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Abstract 
Understanding of  urban air  pollut ion and the role of vehicle exhaust are one of  the 
prerequisites for  environmental  sustainabil i ty.  Sulphur in gasol ine and diesel  
contr ibutes to overall  a ir  pol lut ion that negatively affects the global environment. 
Concerns related to the air  pol lut ion have been a pr imary dr iving force in sett l ing 
sulphur standards.  Regulat ing the sulphur content in fuels has economic and social  
benefits for  society,  as well  as cost and compet it iveness implicat ions for  the 
ref in ing industry. The outcome of European effor ts to stop fur ther air  pollut ion was 
a decision to regulate sulphur to below 50 ppm by the year 2005 and even less by 
the introduct ion of zero sulphur fuel w ith sulphur content below 10 ppm. Zero 
sulphur fuel  wi th less than 10 ppm clear ly reduces the contr ibut ion of road traff ic to 
sulphur emissions. Zero sulphur fuel  not only has a beneficia l effect on part iculate, 
HC, NOx  and CO emissions but also indirect ly reduces the CO2  emissions of road 
traff ic compared to use of current  commercial ly avai lable fuels. Promoting 
sustainable urban transport through usage of low sulphur fuel is one part  in 
achieving global environmental  sustainabi l i ty and therefore al l  part ies involved 
have to give a maximum effor t  in at taining placed goals.  
 
Introduction – Why Lower Sulphur Fuel? 
High sulphur levels in fuel  increase the emissions of a host of pol lutants, as 
sulphur dioxide,  carbon monoxide,  nitrogen oxides, volat i le organic compounds and 
f ine part iculate matter ,  some of which also contr ibute to the format ion of secondary 
pol lutants such as ground-level  ozone. Effor ts to reduce emissions from individual  
vehicles through emissions control technologies are expected to lower the pol lut ion 
from sulphur compounds. However, based on the increasing number of  vehicles in 
use and increased vehicle usage patterns, the overal l  contr ibut ion of the 
transportat ion sector  to air  pol lut ion is expected to r ise over t ime. The reduct ion of 
air  pol lutants is clear ly a prior i ty as a health and environmental  challenge for  
European countr ies. The outcome of European effor ts to stop fur ther air pol lut ion 
was a decision to regulate sulphur to below 50 ppm (parts per mil l ion)  by the year 
2005 and maybe less by the introduct ion of zero sulphur fuel  that has a content of 
sulphur below 10 ppm. The sulphur in gasoline and diesel  fuel  contr ibutes to overall  
ai r  pollut ion, which negatively affects the heal th of populat ion and their  
environment. Concerns related to the heal th effects of  air  pol lut ion, especial ly in 
urban areas, have been a pr imary dr iving force in sett l ing sulphur standards. 

 
The quantity of  vehicle sulphur emissions is governed by several factors that 
include the sulphur content of the fuel ,  the emission control technology employed 
by the vehicle, the operat ing eff iciency of the emission control technology. Fuel  
composi t ion and vehicle technology (engine and emission control  design) are both 
important  factors that affect vehicle emissions. As vehicle emission standards have 
become increasingly str ingent ,  greater  emphasis has been placed on the role of 
both technology and fuel,  to the extent that a total  systems approach is now 
considered key to meeting future vehic le emission standards.  Regulat ing the 
sulphur content of fuel  has economic and social  benef its for  society, as wel l as cost 
and competit iveness impl icat ions for  the ref in ing industry. 



 
Also, to minimise pol lutant fuels as gasol ine and diesel,  cleaner alternat ive fuels 
are current ly being developed. They include:  compressed natural  gas (CNG); 
l iquef ied petroleum gas (LPG); bio diesel;  hydrogen; alcohol fuels and battery 
operated vehicles. The intent ion was to give a closer focus on cleaner fossi l  fuels, 
since they are expected to have a major  role in next two decades. (1)  
 
The Introduction of Zero Sulphur Fuel 
Establishing l imits for  sulphur in gasol ine and diesel fuel  is one aspect of a larger 
program for clean air that has involved many act ions wor ldwide and a broad 
consultat ive effor t .  There are a numerous documented evidences of a concerted 
effor t  to address sulphur in fuel .  (2) 
 

