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ABSTRACT 

Ihis report gives details of a study carried out at the request of the EEC liorking Group: 
Evolution of Regulations - Global Approach (ERGA). The study assesses the impact of 
reducing or eliminating lead in gasoline and considers the ultimate situation, ten to 
fifteen years after the introduction of unlcaded gasoline, when only unleaded gasoline$ 
are being manufactured. Computer models of refineries incorporating the latest refining 
technology are used to predict the optimum octane number far unlevded gasoline which will 
minimise total energy consumption. The report explores the variation of this optimum us 
the porameters of the base case are varied. The report also coments an the accompanying 
changes in gasoline composition and the way this will influence automotive exhaust 
emissions. 

In dit rapport wordt een gedetvillccrd verslvg gcgcven van een onderzoek uitgevocrd op 
uitnodiging van de EEG-werkgroep: Evalutic van Vaorscliriften - Denadering op liereldnivcvu 
(ERGA). Vustgcsteld wordt welke invloed vermindering van het loodgehalte in benzine of 
tatvlc verwijdering van laod uit benzine heeft. Er valgt een bcsprcking van de uiteindelijlre 
rituotic tien tat vijftien jaar na invoering van de ccrstc loodvrije benzine, wancer 
uitsluitend nog loodvrije benzine zul worden geproduceerd. Net behulp van computetmodellen 
van raffinadcrijen wvar valgens de modcrnste technologie wordt gowcrkt wordt een prognosc 
gestcld voor het optimale octvanptai van loodvrije benzine dut zal leidcn tot e m  stcrk 
terugdringen van het energieverbruik. Aan do hand van vvristies van de uitgangsparamctcrs 
wordcn verschillende wvvrdcn "oar het optimalc octaangctal onderzocht. Ook wordt camcntvvr 
gelevcrd op de hiermec gcpvnrd gvnnde vervndcringen in de samcnstellinp, van bcnzinc en 
besproken op wclke wijzc de sumcnstellinp, van uitlaataasscn van auto's hicrdoor zul wordcn 
bcinvloed. 

Diaser Bericht enthilt Elnrclheitcn iiber cine irn Auftrng der EG-Arbeitsgruppe fiir die 
Entwicklung von Richtlinien uuf weltweiter Ebenc (EIlGA) durchgeflihrte Studie. In dieser 
Studie werdcn die Auswirkungen der Ahsenkung sowie der ginzlichen Eliminieung vac Ulci aus 
Ottokrafrrtoffen bctrochtet wcnn nach zen bis fiinf7.ehn Jahren nach drr EinfGlirung von 
unverl~lcitcm Renzin nur noch blcifrei Kraftetoff hergestellt wird. Mit Hilfe von 
Ilaffinericaadelirn die den letiten tachnischen stand beriicksichtigcn wird die optimsle 
Oktunzahl fiir unverblcitcs nenrin ermittclt. Dcr Gesamt-Energievcrhmuch wird dabei 
minimiert. Es wird untcrsucht, welche Ahweichungen von diesern Optimalwert bei Verinderungen 
der dem Elodell zugiundc 1iq;endcn Ausgangsperurneter resultieren. Ausscrdem wird auf die 
damit cinheigehcnden Anderungan dcr Benrinzusainmensetzung und auf ihre Folgewirkungen flir 
die Abgasemissioncn von Kraftfnhrzcugcn eingegangsn. 



Ce rapport d o m e  les d6tails d'unc Stude effecruie 3 In demande du groupe de travail de in 
ECC: Evolution de RGglementntions - Approcl~e Globale (ERGA). Cette etude Evalue l'impact dc 
In riductian ou de lo suppression du plomb d a m  l'essence et examine lu situation finale, 
dix 'a quinre ans apr'es l'introduction de l'essence snna plomb, lorsquc seules des essences 
sans plomb serant fahriquies. Des sirnulations sur ordinvteur de roffineries utflisant les 
tcclrniques de rnffinage les plus modcrnes ant Et6 utilisics pour pridirc le dcgri d'octanc 
optimal de l'essence sans plomb qui pcrmettra de minimiser lo eansommvtion torule 
d'inergie. Le rapport examine les variations de cettc vnlcur optimale en fonction dcs 
flucteations den parmetres du cns de base. Le rapport commentc cnfin les modifications de 
lu composition de l'essence qui s'cnsuivent et leura eansiqucnces sur lcs Bmissinns de gaz 
d'gchappement des autonobilcs. 

Este informe praporciona 10s detvlles de on cstudio reolizado a petici6n del grupo de 
trabvjo de la CEE: Evoluci6n de Reglamentos - Aproximaci6n Global (ERGA). El estudio evvlua 
el impscto de in rcducci6n o eliminaei6n del plomo cn lu gasoline y ponder. 1. situuci6n 
final diez o quince aAos despuis de la introducci6n en el mercado de gosolina exentn de 
plomo, cuando solomente se fvbrique este tipo de gasoline. Sc ubilizan madelos 
conputerizados de refinerias, incorporando la tecnologia mis avanzada de refinado para 
prever el nGmero 6ptimo de octanos de una gasolina exenta de plomo que pueda reducir a1 
minimo el cansumo total dc energia. El informe envmina 1.1 uariaci6n de este valor 6ptimo u 
rnedida quc varian 10s pvr5rnetras del cvso base. El infarme tvmbiin carnentv 10s canbios que 
se producen en la composici6n de lo gesolina y la milnrrn en que este FcnSmena influiri 
sabre 10s gases que salen de 10s tubos dc escape de 10s autom6viles. 

I1 rapporto fornisce dettvgli di "no stud30 eseguito su richiestv del Gruppo di lavora CLE: 
Evoluziane di Normetive - Acccsso Globalc (ERGA). 1.0 studio procura vvlutazioni delle 
irnplicazioni della riduzione od eliminazione del piomba contenuto nclle benzine ccilete, e 
fornisce cansiderazioni sulla siruazione finale, died-quindici anni dopo l'intindurlane 
delle benzine escnti da pianbo, qualora si producano esclusivarncnte benzine non etilacc. 
Avvelendosi dell'ausilio di elvboratori elettronici, vengano creati dei modelli di 
raffinerie impieganti le tecnola~ie di rafIinazione pi> rcceeti. a110 scopo di anticipare 
il numero di ortano attimnle per benzine non etilate, the riduca ad un minimo il consumo 
totale de energia. Inoltre ni esamina la variariane di tale numcra ottimale o l  variare del 
parametri del cvso base. I1 rapporto contiene inaltre osservazioni concernenti i 
cambiamcnti implicvti rtguardanti la composizione delln benzina e l'influenzo che ci5 
svrebbe aulle emissioni di gas di searico degli autamezzi. 
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SUMMARY AND CONCLUSIONS 

At the request of the EEC Working Group: Evolution of Regulations - 
Global Approach (ERGA) a study has been performed by CONCAWE to 
assess the impact of reducing or eliminating lead in gasoline. The 
study considers the ultimate situation, 10 to 15 years after the 
introduction of unleaded gasoline, when only unleaded gasolines are 
being manufactured. 

The assessment has been made against a base case in which 
refineries, equipped with processes likely to be in common use at 
that time produce gasolines representing the average EEC 1983 
market pattern containing 0.4 gPb/l. Therefore, it must be realised 
that neither the base case nor any of the scenarios reflect the 
current situation in any specific European country. The technical 
facilities assumed in the computer models are not representative of 
current refineries. Consequently, care must be taken in 
interpreting the results with respect to specific countries or with 
respect to any situation in the near future. 

Ilsing three different computer models of refineries incorporating 
latest refining technology the investigation led to the following 
conclusions concerning the production of low and unleaded 
gasolines: - 

1. The optimum octane number for unleaded gasoline to minimise 
total energy consumption (taking into account both the fuel 
consumption of the vehicle and energy consumption in the 
refinery) is 94.5 RONl84.5 MON for a CEP = 1.0 (that is, for 
a Car Efficiency Parameter representing a 1.0% wt increase 
in gasoline consumption for each unit reduction in octane 
number). The total extra energy required at this optimum in 
comparison to the base case is 44 tonnes of crude oil11 000 
tonnes of gasoline. 

A single grade unleaded gasoline at the optimum octane 
number would not only provide firm guidance to the motor and 
petroleum industries, but would also considerably ease 
problems during the transition from leaded to unleaded 
gasolines. 

2. The optimum octane number for unleaded gasoline for 
minimising the mptorist's fuel costs is one octane number 
below the energy optimum. The extra cost at the cost optimum 
in comparison to the base case is 19 X 103 $/l 000 tonnes of 
gasoline. 

3 .  Energy requirements and cost both increase very steeply at 
an octane number of about 96 RON/86 MON. Above this level it 
rapidly becomes technically infeasible to produce a single 
grade gasoline in the necessary quantities. 



4. The investigations have shown that the case with unleaded 
gasoline of 98 RONI88 MON premium grade quality in 
combination with a regular grade of 92 ~0N/82 MON is not a 
viable option. The maximum amount of this premium is 30% for 
one refinery configuration included in the study and 
significantly lower than this in the other models. The 
results show that many of the current refineries will he 
unable to manufacture this grade in any significant 
quantities, even after investment. 

When applying the results of this study to a dual grade 
market it must also be realised that neither the motor 
industry nor the petroleum industry have means to forecast 
and control the grade ratio in a dual grade system. 
Therefore, a dual grade system makes optimisation very 
difficult and dependent on customers' reactions. Also, the 
transition from leaded to unleaded gasoline would be much 
more complicated in a dual grade system. 

5. Reducing the lead content from 0.4 g ~ b / l  in the base case 
to 0.15 g Pb/l without changing octane levels and grade 
split leads to an increased energy usage of 22 tonnes crude 
oil11 000 tonnes of gasoline. The investments necessary to 
achieve this amount to 14-29 x 103 $/l 000 tonnes of 
gasoline. However, it must be realised that these 
investments do not necessarilv cover the same type of 
equipment required for the unleaded cases. Therefore this 
scenario cannot be considered as an interim step towards 
unleaded gasoline. 

6 .  Moving to unleaded gasoline will change the composition of 
the gasoline, for example, the benzene and aromatics 
contents will be increased. At the current state of emission 
control this can negatively influence automotive exhaust 
emissions. Therefore, the introduction of unleaded gasoline 
may need to he combined with appropriate emission control 
measures, especially for hydrocarbon emissions. 

7. All octane numbers mentioned in this study describe gasoline 
quality in the refinery. For guaranteed quality at the pumps 
appropriate margins must be subtracted. These vary from 
country to country. 



INTRODUCTION 

Private transport consumes a significant part of the total energy 
used in Europe (currently around 11%). Virtually all fuels 
currently used for private transport in Europe are derived from 
crude oil and the share on total crude oil utilisation (currently 
around 20%) is rising. Both spark-ignition engines, fuelled mainly 
by gasoline, and diesel engines fuelled by diesel fuel are used for 
private road vehicles. Gasoline-propelled vehicles account for more 
than 95% of private vehicles in Europe, the rest being mainly 
diesel-propelled vehicles. 

