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CONCAWE predicts future (year 2000) diesel fuel properties to he 
essentially in the range of 43 to 54 cetane number (median 
value: 48.5) and 0.825 to 0.870 density (median value: 0.846). 
Compared with present average commercial European diesel fuels this 
means a drop in cetane number by 2 and an increase in density by 
0.006, however the spread in quality remains similar. 

Operating costs for the EEC oil industry to compensate for these 
changes would amount to some $US 38 to 45 mil.lion per year if 
ignition improvers were employed and $US 1.3 to 1.7 billiodyear if 
hydrogenation processes were installed. The latter figure is based 
on capital costs of some $US 3.5 to 4.5 billion. The ignition 
improver approach is clearly less expensive than the processing 
route but it will not change other parameters such as 
density/aromaticity. The costs and energy requirements to 
compensate for the anticipated changes in diesel fuel quality are 
very high when compared to any marginal improvement in emissions 
performance of today's engines. 

Updating the diesel engine homologation fuel specification to 
reflect changes in commercial fuel properties would reliably ensure 
that certified emissions standards will be met in the field, 
despite variations in fuel quality. In addition, advances in engine 
technology, which are already emerging in the USA, represent viable 
measures for improving the emissions performance of diesel engines. 



INTRODUCTION 

A t  t h e  reques t  of t h e  European Commission, a  S tee r ing  Committee 
comprising CCMC, r ep resen ta t ives  from the  o t h e r  European v e h i c l e  
manufacturers and CONCAWE was e s t ab l i shed .  The purpose of t h i s  
committee was t o  conduct a  j o i n t  s tudy programme t o  a s ses s  t h e  
impl ica t ions  of f u t u r e  d i e s e l  f u e l  c h a r a c t e r i s t i c s  on d i e s e l  
emissions performance. The p r i n c i p a l  ob jec t ive  was t o  provide t h e  
European Commission wi th  a  b a s i s ,  agreed by both t h e  o i l  and motor 
i n d u s t r i e s ,  f o r  e s t a b l i s h i n g  r e a l i s t i c  r egu la t ions  f o r  the  c o n t r o l  
of d i e s e l  v e h i c l e  exhaust emissions. 

An e s s e n t i a l  element of t h e  regula tory  process involves t h e  
c e r t i f i c a t i o n  o r  homologation of t h e  v e h i c l e ,  o r  i ts  engine,  
a g a i n s t  the  permitted emissions l e v e l s .  Emissions have t o  be 
measured according t o  s e t  procedures us ing  a  s tandard reference  
f u e l .  Because f u e l  p r o p e r t i e s  can inf luence  t h e  emissions 
performance of d i e s e l  engines i t  i s  important t h a t  t h e  re ference  
f u e l  r e f l e c t s  t h e  p r o p e r t i e s  of f u e l s  marketed wi th in  t h e  European 
Community. In  i t s  con t r ibu t ion  t o  the  s tudy,  CONCAWE the re fo re  
presented f ind ings  on the  r e l a t i o n s h i p  between automotive d i e s e l  
f u e l  c h a r a c t e r i s t i c s  and engine performance ( 1 )  a s  wel l  a s  a  s tudy 
of l i k e l y  f u t u r e  d i e s e l  f u e l  q u a l i t y  ( 2 ) .  

Following d iscuss ion  of these  r e p o r t s  w i th in  t h e  S tee r ing  Committee 
and with t h e  EEC Ad Hoc Group "Motor Vehicle Emissions" (MVEG) 
CONCAWE was asked t o  extend t h e  study on f u t u r e  d i e s e l  f u e l  q u a l i t y  
t o  address: 

- the  e f f e c t s  o i  two a d d i t i o n a l  cloud po in t  s p e c i f i c a t i o n s  on 
t h e  o t h e r  p r o p e r t i e s  of t h e  d i e s e l  f u e l  ( r ep resen t ing  
t y p i c a l  product ion i n  winter  f o r  Northern Europe and t y p i c a l  
production i n  summer f o r  Southern Europe); 

- the  e f f e c t  of hydrocracking; 

- t h e  f e a s i b i l i t y  and c o s t s  of r e f i n e r y  processes fo r  
upgrading d i e s e l  f u e l  q u a l i t y ;  

- the  technica l  background and c o s t s  of i nc reas ing  cetane 
q u a l i t y  by a d d i t i v e s .  

