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SUMMARY 

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. The distribution sector was covered in 
CONCAWE Report No. 85/54 (1) and the present report covers oil 
refining from crude receipt to product dispatch. Data are presented 
showing emission sources, the base case hydrocarbon emission, a 
control technique, the total investment, the annual operating cost 
and the cost-effectiveness of the control. 

Base case refinery 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 Bbl/CD (5 Mt/yr) refinery. This represents about 1% of 
present refining throughput in Western Europe. 

The sources of hydrocarbon emissions considered are: 

- crude oil and relevant product or component tankage at the 
refinery; 

- road, rail and water transport loading; 

- refinery process plant fugitive emissions and waste water 
treatment; 

- crude oil tanker ballasting (at refinery or associated 
terminal) . 

Base case emissions are calculated for all the above sources. 
Techniques for further control are introduced, effectiveness 
assessed, and costs assigned. All equipment chosen is the best 
commercially available, proven in service, and can be retro-fitted. 

Ranking emission control techniques in decreasing order of cost- 
effectiveness, measured as the annual cost per tonne of additional 
hydrocarbon retained in the system, shows the following: 

1. formal programmes of monitoring and maintenance for control 
of fugitive emissions from refinery process plant have a 
cost-effectiveness of $US 100 per tonne; 

2. provision of floating covers for waste water separator 
bays costs about $US 460 per tonne of emission reduction; 

3. fitting rim mounted secondary seals in crude, feedstock and 
product tanks with external floating roofs has a 
cost-effectiveness in the range of $US 600 to $US 2840 per 
tonne; 



4 .  the use of vapour recovery units at road loading gantries, 
with or without capture of vapour returned from service 
station tank filling, has a cost-effectiveness of $US 1,000 
to $US 1,560 per tonne of hydrocarbon recovered, 
respectively. 

Vapour recovery units for rail, barge and ship 1oadi.ng cost from 
$US 3,760 to $US 8,500 per tonne, suggesting a very low priority 
for implementation. The reason for the low cost-effectiveness 
relative to road loading is the infrequent use of larger capaci.ty 
units. 

For crude receipt, the changeover to segregated ballast with tanker 
fleet renewal over time (prescribed in the MARPQL 73/78 Convention) 
has the side effect of reducing hydrocarbon emissions at crude oil 
discharge locations. 

If all the technology discussed in this report (excluding the crude 
tanker ballasthg case) were applied in all refineries in Western 
Europe, the net effect would be a reduction of about 140 kt/yr of 
hydrocarbon emissions or only about 1.4% of the total anthropogenic 
hydrocarbon emi.ssions in Western Europe; the annual cost would be 
about $US 170 million. 



INTRODUCTION 

Increasing emphasis has recently been placed on volatile 
hydrocarbons as atmospheric pollutants, particularly through their 
role in photochemical reactions. Scope for improved control over 
hydrocarbon emissions from stationary sources has become a matter 
for investigation and debate by regulatory bodies throughout 
Europe. It has been estimated that annual non-methane hydrocarbon 
emissions in Europe total some 20 million tonnes, about half 
arising from natural sources and half being anthropogenic (2). 
Among the latter, the major sources of emission are solvents (40%), 
and transportation (38%), with emissions from petroleum refineries 
and product distribution facilities accounting for only about 8% 
or 800.000 tonnes per year. 

Despite the relatively small size of the petroleum industry 
contribution, CONCAWE has foreseen the need for reference documents 
summarising the control techniques applicable to volatile 
hydrocarbon sources in refineries and product distribution, 
together with an assessment of costs relative to the achievable 
hydrocarbon emission reductions. This report addresses refinery 
emissions from crude oil receipt to product dispatch. CONCAWE 
Report No. 85/54 (1) covers product distribution. 

In these two reports, hydrocarbon emission estimates and the cost 
of controls are based on a hypothetical refinery of 100,000 barrels 
per calendar day (Bbl/CD) capacity, and its associated distribution 
system for motor gasoline through to car refuelling, and for sales 
naphtha (petrochemical feedstock) to bulk customers. This system is 
devised as a microcosm of the Western European oil industry, 
representing 1% of the present oil processing and distribution 
requirement of some 500 million tonnes oil products per year. For 
simplicity this report assumes that crude oil and other feedstocks 
are delivered directly to the refinery by sea. 

The currently used equipment for control of hydrocarbon emissions 
is defined, and estimates of hydrocarbon emissions are presented, 
for all types of source from reception of crude oil and other 
feedstocks in the refinery tank farm, through to dispatch from the 
refinery. It is recognised that current practice and regulatory 
requirements differ from country to country and to some extent from 
site to site; the defined controls are however, considered to be 
broadly representative of present European practice. 

