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ABSTRACT 

This report summarises the conclusions drawn by CONCAWE from its 
recent work on volatile organic compound (VOC) emissions in Western 
Europe. The underlying data are published by CONCAWE; VOC emissions 
inventories are addressed in Reports Nos. 2/F6 and 87/60, car 
evaporative emissions in Report No. 87/60, and oil refinery and 
gasoline distribution system emissions in Reports Nos. 07/52 and 
85/54. The conclusions presented herein include technical and 
cost-effectiveness information to help in selecting measures and 
assigning priorities in the development of any regulations felt to 
be necessary to limit VOC emissions. Emphasis is given to the 
largest significant sources, and the report therefore concentrates 
more on emissions from cars and to a lesser extent on refineries 
and gasoline distribution systems. 

Considerable efforts have been made t o  assure the accuracy 
and reliability of the information contained in this 
publication. However, neither CONCAWE - nor any 
company participating in CONCAWE -can accept liability 
for any loss, damage or injury whatsoever resulting from 
the use of this information. 

This report does not necessarily represent the views of any 
company participating in CONCAWE. 
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SUMMARY 

In view of the growing interest in Europe in emissions of volatile 
organic compounds (VOC) which include hydrocarbons, CONCAVE has 
completed a number of technical studies on the subject. 

These studies cover emission inventories, assessment of available 
control technologies for motor gasoline use and oil industry 
operations and their cost and cost-effectiveness, i.e. cost per 
tonne of hydrocarbon reduction. 

CONCAWE's inventory of all sources of (non-methane) VOC emissions 
in Western Europe shows that out of a total of 10 million t/yr 
man-made emissions, mobile sources and solvents account together 
for 81%, whereas the oil industry accounts for only 6.5%. Natural 
gas (excluding methane) and a variety of other smaller sources 
account for the balance. Natural emissions (trees etc.) are about 
equal to man-made emissions. 

With respect to the mobile sources (412 of man-made emissions), the 
gasoline sector is responsible for 37Z. A comparison of controls 
shows that the greatest emission reduction is obtained by the 
application of catalysts to vehicle exhaust systems and by enlarged 
on-board carbon canisters to collect both evaporative and 
refuelling emjssions. 

A reduction of gasoline vapour pressure is a less effective control 
and is more expensive than on-board devices. "Stage 2" control, i.e. 
service station vapour recovery for refuelling emissions, is the 
least effective of the controls studied. The combination of reduced 
gasoline vapour pressure and "Stage 2" controls still recovers less 
emissions (2.7%) than on-board vehicle canisters (10%) and is 
significantly less cost-effecti.ve. 

The equipment to effectively minimise emissions arising from 
evaporation and combustion of gasolines will create an essentially 
closed gasoline system. Most importantly, this will enable the 
gasoline to be geared towards optimum engine performance including 
fuel economy. Legislation affecting the gasoline specification e.g. 
in terms of the vapour pressure or the hydrocarbon composition 
would then be unnecessary. 

The solvents sector although identified as a large source of VOC 
emissions lacks well-documented information on control measures and 
their costs. Additional efforts in this field are required. 

In the Western European oil industry sector, emissions from 
refineries and distribution sectors represent only some 5% of 
man-made emissions. These emissions can be reduced by a half by a 
combination of improved refinery maintenance and inspection 
measures and of "Stage 1" vapour recovery with a cost-effectiveness 
comparable to that of on-board canisters for reducing evaporative 
emissions. 



INTRODUCTION 

A number of environmental problems have become major i s s u e s  over 
r ecen t  years .  This  r e s u l t s  from t h e  s t i l l -deve lop ing  s c i e n t i f i c  
understanding of t h e  impacts of p o l l u t i o n  on t h e  environment and 
t h e  r e s u l t a n t  perceived need f o r  p r o t e c t i v e  measures. Publ ic  
awareness is now a t  a  higher l e v e l  than previous ly  and l e g i s l a t o r s  
a r e  moving t o  improve t h e  s i t u a t i o n .  

The phenomenon of ' ac id  r a i n '  i s  such an i s s u e .  A t  t h e  onse t ,  ac id  
r a i n  was a t t r i b u t e d  t o  emissions of sulphur d ioxide  from t h e  
combustion of f o s s i l  f u e l .  Over t h e  l a s t  decade the  s c i e n t i f i c  
complexity of t h e  t r a n s p o r t ,  t ransformation and depos i t ion  of 
emissions has  been recognised. The concerns have broadened t o  
embrace not  only damage t o  l akes  but  t o  s o i l s ,  vege ta t ion  
(especi .al ly  f o r e s t s )  and m a t e r i a l s .  The o r i g i n a l  meaning of ' a c id  
r a i n '  has been extended t o  cover emissions of sulphur d ioxide  and 
n i t rogen oxides,  t h e  s t rong  a c i d s  formed by these  oxides i n  t h e  
atmosphere, and t o  ozone. Since v o l a t i l e  organic  compounds (VOC) 
a r e  precursors  t o  ozone formation, emissions of VOC a r e  sub jec t  t o  
increas ing  a t t e n t i o n .  

Whilst ex tens ive  research  has  l ed  t o  a  s c i e n t i f i c  acknowledgement 
of a  s t r e n g t h e n h g  causa l  l i n k  between ac id  r a i n  and l ake  damage, 
t h e  s c i e n t i f i c  understanding of f o r e s t  damage is  s t i l l  obscure. 
With damage occurr ing even i n  r e l a t i v e l y  ' c l ean  a i r '  reg ions  i t  i s  
recognised t h a t  the  damage is probably t h e  r e s u l t  of va r ious  
combinations of many f a c t o r s  a p a r t  from p o l l u t a n t s .  These f a c t o r s  
inc lude  c l imate ,  topography, the  n u t r i e n t  s t a t u s  of s o i l s ,  d i s e a s e ,  
spec ie s  s e l e c t i o n ,  and f o r e s t  xanagement p r a c t i c e s .  Among t h e  
p o l l u t a n t s ,  ozone has  been i d e n t i f i e d  a s  a  poss ib l e  important 
f a c t o r  i n  t r e e  damage. 