The following r e p o r t  summarises t h e  CONCAWE f ind ings  with r e spec t  
t o  f u t u r e  d i e s e l  f u e l  q u a l i t y  and compares these  da ta  with c u r r e n t  
European d i e s e l  f u e l s .  The f ind ings  take i n t o  account the  o r i g i n a l  
study ( 2 )  and t h e  a d d i t i o n a l  work out l ined  above. The in f luence  of 
t h e  predic ted  changes i n  f u e l  c h a r a c t e r i s t i c s  on emissions a r e  
discussed and compared with t h e  cos t  of r a i s i n g  cetane number. I n  
add i t ion ,  t h e  r e s u l t s  have provided CONCAWE with a  b a s i s  f o r  
proposing appropr ia te  p rope r t i e s  f o r  a  f u t u r e  d i e s e l  engine 
homologation f u e l .  



2. DIESEL FUEL QUALITY 

Throughout the earlier CONCAVE work (2) the cloud point of the 
diesel fuel was fixed at O0C. In order to more fully assess the 
range of future diesel fuel properties, the work was extended to 
include additional cloud points of -8'C and +4'C, representing 
typical North European winter and South European summer qualities. 
(It should be noted that cloud points in Scandinavian winter diesel 
fuels are as low as -20 to -30°C). 

Some additional data for a refinery configuration including crude, 
vacuum, hydrocracking and vishreaking units was also incorporated. 
Comparison of the new data with that generated in the original 
programme indicates that the new information is consistent with 
that reported in (2). The inclusion of the hydrocracking case has 
had a negligible impact and other predicted properties (volatility, 
viscosity) remain essentially unchanged. 

Predicted future cetane quality derived from computer linear 
programming models is based on cetane indices. For the purposes of 
this study a 1:l correlation between cetane number and cetane index 
has been assumed. Fig. 211, which plots the relationship between 
cetane number and cetane index calculated by ASTM D 976-80 for over 
400 European diesel fuels, reveals no bias between cetane number 
and cetane index in spite of the scatter in data points which are 
due to the inaccuracy of the cetane number measuring procedure. It 
should be noted that in spite of these findings, specifications for 
the homologation fuel as well as for commercial fuels are (and will 
be) on the basis of cetane number (and not cetane index). 

Fig. 212 shows that the span of predicted cetane numbers lies 
between 43 and 54 with a median value of 48.5. If it is assumed 
that the cloud point differential between typical European summer 
and winter quality is 8'C, then the average difference between 
seasonal median diesel fuels is approximately one cetane number 
(i.e. winter median value of 48 cetane number, summer 49). Fig. 213 
presents the predicted range for density, which lies between 0.825 
and 0.870 with a median value of 0.846. Again, differences between 
typical summer and winter qualities are observed. The median value 
of winter density will lie around 0.842, rising to 0.848 during the 
summer. 

To demonstrate the realism of these findings, published market 
surveys of European diesel fuel quality from 1982 to 1986 have been 
sales-weighted and plotted in the same way. These plots have been 
superimposed on the prediced fuel quality curves and are shown in 
Figs. 214 and 215. For simplicity the extremes of quality found 
over several years have been presented. These "envelopes" therefore 
encompass variations in processing and, more particularly, crude 
sourcing patterns. Seasonal variations in density and cetane number 
will generally fall within the envelopes. These market data 
indicate that the range of cetane values is similar, 43 to 57, with 
an average of 50.5, whilst density lies between 0.820 and 0.855, 



wi th  an average of 0.840. It should a l s o  he noted t h a t  t h e  shape of 
t h e  d i s t r i b u t i o n  curves i s  b a s i c a l l y  the  same i n  both t h e  a c t u a l  
and predic ted  cases  which confirms t h a t  the  predic ted  d i s t r i b u t i o n  
curves a r e  e s t ab l i shed  on a r e a l i s t i c  b a s i s .  