 
Figure 1: European Union emissions of sulphur dioxide, in thousands of tons, in 
per iod 1980-1999 and project ion for  2010, according to the NEC Direct ive,  
Source: EMEP 
 
Among EU legal  frame, the Direct ive 98/70/EC is relat ively most  important one 
concerning sulphur level of European fuels. This Direct ive contains fuel  quali ty 
speci f icat ions, which enter  into force in two stages, the f irst  one on the 1 s t  January 
2000, and the second one on the 1 s t  January 2005. Also it  has considered the need 
to reduce fur ther the level of sulphur in gasol ine and diesel  below the 50 ppm, 
level,  a l ready mandated for 2005. Furthermore,  some European countr ies and fuel  
producers have indicated their  intent ion to introduce “zero sulphur”  fuels to the 
European market.  Zero sulphur fuels refer to levels of sulphur less than 10 ppm. 
Other terms such as “near zero” ,  “ low sulphur”  or  “ult ra- low sulphur”  fuel may also 
be used to indicate the same level of sulphur.  

 
The introduct ion of zero sulphur gasoline and diesel  is planned by no later than 
beginning of year 2005. This is consistent  w ith the entry into force in 2005 of the 
new EURO IV vehicle emission l imits and the requirement of some new automot ive 
technologies to use zero sulphur fuels in order to attain these l imits.  The in it ial  
quantit ies of zero sulphur fuels that wi l l  be required wil l  vary between countr ies 
according to the levels of  new vehicle sales and proport ion of  these vehic les 
equipped with the new fuel-eff icient technologies. I t  is also important that zero 
sulphur fuels are available in suff icient quanti t ies with balanced geographic 
coverage in order to permit  the free-circulat ion of  those new vehicles requir ing zero 
sulphur fuels. The introduct ion of zero sulphur fuels in l imited quantit ies should not,  
however,  compromise the capacity of fuel producers to supply fuels in 2005 which 
comply with mandated sulphur l imit  of 50 ppm. (3)  

 
The opt imum saving in greenhouse emission is achieved by phasing the 
introduct ion of  zero sulphur fuels to match the quantity of fuel  actually required by 
new vehicles. This avoids addit ional  costs and emissions of CO 2  at the ref inery. 
Optimal reduct ions in conventional air  pol lutants are obtained by a ful l  market 
penetrat ion of zero sulphur fuels as ear ly as possible.  An added degree of 
complexity is that the reduct ions in conventional air pollutants are apparent ly 
greater for  exist ing gasol ine vehicles than for exist ing diesel  vehicles. Also, the 



fuel  economy improvement of new gasol ine vehicles appears greater  than that of 
new diesel vehic les.  
 
Requirements on Fuel Quality 
Many issues have been considered concerning the int roduct ion of zero sulphur 
fuels, including the cost and benef its,  changes in greenhouse gas emissions, the 
requirement for  regulatory clar i ty,  logist ical  and distr ibut ion issues, the 
encouragement of new technology, the var iat ions in vehicle renewal rates and 
necessity to ensure the free circulat ion of new vehicles. Table below  summarises 
the above-mentioned standards and environmental lows and gives us general  
ext ract of requirements on fuel  qual ity after  year 2000. (4)  
 

EU- Fuel Direct ive  
Requirement Year 

2000 
Year 
2005 

W orldwide Fuel 
Charter ,  EU 
Proposal  

Gasoline 
 

Vapour Pressure max kPa 
Benzene            max Vol.% 
Aromatics          max Vol.% 
Sulphur               max ppm 

60 
1 
42 
150 

60 (?)  
1 
35 
50 

60 
1 
35 
10 

Diesel 
 

Cetan number               min  
Density                 max kg/m3  
Aromatics             max Vol.% 
Sulphur                max ppm 