Additional emission control techniques and equipment are selected 
for each source on the basis that they are proven 'n service, 
possible to retrofit, and of high retentive effi.ciency. Alternative 
types of equipment are not discussed although they do exist in many 
cases. The technical merits of, for example, different desi.gns of 
floating roof secondary seal or vapour recovery equipment are dealt 
with in CQNCAWE Report 85/54 (1). 



The extent of hydrocarbon emission reduction to be expected with 
the chosen technique is estimated, and costs for application have 
been developed. Finally, a cost benefit relationship is derived, 
based on gross annual cost including capital and maintenance 
allowances, for each of the chosen control techniques. This 
provides a basis for rational selection of those sources of 
hydrocarbon emission within the petroleum industry which merit the 
highest priority for control measures when required. 

Tile hydrocarbon emission estimates, and the costs for control 
equipment and techniques, are subject to wide margins of variation; 
they must not be assumed to be applicable to any particular 
site. They are intended for general guidance, and no specific level 
of precision is assigned to them. However, the calculation methods 
used have general validity and can be applied along with site 
specific cost estimates, to provide more rigorous assessments of 
schemes for improvement of hydrocarbon emission control in actual 
refinery systems. 



2. BASIS FOR STUDY 

2.1 DESCRIPTIQN OF HYPOTHETICAL REFINERY 

2.1.1 Background 

A hypo the t i ca l  r e f i n e r y  is used a s  a b a s i s  f o r  t h e  p resen t  s tudy,  
and is  der ived  from an a c t u a l  r e f i n e r y  i n  Europe. The process 
scheme and u n i t  c a p a c i t i e s  were s e l e c t e d  t o  meet t h e  prescr ibed  
y i e l d  p a t t e r n ,  w i th  s p e c i f i c  r e fe rence  t o  g a s o l i n e  and s a l e s  
naphtha (petrochemical feedstock)  production. The throughput i,s 
100.000 Bbl/CD (nominally 5 m i l l i o n  tonnes p e r  yea r ) .  

The r e f i n e r y  i s  assumed t o  have an a s s o c i a t e d  crude r e c e i p t  
f a c i l i t y  and a n  appropr i a t e  balance of a l l  p r a c t i c a l  rou te s  f o r  
product d i spa tch  by water ,  p i p e l i n e ,  road and r a i l .  

Process scheme 

The r e f i n e r y  is assumed t o  ope ra t e  on a crude o i l  s l a t e  c o n s i s t i n g  
of about 50% North Sea (low sulphur ,  F o r t i e s  o r  s i m i l a r )  and 50% 
Arab l i g h t  (high su lphur ) ,  p l u s  5% each of imported resi.due and 
condensate,  t o  produce 30% v01 motor g a s o l i n e  and 8% v01 s a l e s  
naphtha (petrochemical  feeds tock) .  The volume y i e l d  of gasoli .ne was 
derived from t h e  Salomon Associa tes  Inc.  s tudy ( 3 ) .  It i s  
recognised t h a t  gaso l ine  product ion i n  1986 'S c l o s e r  t o  25 v01 % 
than 30 v01 % of t o t a l  throughput,  bu t  t h e  hi.gher number was used 
f o r  th i . s  s tudy because t h i s  i s  t h e  d i . rec t ion  i n  which t h e  i n d u s t r y  
i s  moving. This  choi.ce does not  a f f e c t  i n  any way t h e  
cos t - e f f ec t iveness  numbers derived i n  t h e  r e p o r t ,  bu t  i t  does 
r e s u l t  i n  an over-estimate of c u r r e n t  hydrocarbon emissions from 
t h e  petroleum i n d u s t r y  i n  Western Europe. The gaso l ine  i s  made t o  
Eurograde s p e c i f i c a t i o n .  There i.s no product ion of l i g h t  so lven t s ,  
high octane a v i a t i o n  gasol ine  o r  of m i l i t a r y  j e t  f u e l  (JP-4). The 
process  u n i t s  requi red  a r e  shown i n  Table 1. 

Crude o i l  r ecep t ion  

Crude o i l  i s  de l ive red  by ocean going t anke r s  i n  t h e  range 70,000 
t o  150,000 dwt, wi th  an average p a r c e l  s i z e  of  100,000 tonnes. O i l  
awai t ing  processing i s  s t o r e d  i.n e x t e r n a l  f loa t ing-roof  t anks ,  
1i .s ted i n  Table 2 a long wi th  t h e  d e t a i l s  of r e l e v a n t  component and 
product tankage. 