One way of reducing fuel consumption in the passenger car is 
through engine design changes, but these may also affect gasoline 
quality requirements. Conversely, changes of gasoline quality and 
composition may require changes in engine design, which, in turn, 
may affect fuel consumption. Measures directed towards protection 
of the environment, i.e. emission control, which involve design 
changes in engines or associated equipment, or regulations 
affecting the composition of gasoline, i.e. the lead content, may 
lead to higher fuel consumption in the engine and also to the use 
of more crude oil in the manufacture of the gasoline. There is, 
therefore, a complex inter-relationship between total energy 
consumption, economics, gasoline quality, engine design and 
emission control. 

At the request of the EEC Commission the ERGA Group (ERGA = 

Evolution of Regulations - Global Approach) is studying the 
possibilities for and the consequences of enhanced automotive 
emission control and of the reduction or elimination of lead in 
gasoline. CONCAVE has been asked by ERGA to provide information on 
the impact on energy consumption and the economic consequences of 
reduci.ng or eliminating lead in gasoline. This paper provides this 
assessment. 





2. OBJECTIVE AND METHODOLOGY 

a )  S c e n a r i o s  

ERGA h a s  d e f i n e d  a  number of  s c e n a r i o s  as shown i n  T a b l e  1 
f o r  which i n f o r m a t i o n  on t h e  e n e m y  cons~ lmpt ion  and economic - 
consequences  h a s  been r e q u e s t e d .  

T a b l e  1: ERGA S c e n a r i o s  

Base c a s e  

ERGA s c e n a r i o  

I 

I I 

I11 

I V  

v 

100% 

100% 

100% 
max. 

poss .  b a l a n c e  

D e t a i l s  of  t h e  d e f i n i t i o n s  of  t h e s e  s c e n a r i o s ,  e s p e c i a l l y  
o t h e r  q u a l i t y  c h a r a c t e r i s t i c s  of  t h e  g a s o l i n e ,  a r e  g iven  i n  
Appendix I .  These  s c e n a r i o s  do n o t  r e p r e s e n t  t h e  e v e n t u a l  
c h o i c e  of  a l t e r n a t i v e s  b u t  d e s c r i b e  ex t remes  which e n a b l e  
t h e  consequences  f o r  any f e a s i b l e  s o l u t i o n  t o  b e  a s s e s s e d .  
I n  view of  t h e  impor tance  of  t o t a l  ene rgy  consumption,  
CONCAWE h a s  added i n f o r m a t i o n  f o r  t h e  c a s e  a t  which t o t a l  
ene rgy  consumption i s  a t  a  minimum - t h e  s o - c a l l e d  "optimum 
o c t a n e  number". Also ,  p r e l i m i n a r y  s t u d i e s  i n d i c a t e d  t h a t  no  
c o n s i s t e n t l y  v a l i d  i n f o r m a t i o n  cou ld  b e  p rov ided  on t h e  
98/88 - 92/82 (RON/MON) d u a l  g r a d e  s c e n a r i o  ( V ) .  T h e r e f o r e ,  
CONCAWE dec ided  t o  add a n o t h e r  d u a l  g r a d e  s c e n a r i o  i n  o r d e r  
t o  e n a b l e  f u r t h e r  a n a l y s i s .  T h i s  d u a l  g r a d e  c a s e  c o n s i d e r s  a  
96 ~ 0 N / 8 6  MON premium g r a d e  and a  92 RON/82 MON r e g u l a r  
g r a d e  a t  t h e  c u r r e n t  g r a d e  s p l i t  of  75:25. 

I t  must b e  r e a l i s e d  t h a t  n e i t h e r  t h e  b a s e  c a s e  n o r  any of  
t h e  s c e n a r i o s  r e f l e c t  t h e  c u r r e n t  s i t u a t i o n  i n  any s p e c i f i c  
European c o u n t r y  b o t h  w i t h  r e s p e c t  t o  g r a d e  s p l i t s  and 
r e f i n e r y  f a c i l i t i e s .  



b) Assumptions 

All investigations have been performed for the ultimate 
situation when the whole car population has been converted 
to the new grade(s). For all unleaded scenarios this 
situation will only be reached some 10 to 15 years after the 
introduction of cars designed to run on unleaded gasolines. 
No information has been developed in this report on the 
consequences and difficulties during the transition period. 
However, it should he recognised that the transition period 
will require careful examination. 

CONCAWE has performed the investigation under the assumption 
of a constant mileage covered in all cases, expressing all 
results as differences in energy, cost etc. versus the base 
case for a mileage covered on 1 000 tonnes of gasoline in 
the base case. This approach, which provides directly 
comparable data has been used in previous studies and is 
explained in more detail in Appendix I. 

Energy consumption and cost in each scenario is not only 
influenced by the need to replace, by more severe 
processing, the octanes lost by the reduction or removal of 
lead but also by the differences in the gasoline consumption 
of engines designed for various octane levels. The 
relationship between octane number and fuel consumption is 
described by the Car Efficiency Parameter, CEP (For details 
see Appendix I). A CEP of 1.0 wt % gasoline/octane number has 
been used in the calculations. Sensitivity studies for CEP 
0.5 and 1.5 have also been performed. 

One possibility to increase the octane quality of gasoline 
is the use of oxygenates such as methanol, TBA (Tertiary 
Butanol) or MTBE (Methyl-Tertiary-Butyl-Ether). Because of 
the limited availability of these components in Europe 
during the period in question, ERGA advised not to include 
the use of these components in the computations. 
Nevertheless, Appendix 111 provides relevant information as 
requested by ERGA. 

c) Computations 

CONCAWE has used three different computer models 
representing different conversion refineries. These allowed 
the use of the most modern refinery processes such as low 
pressure continuous catalytic reforming, hydrocracking etc. 
and incorporated latest advances.in catalyst technologies, 
energy conservation techniques etc. Details of the underlying 
assumptions are provided in Appendices I and 11. 



I n  o rde r  t o  v e r i f y  r e s u l t s ,  energy ba lances  f o r  t h e  94 
RON/84 MON unleaded case v s  t h e  base  case have been 
ca l cu la t ed  by s i x  o t h e r  p a r t i c i p a n t s  us ing  t h e  same 
underlying assumptions i n  t h e i r  own computer models. 

A l l  octane numbers desc r ibe  gaso l ine  q u a l i t y  i n  t h e  
r e f i n e r y .  For guaranteeing q u a l i t y  a t  t h e  pumps appropr i a t e  
margins must be subt rac ted .  

For those  not  f a m i l i a r  wi th  t h e  terms used i n  t h i s  r epor t  
Appendix V 1  conta ins  a  g lossary  of terms. 





RESULTS 

A l l  r e s u l t s  a r e  given a s  t h e  average va lues  of t h e  t h r e e  s e t s  of 
r e s u l t s .  D e t a i l s  regarding t h e  v a r i a t i o n  of t h e  ind iv idua l  r e s u l t s  
can he found i n  Appendix 11. 

a)  To ta l  Energy consumption 

Figure 1 shows t h e  r e s u l t s  f o r  t o t a l  energy consumption and 
f o r  t o t a l  cos t  i n  g raph ica l  form. The octane number a t  which 
t o t a l  energy consumption f o r  p r i v a t e  t r anspor t  i s  a t  a 
minimum is  94.5 RONl84.5 MON. A t  t h i s  minimum t h e  a d d i t i o n a l  
energy consumption v s  t h e  base  case  amounts t o  44 tonnes of 
crude o i l 1 1  000 tonnes of gasol ine .  Energy consumption 
inc reases  very s t e e p l y  a t  a pool octane number of about  
96 RON/86 MON and i t  r a p i d l y  became t e c h n i c a l l y  i n f e a s i b l e  
t o  manufacture octane pools  above t h i s  l e v e l  i n  a l l  t h r e e  
r e f i n e r i e s .  Regarding octane numbers, t h e  s tudy p r i n c i p a l l y  
assumes a s e n s i t i v i t y  of 10. However, e s p e c i a l l y  a t  h igher  
octane numbers s e n s i t i v i t y  tended t o  exceed 10. I n  t h e s e  
cases ,  c a l c u l a t i o n s  have been based on t h e  def ined  MON. 

The information i n  Figure 1, r e f e r s  t o  pool octane number, 
which i s  equiva lent  t o  a s i n g l e  grade. Appendix I V  d i scusses  
t h e  r e l a t i o n s h i p  between pool octane numbers and dua l  grade 
(premiumlregular) systems. 

A s  shown i n  d e t a i l  i n  F igure  3 and discussed i n  Appendix 11, 
t h e  v a r i a t i o n  of r e s u l t s  between t h e  t h r e e  computer models 
is r e l a t i v e l y  small .  The i n d i v i d u a l  curves a r e  s i m i l a r  i n  
shape and do not  show any s i g n i f i c a n t  v a r i a t i o n  wi th  r e spec t  
t o  t h e  optimum octane number. The check p o i n t s  a t  
94 RON/84 MON unleaded pool  by 6 o t h e r  p a r t i c i p a n t s  confirm 
t h e  v a l i d i t y  of t h e  r e s u l t s  from t h e  t h r e e  computer models. 

In  comparison wi th  previous CONCAVE s t u d i e s  (1) t h e r e  a r e  
s i g n i f i c a n t  changes; t h e  optimum octane number increased  
from 92 RON/82 MON t o  94.5 RONj84.5 MON, and t h e  r e s p e c t i v e  
energy d e b i t  decreased from 52 tonnes crude o i l 1 1  000 tonnes 
gaso l ine  t o  44 tonnes crude o i l 1 1  000 tonnes gaso l ine .  These 
changes r e f l e c t  t h e  progress  made i n  r e f i n e r y  technology 
from 1976 t o  1983 both wi th  r e spec t  t o  more energy e f f i c i e n t  
processes and w i t n  r e spec t  t o  more e f f e c t i v e  oc tane  
upgrading processes.  The s t e e p  inc rease  i n  crude o i l  p r i c e s  
during t h a t  period was t h e  e s s e n t i a l  element i n  t h i s  
development. It  should a l s o  be  remembered t h a t  t h e  computer 
models a l ready conta in  t h e  l a t e s t  technology, which i s  only 
j u s t  being introduced and w i l l  be  t h e  s t a t e  of t h e  a r t  i n  
t h e  medium term. S i g n i f i c a n t  r e f i n e r y  investment w i l l  be  
requi red  i n  most r e f i n e r i e s  t o  reach t h i s  s t a t e .  



Figure 2 gives the result of the investigations into the 
effect of various CEP values on total energy consumption. 
Reducing the CEP from 1.0 wt % gasoline consumption/octane 
number to 0.5 reduces the optimum octane number for minimum 
energy usage from 94.5 RONl84.5 MON to 93 RON/83 MON. An 
increase of CEP to 1.5 increases the optimum octane number 
to 95.5 ~ON185.5 MON, which brings it close to the 
technically feasible limit. Further, total energy 
consumption increases with increasing CEP. 

b) Costs 

Figure 5 shows the additional investments required for the 
various scenarios together with the range of investments 
indicated by the three computer models. Investment 
progressively increases with increasing octane number. 

Figure 4 shows the motorists' additional fuel costs due to 
the production of unleaded gasoline for the various cases. 

