol has some concerned. Brazilians feel as though their country will again be exploited by 
other richer countries, because of cheap labor and land and have protested the collaboration with 
the USA heavily. (BBC, 2007) 
 

 
Figure 4-1: Brazilian Labor Exploitation for Ethanol 

Source: Salgado, 2007 
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4.1.3 As transport fuel 

 
It can be widely noted that ethanol has been used as a transportation fuel since early automotive 
pioneers, such as Henry Ford, had begun to design the current automotive platforms. In fact, 
Henry Ford used ethanol to fuel his first ever automobile in 1880, the “quadricycle.” Of further 
honorable mention, Ford also designed the Model T (the first mass produced vehicle) in 1908 to 
have an adjustment on the carburetor which could permit the employment of ethanol. This was 
done so as to allow farmers and others to use fuel that they had produced from corn. His vision 
was to “build a vehicle affordable to the working family and powered by a fuel that would boost 
the rural farm economy.” (NESA, 2007) However, as gasoline from the petroleum industry was 
incredibly low priced, the ethanol campaign dwindled away.  
 
The shift back to ethanol use has happened at a slow pace nonetheless. Currently nearly all fuel 
sold in European states and the United States have ethanol blended with gasoline as an octane 
booster for better performance. Automotive manufacturers have added flex-fuel systems to their 
vehicles to give them the advantage of running with higher ethanol blends than mere octane 
boosting blends. Brazilian automobiles run with blends as high as 25%, and this is true for other 
European marks such as Peugeot and Citroen. At the present, Brazil dominates the market for 
ethanol as transport fuel, but in the close running for second would be Stockholm. Although it is 
small in perspective, Stockholm’s program for clean vehicles and buses is well worth the 
creditable mention. Other cities, such as Tours in France, have in the past explored ethanol 
successively and ran a fleet of buses for nearly a decade, but because of technical and financial 
reasons, have dropped out of its employment. (Walwijk, 2005) 
 

4.1.4 Advantages and Disadvantages 

 
In retrospect, ethanol is currently a solution to the growing dependence and vanishing supplies of 
fossil fuels with many advantages over its petroleum counterpart. However, among the many 
advantages come disadvantages with its employment as well. These shortcomings stem primarily 
due to the fact that the current transportation infrastructure has been based upon the petroleum 
industry. A sudden shift is just not 100% feasible at the time being, but a steady transition into use 
of ethanol could help alleviate the problems arising with fossil fuel usage. As an example of a 
much disputed disadvantage, the price of corn has been raised in the Southwestern United States 
and Mexico due to production for ethanol. Mexican tortilla makers are feeling the wrath of this 
price increase, and are petitioning for something to be done to counteract these measures as the 
tortillas have been a staple to their dietary supplements throughout history. (Washington Post, 
2007) Other disadvantages of ethanol include its lack of efficiency, having less energy per liter 
than say gasoline and diesel. Therefore, the fuel economy is also reduced, requiring much more 
consumption; consequently prices for the fuel must be equivalent for this matter. A listing of 
several advantages vs. disadvantages is outlined in Table 4-1 below: 
 

Advantages Disadvantages 

Biodegradable Subsidies required for usage 
Easily producible from crops Energy input to output in question 

High Octane Value Can clog due to deposit formations 
Easily Cleaned if spillage occurs Increased Consumption (>50% consumption) 

Many flex-fuel vehicles currently available Reduced efficiency  
Reduced greenhouse gas emissions Many vehicles cannot operate with ethanol 

Higher oxygen levels  
Less explosive than petrol and diesel  

Table 4-1: Advantages vs. Disadvantages of Ethanol 

Source: Own 
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4.2 BIO-DIESEL 

 
4.2.1 Introduction and Production 

 
As the second most relevant solution to the fossil fuel problem, Bio-Diesel comes to the forefront 
for its ease of implementation and performance qualities. Biodiesel is a nearly colorless liquid, 
similar to diesel, produced from the transesterification of vegetable oils and animal fats. Since it is 
derived primarily from vegetable oils, biodiesel is considered a renewable fuel source and is 
comparably environmentally safe and less polluting. Properties of biodiesel are similar to those of 
petroleum based diesel (which will be subsequently referred to solely as diesel) although there are 
several advantages as well as disadvantages from using this type of fuel. Biodiesel can be used in 
its unadulterated form, or as a blend with diesel fuel to enhance performance and promote 
sustainable transport for both commercial and heavy vehicles. (IEA, 2005) 
 
The most popular available source for biodiesel originates principally from plant and vegetable 
oils. The most apparent examples of these are from sunflower and canola (a.k.a. colza or rape) oil. 
Seeds from these plants are simply “mashed” and the oil is extracted to be later processed into 
diesel fuel. Basic vegetable oils are essentially quite similar to diesel fuel, the main difference 
however is that they contain a compound called glycerin-a thick, sticky substance. To remove the 
glycerin, alcohol (usually methanol or ethanol) and a catalyst is added to the vegetable oil, usually 
sodium hydroxide or potassium hydroxide, which breaks apart the glycerin in a process labeled 
transesterification. This is essentially the same process as adding caustic soda, sodium hydroxide, 
to a clogged drain to break apart the fatty residue. Once the glycerin is detached from the fatty 
chains, the alcohols which are added attach to the chain and create mono-alkyl esters, or biodiesel. 
Of further note, the use of ethanol is most prized as an alcohol additive because it is made from a 
renewable resource and is less toxic than methanol. (Pahl, 2005)  
 
As mentioned previously, biodiesel can be made from a wide array of products, giving it a great 
advantage of being very adaptable and resourceful. The most common biodiesel sources are of 
course vegetable oils, but they extend further than this. The said fuel can be produced from waste 
oils from the restaurant industry, animal fats and the newly explored algae oil market. Below are a 
few of the most common biodiesel sources: 
 

• Sunflower 
• Canola (a.k.a. Rapeseed) 
• Soybeans 
• Palm Oil 
• Hemp oil 
• Mustard oil 
• Animal fats 
• Peanut Oil 
• Waste vegetable oil 
• Algae Oils 
 

During the production of biodiesel, glycerin is produced, which is in turn a very highly prized co-
product. In Europe, the prices for glycerin, or glycerol, range from $500-$1000 per tonne. 
Glycerin is currently produced at around 1:10 with biodiesel production, and it gives a credit of 
nearly $0.10 per liter produced of biodiesel. This is significant in the production of biodiesel, as it 
gives further precedence for production and improves the economics of biodiesel production. (IEA, 
2005) An estimate, in 2000, showed that biodiesel could be produced at a mere $0.35 per liter in 
large scale production with low raw material prices for rapeseed oil. The maximum price would be 
around $0.80 for small scale batch processing, processing in relatively small amounts, with high 
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material costs, a high market price for the resource, for the rapeseed oil. Of course availability of 
relevant vegetable oils are dependent upon geographical location, however rapeseed is a quite 
common crop in Europe. An overview of these costs can be viewed below in Table 4-2, showing 
the raw material costs, conversion costs (those costs associated with the conversion from raw 
material to finished products) and finally the costs for the retailer in dollars per liter.  
 

Scenario 
Rapeseed oil 

price ($/l) 

Conversion 

costs ($/l) 

Final Costs 

($/l) 

Small scale, high raw material price 0.60 0.20 0.80 
Small scale, low raw material price 0.30 0.20 0.50 
Large scale, high raw material price 0.60 0.05 0.65 
Large scale, low raw material price 0.30 0.05 0.35 

Table 4-2 Rapeseed Conversion prices in Europe 

Source: IEA, 2005 

 
4.2.2 As a Transport Fuel 

Rudolf Diesel in 1893 after years of research started and successfully launched his diesel engine 
with the use of peanut oil. This fuel, though not biodiesel, was the start of what could have began a 
biofuels future, if not for the petroleum industry. Rudolf Diesel remarked in 1912 that, “the use of 
vegetable oils for engine fuels may seem insignificant today but such oils may become, in the 
course of time, as important as petroleum and coal-tar products at the present time.” (Pahl, 2005) It 
is a fact that early diesel engines were designed to run with vegetable oils, but in the 1920s, 
manufacturers began altering the engine to utilize the lower viscosity equivalent, petroleum diesel. 
Petroleum based diesel, would for years to come, dominate the market for the reason that it was 
much easier and less costly to produce. 
 
Biodiesel, in Rudolf Diesel’s vision, has now become a reality with the growing environmental 
concerns of the day. Many manufacturers provide engines that can run on blends of biodiesel or 
pure biodiesel. Volkswagen for example lists several of its models which can be run on pure 
biodiesel. In fact some producers encourage blends because the biodiesel is a better solvent and 
tends to clean the engine of deposits. Renault and Irisbus, as an example, have for a long time 
produced their city buses to run with a blend of up to 30% biodiesel. (Irisbus, 2007) Throughout 
the world, campaigns such as the “Clean Bean Machine” promote the use of biodiesel in public 
transport, which use biodiesel produced from soybean oil.  
 
Interestingly enough, biodiesel can be made by the common layman in his own garage, and 
employed in their current diesel engines with small adaptations. This has promoted a new 
following of “grease-car” enthusiasts have evolved worldwide. The process for making the 
biodiesel is the same as simply outlined above, and can be done with any waste cooking oils which 
these “grease-heads” may get their hands upon. Actually, these vehicles have emissions which 
smell like a fast food chain, intoxicating other drivers with the smell of McDonalds fries. (Grease 
Car, 2007) A drawback to this however is that they must utilize a very toxic chemical, sulfuric 
acid for the production of the diesel to reduce the amount of soapy residue. (Pahl, 2005)  
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4.2.3 Advantages and Disadvantages 

Table 4-3 below aims to deliver an overall view of Bio-Diesel to its equivalent “environmental” 
petroleum based counterpart. As one can see, the only disadvantages of Bio-Diesel are its 
increased toxicity and effect on rubber equipment. Every other criterion makes this alternative fuel 
much more environmentally sound. 
 
 

Value Bio-Diesel Low-Sulfur Diesel 

Cetane number 51-62 44-49 
Lubricity + Very low 

Biodegradability + - 
Toxicity + - 
Oxygen Up to 11% Very low 
Aromatics 0 18-22% 
Sulfur 0 0-350 ppm 

Cloud Point - + 
Flash Point 300-400°F 125°F 

Effect on butyl rubber Can degrade No impact 

Table 4-3: Bio-Diesel vs. Low-Sulfur Diesel  

Source: IEA, 2005 

 
Biodiesel does have many advantages over its petroleum based partner. First and foremost, it is 
safe to mention that biodiesel can be used in any diesel engine, in pure form or as a blend of diesel 
and biodiesel, usually around 20% biodiesel. No engine modifications are required, as the 
chemistry is basically the same for the combustion process of these two “similar” fuels. Lubricity 
is also increased spectacularly by using simple blends of biodiesel with petroleum diesel. 
Surprisingly, blends of biodiesel as low as one percent with petroleum diesel can increase lubricity 
by over 65 percent. Biodiesel cuts environmental emissions with respect to particulate matter by 
nearly 31%, carbon monoxide by nearly 21% and hydrocarbons by nearly 47 %. (IEA, 2005) 
Currently in the USA, biodiesel qualifies as a clean fuel, and can collect credit under the Energy 
Policy Act. (USDOE, 2005) Moreover, biodiesel is a viable solution the growing fossil fuels 
problem.  
 
Disadvantages are at bay however for biodiesel, as it cannot be too good to be true. The use of 
biodiesel is at question for the most part in current engines. It is true that engines can handle the 
biologically produced diesel fuel, but there are consequences. The first of these consequences 
actually stems from a benefit. Biodiesel is an excellent solvent. It actually cleans the engine and 
fuel lines of deposits. However, these deposits can combine to form problems. Therefore fuel filter 
changes must be scheduled quite regularly, adding the cost. The next drawback is the temperature 
range of employment. Biodiesel, by chemistry, has a lowered cloud point. (IEA, 2005) This makes 
it less viscous during lower temperatures, harder to combust and may actually not work during 
extreme temperatures. Usability is therefore at question for this alternative. Speaking of the 
chemistry, biodiesel also contains 10% less energy per liter than diesel fuel respectively. Therefore 
consumption is roughly 10% higher for the said alternative. Other questions arrive of its 
sustainability and land mass needed for use. It is safe to mention however, that more energy comes 
from biodiesel production than ethanol production on an energy per hectare analysis. (Hill, 2006) 
Biodiesel however continues to be used with relevant ease of implementation throughout the world, 
for the most part because of its environmental outlook and benefits. 
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5.0  STOCKHOLM TRANSIT AUTHORITY: ETHANOL FLEET 

 
5.1 INTRODUCTION 

 
When one thinks of sustainable transportation, Stockholm immediately comes to mind with its 
world renowned project to phase out fossil fuels and deliver bio-fuelled based vehicles to run 
throughout the city limits. Stockholm local authorities and Scania have, for a long period, worked 
in close collaboration to produce vehicles, most notably buses, with efficiencies and performance 
measures compatible with those of their diesel counterparts. This did not come easy however. 
Initially Stockholm was interested in each and every form of alternative fuel and propulsion 
possible. However, based on the technological advances of the day, pricing, infrastructure 
limitations and most importantly ease of implementation, liquid fuels were highly prized. The 
liquid fuel that “won the race” so to speak is that of ethanol, which can power vehicles with the 
same performance measures while equivalently being environmentally sounder. Due to a number 
of different policies, ethanol currently sees a fair and equivalent pricing with respect to diesel. This 
has proven to be quite exciting to Stockholm, and they have in turn purchased many hundreds of 
buses and plan to totally become dependent on ethanol power in the years to come. What this 
whole process has produced is the largest fleet of ethanol city buses in the world, the only vehicle 
manufacturer offering standard pure ethanol powered engines and a support network for other 
cities worldwide to introduce ethanol powered fleets into their own public transport systems.  
 