The s l i g h t  o v e r a l l  lowering of cetane number combined with the  
small  r i s e  i n  dens i ty  is t o t a l l y  cons i s t en t  with t h e  antLcipated 
increased use of cracked components. These m a t e r i a l s  have h igher  
d e n s i t i e s  and lower cetane numbers because of t h e  lower hydrogen 
content  of t h e i r  c o n s t i t u e n t  hydrocarbons. It should be emphasised, 
however, t h a t  the  d i f f e r e n c e  between t h e  s i t u a t i o n  today and t h a t  
foreseen  f o r  t h e  year  2000 i s  r e l a t i v e l y  small .  



Fig.  211 Cor re l a t ion  of cetane number wi th  ca l cu la t ed  cetane index 
European da ta  1982 - 1987 

Cetane Number = 7.624 + 0.841 Cetane Index 



CONCAWE PREDICTIONS FOR 
EUROPEAN DIESEL FUEL IGNITION QUALITY 
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Fig. 215 Comparison of current and predicted range of density 



DIESEL FUEL QUALITY AND ITS INFLUENCE ON EMISSIONS 

A previous CONCAWE report (1) assessed the influence of a wide 
range of diesel. fuel characteristics on the emissions performance 
of current production engines certified on the present homologation 
fuel. At the time that report was published, the levels and ranges 
of predicted future diesel properties were not defined so that the 
report could not provide quantitative estimates of changes in 
emissions. 

CONCAWE has now reassessed the position on the basis of the "95% 
worst case" fuel (cetane number 44, density 0.865) predicted in 
Section 2. The performance of current production engines, certified 
on the existing homologation fuel, is compared over the fuel 
quality range 50 to 44 cetane number and 0.840 to 0.865 density. 
The estimates are based on investigations reported in (4), (5), (6) 
and (7 ) .  Correlations between United States and European test 
procedures have been taken from published sources (8), (9) and 
private communications (10). 

The results are summarised below and compared with the Ricardo 
estimate, published in their report DP 8611946 (11). The results 
show reasonable agreement, remembering that the Ricardo figures are 
based on a fall in cetane number from 50 to 45 and their report 
does not quote any density change. 

Table 1 Estimated % increase in emissions over given cetane number 
range 

Emissions 

Species 

I % increase I 
I CONCAVE I Ricardo 1 

Note that particulates data for all engines have been taken from 
unpublished sources available to CONCAWE. 

CO 
Particulates 

It is important to place these percentages increases in perspective 
as they represent the extreme case of engines homologated on the 
current certification fuel runni.ng on the "95% worst fuel" 
predicted for the year 2000. The median shift in quality of about 
two numbers is so small that CONCAWE estimates that existing 
engines, homologated on the current certification fuel, will on 
average show the following performance deterioration when future 
fuels are employed. 

0 -  4 
0 - 21 
8 - 35 
0 - 12 

3 -  7 
15 - 25 
0 - l0 
0 - 20 



Table  2 Es t ima ted  Z i n c r e a s e  i n  e m i s s i o n s  a s  r e s u l t  of  p r e d i c t e d  
average  f u e l  q u a l i t y  change 

Emiss ions  I /e 

S p e c i e s  i n c r e a s e  I 

These i n c r e a s e s  a r e  f a r  lower  t h a n  t h e  v a r i a b i l i t y  between 
d i f f e r e n t  e n g i n e  t y p e s  and a r e  n e g l i g i b l e  i n  comparison w i t h  t h e  
i n f l u e n c e  of  e n g i n e  d e s i g n ,  as i l l u s t r a t e d  i n  F i g .  311. The 
performance bands  f o r  each  g e n e r i c  e n g i n e  t y p e  a r e  q u i t e  wide ,  w i t h  
e m i s s i o n s  performance improving a s  one moves from n a t u r a l l y  
a s p i r a t e d ,  th rough  turbo-charged,  t o  turbo-charged and a f t e r - c o o l e d  
e n g i n e s .  The e s t i m a t e d  e f f e c t  of  t h e  p r e d i c t e d  a v e r a g e  f u e l  q u a l i t y  
change h a s  been superimposed on t h e  b e s t  performance c u r v e  f o r  each 
eng ine  type  and c l e a r l y  d e m o n s t r a t e s  t h e  o v e r r i d i n g  inf l .uence of  
eng ine  d e s i g n .  Moreover, t h e  c u r v e s  A ,  R and C i n  F i g .  311 show t h e  
p o t e n t i a l  of  f u r t h e r  improvements i n  e n g i n e  t echno logy  t o  reduce  
e m i s s i o n s .  