As far as costs are concerned, all computations include 
those elements which are caused by the octane upgrading 
processes in the refineries and by the additional fuel 
consumption of cars at different octane levels. It does not 
include any elements reflecting additional cost for the 
distribution of unleaded gasoline nor does it include cost 
reflecting the changes of engines for emission control and 
different octane levels. 

The optimum octane number for unleaded gasoline at a 
CEP = 1.0 for covering constant mileage at minimum 
motorists' additional fuel cost is about one octane number 
below the optimum for energy. The additional cost over the 
base case at this octane level is 19 X 103 $/l 000 tonnes of 
gasoline. This figure includes the cost differences for the 
respective use of crude oil, the savings for eliminating 
lead alkyls and the capital charges for additional 
investment. Again the curve shows a very steep increase at 
around 96 RONl86 MON. 

At the current consumption of gasoline in the EEC of about 
80 X 106 tonnes per year, investments range from 
1 120 x 106$ to 4 560 X 106$ and additional motorists' fuel 
costs range from 968 X 106$ to 1 960 X 106$ for the various 
scenarios. 

C) Specific scenarios 

Based on these computations, Table 2 contains all results 
requested by ERGA for the various scenarios and f n u  the two 
additional CONCAVE cases. The differential values for total 
energy consumption and total cost for the unleaded single 
grade cases have been extracted from the information 
compiled in Figure 1. 



For  t h e  d u a l  g r a d e  s c e n a r i o s ,  namely I ,  V and A ,  s p e c i a l  
computa t ions  have  been  performed,  o p t i m i s i n g  r e f i n e r y  
o p e r a t i o n s  f o r  each  c a s e .  A s  f a r  a s  S c e n a r i o  V (dua l  g r a d e  
a t  98 RONf88 MON premium, 92 RON/82 MON r e g u l a r )  i s  
concerned ,  t h e  i n v e s t i g a t i o n s  i n d i c a t e  a n  a v a i l a b i l i t y  of  
l e s s  t h a n  maximum 30% premium g r a d e  w i t h  70% r e g u l a r  g rade .  
Although t h e  premium grade  meets  a l l  of t h e  q u a l i t y  
c h a r a c t e r i s t i c s  d e f i n e d  bp ERGA, t h e  compos i t ion  of  t h i s  
premium g r a d e  i s  r a t h e r  u n u s u a l .  S i n c e  t h e  b l e n d i n g  v a l u e s  
used have n o t  been v e r i f i e d  f o r  t h i s  compos i t ion ,  t h e  
r e s u l t s  must b e  c o n s i d e r e d  w i t h  c a u t i o n .  I n  any c a s e  i t  i s  
impor tan t  t o  n o t e  t h a t  even w i t h  inves tment  many of  t h e  
e x i s t i n g  r e f i n e r i e s  w i l l  n o t  be a b l e  t o  manufac tu re  t h e  
98 RON/88 MON premium grade  a t  t h e  30% s h a r e ,  o r  even a t  
a l l .  

The d i f f e r e n t i a l s  f o r  r e f i n e r y  i n v e s t m e n t s  q u o t e  t h e  range  
o b t a i n e d  i n  t h e  t h r e e  computer models. Necessa ry  inves tment  
w i l l  depend v e r y  much on t h e  s p e c i f i c  s i t u a t i o n  of  each 
r e f i n e r y  and,  t h e r e f o r e ,  c o n s i d e r a b l e  v a r i a t i o n  below and 
above t h e  r a n g e s  quoted i n  t h i s  s t u d y  can  be  e x p e c t e d .  It 
must a l s o  b e  r e a l i s e d  t h a t  t h e  r e f i n e r y  i n v e s t m e n t  quoted 
f o r  each s c e n a r i o  r e f e r s  t o  s i g n i f i c a n t l y  d i f f e r e n t  
equipment.  A t  o c t a n e  numbers below t h a t  of t h e  b a s e  c a s e ,  
e s p e c i a l l y  S c e n a r i o  11, i t  r e p r e s e n t s  equipment r e q u i r e d  t o  
produce a d d i t i o n a l  volumes of  g a s o l i n e .  Tn view of  t h e  
c u r r e n t  e x c e s s  r e f i n e r y  c a p a c i t y  i n  Europe i n v e s t m e n t  may 
n o t  be  r e q u i r e d  a t  most r e f i n e r i e s  f o r  t h e s e  c a s e s .  For  t h e  
c a s e s  of  o c t a n e  numbers above t h e  c u r r e n t  un leaded  p o o l  
o c t a n e  number, i . e .  S c e n a r i o s  111, TV and V ,  i n v e s t m e n t s  
mainly  r e p r e s e n t  equipment r e q u i r e d  f o r  upgrad ing  o c t a n e  
q u a l i t y .  Excess  c a p a c i t y  c u r r e n t l y  p r e s e n t  i n  many 
r e f i n e r i e s  does  n o t  n e c e s s a r i l y  cover  even p a r t s  of  t h i s  
inves tment  a s  t h e  a p p r o p r i a t e  type  of upgrad ing  p r o c e s s  i s  
e s s e n t i a l .  I n  f a c t  t h e  range  of i n v e s t m e n t s  i n d i c a t e d  i n  
Tab le  2  may b e  on t h e  lower s i d e  because  many r e f i n e r i e s  i n  
Europe a r e  n o t  equipped w i t h  t h e  r a t h e r  modern and e f f i c i e n t  
p r o c e s s e s  assumed i n  t h e  Base Case of t h e s e  computa t ions .  

d )  Aromat ics  and benzene c o n t e n t  

Table  2 a l s o  l i s t s  t h e  d i f f e r e n t i a l s  f o r  t h e  c o n t e n t  of 
a r o m a t i c s  and benzene f o r  t h e  v a r i o u s  s c e n a r i o s ,  more 
d e t a i l s  b e i n g  i n c l u d e d  i n  Appendix 11. The d i f f e r e n t i a l s  
have been c a l c u l a t e d  from t h e  average  v a l u e s  of  t h e  t h r e e  
computer models.  Moving t o  h i g h e r  o c t a n e  p o o l s  i n  a l l  c a s e s  
i n c r e a s e s  t h e  amount of a r o m a t i c s  and benzene.  However, 
r e g a r d i n g  c u r r e n t  r e f i n e r y  s t r u c t u r e  i n  Europe t h e  r e s u l t s  
of  t h i s  s t u d y  t e n d  t o  u n d e r s t a t e  t h e  e f f e c t  of  l e a d  
r e d u c t i o n .  E s p e c i a l l y  i n  hydroskimming r e f i n e r i e s  and 
r e f i n e r i e s  w i t h  s m a l l  convers ion  c a p a c i t y  t h e  i n c r e a s e s  bo th  
of t h e  a r o m a t i c s  c o n t e n t  and t h e  benzene c o n t e n t  w i l l  b e  
s i g n i f i c a n t l y  h i g h e r  than i n d i c a t e d  i n  T a b l e  2 .  



e) Scenario I: Current gasoline quality at 0.15 g leadll. 

For Scenario I the investigations have shown that energy 
usage increases by 22 tonnes crude oil11 000 tonnes of 
gasoline, cost increases by 12 X 103 $/l 000 tonnes of 
gasoline, and the additional investment ranges between 
14 - 29 X 103 $/l 000 tonnes of gasoline. The investments 
required for this case to upgrade octane quality over the 
base case do not necessarily cover the same type of 
equipment as that required for unleaded gasoline. Therefore, 
from a technical/economic viewpoint this scenario should not 
be considered as an interim case towards unleaded gasoline. 

Table 2: Results for ERGA and CONCAWE Scenarios 

Scenarios: 

ERGA 

Additional 

Lead gll man. 

RON min. 

MON min. 

I of gasoline pool: 

Premium grade 

Regular grade 

A Energy (a) 

tll 000 : 

A cos: (b) 

$x1O3/l 000 t 

n Investment ( C )  

$x109/1 000 t 

Quality ehanae 

M 
A Aromatics, % vol. 

A Benzene, Y v o l .  

NIL 

92 

82 

100 

(a )  t crude per 1 000 t aasalinc in base case 

NIL 

94 

84 

100 

44.8 

-18.9 

24-38 

NIL 

96 

86 

100 

NIL 

98/92 

88/82 

NIL 

94.5 

0.1.5 

100 

- 

+44.3 

+19.3 

25-39 

. 

(b) US$ (1983) x i03 per l 000 t gasoline in base case. Includes capital charge, crude oil 

and operating costs. 

US$ (1983) x 10' per l 000 t of annual gasoline production in base case.  
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METHODOLOGY 

GENERAL APPROACH 

The study assesses the impact of lead reduction through the 
comparison of several scenarios versus a base case (see 2 and 3 
below). For all low lead and unleaded scenarios, the differences 
against the base case for total energy consumption, gasoline costs 
and investments for additional processes have been calculated. No 
costs or investments for additional or modified storage and 
distribution facilities for unleaded gasoline have been included. 
In addition aromatic and benzene contents of the gasoline pool of 
each scenario have been calculated. 

As with the previous RUFIT study, all calculations have been 
performed assuming that, regardless of the scenario, motorists will 
drive the same mileage. For each scenario the quantity of gasoline 
required to drive this mileage was calculated using three different 
CEP (Car Efficiency Parameter, defined in 4 below). The output of 
all other products was kept constant in the calculations. 

Differences in total energy requirement, i.e. gasoline consumption 
by the cars and energy consumption in the refineries have been 
expressed in equivalent tonnes of Arabian Light crude oil, for an 
output of 1 000 tonnes of gasoline in the Base Case. 

Investments and costs were calculated in terms of 1983 US dollars. 
Since there is a general trend in Europe towards increased 
conversion, the calculations have been carried out using three 
different computer models representing future European conversion 
refineries. The study covers only the ultimate situation, 10-15 
years after introduction of unleaded gasoline, without consideration 
to htermediate situations. It was also assumed that the facilities 
used in the refineries are representative of the most modern 
technology. 

In the unleaded case optimum octane numbers have been calculated 
both for energy consumption and cost. It must be stressed that 
these optima are the octane values at the refinery. 
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Base c a s e  

A l l  d e t a i l s  r e g a r d i n g  t h e  b a s e  c a s e  and t h e  a l t e r n a t i v e  s c e n a r i o s  
have been d i s c u s s e d  w i t h ,  and agreed  by ,  t h e  ERGA I T  Group. 

The b a s e  c a s e  c o n s i d e r s  a  d u a l  g r a d e  sys tem d e f i n e d  a s  f o l l o w s :  

Regular  Premium 

RON 9  2  98 

MON 82 88 

R a t i o  (%) 25 7  5  

Lead c o n t e n t  ( g P b / l )  0.4 

A RON, 100°C D i s t i l l a t e  max. 12 

S p e c i f i c  g r a v i t y  max. 0.78 

Vapour p r e s s u r e ,  b a r  max. 0 .7  

V o l a t i l i t y :  
Evapora ted  a t  100°C (v01 %) 50-65 
F i n a l  b o i l i n g  p o i n t  ('C) max. 210 

Aromat ics  (v01 %) t o  b e  r e p o r t e d  

Benzene (v01 %) t o  be  r e p o r t e d  

T h i s  r e p r e s e n t s  a  l e a d e d  poo l  o c t a n e  ( s e e  Appendix IV) of  
96.5 RONf86.5 MON 

Except f o r  l e a d  c o n t e n t ,  RON and MON, t h e  same d e f i n i t i o n s  
a r e  v a l i d  f o r  a l l  o t h e r  s c e n a r i o s .  