51 
845 
-  
350 

51 (?)  
845 (?)  
-  
50 

55 
820-840 
15 
10 

Table 1: Summarised Requirements on Fuel Qual ity af ter  Year 2000  
 
Impact of  Low  Sulphur Fuel  on Emissions 
Zero sulphur fuel  w ith less than 10 ppm clear ly reduces the contr ibut ion of road 
traff ic to sulphur emissions. Moreover,  zero sulphur fuel not only has a beneficial  
effect  on part iculate, HC, NOx  and CO emissions but also indirect ly reduces the 
CO2  emissions of  road traff ic compared to use of  current  commercial ly avai lable 
fuel .   
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Figure 2: Impact of Fuel  Sulphur Levels on Emissions 
Source: Clean Fuels – Understanding Urban Air  Pollut ion and the Role of Diesel  
Exhaust,  India,  2000 
 
Benefits of  Further Lowering the Sulphur Content of  Fuel 
Main benefit  of  adopt ing fur ther lower sulphur fuels wil l  be improved fuel economy. 
Quant itat ive data, mainly from vehicle manufacturers, est imated this benefi t  to be 
1-5% relat ive to fuel  wi th 50 ppm sulphur. I t  is not known whether th is range ref lect 
var iat ions in the sulphur sensi t ivi ty of dif ferent  technologies, the use of dif ferent 
test methods or  an evolving posit ion with the sulphur sensit ivity fa l l ing as the 
catalyst technology undergoes fur ther development. For the recognising the 
var iabi l i ty there is necessity to quantify effects of lower sulphur fuel on exist ing 
vehicle, and also on the fuel eff iciency of new engine technologies.  



 
W ith regard to sulphur level  there is general th ink ing that 30 ppm would produce 
marginal  benefi ts,  and therefore that fur ther product ion has to be concentrated on 
less than 10 ppm sulphur level.  Since the new engine technologies, that could 
potent ia l ly deliver  addi t ional  fuel  savings with low sulphur fuel ,  are just entering the 
market,  and therefore the benefi ts of  a fu l l  t ransit ion to such fuels was not just i f ied 
before 2008-2010. The effect of low sulphur fuel ,  in reducing exhaust emissions 
from the current vehicle f leet w ith associated benefi ts to local air  quali ty,  could 
mer it  par t ia l market transi t ion. (5) 

 
Furthermore, there is  problem of incremental ref in ing cost.  The product ion of near 
zero sulphur fuels is technically feasible, wi th such grades already in product ion in 
some countr ies.  The cost of doing this consists of capital  investment in new plant 
and some increased running costs. These costs wil l  vary between ref ineries, 
ref lect ing their  present conf igurat ion and sulphur content  of the crude oi ls they 
operate with. Since,  southern European ref iner ies general ly operate on more sour 
crude oi ls therefore could face higher desulphur isat ion costs. Incremental costs of 
going from 50 ppm sulphur to less than 10 ppm sulphur fuels range from about  0.1 
to 4.3 �  cents per l i t re for  gasol ine and 0.2 to 4.3 �  cents per l i t re for  diesel ,  
ref lect ing ref inery var iat ions. A short -term move to low sulphur diesel for  the ful l  
market would reduce ref inery capacity by 10-20%. However, a phased move would 
avoid this,  whi le minimising costs since the capi tal investment could be 
incorporated in normal ref inery up grades.  The new catalyst developments could 
reduce the impacts of desulphur isat ion on both costs and CO2  emissions.  

 
I f  we look  forward towards the introduct ion of new vehicle propulsion or  power plant 
technology there are some things that have to be considered. Internal  combustion 
engine technology is expect ing to be dominant,  at least up to 2010, wi th few 
submissions consider ing alternat ives such as fuel cel ls and hybr id systems. 
However, i t  has to be noted that fuel  cel ls stacks were sulphur intolerant and 
vehicles with on-board product ion of H2  f rom gasoline would need a maximum of 5-
10 ppm sulphur in the fuel to avoid poisoning the reformer.  