Ozone i s  produced by photochemical r e a c t i o n s  i n  t h e  atmosphere 
involving n i t rogen oxides. VOC a r e  known t o  enhance t h e  formation 
of ozone i n  conjunct ion wjth n i t rogen  oxides. A t  p re sen t ,  a t t e n t i o n  
i s  focussed on the  r e l a t i v e l y  high concent ra t ions  of ozone which 
occur a s  episodes during t h e  summer throughout Europe. The concern 
with ozone episodes i s  not  confined t o  t h e i r  poss ib l e  r o l e  i n  
f o r e s t  damage but  a l s o  t o  poss ib l e  adverse e f f e c t s  on vege ta t ion  i n  
genera l ,  m a t e r i a l s ,  human h e a l t h ,  and v i s i b i l i t y  impairment. Apart 
from ozone episodes,  background l e v e l s  of ozone a r e  a l s o  inc reas ing  
i n  Europe. Considerable research  is under way t o  a i d  t h e  r e s o l u t i o n  
of t h e  ozone i s sue .  

I n  t h e  absence of adequate s c i e n t i f i c  understanding of t h e  
r e l a t i o n s h i p  between emissions and t h e i r  u l t ima te  con t r ibu t ions  t o  
t h e  observed damages, no r igorous  c r i t e r i a  e x i s t  on which t o  base  
emission, a i r  q u a l i t y  o r  p o l l u t a n t  depos i t ion  s tandards .  For t h i s  
reason,  p o l i t i c a l  p re s su res  have l e d  t o  proposals  f o r  a r b i t r a r y  
reduct ions  i n  emissions of sulphur d ioxide  and n i t rogen oxides.  The 
ozone ques t ion  and assoc ia ted  VOC emissions a r e  under cons idera t ion .  
To some, these  proposals  f o r  prompt a c t i o n  a r e  seen t o  be a  



necessary insurance against irretrievable damage if action were 
del-ayed indefinitely to await a complete scientific understanding. 

A number of international organisations in Europe are working on 
the development of air pollution abatement strategies covering 
emissions of sulphur dioxide, nitrogen oxides and VOC. Certain 
countries, with West Germany in the lead and despite the lack of a 
sound scientific basis, have taken drastic action and are proposing 
further action to regulate emission limits for these and other 
pollutants. 

CONCAWE strongly supports the view that: 

- control policies should be balanced arainst sound scientific 
evidence relating cause with effect; 

- effective control regulations should begin with the largest 
significant sources; 

- adoption of specific control measures should be preceded h;? 
an adequate evaluation of the various technologies available 
to identify the most cost-effective ones and to recognise 
those situations where there is still uncertainty on the 
relationship between cause and effect. 

Accordingly CONCAWE has gathered technical and cost information for 
presentation to interested parties to help in assigning priorities 
in the development of any regulatory activities felt to be 
necessary. 

With respect to VOC evissions (see Appendix 1 for a more detailed 
discussion), CONCAWE has recognised that, despite the relatively 
small contribution to hydrocarbon emissions in Europe arising from 
petroleum refining and distribution, there is need for 
documentation on control techniques applicable in these sectors, 
with an assessment of costs. Gasoline distribution is covered in 
CONCAWE Report No. 85/54 and oil refinirig from crude receipt to 
product dispatch is covered in Feport No. 87/52. In these reports 
data are presented showing emission sources, non-controlled 
hydrocarbon emissions, control techniques, total investments, 
annual operating costs and the cost-effectiveness of the controls. 

Non-controlled refinery and distribution emissions, in terms of 
equipment now in use and its state of maintenance, and hence the 
present efficiency of hydrocarbon retention, vary considerably from 
place to place depending on local regulations and engineering 
practice. Partly for this reason, it was decided to base the study 
on a hypothetical 100,000 barrelslcalendar day (5 Mt/yr) refinery 
(representing about 1% of present refinery throughput in Western 
Europe) together with its associated distribution and service 
station facilities for motor gasoline. Emissions from vehicle 
refuelling at service stations are also considered. 



The CONCAWE s t u d i e s  have more r ecen t l :~  been extended t o  examine the  
impacts,  c o s t s  and cos t - e f f ec t iveness  of va r ious  con t ro l s  on 
veh ic l e  r e f u e l l i n g  and evapora t ive  emissions. The pro jec ted  
emission reduct ions  have been coupled with emission p ro jec t ions  
r e s u l t i n g  from va r ious  v e h i c l e  exhaust con t ro l  r egu la t ions  t o  
demonstrate t h e  d i f f e r e n t  b e n e f i t s  a r i s i n g  from va r ious  
combinations of a v a i l a b l e  c o n t r o l s  appl ied  t o  t h e  cons tant ly  
changing European ca r  populat ion.  

The c o s t s  quoted i n  t h i s  r e p o r t ,  un le s s  otherwise s t a t e d ,  a r e  i n  
terms of 1986 $ U S  i . e .  

1 $ U S  = 2.50 Dutch F1 
= 2.?0 German DM 
= 0.65 UK E 



1. VOC EMISSIONS IXVENTORY 

CONCAIJE Reports Nos. 2/86 an have provi d best estimates of 
the main anthropopenic sources of (non-methane) VOC emissions from 
Western Europe. The key elements of that inventory are shown as in 
Fig. 1. From this it is clear that evaporation of hydrocarbons and 
oxygenated and chlorinated hydrocarbons during the use of materials 
such as paints, adhesives, aeroso1.s and plastics, constitute the 
single largest source of emission of approximately 4  Mt/yr or 40% 
of the total. Development in vapour recovery systems and the 
increasing use of alternative non organic based materials could be 
anticipated to have a significant impact on these sources over the 
coming years. 

The second largest source as shown in Fig. 1 are the emissions from 
gasoline engined vehicles which include tail pipe emissions 
(2.5 Mt), running evaporative (1.0 Mt) and refuelling losses 
(0.18 Mt). These emissions together constitute around 37Z of the 
total of man-made sources. 

The remaining contributions as shown in Fig. 1 are made up of a 
multiplicity of small sources ir.cluding other transportation around 
4 X ,  industrial sources 5 . 5 % ,  natural gas (non-methane losses) 6 . 5 %  
and other 2%. Shown separately in Fig. 1 are the combined emissions 
from oil refining and gasoline distrlhution which together 
represent a further 5% contribution. 



