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INTRODUCTION 

The O i l  and Automobile I n d u s t r i e s  a r e  f ac ing ,  i n  t h e  d i e s e l  market, 
a  number of key i s s u e s  which w i l l  become inc reas ing ly  s i g n i f i c a n t  
i n  Europe's a t tempt t o  con t ro l  p o l l u t i o n  i n  t h e  coming years .  In 
p a r t i c u l a r ,  t h e  following i s s u e s  a r e  mainly impacting on t h e  
European d i e s e l  market: 

- t h e  inc reas ing  pressure  t o  con t ro l  t h e  l e v e l  of exhaust 
emissions and noise  from a l l  v e h i c l e s ;  

- t h e  changing f u e l  product demand p a t t e r n ;  

- t h e  o i l  indus t ry  changes i n  cnlde o i l  sources and r e f ine ry  
process ing  rou te s  adopted t o  continue t o  supply t h e  European 
d i e s e l  f u e l  market w i th  t h e  amount of product requi red ,  
without  s i g n i f i c a n t l y  a f f e c t i n g  t h e  d i f f e r e n t i a l  between 
mogas and d i e s e l  f u e l  c o s t s ,  and hence t h e  economics of 
d i e s e l  engines. 

- motor indus t ry  developments of more e f f i c i e n t  d i e s e l  
engines. 

The measures d i r ec t ed  towards p r o t e c t i o n  of t h e  environment, i e .  
emission and no i se  con t ro l ,  involve design changes i n  engines o r  
a s soc ia t ed  equipment, which, i n  tu rn ,  may lead  t o  changed f u e l  
q u a l i t y  requirements of the  engines. 

On t h e  o t h e r  hand, t h e  d i e s e l  f u e l  q u a l i t y  changes de r iv ing  from 
changing crude s l a t e s  and r e f i n i n g  processes may a f f e c t  exhaust 
emissions and no i se  l e v e l s .  There i s ,  t h e r e f o r e ,  a  complex 
i n t e r - r e l a t i o n s h i p  between engine design,  d i e s e l  f u e l  q u a l i t y  and 
environmental cont ro l .  

To ensure a  r a t i o n a l  development of t h i s  s i t u a t i o n ,  t h e  European 
Commission encouraged the  petroleum and automobile manufacturing 
i n d u s t r i e s  t o  conduct a  study i n t o  these  complex r e l a t i o n s h i p s ,  i n  
order  t o  ob ta in  a  common planning b a s i s  f o r  f u t u r e  l e g i s l a t i v e  
ac t ions .  

I n  response t o  t h i s  need, CCMC i s  providing information regarding 
f u e l  q u a l i t y  requirements .of d i e s e l  engines i n  r e l a t i o n  t o  engine 
des ign  c h a r a c t e r i s t i c s  and t o  emission and no i se  con t ro l .  On t h e  
o the r  hand, CONCAWE has conducted a  study t o  eva lua te  t h e  impact on 
d i e s e l  f u e l  q u a l i t y  of changing r e f i n e r y  processing r o u t e s ,  crude 
s l a t e  and t h e  f u e l  product demand p a t t e r n  between now and t h e  year  
2000. The purpose of t h i s  cur rent  r epor t  i s  t o  descr ibe  t h e  b a s i c  
methodology and the  main conclusions of t h e  CONCAWE study. 



2. OBJECTIVES OF THIS STUDY 

- To study the range of future diesel fuel characteristics 
which are relevant to engine emissions and performance; 

- To take account of anticipated market demand patterns and 
refinery technology in Europe, by collecting and assessing 
data on the future demands of relevant products, refinery 
configurations and resulting diesel fuel quality 
characteristics; 

- To assess the range of diesel fuel quality characteristics 
likely to be encountered in Europe up to the year 2000. 



BASIS AND ASSUMPTIONS 

Since t h e  ob jec t ives  of t h e  s tudy demanded d e t a i l e d  es t imat ion  and 
assessment of f u t u r e  crude s l a t e s ,  r e f i n e r y  conf igura t ions ,  
throughput and a l s o  of product ion and q u a l i t y  da t a ,  i t  was obvious 
t h a t  Linear  Programming (LP) production planning models would need 
t o  be  used. I n  p a r t i c u l a r ,  t h e  LP models of e i g h t  petroleum company 
members of CONCAWE have been used. 