Tank farm 

The r e f i n e r y  is of t h e  i n t e g r a t e d  process type wi th  minimal 
in te rmedia te  s to rage  a p a r t  from naphtha product f o r  c a t a l y t i c  
reformer feedstock.  I n  o rde r  t o  exclude water ,  t h e  reformer feed  
tanks  a r e  of cone roof cons t ruc t ion  equipped wi th  p res su re  vacuum 
va lves ,  and a r e  assumed t o  be gas  blanketed. 

A l l  o t h e r  tanks f o r  products  up t o  the  ke ros ine  b o i l i n g  range a r e  
of conventional  e x t e r n a l  f l o a t i n g  roof cons t ruc t ion  wi th  primary 
s e a l s  only; they a r e  assumed t o  be w e l l  maintained though not  
n e c e s s a r i l y  i n  p e r f e c t  condi t ion .  

Kerosine, gas o i l  and heavy f u e l  o i l  product tanks have been 
excluded from t h i s  s tudy,  a s  i n  a l l  these  cases  t h e  vapour p res su re  
is extremely low and t h e r e  a r e  no s i g n i f i c a n t  hydrocarbon 
emissions. (By way of example, emission f a c t o r s ,  ca l cu la t ed  by t h e  
method i n  VDI-3479, (4 )  f o r  gas  o i l s  a r e  only one hundredth of t h e  
f a c t o r  f o r  crude o i l ) .  LPG is  s t o r e d  i n  enclosed p res su r i sed  o r  
r e f r i g e r a t e d  tankage and a l s o  has  no s i g n i f i c a n t  emissions.  For t h e  
same reasons,  none of t hese  products  need t o  be considered i n  t h e  
downstream d i spa tch  f a c i l i t i e s .  

The tanks  of s i g n i f i c a n c e  i n  t h e  es t imat ion  of p re sen t  and f u t u r e  
hydrocarbon l o s s  t o  atmosphere a r e  l i s t e d  i n  Table 2 ,  which shows 
t h e  numbers, s i z e s ,  and cons t ruc t ion  of t h e  t anks ,  and a l s o  t h e  
assumed p r o p e r t i e s  of t h e  contents  i n  each group. The r e f i n e r y  tank 
farm capac i ty  and d i s t r i b u t i o n  of tank  d u t i e s  and s i z e s  i s  l i t t l e  
a f f e c t e d  i f  d i f f e r e n t  d i s t r i b u t i o n  r o u t e s  a r e  requi red .  

The cu r ren t  l e v e l s  of  hydrocarbon emissions from tanks ,  t h e  
measures t o  reduce t h e s e ,  and t h e  poss ib l e  f u t u r e  l e v e l s ,  a r e  
considered i n  Sec t ion  3.1. 

Waste water  t reatment  

Oi ly  waste water  r e q u i r i n g  t reatment  before  d ischarge  inc ludes  
process  water  from crude o i l  d i s t i l l a t i o n  u n i t  d e s a l t e r s  and wash 
water  from t h e  f l u i d  c a t a l y t i c  c racker  a s  t h e  l a r g e s t  s i n g l e  
continuous sources.  There w i l l  a l s o  be tank d ra in ings ,  o i l y  a r e a  
su r face  runoff and b a l l a s t  water  from product t anke r s ,  a l l  of these  
being i n t e r m i t t e n t  flows. The t rea tment  system assumed i s  an 
uncovered API s e p a r a t o r ,  secondary treatment e.g. 
f l o t a t i o n / f l o c c u l a t i o n ,  and b i o l o g i c a l  oxida t ion .  The secondary 
t reatment  processes  produce no s i g n i f i c a n t  hydrocarbon emission. 

This  system i s  requi red  t o  handle up t o  400 m3/h i n  normal 
cond i t ions ,  w i th  peak storm flows up t o  double t h i s  f i g u r e .  The 
consequences i n  terms o f  p o t e n t i a l  emissions and t h e  means and 
cos% f o r  conta in ing  them, a r e  examined i n  Sec t ion  3.4. 