Stockholm will be subsequently referred to in the text in regards to the public transportation 
system in place in this particular municipality. However, it should be noted that the city of 
Stockholm itself is not the main stakeholder in the public transportation system, but it is owned 
and run in full by the Stockholm County Council (Stockholms läns landsting) to service the whole 
of the Stockholm network. With this said, “Stockholm” is referred to again in the preceding text to 
denote the entire organization involved in the ownership of the transportation authority. 
 

5.2 BACKGROUND AND INITIATIVE TO BUILD AN ETHANOL FLEET 

 

 
Figure 5-1: Stockholm Ethanol Bus 

Source: Scania, 2007 

 
 
 
 



  Page 20 of 83 

Stockholm SL (Storstockholms Lokaltrafik) and Scania have had a relationship to build an ethanol 
fleet from scratch and set an example for sustainable development, not only in Europe, but also 
worldwide. From the beginning, Stockholm’s local government, and more thoroughly the 
government of Sweden, was interested in reducing emissions from vehicles, with precedence upon 
heavy vehicles while moving more toward sustainability. Heavy vehicles in Stockholm represent a 
large portion of the emissions of health impairing gases and particles; therefore Stockholm looked 
toward an undemanding means of changing heavy vehicle emissions. None other than the local 
transportation authorities were set into a deep collaboration to re-engineer their bus fleet toward 
more environmentally friendly alternatives. This project has been ongoing since the early 1980’s 
but really took off after the introduction of ethanol powered buses in 1989.  
 

5.3 BUS PURCHASING FOR TESTING AND FLEET USE 

 
During a three year period between 1990 and 1993, SL effectively tested 32 ethanol powered 
buses in their fleet, and set precedence for all other forms of bio-fuels for use in their 
transportation infrastructure. This provided the background to subsequently introduce more and 
more ethanol buses into the city “line-up” after diesel powered buses reach their maturity level. 
The tests were conclusively positive which led SL now, and since that period, have added ethanol 
buses to their fleet upon maturity of diesel. The ethanol buses are purchased chiefly for use in the 
intercity limits, while other diesel buses have been purchased for use in the suburbs. What does 
this mean? This means a complete abolishment of diesel powered buses, in the intercity for that 
matter, but soon for the suburbs as well. Scania, until 2005 had therefore provided roughly 250 
buses to SL for transport with ethanol power. To further show context toward their environmental 
concerns, an additional 148 buses were purchased by SL to be delivered in late 2006. This brings 
the current total of vehicles in the ethanol fleet to exactly 398 buses. (Dickinson, J. et al., 2002) 
Purchasing and the relevant phasing out of diesel buses can be seen in Figure 5-2 for more 
information, which illustrates each year’s purchase of diesel vs. bio-powered buses, which are 
made up by the most part of ethanol buses but also a handful of gas powered buses; another 
technology Stockholm has also been experimenting with.  
 

 
Figure 5-2: Buses purchased per year (Reported and Projected) 

Source: Sunnerstedt, 2006 
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5.4 MAKING ETHANOL “WORK” 

Why is it however that some cities have found better compatibility with gaseous fuels, diesel, and 
moreover not entirely ethanol? A few cities have even tried to use ethanol in the past, but failed to 
grasp hold of the technology as Stockholm has, but why? (Walwijk, 2005) The answer Stockholm 
likes to bestow upon those who persist to ask, is that it “simply works” for them. The real answer 
to this question is Stockholm SL’s diligence and measures of emissions with respect to other fuels, 
which Stockholm authorities and companies hold to the highest regard. These equate out to using 
ethanol above other fuels based upon environmental emissions, costs, infrastructure requirements 
and current technological eminence. The “road” to ethanol however was not as easy as it seems to 
have been for Stockholm. An immense investment of manpower, time and costs were all incurred 
to have ethanol fall into the place it holds currently. Due to the willingness of many to make it 
work right, it has now become the benchmark case of ethanol use for the world round. 
 

5.5 EXPLORATION INTO ALTERNATIVE FUEL SOURCES AT SL 

 
Economic hardships, fuel embargos and rising environmental awareness signs began to compile 
upon Stockholm city official’s shoulders, raising alarms that something different must be sought 
after. This other source of energy came from biofuels, renewable resources and new technologies. 
Thereafter, Stockholm dug deep and invested heavily to undertake investigations into a feasible 
alternative to their rising levels of diesel prices and ever uneasy Middle Eastern oil supplies. This 
initially prompted Stockholm to begin to explore a plethora of diverse choices for bio-fuels and 
new technologies for their transport requirements. They explored in great detail, fuel cells, hybrid 
vehicles, fly-wheel power, accumulator designs, electric vehicles, bio-diesel, natural gas and 
consequently ethanol power. These tests began as early as the beginning of the 1980s with gas 
being used for bus transport. (CADDET, 2006) 
 
Stockholm SL then found that using gas resulted in some of the following consequences and 
benefits: (Sunnerstedt, 2006) 
 

Technology Pros Cons 

Gas Power 
• Low local emissions 

• Financially viable 

• Good fuel economy 

• Large Volumes of Gas Needed 

• Expensive Maintenance 

• Depot to Depot traffic only 

Table 5-1 Natural Gas Use Comparison 

Source: Own 

Investigative studies into renewable energy resources also found SL using fuel cells and hybrid 
engines to decrease emissions and elevate efficiency. The environmental performance is enhanced 
with these new technologies, offering only water as an exhaust and flexibility with fuels, for fuel 
cells and hybrids respectively. Again conversely, these technologies proved to be very costly and 
inadequate for easy implementation into the current fleet. Current research continues furthermore 
to try and increase efficiency, reduce prices and capital costs and adapt these technologies in 
collaboration with bio-fuels. Stockholm SL continues to employ the use of one or two fuel celled 
buses, and also will introduce a hybrid ethanol bus in late 2007. (Sunnerstedt, 2006) These 
measures will insure sustainable transport within the city limits and continue to assess new 
technological breakthroughs as they spring about.  
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Technology Pros Cons 

Fuel Cells 
• Only Water as Exhaust 

• Great Efficiency Possible 

• Hydrogen infrastructure 
needs development 

• Costs  

Hybrid Engines 
• Fuel Savings 

• Can be used with all fuel types 

• Very heavy engines 

• Not very mature technology 

Table 5-2 Barriers and Benefits of Fuel Cell and Hybrids Usage 

Source: Own 

 
5.6 LIQUID FUELS FOR SL TRAFFIC: ETHANOL VS. BIODIESEL 

 
Of the many options currently available at hand, the most trouble-free and least problematic 
approach was, and continues to be the use of liquid fuels with existing bus structures. Reasons 
behind this decision are mere human nature, their infrastructures are similar to diesel and so habit 
ensues to employ them with great ease. Technically speaking, maintenance with engines of these 
types are nearly identical with current diesel engines as well, offering added benefits and less 
training required, saving precious man hours and costs. Hereafter bio-diesel and ethanol were 
explored in further context.  
 
Bio-diesel in the long run however could not compete with ethanol, based upon emissions levels 
that it expelled, which were far above ethanol emissions. Particulate matter (PM), carbon dioxide 
(CO2), and nitrous oxide (NOx) were emitted at greater levels by using bio-diesel. This did not 
appeal to the Swedish authorities and in the long run, ethanol gained precedence as its emissions 
contain a much lower quantity of nitrous oxide and particulate matter. Stockholm SL used these 
emissions as its qualifiers for choosing ethanol above other fuels. A review of the bus purchasing 
and timeline for implementing bio-fuelled transport in Stockholm is provided above in Figure 5-2. 
 
 

5.7 EMISSIONS SAVINGS WITH ETHANOL  

By converting their buses to ethanol, and subsequently purchasing ethanol equipped engines, SL 
will and would capitalize on the decrease of every emission, both harmful to human health as well 
as the environment. These reductions thereafter entail reduced taxation, sustainable development 
and most importantly a clean air atmosphere in greater Stockholm.. Air quality measurements for 
different emissions can be seen in Appendix C, which show the levels of these said emissions from 
1946 and projected into 2020. (Dickinson et al., 2002) Undeniably a great change has happened in 
a lifetime period, a figure Stockholm can hold with pride. 
 
A study conducted by Stockholm’s SL found that between 1990, the onset of the ethanol program, 
and 2004, there was a substantial decrease (or also referred to as “gain” for that matter) in 
particulate matter, NOx and CO2 emissions. These reductions in emissions are documented in 
Tables 5.3 and Appendix C. (Dikinson et al., 2002) They show the amount since 1990 that has 
been saved to the atmosphere by switching from a diesel engine to a pure ethanol powered option. 
The figures are quite hefty, and represent a valid method of reducing the consequences of road 
transport. Since 2004 the number of ethanol powered vehicles has nearly doubled, so these figures 
represent only a portion of the current “gains” received by this biological solution. 
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Figure 5-3 Net “Gain” of CO2 emissions from Ethanol Fuel in Stockholm 

Source: Strömberg, 2006 

 
5.8 ETHANOL ENGINE AND CONVERSION MEASURES 

 

 
Figure 5-4 Scania Ethanol Engine (Diesel Conversion) 

Source: Scania, 2007 

 
The workhorse behind the ethanol powered fleet is none other than the modified diesel Scania 
engine which runs on nearly pure ethanol fuel. Specifically, the initial engines were the Scania 
111DSI11E, which were included in a Scania city bus model CN113. (Egebäck, 2004)  This 
engine in the past was modified from its diesel equivalent, but now is provided as a standard 
engine after extensive research in collaboration with universities in Sweden and Scania. All pieces 
and parts in the engine are standard Scania components, and no external suppliers are needed for 
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conversion processes. Furthermore, by no means is this engine less superior to the diesel engine, in 
fact it is nearly the same in efficiency and output, but better in its environmental performance 
measures, to be seen subsequent to engine modification measures. 
 
Due to the nature of ethanol fuel nonetheless, being less explosive, more corrosive, and having less 
energy per unit volume, several steps have had to be performed to specifically modify the engine 
for its primary employment. These measures can be notably considered minor in comparison to 
other modifications needed for use with say, pure vegetable oil and hybrid technologies, but still 
prove to be very critical and detailed. The most crucial change occurred in the compression cycle 
of the engine. This entailed increasing the fuel compression ratio from 18:1 to 24:1 to adapt 
ethanol to ignite in the pistons. (CADDET, 2006) However, due again to the less explosive nature 
of ethanol, the fuel injector nozzles had to be enlarged to shoot more ethanol into the ignition 
chamber. Moreover, this change then necessitated the alteration of the injection timing to create 
just the right power on demand for the engine with the said fuel. Ethanol engines, because of 
having less energy per unit volume, compared to diesel, and more fuel needed for ignition, require 
roughly 60-80% more fuel per distance driven in comparison with a standard diesel drive bus. 
Hereafter, various other changes had to be made for in account to the nature of ethanol fuel. These 
changes include, fitting new gaskets, piping and using castor oil as lubrication; in part due to 
ethanol fuel, an alcohol, dissolving the oil film on greased metal surfaces of the engine, a very 
crucial measure. (Dickinson et al, 2002) An automatic fire extinguishing system must also be 
adapted in the engine, but this is more of a new security measure provided for the ethanol fuel. 
(Morsning, 2007) A review of the modifications made for employment of ethanol is provided in 
Table 5-3 for further information on the alteration and grounds for which the respective measure is 
needed. 
 

Measure Reason 

Compression Ratio 18:1 � 24:1 Needed to bring ethanol to combustion pressure 

Increase Injection Nozzle Diameter Needed to increase ethanol content in ignition chamber 

Injection Timing Alteration Compliment of compression ratio and content changes 

Larger Tanks 60-80% more Fuel Consumption (Not needed however) 

Piping/Hosing/Gasket Changes Corrosive nature of ethanol fuel 

Castor Oil as Engine Lubricant Ethanol tends to dissolve grease on metal surfaces 

Automatic fire extinguisher  

Table 5-3: Measures for Ethanol Modification 

Source: Own 
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5.9 SCANIA ETHANOL ENGINES COMPETE WITH EURO ENGINE STANDARDS 

 
Ethanol buses in Stockholm have in the past and today, continued to show their environmentally 
sound mark with regards to fuel choice and emissions. The first buses tested at SL were leaps and 
bounds above their counterparts in respect to their emissions of greenhouse gases and other 
harmful emissions. Since the introduction of these buses in the early 1990’s, the ethanol engine 
has proved to be very environmentally friendly and exceed the European standards set for engine 
emissions for the day. This continues to hold suit, and can be seen in Figure 5-5, as a 
representation of the ethanol evolution at Scania. Scania, since the 1970’s has more than doubled 
their engine efficiency and fuel economy for their heavy vehicles market, owing much merit to 
their evolved environmental program. Today the engine meets European V (5) standards for 2009, 
and will continue to meet these standards in years to come. Technologies such as hybrids can 
improve these measures and help to evolve and even further environmentally sound vehicles.  
 
 

 
Figure 5-5 Scania Engine Environmental Performance and Euro Engine Standards 

Source: Scania, 2007 
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5.10 DRAWBACKS TO ETHANOL PROGRAM AT SL 

 
As much of the program at SL comes with much praise and superlatives in its context, some 
negatives also stand firm and counterweight the work Stockholm has done. First and foremost, 
heavy tax incentives are provided in Sweden for the purchase of ethanol, making it a cheap fuel to 
use. However, it is not cheap, as will be seen later in this text for the example of Troyes. It is only 
from these tax reductions that ethanol can compete at all with diesel in the current market. The 
origin of the ethanol is also under much scrutiny in Stockholm as many become more concerned 
with the harsh labor conditions in Brazil and other less fortunate countries. Sweden is exploring 
lignocellulosic processing of ethanol from its own vast forest however, and has replaced much of 
the Brazilian ethanol from its own stocks, again though with heavy government subsidizing. (IEA, 
2005)  
 
Vehicles also produce heavy costs for research, infrastructure issues and efficiency when changing 
fuels. Ethanol is again less efficient than the petroleum counterparts, and therefore much more fuel 
needs to be employed for the same distances traveled. To convert a bus from using diesel to 
ethanol also requires a lot of research and many new parts. Stockholm has been in this process for 
over a decade now, and can produce results much cheaper from immense research projects, though 
these have no doubt cost much. Ethanol refueling is dissimilar to other liquid fuels, due in part to 
its chemical nature, and must have special tanks, hoses and other mediums to transfer it. These 
incur even more costs into the picture. Nonetheless, ethanol works at SL and they will continue to 
employ ethanol into the future. 
 