The f o l l o w i n g  p r o d u c t  s l a t e  is used i n  t h e  b a s e  c a s e :  

G a s o l i n e  25 w t %  

Midd les  d i s t i l l a t e s  41 wt% 

Heavy f u e l  o i l  21 wt% 

O t h e r  p r o d u c t s  13 wt% 

T o t a l  100 w t %  

Expressed a s  a  p e r c e n t a g e  of c r u d e  n i l  p r o c e s s e d ,  t h e s e  f i g u r e s  
w i l l  v a r y  i n  t h e  d i f f e r e n t  s c e n a r i o s  depending on t h e  amount of 
g a s o l i n e  r e l a t i v e  t o  t h e  o t h e r  p r o d u c t s  and depending on r e f i n e r y  
energy consumption (The tonnages  of  a l l  p r o d u c t s  e x c e p t  g a s o l i n e  
remain t h e  same i n  a l l  s c e n a r i o s . ) .  
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It should he noted that the gasoline characteristics are 
assumptions for the purpose of this study only and cannot be 
considered as specifications. Such specifications are set either by 
National Authorities or as a result of market forces and do not 
constitute part of this study. 

Alternative scenarios 

The following scenarios are investigated in this study in 
comparison to the base case: 

RON/MON 98/81 

Base case 75% 

poss. 4- 
Scenarios I to V are those agreed by the ERGA 11 Group. Scenarios A 
and B were added by CONCAVE because they believe that they will 
provide valuable information. 

, I I 

These scenarios represent a range of alternative situations to 
enable assessment of feasible solutions and obtain opti.ma for 
energy and cost in the case of unleaded gasoline. 

B 

It should be recognised that for conversion refineries operating at 
high octane numbers the Motor Octane Number may be the limiting 
factor and that Sensitivity (i.e. RON-MON) may exceed the value of 
10 assumed in the product characteristics. In those cases the 
calculations aim at meeting the MON as defined by the scenario. 

Optimum Octane Number 
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ENGINE RESPONSE TO OCTANE - CAR EFFICIENCY PARAMETER 

A c r i t i c a l  f a c t o r  i n  d e t e r m i n i n g  t h e  f u e l  consumption of a g a s o l i n e  
e n g i n e  i s  compress ion r a t i o :  t h e  h i g h e r  t h e  compress ion r a t i o ,  t h e  
lower  t h e  f u e l  consumption.  Compression r a t i o  a l s o  a f f e c t s  f u e l  
q u a l i t y  r equ i rement  of  t h e  e n g i n e :  t h e  h i g h e r  t h e  compress ion 
r a t i o ,  t h e  h i g h e r  t h e  o c t a n e  number r e q u i r e d  f o r  t h e  g a s o l i n e .  
Consequent ly  t h e r e  i s  a r e l a t i o n  th rough  compression r a t i o ,  between 
f u e l  economy and t h e  o c t a n e  q u a l i t y  of  a v a i l a b l e  g a s o l i n e .  The 
e n g i n e  f u e l  consumption w i l l  i n c r e a s e  a s  compress ion r a t i o  and t h e  
o c t a n e  q u a l i t y  d e c r e a s e .  

The Car E f f i c i e n c y  Paramete r  - CEP is  used  t o  d e s c r i b e  t h e  i n c r e a s e  
of e n g i n e  f u e l  consumption i n  we igh t  p e r c e n t  p e r  u n i t  d e c r e a s e  of 
o c t a n e  number. I n  c o n n e c t i o n  w i t h  t h e  o r i g i n a l  RUFIT s t u d y ,  t h e  
European c a r  i n d u s t r y ,  r e p r e s e n t e d  by CCMC, measured t h e  CEP of a 
number of  e n g i n e  models u n d e r  s t r i c t l y  comparable c o n d i t i o n s  of 
performance and e m i s s i o n  c o n t r o l .  A v a l u e  of  1.0 % w t  o f  
gasoline/RON was shown t o  b e s t  r e f l e c t  t h e  a v e r a g e  e n g i n e  r e s p o n s e  
t o  o c t a n e  numbers. 

No such s y s t e m a t i c  i n v e s t i g a t i o n  h a s  been performed s i n c e  and ,  
t h e r e f o r e ,  no  s p e c i f i c  d a t a  a r e  a v a i l a b l e  f o r  modern, more 
f u e l - e f f i c i e n t  e n g i n e s  mee t ing  advanced l e v e l s  of  e m i s s i o n  c o n t r o l .  

Consequent ly  on t h e  a d v i c e  of  t h e  ERGA I1 Group CONCAVE used a CEP 
o f  1% wt/RON f o r  t h e  whole o f  t h e  i n v e s t i g a t i o n s .  However, a s  CEP 
i s  a v i t a l  f a c t o r  i n  t h e  s t u d y ,  a s e n s i t i v i t y  s t u d y  h a s  been 
c a r r i e d  o u t  by a s s e s s i n g  t h e  impact  of  CEP of  1.52 and 0.5% wt/RON 
on t o t a l  ene rgy  consumption.  

REFINERY MODELS 

The l i n e a r  programming models used  by t h e  3 companies r e f l e c t  t h e  
l a t e s t  r e f i n i n g  p r o c e s s e s  such a s  low p r e s s u r e  c o n t i n u o u s  c a t a l y t i c  
r e f o r m i n g ,  hydrocrack ing  and r e c y c l e  t y p e  o p e r a t i o n s  such a s  
c a t a l y t i c  r e fo rming  of  c a t a l y t i c a l l y  c racked  naph tha .  P roduc t  
q u a l i t y ,  upgrad ing  e f f i c i e n c y ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  o c t a n e  
numbers, p roduc t  y i e l d s  and e f f i c i e n t  u s e  of  ene rgy  i n  t h e  
p r o c e s s e s  r e f l e c t  t h e  l a t e s t  r e f i n i n g  t echno logy .  The c o r r e l a t i o n  
f a c t o r s  used i n  t h e  computa t ions  a r e  p r o p r i e t a r y  t o  t h e  r e s p e c t i v e  
company arld hence a r e  v e r y  l i k e l y  t o  b e  d i f f e r e n t  from each  o t h e r .  

I n  t h e  c a l c u l a t i o n  i t  was assumed f o r  t h e  b a s e  c a s e  t h a t  t h e  
e x i s t i n g  r e f i n e r y  f a c i l i t i e s  were  f u l l y  u t i l i s e d .  

None of  t h e s e  assumpt ions  r e f l e c t  t h e  c u r r e n t  s i t u a t i o n  i n  Europe. 
However, For a s t u d y  l o o k i n g  10-15 y e a r s  ahead they  were  f e l t  t o  be 
r e a l i s t i c ,  t a k i n g  i n t o  accoun t  b o t h  t e c h n i c a l  developments  and t h e  
c o n t i n u i n g  r a t i o n a l i s a t i o n  of t h e  r e f i n i n g  i n d u s t r v  i n  Europe.  
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The assumed s i z e  of t h e  r e f i n e r i e s  i s  about 5 X 106 tonnes of crude 
o i l  pe r  year .  For l i n e a r  programming t h i s  assumption i s  u n c r i t i c a l .  
It  was l e f t  t o  t h e  r e s p e c t i v e  computer model t o  de f ine  t h e  r e f i n e r y  
conf igura t ion  f o r  each scena r io  by minimising c o s t  and energy 
usage. However, i n  order  t o  r e f l e c t  p r a c t i c a l  cond i t ions ,  some 
c o n s t r a i n t s  have been taken i n t o  account ,  e.g. i t  was assumed t h a t  
t h e  r e f i n i n g  f a c i l i t i e s  of t h e  base  case were a l s o  a v a i l a b l e  i n  t h e  
various scena r ios  and t h e  model had t o  f u l l y  u s e  t h e  base  case  
conversion c a p a c i t i e s ,  t hus  r e f l e c t i n g  t h e  t rend  towards inc reas ing  
conversion. 

Furthermore, t h e  s i z e  of any new f a c i l i t i e s  has  been c o n t r o l l e d  so 
t h a t  t h e  models c o n s t i t u t e d  r e a l i s t i c  cases  and d id  not  con ta in  
u n r e a l i s t i c a l l y  small process  u n i t s .  F i n a l l y ,  a s  requested by t h e  
ERGA Group, t h e  models d id  not  u t i l i s e  modem, investment- intensive 
processes  such a s  Flexicoking,  which a r e  not  expected t o  be  
u t i l i s e d  i n  l a r g e  numbers i n  Europe u n t i l  t h e  end of t h i s  century .  

Crude s l a t e s  cons is ted  of a  mix of low sulphur crude o i l  (North 
Sea, Nigeria  e t c . )  and medium sulphur crude o i l s  (Pers ian  Gulf ) .  
The product output  was kept  cons tant  a t  t h e  l e v e l  assumed i n  the  
base  case  with the  exception of motor gasol ine .  Therefore,  t h e  
changes i n  t h e  crude requirement d i r e c t l y  r e f l e c t  t h e  change i n  
motor gaso l ine  product demand and q u a l i t y .  Any incremental  crude 
requi red  t o  meet the  necessary output  was introduced a s  Arabian 
Light crude ( a t  1983 p r i c e  29 $ / b a r r e l  = 220 $ / tonne) .  

Computer models were allowed t o  u t i l i s e  a d d i t i o n a l  process ing  
facilities, i f  requi red ,  t o  meet t h e  s p e c i f i e d  product demand (both 
q u a n t i t a t i v e l y  and q u a l i t a t i v e l y ) .  An annual charge of 25% of 
c a p i t a l  cos t  was s p e c i f i e d  f o r  any new process  p l a n t  taken up i n  
the  ca l cu la t ion .  A l l  c o s t s  and investments were ca l cu la t ed  i n  terms 
of 1983 US d o l l a r s .  

Fu r the r ,  i t  should be noted t h a t  each model r ep resen t s  a  s p e c i f i c  
s e t  of circumstances and t h a t  t h e  changes i n  process ing  
severity/complexi.ty were l e f t  t o  t h e  d i s c r e t i o n  of t h e  computer 
model concerned. Consequently, t h e  reported r e s u l t s  r ep resen t  a  
range of circumstances and i n d i c a t e  t h a t  some r e f i n e r i e s  w i l l  be 
b e t t e r  placed than o t h e r s  t o  make t h e  necessary changes. 