2.1.6 Loading and dispatch facilities (motor gasoline and sales naphtha) 

Dispatch of gasol.ine from the refinery uses four modes of 
transport: 

- by pipeline (29%). Since this is a closed system, it is 
essentially emission-free, subject only to very small 
fugitive losses; 

- by water (32%). Ship movements are handled on one jetty, 
with a parcel size of up to 5,000 tonnes, and an overall 
loading rate of 1,200 m3/h (2 arms, 600 m3/h each). Barge 
loading is handled separately, loading parcels of up to 
2 000 tonnes, at rates up to 450 m3/h; 

- by rail car (9%). The assumed installation is used for top 
loading of two rail cars at any one tine, with a maximum 
instantaneous filling rate of 500 m3/h. The tank cars are of 
nominal 50 tonnes size (approximately 60 m3) and are loaded 
in 15 minutes via 6 inch or 8 inch diameter loading arms; 

- by road tanker (30%), for delivery direct to retail outlets. 
The road vehicles are of 30 m3 (approx. 25 tonnes) capacity 
and can be loaded in 20 minutes. There are four loading 
points, each with three loading arms for top loading, and 
the maximum overall transfer rate is 20,000 llmin 
(1,200 m3/h instantaneous). The maximum rate per loading arm 
is 2,500 l/min. 

Naphtha has a similar dispatch system, but as shown in Section 3.5 
is an unimportant source of emissions due to the means of dispatch 
and the smaller quantities involved. 

ASSOCIATED HYPOTHETICAL DISTRIBUTION NETWORK 

Motor gasoline is the only vol.atile refinery product manufactured 
in sufficient quantity to give rise to significant hydrocarbon 
emissions during distribution and storage at petroleum industry 
facilities downstream of the refinery. 

A recent CONCAWE Report, No. 85/54 (1) is devoted to the 
quantification and control of hydrocarbon emissions from gasoline 
storage and distribution. It gives the whole picture for emissions 
downstream of the refinery. 



The Report sets up a hypothetical gasoline distribution network, 
representative of typical European conditions, to move the 
1,740,000 m3/~r of gasoline produced by the hypothetical 
100,000 Bbl/O refinery of the present report to 1450 1200 m3/yr 
service stations. Thirty per cent of the gasoline is delivered 
directly to nearby service stations from the refinery. The 
remaining seventy per cent is delivered to the more distant service 
stations via seven marketing installations, one large 
(500,000 m3/yr), two medium (200.000 m3/~r each) and four small 
(80,000 m3Iyr each). Gasoline transport from the refinery is by 
pipeline to the large terminal, by ship/ocean-going barge to both 
medium terminals, by inland waterway barge to two small terminals 
and by rail to the other two small terminals. Gasoline is delivered 
to all service stations by road vehicle. 

COST BASIS 

Investment estimates are based on project implementation in the 
second quarter of 1986 at a Netherlands location. The estimates are 
based on vendor quotations plus 10% for owner engineering, an 
allowance for associated offsite work if appropriate and a 25% 
contingency allowance and are given in US dollars (exchange rate 
2.5 Dutch guilders/$US). Cost estimates are for guidance only. To 
determine the feasibility and cost-effectiveness of any proposed 
project, a detailed estimate fully reflecting project specifics, 
implementation schedule and local requirements must be made. 

The annual operating costs assume a 25% charge on total investment 
to take into account depreciation and return on investment. Annual 
maintenance costs are taken as 4% of total investment and annual 
property overheads and insurance costs are taken as 1.2% of 
investment. Operating labour cost, including all benefits, is 
assumed to be $US 40,000/man-year. Electric power cost is taken as 
$US 60/MSih. 

The cost-effectiveness of each control option is determined by 
dividing the annual operating cost by the reduction in hydrocarbon 
emission achieved. 

No credit is taken for the value of the hydrocarbon recovered. The 
purpose of this report is to provide a ranking of control 
techniques by cost-effectiveness. The value of the hydrocarbon 
recovered does not affect this ranking. 



HYDROCARBON EMISSION CONTROLS AND THEIR COST EFFECTIVENESS 

3.1 MISSIONS FROM REFINERY TANKAGE 

3.1.1 Introduction 

For the calculation of the hydrocarbon emissions from the refinery 
storage facilities, specified in Section 2.1, and Table 2, use has 
been made of officially published equations. These equations will 
he identified in the relevant sections below. It should be noted 
that the applied method does assume well maintained storage tanks 
and auxiliary equipment. 

In Table 2 details are given that are applied for the individual 
hydrocarbon emission calculations. 

Table 3 shows the base case hydrocarbon emissions of the total - 
refinery storage and handling facilities for crude oil receipt, 
gasoline blending components, gasoline final grades and sales 
naphtha. 

Table 4 shows the controlled hydrocarbon emi.ssions for the same 
facilities. 

Table 7 provides a summary of refinery tankage emissions, the cost 
of controls and the cost effectiveness. 

