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ABSTRACT 

Ihis report gives details of an inventory compiled by CONCAVE and covering man-made 
non-methane volatile organic compound (VOC) emissions in Western Europe. The survey shows 
that the majar man-made sources are road transport end solvents, each contributing around 
40%. Total oil industry operations account for around 8%, with refining operations 
conrribution about 2%. The major oil industry contribution comes from the distribution of 
gasoline, including vehicle refuelling (5%). 

Dit rapport bevat de gegevens van een door CONCAWE samengesrelde invenrarisatie 
betreffende de door mcnselijkc aktivireircn veroorraakte emissies in Vest-Europe van 
vluchrige organische verbindingen (VOC). Net overrichc tomt a m  dar her vegrransport en 
oplosrniddelen de belangrijksre emissiebronnen zijn, ieder ongeveer 40% bijdrsgend. De 
totale sardolie-industrie maakt ongeveer 8% van het rotasl "it met een bijdrage van 
ongeveer Z X  van de raffinaderij-operariee. De belangrijkste bijdrage van de 
sardolie-induarrie komt van dc disrributie (tussenrijdse opslagl van benzine. inklusief 
het benzine tanken van auto's (5%). 

In diesem Bericht sind von CONCAVE Dsten zusamengestellt vorden Uber van Henschen 
hervorgerufene Emissionen fliichtiger orgenischer Besrandteile in Vest Eurapo. Der Bericht 
reigt. dass der Hauprantell dieser von Henschen hervorgerufenen Emissionen von 
Strassentronsport und von LBsungsmitteln ru 40% j e  Anreil, stamen. Der gessmte 
Operacionsbereich der Olindusrrie isr mit BT beteiligt, damn der Reffineriebereich mit 
2%. Der Hauptantell in der Olinduscrie sramt aur dem Benrinverteilerbereich, devm die 
Benrinrankstationen mit 5%. 

Ce rapport donne des dErails d'un inventaire dress6 par CONCAVE couvrant des Emissions de 
composants organigues volatila non-merhane de provenance humaine en Europe de 1'0ues.t. 
L'apercu rnonrre que le gros de ces Emissions provient du transport mutier et de 
dissolvants d m t  chacun conrribue de l'ordre de 40%. L'ensemble des apirsrions de 
I'industrie pEtroliBre compte pour 8% donr les rsffineries contribuent avec 2% le gros de 
la contriburian de l'industrie pEtroliPre provienr de la distriburion des essences. dont 
5% des stations de scrvice. 

CONCAVE he desarrollado u n  invenrarlo de fuentes srtiflclslcs de compueatos orgEnicos 
volatiles (COY), exceptuad~ el metano. para Europa occidental, urilirando 10s d a m s  
disponibles m i s  actualizados. El tronsporte por csrretera contribuyen con un 40%. Las 
acrividades de lo industria perrolifera, incluyendo la producci6n de crudo, el transporte 
marftimo y el almacenamfenta, refino y disrribuciCn de producros. corre con cerca de un 8% 
del coral y el refino, en si mismo considerado, con cerca de un 2%. La mayor concribuciSn 
individualirada. en la que concicrne a lo industria del pecrClea, e s  la distribuci6n de 
gssalina, inclugendo el reposrado de automSviles. que conrribuye con un 5%. 

I1 rapport0 fornisce i psrricolari di un invenrario cornpilato do1 CONCAUE relativa alle 
eeissioni di ldracarburi. escluso il merano, in Europa Occidentsle provocare da atrivitj 
"mane. I.'indagine mosrra che le maggiori fonti di ernissione sona il rrasporto su srrada ed 
i salvenri, ciascuno con un concribuco di circa i1 40,. I1 complesso delle atrivitj 
perralifere concribuisce per circa 13B%, ed in particolare le operarioni di raffinariane 
conrribuiscono per circa il 2%. Nelle artivitl pcrrolifere il conrriburo rnaggiore (5%) i 
daro dalla disrriburione delle benzine, incluso il rifornimenro dei veicoli. 
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In view of the current interest in atmospheric emissions of 
hydrocarbons, CONCAWE has compiled an inventory of emissions of 
man-made volatile organic compounds (VOCs) in Western Europe, using 
the most up-to-date information available. 

The survey showed that the two biggest contributors to man-made, 
non-methane VOC emissions to the atmosphere in Western Europe are 
mobile sources, especially road transport, and solvents. Oil 
industry operations contribute much smaller amounts, as shown in 
the following table: 

Mobile sources 38 -- 40 wt% 
Solvents 38 - 40 wt% 
Oil industry operations 

(including approximately 2 wt% from 
refining and 5 wt% from gasoline 
distribution) 

Natural sources of non-methane VOCs are approximately equal to the 
total anthropogenic production. 