CRUDE SLATE 

The study covers crude of d i f f e r e n t  sulphur and dens i ty  l e v e l s ,  
e.g. h igh ,  medium and low. The fol lowing base case  crudes were 
r e spec t ive ly  se l ec t ed :  Arab Heavy, Arab Light and Brent. 

A s  a  s e n s i t i v i t y  case ,  lower i g n i t i o n  q u a l i t y  gas o i l  from another  
low sulphur crude was brought i .nto t h e  s l a t e ,  t o  s imula te  a  worse 
but  f e a s i b l e  s i t u a t i o n .  To t h i s  end, Nigerian Forcados crude was 
used, and t h e  low sulphur s l a t e  was changed so t h a t  one case would 
assume 100% Brent and another  50150 BrentJForcados. This  recognises  
the  need t o  maintain f l e x i b i l i t y  i n  crude o i l  supply. 

Three scena r ios  were adopted t o  cover h igh ,  medium and low 
throughput s i t u a t i o n s .  The medium case  ca tered  f o r  the  inc lus ion  of 
purchased atmospheric res idue  a s  feeds tock ,  which i s  c u r r e n t l y  a  
very common p rac t i ce .  A l l  of t hese  assumptions a r e  repor ted  i n  
d e t a i l  i n  Table 1. 

PRODUCT DEMAND 

The product demands assumed f o r  t h i s  s tudy a r e  shown i n  Table 1. 
These da ta  r e f l e c t  both EEC f o r e c a s t s  and p ro jec t ions  made by 
CONCAWE member companies. I n  gene ra l ,  t h e r e  was a  f a i r l y  good 
agreement among those f o r e c a s t s .  The only exception was t h e  hea t ing  
gas oi l /automotive g a s  o i l  r a t i o  (HGO/AGO). A s  t h e  r a t i o  can have a  
s i g n i f i c a n t  e f f e c t  on t h e  automotive gas o i l  q u a l i t y ,  two cases  
have been s tudied:  one wi th  a  r a t i o  of 1.08:l  ( b a s i c  case) a s  
suggested by t h e  European Commissi.on, and one with a  r a t i o  of 0 .5 : l  
(low case)  t o  s imula te  coun t r i e s  having high and low hea t ing  gas 
o i l  demands, r e l a t i v e  t o  t h e  corresponding automotive gas 
o i l  demands. 

To s a t i s f y  the  product demands i n  a  r e a l i s t i c  fash ion ,  the  LP 
models were required to: 

- meet the demands f o r  mogas and j e t  f u e l ;  
- maximise o t h e r  d i s t i l l a t e  production a t  both b a s i c  and low 

HGOIAGO r a t i o s ;  
- allow LPG and naphtha volumes t o  vary;  
- allow t o t a l  f u e l  o i l  volumes t o  vary ,  a t  a  given 

bunkerl inland f u e l s  r a t i o .  



3.3 PROCESSING CONFIGURATIONS 

Careful  cons idera t ion  was given t o  the  major processing r o u t e s  
a v a i l a b l e  t o  t h e  o i l  indus t ry  i n  Europe i n  the  next  15 years .  It 
was f e l t  t h a t  d i e s e l  f u e l s  produced by t h e  fol lowing r o u t e s  would 
be t y p i c a l  of what t h e  European market would s e e  i n  t h e  year  2000: 

(1) Atmospheric C vacuum d i s t i l l a t i o n  followed by c a t a l y t i c  
cracking 

(2) (1) C Visbreaking 

(3 )  (1) + Coking 

PRODUCT QUALITY 

The q u a l i t y  l i m i t s  assumed f o r  t h e  key products  a r e  reported i n  
Table 2. 



4. DISCUSSION OF RESULTS 

4.1 BASIS AND ASSUMPTIONS 

I n  l i n e  wi th  t h e  assumptions made and t h e  v a r i a b l e s  chosen f o r  t h e  
s tudy,  90 LP model runs  were made t o  s imula te  va r ious  combinations 
of product demands, crude s l a t e  and r e f i n e r y  conf igu ra t ions ,  w i th in  
t h e  l i m i t s  di.scnssed before.  