Hydrocarbon emissions from cone roof= (without internal 
floating covers) 

Products that are stored in cone roof tanks are resi,due and 
reformer feed. These tanks are subject to displacement, withdrawal 
and breathing emissions. 

The working emissions for the reformer feed tanks have been put to 
zero in view of the very limited number of tank level movements. 

3.1.2.1 Working emissions (displacement pl.us withdrawal emissions) ----------------- 
In an EPA publication (5) the following equation has been given for 
the calculation of the displacement plus withdrawal emissions from 
cone roof tanks, which will be referred to as the working 
emissions. 

= 4.45 X 10-.~ x TVP x Kn 

where: 

= Working emissions (liquid equivalent) as percentage of the 
liquid volume throughput 

7 



TVP = True Vapour Pressure of the liquid, kPa 

Kn = Turnover factor (dimensionless) see Fig. 1. 

The values of the relevant tanks have been given in Table 3. 

Breathing emissions 

An equation as given in a M1 Publication (4) has been simplified 
to give the following equation which may be used to estimate total 
breathing emissions for operational cone roof tanks fitted with P/V 
valves : 

where : 

Eb = Breathing emissions (liquid equivalent) in m3/yr 

L 
TVP = True vapour pressure of liquid in kPa 

= Molecular weight of product vapour, kg/kmol 

VS = Tank vapour space average volume, m3 

P1 = Lower P/V valve setting in kPa absolute 

T1 = Mean minimum annual temperature in vapour space, OK 

Ph = Higher P/V valve setting in kPa absolute 

Th = Mean maximum annual temperature in vapour space, "K 

Paint factor = 1.1 (Aluminium silver paint) 

The values for the relevant tanks have been given in Table 3. 

Assumptions made for these calculations are: 

- atmospheric pressure of 101.3 kPa; - saturation level in vapour space of 60%; 
- density of emitted hydrocarbon vapour in liquid form at storage 
temp. is 600 kglm3; - P/V valve settings are - 0.6 kPa and + 2.0 kPa. 



3.1.3 Hydrocarbon emission from external floating roof tanks 

Open top vertical cylindrical tanks, fitted with floating roofs 
have a high vapour retention efficiency. This is because the liquid 
product air interface is virtually eliminated by the floating roof. 

A flexible seal provi.ded to cover the annulus between the floating 
roof and tank shell is to inhibit evaporation and emission of 
hydrocarbon vapour. 

The major factor causing the vapour emissions normally occurring 
from floating-roof tanks, is the effect of the wind, although these 
emissions are usually at a relatively low level. 

Evaporation is promoted 2.f the wind blows down through gaps between 
the seal and the tank shell, and also may be promoted by wind 
eduction. 

Such evaporation losses are defined as standing storage vapour 
emissions and may be estimated as described in Section 3.1.3.1. 

There will also be losses by evaporation from a film of hydrocarbon 
liquid adhering to the tank shell following pump-out of product. 

These, which are defined as withdrawal emissions, may be estimated 
as described in Section 3.1.3.2. 

API Bulletin No. 2517, published originally in 1962, has been 
revised to take into account recent developments in technology and 
efficiency evaluation techniques. A second edition (February 1980) 
has been issued (6), giving an improved method to estimate vapour 
emissions. 

The following equation is the metricated equivalent of the revised 
API equation. 

Kg = 1.488 Ks (2.2.37 P Dt Mv KC S 

where: 

Kgs = Standing storage emissions, kglyr 

Ks = Seal factor, see _Table 5 

= Average wind speed (2.8 m/s) 

n = Seal-related wind speed exponent, see -- Table 5 



P = Vapour pressure function (dimensionless) 

The vapour pressure function P, is calculated from the formula 

where : 

TVP = True Vapour Pressure at average storage temperature, kPa 

AP = Average atmospheric pressure at tank location, 101.3 kPa 

Dt = Diameter of the tank, m 

MW = Average molecular weight of hydrocarbon vapour, kglkmol 

= Product factor for crude oil = 0.4 
for refined products = 1.0 

The values for the relevant tanks have been given in Table 3. 

A shoe-mounted mechanical seal has been assumed as primary seal. 

To control the hydrocarbon emissions from floating roof tanks it 
has been assumed that rim-mounted secondary seals will be used. 

The emissions from these tanks, with secondary seals, are given in 
Table 4. 

