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FOREWORD 

This  paper summarises t h e  p resen ta t ion  given by D r .  L . J .  McCabe 
i n  October 1985 a t  t h e  CONCAWE Seminar on "Atmospheric emissions 
and t h e i r  e f f e c t s  on t h e  environment i n  Europe wi th  p a r t i c u l a r  
re ference  t o  t h e  r o l e  of hydrocarbons". 

It covers the  US experience on c o n t r o l  of hydrocarbon and NO 
emissions a s  main precursors  t o  ozone formation,  t h e  re levanr  
con t ro l  technologies ,  and focuses on t h e  e f f e c t i v e n e s s  of var ious  
con t ro l  s t r a t e g i e s  and measures. 

The o r i g i n a l  motives f o r  ozone l e v e l  c o n t r o l  i n  USA and Europe a r e  
s u b s t a n t i a l l y  d i f f e r e n t  (urban ambient concent ra t ion  of  oxidants  i n  
Ca l i fo rn ia  and concern about h e a l t h  e f f e c t s ,  while  i n  Europe t h e  
concerns mainly come from f o r e s t  damage) such t h a t  t h e  enforcement 
of IJSA regu la t ions  i n  Europe may not  be appropr ia te .  CONCAWE 
be l i eves  t h a t  t h i s  paper provides a  v a l i d  con t r ibu t ion  t o  t h e  
debate on t h e  b e s t  way t o  approach s i m i l a r  regula tory  measures 
cu r ren t ly  under cons idera t ion  by some European coun t r i e s  and t h e  
EEC. 

The paper r e c a l l s  b a s i c  r a t i o n a l  p r i n c i p l e s  t h a t  a r e  genera l ly  
agreed and reviews f i e l d  experience which w i l l  he lp  t o  i d e n t i f y  the  
appropr i a t e  pa th  t o  fol low f o r  an e f f e c t i v e  and we l l  balanced 
approach t o  t h e  problem of atmospheric emissions con t ro l .  

The main i s s u e s  and a s soc ia t ed  cons ide ra t ions  a re :  

- Any con t ro l  p o l i c y  should be based on sound s c i e n t i f i c  
information.  Since r u r a l  ozone l e v e l s  i n  the  US have not  
been s u b j e c t  t o  con t ro l  - a s  opposed t o  urban ozone 
concent ra t ions  - much unce r t a in ty  surrounds e f f o r t s  t o  
p r e d i c t  e f f e c t s  of proposed s t r a t e g i e s  on f u t u r e  r u r a l  ozone 
l e v e l s .  Appropriate models a r e  i n  t h e  e a r l y  development 
s t age  both i n  t h e  USA and Europe and g r e a t  e f f o r t s  s t i l l  
seem requi red  before  they can he lp  formulat ing any s e n s i b l e  
con t ro l  po l i cy .  

- An e f f e c t i v e  c o n t r o l  s t r a t e g y  should begin wi th  t h e  l a r g e s t  
sources.  I n  t h e  USA ( a s  i n  Europe) t h e  main sources of 
hydrocarbon emissions a r e  motor v e h i c l e s  and so lven t s  
evaporat ion (about 80% of t o t a l  man-made v o l a t i l e  organic 
compound emissions a l s o  i n  Western Europe). 1t was f o r  these  
sources t h a t  t h e  USA f i r s t  enforced con t ro l  measures. Only 
a f t e r  these  measures were found not  s u f f i c i e n t  were o t h e r  
con t ro l s  considered,  such a s  f o r  r e f u e l l i n g  emission con t ro l  
(only 2% of t o t a l  man-made emissions i n  USA a s  we l l  a s  i n  
Europe). 



- The adoption of s p e c i f i c  con t ro l  measures should be preceded 
by an adequate eva lua t ion  of t h e  v a r i o u s  technologies  
a v a i l a b l e  t o  al low t h e  i d e n t i f i c a t i o n  of t h e  most 
cos t - e f f ec t ive  opt ion.  

To cope with c a r  r e f u e l l i n g  emissions, t h e  i n s t a l l a t i o n  of vapour 
recovery a t  s e r v i c e  s t a t i o n s  (Stage 2 )  and t h e  a l t e r n a t i v e  of 
onboard carbon c a n i s t e r s  a r e  both under cons idera t ion  by t h e  EPA. 
Both systems have p r o ' s  and con ' s ,  but  according t o  t h e  Author, i n  
the  USA carbon c a n i s t e r s  appear by f a r  more cos t - e f f ec t ive .  

I t  i s  necessary t h a t  European l e g i s l a t o r s  give s e r i o u s  
cons ide ra t ion  t o  these  a l t e r n a t i v e s  a t  an e a r l y  s tage .  CONCAWE 
b e l i e v e s  t h a t  t h i s  paper can cons t ruc t ive ly  c o n t r i b u t e  t o  t h e  
debate.  