As with other studi.es methane has been excluded from the study as 
no realistic data are available. However, it is by no means certain 
that this exclusion of methane is technically justified, since it 
may, in fact, contribute to the formation of background ozone in 
the longer term. 



INTRODUCTION 

I n  Europe, the  EEC and OECD a r e  both c u r r e n t l y  involved i n  t h e  
development of emission i n v e n t o r i e s  f o r  a  number of p o l l u t a n t s ,  
inc luding  sulphur d ioxide  (SO2), n i t rogen  oxides  (NOx), 
hydrocarbons o r  v o l a t i l e  organic  compounds (VOCs). 

The o i l  i n d u s t r y  b e l i e v e s  t h a t  i t  has  c e r t a i n  information on 
hydrocarbon emissions a v a i l a b l e  from i n t e r n a l  s t u d i e s  which have 
h i t h e r t o  not  been published.  These d a t a  r e f l e c t  developments which 
have taken p lace  i n  r ecen t  y e a r s  with regard t o  t h e  o i l  i ndus t ry  
i t s e l f ,  t h e  s i z e  and n a t u r e  of t h e  motor c a r  populat ion and hence 
i t s  emissions, and t h e  s o l v e n t s  i ndus t ry .  

This  r epor t  has  t h e r e f o r e  been compiled us ing  t h e  i n d u s t r y ' s  
information i n  order  t o  ensure t h a t  an accura t e  da t a  survey 
on hydrocarbon (VOC) emissions i s  made a v a i l a b l e  f o r  use by 
supranat ional  bodies  i n  t h e i r  c u r r e n t  s t u d i e s .  



VOC EMISSIONS INVENTORY 

CONCAWE's best estimates of the main anthropogenic sources of 
emissions of volatile organic compounds (VOCs) to the atmosphere 
(in tonnes x 10') from Western Europe in 1983 are presented in 
Table 1. The certainty of the values for individual sources varies 
widely. Details of sources used and assumptions made are given in 
the later part of this Section. Relatively few of the values are 
based on actual measurements made in 1983, but where emission 
factors have been used they have been applied to the consumption 
figures for 1983 published by the International Energy Agency (1). 
In order to facilitate comparison with other official estimates, 
figures are also shown for the ten EEC Member States (EEC-10) 
during 1983. 

The values given exclude methane, which has by convention been 
treated as non-reactive in the context of oxidant formation in the 
atmosphere. This is an arbitrary decision since it is now believed 
that methane may play some role in atmospheric chemistry. However, 
the inclusion of methane would be difficult since published data 
on, for example, vehicle exhaust emissions would not have been 
comparable with emissions from other sources. On the other hand, 
organic compounds are considered to consist not only of 
hydrocarbons, but also of oxygenated and chlorinated compounds. 

In addition, in Table 1 an estimate is given, on the basis of 
literature data, of volatile organic compound emissions by natural 
sources for comparison with the man-made emissions. 



Table 1 Anthropogenic emissions of v o l a t i l e  organic compounds i n  
western Europe, 1983 

Western Source 

(tonne 
lo3  

-MOBILE SOURCES - 
Gasoline vehicles 
Diese l  vehicles 

.c, 
I L 

Railways 
-land shipping 

Total  

OIL INDUSTRY 
,- 

Product ion 
Marine transpart and crude terminals 
Ref iner ies  
Gasoline distribution 

Total. 

SOLrnNTS 
A l l  types 

MANUFACTURING INDUSTRY 
(not so lvent s )  

NATURAL GAS 
Production 
Dis tr ibut ion  

I SOLID WASTE DISPOSAL ---A 
I STATIONARY COMBUSTION -----I- I TOTAL I 

NATURAL 
.- 

Note: A l l  v a l u e s  exclude methane. 