The conclusions drawn from t h i s  s tudy r ep resen t  consol idated 
averages of the  3 computer models. In  order  t o  v e r i f y  t h e  v a l i d i t y  
of t h e  r e s u l t s ,  computer models of 6 more companies p a r t i c i p a t i n g  
i n  CONCANE have been used t o  c a l c u l a t e  energy d i f f e r e n t i a l s  f o r  one 
s p e c i f i c  s cena r io  a g a i n s t  t h e  base  case.  
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RESULTS OF COMPUTATIONS 

P r o c e s s e s  

Out of t h e  e x t e n s i v e  l ist  of  p r o c e s s e s  a v a i l a b l e  i n  t h e  v a r i o u s  
computer models,  t h e  f o l l o w i n g  p r o c e s s e s  which a r e  r e l e v a n t  f o r  
g a s o l i n e  q u a l i t y  and y i e l d s  have been  u s e d  i n  t h e  computa t ions :  

C a t a l y t i c  Crack ing  
C a t a l y t i c  Reforming 

Hydrogenat ion 
A l k y l a t i o n  
I s o m e r i s a t i o n  

Iso-pentane S p l i t t i n g  
Visbreak ing  
Coking 
Hydrocracking 

- c o n v e n t i o n a l  h i g h  p r e s s u r e  re fo rming  
- low p r e s s u r e  c o n t i n u o u s  c a t a l y t i c  

r e fo rming  
- re fo rming  h e a r t  c u t s  of  c a t .  c racked 

naph tha  

- C s / C 6  i s o m e r i s a t i o n  
- t o t a l  i s o m e r i s a t i o n  
- once through and r e c y c l e  i s o m e r i s a t i o n  

Energy Consumption - Unleaded Cases  

F i g u r e  3 shows t h e  r e s u l t s  f o r  ene rgy  consumption f o r  a  CEP = 1.0 
of t h e  t h r e e  i n d i v i d u a l  computer models and t h e  a v e r a g e  c a l c u l a t e d  
from t h e  r e s u l t s .  The d i f f e r e n t  l e v e l s  of  ene rgy  consumption i n  t h e  
i n d i v i d u a l  submiss ions  r e f l e c t  t h e  range  of  p r o c e s s e s  used i n  t h e  
b a s e  c a s e ,  t h e  d i f f e r e n t  t y p e s  of  upgrad ing  p r o c e s s e s  used  i n  t h e  
i n d i v i d u a l  s c e n a r i o s ,  and t h e  d i f f e r e n c e s  i n  energy  consumption f o r  
t h e  v a r i o u s  p r o c e s s e s  assumed i n  t h e  i n d i v i d u a l  computer models.  
The a d d i t i o n a l  p o i n t s  shown a t  94 RONl84 MON r e p r e s e n t  t h e  r e s u l t s  
of checks  performed by 6 o t h e r  p a r t i c i p a n t s  u s i n g  t h e i r  p r o p r i e t a r y  
computer modeis.  These check p o i n t s  a r e  a  good c o n f i r m a t i o n  f o r  t h e  
v a l i d i t y  of  t h e  t h r e e  i n d i v i d u a l  c u r v e s  and c l e a r l y  c o n f i r m  t h a t  
t h e  average  c u r v e  i s  r e p r e s e n t a t i v e  f o r  t h e  f u t u r e  European r e f i n i n g  
i n d u s t r y .  The d i f f e r e n c e s  i n  energy  consumption t h e r e f o r e  a r e  
r e p r e s e n t a t i v e  of  t h e  v a r i a t i o n  which can b e  expec ted  i n  p r a c t i c e .  

l n s p i t e  of t h e  d i f f e r e n c e s  i n  energy  u s a g e  of  t h e  t h r e e  i n d i v i d u a l  
submiss ions  i t  i s  n o t a b l e  t h a t  a l l  models show t h e  minimum f o r  
t o t a l  energy u s a g e ,  t h a t  i s  t h e  optimum o c t a n e  number, w i t h i n  a  
r ange  of l e s s  than  one o c t a n e  number, t h e  a v e r a g e  b e i n g  94.5  RON/ 
84.5 MON. 

It. i s  even more n o t a b l e  t h a t  a l l  t h r e e  models show t h a t  above 
86 MON i t  r a p i d l y  becomes t e c h n i c a l l y  i n f e a s i b l e  t o  manufac tu re  
g a s o l i n e  i n  t h e  q u a n t i t i e s  n e c e s s a r y  t o  meet t h e  market  demand. 
T h i s  c l e a r l y  shows t h e  l i m i t s  of  c u r r e n t l y  a v a i l a b l e  and f o r e s e e n  
technology f o r  p roduc ing  h i g h  o c t a n e  numbers. 
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I n  t h i s  context ,  i t  i s  important t o  understand t h a t  i t  i s  not  
always poss ib l e  t o  maintain a s e n s i t i v i t y  (RON-MON) of 10 s o  t h a t ,  
e s p e c i a l l y  a t  high octane l e v e l s  t h e r e  may be RON "give-away", i . e .  
a t  high octane l e v e l s  MON becomes t h e  l i m i t i n g  f a c t o r  f o r  most 
r e f i n e r i e s .  

A s  f a r  a s  t h e  scena r ios  asking f o r  a dual  grade gaso l ine  system a r e  
concerned, t h e  fol lowing r e s u l t s  have been obtained: 

a )  Scenario V: (98 ~ 0 ~ 1 8 8  MON premium grade a t  t h e  maximum 
poss ib l e  r a t i o ,  balanced by a 92 RON/82 MON r e g u l a r  
grade) .  

One model i nd ica t ed  t h a t  maximum 30% of t h e  premium grade 
could be  manufactured, t h e  o t h e r  two models showed 
a v a i l a b i l i t y  below t h i s  value.  I n  a l l  t h r e e  cases  t h e  
composition of t h e  premium grade wi th  respec t  t o  t h e  
components u t i l i z e d  was very unconventional although a l l  
defined q u a l i t y  c h a r a c t e r i s t i c s  had been met according t o  
t h e  da ta  a v a i l a b l e  i n  t h e  computer programmes. However, 
because of t h e  unconventional n a t u r e  of t h i s  premium grade 
a l l  p a r t i c i p a t i n g  companies s t r e s s e d  t h e  po in t  t h a t  t h e  
blending c o r r e l a t i o n s  used i n  t h e i r  models had not  been 
v e r i f i e d  f o r  such a case and could,  t h e r e f o r e ,  be 
considerably l e s s  accu ra t e  than f o r  the  o t h e r  cases .  A s  i t  
was not  poss ib l e  t o  a r r i v e  a t  a common number f o r  the  
maximum a v a i l a b i l i t y  of t h e  98 RON/88 MON premium grade i t  
was not  poss ib l e  t o  c a l c u l a t e  a meaningful f i g u r e  f o r  t h e  
r e l a t e d  energy consumption o r  f o r  any of t h e  o t h e r  c r i t e r i a ,  
such a s  c o s t ,  investment,  aromatic  content .  

At ten t ion  i s  drawn t o  t h e  f a c t  t h a t  because of these  
technologica l  l i m i t s  t h e  maximum a v a i l a b i l i t y  of a 
98 RON/88 MON premium w i l l  be ,  on average, l e s s  than 30% and 
t h a t  many r e f i n e r i e s  w i l l  not  be a b l e  t o  manufacture such a 
grade i n  any s i z e a b l e  q u a n t i t i e s  even a f t e r  investments  f o r  
octane upgrading processes .  Therefore,  genera l  a v a i l a b i l i t y  
of t h i s  grade cannot be assumed. 

b) Scenario A: (96 ~ 0 ~ 1 8 6  MON premium grade a t  75%, 
92 RON/82 MON r e g u l a r  grade a t  25%). 

The average A crude o i l 1 1  000 tonnes of  gaso l ine  f o r  t h i s  
case i s  45 tonnes. This  i s  s i m i l a r  t o  t h e  energy 
d i f f e r e n t i a l  of t h e  94 RON/84 MON s i n g l e  grade case of 
Scenario 111. However, i t  must be r e a l i s e d  t h a t  
s i g n i f i c a n t l y  d i f f e r e n t  process  equipment may be requi red  
f o r  t h e  dual  grade case because of t h e  need t o  manufacture 
high octane components f o r  t h e  premium grade. 
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Cost and investment - Unleaded cases 

Figure 4 shows the average of differences in cost for the unleaded 
gasolines of varying octane number versus 1 000 tonnes of gasoline 
in the Base Case, together with the range of the individual 
submissions for a CEP = 1.0. The curve shows a minimum, that is an 
optimum octane number for cost, at about one octane number below 
the optimum for energy. It must be understood that these costs 
reflect only the changes occurring within refineries and the 
changes in fuel consumption of cars. It does not include cost 
changes for storage and distribution of unleaded gasoline which can 
be substantial, especially during the transition period. 

An important element of the cost shown in Figure 4 is the capital 
charge for additional refinery investment for the different cases. 
These investments had the following ranges: 

RON~MON 92/82 94/84 96/86 
A Investment vs 
base case 
103$/1 000 t 
gasoline 17-26 24-38 33-57 

To correctly understand the significance of these numbers it must 
be remembered that an essential assumption of the study is the full 
utilisation of the refinery in the base case. Therefore the above 
investments represent significantly different types of equipment in 
the various cases. At lower octane numbers fuel consumption of the 
cars is higher and, therefore, investment is necessary to produce 
additional quantities of gasoline. At higher octane numbers, 
investments are necessary to increase the octane number above that 
of the unleaded pool in the base case and in these cases investment 
increasingly represents additional octane upgrading equipment. 

At present there is considerable excess refinery capacity in 
Europe. To what extent this excess capacity will still be available 
at the time assumed in this study, i.e. 10-15 years after the 
introduction of unleaded gasoline, is very uncertain, but it will 
be considerably less than today. The existence of excess capacity 
would certainly reduce or eliminate the need for investments for 
additional quantities of gasoline. On the other hand, the need to 
invest for additional octane upgrading facilities is less 
influenced by excess capacity as this often requires types of 
equipment which are not found in many of the existing refineries. 
In this context it is important to realise that even for the base 
case this study assumes a refinery optimised for cost and energy 
consumption which is not the case for many existing refineries. As 
a result investments required in refineri.es may differ more widely 
than the range indicated by the three computer models. 
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A s  f o r  t h e  two g r a d e  g a s o l i n e  c a s e s  no mean ingfu l  c o s t  and 
inves tment  f i g u r e s  a r e  a v a i l a b l e  f o r  S c e n a r i o  V a s  e x p l a i n e d  i n  
S e c t i o n  2a of  t h i s  appendix.  F o r  S c e n a r i o  A (96 RON/86 MON - 75% - 
92 ~ON182 MON a t  25%) average  A c o s t  p e r  1 000 t o n n e s  of  g a s o l i n e  
amounts t o  20 X 103 $, t h e  i n v e s t m e n t s  r a n g e  from 26 t o  45 X 103 $ 
p e r  I 000 tonnes  o f  a n n u a l  g a s o l i n e  p r o d u c t i o n  i n  t h e  b a s e  c a s e .  

Aromat ics  and benzene c o n t e n t  - unleaded  c a s e s  

On t h e  b a s i s  o f  t h e  d a t a  a v a i l a b l e  f o r  t h e  v a r i o u s  b l e n d i n g  
components, bo th  t h e  a r o m a t i c s  c o n t e n t  and t h e  benzene c o n t e n t  of  
t h e  g a s o l i n e  pool have been c a l c u l a t e d  a s  f o l l o w s :  

l S c e n a r i o  

Aromat ics  
( ~ 0 1 % )  

Benzene 

Base 
c a s e  

(P) = Premium Grade (R) = Regula r  Grade 

The r a n g e s  i n d i c a t e d  f o r  Aromat ics  and Benzene c o n t e n t  a r e  t h o s e  
i n d i c a t e d  by t h e  t h r e e  models. The a v e r a g e  v a l u e s  used  f o r  
c a l c u l a t i n g  t h e  d i f f e r e n c e s  l i s t e d  i n  T a b l e  2  a r e  n o t  n e c e s s a r i l y  
t h e  midway p o i n t  of  t h e  range .  