ABSTRACT 

Ozone formation i n  t h e  atmosphere i s  a t t r i b u t e d  t o  complex chemical 
pathways involv ing  r eac t ion  of hydrocarbons and n i t rogen oxides i n  
t h e  presence of sun l igh t .  Thus, c o n t r o l  s t r a t e g i e s  t o  reduce ozone 
l e v e l s  i.nvolve con t ro l  of hydrocarbons and NO . 

X 

This  review t r a c e s  t h e  development of hydrocarbon and n i t rogen 
oxide (NO ) con t ro l s  a s  they r e l a t e  t o  the  c o n t r o l  of h igh  ambient 
concentrar ions of  oxidants  once observed i n  most US urban a reas .  
F i r s t  i n  C a l i f o r n i a ,  then throughout t h e  US, urban ambient 
concent ra t ions  of oxidants  were observed which a r e  a s soc ia t ed  with 
a l l eged  h e a l t h  e f f e c t s .  This  prompted l e g i s l a t i o n  t o  con t ro l  ozone 
and o the r  ambient a i r  p o l l u t a n t s .  I n  Europe, t h e  motivat ion f o r  
c o n t r o l l i n g  ozone appears t o  have come from t h e  a s s o c i a t i o n  of 
ozone wi th  f o r e s t  damage a t  r e l a t i v e l y  lower r u r a l  ozone 
concent ra t ions .  Urban ozone concent ra t ions  a r e  s i m i l a r  i n  Europe 
and t h e  US; the re fo re ,  s i m i l a r  precursor  con t ro l s  should be 
e f f e c t i v e .  Since r u r a l  ozone l e v e l s  i n  t h e  US have not  been 
sub jec t  t o  c o n t r o l ,  much unce r t a in ty  surrounds e f f o r t s  t o  p r e d i c t  
e f f e c t s  of proposed s t r a t e g i e s  on f u t u r e  rura l  ozone l e v e l s .  Models 
i n  both t h e  US and Europe t h a t  would handle t r anspor t  of mostly 
urban precursor  hydrocarbon and NOx emissions and mixing wi th  r u r a l  
n a t u r a l  hydrocarbons t o  p r e d i c t  r u r a l  ozone l e v e l s  a r e  s t i l l  i n  t h e  
e a r l y  development s tage .  

E f f e c t i v e  c o n t r o l  s t r a t e g y  should begin wi th  t h e  l a r g e s t  sources.  
I n  t h e  US motor v e h i c l e  emission c o n t r o l s  of hydrocarbons and NO 
have been t h e  backbone of ozone c o n t r o l  s t r a t e g i e s ,  beginning f i & t  
i n  C a l i f o r n i a  i n  the  1960s, then becoming inc reas ing ly  more 
s t r i n g e n t  a s  technology was developed. Vehicle hydrocarbon 
emissions have been second most important f o r  hydrocarbon 
reduct ion;  c o n t r o l s  have involved reduct ion  i n  use ,  reformulat ion,  
and recovery. 

Petroleum indus t ry  sources  represented  only  about 10% of 
uncont ro l led  hydrocarbons and even l e s s  of NO . Recently, 
hydrocarbon emissions have been con t ro l l ed  s e r e c t i v e l y  i n  high 
ozone a reas .  Controls  i n  r e f i n e r i e s  have included b e t t e r  tank s e a l s  
and increased monitoring and maintenance of va lves  and f i t t i n g s .  I n  
gaso l ine  marketing, vapour recovery has  been required f o r  t r a n s f e r  
opera t ions  from bulk tanks t o  tank t rucks  and t o  r e t a i l  o u t l e t s .  
Vapour recovery i n  v e h i c l e  r e f u e l l i n g  i s  i n  p lace  i n  C a l i f o r n i a  and 
i s  under cons idera t ion  a s  a  nationwide requirement. Limits  on 
gaso l ine  v o l a t i l i t y  e x i s t  i n  C a l i f o r n i a  and a r e  under cons idera t ion  
i n  o the r  s t a t e s  and a t  t h e  na t iona l  l e v e l .  Control  of s t a t i o n a r y  
source NO emissions has  been l imi t ed  t o  the  few a r e a s  i n  v i o l a t i o n  
of hea l th lbased  s tandards  f o r  NOx. L imi ts  on r e f i n e r y  b o i l e r  and 
process h e a t e r  NOx emissions have been p a r t  of t h e  con t ro l  
s t r a t e g y .  