For each LP model run t h e  fol lowing d i e s e l  f u e l  q u a l i t y  parameters 
(which were assumed a s  v a r i a b l e s  of t h i s  s tudy) were assessed:  
cetane index, dens i ty ,  v i s c o s i t y ,  10%, 50% and 85% d i s t i l l a t i o n  
poin ts .  

Sulphur content  and cloud poin t  were not  v a r i a b l e s  f o r  t h i s  study. 
They were s e t  a t  0.3% max. and O°C re spec t ive ly .  I n  p a r t i c u l a r ,  i t  
must he s t r e s s e d  t h a t  t h e  use  of lower cloud po in t  l e v e l s  would 
d i r e c t l y  impact on t h e  conclusions reached r e l a t e d  t o  cetane 
q u a l i t y ,  dens i ty  and v i s c o s i t y .  I n  o rde r  t o  quant i fy  t h e  impact on 
these  parameters r e s u l t i n g  from t h e  use  of d i f f e r e n t  cloud po in t s  
f u r t h e r  LP model s t u d i e s  would be required.  

4.2 CETANE INDEX 

The LP models used incorpora te  t h e  l a t e s t  ve r s ion  of t h e  ASTM 
calcula ted  ce tane  Index. 

The cetane q u a l i t y  r e s u l t s  of t h e  90 LP model runs  a r e  s c a t t e r e d  
over a  r e l a t i v e l y  l a r g e  range. This  i s  the  r e s u l t  of t h e  l a r g e  
number of s i t u a t i o n s  assessed .  I n  p a r t i c u l a r ,  t h e  s tudy parameters 
which mostly a f f e c t e d  t h e  s c a t t e r  of ce tane  q u a l i t y  r e s u l t s  were 
t h e  crude s l a t e  and t h e  r e l a t i v e  demand of d i e s e l  f u e l  compared t o  
o ther  d i s t i l l a t e s .  

It  should be recognized t h a t  t h e  cases  s tudied  r ep resen t  va r ious  
r e a l  s i t u a t i o n s  and a r e  not a  s e t  of a l t e r n a t i v e s .  The market 
demand f o r  d i e s e l  f u e l  has  t o  be met by ind iv idua l  r e f i n e r i e s  some 
of which w i l l  be  opera t ing  ou t s ide  of t h e  range of condi t ions  
represented by these  cases.  

The d i s t r i b u t i o n  of ce tane  index r e s u l t s  which emerged from the 
study i s  a s  follows: 

Cetane Level of 
Automotive Gas O i l  

% of LP MODEL Resu l t s  a t  o r  above 
given Cetane Level 



These r e s u l t s  a r e  c o n s i s t e n t  wi th  t r ends  observed from 1980 onwards 
of decreasing cetane index and increas ing  dens i ty  which r e f l e c t s  
t h e  increas ing  aromaticlnaphthenic na tu re  of the  gas o i l l d i e s e l  
f u e l  pool. The main reason f o r  t h i s  i s  the  inc rease  i n  conversion 
requi red  i n  r e f i n e r i e s  t o  meet t h e  ever  decreasing f u e l  o i l  demand. 
The e f f e c t  i s  s t ronges t  i n  t h e  year  2000 low throughput cases  5 and 
6 (Table 1)  where t h e r e  i s  t h e  lowest f u e l  o i l  demand and where 
t h e r e  i s  l e s s  p o s s i b i l i t y  t o  absorb i n t o  f u e l  o i l  high dens i tyfh igh  
aromatic  d i s t i l l a t e s  from c a t a t y l i c  c rackers  running a t  f u l l  
capac i ty  t o  meet mogas demand. 

Another important reason f o r  t h e  lower q u a l i t y  can be the  
processing i n  increas ing  amounts of naphthenic low sulphur crude 
o i l s .  It should be r e a l i z e d  t h a t  i nd iv idua l  r e f i n e r i e s  can d i f f e r  
s i g n i f i c a n t l y  depending upon t h e i r  circumstances. 