CAR EVAPORATIVE EMISSIONS 

The c a t e g o r y  i r lvolves  VOC e m i s s i o n s  which o r i g i n a t e  from: 

o  v e h i c l e  f u e l  sys tems  s o - - c a l l e d  runn ing  e v a p o r a t i v e  l o s s e s  
(1.0 m i l l i o n  t / y r  from g a s o l i n e  c a r s )  

- d u r i n g  a  p e r i o d  when t h e  v e h i c l e  i s  s t a t i o n a r y  w i t h  
t h e  eng ine  h o t  (hot-soak l o s s e s ) ;  

- when b e i n g  d r i v e n  ( r u n n i n g  l o s s e s ) ;  

- when s t a n d l n g  and s u b j e c t e d  t o  t e m p e r a t u r e  changes  
( d i u r n a l  l o s s e s )  and from: 

o  t h e  d i sp lacement  of  vapours  d u r i n g  c a r  r e f u e l l i n g  
(0.18 m i l l i o n  t / y r ) .  

These VOC e m i s s i o n s  a r e  n e g l i g i b l e  f o r  d i e s e l  v e h i c l e s .  

E v a p o r a t i v e  emiss ions  can  be  c o n t r o l l e d  by t h r e e  r o u t e s :  

- t h e  u s e  of  on-board c a n i s t e r  sys tems.  These a r e  a l r e a d y  
f i t t e d  t o  a u t o m o b i l e s  throughout  t h e  USA and o t h e r  p a r t s  of 
t h e  wor ld  i o r  t h e  c o n t r o l  of  v e h i c l e  f u e l  sys tem e m i s s i o n s  
and by e n l a r g i n g  them, t h e  r e f u e l l i n g  l o s s e s ,  a l t h o u g h  
r a t h e r  s m a l l ,  cou ld  be  c a p t u r e d  a s  w e l l ;  

- r e d u c t i o n  of g a s o l i n e  vapour  p r e s s u r e  (normal ly  e x p r e s s e d  a s  
Reid Vapour P r e s s u r e ,  RVP), a f f e c t i n g  bo th  v e h i c l e  f u e l  
sys tem and r e f u e l l i n g  e m i s s i o n s ;  

- vapour  recovery  r e q u i r i n g  t h e  t r a n s f e r  o f  vapour  d i s p l a c e d  
from t h e  v e h i c l e  t a n k  t o  t h e  s e r v i c e  s t a t i o n  t a n k  d u r i n g  
r e f u e l l i n g  by u s i n g  s p e c i a l l y  des igned  f i l l i n g  n o z z l e s  h o s e s  
acd l i n e s  ( s o - c a l l e d  "Stage 2" c o n t r o l s ) .  

CONCAVE c a r r i e d  o u t  ju 1986 an e x p e r i m e n t a l  programme t o  i d e n t i f y  
t h e  e f f e c t i v e n e s s  (and r e l a t i v e  c o s t s )  of t h e  v a r i o u s  r o u t e s .  T e s t s  
were  conducted u s i n g  " c o n t r o l l e d "  ( c a t a l y t i c  c o n v e r t e r s  f o r  exhaus t  
emiss ions  and carbon c a n i s t e r s  f o r  v e h i c l e  f u e l  sys tem e v a p o r a t i v e  
e m i s s i o n s )  v e h i c l e s  mee t ing  c u r r e n t  US emiss ion  l e g i s l a t i o n  and 
" u n c @ n t r o l l e d "  v e h i c l e s ,  w i t h  g a s o l i n e s  of d i f f e r i n g  RVP. The 
e f f e c t  on r e f u e l l i n g  l o s s e s  a l though  n o t  i n v e s t i g a t e d  i n  t h i s  
programme h a s  been a s s e s s e d  from pub l i shed  CONCATJE and US d a t a .  

The c o n c l u s i o n s  from t h i s  s t u d y  were:  

- v e h i c l e  and f u e l  sys tem d e s i g n  h a s  t h e  g r e a t e s t  i n f l u e n c e  on 
e v n p o r a t i v e  e m i s s i o n s  from v e h i c l e s .  F u e l  v o l a t i l i t y  h a s  a  
s i g n i f i c a n t ,  b u t  s m a l l ,  e f f e c t ;  



- under s tandard t e s t  condi t ions  (26-30°C) on-board carbon 
c a n i s t e r s  reduce t o t a l  evaporat ive emissions by over 90% 
while  a  reduct ion  i n  RVP of 10 kPa would only reduce 
emissions by 23%. However, under t y p i c a l  ambient temperature 
i n  the  market and taking account of lower RVP of summer 
gaso l ines ,  an o v e r a l l  reduct ion of 10 kPa i n  RVP would give 
unacceptably low v o l a t i l i t y .  A smal le r  reduct ion  in. RVP t o  
the  60 kPa l e v e l  i n  Summer wot~lcl only reduce evaporat ive 
emissions by 10%. Tbe same reduct ion  would be achieved 
wi th in  two yea r s  i f  new v e h i c l e s  were f i t t e d  with carbon 
c a n i s t e r s ,  assuming a new c a r  pene t r a t ion  of 10% per year .  
Ult imately,  of course,  c a n i s t e r s  would go on t o  achieve the  
f u l l  reduct ion  of over 90% compared t o  t h e  much lower 
reduct ion achievable with a  60 kPa gasol ine .  