MOBILE SOURCES 

I n  Table 1 t h e  f i g u r e  of 3390 x  lo3 tonnes f o r  gasoline-engined 
v e h i c l e s  inc ludes  hydrocarbons from both exhaust gases  (2428 x  lo3 
tonnes)  and evapora t ive  l o s s e s  (962 x  lo3  tonnes) ,  bu t  not  
r e - f u e l l i n g  l o s s e s ,  which a r e  included under gaso l ine  d i s t r i b u t i o n  
(Sec t ion  2.2) .  This  f i g u r e  i s  based on r ecen t  measurements made 
during road t e s t s ,  whereas previous  e s t ima tes  have been based on 
emission f a c t o r s  and r e l a t e d  t o  t o t a l  gaso l ine  consumption. I n  the  
l i g h t  of more r e s t r i c t i v e  l e g i s l a t i o n  on exhaust emissions i n  
r ecen t  y e a r s ,  and a s soc ia t ed  improvements i n  engine des ign ,  t h e  
previous  emission f a c t o r s  a r e  probably no longer  v a l i d .  The p resen t  
s tudy u t i l i s e s  measurements of hydrocarbons i n  exhaust gas  c a r r i e d  
out  by Warren Spring Laboratory (2)  i n  a  range of v e h i c l e s  i n  
on-the-road t e s t s  under urban, r u r a l  and motorway d r i v i n g  
condi t ions .  The t o t a l  hydrocarbon emission by gaso l ine  exhausts  i s  
derived from t h e  Warren Spring d a t a ,  OECD ( 3 ) ,  t oge the r  wi th  SMMT 
da ta  (17) on t o t a l  ca r  popula t ion  (115 m i l l i o n  c a r s  f o r  OECD 
Europe),  annual  mileage (10.5 x  lo3  km) and mileage breakdown. 
T o t a l  evapora t ive  l o s s e s  from c a r b u r e t t o r s  and f u e l  t anks  r e s u l t i n g  
from t h e  d i u r n a l  cyc le  and hea t  soak assume a  f a c t o r  of 0.8 glkm. 
This  i s  based on t h e  f i n d i n g s  of a  CONCAWE study c u r r e n t l y  i n  
progress .  

I n  the  absence of recent  measurements of on-the-road emissions from 
d i e s e l  v e h i c l e s ,  and t h e  very  wide range of performance of such 
v e h i c l e s ,  an emissions f a c t o r  of 5 kgl tonne of f u e l  used has  been 
appl ied  t o  t o t a l  European d i e s e l  demand i n  1983 (1 ) .  This  emissions 
f a c t o r  i s  based on recent  work by Ricardo Consulting Engineers and 
s t u d i e s  wi th in  t h e  o i l  indus t ry .  

No recen t  d a t a  f o r  a i r c r a f t ,  ra i lways  o r  i n l a n d / c o a s t a l  shipping 
a r e  a v a i l a b l e .  Emissions f a c t o r s  of 2, 10 and 5 kgl tonne of f u e l  
have been appl ied  t o  1983 f u e l  consumption (1)  i n  these  s e c t o r s .  
These f a c t o r s  a r e  taken from CRC 1972 (4)  f o r  a i r c r a f t ,  EPA 1976 
(5) f o r  ra i lways  and Norwegian I n s t i t u t e  f o r  A i r  Research 1974 (6) 
f o r  sh ipping ,  r e spec t ive ly .  Although developments i n  engine design 
may have reduced these  f a c t o r s  somewhat dur ing  t h e  l a s t  t en  yea r s ,  
t h e  c o n t r i b u t i o n  of t hese  sources  t o  t h e  t o t a l  atmospheric burden 
i s  smal l ,  and i t  w i l l  make l i t t l e  d i f f e r e n c e  t o  t h e  o v e r a l l  
p i c t u r e .  

OIL INDUSTRY 

V o l a t i l e  o rgan ic  compounds emission from off-shore o i l  product ion 
a r e  es t imated  by Kort (7)  t o  be 0.01 w t %  of product ion,  through 
f u g i t i v e  emissions,  product ion water ,  s t o r a g e  tank l o s s e s ,  e t c .  
This  f a c t o r  has  been appl ied  t o  t h e  Western European 1983 
product ion of crude o i l  and n a t u r a l  gas  l i q u i d s  of  161 x  10 tonnes 
( 1 ) .  I n  common wi th  o t h e r  sources  t h i s  f i g u r e  does not  include 
methane, which may be s u b s t a n t i a l  i n  t h i s  case .  



The main source of VOCs from marine t r a n s p o r t  and s t o r a g e  of crude 
emissi,ons i s  hydrocarbon-laden a i r  o r  i n e r t  gas  d i sp laced  from 
empty crude tanks by b a l l a s t  water ,  a  new cargo o r  i n e r t  gass ing .  
Kort (7) e s t ima te  a  t o t a l  f i g u r e  of 60 x l o3  tonnes f o r  1979. 
Pro-rat ing t h i s  t o  European crude movements f o r  1983 g ives  a  f i g u r e  
of 50 x l o3  tonnes. 