5.11 ETHANOL BUS CONSORTIUM 

 
The knowledge owned by Stockholm SL, Scania and other partners in their endeavor with ethanol 
fuelled buses is not a private affair, but shared and endorsed throughout Europe and worldwide to 
promote the use of ethanol fuel. Historically this consortium began due to the lackluster sales 
produced by Scania with ethanol powered buses. They therefore reported to Stockholm SL that 
they would no longer fabricate ethanol powered buses if interest was not sparked. Stockholm SL, 
keen on keeping and running their fleet with ethanol then purchased more ethanol buses and 
collaborated with partner companies and suppliers to promote this bio-fuel to the fullest extent. 
Thus the Ethanol Bus Buyer’s Consortium was born, with a goal to promote ethanol as a 
transportation fuel. An aim they hold dear is to see to it that the numbers of ethanol powered 
vehicles will continue to increase, not only in Sweden but the world round. This is produced by 
offering their experiences free of charge, giving study visits, any crucial data, and persuading other 
suppliers to produce ethanol fleets. 
 
Current Partners of the Ethanol Bus Buyers Consortium include: 
 
 

 

STOCKHOLM PUBLIC TRANSPORT AUTHORITY 
(STORSTOCKHOLMS LOKALTRAFIK) 

 

CITY OF STOCKHOLM 
(STOCKHOLMS STAD) 

 
BAFF- BIOALCOHOL FUEL FOUNDATION 

 

STOCKHOLM CITY COUNCIL 
(STOCKHOLMS LÄNS LANDSTING) 
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SEKAB-SWEDISH BIOFUELS AND CHEMISTRY 
(SVENSK ETANOL KEMI AB) 

 
SCANIA 

 
BEST-BIOETHANOL FOR SUSTAINABLE TRANSPORT 

 
Currently Scania is the sole supplier of ethanol powered buses. Ethanol bus consortium will 
continue to counteract this fact, and persuade other manufacturers to follow suit. Their goal is not 
to dominate the market with Scania buses, but see to it that other manufacturers produce 
competitive ethanol fleets, thus promoting ethanol employment worldwide. The Polish bus 
manufacturer MLK has recently collaborated with the consortium and delivered the first ethanol 
powered bus in Poland for use in Slupsk. (Ethanolbus, 2006) The consortium is incredibly pleased 
with this achievement, and will use this as a benchmark for promoting further producers to take 
the same measures. 
 
When cities, for example Slupsk, wish to explore the use of ethanol in their current fleet, 
Stockholm takes a lead role in demonstrating how their fleet can be adapted most effortlessly. 
Initially, and invitation for a study visit is set up, where guests are toured around Stockholm’s 
ethanol infrastructure and all this done so with the ethanol buses they wish to explore. If they are 
satisfied with this, they can opt to globally join the demonstration period. This entails obtaining a 
small test fleet of 5-30 buses from Scania, the same buses of which Stockholm SL uses. Presently 
several other cities have taken steps toward sustainability and are in the demonstration period with 
Scania, which include: 
 

• Swedish Bio-fuel Region (A cluster of cities in Northern Sweden) 
• Madrid, Spain 
• Rotter-dam, Netherlands 
• La Spezia, Spain 
• Nanyang, China 
• Slupsk, Poland 

 
Satisfaction with this phase then leads them into the full consortium member status. To join the 
consortium a number of specific requirements for performance and functional measures of the 
buses must be met. The consortium thereafter will complete procurement with the buses and the 
said investor is subsequently part of the overall goal to globally purchase over 1000 buses for the 
European market.  
 
The hopes and aims of the consortium are that other cities will follow their lead and introduce 
ethanol buses as a form of transportation fuels for their transportation fleets. They will continue to 
support and promote this bio-fuel exhaustively to achieve levels of sustainability which are in light 
with their own fleets in Stockholm. This arrangement of industry is very highly prized for their 
incredible steps toward environmental soundness. If this program can work in Stockholm, why 
can’t it work anywhere else? 
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5.12 CONTINUED WORK 

 
Stockholm will continue its work with alternative fuels into the future with great enthusiasm. In 
fact, Stockholm has begun purchasing gas powered buses for use in several districts in southern 
Stockholm. These buses will be powered solely with gas provided from a local sewage treatment 
plant. A fuelling station will be built before 2009 and these buses will provide the Södermalm area 
with environmentally friendly public transportation measures. (Sunnerstedt, 2006) 
 

5.13 STOCKHOLM RESULTS 

 
5.13.1 OPERATION COSTS FOR ETHANOL IN STOCKHOLM 

 

Type 

of Bus 

(FUEL) 

Driven 

km 

Price/l 

(Euro) 

Total 

Price 

Fuel 

(Euro) 

Fuel 

Use 

(l/km) 

Swedish 

Road 

Tax 

(Euro) 

Internal 

Repairs 

(Euro) 

External 

Repairs 

(Euro) 

Total 

Costs 

(Euro) 

Costs/km 

(Euro) 

Ethanol 
(E95) 75 505 0.54 27 819 6.861 111 18 779 122 46 831.00 00..6622  

Ethanol 
(E95) 68 583 0.54 26 877 7.298 111 19 543 122 46 653.00 00..6688  

Ethanol 
(E95) 63 343 0.54 22 840 6.715 111 23 905 122 46 978.00 00..7744  

Ethanol 
Average 

69 143 0.54 25 845 6.96 111 20 742 122 46 820.67 0.68 

Diesel 71 038 0.91 26 824 4.168 2067 17 375 122 46 369.00 00..6655  

Diesel 76 638 0.91 28 416 4.093 1728 18 815 122 49 081.00 00..6644  

Diesel 87 535 0.91 32 875 4.145 2084 12 079 122 47 159.00 00..5544  

Diesel 
Average 

78 404 0.91 29 372 4.135 1 960 16 090 122 47 536.33 0.61 

Table 5-4 Stockholm Operating Costs Ethanol vs. Diesel 

Source: EthanolBus, 2007 

 
At the present time Ethanol is competitive in pricing throughout Europe, due in part to tax 
reductions, credits and programs for promotion of biofuels; making it a relevant option for the 
transportation industry now and in years to come. Stockholm and in particular Sweden, have had 
an incredibly proactive approach toward using this biofuel to its fullest extent. In Sweden there are 
tax credits/reductions in excise duty of roughly 520 euros per 1000 liters. This is only second to 
Germany; having 630 euros/1000 l. (IEA, 2005) In fact in 2006 it was cheaper to use ethanol in 
comparison to diesel, based on the high price of diesel at the time. Stockholm also has a program 
for huge reduction in road taxes incurred for bio-fuelled or “clean” vehicles. Vehicles which are 
deemed to be “clean” also get free access into the city centre, as well as free parking; increasing 
the demand for these green vehicles.  
 
Ethanol powered vehicles are not cheap, but on the one hand, provide a sustainable route for 
alternative fuels employment. Currently a diesel bus, more explicitly model Scania OmniLink City 
Bus, runs around 100,000 € to purchase. If one opts to purchase the ethanol upgrade however, this 
will cost an additional 15,000 € for all upgrades, as mentioned previously in Table 5-4. Looking 
merely at price is always a concern, but the environmental price paid by not buying the ethanol 
engine should also be taken into account. In the near future, emissions will have a price and 
alternatives such as the ethanol option will become standard practice. On average, a bus will run 
about 8-10 years. Taking this into perspective, it will merely cost 1,500-1,875 € per year to lead a 
more sustainable course.  
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Stockholm’s investment into ethanol vehicles for their transport authority has proven to incur a 
competitive option to diesel power in regards to operating costs nevertheless. As seen in Table 5-4 
the costs in Euros per kilometer using ethanol versus diesel is nearly identical. This however 
comes into place only in part from the aforementioned tax credits which Sweden heavily pours 
into bio-fuels. In more detail, under the heading “Road Tax,” one can see that ethanol vehicles are 
much less taxed than their diesel partners. One column in particular stands out in this table as well, 
the price per liter for this fuel. Again the reduced costs are due in part to the tax credits for ethanol 
usage. However, repairs are slightly larger for the ethanol buses for the reason that more care must 
be taken in fuel filter replacement and the numbers of oil changes are nearly doubled.  
 

5.13.2 STOCKHOLM METHODOLOGY 

 

 
Figure 5-6: Stockholm Ethanol Implementation Methodology 

Source: Own; Sunnerstedt, 2006 

 
 
 
In retrospect, to put everything together and give a perspective into the selection processes at SL 
used to make decisions for the ethanol program from beginning to its current phase, a 
methodology was produced for use in other cities wishing to implement biofuels. The process 
starts from the initial phases, and denotes questions, criteria and collaborations along the way 
toward ethanol introduction. It will serve, fundamentally, as an overview of the decisions made, 
questions asked and findings from much research between SL and other collaborators for use in 
other cities wishing to promote biofuels. The methodology can be seen in Appendix D for further 
information and overview.  
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From this, several key questions (criteria) were produced to show in more detail, some of the most 
important decisions SL faced in their research. The said important criteria for selection purposes 
include: 
 

• Liquid fuels or Gas Fuels? 
• Which emissions are most dangerous? 
• Fuel origins? 
• Costs? 
• Should other fuels be explored simultaneously? 

It can be seen that the Stockholm ethanol program has taken time to produce, nearly 10 years of 
research and testing. This knowledge can be applied to other cities in much less time, as the 
research and testing have been conducted extensively and knowledge sharing can take place with 
organizations such as the Ethanol Bus Buyers’ Consortium. This organization was set up to 
promote the use of ethanol in other cities in their transportation systems, with bus purchasing, 
ethanol supplies and information to ease the initiation phase. From this information, cities 
throughout Europe can optimistically acquire the knowledge to run a biofuels program without 
delay and begin a track toward sustainability. The methodology can again be seen in Appendix D, 
as well as the attached CD to this report. 
 

5.14 STOCKHOLM CONCLUSION 

 
It has thus been shown that Stockholm has in fact successfully implemented an ethanol, as well as 
other biofuels, program into their transportation throughout the city. Their willingness to pursue 
measures to reduce emissions has created a much cleaner city and great image for others. Again, 
Stockholm is a benchmark for other cities worldwide in a number of sustainable development 
concerns, now including sustainable transportation with SL in the forefront. Great research was 
however put into such a program, and it does not come cheap. Stockholm and Sweden in particular, 
currently pay out heaps of tax money in order to alleviate the costs of ethanol and keep it 
competitive with diesel and petrol. Nonetheless, this “conversion” so to speak, has caught on quite 
well with the general public in Sweden. More and more “Miljöbilar” are becoming apparent on the 
road every day, as petroleum prices increase and ethanol production becomes cheaper. The public 
knows about ethanol employment in their transportation authority’s buses, and are proud of this 
fact. (Sunnerstedt, 2007) Stockholm SL also has the goal to entirely run their services with 
renewable fuels in the near future, and they are definitely on the right track toward this. Inasmuch 
as the Swedish do not like to boast themselves, being “lagom” as they say, their program is known 
worldwide as the best system in biofuels usage.  
 
The Stockholm Example, as will be referred to subsequently, has proven to work. Ethanol is the 
primary fuel involved in this system, but others fuels are also used just as well. European cities can 
follow suit, and create their own environmentally friendly transportation methods. This example of 
Stockholm has been used as a benchmark for the introduction of biofuels in a small French city, 
namely Troyes, France. It is here that an investigation in subsequent text aims to discover the 
solutions to and measures to implement biofuel usage in the bus fleet in the small municipality of 
Troyes.   
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6.0  CHAMPAGNE REGION AND BIOFUELS 

 
Champagne–Ardenne comprises one of the largest regions for the production of agricultural 
products in France. In fact, in 2000, the Champagne-Ardenne region accounted for roughly 2.1% 
of the GDP in metropolitan France due for the most part of the agricultural sector. (LODA, 2006) 
As the name implies, one primary product of the area is the Champagne produced locally from 
vineyards, accounting for a large portion of the GDP of the area. However, the Champagne-
Ardenne region has more to offer in terms of liquids, than the prestigious champagne so sought 
after by many, from the conversion of local crops into “biocarburants,” or in English, Biofuels. 
 