Review of in-place petroleum indus t ry  hydrocarbon con t ro l  
techniques i n d i c a t e s  t h a t  v e h i c l e  emission con t ro l s  have had a  
l a r g e r  impact on t h e  petroleum indus t ry  through requirements t o  
market unleaded gaso l ine  than d i r e c t  i ndus t ry  emission con t ro l s .  
A v a i l a b i l i t y  of unleaded gaso l ine  was mandated when exhaust 
emission c o n t r o l  c a t a l y s t s  were introduced.  The unleaded gaso l ine  
mandate a l s o  c a r r i e d  r e s t r i c t i o n s  on sulphur and phosphorus content  
and on usage of oxygenates and f u e l  add i t ives .  The more recent  
i n t roduc t ion  of ox ida t ion / r educ t ion  ( t h r e e w a y )  c a t a l y s t s  t h a t  
combine c a t a l y t i c  c o n t r o l  of NO emissions with con t ro l  of 
hydrocarbon and carbon monoxidexis br inging  pressure  f o r  
low-phosphorus engine o i l s .  

Concern about t h e  performance of exhaust c a t a l y s t s  i n  s e r v i c e  may 
b r ing  about a  complete ban on leaded gaso l ine  t o  prevent  c a t a l y s t  
poisoning through misuse of leaded gaso l ine  i n  catalyst-equipped 
veh ic l e s .  Concerns about  t h e  e f f e c t i v e n e s s  of evapora t ive  emission 
con t ro l s  may l ead  t o  gaso l ine  v o l a t i l i t y  r e s t r i c t i o n s .  

I n  t h e  United S t a t e s ,  r egu la t ions  t o  reduce hydrocarbon and NOx 
emissions t o  c o n t r o l  ambient ozone have had a  s u b s t a n t i a l  impact on 
the  petroleum indus t ry .  I f  f u r t h e r  ozone c o n t r o l  i s  necessary 
worldwide, r e g u l a t i o n s  should take  account of cos t -ef fec t iveness  of 
a l t e r n a t i v e  c o n t r o l  s t r a t e g i e s .  Any pol icy  must be based on sound 
s c i e n t i f i c  information and t h e  app l i ca t ion  of va lue  judgements t h a t  
cons ider  key s o c i a l  and economic f a c t o r s .  



"US EXPERIENCE OF HYDROCARBON AND NO.. EMISSIONS CONTROL" 
A 

Presen ta t ion  by 
D r .  L.J. McCabe 

Mobil Research & Development Corporation 
Research Department 
Paulsboro, N J ,  USA 

S apprec ia t e  the  oppor tuni ty  t o  be with you today t o  p a r t i c i p a t e  i n  
t h i s  very important CONCAWE seminar on atmospheric emissions and 
a c i d  r a i n  a s  r e l a t e d  t o  t h e  a l leged  causes and e f f e c t s  of f o r e s t  
damage. This  seminar i s  very t imely,  s i n c e  va r ious  l e g i s l a t i v e  
c o n t r o l  opt ions  a r e  being considered i n  Europe t o  address  the 
f o r e s t  damage problem. 

A s  we proceed towards t h e  completion of t h i s  seminar,  i t  i s  
important t o  emphasise t h a t  any r egu la t ions  should be based on 
sound s c i e n t i f i c  evidence and should be on a  cos t - e f f ec t iveness  
b a s i s .  Any pol icy  should take i n t o  account va lue  judgements t h a t  
consider  key s o c i a l  and economic f a c t o r s .  Research r e s u l t s ,  such a s  
those presented by Professor  Z l j t t l  on the  probable causes of f o r e s t  
damage and poss ib l e  r e v i t a l i s a t i o n  of damaged t r e e s ,  should rece ive  
wide d i s t r i b u t i o n ,  e s p e c i a l l y  t o  those  respons ib le  f o r  developing 
r egu la t ions  t o  c o n t r o l  f o r e s t  damage. 

I n  my p resen ta t ion ,  S w i l l  d i scuss  the  U.S. experience of 
hydrocarbons and NOx c o n t r o l ,  covering the  reasons f o r  ozone 
con t ro l s  i n  t h e  U.S., c o n t r o l  technology, and t h e  e f f e c t i v e n e s s  of 
con t ro l  measures. 

I n  t h e  e a r l y  1950 t s ,  P ro fes so r  Arie  Haagen-Smit a t  C a l i f o r n i a  
I n s t i t u t e  of Technology conducted a  s e r i e s  of chamber experiments 
i n  which he showed t h a t  t h e  hydrocarbons and n i t rogen  oxides i n  
au to  exhaust could r e a c t  i n  t h e  presence of sun l igh t  t o  form 
oxidant  o r  ozone s i m i l a r  t o  Los Angeles smog. H i s  experiments 
showed these  substances cause eye i r r i t a t i o n ,  crop damage, and 
rubber cracking,  i n d i c a t i v e  of a  highly ox id i s ing  medium. 