3.1.3.2 Withdrawal emissions .................... 
In accordance with procedures given in API Bulletin 2517 ( 6 ) ,  
withdrawal emissions may be calculated from equation (metric 
equivalent): 

where: 

Kgw 
= Withdrawal emission, kg/yr 

T = Average throughput, m3/yr 
P 



C = Average clingage factor see Table 6, m9/1000 mZ 
f 

D1 = Average product liquid density, kg/m3 

Dt = Diameter tank, m 

The values for the relevant tanks have been given in Table 3. 

Total uncontrolled hydrocarbon emissions 

An estimate of the total uncontrolled hydrocarbon emissions per 
year of the storage faci1.iti.e~ for crude oil/feedstocks, gasoline 
blending components, final gasoline products and sales naphtha 
within the hypothetical 100,000 Bbl/CD refinery is obtained, as the 
sum of the cone roof tank and floatinn roof tanks emissions, as 
derived in Sections 3.1.2.1, 3.1.2.2 and 3.1.3.1, 3.1.3.2. The 
values per individual component are given in Table 3. 

Reduction of emissions 

The hydrocarbon emissions as calculated in the Sections 3.1.2, 
3.1.3 and summarised in Section 3.1.4 can be reduced by applying 
the following criteria: 

- select most suitable type of storage tanks; - apply sound maintenance principles; 
- i.ntroduce proper operation methods. 

In addition to these criteria the hydrocarbon emissions can be 
further controlled by providing the storage tanks with: 

- internal floating covers, for cone roof tanks; 
- secondary seals, for external floating roof tanks. 

3.1.5.1 Internal floating covers for cone roof tanks 

Within the hypothetical refinery the usage of cone roof tanks has 
been restricted to: 

- products/components with a low vapour pressure - product/component requiring inert gas blanketing 

Tanks that are considered to contribute to the total hydrocarbon 
emission are those for the storage of residue and naphtha for 
reformer feed. 



Providing these tanks with internal floating covers will result in 
the following reduction of hydrocarbon emission; use has been made 
of the equation published in API-Publication 2519, converted to 
metric units (7). 

Standing storage emission: 
r 

- 
where: 

Kgs' = Standing storage emissions, kglyr 

Kr = Rim seal emission factor (kmollm yr), see (a) 

Dt 
= Tank diameter (m) 

P = Vapour pressure function (dimensionless), see 
Section 3.1.3.1 

Ff = Total deck fittings emission factor (kmollyr), see (b) 

Fd = Deck seam emission factor (kmol/yr), see (c) 

Mv = Average product vapour molecular weight (kglkmol) 

= Product factor (dimensionless), see Section 3.1.3.1. 

(a) Rim seal emission factors (K-) 

Rim seal type 

* 
If no specific information is available this value can be 
assumed to represent the typical system in use. 

Vapour-mounted primary only 
Liquid-mounted primary only 
Vapour-mounted primary plus secondary 
Liquid-mounted primary plus secondary 

(b) Total deck fitting emission factor (F,) * 

For application in the metric equation, particularly when 
there is no information on the type and number of deck 
fittings, a typical total deck fitting emission factor (Ff) 
in metric units may be obtained by the formulae: 

9.97* 
4.46 
3.72 
2.38 

8.33 
3.87 
3.42 
1.79 



- Tanks with self-supporting fixed roofs: 
Bolted deck Ff = 0.1113 + 1.176 Dt + 47.72 
Welded deck Ff = 0.0644 + 1.176 Dt + 47.72 

- Tanks with column-supported fixed roofs: 
Bolted deck Ff = 0.2348 Dt2 + 2.072 Dt + 60.87 
Welded deck Ff = 0.1880 Dt2 + 2.072 Dt + 60.87 

where Dt = Tank di.ameter (m). 

These formulae were derived from the formulae appearing in 
Figs. 1 and 2 in the API publication 2519 (7). 

(c) Deck seam loss factor (F,) 
U 

For a cover which is made of bolted sections a metric value 
of F can be estimated from the formulae: 

d 

Fd = 0.506 Sd Dt2 

where 

'seam (=seam 
= total length of deck seams m) 

=-  

Sd Adeck (Adeck = area of the deck m2) 

Alternatively the value of F may be estimated from the d followi.ng table which is the metric equivalent of data 
presented in Table 6 of the M1 Publication (7). 

Continuous sheet 
construction 

1.25 m wide sheet 
1.83 m wide sheet 
2.13 m wide sheet 

Panel construction 

1.52 X 2.29 m panels 
1.52 X 3.66 m panels 

Typical deck seam length 
factor Sd (m/m2) 

* If no specification information is available, this value 
can be assumed to represent the most common/typical bolted 
deck currently in use. 

The values for the relevant tanks have been given in 
Table 4. 