Based on a  l imi t ed  number of r ecen t  e s t ima tes  i n  France and Germany 
t h e  t y p i c a l  l e v e l  of r e f i n e r y  emissions of VOCs has  been c a l c u l a t e d  
t o  be 0.04 % of t h e  crude o i l  processed. This  f a c t o r  r e p r e s e n t s  t h e  
aggregate of l o s s e s  from r e f i n e r y  process  u n i t s ,  o i l /water  
s e p a r a t o r s ,  tankage and product handling.  The emission f a c t o r  would 
be expected t o  vary  i n  r e l a t i o n  t o  t h e  condi t ions  of  t h e  p l a n t s  
( type ,  des ign ,  age  e t c . ) ,  t h e  complexity of t h e  processes  
(c racking ,  deep conversion, lube  product ion e t c . ) ,  t h e  type  of raw 
m a t e r i a l s  used (crude o i l s ,  l i gh t lheavy  cut  of t h e  b a r r e l ) ,  and t h e  
shipment p a t t e r n  [p ipe l ine ,  tanker ,  barge,  road, r a k l ) .  Adopting 
t h i s  f a c t o r  and assuming a  throughput of 551.3 x  10 tonnes f o r  
Western Europe i n  1983, r e f i n e r y  l o s s e s  a r e  es t imated  a t  220 x  10 
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tonnes. Any excurs ions  above/below t h e  l e v e l  of 0.04 w t %  on 
throughput due f o r  t h e  reasons given would not  be expected t o  
r e s u l t  i n  any s i g n i f i c a n t  change i n  t h e  small  c o n t r i b u t i o n  of 
r e f i n e r i e s  t o  t o t a l  VOC emissions. 

A CONCAVE s tudy c u r r e n t l y  i n  progress  found t y p i c a l  l o s s e s  of 
gaso l ine  during d i s t r i b u t i o n  from the  r e f i n e r y ,  v i a  t h e  te rminal ,  
t o  t h e  s e r v i c e  s t a t i o n  and i n t o  the  v e h i c l e  t o  be 0.49% of t h e  
volume of product t r a n s f e r r e d .  Applying t h i s  f a c t o r  t o  Western 
European consumption i n  1983 of  104.2 x  10 tonnes g ives  a  l o s s  t o  
the  atmosphere of 510 x  lo3  tonnes. Of t h i s  t o t a l  some 70% is l o s t  
a t  s e r v i c e  s t a t i o n s  dur ing  r e c e i p t ,  s t o r a g e  and d ispens ing  of t h e  
gaso l ine  i n t o  consumers' v e h i c l e s .  Refue l l ing  of vehi ,c les  i s  
est imated t o  cause t h e  l o s s  of 0.18% of t h e  volume of t h e  l i q u i d  
t r a n s f e r r e d ,  and t h i s  c o n s t i t u t e s  188 x l o 3  tonnes of t h e  t o t a l  510 
x  lo3 tonnes emit ted dur ing  t h e  e n t i r e  d i s t r i b u t i o n  chain. 

SOLVENTS 

Solvents  c o n s t i t u t e  one of t h e  l a r g e s t  sources  of VOC emissions 
al though some have low chemical r e a c t i v i t y .  

I n  e s t ima t ing  emissions i t  has  been considered t h a t  a l l  m a t e r i a l s  
so ld  a s  s o l v e n t s  e n t e r  t h e  atmosphere u n l e s s  they  a r e  i n c i n e r a t e d  
o r  otherwise disposed of .  It seems l i k e l y  t h a t  about  15% of 
so lven t s  used by consumers a r e  disposed of i n  non-pollut ing ways 
( a ) ,  l eaving  some 85% t o  e n t e r  t h e  atmosphere. T o t a l  prgduct ion of 
so lven t s  i n  Western Europe i s  i n  t h e  reg ion  of 4.7 x  10 tonnes,  
which t h e r e f o r e  l e a d s  4.0 x  10 tonnes being r e l eased  i n t o  t h e  a i r .  

An est imated breakdown of so lven t  usage i n  OECD Western Europe i.s 
given i n  Table 2 .  



Table 2  Breakdown of so lven t  usage i n  OECD Western Europe 

Solvent  
3  ( tonnes  x  10 ) 

Al ipha t i c  
hydrocarbons 

Aromatic 
hydrocarbons 

Alcohols 

Other  
oxygenates 

Chlorinated 
hydrocarbons 

T o t a l s  
-.-- 

-- 

P a i n t  

-- 

485 

560 

255 

5  10 

- 

Sector  

P r i n t i n g  

- 
Adhesives 

100 

30 

2  5  

80 

60 

- 

Pharmaceutical 

P 

- 
Other 

-- 
500 

270 

430 

260 

570 

T o t a l  

-- 

1120 

950 

990 

1040 

630 

Comparative d a t a  show an o v e r a l l  t rend  towards reduct ion  i n  so lvent  
usage due t o  advances i n  technology of p a i n t s  and coa t ings .  