TRENDS ON EXHAUST AND EVAPORATIVE EMISSIONS FROM GASOLINE ENGINED 
VEHICLES 

Exhaust Emissions 2500 
Evaporative Emissions I 1010 1 :: 1 

The data from Report No. 87/60 updated from 2/86 (Appendix 2) shows 
that the contribution from the gasoline engined car is in three 
component parts: 

/ ~ef"e1ling losses 180 5 I m l l  

kt 

Using the trend modelling approach described in Appendices 2 and 3 
CONCAWE has examined the potential impact on total hydrocarbons 
emissions from the motor car, of control options to limit exhaust 
emissions, evaporative emissions and refuelling losses from the 
growing European car population. The basic assumptions used to 
calculated exhaust emissions are given in Appendix 2. The 
research work which underpins the assumptions on evaporative losses 
is reported in CONCAWE Report No. 87/60. The data on "Stage 1" and 
"Stage 2" derjve from CONCAIGE Reports Nos. 85/54 and 87/52. 

z 

The resu1.t~ of the analysis are shown as in Fig. 2. From 1970 
onwards exhaust emission limits for gasoline engined vehicles have 
been steadily tightened. Comparison of Case 1 and Case 2 highlight 
the benefits that followed from the progressive implementation of 
ECE 15, 01, 02, 03, 04 standards (Case 2) versus the "do nothing" 
Case 1. However, it can be seen that despite this progress, beyond 
the mid 80's growth in car population exceeds the ability of the 
ECE 04 regulations to restrict growth in hydrocarbon emissions. It 
is important to recognise that current EEC legislation only 
regulates exhaust emissions. 

Case 3 indicates that implementation of ECE 05 regulations will 
prevent any growth in hydrocarbon emissions, but the effect of car 
population growth, especially in the small car sector (for which 05 
improvements on 04 standards are minimal), limits the long term 
benefits. 

Case 4 represents the impact oi one of the options identified to -. 
control running evaporative and refuelling emissions i.e. F.VP 
control and "Stage 2". The data show the small long term benefit 
that can be anticipated from Summer period RVP 1-imitations to a 
ceiling of 60 kPa irom 1990 and the "Stage 2" equipment in service 
stations across Europe during the 1990's. 

Case 5 indicates the greater significance of the alternative option 
i.e. the application of large carbon canisters to all new vehicle 
registrations in parallel with the ECE 05 exhaust scheme. This 
derives from the high efficiency that can be realised from 
canisters in controlling total evaporative losses, which represent 



the  h ighes t  recovery t a r g e t  p o t e n t i a l  ( see  Sect ion 5 ) .  

Case G ,  f o r  completeness, h i g h l i g h t s  t h e  t echn ica l  capac i ty  t h a t  
c u r r e n t l y  e x i s t s  t o  reduce hydrocarbon emissions i f  achievable 
exhaust emission s tandards ,  a s  appl ied  i n  the  U.S . ,  Japan and 
A u s t r a l i a ,  and planned f o r  most of non-EEC Europe, were in t eg ra t ed  
wi th  t h e  b e n e f i t  of l a r g e  carbon c a n i s t e r s .  



THE ECONOMICS OF ALTERNATIVE EVAPORATIVE LOSS CONTROL 

The t e c h n i c a l  d iscuss ion  of c o n t r o l  opt ions  can be most r e a d i l y  
t r a n s l a t e d  i n t o  economic terms by comparing t h e  two ma.jor op t ions  
ava i l ab le :  - 

a )  the  use of RVP c o n t r o l  on motor gasol ine  t o  c o n t r o l  
evaporat ive l o s s e s  p lus  "Stage 2" vapour recovery a t  t h e  
Serv ice  S t a t i o n  f o r  r e f u e l l i n g  l o s s  con t ro l  and; 

b) the  use of l a r g e  carbon c a n i s t e r s  "on-board" t h e  v e h i c l e ,  t o  
control.  both running evapora t ive  l o s s e s  and r e f u e l l i n g  
l o s s e s .  

The da ta  presented i n  t h i s  and o the r  CONCAIJE r e p o r t s  (1,3) have 
defined the  t echn ica l  b a s i s  f o r  t h i s  economic assessment. These 
r e p o r t s  a l s o  provide t h e  economic b a s i s  f o r  a s ses s ing  the  c o s t s  
a s soc ia t ed  with RVP and "Stage 2" con t ro l s .  The only da ta  a v a i l a b l e  
t o  CONCAIJE on the  economics of "on-hoard" c o n t r o l s  have been 
derived from t h e  h i s t o r i c  and cu r ren t  d i scuss ions  which have 
engaged t h e  U.S. o i l  and motor i n d u s t r i e s  and environmental c o n t r o l  
agencies .  The u n c e r t a i n t i e s  of those d a t a ,  when applied t o  European 
condi t ions ,  a r e  r e f l e c t e d  i n  t h e  wide range of c o s t s  t h a t  have been 
c i t e d  (5)  i n  t h i s  r e p o r t .  

Economic cons idera t ions  usual ly  defined i n  terms of c o s t  - 
e f fec t iveness  ( i . e .  $US/t of hydrocarbon recovered) have a l s o  
t o  r e f l e c t  t h e  p o t e n t i a l  f o r  recovery t h a t  each opt ion  o f f e r s .  
These when considered toge the r ,  provide a  measure of t h e  c o n t r o l  
potent ial .  f o r  each of t h e  opt ions  ava i l ab le .  The da ta  a s  shown i n  
Fig. 3  i n d i c a t e  t h a t  l a r g e  carbon c a n i s t e r s  opera t ing  a t  90% p l u s  -- 
e f f i c i e n c y  have the  p o t e n t i a l  t o  recover  j u s t  over 1.0 M t  of 
emissions per  annum. The cos t -ef fec t iveness  i s  between $US 335/ t  
and $US 1340/t depending on the  assumption f o r  t h e  c o s t  of an 
i n s t a l l e d  l a r g e  c a n i s t e r .  There i s  cons iderable  d iscuss ion  on t h i s  
c o s t  and CONCAWE has used a  range of $US 20 t o  $US 80 f o r  t h i s  
s tudy.  Even a t  the  high end of t h e  range t h e  da ta  show t h i s  
approach t o  o f f e r  the  g r e a t e s t  and most cos t - e f f ec t ive  c o n t r o l  
p o t e n t i a l .  

The f i r s t  element of t h e  a l t e r n a t i v e  approach, namely RVP c o n t r o l  
o f f e r s  the  p o t e n t i a l  t o  con t ro l  only 100 k t  of emissions when a 
downward adjustment i n  RVP t o  60 kPa is appl ied  during t h e  summer 
period (May - September). The cos t -"ef fec t iveness ,  a t  $US 2100 / t , i s  
s i g n i f i c a n t l y  worse than t h a t  of t h e  c a n i s t e r ,  and t h e  p o t e n t i a l  
f o r  recovery is only 10% of t h a t  o f f e red  by the  c a n i s t e r .  