A s  p r e v i o u s l y  s t a t e d ,  no mean ingfu l  d a t a  can  be  p rov ided  f o r  
S c e n a r i o  V .  D i r e c t i o n a l l y ,  however, t h e  a r o m a t i c s  and benzene 
c o n t e n t s  w i l l  be  t h e  h i g h e s t  of  a l l  c a s e s .  The a r o m a t i c s  c o n t e n t  of 
t h e  premium g r a d e  i n  S c e n a r i o  A w i l l  r ange  from 44 t o  52 v o l .  % and 
t h e  benzene c o n t e n t  up t o  4% v o l .  

I n  view o f  t h e  c o n s i d e r a b l e  c a t a l y t i c  c r a c k i n g  c a p a c i t i e s  assumed 
i n  t h e  Base Case ,  bo th  a r o m a t i c s  c o n t e n t  and benzene c o n t e n t  i n  
t h e s e  model c a l c u l a t i o n s  w i l l  t end  t o  b e  on t h e  low s i d e .  R e f i n e r i e s  
o p e r a t i n g  w i t h  s m a l l e r  c a t .  c r a c k i n g  c a p a c i t y  and hydroskimming 
r e f i n e r i e s  may produce somewhat h i g h e r  a r o m a t i c s  c o n t e n t s  and 
c o n s i d e r a b l y  h i g h e r  benzene c o n t e n t s .  

The s i g n i f i c a n t  changes  i n  g a s o l i n e  compos i t ion  when moving t o  
un leaded  g a s o l i n e ,  e s p e c i a l l y  a t  h i g h e r  o c t a n e  l e v e l s ,  may n o t  be  
w i t h o u t  i n f l u e n c e  on o t h e r  f a c t o r s  p a r t i c u l a r l y  on au tomot ive  
e x h a u s t  g a s  compos i t ion .  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  f o r  c e r t a i n  
h i t h e r t o  u n r e g u l a t e d  e m i t t a n t s  which a r e  c u r r e n t l y  under  d i s c u s s i o n  
i n  s e v e r a l  c o u n t r i e s  namely benzene and p o l y c y c l i c  a r o m a t i c s .  
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In a separate paper, CONCAVE shows the interdependence between 
gasoline composition, emission control and benzene emissions. In 
vi.ew of this and other suspected influences of gasoline composition 
on raw exhaust gases it may be prudent to combine moves to unleaded 
gasoline with appropriate emission controls which is, anyway, a 
major driving force for the elimination of lead in some countries. 

Influence of CEP on optimum octane number 

Figure 2 shows the results of the computations for different CEPs 
on total energy consumption. In comparison to the CEP of 1.0 a 
reduction of CEP to 0.5 reduces the optimum octane number by 1.5 
units and also reduces the extra energy required in comparison to 
the base case. On the other hand, an increase of CEP to 1.5 
increases the optimum octane number by one unit close to the 
technically feasible limit and in addition, considerably increases 
the energy penalty vs the base case. These data stress not only the 
importance of knowing the CEP of future cars but show also the 
incentives in energy terms to reduce CEP. Optimum octane number for 
cost and cost differentials will be influenced by CEP in the same 
way as energy. 

Scenario I - Two grades at 0.15 gPb/l 
Scenario I - assumes the same octane numbers and grade split as the 
Base Case but at a maximum lead content of 0.15 g/l gasoline. The 
increase in crude11 000 tonnes of gasoline is 22 tonnes. The 
additional investment ranges between 14 - 29 X 103$/1 000 tonnes of 
gasoline and the corresponding increase in cost 12 X 103$/1 000 
tonnes of gasoline. All investments in this case are for octane 
upgrading facilities as there will be no change in gasoline 
consumption. It must be realised that the type of investment 
required in this case is not necessarily the same as for the 
unleaded cases. 
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THE ROLE OF OXYGENATES WITH LEAD REDUCTION 

A number of unconventional m a t e r i a l s  a r e  now being considered a s  
gaso l ine  blending components. These a r e  oxygenated compounds, 
namely a l coho l s  such a s  methanol, e thano l  and t e r t i a r y  butanol  
(TBA) and e t h e r s  such a s  methyl-- ter t iary-butyl  e t h e r  (MTBE). For 
t h i s  s tudy,  t h e  poss ib l e  use  of oxygenates t o  compensate f o r  a  
reduct ion  i n  lead has t o  be considered on an o v e r a l l  EEC b a s i s  
r a t h e r  than f o r  a  s i n g l e  r e f i n e r y .  Consequently, two a s p e c t s  have 
t o  be looked a t :  

- octane boost  compared t o  lead reduct ion 
- a v a i l a b i l i t y  

I n  Europe, t h e  oxygenates of p a r t i c u l a r  i n t e r e s t  a r e  methanol, TBA 
and MTBE. The t y p i c a l  blending octane numbers (BRONIBMON) of t h e s e  
components i n  a  gaso l ine  produced i n  a  conversion r e f i n e r y  a re :  

BRON BMON 

Methanol 130 
TB A 105 
MTBE 110 

It should be noted t h a t  a  wide range of blending octane 
numbers a r e  repor ted  i n  the  l i t e r a t u r e  and t h a t  blending 
octane numbers do vary wi th  octane number and composition of 
t h e  base  gasol ine .  The above va lues  a r e  approximate and 
r e f e r  t o  a  base  premium gaso l ine  without  lead.  

A f i r s t  approach i s  t o  use these  blending va lues  t o  c a l c u l a t e  t h e  
volume of oxygenate requi red  t o  rep lace  lead.  Consider a  premium 
grade gaso l ine  of 98 RON/88 MON with 0.15 gPb/l .  The lead  can be 
taken a s  adding 3 ON and consequently the  base gaso l ine  is  95 RON/ 
85 MON. For the  oxygenates, i t  i s  MON which i s  t h e  c r i t i c a l  f a c t o r  
and the re fo re  t h e  percent  volume of oxygenate requi red  t o  r a i s e  MON 
back t o  88 has  been ca l cu la t ed .  

Percent  Volume 

Methanol 20% 

TBA 60% 

MTAE 20% 

This  i s  very much a  b e s t  case  s i n c e  o t h e r  gaso l ine  p r o p e r t i e s  such 
a s  v o l a t i l i t y  have not  been taken i n t o  account which would have t o  
be s i g n i f i c a n t l y  modified t o  compensate f o r  these  high 
concent ra t ions  of oxygenates. 
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However, as shown by the draft EEC directive (1) the concentration 
of the various oxygenates in gasoline must be limited to ensure 
satisfactory performance of vehicles. The proposed limit is 10% v01 
total oxygenates with methanol further limited to 3% v01 maximum 
and used with a CO-solvent. It is obvious from this simple analysis 
that it is not possible to simply replace lead by oxygenates, even 
in moving from 0.15 gPb/l to 0. 

At the limits set by the proposed directive, a small compensation 
for lead reduction could be achieved, but the second factor to look 
at is availability compared to the EEC gasoline demand. Estimates 
were made for the availability of these oxygenates for gasoline 
blending in Europe in 1990 (2). 

Estimated availability 1990 

x 103 tonnes 

Methanol 1 500 - 3 000 
TBA 400 - 600 

MTBE 600 - 800 

These figures, which are considered optimistic, have to be compared 
to the EEC gasoline demand of about 80 million tonnes. Only 
methanol may be available in sufficient quantities to be widely 
used. However, to ensure a stable mixture, a CO-solvent has to be 
used with the methanol to inhibit separation in the presence of 
water. TBA is the commonly used CO-solvent and, as can be seen, 
will only be available in very limited quantities; consequently 
methanol use would be limited by CO-solvent availability. 

It is clear from the availability estimates that oxygenates cannot 
play a major role in the context of the overall EEC demand and for 
these reasons have not been taken into account in the refinery 
calculations. 

However, some refineries will use oxygenates, depending on 
individual circumstances and economics, and a reduction of lead in 
gasoline is likely to result in an increase in their use over the 
present day. 
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POOL OCTANE NUMBER AND GRADES OF GASOLINE 

The o r i g i n a l  RUFIT s tudy assumed a  s i n g l e  grade of g a s o l i n e  and a  
c a r  populat ion matching the  oc tane  l e v e l  of t h i s  gaso l ine .  The 
octane number of t h i s  s i n g l e  grade,  t he re fo re ,  i s  i d e n t i c a l  with 
t h a t  of t h e  pool i n  a  given r e f i n e r y  manufacturing t h e  gaso l ine .  
This  i s  r e f e r r e d  t o  a s  t h e  pool octane number. It i s  important t o  
understand t h a t  gaso l ine  i s  a  blend of va r ious  r e f i n e r y  s treams and 
not  a  product from a  s i n g l e  process.  

However, most s u p p l i e r s  of gaso l ine  i n  Europe o f f e r  a t  l e a s t  two 
grades of gaso l ine ,  normally r e f e r r e d  t o  a s  t h e  r e g u l a r  grade and 
t h e  premium grade. These grades match t h e  octane requirements  of 
two d i s t i n c t l y  d i f f e r e n t  c a r  popula t ions  which have been 
s p e c i f i c a l l y  designed f o r  t h e  use  of e i t h e r  r e g u l a r  grade gaso l ine  
o r  premium grade gasol ine .  It  i s  poss ib l e  t o  c a l c u l a t e  from t h e  
components going i n t o  t h e  pool s p l i t s  i n t o  v a r i o u s  multi-grade 
systems both wi th  r e spec t  t o  octane l e v e l s  and t o  q u a n t i t i e s ,  
although such c a l c u l a t i o n s  a r e  complex. Because of t h e  complexity 
of gaso l ine  blending,  i t  i s  not  poss ib l e  t o  use  a  s imple approach 
by cons ider ing  only t h e  Research Octane Number and assuming l i n e a r  
blending behaviour.  For example, a  gaso l ine  pool  of 94 RON cannot 
be s p l i t  i n t o  equal  volumes of two grades ,  having 92 RON and 96 RON 
r e spec t ive ly ,  without due cons idera t ion  of o t h e r  f a c t o r s .  Each case  
has t o  be ca l cu la t ed  sepa ra t e ly  s i n c e  l i n e a r  b lending  of RON is  
only approximate and o t h e r  c h a r a c t e r i s t i c s  such a s  MON and 
v o l a t i l i t y  a r e  important.  Because of lack  of components with 
s u f f i c i e n t l y  high octane numbers i t  w i l l  no t  always be p o s s i b l e  t o  
manufacture the  higher  octane number grade. These a d d i t i o n a l  
f a c t o r s  tend t o  l i m i t  the  a v a i l a b l e  q u a n t i t i e s  of t h e  high octane 
grade. 