NO 
ucX 
CO 
P a r t i c u l a t e s  

CONCAWE r e c o g n i s e s  t h a t  many of  t h e s e  e n g i n e s  a r e  des igned  f o r  a 
n o n - l e g i s l a t e d  e m i s s i o n s  regime and a c c e p t s  t h a t  i n  t h e  f u t u r e  t h i s  
eng ine  model v a r i a b i l i t y  may be  reduced.  However, c u r r e n t  ev idence  
s u g g e s t s  t h a t  e n g i n e s  developed and a d j u s t e d  t o  meet more s t r i n g e n t  
e m i s s i o n s  l e g i s l a t i o n  a r e  l e s s  s u s c e p t i b l e  t o  f u e l  q u a l i t y  e f f e c t s .  
The i n f l u e n c e  of f u e l  c h a r a c t e r i s t i c s  on f u t u r e  e n g i n e s  w i l l  
t h e r e f o r e  be  f u r t h e r  reduced o r  v i r t u a l l y  e l i m i n a t e d .  Data  
s u p p o r t i n g  t h i s  v iew a r e  p r e s e n t e d  i n  (g ) ,  (10) and (12) .  

0 -  2 
0 -  7 
3 - 12 
0 -  6 



Fig. 311 Particulates - NO trade-off for heavy duty D1 diesels 
tested over the ~3 transient cycle (from SAE 860456) 

Particulates Predicted impact 
of war 2000 

.o 

Ricardo predictions for improved performance 
A = Turbocharged and aftercooled with pump injectors and electronic control 
B = A with reduced oil consumption 
C = B with particulate trap (50% efficiency) 



COSTS TO UPGRADE DIESEL FUEL QUALITY 

The scope for upgrading diesel fuel quality is limited in 
comparison with the process options available for gasoline. It 
should be stressed that diesel fuel quality is essentially a 
resultant of crude oil quality and its distillation, coupled with 
the need to ahsorb components from conversion processes. 

In principle there are three routes available for upgrading diesel 
fuel quality: 

- selective blending; 
- processing; 
- the use of cetane number improving additives. 

SELECTIVE BLENDING 

Selective blending involves segregating high cetane number 
components for automotive diesel fuel which, in turn, reduces the 
cetane quality and increases the aromaticity of the remaining 
non-automotive gas oil pool. There is a limit to how much 
aromaticity can be absorbed in heatinglbunker gas oil and this is 
normally considered to be equivalent to 40 cetane number. 

The CONCAlJE study described in section 2 assumed this cetane level 
for the non-automotive gas oil pool, so there is little or no scope 
for additional cetane number improvement by selective blending. 

PROCESSING 

Three processing options are available: 

- aromatics extraction; 
- hydrocracking; 
- hydrogenation. 

The first two routes result in significant changes in product yield 
whereas the last option has only a marginal impact on product 
balances. 

Solvent extraction of aromatics from highly aromatic gas oil 
components would represent both a significant loss of gas oil yield 
and a disposal problem for the aromatics. This route is therefore 
not considered to be a viable solution except in highly localised 
circumstances. 

Hydrocracking produces good quality gas oils and acceptable 
feedstocks for further upgrading to motor gasoline. However, 
CONCAWE Report No. 5/86 (3) has shown that currently planned and 



on-site conversion capacity can meet foreseen fuel oil and 
distillate demand up to the year 2000. Building additional 
hydrocrackers to produce gqod quality gas oils would therefore 
compete with catalytic crackers to use the available vacuum 
distillate feedstock, resulting in the shut down of existing 
conversion capacity. Such a move would also require the 
construction of new gasoline upgrading plants, e.g. catalytic 
reformers. This is not a generally acceptable economic 
solution. However, there may be specific local circumstances where 
some additional hydrocracking capacity is required to meet 
distillate demand. 

Hydrogenation 

Gas oil hydrodesulphurisation typically operates at relatively low 
pressure and has only a small effect on aromaticity. Conventional 
desulphurisation on1.y increases the cetane number of the feedstock 
by one or two numbers. The CONCAVE computer model runs have assumed 
that all the cracked components are treated to meet storage 
stability and sulphur content requirements so that any small cetane 
number improvement has already been accounted for in the year 2000 
predictions. 