This  r e f l e c t s  average condi t ions  and c l e a r l y  t h e r e  a r e  s i t u a t i o n s  
where ind iv idua l  r e f i n e r i e s  w i l l  only be capable of producing 
automotive d i e s e l  f u e l  w i th  a ce tane  index lower than t h e  average 
and t h i s  w i l l  be highly dependant on crude q u a l i t y ,  processing 
c a p a b i l i t y ,  gas o i l f d i e s e l  f u e l  demand and t h e  r a t i o  between t h e  
two, t h e  q u a l i t y  requirement of the  gas  o i l  and t h e  p o s s i b i l i t y  t o  
segregate  both i n  the  r e f i n e r y  and i n  the  market. I n  t h i s  respec t  
t h e  r e s u l t s  shown above g ive  some i n d i c a t i o n  of what may be 
achievable.  

Assuming, i n  t h e  f i r s t  approximation, t h a t ,  w i th in  t h e  above 
r e l a t i v e l y  narrow range of ce tane  q u a l i t i e s ,  the  ce tane  index of a 
d i e s e l  f u e l  i s  comparable t o  i t s  ce tane  number, t h e  fol lowing 
i n d i c a t i o n s  emerge: 

- t h e  cetane q u a l i t i e s  of only 87% of t h e  cases  s tudied  a r e  
wi th in  t h e  cu r ren t  German s p e c i f i c a t i o n  (45 min.); 

- on t h e  o t h e r  hand, only 38% of t h e  cases  s tudied  would be 
wi th in  t h e  c u r r e n t  B r i t i s h  s p e c i f i c a t i o n  (50 min.); 

- a cetane l i m i t  of 47 min. (which is  r e p r e s e n t a t i v e  of o t h e r  
European s p e c i f i c a t i o n s )  would be i n  l i n e  wi th  only 67% of 
the  cases  examined. 

These r e s u l t s  i n d i c a t e  t h a t :  

- t o  ensure adequate a v a i l a b i l i t y  a t  acceptable  c o s t ,  f u t u r e  
European d i e s e l  f u e l  s p e c i f i c a t i o n s  should not  involve 
cetane index q u a l i t y  requirements above 44. 

The r e s u l t s  a r e  based on a s i n g l e  cloud po in t  l e v e l  of 0°C. 
The use of a lower cloud po in t  l i m i t  would r equ i re  the  use 
of l i g h t e r  f r a c t i o n s  which would f u r t h e r  reduce t h e  cetane 
q u a l i t y .  



- s i g n i f i c a n t l y  h igher  ce tane  index va lues  would r equ i re  
very s u b s t a n t i a l  r e f i n e r y  investments i n  new processes 
involving l a r g e  hydrogen--consuming technology f o r  t h e  
feeds tocks  t h a t  need co r rec t ion ,  and/or  would r e s t r i c t  
f l e x i b i l i t y  i n  s e l e c t i o n  of crude s l a t e s ,  which would e i t h e r  
e l imina te  t h e  cu r ren t  economic advantage of t h e  d i e s e l  f u e l  
ve r sus  mogas, o r  make i t  impossible  t o  meet f u t u r e  p ro jec t ed  
d i e s e l  f u e l  volume demands. 

4.3 DENSITY 

The dens i ty  r e s u l t s  of t h e  LP model runs vary i n  a  range which 
d i r e c t i o n a l l y  r e f l e c t  the  cetane index t r ends  reviewed above. I n  
f a c t ,  i n  s p i t e  of t h e  d i f f e r e n t  assumptions wi th in  each LP model, a  
good c o r r e l a t i o n  e x i s t e d  ( a s  expected) between t h e  cetane index and 
t h e  dens i ty  of the  d i e s e l  f u e l .  However, t h e  dens i ty  r e s u l t s  were 
s c a t t e r e d  over a  narrower range and i t  would appear t h a t  a  dens i ty  
range of 0.040 should be  f e a s i b l e ,  f o r  a  given cloud po in t  l e v e l  
and hence geographical  a rea lseason.  