The second element of t h e  a l t e r n a t i v e  approach "Stage 2", vapour 
recovery a t  s e rv ice  s t a t i o n s  during refue l . l ing  of t h e  motor c a r ,  
has  a  recovery p o t e n t i a l  of 160 k t / y r  wi th  a  c a p i t a l  investment of 
$US 2-2.5 b i l l i o n ,  hut  t h e  cos t - e f f ec t iveness  i s  t h e  l e a s t  
s a t i s f a c t o r y  of a l l  t h e  opt ions  a t  about $US 5000/t.  



The combined effect of "Stage 2" plus RVP control offers the 
potential to recover about 270 ktlyr of emissions, some 272 of the 
potential offered by the canister. The integrated cost - 
effectiveness of "Stage 2" plus FCP control is some $US 3E50/t. 
This compares with $US 335-1340jt for the canister. 

For completeness the data in Fig. 3 include the cost-effectiveness 
and recovery potential by "Stage 1" vapour recovery systems to 
control emissions during the loading of road tankers at oil 
terminals and refineries, and their discharge at service stations. 
The recovery potential is 200 kt/yr, the cost-effectiveness is 
around $US 1100/t. This is comparable to the cost-effectiveness of 
the canisters on vehicles. The oil industry is already investing in 
this sector in many countries in Europe, end through the 90's it 
would be realistic to anticipate that emissions from this source 
will be progressively recovered to the maximum level (around 90%) 
that practicable %apour recovery system will permit. 



REFINERY EMlSSIONS IN PERSPECTIVE 

Refinery emissions from crude oil receipt, refining and product 
dispatch are discussed in CONCAVE Report No. 87/52.  

Since emissions from product dispatch, essentially gasoline 
emissions, have already been covered in the preceeding Section 4, 
only crude oil receipt and refining emissions are discussed here. 

In the case of crude oil receipt, the changeover to segregated 
hallast with tanker fleet renewal over time (prescribed in the 
YARPOL 74 /76  Convention) wjll have the complementary effect of 
virtually eliminating hydrocarbon emissions at crude oil discharge 
locations by the equivalent of 1.5% of the total 10 million t/yr 
from man-made sources. 

Refinery emissions, based on the study of a hypothetical refinery, 
represent 1.7% of total emissions. Principal sources considered 
were: 

- process plant fugitive emissions; 

- waste water treatment fugitive emissions; 

- crude oil and relevant component and product tankage. 

Available controls include formal programmes of monitoring and 
maintenance for process plant fugitives, floating covers for waste 
water separator bays, and the installation of rim-mounted secondary 
seals in selected floating roof tanks. These controls could reduce 
the total emissions of 0.17 million t/yr by 0.07, 0.02 and 
0.02 million tIyr respectively at cost of 100, 500 and up to 
3,000 $US/t. 



CONCLUSIONS 

Kan-made emissions of VOC (excluding methane) in OECD Europe are 
some 10 million t/yr. The main contributors are mobile sources 
(41%) and sol.vents (40%). 

Within the mobile source category, the gasoline sector is 
responsible for 37% of the total man-made emissions. These 
emissions may be reduced by contro1.s available for vehicle 
exhausts, evaporative and refuelling emissions. 

Gasoline vehicle exhaust emissions, currently represent about 25% 
of total man-made emissions. Whereas with the ECE 04 regulation, 
emissions would have reached a virtual plateau, the recently 
approved ECE 05 regulation will lead to a progressive decrease in 
emissions up to year 2C10. Much more significant reductions would 
be achieved with the introduction of US-type standards in Europe 
requiring catalysts not only for large vehicles but also for medium 
and small engined vehicles which have more than a 90% share of the 
European car population. 

Evaporative and refuelling emissions from gasoline vehicles, 
representing 10% and 2% respectively of total emissions, could be 
most cost-effectively reduced by on-board vehicle canisters. The 
cost assuming a 90% minimum efficiency, would range from about 
335 $US/t hydrocarbon removed to 1340 $US/t depending on the 
canister cost per vehicle. The reduction in emissions would be just 
over l million tlyr. 

Alternatively, a reduction in gasoline volatility would cost about 
2,100 $uS/t hydrocarbon removed but result in a reduction of only 
0.1 million t/yr. 

"Stage 2" vapour recovery for refuelling emissions would cost some 
5,000   US/^ hydrocarbon removed and result in a reduction of 
0.16 million t/yr. 

In combination a reduction in volatility plus "Stage 2" would cost 
some 3,850 $US/t hydrocarbon removed for an overall reduction of 
0.27 million t/yr. This combined alternative would be very costly 
compared to the on-board vehicle canister option and the overall 
reduction would be only a quarter of the canister option. 

Operations involving gasoline deliveries by road result in 
emissions equivalent to 2.2% of total VOC emissions. These 
emissions may be effectively reduced by 0.2 million t/yr by 
"Stage 1" vapour recovery at a cost of 1,100 $US/t. 



O i l  r e f i n e r y  e m i s s i o n s  a r e  0.17 m i l l i o n  t / y r  and may be  reduced by 
0.07 m i l l i o n  t f y r  by fo rmal  moni to r ing  and maintenance programmes 
a t  a  c o s t  of  100 $US/t. 

W h i l s t  t h e  EEC r e g u l a t i o n s  have ach ieved  s i g n i f i c a n t  r e d u c t i o n s  i n  
exhaus t  e m i s s i o n s  s i n c e  1970, t h e  b e n e f i t s  a r e  now ba lanced  by t h e  
growing c a r  p o p u l a t j o n .  The new ECE 05 r e g u l a t i o n  w i l l  l e a d  t o  
f u r t h e r  r e d u c t i o n s  up t o  t h e  y t e r  7010. A d d i t i o n a l  c o n t r o l s  on 
g a s o l i n e  v o l a t i l i t y  and "Stage 2" vapour  r e c o v e r y  w i l l  enhance t h e  
r e d u c t i o n s  b u t  t h e  a l t e r n a t i v e  on-board v e h i c l e  c a n i s t e r  w i l l  
p r o v i d e  f o u r  t i m e s  t h e  r e d u c t i o n  i n  e m i s s i o n s  a t  a  much reduced 
c o s t .  Moreover equipment which minimises  e m i s s i o n s  by c r e a t i n g  a n  
e s s e n t i a l l y  c l o s e d  sys tem w i l l  make i t  unnecessa ry  t o  l e g j s l a t e  t h e  
s p e c i f i c a t i o n  of  g a s o l i n e  e .g .  i n  t e rms  of  vapour  p r e s s u r e  o r  
hydrocarbon composi t ion.  T h i s  w i l l  e n a b l e  t h e  g a s o l i n e  t o  be  gea red  
towards  optimum eng ine  performance i n c l u d i n g  f u e l  economy. 
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Appendix 1 