Biofuels can, and are produced quite heavily in the Champagne-Region from several local sources. 
In fact, the Soufflet Group with headquarters within the region and the premiere cereals group in 
France and in Europe on the same token, has recently announced production plans for a new plant 
to produce bioethanol and biodiesel located along the Seine river in the town of Le Mériot in the 
agro-industrial park. These plants will produce some 300,000 tonnes of bioethanol from 1.1 
million tonnes of wheat.  Cristanol (Cristal Union Sugars), a grower-owned group with activities 
including sugar production and ethanol production, currently has 2 plants in Bazancourt and one in 
Areis su Aube which produce 280,000, 240,000 and 120,000 respectively, tonnes of ethanol based 
on the employment of beets, but also have plants which produce ethanol from cereals. (CU, 2007) 
 
 

 
Figure 6-1 Soufflet Ethanol Production Site 

Source: LODA, 2006 

 
 
Agriculturally the Champagne region represents 8.2% of Frances gross value and also ranks as 
follows for crops (which can produce biofuels): 
 

• 1st in France for the production of barley  
• 2nd in France for the production of beets 
• 3rd in France for the production of tender wheat and rapeseed (INSEE, 2007) 
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Champagne-Aredenne (CA) with an area of 25,606 km2, 2,560,600 hectares (ha), is covered most 
notably by farmland for its many agricultural products. In 2005, 707,913 ha were exploited for the 
production of wheat and cereals, the greatest product of the region due to the nature of its soil and 
climate which are ideal for the cultivation of such crops. In adittion to wheat, other crops such as 
73961 ha of beets, and 47, 142 ha of corn were planted. These numbers for cereals, beets, rapeseed 
and corn represent 7.7, 19.5, and 2.8% of the area exploited respectively in France for the 
cultivation of the mentioned crops. (INSEE, 2007) The lot of the declared crops, most notably 
beets and cereals, have large markets for the production of ethanol in France. Crops used for 
biodiesel production include 147, 135 ha of canola (rapeseed) and 14,490 ha of sunflower. (Ibid) 
 
Currently the CA region belongs to the Industrial and Agri-Resources Competitive Cluster, and 
association supported by the Europol’Agro association. The aim of this regional cluster is to 
deveolop and research into biofuels for energy, food-related products and recycling of biomass for 
energy and foodstuffs. The cluster also has ambitions to: 

• Become European leader for innovation in this field by 2015 
• Become a major player in the transition from a fossil resource-based economy to an agro-

resource based economy 
• Provide France with a centre for the promotion of knowledge, initiatives and innovations, 

bringing us directly in line with international competition 
• Capture a large proportion of the jobs that are expected to be created in these new 

industries and promote the development of rural areas. 

 
Under the current standing, the CA region is definitely in line to produce and sustain itself with the 
production of biofuels. The question is, when will they become more serious about this? The 
Competitive Cluster, ADEME and other sustainability promoters should and are obliged to 
promote further use of biofuels. Not only does this encourage environmental sustainability, it will 
also encourage and create more jobs in the area by bringing more industry and jobs for cultivation 
of biomass for biofuels. CA is ready to launch itself as the premiere actor in this field, and they 
can begin by promoting in the heart of their region, Troyes. (Champagne-Ardenne, 2007) 
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7.0  TROYES TRANSPORTATION AUTHORITY 

7.1 INTRODUCTION TO TROYES 

 
Troyes, located in the northeastern portion of the Aube department of the Champagne-Ardenne 
region along the famous Seine river, is the “historic capital of the champagne region” and home to 
roughly 60, 000 inhabitants. Including the suburbs, Troyes comprises around 128,000 individuals 
which the transport authority of Troyes, named “Transports en Commune de l’Agglomération 
Troyenne” (TCAT), serves with its extensive network of city buses.  
 
Troyes was once a city whose primary buisness was knitting and textiles, while it has now been 
transformed into one of the top scientific areas in France, also known as a “technopole” in French. 
This technopole is an area which promotes the development and creation of scientific research 
companies with incurred tax benefits and less costs, owing to its location, 160 km east of Paris. 
Troyes is home to several universities, with emphasis on the Technological University of Troyess, 
UTT, home to over 1500 engineering students and several hundred researchers; some of which 
work for the Center of Research and Interdisciplinary Studies on Sustainable Development 
(CREIDD) to promote sustainability throughout the region. 
 

7.2 LOCAL AUTHORITY AND TRANSPORTATION AUTHORITY IN TROYES 

 
TCAT boasts a fleet which currently includes 80 buses, of 3 different marks and sizes) to serve 
their vast network in the Troyes Agglomeration. These 80 buses are used in a number of diverse 
fashions for public transport for the community, school children, football event transport and other 
private purposes such as for the elderly and handicapped. (TCAT, 2007) Other key figures for 
TCAT include: 
 

• 207 Full-time employees 
• 25 bus lines 
• 62 Standard buses (37 AGORA Irisbus,17 R 312 Irisbus, 8 GX 107 Heuliez) 
• 17 articulating buses (11 AGORA Irisbus, 2 PR 180 Irisbus, 2 GX 187 Heuliez) 
• 1 Mini Bus  
• Budget 13 705 K€ 
• 3,562,000 driven kilometers per year 
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Figure 7-1 TCAT Serviced Area 

Source: TCAT, 2007 

 
The local public authority, CAT (Communes de l’Agglomération Troyenne), whose role is to 
provide the community with transport and other social responsibilities, and is ultimately in charge 
of TCAT, has come to UTT and CREIDD with enthusiasm of using biofuels for their 
transportation requirements. They, CAT, feel that this will send a message to the society that 
sustainability is indeed in question; furthermore they prove to show that changes can be made and 
that their policy is to make a difference for the community.  
 
In fact, CAT has been ranked among one of the top metropolitan actors toward sustainability, 
being one of the first communities in France to publish a “Plan de Déplacements Urbains,” 
otherwise known as a PDU. The PDU, as translated in English, is an urban travel plan. It aims to 
outline environmental emissions, decisions, transport options for good and passengers as well as 
outlining guidelines for traffic and parking. Included in each region’s PDU are the following 
objectives (DGET, 2007): 

 

• reinforcing local policy in favor of urban and suburban transport and investigating 
possible rail services,  

• promoting soft modes of transport, including walking and cycling, by preparing a 
Master Plan on these modes,  

• providing Park and Ride facilities and implementing a parking policy the objectives of 
which will be set in consultation with the interested local authorities,  

• reducing road space dedicated to cars by designing priority routes, public transport 
lanes, cycle tracks and secure pedestrian areas,  

• developing initiatives promoting intermodality, including an interchange facility at the 
SNCF railway station and the creation of a semi-public body to experiment a common 
fare project between the Regional Council, the County Council, the Urban Community 
of la Rochelle and the Municipality of Rochefort,  

• improving accessibility for persons with reduced mobility,  
• integrating tourism within the urban area (coach parking facilities),  
• integrating goods transportation and HGV traffic,  
• revising environmental standards and optimizing the use of the highway. 
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Currently, CAT reports that roughly 6% of all transport in the region is due to public transport, 
with the near entirety owned by private vehicle transport, i.e. cars. TCAT and CAT plan to 
increase the amount of public transportation usage by increasing parking fees and most notably 
increasing the number of regular serviced bus lines throughout the region. They have also even 
implemented special bus only routes to increase serviceability and pace at which transport is 
delivered in the heart of the city. Quite possibly by showing the public that they can travel with 
minimal impacts toward the environment would support further persons to utilize public transport 
more habitually. (CAT, 2000) 

7.3 ENVIRONMENTAL IMPACTS OF TROYES’ TRANSPORTATION SYSTEM 

 
TCAT’s fleet of buses is fueled entirely for the moment on standard petroleum diesel, the low 
sulfur variety of diesel more specifically. As mentioned subsequently, this is and has caused 
environmental impacts which need to be treated with further regard. Each year over 1.4 tonnes of 
NOX and 192 tonnes of CO2 are released to the atmosphere by each bus run at TCAT. These 
figures are significantly affecting the concentration of greenhouse gases, and alternative options 
need to be explored. 
 
Several options are available, which consists for the most part by changing to biofuels, blends of 
biofuels, the use of exhaust filters and more research into cleaner engine technology. Of course, 
TCAT cannot produce results alone, especially when it comes solely to research. Nevertheless, the 
drive and technology are currently available to allow TCAT to reduce their emissions levels to 
more reasonable limits, creating a better environment for the region. A great deal of the current 
buses, with Irisbus buses in the forefront, can utilize a blend of up to 30% biodiesel fuel with no 
negative impacts or alterations to the warranty. (Irisbus, 2006) This blending would lower the 
amount of particulate matter, CO2 and HC emissions substantially; regrettably NOX emissions will 
elevate with increased blending of biodiesel to petroleum based diesel. (IEA, 2005) 
 

Table 7-1 TCAT Emissions Diesel 

Source: Own 

To provide TCAT with the means of research in order to alleviate decisions for biofueled 
transport, the example of Stockholm’s Transport Authority, SL, was given as a benchmark in 
decision making and fuel choice. Figures and data have been for the most part, provided by 
Stockholm SL and other organizations involved in the ethanol bus program at SL. (Dickinson et 
al., 2002) Other data for biofuels come from the United States Department of Energy and the 
Department of Agriculture. (USDOE; USDOA, 2002) Hereafter, the environmental impacts, costs, 
a methodology and suggestions are provided to TCAT in order to subsidize their interests in the 
use of alternative fuels in search of more sustainable transportation measures for the region. 

 
 

Gas 

Yearly 

km 

driven 

(km) 

Energy 

Content of 

fuel (kWh/l) 

Fuel Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 10.10 0.43 4.70 1,353.46 1.353 

HC 66,000.00 10.10 0.43 0.30 86.39 0.086 

CO 66,000.00 10.10 0.43 0.60 172.78 0.173 

PM 66,000.00 10.10 0.43 0.09 25.92 0.026 

CO2 66,000.00 10.10 0.43 670.00 192,940.70 192.941 
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7.4 EMPLOYMENT OF AN EXHAUST LIMITING FILTER AT TCAT  

 
 

 
Figure 7-2 TCAT Bus w/ Lady Bug Emblem designating “Bus au naturel” 

Source: TCAT, 2007 

 
In 2005 Troyes implemented a system to regulate emissions of PM, NOx, Carbon Monoxide (CO) 
and Hydrocarbons (HC) in their current infrastructure which will help alleviate environmental 
impacts to the Champagne-Ardenne area, and furthermore clear the air the city center of 
burdensome emissions. To answer the increasing demands of the public with environmental 
concerns and health issues, TCAT has employed the use of a Particulate Matter Filter (PMF) to 
trap particulate matter and other exhaust emissions and lighten emissions levels. TCAT is quite 
proud of this simple action, and has even promoted the use of the filter with the use of lady bug 
emblems on their buses to show that the bus is “au naturel,” basically referring to its new “clean” 
nature. This solution, TCAT and Troyes officials feel will solve and reduce health problems of the 
respiratory and cardiovascular system as well as pulmonary cancer associated with vehicle 
emissions, and moreover environmental problems to the urban center. Remarkably, the funding for 
this project has been provided by ADEME, European Union, and the Champagne-Ardenne Region 
to promote sustainable transportation in the Troyes region. The conglomeration collaborated to 
donate 128, 520 €, totaling 80% of the costs incurred to TCAT for the filters; just one more step 
from the region toward sustainability. (Champagne-Ardenne, 2004) 
 
Currently 57 buses in Troyes are outfitted with the Eminox CRT® system, to be more specific. 
(Marvy, 2007) This particular system is designed to reduce the emissions of PM, hydrocarbons 
and carbon monoxide on the basis that soot will begin to oxidize in the presence of NO2 around 
250° C, compared to 600° C in oxygen. The use of a two chamber system is ingenious, in part that 
it transforms NO to NO2 to be later exploited in capturing particulate matter emissions. (Eminox, 
2005)  
 
The basic steps on how the particulate matter filter functions are as follows: 
 

a) Dirty exhaust gas enters the first chamber, hits a diffuser plate which distributes the gas 
evenly in the catalyst. 

b) The catalyst oxidizes the CO and HC into CO2 and H2O, which nearly eliminates them 
from the exhaust gases. It then also oxidizes some of the NO to NO2. 

 
CO + ½O2 -> CO2 
[HC] + O2 -> CO2 + H2O    REACTION EQUATIONS 
NO + ½O2 -> NO2 
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c) Exhaust them moves on to the 2nd chamber, where the wall flow filter traps the particulate 
matter. The trapped soot is then continuously oxidized by NO2, which virtually eradicates 
it. (Eminox, 2005) 

 

 
Figure 7-3 Eminox CRT Exhaust System 

Source: Eminox, 2005 

 
In context of the current buses in Troyes fitted with this CRT® system, the reduction in PM, CO, 
and HC are quite notable compared to those buses without the retrofit of an exhaust reduction 
system, proving the reliability of the said system. According to the yearly employment of buses in 
Troyes, the emissions in metric tonnes incurred roughly a 85% reduction in PM, CO and HC and a 
10% reduction in NOx respectively for a per bus annual analysis. (APPENDIX G) As can be noted 
in Appendix G, the particulate matter filter reduces the emissions quite well to the bus with no 
retrofit, a “natural diesel bus.” More notably, costs for this retrofit are quite low as well, costing a 
rough 5,000 € per filter (Champagne-Ardenne, 2004).  
 
Unfortunately however, there is a slight increase in the amount of CO2 emissions produced, due to 
the nature of the filter. As noted above, CO and HC are oxidized into H20 and CO2 therefore 
increasing their emissions levels. This amounts to a rough increase of around 3.1 percent per 
vehicle. (ENGVA, 2006)  
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Figure 7-4 Reduction in Emissions using PMF 

Source: Eminox, 2007; ENGVA, 2006 
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Utilization of a PM filter in current vehicles provides a temporary and relevant solution to 
environmental exhaust problems currently seen in Troyes with use of the presently abundant 
petroleum diesel fuel, which is more conspicuously the standard and fuel of habit for 
transportation vehicles such as buses. The supplies of petroleum diesel fuel are reluctantly 
dwindling furthermore. Costs associated with the use of diesel fuel, will in the future, most 
definitely rise as the holds of petroleum are exploited more heavily. Again, the PM filter provides 
a definite solution to the overwhelming emissions from buses, but this could be phrased a “short-
term” solution. However, are biofuels any better than the current diesel with the PM filter and how 
do the emissions from biofuels measure up to the diesel vehicles? The subsequent sections will 
deliver answers to these questions more thoroughly, looking at land use, environmental impacts 
and costs associated with the said fuel employment.  

7.5 LAND REQUIREMENTS FOR BIOFUELS: A PERSPECTIVE 

 
Sustainable transportation deals with much more than just emissions and fuels used for the 
mobility of vehicle; one other questions to ask is where the fuels come from and the land usage 
associated with the production of the fuels. Land use of course entails not only hectares of earth, 
but also correlated chemicals, fertilizers and water needed to grow the crops. This study does not 
further view these ingredients in the sustainability, but merely the land usage to provide a global 
view of the possibility of growing crops in the Troyes region and to provide TCAT with a visible 
“measure” to the extent at which biofuels must be used.  
 