Haagen-Smit recognised t h a t  Los Angeles' ozone l e v e l s  were much 
higher  than could be explained by t h e  pho to lys i s  of t h e  ava i l ab le  
NOx. He speculated t h a t  a  f r e e  r a d i c a l  mechanism involv ing  the  
formation of organic  peroxides must be involved. We now f e e l  
confident  t h a t  the  hydroxyl r a d i c a l  i s  b a s i c  t o  t h e  understanding 
of t h e  amplifying e f f e c t  t h a t  hydrocarbons have on ozone formation 
from NO (Fig. l ) .  These r a d i c a l s ,  present  i n  t h e  e a r l y  morning 

X 
atmosphere, can be formed from t h e  photoreac t ion  of r e s i d u a l  ozone 
with water  vapour, o r  from t h e  pho to lys i s  of n i t r o u s  a c i d  formed a t  
n ight  by a s  y e t  poorly understood NO r eac t ions .  The s impl i f i ed  

X s teady-s ta te  r eac t ions  i l l u s t r a t e  ozone formation by NO 2 
pho to lys i s ,  a l k y l  peroxyl r a d i c a l  formation by hydroxyl r a d i c a l  
a t t a c k ,  and r a d i c a l  oxida t ion  of NO t o  r ep len i sh  t h e  NOr This 
scheme ignores p a r t i a l  l o s s  of NO through n i t r i c  a c i d ,  
pe roxyace ty ln i t r a t e  (PAN) and org&ic n i t r a t e  formation,  but  
i l l u s t r a t e s  t h e  p o s s i b i l i t i e s  f o r  high l e v e l s  of ozone formation 
with l i t t l e  consumption of NO . 

X 



The pseudo-equilibrium ind ica t ed  i n  t h e  pho to lys i s  r e a c t i o n  
p a r t i a l l y  exp la ins  t h e  apparent  depression of ozone formation with 
increas ing  NO l e v e l s  a t  cons tant  HC l e v e l s .  

X 

A s  i l l u s t r a t e d  by D r .  Cox, organics  can be ranked a s  t o  t h e i r  
ozone-forming p o t e n t i a l  roughly i n  propor t ion  t o  the  r a t e  of 
r eac t ion  wi th  hydroxyl r a d i c a l s .  Such a ranking has  formed t h e  
b a s i s  f o r  some s t r a t e g i e s  f o r  reformulat ion of so lven t s  t o  provide 
l e s s  r e a c t i v e  emissions. 

Throughout the  19601s, f i r s t  i n  C a l i f o r n i a  and then through 
Congressional a c t i o n ,  c o n t r o l s  were imposed on automotive emissions 
and, t o  a  much l e s s e r  degree,  on some petroleum sources  of 
hydrocarbon vapours. Enforcement of o t h e r  than new c a r  c o n t r o l s  was 
l a x ,  and time t a b l e s  f o r  achieving emissions reduct ions  were 
e s s e n t i a l l y  non-existent .  In  1970 and 1977, r i d i n g  a  wave of publ ic  
sentiment f o r  environmental l e g i s l a t i o n ,  Congress passed amendments 
t o  e x i s t i n g  environmental laws mandating EPA t o  s e t  n a t i o n a l  
health-based a i r  q u a l i t y  s tandards.  EPA was given the  a u t h o r i t y  t o  
withhold f e d e r a l  funding f o r  s t a t e  p r o j e c t s  and p r o h i b i t  new 
cons t ruc t ion ,  i f  t h e  S t a t e s  f a i l e d  t o  meet t h e  s tandards .  I n  t h e  
1970 Amendments t o  t h e  Clean A i r  Act, Congress mandated reduct ion 
of automotive emissions by 90% over t h e  1970 l e v e l s .  

EPA s e t  the  ozone s tandard a t  0.08 ppm ( l -hr  average) i n  1971 based 
on h a s t i l y  assembled support  da t a  and relaxed the  s tandard  by 50% 
t o  0.12 ppm i n  1979 on t h e  b a s i s  of a  more thorough examination of 
h e a l t h  e f f e c t s  observed a t  low ozone concent ra t ions .  This  a c t i o n  
was p r e c i p i t a t e d  by an API lawsui t .  To achieve t h e s e  l e v e l s ,  EPA 
advised t h a t  peak morning hydrocarbon reduct ion  was t h e  most 
e f f e c t i v e  c o n t r o l  s t r a t e g y .  This ,  coupled wi th  NOx reduct ions  
through automotive emissions c o n t r o l ,  would achieve t h e  des i red  
ozone l e v e l s .  