On t h e  o t h e r  hand, t h e  c a l c u l a t i o n  of t h e  octane number of a  
r e f i n e r y  pool from a c t u a l  q u a n t i t i e s  and octane numbers of 
d i f f e r e n t  gaso l ine  grades i s  s t ra ight forward .  I n  t h a t  ca se ,  each of 
the  grades has  a l l  des i r ed  p r o p e r t i e s  and a r e  f u l l  b o i l i n g  
gaso l ines  ( a s  compared t o  narrow b o i l i n g  components), and l i n e a r  
blending c h a r a c t e r i s t i c s  can be s a f e l y  assumed. Thus, equal  
q u a n t i t i e s  of a  r egu la r  grade gaso l ine  of 92 RON - 82 MON and a  
premium grade gaso l ine  of 96 RON - 86 MON r e s u l t  i n  a  pool of 
94 RON : 84 MON. 

Pool octane numbers can be ca l cu la t ed  f o r  both leaded and unleaded 
cases.  For t h e  unleaded case ,  i t  is  usua l  t o  r e f e r  t o  t h e  c l e a r  
(= unleaded) octane pool. 

For c o r r e c t l y  designing engines,  c a r  manufacturers need c l e a r  
information on t h e  number of grades and t h e i r  r e s p e c t i v e  q u a l i t i e s  
a v a i l a b l e  a t  t h e  s e r v i c e  s t a t i o n s .  However, t h e  c a r  manufacturer 
w i l l  no t  be a b l e  t o  p r e d i c t  t h e  s a l e s  r a t i o  between types  of 
veh ic l e  and thus  t h e  sha re  r a t i o  between t h e  two grades w i l l  depend 
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entirely on the buying habits of the customers who are influenced 
by pricing policies of both the car and the petroleum companies, 
perceived fuel consumption and/or performance advantages etc. The 
current diversity in Europe, e.g. 55/45 premium/regular share in 
Germany, 9515 premium/regular share in Italy, demonstrates this 
point . 
To asses the impact on energy usage, cost and investment in the 
refineries, the petroleum industry needs to know both the quality 
and volumes of the different grades. Therefore, for a rational - 
approach to the introduction of several grades of unleaded motor 
gasoline, industry needs to make assumptions about the 
premium/regular share. However, the actual buying behaviour of 
customers could be quite different. 
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COMPARISON OF THE SITUATION I N  THE USA AND JAPAN WITH EUROPE 

USA 

Unleaded gaso l ine  was introduced i n  t h e  USA dur ing  1974 i n  order  t o  
provide a s u i t a b l e  f u e l  f o r  t h e  catalyst-equipped c a r s  which had t o  
be  introduced from model year  1975 onwards. The i n i t i a l  octane 
q u a l i t y  of t h e  unleaded f u e l  was min. 91 RON, a s  agreed between 
Administrat ion,  c a r  i ndus t ry  and petroleum indus t ry .  Somewhat 
l a t e r ,  i t  became customary i n  t h e  USA t o  d e f i n e  oc tane  q u a l i t y  by 
t h e  term: 

Research Octane Number p lus  Motor Octane Number R 4 - M  
2 o r  - 2 

This  is c u r r e n t l y  min. 87 f o r  t h e  r e g u l a r  unleaded grade,  t y p i c a l l y  
corresponding t o  a MON of min. 82 and RON of min. 92. 

A s  a r e s u l t  of t h e  p res su re  on US motor manufacturers  t o  improve 
t h e  f u e l  economy of t h e i r  c a r s ,  they tended t o  inc rease  t h e  
compression r a t i o  and thereby octane requirement,  e s p e c i a l l y  of 
t h e i r  l a r g e r  models. I n  response, t h e  petroleum indus t ry  tended t o  
d e l e t e  t h e  leaded premium grade,  t h e  demand f o r  which had dropped 
s i g n i f i c a n t l y  i n  t h e  meantime, and t o  r ep lace  i t  by an unleaded 
premium grade of (R + M)/2 of min. 91; t y p i c a l l y  a MON of min. 86 
and a RON of min. 96. Although t h i s  unleaded premium grade accounts  
f o r  about 15% of a l l  gaso l ine  s a l e s  i t  i s  s t i l l  not  a v a i l a b l e  
everywhere i n  t h e  USA. Mid 1983 t h e  s i t u a t i o n  i n  t h e  USA was a s  
fol lows:  

min. mi.n. min. 
R + M RON MON Share,  % 

" 

Leaded r egu la r  8 9 93 8 5 40 

Unleaded r e g u l a r  8 7 9 2 8 2 45 

Unleaded premium 91 9 6 86 15 

NB. Leaded premium is now a v a i l a b l e  only t o  a ve ry  l imi t ed  ex ten t  
( l e s s  than 1%) .  

This  r e s u l t s  i n  a clear.(unleaded) t o t a l  pool of about 90.5 RON, 
81 MON. There a r e  two f u r t h e r  important d i f f e r e n c e s  between t h e  USA 
and Europe: 

- t h e  s t i l l  l a r g e  amount of leaded r e g u l a r  gaso l ine ,  mainly 
used f o r  gaso l ine  engine powered t r u c k s ,  o f f e r s  a l a r g e  
o u t l e t  f o r  low octane components. Th i s  o u t l e t  does n o t  ex i . s t  
i n  Europe 
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- in the USA the share of gasoline amounts to 42% of total 
crude oil consumption as compared to the current 18% in 
Europe and 25% assumed in this study. This high degree of 
conversion provides a considerable amount of feedstocks for 
high volatilityfhigh octane components, e.g. alkylates and 
isomerates. 

JAPAN 

Japan moved to unleaded gasoline in 1975 by introducing an unleaded 
regular grade gasoline of 91 RON. Today, this grade is almost 97% 
of all gasoline sold. Some companies very recently started to offer 
an unleaded premium grade of 98 RONf86 MON. The current share of 
this grade, which is not yet generally available in Japan, is less 
than 2%. It is not expected to grow beyond 10%. 
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GLOSSARY 

The fol lowing simple explanat ions  of terms used i n  t h i s  r e p o r t  a r e  
provided f o r  those r eade r s  not  acquainted with technologies  f o r  t h e  
manufacture of gaso l ine  o r  i ts  use  i n  veh ic l e s .  

With r e spec t  t o  t h e  r e f i n i n g  processes  mentioned, i t  i s  important 
t o  understand t h a t  t h e  use  of some of them is  dependent on t h e  
presence,  i n  t h e  same r e f i n e r y ,  of o t h e r  processes which provide 
t h e  e s s e n t i a l  feedstocks f o r  them. I n  some cases ,  t h e  capaci ty  of 
t h e  u n i t  providing t h e  feeds tock  i s  determined by i t s  primary 
purpose, e.g. c a t .  c racking ,  c a t .  reforming, and n o t  s p e c i f i c a l l y  
t o  provide those p a r t i c u l a r  feeds tocks .  Thus, c e r t a i n  processes  
cannot be used i n  a l l  r e f h e r i e s  and t h e i r  capac i ty  may be  l imi t ed  
by feeds tock  a v a i l a b i l i t y .  

Gasoline C h a r a c t e r i s t i c s  

OCTANE NUMBER 

The octane number of a  f u e l  i s  a  number equal  t o  t h e  percentage by 
volume of iso-octane i n  a  mixture of iso-octane and normal heptane 
having t h e  same r e s i s t a n c e  t o  de tonat ion  a s  t h e  f u e l  under 
cons idera t ion  i n  a  s p e c i a l  t e s t  engine. It is  a measure of t h e  
anti-knock va lue  of a  gaso l ine  and,  i n  t h e  case  of t h e  s p e c i a l  t e s t  
engine,  t h e  higher  t h e  oc tane  number t h e  hi.gher t h e  anti-knock 
q u a l i t y  of t h e  gasol ine .  

The octane number of a  motor gaso l ine  determined i n  a  s p e c i a l  
l abora to ry  t e s t  engine, under mild "engine seve r i ty"  cond i t ions ,  
g iv ing  a  rough measure of t h e  low-speed knock p r o p e r t i e s  of t h e  
gasol ine .  

MOTOR OCTANE NUMBER (MON) 

The Octane Number of a  Motor Gasol ine determined i n  a  s p e c i a l  
l abora to ry  t e s t  engine under high "engine-severity" cond i t ions ,  
g iv ing  a  rough measure of t h e  high-speed knock p r o p e r t i e s  of t h e  
gasol ine .  

SENSITIVITY 

The s e n s i t i v i t y  of a  gaso l ine  i s  t h e  d i f f e r e n c e  between t h e  RON and 
t h e  MON. Depending on t h e  hydrocarbon composition of t h e  gaso l ine ,  
s e n s i t i v i t y  can range up t o  15.ON but  i s  normally i n  t h e  range 8 t o  
12.ON. 
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ROAD OCTANE NUMBER 

The Octane Number of a  motor gaso l ine  determined during a c t u a l  road 
t e s t i n g .  Apart from t h e  i n t r i n s i c  q u a l i t y  of t h e  gaso l ine  t e s t e d ,  
t h e  Road Octane Number depends a l s o  on t h e  make of t h e  engine of 
t h e  v e h i c l e  and r e f l e c t s  t h e  s e v e r i t y  of t h e  engine lvehic le  
combination. I n  genera l  t h e  Road Octane Number l i e s  between t h e  RON 
and MON of t h e  gasol ine .  

FRONT END OCTANE NUMBER 

The Research ON of t h e  gaso l ine  f r a c t i o n  b o i l i n g  up t o  100°C. This  
i s  important wi th  r e spec t  t o  low speed a c c e l e r a t i o n  knock i n  
European ca r s .  

OCTANE REQUIREMENT 

The octane q u a l i t y  of gaso l ine  necessary t o  ensure knock-free 
opera t ion  i n  a  given v e h i c l e  under road d r i v i n g  condi t ions .  
Determined by s tandardized  t e s t  methods. 

OCTANE REQUIREMENT INCREASE 

The inc rease  i n  v e h i c l e  octane requirement wi th  accumulated mileage. 
Inc reases  a r e  caused by t h e  accumulation of d e p o s i t s  i n  t h e  
combustion chambers. 

VOLATILlTY 

The a b i l i t y  of a  gaso l ine  t o  evaporate .  This  c h a r a c t e r i s t i c  i s  
important f o r  engine opera t ion  wi th  r e spec t  t o  s t a r t i n g ,  warm-up 
under cold ambient cond i t ions  and vapour lock during warm ambient 
condi t ions .  

REID VAPOUR PRESSURE (RVP) 

The p res su re  caused by t h e  vaporized p a r t  of a  l i q u i d  and the  
enclosed a i r  and water  vapour, a s  measured under s tandardized  
condi t ions  i n  s tandardized  apparatus:  the  r e s u l t  i s  given i n  
m i l l i b a r s  a t  38OC. There i s  no simple r e l a t i o n  between the  RVP and 
t h e  t r u e  vapour pressure  of t h e  l i q u i d .  RVP g ives  some ind ica t ion  
of t h e  v o l a t i l i t y  of a  l i q u i d ,  e.g. gasol ine .  