MANUFACTURING INDUSTRY 

Process  and product  s t o r a g e  emissions f o r  t h e  chemical i ndus t ry  a r e  
assumed t o  be  r e l a t e d  t o  i t s  petroleum feeds tock  by t h e  same r a t i o  
a s  emissions from an o i l  r e f i n e r y  t o  i t s  gaso l ine  product ion 
Taking t h e  consumption of petroleum feeds tocks  t o  be  40 x  10 
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tonnes i n  1983 ( I ) ,  t h e  emissions a r e  85 x  l o 3  tonnes.  

Other i n d u s t r i e s  which a r e  s i g n i f i c a n t  e m i t t e r s  of v o l a t i l e  
organics ,  o t h e r  than s o l v e n t s ,  i nc lude  brickmaking, coking and 
fermentat ion.  T o t a l  emissions derived us ing  EPA emission f a c t o r s  
(5)  a r e  es t imated  a t  320 x  10' tonnes pe r  year .  

NATURAL GAS 

The EPA emission f a c t o r  ( i n c l  ding methane) f o r  n a t u r a l  gas 9 product ion i s  3.1 x  lom3 kglm . I f  t h e  average content  of 
non-methane hydrocarbons i s  taken a s  11% (see  Sec t ion  3,3),3then 
t h e  VOC l o s s  a r i s i n g  from a  product ion r a t e  of 2.2 x  10 m is 3  
75 x  10 tonnes of hydrocarbons, excluding methane. 



Substantial leakage of natural gas takes place through joints in 
distribution pipe designed for town gas. Assuming a 3% loss, they 
the non-methane hydrocarbons from this source amount to 570 x 10 
tonnes per year. If methane were included the figure would be an 
order of magnitude higher. 

SOLID WASTE DISPOSAL 

Brice and Dement (8) have estimated total emissions of VOCs from 
thi.s source in the UK. In the absence of better data, these 
eatimates have been pro-rated upwards sevenfold, this being the 
ratio of UK population to that for Western Europe in total. The 
same authors estimate that 50% of the emissions are methane, 
resulting in an emission of 110 x lo3 tonnes per year of 
non-methane VOC's. 

STATIONARY COMBUSTION 

Estimates of VOC emissions resulting from steam-raising/heating/ 
power generation are based on EPA emission factors (5) and 
estimated 1983 consumption of oil, coal and gas in these sectors 
(1). Data used are given in Table 3. 

Table 3 1983 fuel consumption and emissions estimates 

01 1 

Gas 

Coal 
Electricity 
generation 

Industrial 

Domestic 

Total 

Emissions factor 

0.15 kgltonne 

6 3 
50 kg110 m 

0.15 kgltonne 

0.7 kgltonne 

2.0 kgltonne 

I 

Consumption 

6 52.4 x 10 tonnes 

6 246 x 10 tonnes 

6 34 x 10 tonnes 

6 
31 x 10 tonnes 

I 

Total emissio s 9 
(tonnes x 10 ) 

If it is assumed that approximately 40% of the emissions are 
methane (16) th5n the total figure for non-methane VOC emissions in 
1983 is 85 x 10 tonnes. 



NATURAL SOURCES 

Three major n a t u r a l  sources  of VOC emissions a r e  recognised: 
product ion of methane by b a c t e r i a l  decay under anaerobic  condi t ions  
i n  awamps; emissions of te rpenes ,  e t c .  by t r e e s ;  and r e l e a s e  of 
e s t e r s ,  ketones and o t h e r  oxygenates from grass land ,  e s p e c i a l l y  
a f t e r  c u t t i n g .  Taken toge the r  they g r e a t l y  exceed anthropogenic 
emissions. Methane from vege tab le  decay i s  probably r e spons ib le  f o r  
t h e  h igh  (1.5 ppm) concent ra t ion  of t h i s  m a t e r i a l  i n  t h e  g lobal  
atmosphere (9) .  Recent work (10) has  suggested t h a t  i t  is 
inc reas ing  a t  a  r a t e  of 1.2 - 1.9% pe r  year .  A s  i n  t h e  case  of 
anttiropogenic emissions, methane is  not  included i n  t h e  inventory 
of n a t u r a l  emissions,  i n  view of i t s  r e l a t i v e  non-reac t iv i ty  (see 
Sec t ion  4 ) .  

Based on measurements of t e rpene  f l u x  above a c t u a l  f o r e s t s  (11) and 
i n  t h e  labora tory  (12) ,  i t2 i s  poss ib l e  t o  conclude an average 
emi.ssion f a c t o r  of 30 ug/m x min f o r  t y p i c a l  European weather 
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condi t ions .  Based on a  f o r e s t  a r ea  of 52 x 10 h e c t a r e  i p  Western 
Europe, t h e  t o t a l  annual emission from f o r e s t s  i s  8 x 10 tonnes. 