Withdrawal emissions 

where : 

Kgwl = Withdrawal emission, kg/yr 

T = Annual net throughput, m3Iyr 
P 

Cf = Clingage factor, m3/1000 m', see Table 6 

"1 = Average liquid stock density at average storage 
temperature, kg/m3 

"t 
= Tank diameter, m 

N = Number of tank roof supporting columns 
C 

Fc = Effective column diameter, m 

The values for the relevant tanks have been given in 
Table 4. 

The hydrocarbon emission reduction effect can be estimated using 
the same formula as given in Section 3.1.3.1. 

The factors that are influenced are Ks and n, for which values are 
given in Table 5. 

As secondary seal a rim mounted construction has been assumed on 
top of a mechanical shoe mounted primary seal. 

The values for the relevant tanks have been given in Table 4. 

3.1.6 Costs - 
3.1.6.1 Cost of internal covers in cone roof tanks 

The costs below refer to aluminium deck type covers. Tank cleaning 
costs are not included. 



Erection costs 
incl. freight 

$IJS 

Tank diameter 
m 

Total capital 
$US 

Material costs 
$US 

3.1.6.2 Cost of secondarx seals for external floating roof tanks ---------------- ....................................... 
Provision of rim mounted secondarv seals is estimated to cost 
$US 140 per metre of circumferential distance. Tank cleaning costs 
are not included. 

EMISSIONS FROM BALLASTING CRUDE OIL TANKERS 

When crude oil tankers have discharged cargo at a refinery, it is 
standard practice to clean cargo tanks by crude oil washing and 
take on ballast water into some of the empty compartments so that 
the ship's draft and trim are safe for normal navigation on the 
return voyage to the loading port. As ballast water is pumped 
into the selected tanks, hydrocarbon vapour evolved from the oil 
originally in the cargo space will be displaced, mixed with inert 
gas or air. Methods of estimating the amount of hydrocarbon so 
displaced, in various conditions, are given in API Publication 
251411, "Atmospheric Hydrocarbon Emissions from Marine Vessel 
Transfer Operations" (second edition), September 1981, (8). 

The situation will be changed by the provisions of the 
International Convention for the Prevention of Pollution from 
Ships 1973 as modified by the 1978 protocol (MARPOL 73/78). This 
convention, now in force, was introduced not to prevent atmospheric 
pollution, but to Hmit the amount of oil reaching the seas through 
di.rty ballast discharges. Certain provisions are in practice at 
variance with the need to reduce hydrocarbon loss to air. 

The relevant features of MARPOL 73/78 are: 

1) that all new ships, and certain converted vessels, i.n the 
size classes normally consi.dered as crude oi.1 carriers, 
shall have segregated bal.last systems in which there will be 
no contact of oil with ballast water; 



2) that existing vessels must either be converted for 
segregated ballast operation, or be provided with cargo tank 
cleaning procedures using crude oil washing. 

An interim provision in MARPOL 73/78 allows operation with 
"dedicated clean ballast" for a limited period, but is not of 
significance in this context; the practical effect is the same as 
fully segregated ballast operation. 

Consequent on the first of these provisions, a significant and 
increasing proportion of crude oil carriers will have a 
segregated ballast system, and thus should not emit any 
hydrocarbon during reballasting. Available information indicates 
that some 25% of crude oil carriers, either newly built or 
modified, are now operated in this manner. The economics of ship 
operations do not however, suggest any great likelihood that more 
existing vessels will be modified. It is not possible to predict 
how long it will be before all existing vessels are replaced, but 
it could reasonably be expected that few non-segregated ballast 
vessels will remain in service beyond the mid-1990s. 

The crude oil washing alternative allowed in the second provision 
will not help reducing hydrocarbon emissions to air. Crude oil 
washing leads to substantial generation of hydrocarbon vapour in 
the cargo space which is being cleaned. It is however, effective 
in reducing the amount of liquid oil which may remain in cargo 
tanks and eventually come into contact with ballast water. 
Unfortunately, API 2514A does not contain any suggestions on 
estimation of emissions when a ship is ballasted after crude oil 
washing, and no published data from any other source has been 
discovered. Limited experimentation by one oil company suggests 
that vapour evolution in the course of crude oil washing of 
ballast tanks in a 100,000 dwt tanker would be of the order of 
40-50 tonnes. (This figure is about two thirds of that expected if 
crude oil washing resulted in complete hydrocarbon saturation of 
the vapour space). The potential emission from the hypothetical 
refinery, with 75% of crude oil ships being operated in this 
manner, is around 1,500 tonnes per year (0.03% weight on crude oil 
throughput). This figure will decrease steadily as more new ships 
with segregated ballast come into service. 