VOLATILE ORGANIC COMPOUNDS 

Refe rences  a r e  f r e q u e n t l y  made t o  hydrocarbon e m i s s i o n s  i n  
d i s c u s s i o n s  of  a i r b o r n e  o r g a n i c  compounds and t h e i r  r o l e  i n  a i r  
p o l l u t i o n .  However, hydrocarbon compounds c o n s i . s t  o n l y  of  ca rbon  
and hydrogen atoms whereas  many of  t h e  o r g a n i c  compounds invo lved  
may c o n t a i n  a d d i t i o n a l  atoms such a s  oxygen and h a l o g e n s .  For t h i s  
r e a s o n  t h e  term o r g a n i c  compounds, which i n c l u d e s  hydrocarbons ,  i s  
t h e  c o r r e c t  one.  

When c o n s i d e r i n g  o r g a n i c  compounds, t h e  v o l a t i l i t y  o r  vapour  
p r e s s u r e  of  each i n d i v i d u a l  compound i s  o b v i o u s l y  i m p o r t a n t  i n  
de te r to in ing  t h e  e x t e n t  t o  which i t  w i l l  e x i s t  i n  vapour  form i n  t h e  
atmosphere.  The g e n e r a l  term v o l a t i l e  o r g a n i c  compounds (VOC) is 
a p p l i e d  t o  t h o s e  compounds which can  e x i s t  i n  vapour  form i n  t h e  
a tmosphere .  

I n  common usage  t h e  t e r m s  VOC e m i s s i o n s  and hydrocarbon (HC) 
e m i s s i o n s  a r e  o f t e n  used i n t e r c h a n g e a b l y .  However, whereas  t h e  term 
VOC is always  c o r r e c t  s i n c e  i t  i n c l u d e s  ( v o l - a t i l e )  hydrocarbons ,  
t h e  r e v e r s e  may n o t  be  t h e  c a s e .  Excep t ions  i n c l u d e  p a r t i c u l a r  
e m i s s i o n  s o u r c e s  such a s  t h o s e  i n  t h e  o i l  i n d u s t r y  a l t h o u g h  even 
h e r e  t h e  c u r r e n t  u s e  of  oxygenated compounds i n  g a s o l i n e  means t h a t  
VOC e m i s s i o n  p r o v i d e s  t h e  c o r r e c t  d e s c r i p t i o n  i n  some i n s t a n c e s .  

The q u e s t i o n  o f  v o l a t i l i t y  i s  p r o b l e m a t i c  s i n c e  many re1a t ive l .y  
h i g h  b o i l i n g  p o i n t  compounds a r e  d e t e c t a b l e  i n  t h e  a i r  a s  a  r e s u l t  
of  e m i s s i o n s  from l i q u i d s  c o n s i s t i n g  of  s i n g l e  compounds o r  complex 
m i x t u r e s  such a s  g a s o l i n e .  Where t h e r e  is s p e c i f i c  r e g u l a t o r y  
c o n t r o l  of  VOC e m i s s i o n s  i t  h a s  been n e c e s s a r y  t o  d e f i n e  F O C  i n  
l e g a l  t e r m s ,  e .g .  t h e  US 'nvironmental  P r o t e c t i o n  Agency d e f i n i t i o n  
i s  " o r g a n i c  compounds which have a  vapour  p r e s s u r e  g r e a t e r  t h a n  
0 .13  kPa a t  s t a n d a r d  a tmospher ic  c o n d i t i o n s ,  20°C and 101.3 kPa". 
However i n  g e n e r a l ,  e m i s s i o n  d a t a  a r e  based  s imply  on measured o r  
c a l c u l a t e d  mass e m i s s i o n s  w i t h o u t  r e f e r e n c e  t o  any vapour  p r e s s u r e  
t h r e s h o l d .  

I n  u s i n g  VOC e m i s s i o n  d a t a  t h e  acronym NMHC i s  sometimes employed. 
NMHC r e f e r s  t o  non-methane hydrocarbons  and i n  such  c a s e s  t h e  
c o r r e c t  d e s c r i p t i o n  i s  o f t e n  VOC e m i s s i o n s  e x c l u d i n g  methane.  The 
r e a s o n  why methane i s  f r e q u e n t l y  exc luded  is concerned w i t h  i t s  
u b i q u i t o u s  n a t u r e ,  i t s  n o n - t o x i c i t y ,  and i t s  low pho tochemica l  
a c t i v i t y  r e l a t i v e  t o  ozone fo rmat ion .  I n  t h e  l a s t  c a s e ,  s i n c e  t h e  
concern  w i t h  ozone h a s  been mainly  a s s o c i a t e d  w i t h  s h o r t - t e r m  
e p i s o d e s  of  s e v e r a l  d a y s  o r  l e s s ,  some compounds o t h e r  t h a n  methane 
may a l s o  be  exc luded  from VOC e m i s s i o n  i n v e n t o r i e s .  However s i n c e  
methane may p l a y  a n  i m p o r t a n t  r o l e  i n  i n c r e a s i n g  background l e v e l s  
of  ozone and i n  o t h e r  a s p e c t s  of  a t m o s p h e r i c  c h e m i s t r y ,  i n c l u d i n g  
t h e  s o - c a l l e d  g reenhouse  e f f e c t ,  i t  is a t t r a c t i n g  more s p e c i f i c  
a t t e n t i o n .  