As  shown i n  Fig. 2 ,  e a r l y  1970's ozone l e v e l s  i n  t h e  U.S. were not  
too d i f f e r e n t  from those  c u r r e n t l y  observed i n  European urban 
a reas .  Since t r a n s p o r t  from urban a r e a s  i s  c u r r e n t l y  f e l t  t o  be the  
l a r g e s t  source of r u r a l  ozone, although sporadic  s t r a t o s p h e r i c  
ozone may c o n t r i b u t e  t o  peak l e v e l s ,  presumably con t ro l  s t r a t e g i e s  
which work i n  t h e  U.S. w i l l  work i n  Europe. 

In  1979, t h e  U.S. EPA recognised t h a t  both hydrocarbon and NOx 
concent ra t ions  in f luence  ozone formation and t h a t  t h e  HC/NO r a t i o  

X 
i s  very important .  Fig.  3 i l l u s t r a t e s  how ozone l e v e l s  a r e  
dependent on both hydrocarbon and NO concent ra t ions .  A s l i g h t  
reduct ion  i n  NO may r e q u i r e  a  s u b s t g n t i a l  reduct ion  i n  

X hydrocarbons i n  o r d e r  t o  reduce ozone from 0.2 ppm t o  0.12 ppm; 
thus the  hydrocarbon-NO l e v e l s  must be balanced. 

X 

An e f f e c t i v e  ozone c o n t r o l  s t r a t e g y  should begin wi th  con t ro l  of  
the  l a r g e s t  source  of p recu r so r  emissions. Fig. 4 i l l u s t r a t e s  the 
con t r ibu t ion  of major U.S.  hydrocarbon sources a s  a  percent  of 
t o t a l  1970 hydrocarbon emissions. I n  1970, about 40% of the  t o t a l  
hydrocarbons were from motor v e h i c l e s  (highway t r a n s p o r t a t i o n ) .  By 



1982, motor v e h i c l e  hydrocarbon sources  had been reduced t o  about 
22% of t h e  t o t a l  hydrocarbons. The second major source was so lvent  
evaporat ion,  which was reduced from 23% of t o t a l  hydrocarbons i n  
1970 t o  15% i n  1982 by reduct ion i n  t h e  use of so lvents ,  
re formula t ion ,  and so lvent  recovery. Petroleum sources were only 
10% of t h e  hydrocarbon burden 1970 and thus  t h e r e  i s  l i t t l e  
nationwide con t ro l  of petroleum sources.  However, i n  high ozone 
a reas ,  petroleum source hydrocarbon con t ro l  i s  extensive.  

About 50% of t h e  NO emissions i n  t h e  U.S. have been due t o  power 
X 

genera t ion  (Fig. 5 ) .  I n  1970, about 40% of t h e  NO emissions 
r e s u l t e d  from motor v e h i c l e s  and the  cont r ibut ionXincreased  by 1982 
due t o  t h e  inc rease  i n  v e h i c l e  mi les  t r a v e l l e d .  Petroleum sources 
a r e  a  minor con t r ibu t ion  t o  NO emissions. Overa l l ,  NO emissions 

X 
have not  been con t ro l l ed  a s  e f f e c t i v e l y  a s  hydrocarbon emissions 
because of t h e  u n a v a i l a b i l i t y  of cos t - e f f ec t ive  NO con t ro l  

X 
technology. 

A s  noted above, motor v e h i c l e s  a r e  major sources of hydrocarbon and 
NO emissions. Major mi les tones  i n  U.S. motor veh ic l e  emissions 
c o g t r o l s  a r e  shown i n  Fig. 6.  Crankcase hydrocarbons and carbon 
monoxide were con t ro l l ed  by use of  p o s i t i v e  crankcase v e n t i l a t i o n  
(PCV) va lves ,  and i n  1968 hydrocarbons were reduced f u r t h e r  by 
engine detuning and use of a i r  pumps t o  promote oxidat ion.  I n  1970, 
c o n t r o l s  were implemented t o  c o n t r o l  evapora t ive  hydrocarbon 
emissions r e s u l t i n g  from d iu rna l  hea t ing  of t h e  f u e l  i n  t h e  v e h i c l e  
tank  and evaporat ion l o s s e s  from t h e  ca rbure to r  a f t e r  t h e  engine i s  
heated up and allowed t o  s tand.  Evaporative emissions have been 
con t ro l l ed  by i n s t a l l i n g  a  carbon c a n i s t e r  onboard t h e  v e h i c l e  t o  
c o l l e c t  t h e  vapours and then purging t h e  vapours t o  t h e  combustion 
process.  I n  1972, exhaust gas  r e c i r c u l a t i o n  was introduced t o  
reduce vehic le 'N0 emissions by reducing peak combustion 

X temperatures.  