 
Cost – Benefit  Analysis of Further Low ering the Sulphur Content of  Fuel  
Model l ing the precise costs and effects of the availabi l i ty of  zero sulphur fuels was 
complicated. Zero sulphur fuel  has dif ferent  effects on dif ferent vehicle types and 
these effects are not known with certainty. The take up and use of these fuels 
depends not only on market  pr ices but also other determinants of consumer 
behaviour that is dif f icult  to predict.  The addit ional  costs of producing lower sulphur 
fuel  may vary f rom place to place depending on the ref inery conf igurat ion and crude 
oi l  used. The relat ive reduct ions in emissions of carbon-dioxides and conventional  
pol lutants f rom vehicles using fuels wi th less than 10 ppm sulphur, compared to 
fuels with less than 50 ppm are given in next table.  (6)  

 
Emissions reduction on 10 ppm sulphur 
fuels  
relat ive to fuels w ith 50 ppm (%) Vehicle type 

CO2  NOx  HCs PM 
Gasoline 0 10 10 0 EURO I ,  I I ,  I I I  
Diesel  0 0 0 5 
Gasoline 1-5 0 0 0 EURO IV 
Diesel  1-3 0 0 0 

Table 2: Assumptions on vehicle emission changes, 
Source: www.epa.gov 
 
Second, the product ion of zero sulphur fuel may be more energy intensive. In such 
cases there wil l  be addit ional  CO2  emissions at the ref inery in l ine with the volume 
of zero sulphur fuel  ref ined and produced.   
Also, to asset the costs of using zero sulphur fuel we have to set addi t ional costs of 
ref in ing zero sulphur fuel against the value of  potent ia l fuel  cost savings that ar ise 



f rom the greater fuel  eff iciency for EURO IV vehicles. There are l ikely to be 
addit ional  investment and ref inery operat ing costs associated with lower ing the 
sulphur content from a maximum of 50 ppm to a maximum of 10 ppm. There wil l  
also be a geographical dif ference and the main dr iver  of that cost di f ference 
between north and south European Union is the quali ty of  the crude oi l ,  in 
part icular the sulphur content that the ref iner ies are current ly set up to handle.  

 
Other assumptions have also been made. The current European Union pr ice before 
tax fuel  is around �0.24 per l i t re for  gasol ine and �0.23 per l i t re for  diesel .  The cost 
increases at the ref in ing stage from lowering the sulphur content to 10 ppm, 
therefore represent  an increase of around 1-2%. At the gasoline stat ions, however, 
the percentage increase seen by the consumer wil l  be much smal ler ,  as around 
three quarters of the pr ice of fuel to the consumer is made up of excise dut ies and 
taxes.   

 
One more thing is  necessary to stress at the end. The further desulphurisat ion 
process is becoming more and more compl icated and more expensive as we are 
approaching to the lower content of sulphur in fuel.  I t  was less expensive to make a 
step toward the 50 ppm of sulphur content.  Each other percent of  lower ing sulphur 
content,  special ly above 10 ppm, is becoming more and more dif f icult  to achieve 
and this is something that al l  have to be aware and also this represents a base for  
the fur ther technological  achievements toward real  zero sulphur fuels.  
 
Necessity of  Zero Sulphur Fuel – Conclusion  
Fuel const ituents direct ly affect  emissions of air pollutants.  Fuel changes can 
immediately impact on emissions and therefore on air  quali ty.  Fuel  composit ion can 
enable or  disable pollut ion control  technology. All  of  these statements conf i rm the 
fuel  importance in our environmental  system. Low sulphur fuel  is one of the goals 
that have to be achieved, concerning vehicle exhaust and air  pol lutant emissions. 
Sulphur poisons the catalyst  and sulphur impact is i r reversible.  Future low 
emissions technologies are even more sensit ive to fuel sulphur content.  Carbon 
oxides,  hydrocarbon and nitrogen oxides emissions al l  improve with low sulphur 
gasoline. These are only main reasons why it  is necessary that a detai led approach 
have to be given to the fur ther lower ing fuel  sulphur content.   
 
The f inal conclusions of  this analysis could include that effect ive enforcement is 
cr i t ical  and also that a st rong publ ic awareness program should be introduced 
wor ldwide. As a summary of reviewed data i t  could be stressed that clean fuels 
have a cr i t ical role in clean air .  Understanding urban air pol lut ion and the role of 
vehicle exhaust are prerequisites for  environmental sustainabil i ty.   
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