 

Feedstock 
Fuel 

Produced 
Liters/Tonne 
of Feedstock 

Typical 
Production in 

France 
(Tonnes/ha) 

l/ha 
Hectares 
Needed  

Square 
Kilometers 

Wheat 
(Blé) Ethanol 355.54 8.00 2844.32 992.29 9.92 

Beet 
(Betterave) Ethanol 85.57 70.00 5989.67 471.21 4.71 

Rape 
(Colza/Canola) 

Bio-
Diesel 333.33 2.76 920.00 1972.17 19.72 

Sunflower 
(Tournesol) 

Bio-
Diesel 400.00 2.40 960.00 1890.00 18.90 

Table 7-2 Land Requirements for Ethanol and Biodiesel use at TCAT 

Source: IEA, 2005 

 
Fuel consumption at TCAT is currently on the average of 1,680,000 liters per year of diesel. 
(Marvy, 2007) To gain an overall perspective of the available land, in close proximity to Troyes, 
which would be required for the production of biofuels the above data, has been calculated in 
Table 7-2. This data includes the amount of square area (in hectares and km2) to produce an 
equivalent amount of fuel for buses run on biodiesel and ethanol. Since consumption for ethanol 
and biodiesel vary, figures have been included for the added consumption, namely 60-75% more 
consumption by ethanol and roughly 8% by biodiesel. 
 
Results show that in the proximity of Troyes, less land is required for the production of ethanol 
fuel based crops than that of biodiesel fuel based crops. This does not necessarily require that the 
energy necessary for the cultivation of the ethanol based crops is less; in fact it is actually higher. 
(IEA, 2005) Biodiesel crops have an equivalently larger energy output to energy input than that of 
the counterpart ethanol crops. It can be noted further, that some ethanol is required however in the 
production of biodiesel. Moreover, the areas required for each named biofuel are roughly the size 
of metropolitan Troyes.  
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Figure 7-5 Land Requirements for Ethanol and Biofuels 

Source: Own 

 
Hereafter, it is interesting to view and conclude that the area required to produce crops used in the 
production biofuels for a city’s transportation requirements, are roughly the size of the city itself. 
The Troyes municipality requires roughly the same area in their urban center for the production of 
ethanol to fuel the fleet for one year, and nearly one and a half times the area to produce enough 
biodiesel to run the fleet for one year.   
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7.6 ETHANOL EMPLOYMENT AT TCAT 

Ethanol applicability is currently in question for TCAT, that is, whether its use is a relevant option 
due to the changes in infrastructure which would be necessary from a full diesel fleet. Regardless 
of the costs for infrastructure change, ethanol can be a relevant option for TCAT if a little help is 
provided to give the go ahead. Possible collaboration with ADEME and the European Union could 
be investigated for further support if the interest is definitively in place. The equivalent scenario 
has happened with the use of the PM filters, therefore environmental solutions are possible in the 
region and funding is most likely available if dwelled upon a little closer. (Champagne-Ardenne, 
2004) 

The featured fuel, ethanol, will and can provide increased environmental solutions for the 
emissions problems currently seen with diesel vehicles in the Troyes municipality, and provide 
“no” equivalent CO2 emissions, as seen in Stockholm. As a biologically produced fuel, the use of 
ethanol equivalently produces a void of CO2 emissions, as the CO2 produced from the combustion 
of the fuel comes directly from the atmosphere when cultivating the crops used to produce the 
ethanol. This speculation and figure is currently highly disputed upon among many scientists in 
the energy studies fields. On the other hand nonetheless, TCAT and other authorities can rest 
assured that ethanol produces a reduction in CO2 emissions per km driven in association with 
regular diesel vehicles. (Dickinson et al., 2002) When viewing the net carbon dioxide emissions, 
the user may also see a value noted with a red zero (O) to denote what some may view as no net 
emissions, an argument very much peculated over in the scientific community. It should be noted 
however that there are indeed emissions associated with biofuels production, for which fossil fuels 
are actually currently employed to produce biofuels, a “catch 22” situation so to say.  

At the present time, Paris has shown incredible interest in the use of biofuels and has actually 
begun workings with the Ethanol Bus Buyers Consortium of Stockholm, with purchase of an 
ethanol bus for research and trials. More information on the opinions and scientific data available 
on the research in Paris with ethanol power is currently unavailable. Optimistically, however, in 
the near future they will decide upon the use of this fuel for a separate fleet, and launch a breed of 
ethanol powered vehicles throughout France. (Morsning, 2007) 

7.6.1 Ethanol Emissions Results 

 

Gas 

Yearly 

km 

driven 

Emissions 

(g/km) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 7.46 492.03 0.49 

HC 66,000.00 0.25 16.63 0.02 

CO 66,000.00 0.07 4.85 0.00 

PM 66,000.00 0.04 2.77 0.00 

CO2 66,000.00 745.20 (0) 49,183.20 49.18 

Table 7-3 TCAT Ethanol Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
Per year, and furthermore per vehicle, ethanol powered fleets produce less hazardous emissions to 
the health and environment than their diesel compliments. These figures can be seen in Tables 7-3 
and 7-4, Figure 7-6 and additionally in Appendices G-I. In relevance to NOX, PM, CO and CO2 
the emissions are roughly 63.7%, 89.3%, 97.19% and 74.51% respectively reduced amount in 
contrast to the diesel equivalent. The emissions of CO2 are lowered, per vehicle annually, by over 
140 tonnes per year.  It can again be argued that one may even tabulate the results for ethanol 
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emissions of CO2 as null, denoted by a (0) in the figure, but both figures are noted for respective 
relevance. These emissions come again from a biologically based source of fuel available in every 
country in Europe.  
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Figure 7-6 Reduction of Emissions with Ethanol Employment 

Source: Eminox, 2005; SL, 2007; Dickinson, J. et Al, 2002 

 
 

Ethanol vs. Diesel  (Single Vehicle) 

Gas 

Emissions 

Ethanol 

(Tonnes) 

Emissions 

Diesel 

(Tonnes) 

Percent 

Reduction 

NOX 0.492 1.353 63.65% 

HC 0.017 0.086 80.75% 

CO 0.005 0.173 97.19% 

PM 0.003 0.026 89.30% 

CO2 49.183 (0) 192.941 74.51% 

Table 7-4 Ethanol vs. Diesel Emissions 

Source:  SL, 2007; Dickinson, J. et Al, 2002 

 
Emissions are calculated without the use of particulate filters and other filtering devices, therefore 
without retrofits. If retrofitted with filters to reduce emissions, the possibilities for clean transport 
could be increased further. Nevertheless, it has been examined that the use of extra filters and 
devices to regulate emissions results in reduced fuel efficiency. This is partly due to blocking the 
flow of engine exhausts, recycling them and moreover capturing some of the energy produced. 
(Egebäck, 2004 (a)) 
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7.6.2 Ethanol vs. Diesel fitted with a Particulate Filter 

But where do the figures measure up with a diesel vehicle fitted with a PMF filter? Table 7.5 
below can be viewed to see the pertinent emissions from each respective vehicle per year, and 
further regard can be paid to Appendix H-N for more information.  
 

Ethanol vs. Diesel  

Gas 

Emissions 

Ethanol 

(Tonnes) 

Emissions 

Diesel w/ 

PMF 

(Tonnes) 

Emissions 

Diesel 

(Tonnes) 

NOX 0.492 0.495 1.353 

HC 0.017 0.004 0.086 

CO 0.005 0.009 0.173 

PM 0.00388 0.002772 0.026 

CO2 49.183 (0) 198.992 192.941 

Table 7-5 Ethanol vs. Diesel and Diesel w/ PMF filter Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
Ethanol emissions can be seen to be equivalent, and in some cases reduced when compared to a 
diesel engine and again more reduced in comparison to the diesel vehicle fitted with a PMF. 
Ethanol does lack however in the production of HC, producing more than the retrofitted diesel 
vehicle; the same lack also occurs in the emission of PM, but the results are a mere 28% lower 
without any filtering system. This is due in part to the PM filter converting much of the HC and 
CO into CO2 and H20, thus raising their emissions levels above those of regular diesel and ethanol. 
Diesel fitted with a particulate matter filter also produces more CO2 than the regular diesel engine, 
and therefore gives the ethanol fuel further applicability. 
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7.6.3 Ethanol Employment Costs at TCAT 

 

Troyes Ethanol Operational Costs 

Type 

of Bus 

(FUEL) 

Driven 

km 

Price/l 

(Euro) 

Fuel 

Use 

(l/km) 

Total 

Price 

Fuel 

(Euro) 

Internal 

Repairs 

(Euro) 

External 

Repairs 

(Euro) 

Total 

Costs 

(Euros 

Annually) 

Costs/km 

(Euro) 

Diesel 66000 0.99 0.432 28,227 607 122 28,956 0.44 

Ethanol 66000 0.80 0.726624 38,366 779 122 39,267 0.59 

Table 7-6 TCAT Ethanol Operational Costs 

Source: Ethanolbus, 2006 

 
As TCAT is not entrusted to expend a majority of their funds for research and new technologies, 
their budget is not in regards to that of the RATP of Paris, the use of ethanol fuel must be 
accompanied by costs indices. These costs for use of ethanol can be seen in Table 7-6, for which it 
can be distinguished that the employment of ethanol will increase costs for TCAT. Annual costs 
for use with ethanol will increase by around 11,000 € per vehicle. On a driven, per kilometer basis, 
ethanol usage would incur an increase of 0.15 € in comparison to petroleum diesel. Ethanol 
employment will also incur more initial investments for buses, engine conversions and 
infrastructure modifications. Currently, it is reported by Scania that the upgrade from a diesel 
SCANIA OmniLink bus to function with E95 fuel, will be in the order of 1,500 €. This is on top of 
the costs for the new bus. (Morsning, 2007)  
 
Infrastructure changes will also sustain capital investments for ethanol utilization. Figure 7-7 
shows typical costs for modification of fuel stations in the United States for the exploitation of 
ethanol. Since many of the components must be altered for the use of ethanol, heavy costs will be 
associated with its use. Again, at a typical station in USA, this cost is around $22,000 (16,356 € as 
of June 24th, 2007).  
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Figure 7-7 Ethanol Equipment Pricing at a US Station 

Source: IEA, 2005 

 
7.7 ETHANOL EMPLOYMENT CONCLUSIONS 

 
Ethanol has been employed in several cities throughout Europe and worldwide for that matter, 
without complex costs and infrastructure problems; but has also had its share of negative turnouts 
as is the case in Tours, France. The same holds true for the use of the mentioned fuel in the Troyes 
municipality, as can be seen from the costs associated with the said fuel, but this is its only 
downfall. The investment in an entirely new infrastructure would entail considerable costs for a 
small town such as Troyes. Furthermore, the current buses from Irisbus do not have the capacity to 
be converted to ethanol at the time being. Therefore, new buses from Scania would have to be 
purchased, as Scania is the world’s only ethanol bus provider. Otherwise, research would have to 
be conducted on the use of ethanol with the current Renault Irisbus vehicles, entailing considerable 
time and investments. However, with many research companies and the technological university of 
the area, this is not out of the question.  As TCAT does not have the budget to invest heavily in 
alternative fuels at the present time, the use of ethanol would not provide the necessary action to 
provide sustainability, and biodiesel should be looked into further. 
 
Increased costs incurred at TCAT comes as a disappointment, as the environmental impacts from 
the use of ethanol are extremely low in comparison to the diesel counterpart as well as the current 
measures of using a particulate filters in collaboration with diesel employment. It is shown that a 
simple conversion from diesel fuel, with or without filters, involves emissions which are 
respectively much lower by use of a biologically produced fuel. This biologically produced fuel, 
can and will also benefit the region with increased jobs and revenues. Ethanol is also available in 
abundance for the Champagne-Ardenne region, being the leading producer in cereals so crucial for 
ethanol production. With Soufflet leading the way for ethanol production, the stocks of ethanol 
will become increasingly relevant in the years to come.  
 
Coherently, as France also continues to reduce taxes for biofuels, and increase funding, fuels such 
as ethanol will become more competitive and cheaper than their petroleum equivalents. Pending 
this period however funding must be provided from another medium to induce changes in the 
TCAT fleet. This funding can be provided by the Champagne Ardenne local government, and even 
ADEME (French equivalent to the EPA). Only with assistance will TCAT truly explore alternative 
fuels to their fullest extent, without regards to monetary values, and with most regard toward 
collaborating on means to reduce impacts to France. 
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7.8 BIO-DIESEL EMPLOYMENT AT TCAT 

 
At the time being, another relevant solution to the use of petroleum fuels, also deriving from 
biological sources is currently widely available. This solution is in itself a form of diesel fuel, as 
mentioned formerly, but coming from oils of plants as well as animals fats. Biodiesel, the 
promoted fuel at hand, currently is regarded as one of the most pertinent forms of alternative 
energy available on a mass scale, along with the previously mentioned ethanol fuel. The advantage 
to TCAT and other transport authorities is that biodiesel requires no special treatment and 
management necessities. Hereafter, biodiesel can be used in the current transportation vehicles at 
TCAT and other cities without any retrofitting and modification. In fact, again as mentioned 
previously, the supposed fuel can be used with benefits in engine performance and reduced 
environmental impacts.  
 