However, high pressure hydrogenation of cycle oils would provide 
significant cetane number improvements. Such technology does exist 
but it must be emphasised that no commercial units have yet been 
built for this application. The process has the added advantage 
that increasing the hydrogen content of the product reduces its 
density. 

If it is assumed that a two cetane number improvement would be 
required across the EEC-12 diesel fuel pool (estimated at 
75 million ttyr in year 2000) this would represent 150 million 
cetane tonnes upgrading. Some 15 million tonnes of light cycle oil 
will be available from cat. crackers which means an average cetane 
number improvement of 10 per tonne of light cycle oil would be 
required. The capital costs for EEC-12 countries based on 
hydrogenation unit capacities of 1,000 to 1,500 t/d is estimated to 
be $US 3.5 to 4.5 billion for some 30 to 45 units. Annual costs, 
including a 25% capital charge and directtindirect fuel costs are 
estimated at $US 1.3 to 1.7 billiontyear. In addition some 
3 million t/yr extra hydrocarbons would be required for energy and 
hydrogen manufacture. 

THE USE OF CETANE NUMBER IMPROVING ADDITIVES 

A wide range of compounds have been studied as diesel fuel ignition 
improvers, the most common being nitrate esters. Peroxides and 
other reactive compounds have generally been discarded in view of 
their hazardous nature andlor ability to promote harmful side 



effects in the fuel. As a consequence virtually all currently 
available improvers are based on 2 - Ethyl Hexyl Nitrate or mixed 
Octyl Nitrates. Based on third quarter 1987 information, bulk 
deliveries of cetane improvers in Western Europe are in the price 
range of $US 1,250 to 1,500 per tonne. 

If cetane number of diesel fuels is boosted to successively higher 
levels, the response to cetane improvers decreases and hence 
additive concentration per unit of cetane improvement increases 
exponentially. 

A typical additive response for a 45 cetane number diesel fuel is 
0.017% volume per unit of cetane improvement. The EEC-12 diesel 
fuel consumption is expected to increase to some 75 million 
tonnes/year by the year 2000. A cetane improvement of 2 numbers 
would therefore require 30,000 tonnes of additive giving a cost of 
$US 38 to 45 million per year. 

Costs would also be incurred for storage and handling of the 
additive, for the provision of a cetane number test engine 
according to ASTM D-613 and for the manpower to operate and 
maintain the engine. It is estimated that this would increase the 
cost for a two cetane number improvement by additive treatment to 
$US 42 to 50 million per annum. 

Clearly the additive route is less expensive than hydro-processing, 
but other quality parameters such as density and aromaticity are 
not changed. On the other hand, additive dosage can be easily 
adjusted for fluctuating cetane levels which may occur in 
refineries because of crude oil changes, seasonal demand 
variations, etc. Capital intensive processing is, by contrast, a 
continuing cost situation largely independent of requirement. 



DIESEL ENGINE HOMOLOGATLON FUEL 

The currently proposed homologation fuel RF-03-A-84 (established by 
CEC in 1984 to replace the 1980 - or earlier - versions in the 
legislation) specifies its key properties as follows: 

- cetane number - minimum 49, maximum 53; 
- density - minimum 0.835, maximum 0.845. 

If the median specifications of the homologation fuel for cetane 
number (51) and density (0.840) are compared with the properties of 
current marketed fuels, then the homologation fuel is fairly 
representative of the 50 percentile commercial quality. 

Previous experience with the actual properties of diesel 
homologation fuels indicates, however, that quality levels are 
generally close to the maximum cetane number and minimum density 
specifications. For example, measured cetane numbers of various 
batches of RF-03-A-84 varied between 52 and 53, while densities 
were close to the minimum level of 0.835. Similarly, in the United 
States of America the actual cetane number of the 2 D homologation 
fuel has been about 48, while the allowed specification range is 
42 to 48. 

About 70% of currently marketed fuels therefore have densities 
above, and cetane numbers below, the respective measured values of 
the homologation fuel. This demonstrates that, even today, the 
actual properties of RF-03-A-84 no longer represent typical market 
quality. 