A major s t e p  i n  con t ro l  exhaust hydrocarbons and carbon monoxide 
was t h e  in t roduc t ion  of noble metal  oxida t ion  c a t a l y s t s  on v e h i c l e s  
i n  1975, r e q u i r i n g  the  use of unleaded gasol ine .  Three-way 
c a t a l y s t s  were introduced nationwide i n  1981 t o  e f f e c t  b e t t e r  
c o n t r o l  of NO emissions. Meeting the  evolu t ionary  s t r i n g e n t  
v e h i c l e  emissfons s tandards  requi red  a  s u b s t a n t i a l  e f f o r t  by both 
t h e  automotive and petroleum i n d u s t r i e s .  There was give and take on 
both s i d e s ,  r e s u l t i n g  i n  a  s u b s t a n t i a l  impact on both i n d u s t r i e s .  
The most s i g n i f i c a n t  impact on t h e  petroleum indus t ry  was t h e  
requirement of unleaded gaso l ine  on catalyst-equipped ca r s .  

Motor v e h i c l e  emi.ssions c o n t r o l s  have been e f f e c t i v e .  Trends i n  
U.S. mobile source emissions and v e h i c l e  mi les  t r a v e l l e d  (VMT) a r e  
shown i n  Fig. 7. These a r e  p l o t t e d  a s  percent  of 1970 emissions f o r  
t h e  period 1970-1982. From 1970 t o  1982, v e h i c l e  mi les  t r a v e l l e d  
increased  by about 35%. For t h e  same pe r iod ,  hydrocarbon emissions 
decreased s u b s t a n t i a l l y .  Nitrogen oxide emissions increased during 
t h i s  per iod  r e f l ec t i . ng  t h e  inc rease  i n  v e h i c l e  miles  t r a v e l l e d .  But 
we a r e  now see ing  a  downward t rend  a s  a  r e s u l t  of  the  
implementation of NO con t ro l s .  

X 



The next  l a r g e s t  source of hydrocarbon emissions i s  so lven t s .  
Solvent sources and c o n t r o l s  a r e  i l l u s t r a t e d  i n  Fig. 8. Controls  
inc lude  reduced so lvent  content ,  reformulat ion,  and so lven t  
recovery. 

Although petroleum sources a r e  a  minor con t r ibu to r  t o  t h e  
hydrocarbon burden, t h e r e  has  been s e l e c t i v e  con t ro l  i n  a r e a s  of 
ozone s tandard  non-attainment. Production, s to rage ,  and r e f i n e r y  
process sources and c o n t r o l s  a r e  shown i n  Fig. 9. These con t ro l s  
a r e  very c o s t l y .  Control of f u g i t i v e  emissions i n  t h e  r e f i n e r y  i s  
e s p e c i a l l y  burdensome and not  very cos t - e f f ec t ive  because of t h e  
manpower requirements f o r  d a i l y  monitoring and extens ive  r epor t ing  
requirements.  

There a r e  a l s o  s u b s t a n t i a l  and c o s t l y  con t ro l s  f o r  hydrocarbons i n  
the  marketing of gasol ine  a s  shown i n  Fig. 10. A t  gaso l ine  
t e rmina l s ,  vapours a r e  c o n t r o l l e d  mainly by condensation and 
i n c i n e r a t i o n .  A t  t e rminals ,  gaso l ine  tank t ruck  vapours a r e  
con t ro l l ed  by vapour r ecyc l ing  t o  the  te rminal  and by bottom 
loading. I n  bulk de l ive ry  a t  t h e  s e r v i c e  s t a t i o n ,  the  vapours 
d isp laced  from the  s e r v i c e  s t a t i o n  tank a r e  recycled t o  t h e  tank 
t ruck  and subsequently disposed of a t  t h e  bulk terminal .  This  i s  
r e f e r r e d  t o  a s  Stage 1 s e r v i c e  s t a t i o n  con t ro l .  

One source of hydrocarbon emissions which has not  been widely 
con t ro l l ed  up t o  now i s  v e h i c l e  r e f u e l l i n g  emissions a t  s e r v i c e  
s t a t i o n s .  The U.S. EPA i s  weighing the  mer i t s  of c o n t r o l l i n g  
r e f u e l l i n g  emissions nationwide. Two a l t e r n a t i v e  con t ro l  
technologies  a r e  being considered:  vapour recovery a t  t h e  se rv ice  
s t a t i o n  pump (Stage I1 vapour recovery) and vapour c o l l e c t i o n  on 
t h e  v e h i c l e ,  designated onboard r e f u e l l i n g  emission con t ro l .  The 
S t a t e  of C a l i f o r n i a  and Washington, D.C., ,  have a l r eady  adopted 
Stage I1 r e f u e l l i n g  emissions c o n t r o l s ,  and o the r  s t a t e s  a r e  
cons ider ing  doing s o  a s  a  s t e p  toward meeting ozone s tandard.  
Hydrocarbon emissions from r e f u e l l i n g  gaso l ine  v e h i c l e s  account f o r  
only about 2% of t o t a l  hydrocarbon emissions i n  t h e  U.S. For 
European v e h i c l e s ,  with l e s s  seve re  exhaust emission r egu la t ions  
and p r e s e n t l y  no evapora t ive  emission con t ro l  requirements ,  
r e f u e l l i n g  emissions r ep resen t  a  sma l l e r  f r a c t i o n  of v e h i c l e  
hydrocarbon emissions. 