Biodiesel is widely used throughout France in many municipalities, due in part to the fact that 
France is at the time, the second leading producer of biofuels in Europe, following Germany. 
French vehicles, over 70% of them in fact, run with diesel fuels; and many of them have blends of 
biodiesel which may or may not be so apparent to the user. The French government currently 
blends up to 5% biodiesel in every liter of diesel sold in France. (IEA, 2005)  Many municipal 
fleets currently run on up to 30% blends of biodiesel, being “green vehicles” for promotional 
entities for the cities. These cities include the public transportation authorities of Paris, Bordeaux, 
Dijon, Dunkirk, Grenoble and Strasbourg. (Pahl, 2005) Belonging to the “Partenaires Diester” 
formerly known as the “Club des Villes Diester,” (Club of Biodiesel Cities) these municipalities 
are involved in a collaborative network of producers, users, producers, researchers and institutions 
for biodiesel and the exchange of information for the greater promotion of biodiesel. (PD, 2007) 
One goal is also to allow and alleviate the implementation of biodiesel usage in additional French 
cities. Troyes is located in the heart of France very close proximity to many of these cities, and 
could benefit from the extensive knowledge and help these metropolises can bestow to reduce 
environmental impacts and ensure sustainability into the future.  
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7.8.1 Biodiesel Emissions Results 

 
7.8.1.1 Biodiesel Blend (B20) 

 
In order to comply with many cities blending proportions and not to reach the maximum 
recommended blending proportion from many diesel engine producers and therefore meeting a 
safety factor, a blend of 20 percent biodiesel was chosen for study purposes. Many fleets in North 
America as well as Europe run on fleets operated with blending up to 20 percent of biodiesel, and 
therefore extensive data has been provided for emissions and performance measures. (USDOE; 
USDOA, 2002) Hereafter in this section the exploration of 20 percent biodiesel and 80 percent 
petroleum diesel, henceforth regarded as B20, is reviewed for emissions and in a subsequent 
section, costs. 
 

Gas 
Yearly km 

driven (km) 

Energy 

Content 

of fuel 

(kWh/l) 

Fuel Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 9.85 0.44 4.75 1,360.18 1.360 

HC 66,000.00 9.85 0.44 0.24 68.77 0.069 

CO 66,000.00 9.85 0.44 0.53 151.29 0.151 

PM 66,000.00 9.85 0.44 0.08 22.69 0.023 

CO2 66,000.00 9.85 0.44 679.53 194,707.27 194.707 

Table 7-7 Biodiesel Blend (B20) Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
Annually, by means of the biodiesel blend of 20 percent biodiesel and 80 percent petroleum diesel, 
several emissions are reduced to more reasonable levels in regard to pure petroleum diesel. Once 
again, emissions can be seen in Table 7-8 to have been reduced at noteworthy amounts.  
Emissions of HC, CO, and PM are reduced at levels of 20.4, 12.44 and 12.44% annually per 
vehicle by the simple blending with a biological diesel equivalent. Reluctantly however, the 
emissions of NOx and CO2 are increased, but only by very inadequate amounts, those being by 0.5 
and 0.92% respectively. These amounts are then increased in multiples if an entire fleet was to 
convert to biodiesel blends, thus they should be considered with great reverence, as can be noted 
from Figure 7-9. 
 

Gas 
Emissions 

Diesel (Tonnes) 

Emissions B20 

(Tonnes) 

Percent 

Reduction 

NOX 1.353 1.360 -0.50% 

HC 0.086 0.069 20.40% 

CO 0.173 0.151 12.44% 

PM 0.026 0.023 12.44% 

CO2 192.940704 194.7072745 -0.92% 

Table 7-8 Diesel vs. Biodiesel (B20) Emissions and Reduction 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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B20 Emissions vs. Diesel Emissions
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Figure 7-8 B20 Emission Reductions to Diesel 

Source: Own 

 
7.8.1.2 Pure Biodiesel (B100) 

 
As biodiesel is inherently equivalent to petroleum diesel, the pure form of biodiesel has been 
investigated in order to illustrate its effectiveness at reducing environmental impacts in the Troyes 
municipality. Clean biodiesel, otherwise known as B100, can be used in all diesel engines with 
minimal effects and added advantages and therefore should be investigated for use in Troyes. 
(Pahl, 2005) This pure alternative is not recommended for employment in Troyes due to the 
possibility of voiding the warranties from vehicle and component suppliers. (Irisbus, 2007; 
Eminox, 2007) However, if B20 includes both advantages emissions reductions as well as 
increases in other emissions, what do the emissions levels for B100 have to show? 
 

Gas 
Yearly km 

driven (km) 

Energy 

Content 

of fuel 

(kWh/l) 

Fuel Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 9.16 0.48 5.17 1,485.05 1.485 

HC 66,000.00 9.16 0.48 0.10 28.44 0.028 

CO 66,000.00 9.16 0.48 0.31 89.62 0.090 

PM 66,000.00 9.16 0.48 0.05 13.70 0.014 

CO2 66,000.00 9.16 0.48 719.51 206,675.53 206.676 

Table 7-9 Biodiesel (B100) Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
 
Pure biodiesel shows several advantages to the petroleum equivalent. Unfortunately it tends to be 
shown that the negative aspects are multiplied with increased blending of biodiesel; i.e. pure 
biodiesel shows significant increases in emissions of NOX and CO2, again as seen in Figure 7-9. By 
using a pure biodiesel fuel, emissions of HC, CO and PM are decreased by roughly 67%, 48% and 
47% respectively. That is their emissions drop by roughly 0.04, 0.08 and 0.01 tonnes per year 
respectively. Again the emissions of NOX and CO2 are increased by amounts of roughly 9.7% and 
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7.1% respectively. This trend is exactly the results reported from the EPA and USDOE, as seen in 
Figure 7-9. (EPA, 2002) 
 
 
 

Gas 

Emissions 

Diesel 

(Tonnes) 

Emissions 

B100 

(Tonnes) 

Percent 

Reduction 

NOX 1.353 1.485 -9.72% 

HC 0.086 0.028 67.08% 

CO 0.173 0.090 48.13% 

PM 0.026 0.014 47.13% 

CO2 192.940704 206.6755265 (0) -7.12% 

Table 7-10 Diesel vs. Biodiesel (B20) Emissions and Reduction 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
 
 

 
Figure 7-9 Emissions for Biodiesel Blends 

Source: EPA, 2002 
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B100 Emissions vs. Diesel Emissions
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Figure 7-10 B100 Emissions Reductions to Diesel 

Source: Own 

In contrast to pure petroleum diesel, B100 offers advantages over blended Biodiesel (B20). By 
using B100 in place of B20 savings of HC, CO, and PM are in the neighborhood of 58%, 40% and 
39% respectively. Reitterating, the NOX and CO2 emissions are increased. These are at levels of 
9.18% and 6.15% correspondingly.  
 
 

Diesel vs. Pure Biodiesel (B100) 

Gas 
Emissions B20 

(Tonnes) 

Emissions 

B100 

(Tonnes) 

Percent 

Reduction 

NOX 1.360 1.485 -9.18% 

HC 0.069 0.028 58.65% 

CO 0.151 0.090 40.76% 

PM 0.023 0.014 39.62% 

CO2 194.7072745 206.6755265 -6.15% 

Table 7-11 Reduction in Emissions using B100 over B20 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
7.8.2 Biodiesel with Retrofitted Eminox CRT® Filter Results 

 
Eminox CRT® systems can be used in coordination with Biodiesel, for which they ultimately 
approve blends of up to 30% with no added complexities. Eminox has reported that the use of 
biodiesel offers no unprecedented aging of their system, or alteration of engine performance, and 
still will provide the same emissions reductions while adding a biodiesel blend. (Eminox, 2007) 
Their report states that the biodiesel come from a known producer, named Diester, however they 
also report no complexities in using other producers. The reason for choosing a particular producer 
is because they confrom to the highest european standards for the diesel fuel, otherwise there is no 
other justifications. Furthermore, Irisbus and Renault also warranty their vehicles with blends up 
to 30% of biodiesel. (Irisbus, 2007) Hereafter, the emissions reductions incurred by the 
simultaneous employment of biodiesel and the CRT system have been studied further.  
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7.8.2.1 Results of Biodiesel with Filtering System 

 
Retrofitting the current buses with the CRT® system and running them on biodiesel has many 
advantages. First of all, the emissions from biodiesel fuel are less than that of the petroleum diesel. 
Secondhand, the CRT system will thereafter eliminate any emissions not reduced already by the 
biodiesel, with exception to carbon dioxide. That is more specifically, it will eliminate the 
disadvantageous emissions of increased NOX with biodiesel to appropriate levels. Again, as stated 
previously, biodiesel will actually increase the amount of CO2 emissions and this is in 
synchronization with the Eminox CRT® system which will further increase CO2 emissions as well. 
Results for the use of B20 and B100 blends are shown in the following text. 
 
 

7.8.2.1.1 B20 w/ CRT System 

 

Diesel PMF vs. B20 PMF 

Gas 

Emissions 

Diesel (w/ 

PMF) 

(Tonnes) 

Difference 

with PMF 

(Tonnes) 

Emissions 

B20 w/ PMF 

(Tonnes) 

Percent 

Reduction 

NOX 1.218 0.90 1.224 -0.50% 

HC 0.013 0.15 0.010 20.40% 

CO 0.026 0.15 0.023 12.44% 

PM 0.004 0.15 0.003 12.44% 

CO2 198.922 1.03 200.743 -0.92% 

Table 7-12 B20 with PMF vs. Diesel w/ PMF Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
Considering a blend of 20 percent biofuel, which is within the specification of Eminox and Irisbus 
collectively, further reductions in emissions can be produced with the use of the said B20 in 
collaboration with the filtering system. Applying the same reductions in emission, percentages that 
is, larger reductions in HC, PM, and CO can be seen to apply compared to the more 
environmentally friendly bus option; the buses equipped with the CRT system. These emissions 
levels are seen to be in the vicinity of a 20%, 12% and again 12% decline. NOX is moreover 
reduced, and becomes more in line with the level of diesel with the promoted filter. In fact the 
exhaust intensity is only 0.5% increased. CO2 however does lack, and becomes even greater in 
emission intensity, due again to the fact that the biodiesel and the particulate matter filter increase 
its output. 
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B20 w/ PMF vs. Diesel w/ PMF
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Figure 7-11 B20 with PMF vs. Diesel w/ PMF Emissions 

Source: Own 

 
 
A 20% blended biodiesel to diesel blend will also produce increased savings in comparison to 
regular diesel. As seen in the table below, the savings become much greater, and actually reduce 
the NOx emissions to levels below those of diesel fuel. These exhausts are ranked to receive a 
reduction of 9.55%. Remarkably the levels of HC, CO and PM are reduced by amounts of nearly 
88% and 87% for both CO and PM respectively. Unfortunately however, CO2 emissions are again 
increased by an amount of 4.04% due to the CRT system. 
 

B20 w/ PMF vs. Diesel 

Gas 
Emissions Diesel 

(Tonnes) 

Emissions B20 

w/ PMF 

(Tonnes) 

Percent Reduction 

NOX 1.353 1.224 9.55% 

HC 0.086 0.010 88.06% 

CO 0.173 0.023 86.87% 

PM 0.026 0.003 86.87% 

CO2 192.94 200.743 -4.04% 

Table 7-13 B20 w/ PMF vs. Diesel Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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7.8.2.1.2 B100 w/ CRT System 

 

Diesel PMF vs. B100 

Gas 

Emissions 

Diesel (w/ 

PMF) 

(Tonnes) 

Difference with 

PMF 

(Tonnes) 

Emissions 

B100 w/ 

PMF 

(Tonnes) 

Percent 

Reduction 

NOX 1.218 0.90 1.337 -9.72% 

HC 0.013 0.15 0.004 67.08% 

CO 0.026 0.15 0.013 48.13% 

PM 0.004 0.15 0.002 47.13% 

CO2 198.822 1.03 213.082 -7.12% 

Table 7-14 B100 with PMF vs. Diesel w/ PMF Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
Although the use of clean, or pure, biodiesel (B100) is not mentioned in the reccomended 
employment of biodiesel with a CRT system, there is currently no information that states it is 
harmful to use. If B100 were used with the CRT system with no corresonding problems, the 
emissions levels would be reduced by an increased amount in comparison to the diesel fueled 
vehicle with a CRT system, with exception to the emissions of NOX and CO2. In fact the emission 
of HC, CO and PM are reduced to the amount of 67%, 48% and 47% correspondingly. NOX and 
CO2 emissions are, on the contrary, increased by amounts of 9.7% and 7.1% to much dismay, 
again with increased CO2 emissions due to the CRT system and biofuel natures.  
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Figure 7-12 B100 with PMF vs. Diesel w/ PMF Emissions 

Source: Own 
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7.8.3 Costs for Biodiesel Employment 

 
When it comes to implementation, no business will simply look at only the benefits, be they health, 
environmental or even social, for deciding an alternative route, but they ultimately consider costs 
as their decision maker. Biodiesel currently offers competitive pricing to the petroleum equivalent, 
with all of the other added advantages associated with its subsistence. In the future it is predicted 
that biodiesel will gain ground on the petroleum counterpart as petroleum reserves diminish and 
biologically based fuels gain precedence. 
 

TCAT Biodiesel Operational Costs 

Type of 

Bus 

(FUEL) 

Driven 

km 

Price/l 

(Euro) 

Fuel 

Use 

(l/km) 

Total 

Price 

Fuel 

(Euro) 

Internal 

Repairs 

(Euro) 

External 

Repairs 

(Euro) 

Total 

Costs 

(Euros 

Annually) 

Costs/km 

(Euro) 

Diesel 66,000 0.99 0.432 28,227 607 122 28,956 0.44 

 20% Bio-
Diesel (B20) 

66,000 0.926 0.44064 26,930 1214 122 28,267 0.43 

Pure Bio-
Diesel 
(B100) 

66,000 0.67 0.4752 21,013 1518 122 22,653 0.34 

Table 7-15 TCAT Biodiesel Operational Costs 

Source: Ethanolbus, 2006; DGET, 2007; Oliomobile, 2007 

 
 
In Troyes, for use at TCAT, biodiesel actually would cost less if used in the fleet of buses as seen 
in Table 7-15 above. Included in the costs calculations above, are doubled internal repair costs for 
the increased changing of filters needed to run the biodiesel for a B20 blend. Furthermore, if pure 
biodiesel is used however, the filter replacement scheduled incurs even more costs, and it is thus 
set at a factor of 2.5. (Marvy, 2007) Calculations, external repairs and other data are similar to 
those used to calculate the costing for ethanol in Stockholm and Troyes as seen in precedent texts, 
and can be viewed for further clarity. 
 