Before addressing the question of cetane number and density levels 
for any future homologation fuel, it would be appropriate to 
discuss those presently agreed for RF-03-A-84. On the basis of the 
experience noted above, CONCAWE considers that the current approach 
is not precise enough for specifying a legislative homologation 
fuel in the future. Thus the 1984 specification, for example, would 
more accurately reflect the current 50 percentile market fuel if 
the cetane number and density were controlled to 51 and 0.840 
respectively, with no margin around these values. This ideal is 
impracticable and debate on the technically feasible minimum 
tolerance is beyond the scope of this report. CONCAWE believes, 
however, that multiple testing of each batch of homologation fuel 
is entirely feasible, follows US practice, and would allow much 
closer definition of a fuel which is, after all, an essential part 
of the certification process. 

For the purposes of this report, CONCAWE has therefore only quoted 
the absolute values it believes should be introduced in any future 
homologation fuel. It is suggested that the question of allowable 
tolerances should be taken up by the Reference Fuels Group of the 
Co-ordinating European Council (CEC CF5). 



Engines and vehicles need to be homologated to meet exhaust 
emissions throughout the year. It would therefore be prudent to 
ensure that the homologation fuel reflects the variation in key 
properties which results from seasonal changes to marketed fuel, 
i.e. lower ignition quality in winter and higher density during the 
summer. If the rationale for defining properties of the 
homologation fuel is to be based on average seasonal market 
quality, then the CONCAWE study suggests the following absolute 
values (note that the following figures have been rounded to the 
nearest cetane number and 0.005 density): 

- cetane number 48; 
- density 0.850. 

Instead, however, CONCAWE suggests a 70% market coverage rather 
than an average quality. In this case the absolute values for the 
future homologation fuel should be: 

- cetane number 46; 
- density 0.855. 

The reasons for proposing a 70% market approach are summarised 
below: 

- CONCAWE's predictions on the future diesel fuel quality are 
based on pan-European frequency distributions. In view of 
regional differences in crude supply, domestic heating 
oil / diesel fuel ratios, climatic conditions etc., 
predicted extreme fuel qualities might have significant 
market shares in certain parts of Europe. Hence, the 
adjustment of vehicles/engines on a homologation fuel 
covering 70% of the European market would ensure that most 
vehicles meet legislated exhaust emission limits in spite of 
varying commercial fuel properties. Furthermore, reference 
fuels for engine development purposes are often specified in 
terms of the "90% worst case fuel". Such an approach could 
be adopted for a homologation fuel but is probably too 
stringent as it would erode any margin of performance 
required to ensure engine conformity during series 
production and service; 

- engine builders have expressed a strong interest in 
maintaining the longest possible lifetime for a homologation 
fuel. They stress that this lifetime should not be less than 
that of a major engine development programme (5 to 7 years). 

In addition, engine builders requested a period of two years 
between the publication of any newly defined homologation 
fuel and the date of adoption of that fuel. 

Under these circumstances, any new homologation fuel. 
established in 1988 would still be in use in the years 
199511997. Diesel vehicles certified at this time will still 
be on the market for another 10 to 15 years, i.e. until the 



beginning of the next century. It would therefore be prudent 
from an environmental viewpoint to specify the homologation 
fuel properties closer to the expected minimum 
cetane/maximum density levels. This would cater for further 
changes of commercial fuel properties beyond the year 2000; 

- it should also be noted that manufacturers tend to adjust 
diesel engines for maximum possible power within the 
constraints of power output and emission standards. Under 
these circumstances, even small differences between 
homologation and market fuels might cause relatively large 
changes in the emissions performance of critical engines. 
Hence, a homologation fuel designed to cover 70% of the 
expected market would offer a "built-in" safety margin and 
therefore minimise the risk of deteriorating emissions 
performance in the field; 

- the proposed specifi.cation for the homologation fuel at 
70% market coverage is representative of the minimum cetane 
number and maximum density limits currently stipulated in 
many of the national standards in Europe. 