Without c o n t r o l s ,  when gaso l ine  i s  t r a n s f e r r e d  i n t o  a  v e h i c l e  tank,  
vapours a r e  d isp laced  and vented i n t o  t h e  atmosphere. Serv ice  
s t a t i o n  vapour recovery systems (Stage 11) a r e  designed so t h a t  the  
vapour d isp laced  during r e f u e l l i n g  flows back i n t o  t h e  s t a t i o n  
s t o r a g e  tank being emptied. Liquid and vapour volumes remain 
c l o s e l y  i n  balance so t h a t  l i t t l e  vapour i s  ever  vented from the  
system. A Stage I1 system i s  i l l u s t r a t e d  i n  Fig. 11. Experience 
with Stage I1 con t ro l s  i n  t h e  U.S. shows t h a t  customers have 
d i f f i c u l t y  us ing  the  equipment, t h a t  vapour-capture components of 
t h e  nozzles  have l imi t ed  d u r a b i l i t y ,  and t h a t  r egu la r  maintenance 
i s  needed t o  ensure t h a t  t h e  equipment opera tes  wi th  t h e  expected 
e f f i c i e n c y .  



The f e a s i b i l i t y  of Onboard c o n t r o l  of  r e f u e l l i n g  emissions has  been 
demonstrated by Mobil and Exxon i n  work sponsored by API. The 
e s s e n t i a l  components of t h e  system a r e  a  s e a l  i n  t h e  f i l l - p i p e  t o  
prevent  escape of vapours,  a  c a n i s t e r  containing a c t i v a t e d  carbon 
t o  absorb t h e  f u e l  vapours ,  a  means t o  regenerate  the  c a n i s t e r  by 
desorbing o r  purging vapours  during dr iv ing ,  and a  s u i t a b l e  va lue  
i n  t h e  vapour l i n e  between t h e  f u e l  tank and c a n i s t e r  t o  prevent  
t r a n s f e r  of l i q u i d  f u e l  t o  t h e  c a n i s t e r  o r  leakage i n  event of 
v e h i c l e  rol l -over .  A schematic of t h e  Mobil Onboard system i s  shown 
i n  Fig. 12 .  The f i l l - p i p e  s e a l  shown i s  a l i q u i d  s e a l  s i m i l a r  t o  
t h e  vapour t r a p  i n  a  common s i n k  d ra in  and t h a t  has  proven t o  be 
very  e f f e c t i v e .  The carbon c a n i s t e r  f o r  t h e  Onboard system was 
about t h r e e  times t h e  volume of t h a t  used on t h e  product ion v e h i c l e  
to  con t ro l  evaporat ive emissions. The Onboard system se rves  t h e  
dual  purpose of c o n t r o l l i n g  evapora t ive  emissions. Can i s t e r  purging 
was con t ro l l ed  by modifying t h e  product ion v e h i c l e ' s  e l e c t r o n i c  
con t ro l  systems. A so lenoid  va lve  is opened a t  s p e c i f i e d  engine 
opera t ing  condi t ions .  For t h e  Mobil Onboard c a r ,  t h e  ro l l -over  
va lve  (Fig. 1 2 )  was designed t o  be c losed ,  except during v e h i c l e  
r e f u e l l i n g .  A vapour / l iquid  sepa ra to r  was a l s o  added t o  prevent  
carry-over of l i q u i d  f u e l  d r o p l e t s  with vapour t o  t h e  c a n i s t e r  
during r e f u e l l i n g .  