In fact, per bus, the use of a blend of 20% biodiesel can produce annual savings of around 600 € 
and over 0.01 € per kilometer. Per bus, the figures may not seem so significant, but again these are 
applied thereafter to a fleet of over 80 buses and over 5,300,000 km driven. Savings therefore can 
equate to be quite considerable. The use of 100% biodiesel gains further costs savings, costing 
much less and saving over 6,300 € per year, per bus, though its employment is questioned as a 
pure fuel as discussed above. From this point however, the question remains as to whether the 
price of biodiesel with gain grounds on the petroleum equivalent in the future. In this case, the 
biodiesel would become even more viable for Troyes as a vehicle fuel alternative.  
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7.8.4 BIODIESEL ON-ROAD COSTS FOR THE FUTURE 

 
Figure 7-13 “On Road” USA Diesel Prices 

Source: IEA, 2005 

 
In fact, biodiesel has and will continue to hold equivalent pricing at the pump, while petroleum 
diesel prices continue to rise. In the United States, a country with extremely low pricing for 
petroleum products, over the last 4 years, the price of one US gallon of diesel has increased by 
over $1.05, which is quite significant in this country. (IEA, 2005) In addition to the rising prices in 
North America, from Figure 7-13, it can be seen that the prices fluctuate quite sporadically for 
petroleum in the European Union, as many factors combine to amend pricing. These factors are, 
for the most part, due to shortages, crisis situations, instability in the Middle East and trading 
equities. Contrasting to petroleum diesel, furthermore, biodiesel continues to become cheaper as 
technologies advance to capture the fuel from the vegetable oils it is produced from. Figure 7-15 
shows the outlook for cost ranges, and pricing moreover, for biodiesel production of 2002 and 
predicted for 2010 and beyond. (IEA, 2005) It can be seen that worldwide, the production of 
biodiesel will gain ground and persist as an alternative fuel, with production prices continually 
decreasing and usage escalating. As seen in Figure 7-14, biodiesel prices have continued to stay at 
a constant level quite surprisingly. They even have fluctuated a bit, due to the taxation rising and 
falling with respect to petroleum diesel in order to “level the playing field,” and thus make pricing 
fair. (UFOP, 2006) Petroleum shareholders dominate the market currently in respect to 
transportation fuels, but this will change as continued legislation is completed to decrease pricing 
for biofuels and ultimately promote sustainability for transportation.  
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Figure 7-14 Costs of Diesel vs. Biodiesel 

Source: OFUP, 2006 

  

 
Figure 7-15 Cost Ranges for Current and Future Biodiesel Production 

Source: IEA, 2005 
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7.8.5 Biodiesel Discussion 

 
Upon investigation of the emissions with biodiesel in juxtaposition to petroleum diesel with and 
without the particulate matter filtering system, biodiesel can be held in high regard in respect to 
environmental connotations. As seen in Appendix G through N as well as in the preceding figures 
and tables, the results are that many of the exhaust chemicals are reduced, while others are not as 
well condensed, such as the levels of nitrous oxides and carbon dioxide. The levels of these 
reductions are dissimilar for the special fuel blends, that is, for the investigated blends of 20 
percent biodiesel to petroleum diesel and pure (100%) biodiesel. Additionally, the employment of 
the CRT® emissions controlling system are also applied to biodiesel emissions to calculate the 
approximate reductions using both biodiesel in the company of a filtering system.   
 
Nevertheless, criticism also arises in respect to decreasing biofuel pricing as seen in Figures 7-14 
and 7-15 below. The question is brought up, on how will pricing of biofuels change as land 
availability becomes more of a concern if their employment is ultimately necessary. This is a 
“Catch 21” situation, in which an alternative is explored but becomes similar to petroleum in the 
long run. The employment of the land can then incur added pollution from pesticides, less food 
available, labor concerns, water shortages and so on. Therefore the use of biodiesel does not only 
come with advantages 
 

7.8.6 TCAT and Biodiesel Conclusions 

 
Biodiesel, by nature, does not hold the same emissions reductions as other alternative fuels with 
further regard to ethanol, but does offer many advantages over the former. Most notably, biodiesel 
incurs costs which are much less than ethanol, and currently is in close competition with diesel 
depending upon the country of choice. For TCAT, the use of biodiesel will induce savings per 
vehicle, and significant savings per year. These savings are in the order of several hundreds of 
euros per vehicle, and thousands if applied to the entire fleet. The reduced costs also come in 
collaboration with the increased environmental savings, in regards to emissions, seen currently. 
Using biodiesel will also only add a few technical aspects, such as increased filter changes, that 
can be easily covered with a little bit of extra care for the vehicles. Promotion of such a fuel will 
ensue quite well in Troyes, and its employment, is highly recommended. 
 
The fuel with most significance for TCAT would be the blend of 20% biodiesel with 80% 
petroleum diesel. Again, this would be in partnership with the use of the current CRT systems in 
place to add increased savings of emissions, as many of the buses are equipped with the system 
and the simple use of biodiesel would not be as impressive. Initiation of such measures would 
ensure sustainability in the years to come, and get Troyes on track to using alternative fuels. 
Troyes will then can join and become part of the Partenaires Diester association, and benefit from 
an abundance of experience provided from larger cities such as Paris. The clear and smart route for 
Troyes to make is to go further toward that of sustainability, and this path is easily navigable with 
a little persistence on their part. Biodiesel provides a medium to navigate down this path, and can 
and will be the future for TCAT. 
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7.9 RECOMMENDATIONS FOR TCAT 

 
The following recommendations are in place for TCAT for the use of ethanol and biodiesel 
respectively, chiefly for environmental and economic concerns. 
 

7.9.1 Ethanol Employment 

 
Ethanol use will be possible and relevant with, and only with, further collaboration from industry 
sponsors to reduce costs. The sponsors should provide ethanol fuel at competitive rates, offer 
funding to get the project running and also provide vehicles for testing and trial purposes.  
Several companies, listed below, can be contacted for relevant solutions and possible collaboration 
to promote sustainable transportation. 

• SCANIA 
• RENAULT and IRISBUS 
• Soufflet Ethanol Fuels 
• ADEME 
• Champagne-Ardenne Regional Government 
• Ministry of Agriculture for France 
• C.A.T. 

 
Currently ethanol is more expensive to use with respect to petroleum diesel. It should not however 
be ignored, and its exploration may become more relevant in years to come. Therefore, this report 
and findings should be reviewed in due time to provide a reference for future ethanol use as fossil 
fuel prices elevate. 
 

7.9.2 Biodiesel Employment 

 
The most apparent option for TCAT to employ would be to use a blended biodiesel-diesel fuel, 
consisting of 20 percent biodiesel and 80 percent petroleum diesel. Doing as such will save costs, 
emissions and even provide lubrication to the engines. This fuel can also be used in the company 
of the current Eminox CRT system to further increase environmental savings. As such, the fuel 
blend will not overhaul the warranties provided by the vehicle supplier or the particulate matter 
filter supplier. If B20 is employed, fuel filters should be changed regularly, at a rate of two times 
more per year than currently seen. Also, in the beginning of the project, the filters should be 
changed even more regularly, as the biodiesel can remove contaminants in the engine and fuel 
lines. Finally, the use of a new technology such as Urea (Ammonia) catalysts in the CRT system 
can further reduce NOX emissions, and should be explored in the near future. 
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8.0  CONCLUSIONS FOR STOCKHOLM AND TROYES 

 
Stockholm has introduced an ethanol program that is a benchmark worldwide, and thus in this 
report used again to guide results for Troyes, France. Results and actions discussed previously 
regarding Stockholm and their transportation authority, SL, show that a biofueled transportation 
system indeed can work just as well and if not better than one fueled with fossil equivalents. Along 
the way toward their fossil free goal however, many alternatives have aroused interests, though 
ethanol has prevailed as the liquid fuel of choice due to low emissions levels, with most 
importance being paid to NOx, proving that some fuel applicability is regional in nature. Ethanol 
use has been promoted in Stockholm thereafter, and has exploded in popularity, due in part to tax 
break, refunds and even parking incentives. From the research, a standard ethanol engine and 
vehicle is being produced for public transportation worldwide by Scania, one further merit of the 
program. In retrospect to Stockholm, the precedent question of whether a “sustainable transport” 
has been answered has been met wholeheartedly. Stockholm shows that the use of an alternative 
fuel provides, cheaper, less environmentally impacting, sustainable, social and organized means of 
which to transport their citizens. Moreover, the overall aim of the research was to establish and 
provide promotional, persuasive measures to allow Troyes (or other cities in Europe) to develop 
their own biofuels transport program with some of the recommendations provided above and in the 
text beforehand. It is from this text that an overview and methodology of the actions followed by 
Stockholm and collaborators has been documented, from the commencement to the current actions, 
to provide an outline for use in other municipalities with Troyes regarded in the subsequent text. 
 
 
Stockholm’s data and research has thereafter been used to produce calculations on emissions, costs, 
land usage and efficiency in a small French city. Troyes, following the example of Stockholm, 
could produce environmental emissions savings, costs cutting measures and again, promotion of 
sustainability by merely replacing petroleum fuels in their bus fleet with the biological equivalent. 
They are currently employing a particulate matter filter, though the use of biological fuels has not 
been explored. Hitherto, as aforementioned, fossil fuel reserves are running out and biofuels must 
be explored further, without exception of Troyes. Reserves of biofuels are widely available 
throughout France and respect should be paid to this fact.  
 
Vehicle integration and upgrades are of concern in due light, as funding in a small city is not 
highly subsidized, and thus research into cost cutting measures have been explored. It is from this 
research that one can conclude the best option for Troyes would be to follow an introduction of 
biodiesel in their current vehicles, and slowly switch to the full biodiesel fuel in the future. There 
is no doubt that France can support and provide the biodiesel to run such a system, with programs 
such as the Partenaires Diester to promote biodiesel usage in public transportation. The next step is 
for Troyes to dig into their funds and begin to introduce biological fuels in their vehicles, which 
will nonetheless reduce emissions, promote their town as an “environmental city,” reduce costs 
overtime as petroleum fuels increase in costs and become one of the first cities in France to take 
initiative. 
 
This report will optimistically deliver a “tool” or “guidelines” for introduction of biofueled 
transport throughout Europe, and worldwide for that matter. The examples of Stockholm and 
Troyes, though different, conclude that certain fuels work while others will not function. It is up to 
the reader to discern whether biofuels in their city can work, and which will be most applicable. 
This shift to the use of biofuels is not the answer to sustainability however, but should only be 
regarded as a “stepping stone” in the right direction, and as greater technologies become available 
in the future they should doubtlessly be explored as we collaborate to create fossil free societies 
and live life in a more durable fashion.  
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APPENDIX A 
STOCKHOLM SL BUS ROUTE PLAN 

 

 

 
Source: SL, 2007 
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APPENDIX B 
AIR QUALITY/EMISSIONS SAVINGS STOCKHOLM 1993-2004 

 

 
Source: Dickinson, J. et al., 2002 

 

 
Source: Dickinson, J. et al., 2002 
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APPENDIX C 
AIR QUALITY/EMISSIONS LEVEL STATISTICS: STOCKHOLM 1946-2020 
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År = Year 

Source: Dickinson, J. et al., 2002 
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STOCKHOLM OVERVIEW METHODOLOGY 

 

 



  Page 68 of 83 

APPENDIX D CONT’D 
 

 



  Page 69 of 83 

APPENDIX D CONT’D 

 



  Page 70 of 83 

APPENDIX E 
 QUESTIONNAIRE FOR TCAT 

  

 

 

 

 

 

 

CENTRE DE RECHERCHES ET D’ETUDES INTERDISCIPLINAIRES SUR LE  

DEVELOPPENT DURABLE & UTT 

 
Nom de contact: TCAT, Etienne MARVY 
 
Date:  13/02/2007 

 

 
 
Technical Questions: 
 

1. Combien de carburants utilise chaque bus par jour? (How much fuel is used in each bus?) 
Consommation annuelle: 1680000 litres 

Consommation moyenne journalière entre 4000 l et 6000 l 

 

 
 
2. Quelle la efficience de l’moteur? What is the efficiency of the engine? Km/Litre? 

 

43,6 litres pour 100 km pour les autobus standards 12 m toutes génération confondues 

61,2 litres pour 100 km pour les autobus articulés 18 m toutes génération confondues 

 

 
 

3. How many kilometers are driven by the average bus? (one particular line or several 
references) 

Entre 5000 et 6000 km par mois ( autobus de lignes) 

 

 
4. Ca coute combine par litre pour les carburants vous utilisez? How much does the fuel cost per 

liter?  

Moyenne annuelle 2006: 0,87 € HT par litre 

 

 
 

 
5. Vous emploi quelle carburant dans les buses? Diester (diesel), biodiesel, éthanol, essence ?  

Which is the fuel used? Diesel, blended, bio-diesel? 
 

Gazole déssulfuré 
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6. Est-ce qu’il y a des taxes pour TCAT pour l’usage des rues? Are there any taxes imposed upon 
TCAT  for using the roadways? 

Non 

 

 
 
7. Par kilomètre, combien des personnes allez avec les bus? In recent years, what is the number of 

passengers using the buses per kilometer? 

2,37 voyageur/km 

 

 
 

8. Ou sont les dépôts pour carburants? Combien des dépôts avez-vous pour les carburants à 
Troyes ? Where are the refueling stations? How many refueling stations? Fuel at each station? 

Dans les locaux de la TCAT, 1 seul dépôt 

 

 
 

9. Quelle sont le moyenne âge de les buses? Vous gardez les buses pour combien de temps ? 
Quand est-ce que vous avez acheté le dernier bus? What is the average age of the bus? How long 
do you keep them? When was the last purchase of buses? 

environ 8 ans 

 

 

 

 

Questions Social: 
 

1. Est-ce qu’il y a un demande pour aller avec les buses qui emploi biocarburants? Is there a 
desire/demand for bio-fueled buses from authorities at TCAT  and/or public? 