This  r e l a t i v e l y  narrow range and t h e  l e v e l  of r e s u l t s  i s  not  
su rp r i s ing ,  a s  i t  was assumed t h a t  a l l  d i e s e l  f u e l s  would have t o  
meet a  cloud poin t  l e v e l  of  O°C. Of course the  assumption of a  
d i f f e r e n t  cloud poin t  l e v e l  would involve a  d i f f e r e n t  range of 
d e n s i t i e s ,  and would a l s o  a f f e c t  ce tane  q u a l i t y  and v i s c o s i t y  
l e v e l s .  

VISCOSITY 

The major i ty  of t h e  LP model v i s c o s i t y  r e s u l t s  were included i n  a  
range between 3.0 and 6.0 c s t .  a t  20°C. On t h e  b a s i s  of t h e s e  
r e s u l t s  i t  would appear t h a t  a  v i s c o s i t y  range of 3 c s t .  a t  20°C 
should be  feas i .b le  f o r  a  given cloud po in t  l e v e l  and hence 
geographical  area/season.  

DISTILLATION 

LP model r e s u l t s  f o r  t h r e e  p o i n t s  of t h e  d i s t i l l a t i o n  curve (10%, 
50%, 85%) were generated. The following t r ends  emerged: 

- 10% poin t :  the  major i ty  of  the  LP model r e s u l t s  were wi.thin 
210°C and 250°C. This  i s  cons i s t en t  wi th  t h e  cu r ren t  
European production. 

- 50% poin t :  t h i s  f u e l  c h a r a c t e r i s t i c  i s  n o t  p a r t  of any 
European s p e c i f i c a t i o n  but  i t  i s  used f o r  t h e  c a l c u l a t i o n  of 
t h e  cetane index. The major i ty  of t h e  r e s u l t s  of t h e  LP 
model runs was between 240°C and 290°C. 

- 85% poin t :  t h e  l a rge  major i ty  of t h e  r e s u l t s  were below 
350°C. 



CONCLUSIONS 

Trends i n  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 t h e  ranges l i k e l y  t o  be 
encountered i n  Europe have been assessed  f o r  t h e  period 1990-2000 
us ing  LP planning models. A range of r e f i n e r y  conf igu ra t ions ,  crude 
s l a t e s ,  import schemes, product demand p a t t e r n s ,  crude throughput 
and Heating Gas O i l  t o  Automotive Gas O i l  demand r a t i o s  have been 
inves t iga t ed  using a  t o t a l  of 90 LP model runs. 

THE RESULTS OBTAINED I N  THIS STUDY CLEARLY ILLUSTRATE THAT IT WILL 
NOT BE REALISTIC TO PREPARE A DIESEL FUEL SPECIFICATION WHICH WOULD 
BE APPLICABLE THROUGHOUT EUROPE; GEOGRAPHICAL AND SEASONAL 
DIFFERENCES MUST BE TAKEN INTO ACCOUNT WHICH ARE REFLECTED I N  THE 
LOW TEMPERATURE PERFORMANCE PROPERTIES AND THE RELEVANT RELATD 
CHARACTERISTICS. 

Since t h e  s tudy has  been based on a  s i n g l e  cloud po in t  of O°C the  
a p p l i c a t i o n  of a  lower l i m i t  would n e c e s s i t a t e  the  use of lower 
b o i l i n g  m a t e r i a l s  which would f u r t h e r  reduce ce tane  l e v e l  and 
in f luence  t h e  o t h e r  r e l evan t  p rope r t i e s .  

From t h e  s tudy da ta  the  fol lowing f u r t h e r  conclusions can be drawn: 

Cetane - t h e r e  is a  c l e a r  t rend  t o  lower cetane l e v e l  up t o  
t h e  year  2000 due t o  t h e  increased  conversion requi red  
i n  European r e f i n e r i e s .  

- t h e  q u a l i t y  of nea r ly  90% of t h e  cases  s tudied  i s  
wi th in  t h e  cu r ren t  German s p e c i f i c a t i o n  (45 min.); 

- l e s s  than 40% of t h e  cases  s tudied  would be  wi th in  the  
cu r ren t  B r i t i s h  s p e c i f i c a t i o n  (50 min.); 

- expensive r e f i n e r y  techniques t o  improve s i g n i f i c a n t l y  
the  cetane l e v e l  above t h a t  expected a r e  not  y e t  
commonly a v a i l a b l e  and could e l imina te  t h e  cu r ren t  
economic advantage of d i e s e l  f u e l  ve r sus  motor gasol ine  
a t  cu r ren t  t a x  s t r u c t u r e s .  