The RVP of gaso l ines  i s  adjus ted  seasonaly throughout Europe t o  
compensate f o r  changes i n  summer o r  winter  condi t ions .  
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REFINING PROCESSES 

DISTILLATION ( f r a c t i o n a l )  

A f r a c t i o n a t i o n  process  based on t h e  d i f f e r e n c e  i n  b o i l i n g  poin t  of 
t h e  va r ious  c o n s t i t u e n t s  of the  mixture t o  be f r a c t i o n a t e d .  It  i s  
c a r r i e d  out  by evaporat ion and condensation i n  con tac t  wi th  r e f lux .  
When appl ied  t o  t h e  sepa ra t ion  of gaso l ine ,  ke ros ine ,  e t c . ,  from a  
crude o i l ,  t o  leave  a  r e s i d u a l  f u e l  o i l  o r  a s p h a l t i c  bitumen, t h e  
process i s  f r equen t ly  c a l l e d  topping. D i s t i l l a t i o n  i s  normally 
c a r r i e d  out i n  such a  way a s  t o  avoid decomposition (cracking) ;  i n  
t h e  case  of t h e  h igher  b o i l i n g  d i s t i l l a t e s ,  such a s  l u b r i c a t i n g  
o i l s ,  t h i s  is accomplished by car ry ing  out  t h e  d j s t i l l a t i o n  under 
vacuum. 

ATMOSPHERIC (PRIMARY) DISTILLATION 

The b a s i c  process  i n  o i l  r e f i n i n g  which makes t h e  i n i t i a l  s epa ra t ion  
of crude o i l  i .nto broad f r a c t i o n s ,  e.g.  gases ,  gaso l ine ,  kerosene, 
middle d i s t i . l l a t e s ,  leaving  a  "long" r e s idue  of high b o i l i n g  po in t  
ma te r i a l .  

The capaci ty  of atmospheric d i s t i l l a t i o n  u n i t s  must be s u f f i c i e n t  
f o r  t h e  t o t a l  amount of crude o i l  necessary t o  produce t h e  f u l l  
range/volume of products  t o  be produced and a l s o  t h e  r e f i n e r y ' s  own 
energy requirements.  

VACUUM DISTILLATION 

D i s t i l l a t i o n  of a  l i q u i d  under reduced p res su re ,  aimed a t  keeping 
t h e  temperature l e v e l  so low a s  t o  prevent  apprec iable  cracking.  
For examp1.e used t o  d i s t i l 1  gas o i l ,  l u b r i c a t i n g  o i l s  o r  c a t a l y t i c  
cracking feedstock from res idue ,  leaving  a  "short"  r e s idue  a s  
remainder. 

CRACKING 

Process whereby t h e  l a r g e  molecules of t h e  heavier  o i l s  a r e  converted 
i n t o  smaller  molecules of t h e  gasol ine  type. When t h i s  i s  brought 
about by heat  a lone ,  t h e  process  is known a s  thermal cracking.  I f  a  
c a t a l y s t  i s  a l s o  used t h e  process i s  r e f e r r e d  t o  a s  c a t a l y t i c  
cracking,  o r  a s  hydrocracking i f  t h e  process  i s  conducted over  
s p e c i a l  c a t a l y s t s  i n  a  hydrogen atmosphere. 

CATALYTIC CRACKING 

Process of breaking down t h e  l a r g e r  molecules of heavy o i l s  i n t o  
smal le r  ones by t h e  a c t i o n  of h e a t ,  with t h e  a i d  of a  c a t a l y s t .  I n  
t h i s  way heavy o i l s  can be converted i n t o  l i g h t e r  and more va luable  
products  ( i n  speech genera l ly  abbrevia ted  t o  c a t .  c racking) .  
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THERMAL CRACKING 

Process of breaking down t h e  l a r g e r  molecules of heavy o i l s  i n t o  
smal le r  ones by t h e  a c t i o n  of hea t .  I n  t h i s  way heavy o i l s  can be 
converted i n t o  l i g h t e r  and more va luab le  products .  

HYDROCRACKING 

A process  used t o  convert  heavier  m a t e r i a l s  i n t o  l i g h t  f r a c t i o n s  
b o i l i n g  i n  t h e  gasol ine/middle d i s t i l l a t e  range. It combines 
cracking wi th  hydrogenation. Addit ional  hydrogen product ion 
f a c i l i t i e s  may be requi red  i f  i n s u f f i c i e n t  hydrogen i s  a v a i l a b l e  
from t h e  c a t a l y t i c  reforming capaci ty  a v a i l a b l e  i n  t h e  r e f i n e r y .  

VISBREAKING 

A process  t o  upgrade atmospheric o r  vacuum res idues  by thermal 
conversion i n t o  primary middle d i s t i l l a t e s ,  leaving  a r e s idue  ( f u e l  
o i l )  with improved q u a l i t y .  

PYROLYSIS 

A severe  form of thermal cracking.  

PYROLYSIS GASOLINE 

A by-product of high-temperature (700 - 900°C) thermal cracking 
processes  aiming p r imar i ly  a t  e thylene  manufacture. Because of i t s  
high benzene content ,  i t  i s  usua l ly  subjec ted  t o  an e x t r a c t i o n  
process  t o  recover  t h e  benzene f o r  use i n  t h e  chemical indus t ry .  
The p y r o l y s i s  gaso l ine  may be  blended i n t o  gaso l ines  a t  a small  
number of r e f i n e r i e s .  Addit ional  e x t r a c t i o n  may be requi red  i f  low 
benzene content  l i m i t s  a r e  appl ied  t o  t h e  f in i shed  gasol ine .  

REFORMING 

The opera t ion  of modifying t h e  s t r u c t u r e  of t h e  molecules of 
s t r a i g h t  run gaso l ine  f r a c t i o n s  under s t r i c t l y  c o n t r o l l e d  condi t ions  
i n  order  t o  improve i g n i t i o n  q u a l i t y .  It  can be achieved thermally 
( thermal  reforming) o r  with t h e  a i d  of a c a t a l y s t  ( c a t a l y t i c  
reforming).  

CATALYTIC REFORMING 

Process f o r  changing t h e  molecular s t r u c t u r e  (e.g. naphthenes i n t o  
aromatics)  of the  components of s t r a igh t - run  gaso l ine  o r  of a 
gaso l ine  f r a c t i o n  by sub jec t ing  t h e  gaso l ine  t o  thermal t reatment  
i n  t h e  presence of a c a t a l y s t  ( f o r  example platinum). By t h i s  
process  t h e  anti-knock performance of t h e  gaso l ine  is  improved. The 
reforming process  produces l imi t ed  q u a n t i t i e s  of hydrogen a s  a 
byproduct which can be used f o r  o t h e r  r e f i n i n g  processes .  
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H I G H  PRESSURE CATALYTIC REFORMING 

The h i g h  p r e s s u r e  n e c e s s a r y  t o  i n h i b i t  unwanted hydrocrack ing  
L i m i t s  t h e  s e v e r i t y  of t h e  r e f o r m i n g  r e a c t i o n  s o  t h a t  t h e  RON o f  
t h e  p r o d u c t s  i s  l i m i t e d  t o  98/99 maximum. 

LOW PRESSURE-CONTINUOUS CATALYST REGENERATION REFORMING 

L a t e s t  developments  i n  r e fo rming  p r o c e s s e s / c a t a l y s t s  p e r m i t  lower  
p r e s s u r e s  and h i g h e r  r e fo rming  s e v e r i t i e s  than  i n  c o n v e n t i o n a l  h i g h  
p r e s s u r e  re fo rming  p r o c e s s e s ,  r e a c h i n g  l e v e l s  of  102 RON. T h i s  
normal ly  r e q u i r e s  t h e  c o n t i n u o u s  r e g e n e r a t i o n  of  t h e  c a t a l y s t  t o  
m a i n t a i n  p r o c e s s  e f f i c i e n c y .  

T h i s  t y p e  of  p r o c e s s i n g  i s  i n s t a l l e d  t o  o n l y  a  l i m i t e d  e x t e n t  a t  
p r e s e n t .  

CATALYTICALLY CRACKED NAPHTHA REFORMING 

Cat .  c racked  naphtha  h a s  a n  MON of l e s s  than  80. T h i s  m a t e r i a l  is 
n o t  s u i t a b l e  f o r  d i r e c t  p r o c e s s i n g  i n  c a t .  r e f o r m e r s  due t o  i ts  
d e l e t e r i o u s  e f f e c t  on c a t a l y s t  l i f e .  "Heart  c u t s "  of  t h e  c a t .  
c racked  naph tha  b o i l i n g  i n  t h e  r a n g e  90-15Q°C may b e  s e p e r a t e d ,  
hydrogena ted  (hydro t r e a t i n g )  t o  r e d u c e  t h e  d e g r e e  of  u n s a t u r a t i o n ,  
and mixed i n  l i m i t e d  q u a n t i t i e s  w i t h  c o n v e n t i o n a l  r e f o r m e r  
f e e d s t o c k s .  The MON of t h e  reformed c a t .  c racked  naph tha  i s  
i n c r e a s e d  t o  abou t  88. 

I t  shou ld  h e  no ted  t h a t  many of  t h e  h y d r o t r e a t i n g  u n i t s  c u r r e n t l y  
i n s t a l l e d  a r e  n o t  c a p a b l e  o f  a c h i e v i n g  t h e  l e v e l  o f  h y d r o g e n a t i o n  
r e q u i r e d ,  and t h a t  t h e  l i m i t e d  a v a i l a b i l i t y  of  hydrogen from t h e  
c a t a l y t i c  r e f o r m e r s  may r e q u i r e  t h e  i n s t a l l a t i o n  of a d d i t i o n a l  
u n i t s  f o r  t h e  p r o d u c t i o n  of  hydrogen.  

ISOMERISATION 

A p r o c e s s  f o r  upgrad ing  t h e  an t i -knock  q u a l i t y  of t h e  C k / C 5  
f r a c t i o n s  of a g a s o l i n e  b l e n d .  I s o m e r i s a t i o n  of  t h e s e  f r a c t i o n s  
r a i s e s  t h e i r  RON by abou t  20 u n i t s  t o  89 - 90 RON, improving t h e  
f r o n t  end ON o f  t h e  f i n i s h e d  un leaded  g a s o l h e .  

ALICYLATION 

A p r o c e s s  combining i so -bu tane  w i t h  o l e f i n i c  g a s e s  from c r a c k i n g  
p r o c e s s e s  t o  produce a  l i q u i d  hydrocarbon w i t h  ant i -knock q u a l i t i e s  
of  abou t  92-94 RON. 

The e x t e n t  t o  which t h i s  p r o c e s s  can be  used  i n  a  g i v e n  r e f i n e r y  i s  
l i m i t e d  by t h e  a v a i l a b i l i t y  of  t h e  f e e d s t o c k s ,  p a r t i . c u l a r l y  
o l e f i n s ,  and p o s s i b l e  c o m p e t i t i o n  from more economica l ly  f a v o u r a b l e  
end u s e s  f o r  them. 
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Fig. 2 Optimum energy use: effect of CEP - Unleaded Gasoline 
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Fig. 3 Optimum energy use: individual submissions-Unleaded Gasoline 
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Fig. 4 Cost: average of 3 submissions 
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Cost = Annual capital charge + operating costs + crude cost - lead cost saving 





Fig. 5 Refinery investment: average of 3 submissions 
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