NON 

 

 
 

2. Avez-vous des promotions a TCAT pour usage des biocarburants ou pour des buses 
propres ? What are the promotion measures for TCAT? 

NON 

 

 

 

Questions spécifique de CAT: 
 

1. Il existe des barrières pour le développent de biocarburants dans votre région? What do you 
see as barriers to implement bio-fueled transport in the region? 

NON 

 

 

 
2. Est-ce que il y a des bourses et des subventions pour usage de biocarburants? Are there any 

grants/subsidies for using bio-fueled transport in the region? 

NON, en attente de décisions gouvernementales incitatives 
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APPENDIX E: QUESTIONNAIRE FOR TCAT (CONT’D) 
 
 

3. Si vous avez un choix, quelle est le biocarburant vous voulez emploi? Quelle qualité est 
très important pour la décision (location, prix, impact de environnent, etc.) ? 

If you were to use a fuel, what would it be? What would aid in your decision? (location, price, env. Impact, etc…) 

Les critères essentiels sont les coûts directs ( coût d’achat du produit) et coûts indirects ( coût 

de maintenance, surconsommation, surcoût sur les périodicité d’entretien). 

 

 
 

4. Considérez vous de changer le supplier de bus de Renault a Scania (ou Volvo) si vous 
choisissez le bus qui marche avec éthanol? Would you consider changing supplier of buses, for 
example, from Renault to Scania or Volvo? 

Le choix des autobus se fait par appel d’offre ouvert. Nous ne pouvons pas déterminer à 

l’avance quel sera la marque des bus que nous achèterons dans les années à venir. 

 

 
 
5. Est-ce que vous êtes prêt de explorer le usage de éthanol/biodiesel dans votre service? 

(Comme vous commence avec usage dans 1-2 principale lignes) Would you be willing to explore 
ethanol/bio-diesel use in one or two lines? 

 
La TCAT ne possède ni la taille ni la structure suffisante pour se permettre de se livrer à des 

expérimentations coûteuses et aléatoires 

 

 
 

6. Avez-vous à CAT/TCAT utilisé des autres carburants devant, comme biocarburants, 
méthanol, etc.? Il existe des recherches a chez TCAT dans le domaine de biocarburants ? 
Have you tried other fuels in the past? 

Essai du diester peu concluant à l’époque, gommage des pompes injection et maintenance 

beaucoup plus lourde 

 

 
 

Si vous avez autre commentaires, s’il vous plait n’hésitez pas d’écrire dessous… 
Please comment on anything particular you wish to add/comment more upon/or ask any questions you wish of 

myself. 

Le remplacement du Gazole traditionnel par un biocarburant implique des modifications notoires 
dans la maintenance des moteurs. En effet, les périodicités de vidanges sont accrues. Les 
kilométrages entre chaque vidange sont divisés par 2. La maintenance et le reconditionnement des 
pompes d’injections et des injecteurs doivent se faire de la même façon. A titre d’exemple, nous 
reconditionnons les pompes d’injections et injecteurs tous les 250.000 km ( coût : 2300 € HT/ bus). 
En utilisant un biocarburant, ce kilométrage est ramené à la moitié soit 125.000 km/bus) (données 
constructeur, voir courrier IRISBUS joint). Le coût de maintenance est donc multiplié par 2 soit 
4600 € HT pour le même kilométrage. Il en va de même pour l’ensemble des opérations de 
vidanges et de remplacement de filtres. 
Les coûts de maintenance moteur induits par l’utilisation d’un biocarburant sont donc doublés 
par rapport  à la situation actuelle.  
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APPENDIX E: QUESTIONNAIRE FOR TCAT (CONT’D) 
 
En terme de dépollution, La Communauté d’Agglomération Troyenne ( C.A.T.) a validé le choix 
technique fait par la TCAT du filtre à particule ( voir communiqué de presse de l’ADEME sur le 
développement durable), solution permettant de dépolluer les bus existants à un coût accessible. 
Ce système de dépollution s’avère efficace dans le temps en terme de diminution des émissions de 
particules, de monoxyde de carbone et d’hydrocarbures. ( voir documentation EMINOX jointe).  
L’adjonction d’additif dans les prochains bus qui équiperont le parc TCAT permettra de réduire de 
façon très significative les émissions de NOx (oxydes d’azote). 
Les filtres à particules n’engendrent ni surcoût sur la maintenance des moteurs, ni 
surconsommation. Les filtres doivent être régénérés tous les ans à un coût modéré par un 
organisme spécialisé, puis remontés sur les bus. 
 
57 autobus de la TCAT sont équipés depuis plusieurs années de filtres à particules. Les 
constructeurs spécifient que l’usage de biocarburant ( Diester) est formellement interdit avec des 
bus équipés de filtres à particules, sous peine de suppression totale des garanties. ( Risque élevé de 
colmatage et/ou destruction des filtres à particules) 
 

 

Source: Own 
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APPENDIX F 
TCAT SERVICED AREA (BUS ROUTE PLAN) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: TCAT, 2007 
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APPENDIX G  
DIESEL VS. DIESEL W/ PMF 

 
 
 

CRT System Emissions Reductions
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Source: Eminox, 2007; ENGVA, 2006 
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APPENDIX H  

SINGLE VEHICLE DIESEL (W/PMF) VS. ETHANOL 
 

NOX Emissions Ethanol vs. Diesel
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Source: SL, 2007; Dickinson, J. et Al, 2002 
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APPENDIX I 
SINGLE VEHICLE: DIESEL VS. ETHANOL 

 
Source: SL, 2007; Dickinson, J. et Al, 2002 
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APPENDIX J  
CALCULATIONS: TCAT EMISSIONS 

PER YEAR, SINGLE VEHICLE 
 

 

 
 

Gas 

Yearly km 

driven 

(km) 

Energy 

Content 

of fuel 

(kWh/l) 

Fuel Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 10.10 0.43 4.70 1,353.46 1.353 

HC 66,000.00 10.10 0.43 0.30 86.39 0.086 

CO 66,000.00 10.10 0.43 0.60 172.78 0.173 

PM 66,000.00 10.10 0.43 0.09 25.92 0.026 

CO2 66,000.00 10.10 0.43 670.00 192,940.70 192.941 

Diesel Fuel (No Retrofits) Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 

Diesel Fuel (w/ PMF) Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
 

Gas 
Yearly km 

driven 

Emissions 

(g/km) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 7.50 495.00 0.50 

HC 66,000.00 0.06 3.96 0.00 

CO 66,000.00 0.14 9.11 0.01 

PM 66,000.00 0.03 1.98 0.00 

CO2 66,000.00 1,696.20 111,949.20 111.95 

Ethanol Fuel Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
 
 
 
 

Gas 

Yearly 

km 

driven 

(km) 

Energy 

Content 

of fuel 

(kWh/l) 

Fuel 

Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

Difference 

with PM 

filter 

Emissions 

(Tonnes) 

NOX 66,000.00 10.10 0.43 4.70 1,353.46 1.353 0.90 1.218 

HC 66,000.00 10.10 0.43 0.30 86.39 0.086 0.15 0.013 

CO 66,000.00 10.10 0.43 0.60 172.78 0.173 0.15 0.026 

PM 66,000.00 10.10 0.43 0.09 25.92 0.026 0.15 0.004 

CO2 66,000.00 10.10 0.43 670.00 192,940.70 192.941 1.03 198.992 
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APPENDIX J (CONT'D) 
 

Gas 
Yearly km 

driven (km) 

Energy 

Content of 

fuel 

(kWh/l) 

Fuel Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 9.16 0.48 5.17 1,485.05 1.485 

HC 66,000.00 9.16 0.48 0.10 28.44 0.028 

CO 66,000.00 9.16 0.48 0.31 89.62 0.090 

PM 66,000.00 9.16 0.48 0.05 13.70 0.014 

CO2 66,000.00 9.16 0.48 719.51 206,675.53 206.676 

Biodiesel (B100) Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 

 

Gas 
Yearly km 

driven (km) 

Energy 

Content 

of fuel 

(kWh/l) 

Fuel Use 

(l/km) 

Emissions 

(g/kWh) 

Emissions 

(kg) 

Emissions 

(Tonnes) 

NOX 66,000.00 9.85 0.44 4.75 1,360.18 1.360 

HC 66,000.00 9.85 0.44 0.24 68.77 0.069 

CO 66,000.00 9.85 0.44 0.53 151.29 0.151 

PM 66,000.00 9.85 0.44 0.08 22.69 0.023 

CO2 66,000.00 9.85 0.44 679.53 194,707.27 194.707 

Biodiesel (B20) Emissions 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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APPENDIX K  
EMISSIONS SAVINGS USING ETHANOL 

 
 

Ethanol vs. Diesel w/ PMF (Single Vehicle) 

Gas 

Emissions 

Ethanol 

(Tonnes) 

Emissions Diesel 

(w/PMF) (Tonnes) 

Percent 

Reduction 

NOX 0.492 1.218 59.61% 

HC 0.017 0.013 -28.35% 

CO 0.005 0.026 81.28% 

PM 0.003 0.004 28.70% 

CO2 49.1832 198.992 75.28% 

Comparison: Diesel w/ PMF vs. Ethanol Emissions (Reduction) 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
 

Ethanol vs. Diesel  (Single Vehicle) 

Gas 

Emissions 

Ethanol 

(Tonnes) 

Emissions 

Diesel 

(Tonnes) 

Percent 

Reduction 

NOX 0.492 1.353 63.65% 

HC 0.017 0.086 80.75% 

CO 0.005 0.173 97.19% 

PM 0.003 0.026 89.30% 

CO2 49.183 192.941 74.51% 

Comparison: Diesel w/o Retrofits vs. Ethanol Emissions (Reductions) 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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APPENDIX L 
EMISSIONS SAVINGS USING BIODIESEL (B20) 

 
 

Diesel vs. B20 

Gas 

Emissions 

Diesel 

(Tonnes) 

Emissions B20 

(Tonnes) 

Percent 

Reduction 

NOX 1.353 1.360 -0.50% 

HC 0.086 0.069 20.40% 

CO 0.173 0.151 12.44% 

PM 0.026 0.023 12.44% 

CO2 192.940704 194.7072745 -0.92% 

Diesel vs. BioDiesel (B20) 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 
 
 

Diesel PMF vs. B20 

Gas 

Emissions Diesel 

(w/ PMF) 

(Tonnes) 

Emissions 

B20 

(Tonnes) 

Percent Reduction 

NOX 1.218 1.360 -11.66% 

HC 0.013 0.069 -430.67% 

CO 0.026 0.151 -483.74% 

PM 0.004 0.023 -483.74% 

CO2 198.992 194.7072745 2.12% 

Diesel w/ PMF vs. BioDiesel (B20) 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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APPENDIX M  
EMISSIONS SAVINGS USING BIODIESEL (B100) 

 
 

Diesel vs. Biodiesel (B100) 

Gas 

Emissions 

Diesel 

(Tonnes) 

Emissions 

B100 

(Tonnes) 

Percent 

Reduction 

NOX 1.353 1.485 -9.72% 

HC 0.086 0.028 67.08% 

CO 0.173 0.090 48.13% 

PM 0.026 0.014 47.13% 

CO2 192.940704 206.6755265 -7.12% 

Diesel vs. BioDiesel (B100) 

Source: SL, 2007; Dickinson, J. et Al, 2002 

Biodiesel (B20) vs. Pure Biodiesel (B100) 

Gas 

Emissions 

B20 

(Tonnes) 

Emissions 

B100 

(Tonnes) 

Percent 

Reduction 

NOX 1.360 1.485 -9.18% 

HC 0.069 0.028 58.65% 

CO 0.151 0.090 40.76% 

PM 0.023 0.014 39.62% 

CO2 194.7072745 206.6755265 -6.15% 

Savings Using B100 vs. B20 

Source: SL, 2007; Dickinson, J. et Al, 2002 

Diesel PMF vs. Biodiesel (B100) 

Gas 

Emissions 

Diesel (w/ PMF) 

(Tonnes) 

Emissions 

B100 

(Tonnes) 

Percent 

Reduction 

NOX 1.218 1.485 -21.91% 

HC 0.013 0.028 -119.44% 

CO 0.026 0.090 -245.79% 

PM 0.004 0.014 -252.44% 

CO2 198.992 206.6755265 -3.90% 

Diesel w/ PMF vs. BioDiesel (B100) 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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APPENDIX N 
EMISSIONS SAVINGS USING BIODIESEL W/ PMF 

 

 

Diesel w/ PMF vs. B20 

Gas 

Emissions Diesel 

(w/ PMF) 

(Tonnes) 

Difference 

with PMF 

(Tonnes) 

Emissions B20 w/ 

PMF 

(Tonnes) 

Percent 

Reduction 

NOX 1.218 0.90 1.224 -0.50% 

HC 0.013 0.15 0.010 20.40% 

CO 0.026 0.15 0.023 12.44% 

PM 0.004 0.15 0.003 12.44% 

CO2 198.922 1.03 200.743 -0.92% 

Diesel w/ PMF vs. BioDiesel (B20) w/ PMF 

Source: SL, 2007; Dickinson, J. et Al, 2002 

 

 

Diesel w/ PMF vs. B100 

Gas 

Emissions 

Diesel (w/ PMF) 

(Tonnes) 

Difference with 

PMF 

(Tonnes) 

Emissions 

B100 w/ PMF 

(Tonnes) 

Percent 

Reduction 

NOX 1.218 0.90 1.337 -9.72% 

HC 0.013 0.15 0.004 67.08% 

CO 0.026 0.15 0.013 48.13% 

PM 0.004 0.15 0.002 47.13% 

CO2 115.764 1.03 213.082 -7.12% 

Diesel w/ PMF vs. BioDiesel (B100) w/ PMF 

Source: SL, 2007; Dickinson, J. et Al, 2002 
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