Appendix 1 

I n  sumumy emiss ion  i n v e n t o r i e s  shou ld  p r o p e r l y  r e f e r  t o  VOC 
e ~ ~ i s s i o n s  ancl s t a t e  whether  o r  n o t  methane o r  o t h e r  compounds a r e  
exc luded .  I f  an  upper vapour  p r e s s u r e  t h r e s h o l d  i s  i n c l u d e d  i t  
shou ld  b e  definecl .  The term liC e m i s s i o n s  shou ld  b e  a p p l i e d  t o  
s o u r c e s  which emi t  on ly  hydrocarbons .  
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HYDROCARBON EMISSIONS FROM GASOLINE PASSE;NGER CARS IK WESTERN 
EUROPE 

The emission data in the CONCAWE Report Nos. 2/86 and 87/60 
included estimates for exhaust emissions, evaporative and 
refuelling emissions. The basis for the calculations was set out in 
Report No. 2/86. The data on evaporative emissions was modified 
to take account of the most recent research data available to 
CONCAWE which suggested an understatement of evaporative emi-ssions. 
These most up to date values in Report No. 87/60 indicated 
emissions from motor vehicles for the single year 19E3 comprised: 

CONCAWE believed it was important to provide interpretative data on 
the potential of various hydrocarbon control strategies to reduce 
emissions over time. This has been fsrilitated by the development 
of a computer model the scope and operation of which is described 
in Appendix 3. Using the model, estimates have been made of the 
impact of a number of control strategy options, that are being 
considered, out to the year 2010. These results are presented in 
Fig. 2. Although other assumptions may be readily evaluated, for 
the purpose of this report the cases presented are based on the 
following assumptions. 

Exhaust Emissions 
Evaporative Emissions 
Refuelling Emissions 
Total 

Case 1 

Assumes no controls had or would be adopted by the EEC during the 
period 1970-201. This is therefore the "do nothing reference case". 

Case 2 

2500 
1010 

180 
3690 

Assumes all EEC controls introduced since 1976 have been met by all. 
new registrations from the first full year after the control 
standard was introduced. The current ECE 04 is assumed to continue 
out to the year 2010. Therefore this is the "do nothing more than 
is currently agreed case". 

68 
2 7 
- 5 
100 

Case 3 

This begins with Case 2 and then assumes that the ECE 05 
regulations (Luxembourg Accord! as agreed on July 21st 1987, are 
met by a11 new registrations in the first full year after the 
control standards are introduced as stipulated by the directive, 
and thereafter to the year 2010. 

Case 4 

Is based on the same exhaust assumptions as Case 3, but 
additionally assumes that a 10% reduction in running evaporative 
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l o s s e s  i s  ach ieved  by l j m i t i n g  European summer t ime  RVP t o  a  
c e i l i n g  of 60 kPa. Also "Stage 2" i s  p r e s e n t e d  t o  a c h i e v e  50% 
coverage  by 1995 and 100% coverage  by 2000 and pe r fo rms  a t  90% 
e f  f ic ier .cy .  

Case 5  

C a r r i e s  t h e  same exhaus t  e m i s s i o n  c o n t r o l  a s sumpt ions  a s  Cases  3  
and 4 ,  b u t  runn ing  e v a p o r a t i v e  and r e f u e l l i n g  e m i s s i o n s  a r e  assumed 

r t e r s  Gn t o  b e  contro! l& by t h e  i n t r o d u c t i o n  o i  l a r g e  ca rbon  can i . , .  
a l l  new r e g i s t r a t i o n s ,  a t r o r d i n g  t o  t h e  schedu le  r e q u i r e d  by ECE 05 
f o r  exhaus t  e r r i s s ions .  The e f f i c i e n c y  o f  c a n i s t e r s  h a s  been assumed 
t o  b e  90X. 

Case 6  - 
Is b a s e d  on t h e  assumpt ion t h a t  t h e  ECE 05 t ime  s c h e d u l e  remains  
t h e  same b u t  t h a t  t h e  e m i s s i o n  c o n t r o l  r e q u i r e m e n t s  a r e :  

a) e q u i v a l e n t  t o  U.S. 1983 s t a n d a r d s  f o r  t h e  e x h a u s t ;  

b)  r e q u i r e  l a r g e  ca rbon  c a n i s t e r s  t o  c o n t r o l  r u n n i n g  
e v a p o r a t i v e  and r e f u e l l i n g  l o s s e s .  

A compar ison f o ~  1983 of  t h e  model d a t a  v e r s u s  t h e  d a t a  r e p o r t e d  i n  
CONCAVE Repor t  No. 87/60 shows a  good l e v e l  of  agreement and 
p r o v i d e s  c o n f i d e n c e  i n  t h e  p r e d i c t e d  d a t a .  

i T o t a l  ( k t )  1 4126 1100 3690 / 1001 
Car P o ~ u l a t i o n  (M) 115 115 

- 

Exhaust  Emiss ions  ( k t )  

The v a r i a t i o n  on exhaus t  d a t a  is e x p l a i n e d  by t h e  assumpt ion i n  
Repor t  No. 87/60 which used UK Warren S p r i n g  L a b o r a t o r y  d a t a  f o r  on 
t h e  road exhaus t  emiss ions  performance.  The model d a t a  have been 
s t r i c t l y  c o n s t r a i n e d  t o  a  comparison o f  s t a n d a r d s  s e t  by t h e  
l e g l s l a t i o n .  A s  improved d a t a  on e m i s s i o n  performance become 
a v a i l a b l e  t h e  model d a t a  can  r e a d i l y  be  upda ted .  

The a c t u a l  e x h a u s t  emiss ion  f a c t o r s  used  on t h e  model c a l c u l a t i o n  

Kodel  Da ta  - 
2952 

E v a p o r a t i v e  Emiss ions  ( k t )  l010 
R e f u e l l i n g  Emiss ions  ( k t )  l 165 

Uncon t ro l l ed  
ECE 15 
ECE 01/02 
ECE 03 
ECE 04 
ECE 05 
C a t a l y s t s  on a l l  c a r s  - 

- 
% 

7 1  

a r e  s e t  o u t  below. 