A f u r t h e r  q u a n t i f i a b l e  source of n a t u r a l  emis3ions, from l ea f  
l i t t e r  and p a s t u r e ,  i s  given (13) a s  2.7 ug/m x min i n  summer. 
Taking t h e  appropr ig t e  a r e a  t o  be 60% of t h e  t o t a l  Western p r o p e  
land a r e a  (250 x 10 h e c t a r e ) ,  t h e  emissions r a t e  i s  2 x 10 tonnes 
pe r  year .  

Taken togetheg, n a t u r a l  sources ,  excluding methane, c o n t r i b u t e  
about 10 x 10 tonnes of VOCs pe r  yea r ,  which i s  approximately 
equal t o  t h e  annual t o t a l  anthropogenic emissions. 



3. COMPOSITION OF VOC EMISSIONS 

3.1 MOBILE SOURCES 

F a i r l y  c o n s i s t e n t  d a t a  are a v a i l a b l e  f rom a  wide v a r i e t y  o f  s o u r c e s  
on t h e  d e t a i l e d  compos i t ion  o f  e x h a u s t  f rom g a s o l i n e  e n g i n e s ,  b u t  
t h o s e  f o r  d i e s e l  e x h a u s t ,  o t h e r  t h a n  on p o l y n u c l e a r  a r o m a t i c s ,  a r e  
s c a n t .  No d a t a  a r e  a v a i l a b l e  f o r  a i r c r a f t ,  r a i l  o r  s h i p .  Some 
t y p i c a l  d a t a  a r e  g iven  i n  T a b l e  4.  

T a b l e  4 VOC compos i t ion  o f  t y p i c a l  g a s o l i n e  e n g i n e  e x h a u s t  

Compounds 

S a t u r a t e s  % w t  

6  
T o t a l  

U n s a t u r a t e s  % w t  

c4 
T o t a l  

Aromat ics  % w t  
'6 c- 
c; c 
9 T o t a l  

O t h e r s  

T o t a l  -- - 

Q u a l i t y  
(wt %) 

These  c o m p o s i t i o n a l  d a t a  do n o t  n e c e s s a r i l y  cor respond  w i t h  t h e  
hdyrocarbon compos i t ion  of  t h e  in-going g a s o l i n e .  I t  i s  known t h a t  
e x t e n s i v e  chemica l  t r a n s f o r m a t i o n  o f  unburn t  hydrocarbons  t a k e s  
p l a c e  i n  t h e  combustion chamber. 

Although c o p i o u s  d a t a  a r e  a v a i l a b l e  on t h e  breakdown o f  p o l y n u c l e a r  
a r o m a t i c s  a s s o c i a t e d  w i t h  p a r t i c u l a t e s  i n  d i e s e l  e x h a u s t ,  t h e r e  i s  
l i t t l e  r e c e n t  i n f o r m a t i o n  a v a i l a b l e  on t h e  VOC compos i t ion  o f  
gaseous  d i e s e l  e x h a u s t .  Hurn and M a r s h a l l  (14) r e p o r t  t h e  f o l l o w i n g  
t y p i c a l  r e s u l t s  from a  s t u d y  of  50 d i e s e l  e n g i n e s .  



Table 5  VOC composition of t y p i c a l  d i e s e l  exhaust 

Compounds To ta l  hydrocarbons 
(mol%) 

F u l l  power 

I Tota l  100 

The components i n  t h e  range C18 - C2q and a  l a r g e  p a r t  of those i n  
the  C12 - C18 range a r e  l i k e l y  t o  be aromatic i n  type.  These da ta  
a r e  broadly cons i s t en t  with those published by Springer and Baines 
(15) and o the r .  

O I L  INDUSTRY 

A s  might be  expected, r e l a t i v e  concent ra t ions  of ind iv idua l  
hydrocarbons and types of hydrocarbons vary  s u b s t a n t i a l l y  from one 
loca t ion  t o  another .  It  i s  t h e r e f o r e  almost impossible t o  ob ta in  a  
t r u e  "average" r e f ine ry  emissions composition. Perhaps t h e  bes t  
t h a t  can be done is  t o  measure composition a t  a  loca t ion  downwind 
of t h e  r e f i n e r y ,  although i t  i s  by no means c e r t a i n  t h a t  t h i s  i s  
t r u l y  r ep resen ta t ive .  Measurements made a t  two r e f i n e r i e s  wi th in  
the  process a r e a  a r e  shown i n  Table 6 .  