The r e s u l t s  of t h e  s t u d i e s  by Mobil and Exxon have shown t h a t  a  
v e h i c l e  Onboard system can con t ro l  r e f u e l l i n g  emissions wi th  
g r e a t e r  than 98% e f f i c i e n c y ;  con t ro l  of evapora t ive  emissions was 
improved t o  t h e  ex ten t  t h a t  t h e  present  s tandard of 2.0 g / t e s t  
prescr ibed  f o r  a  9 p s i  RVP c e r t i f i c a t i o n  f u e l  was met with a  f u e l  
of 11.5 p s i  RVP, t y p i c a l  of commercial gasol ine ;  and t h e  Onboard 
system had no adverse e f f e c t  on exhaust emissions. The Onboard 
system is compatible wi th  e x i s t i n g  gasol ine  dispensing nozzles .  It  
i s  simple i n  design and cons t ruc t ion  and should be  r e a d i l y  
adaptable  t o  common automotive production methods and m a t e r i a l s .  
Analysis of long-term c o s t  and e f f ec t iveness  show t h a t  t h e  Onhoard 
technology i s  more cos t - e f f ec t ive  than se rv ice  s t a t i o n  Stage I1 
c o n t r o l  and Onboard systems can con t ro l  s u b s t a n t i a l l y  more 
hydrocarbons than Stage I1 c o n t r o l s ,  si.nce Onhoard systems w i l l  
a l s o  control.  evapora t ive  emissions. 

Vehicle emissions con t ro l s  have had s u b s t a n t i a l  e f f e c t s  on t h e  
petroleum indus t ry  (Fig. 13).  The in t roduc t ion  of  noble metal 
exhaust c a t a l y s t s  mandated t h e  marketing of unleaded gasol ine .  To 
meet octane requirements,  gaso l ine  pool octane must be increased .  
The c a p i t a l  c o s t s  f o r  t h i s  a r e  not  recoverable due t o  the  c u r r e n t  
oversupply of gasol ine.  Oxygenate extenders  a r e  of l i m i t e d  u t i l i t y  
due t o  l l m i t a t i o n s  imposed by emission con t ro l  systems. 

The use of  c a t a l y s t s  has  a l s o  r e s u l t e d  i n  r e s t r i c t e d  f u e l  sulphur 
and phosphorus l e v e l s  and i n  a d d i t i v e  usage. I n  add i t ion ,  
au tobu i lde r s  a r e  p res s ing  f o r  low phosphorus engine o i l s .  S t r ingen t  
evaporatrve emissions s tandards  have r e s u l t e d  i n  proposals  f o r  more 
con t ro l s  on gasol ine  v o l a t i l i t y .  



The e f f e c t i v e n e s s  of hydrocarbon and NO con t ro l  s t r a t e g i e s  on U.S. 
X urban ozone t r ends  i s  i l l u s t r a t e d  i n  Fig. 14  f o r  t h e  period 

1979-1984 f o r  some major U.S. c i t i e s .  The second d a i l y  high ozone 
l e v e l  (ppm) i s  shown f o r  each year .  While t h e r e  a r e  excursions i n  
ozone due t o  meteorological  f a c t o r s ,  i n  gene ra l  t h e r e  i s  a  downward 
t rend i n  ozone l e v e l s .  The progress  t o  da t e  has  been moderated by 
lack of  r e l i a b l e  models t o  p r e d i c t  precursor  e f f e c t s  on ozone 
formation. We would a l s o  po in t  out  t h a t  an ozone s tandard  based on 
a  d a i l y  peak l e v e l  i s  imprac t i ca l  and the  s tandard should be based 
on averaging techniques. 
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4.  SUMMARY 

- U.S. began t o  con t ro l  ozone because of h e a l t h  concerns a t  
urban ambient concent ra t ions .  

- Europe i s  proposing con t ro l s  because of f o r e s t  damage a t  
r e l a t i v e l y  lower r u r a l  concent ra t ions .  

- Urban ozone concent ra t ions  a r e  s i m i l a r  i n  Europe and U.S.; 
s i m i l a r  c o n t r o l s  should be e f f e c t i v e .  

- E f f e c t i v e  c o n t r o l  s t r a t e g y  should begin wi th  t h e  l a r g e s t  
sources.  

- I n  U.S., motor v e h i c l e  emission c o n t r o l s  have been t h e  
backbone of ozone con t ro l  s t r a t e g i e s .  

- Solvent evaporat ion con t ro l  has  been second most important 
f o r  HC reduct ion.  

- Petroleum indus t ry  sources represented  only about 10% of 
uncont ro l led  HC and even l e s s  of NOx. They have been 
con t ro l l ed  s e l e c t i v e l y  i n  high ozone a reas .  

- Vehicle emission con t ro l s  have had a  l a r g e r  impact on t h e  
petroleum indus t ry  through unleaded gaso l ine  than d i r e c t  
i ndus t ry  emission con t ro l s .  

- Regulat ions t o  reduce hydrocarbon and NO emissions have had 
X 

a  s u b s t a n t i a l  impact on indus t ry .  

- Future r egu la t ions  should be based on sound-sc ient i f ic  
evidence and take  account of cos t - e f f ec t iveness  of 
a l t e r n a t i v e  c o n t r o l  s t r a t e g i e s .  
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