2  5  
4  

CCECAWE 87/60 

2500 

Smal l  Large  

% 

6 8 
1010 

1.80 

m) (g/km) (g/km) 1 Medium 

2 7  
5  
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CONCAVE COMPUTER MODEL FOR CAI.CIIT,ATING EMISSIONS FROM MOTOR -- 
VEHICLES 
--U 

The izodel, developed during t h e  f i r s t  q u a r t e r  of March 1987, i s  
used t o  quant i fy  t h e  e f f e c t s  of regula tory  scena r ios  and the  
e f f e c t i v e n e s s  of va r ious  t e c h n i c a l  methods f o r  c o n t r o l l i n g  
emissions. 

The following b r i e f l y  desc r ibes  t h e  scope and form of t h e  model, 
the  f a c t o r s  involved, the da ta  required and c a l c u l a t i o n  methods. 

Scope of t h e  model 

The funct ion  of t h e  model i s  t o  c a l c u l a t e  emissions by processing 
da ta  provided by the  use r ,  and t o  r epor t  t h e  r e s u l t s  i n  t a b u l a r  and 
g raph ica l  form. 

o  The model a p p l i e s  t o  t h e  17 coun t r i e s  of W .  Europe, both 
ind iv idua l ly  and i n  s e l e c t e d  groups, such a s  EEC 10 and 1 2 ,  
Eig 4 and W .  Europe. 

o  Emissions inc lude  hydrocarbons, n i t rogen oxides,  carbon 
monoxide and p a r t i c u l a t e s .  Hydrocarbon emissjons a r e  f u r t h e r  
subdivided i n t o  exhaust ,  evapora t ive  ( inc luding  runni.ng 
l o s s e s ,  hot  soak and d i u r n a l  losses!, r e f u e l l i n g  emissions 
and de l ive ry  l o s s e s  from s to rage  tanks a t  s e r v i c e  s t a t i o n s .  
The model i s  being extended t o  inc lude  l o s s e s  a t  te rminals  
during tanker  loading.  

o  Motor v e h i c l e s  inc lude  gasol ine  and d i e s e l  c a r s  ( l a rge  
2 2  l i t r e s ,  medium 1.4 - 2.0 l i t r e s ,  small  <1.4 l i t r e s ) ,  
l i g h t  commercial v e h i c l e s  and heavy goods veh ic l e s .  

o  The model t akes  account of d i f f e r e n c e s  a r i s i n g  from d r i v i n g  
on motorways, r u r a l  highways and i n  urban conurhat ions.  

o  Emission r e s u l t s  a r e  repor ted  f o r  t h e  period 1970 t o  2010. 

Storage of d a t a s e t s  

The main v a r i a b l e s  involved i n  c a l c u l a t i n g  emissions a re :  

- new v e h i c l e  r e g i s t r a t i o n s  each yea r ,  c a r  s u r v i v a l  r a t e ,  type 
and s i z e  of v e h i c l e ,  annual mileage and percentage on 
motorways/rural/urban, gaso l ine  v o l a t i l i t y ,  f u e l  
consumption, a i r  temperature and emission r a t e s ;  

- da ta  have t o  be provided by the  use r  on each of these  
v a r i a b l e s .  A very u s e f u l  f a c i l i t y  i s  t h a t  up t o  5 d a t a s e t s  
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per v a r i a b l e  can be s to red  i n  t h e  model, each covering the  
period 1952 t o  2010; 

t h e  program is run a f t e r  spec i fy ing  a  d a t a s e t  f o r  each 
v a r i a b l e .  

T o t a l  car  populat ion and age d i s t r i b u t i o n  

I n  t h e  process of calcuLating emissions, an important  prel iminary 
s t e p  i n  t h e  model i s  t o  determine t h e  c a r  populat ion and age 
d i s t r i b u t i o n  of c a r s ,  each year  and f o r  each count ry ,  us ing  t h e  
fol lowing da ta :  

o  new ca r  r e g i s t r a t i o n s  per annum from 1952 t o  1986, and 
t h e r e a f t e r  - the  percentage est imated change i n  t o t a l  car 
populat ion;  

o ca r  su rv iva l  r a t e  i n  each country, def ined  a s  t h e  percentage 
number surv iv ing  a f t e r  1,Z.. .. X yea r s ,  when t h e  r a t e  f a l l s  
below, say 5Z. 

A p a r t i a l  check on t h e  accuracy of s u r v i v a l  r a t e s  i s  obtained by 
comparing ca l cu la t ed  car  populat ions aga ins t  a c t u a l  va lues  
published up t o  1986. 

Emission da ta  and c a l c u l a t i o n  methods 

Experimental work has  indica ted  t h a t  gasol ine  emissions a r e  
dependent on v o l a t i l i t y ,  expressed i n  terms of Reid Vapour Pressure  
(RVP). To al low f o r  the  e f f e c t  of RVP, da ta  on emission r a t e s  can 
cu r ren t ly  be entered i n  t h e  model a s  a  l i n e a r  equat ion  of t h e  form 
y  = mx + b ,  where: 

y  = emission r a t e  
X = RVP 
m and b  = cons tants  

One of t hese  cons tan t s  could,  f o r  example, be a i r  temperature. 
More complex non-linear c o r r e l a t i o n s  would have t o  be adapted t o  
f i t  t h e  model. 

However, where t h e  c o r r e l a t i o n  with RVP i s  not known, t h e  model has  
the  f l e x i b i l i t y  t o  work with ind iv idua l  va lues  of emission r a t e .  

Data inpu t s  t o  t h e  model a r e  i n  met r ic  u n i t s ,  and emission r e s u l t s  
a r e  reported i n  k t l y r .  

Data on hot  soak and d i u r n a l  l o s s  r a t e s  a r e  en tered  a s  g/d per  
v e h i c l e ,  which i n  conjunct ion with ca l cu la t ed  ca r  popula t ions ,  a r e  
d i r e c t l y  converted i n t o  to ta l .  emissions k t / y r .  
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However, exhaust emissions and runni.ng l o s s e s  whjch a r e  en tered  i n  
t h e  model a s  gfkm pe r  c a r ,  use t h e  d a t a  on annual ca r  "mileage" ( i n  
ki lometres)  f o r  conversion t o  k t / y r .  

S imi l a r ly ,  r e f u e l l i n g  and de l ive ry  l o s s e s  entered i n  g f l i t r e ,  
r equ i r e  gaso l ine  consumption da ta  ( l i t r e s f 1 0 0  km) f o r  conversion t o  
k t f y r .  