T a b l e  6 Hydrocarbon composi t ion o f  r e f i n e r y  a i r  samples  
( p r o c e s s  a r e a )  

Compounds 

Alkanes,  
Ethane 
Propane 

C4+ 

Alkenes 
Ethene 
c + 
3 

Aromatics 
Benzene 
Toluene 
Xy l e n e  

T o t a l  

A i r  sample compos i t ion  
(wt%) 

R e f i n e r y  A 

Limited d a t a  s u g g e s t  t h a t  r e f i n e r y  e m i s s i o n s  a r e  e s s e n t i a l l y  
s a t u r a t e d ,  a s  h a s  been assumed p r e v i o u s l y ,  t h e  s a t u r a t e d  
hydrocarbon c o n t e n t  l y i n g  between 80 - 90 w t % .  The b a l a n c e  of 10  - 
20 w t %  i s  u n s a t u r a t e d  a n d / o r  a r o m a t i c  hydrocarbons ,  t h e  a c t u a l  
v a l u e s  depending on t h e  n a t u r e  o f  t h e  r e f i n e r y  p r o c e s s e s  i n s t a l l e d .  

A s  i l l u s t r a t e d  i n  T a b l e  7, t h e s e  c o m p o s i t i o n a l  d a t a  correspond 
f a i r l y  c l o s e d  w i t h  t h o s e  f o r  g a s o l i n e  l o s s e s .  However, where a  
r e f i n e r y  i s  a l s o  a s s o c i a t e d  w i t h  a  chemica l s  complex t h e  VOC 
e m i s s i o n s  p r o f i l e  may be s i g n i f i c a n t l y  d i f f e r e n t .  

Measurements o f  hydrocarbon composi t ion i n  t h e  g a s o l i n e  d i s t r i b u t i o n  
system a r e  more c o n s i s t e n t  r e f l e c t i n g  t h e  f a c t  t h a t  we a r e  d e a l i n g  
w i t h  a  f a i r l y  c o n s t a n t ,  s i n g l e  p roduc t .  Thus, measurements t a k e n  a t  
t a n k  v e n t s ,  and downwind a t  t h e  t e r m i n a l  f e n c e  i n  u n r e l a t e d  l o c a t i o n s  
g i v e  e s s e n t i a l l y  t h e  same r e s u l t .  



Table 7 Hydrocarbon composition of gasoline terminal air samples 

Tank vent 
(Terminal 1) 

Alkanes 
Ethane 
Propane 

C4+ 

Alkenes 
Ethene 

C3+ 

Aromatics 
Benzene 
Toluene 
Xylene 

Downwind fence 
(Terminal 2) 

(wt%) 

Total 

Limited data on emissions from service stations are consistent with 
the known composition of emissions from terminals handling 
gasoline. 

100.0 

SOLVENTS 

-- 

Since no measured data on the composition of VOC emissions from 
solvents are available, the logical assumption has been made that, 
on a global basis, solvent VOC emissions will be proportional to 
production/consumption of individual solvents. These are estimated 
in Table 8. 

Table 8 Estimated relative VOCs from solvents 

Solvent type production/consumption 
(wt%) 

- - 

Saturated hydrocarbons 
Aromatic hydrocarbons 
Alcohols 
Ketones esters and ethers 
Chlorinated hydrocarbons 

Total 

24 
20 
21 
22 
13 

100 - 



MANUFACTURING INDUSTRY 

Brice and Dement (8) quote data on the types and quantiti.es of 
emissi.ons from this source in the UK in 1977, as shown in Table 9. 

Table 9 VOC emissions from UK manufacturing industry in 1977 

Industry 

-.- 
Synthetic rubber 
Fermentation 
Plastics 
Organic chemicals 

I Bricks Paint 

Total 

NATURAL GAS 

Emission 

The composition of natural gas from individual fields is known with 
considerable accuracy. Since the contribution of natural gas to 
atmospheric VOCs is exclusively through losses during production and 
in transmission, the composition of this contribution is identical 
to the composition as found. Table 10 shows typical ranges for 
natural gas from North Sea production only. 

Type 

- 
Butadiene, styrene, acrylonitrile 
Alcohols, esters, ketones, aldehydes 
Vinyl chloride 
Phthalic and maleic anhydrides, 
quinones 
Hydrocarbons from combustion 
Solvent 

Table 10 Typical composition of North Sea natural gas production 

Amount 
(wt%) 

10.0 
45.0 

0.5 

0.5 
6.0 

37.0 

Compound 

Methane 
Ethane 
Propane 
Butane 
C -C saturates 

5 9 C -C aromatics 
c8, 

Composition 
(wt%) 

84 - 88 
6 -  8 
1 -  3 

0.5 - 1.5 
0.5 - 1.0 

0.2 
0.5 - 5.0 



3 . 6 SOLID WASTE DISPOSAL 

No information on composition has been found. 

STATIONARY COMBUSTION 

Trijonis et al (16) conclude that 60% of total VOC emissions from 
stationary sources should be included in the non-methane VOC 
category but do not give typical compositions. 