CONCLUSIONS 

- .  Within a  cloud po in t  spread of minus 8°C and p lus  4°C 
( r ep resen ta t ive  of t y p i c a l  winter  and summer q u a l i t i e s  i n  
North and South Europe r e spec t ive ly )  cetane number and 
dens i ty  l e v e l s  of f u t u r e  d i e s e l  f u e l s  a r e  predic ted  t o  range 
between 43 t o  54 and 0.825 t o  0.870. Other d i e s e l  f u e l  
p rope r t i e s  such a s  v i s c o s i t y  and d i s t i l l a t i o n  c h a r a c t e r i s t i c s  
a r e  not  expected t o  vary s i g n i f i c a n t l y  from cur ren t  market 
l e v e l s .  

- Inc lus ion  of some a d d i t i o n a l  da t a  f o r  a  r e f i n e r y  
conf igura t ion  with a  hydrocracker had l i t t l e  e f f e c t  on t h e  
o v e r a l l  r e s u l t s  f o r  i g n i t i o n  q u a l i t y  and dens i ty .  A s  t h e r e  
a re  very few hydrocrackers i n  t h e  EEC t h e i r  inf luence  on 
f u t u r e  d i e s e l  f u e l  q u a l i t y  w i l l  he marginal.  

- A comparison between t h e  frequency d i s t r i b u t i o n  curves of 
present  and predic ted  ce tane  number and dens i ty  l e v e l s  
i n d i c a t e s  the  following t y p i c a l  changes between now and the  
year  2000. 

- cetane number - reduced by two numbers. 
- dens i ty  - increased  by .006. 

- The t y p i c a l  changes i n  f u e l  q u a l i t y ,  quoted above, w i l l  have 
a  very small  impact on t h e  regula ted  emissions performance 
of cu r ren t  production engines c e r t i f i e d  on t h e  cu r ren t  
homologation f u e l .  Even t h e  "95% worst case" year  2000 f u e l  
i nc reases  emissions by l e s s  than the  v a r i a b i l i t y  between one 
engine type and another .  

- Advances i n  engine technology andlor  adjustment of cu r ren t  
D1 and ID1 engines on f u t u r e  type d i e s e l  f u e l s  r ep resen t  
v i a b l e  measures f o r  e f f e c t i v e l y  improving the  emissions 
performance of d i e s e l  veh ic l e s .  Such technology is a l ready 
making an impact i n  t h e  United S t a t e s  (13) where more 
s t r i n g e n t  emission s tandards  than those proposed f o r  Europe 
a r e  i n  p lace  and where f u e l  q u a l i t y  can be lower today than 
t h a t  predic ted  f o r  t h e  EEC i n  t h e  year  2000. 

- High pressure  hydrogenation i s  not  i n  commercial opera t ion  
and i s  highly c a p i t a l  i n t ens ive .  A two cetane number 
inc rease  i n  the  EEC-12 coun t r i e s  would r e q u i r e  a  c a p i t a l  
investment of $US 3.5 t o  4.5 b i l l i o n ,  a  yea r ly  t o t a l  cos t  of 
$US 1.3 t o  1 .7  b i l l i o n  and an a d d i t i o n a l  hydrocarbon 
consumption of some 3  m i l l i o n  tonnes lyear  f o r  energy and 
hydrogen manufacture. 

- The use of a d d i t i v e s  t o  improve cetane numbers, inc luding  
dosing f a c i l i t i e s  and t e s t i n g ,  would c o s t  $US 38 t o  
45 mi l l i on lyea r  f o r  a  s i m i l a r  pool ce tane  improvement. This  
op t ion  i s  c l e a r l y  l e s s  expensive than t h e  process ing  r o u t e  



and is more flexible. However, other important quality 
parameters such as density and aromaticity are not changed. 

- Costs and energy requirements to compensate for the expected 
changes in diesel fuel properties are therefore very high 
when compared to any marginal improvement in emission 
performance of today's diesel engines. The reformulation of 
the present homologation fuel RF-03-A-84 would effectively 
ensure that certified emissions standards could be met in 
the field despite varying fuel quality. 

- Setting homologation fuel properties at a 70% market 
coverage (only 30% of future commercial European diesel 
fuels would have cetane numbers below or densities above the 
homologation fuel properties) would result in a cetane 
number absolute value of 46 and absolute value for density 
of 0.855 respectively. Such a fuel would minimise the risk 
of emissions performance deterioration in the field and 
would ensure harmonisation with commercial fuels produced to 
meet existing European national diesel fuel standards. 
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