Density - t h e  r e s u l t s  i n d i c a t e  t h a t  a  dens i ty  range of 0.040 
should be  f e a s i b l e ,  bu t  t h e  abso lu te  va lues  t o  be 
appl ied  w i l l  be a  func t ion  of geographical  and seasonal  
f a c t o r s .  

A s  an i l l u s t r a t i o n ,  a t  a  cloud poin t  of 0°C a l l  of the  
da ta  generated by t h e  LP runs f a l l  w i th in  a  range 
between 0.825 t o  0.865; o t h e r  abso lu te  va lues  w i l l  
apply f o r  d i f f e r e n t  cloud po in t s .  



Viscos i ty  - t h e  r e s u l t s  i n d i c a t e  t h a t  a  v i s c o s i t y  range of 3 c s t  
a t  20°C should be feasi .ble .  

- t h e  major i ty  of t h e  LP model v i s c o s i t y  r e s u l t s  a t  a  
cloud po in t  of 0°C a r e  included i n  a  range between 
3.0 and 6.0 c s t  a t  20°C; 

V o l a t i l i t y  - t h e  major i ty  of t h e  10% point  r e s u l t s  was wi th in  
210°C and 250°C; 

- most 85% po in t  r e s u l t s  were below 350°C; 



TABLE 1 

CRUDE INPUT AND PRODUCT DEMANDS 

YEAR 2000 (106 TONNES) 

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6 

To ta l  O i l  Demand 440 440 440 440 3 80 380 
Product Imports 3 5 3 5 35 35 7 0 70 
To ta l  Refinery Demand 405 4 05 405 405 310 3 10 

Feedstocks (Atm. Resid) - - 2 5 25 - 
Tota l  Crude 4 05 405 380 9 380 310 310 
Low Sulphur Crude ht\ 180 * 90/90** 2:t-l.c 180' * 90/90** 41 130 * 65/65"" 
Medium Sulphur Crude &l '  169 169 150 '$"\ 150 h1135 135 
High Sulphur Crude L, c, 56 5 6 50 \ z 5 0 \ L \  45 45 

Product Demand on Ref ine r i e s  

LPG 
Mogas 
Kerosine 
Naphtha 
Auto Gas O i l  
Heating Gas O i l  
Inland Fuel O i l  
Bunker Fuel O i l  and 
Black Products 

0 A l l  f i g u r e s  i n  b racke t s  a r e  allowed t o  f l o a t  t o  maximise t h e  middle d i s t i l l a t e  
pool.  

* 100% Brent 

** 50150 Brent /Nigerian Forcados 

Medium Sulphur Crude - Arab Light 
High Sulphur Crude - Arab Heavy 



TABLE 2 

QUALITY LIMITS OP KEY PRODUCTS 

MOGAS (EEC Unlesded Grade) HEATING GAS OIL 

Rel. Density at 15'C - 0.875 mex 
Sulphur - 0.3Xvt. mex 
Cloud - O°C 
Mid B. Pt. - To be reported 
Cetane Index - 40 min 
Viaeoeity - 7.5 cSt msx at 20°C 

$'izzE OIL INLAND N E 1  OIL 

Rel. Density - 0.993 Max 
Viacoaity - 40 cStmax at 100V 
Sulphur - 4.0% wt. mnx 

Denaity - 1.005 owr 
Viscosity - 40 cSt max at 100DC 
Sulphur - 2.5% wt. men 

AUTOMOTIVE GAS OIL 

Relative Density - To be reported 
Sulphur - 0.3% wt. mnx 
Cloud 
10% Evep. - TO be reported 
50% Evap. - To be reported 
85% Evap. - To be reported 
Cetnne Index - To hc reported 
Viecosity 

IMPORTS 

Atmospheric Residue 

Density - 0.985 
Viecosity 

I - 40 cst at 100'C 
Sulphur - 3.52: wt. I 