DISCUSSION AND CONCLUSIONS 

The two b igges t  c o n t r i b u t o r s  of man-made VOC emissions t o  t h e  
atmosphere i n  Western Europe a r e  mobile sources  ( e s p e c i a l l y  road 
t r a n s p o r t )  and s o l v e n t s ,  each con t r ibu t ing  by about 40%. Road 
v e h i c l e  exhaust emissions a r e  a l ready being tackled  by the  EEC and 
o t h e r  coun t r i e s  by p rogres s ive ly  t i gh ten ing  up l e g i s l a t i o n  l i m i t i n g  
t o t a l  hydrocarbon and o the r  gaseous emissions. Assuming t h a t  
proposa ls  f o r  new automotive emission l i m i t s  c u r r e n t l y  be ing  
considered by t h e  Council  of Environmental Min i s t e r s  a r e  even tua l ly  
accepted i n  t h e i r  p re sen t  form, something l i k e  a  30% reduct ion  i n  
tonnage of hydrocarbon emit ted from passenger c a r s  can be  expected 
by 2000 AD. Proposa ls  f o r  c o n t r o l  of emissions from heavy-duty 
d i e s e l  v e h i c l e s  a r e  a l s o  expected i n  the  near  f u t u r e .  I n  t h e  
absence of s i g n i f i c a n t  reduct ions  i n  o the r  sources of VOCs t h i s  
w i l l  mean a s i g n i f i c a n t  change i n  t h e  r e l a t i v e  c o n t r i b u t i o n  from 
mobile sources.  

The o i l  i ndus t ry  i n  i t s  own opera t ions  i s  r e spons ib le  f o r  about 8% 
of man-made VOC emissions.  Of t h i s ,  about 2% i s  d i r e c t l y  from 
r e f i n e r i e s .  There i s  some degree of u n c e r t a i n t y  about emission 
f a c t o r s  from r e f i n e r i e s ,  a s  t h e r e  i s  a l s o  f o r  o t h e r  sources ,  but  
even i f  t h e  f a c t o r  were doubled, r e f i n e r i e s  would s t i l l  c o n t r i b u t e  
l e s s  than 5% e i t h e r  i n  Western Europe a s  a  whole o r  i n  t h e  EEC 
Member S t a t e s .  

The main con t r ibu to r  from t h e  o i l  i n d u s t r y  po in t  of view i s  
gaso l ine  d i s t r i b u t i o n ,  wi th  about 5 %  of t o t a l  anthropogenic 
emissions. This  f a c t  has  a l r eady  been recognised by t h e  o i l  
i ndus t ry  which has  taken appropr i a t e  s t e p s  ( f o r  example, bottom 
loading and vapour recovery)  and i s  i n s t i t u t i n g  f u r t h e r  measures t o  
recover  va luab le  products  which otherwise r ep resen t  an economic 
l o s s .  

Est imates f o r  t h e  t e n  EEC Member S t a t e s  show s l i g h t l y  h igher  
con t r ibu t ions  from mobile sources,  n a t u r a l  gas  and t h e  o i l  
i ndus t ry ,  than those  f o r  OECD Western Europe a s  a  whole, r e f l e c t i n g  
higher  t r a f f i c  d e n s i t y  i n  t h e  Community, s u b s t a n t i a l  n a t u r a l  gas  
product ion i n  UK and t h e  Netherlands and t h e  f a c t  t h a t  a  high 
propor t ion  of Europe's r e f i n e r i e s  a r e  s i t u a t e d  i n  EEC Member 
S t a t e s .  

Est imates show t h a t  VOC emissions from n a t u r a l  sources  a r e  
approximately equal  t o  those  produced by man. I n  t h i s  context  t h e  
emissions d i r e c t l y  a t t r i b u t a b l e  t o  o i l  i n d u s t r y  o p e r a t i o n s  a r e  only 
about 4% of t h e  t o t a l ,  and r e f i n e r i e s  a s  such c o n t r i b u t e  only about 
1% of t h e  o v e r a l l  atmospheric burden. However, i t  is  recognised 
t h a t  i n  s p e c i f i c  urban o r  i n d u s t r i a l  a r e a s  the  c o n t r i b u t i o n  from 
anthropogenic sources  may be  higher .  



Methane has traditionally been excluded from VOC and hydrocarbon 
inventories on the grounds that it plays a very 1imite.d role in 
short-term photoxidant formation. However, in the long term it may 
contribute significantly to the formation of background ozone. For 
this reason there is a good case for considering the substantial 
emissions of methane from both natural and anthropogenic sources 
when quantifying atmospheric VOC emissions. 
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