Some vessels are equipped so that the following routine can be 
practised at the discharge port. 

1) Pump out cargo from compartments nominated to receive 
ballast; 

2) crude oil wash these compartments while others commence 
discharging ashore; 

3) load ballast, and displace vapour to compartments which are 
still discharging crude oil; 



4) complete tank  washing and purge vapour spaces  wi th  i n e r t  gas 
a s  t h e  s h i p  proceeds on i t s  b a l l a s t  voyage. 

Reasonable ca re  i n  t h i s  mode of ope ra t ion  ensures  t h a t  no 'mmediate 
and s i g n i f i c a n t  vapour emission i s  as soc ia t ed  wi th  b a l l a s t i n g .  
Although a d d i t i o n a l  hydrocarbon vapour i s  genera ted ,  i t  i.s not  
emi t ted  u n t i l  t h e  v e s s e l  i s  a t  s ea  on i t s  b a l l a s t  voyage. I n  such 
condi t ions  recovery of vapour i s  u n l i k e l y  t o  be  p r a c t i c a b l e .  

I n  t h e  event  t h a t  d isp laced  vapours from b a l l a s t i n g  ope ra t ions  were 
t o  be  discharged t o  shore f o r  recovery,  i t  would be necessary  t o  
s i z e  t h e  vapour recovery u n i t  (VRU) f o r  up t o  5.000 m3/h. The 
discrepancy i n  s i z e  between t h i s  and a VRU f o r  gaso l ine  cargo 
loading i s  such t h a t  i t  would almost c e r t a i n l y  be necessary  t o  
provide a s e p a r a t e  u n i t ;  i n  many ins t ances  s e p a r a t e  provis ion  would 
be requi red  i n  any event on account of geographical  s epa ra t ion  of 
crude and product j e t t y  systems. 

The c a p i t a l  c o s t  of  such an i n s t a l l a t i o n  ( ex t r apo la t ed  from d a t a  i n  
CONCAWE Report 85/54 (1) i.s esti.mated a t  around $US 3.35 mi l l i on .  
T o t a l  annual  c o s t s  inc luding  maintenance and ope ra t ion  a r e  
c a l c u l a t e d  t o  be approximately $US 1 .0  m i l l i o n  ( see  t a b l e  below). 

C a p i t a l  c o s t  based on a 1200 m3/h vapour recovery u n i t  

Vapour r e t u r n  a r m s / j e t t y  mod i f i ca t ion  400 
VRU pipework connections (ca. 500m from j e t t y )  9 0 
VRIJ purchase and i n s t a l l  320 
Vapour r e t u r n  mods. t o  v e s s e l s  250 
Contingency 25% 265 

1325 

Cost scale-up f a c t o r  i s  where F i s  throughput f a c t o r  

VRU's  ~ u r c h a s e  and i n s t a l l a t i o n  (2 X 2500 m3/h u n i t s )  992 
Remainder of i n s t a l l a t i o n  2362 - 
T o t a l  c a p i t a l  cos t  3354 

Annual ope ra t ing  c o s t  

C a p i t a l  charge (25%) 
Maintenance. insurance e t c .  (5.2%) 
U t i l i t i e s  and manni.ng 

90% recovery of  hydrocarbons emi t ted ,  assuming a decreas ing  s c a l e  
over 10 yea r s ,  o f f e r s  a cos t -ef fec t iveness  of  about $US 1500/tonne. 
Although t h i s  i s  s u p e r f i c i a l l y  a t t r a c t i v e ,  t h e  ca1,culat ion 
procedure used above may s e r i o u s l y  underest imate t h e  c o s t ,  
p a r t i c u l a r l y  f o r  maintaining and keeping operable  a u n i t  which even 



initially will have a time utilisation of less than 3%. In 
addition, the pipework cost is probably underestimated as several 
jetties may need to be served, some at considerably greater 
distance than 500 m from the recovery unit. 

FUGITIVE EMISSIONS FROM REFINERY PROCESS AREAS 

Fugitive hydrocarbon emissions comprise all losses by leakage from 
equipment such as pump and compressor seals, valve stem packings, 
flanges and other minor sources. The total number of individual 
sources in a refinery can run to many thousands, and they are 
mainly concentrated in the process units. 

The incidence of leakage is very variable, but once an individual 
leak has started the rate of loss can increase quite rapidly, 
especially from such sources as pump seals. It is possible to 
measure losses with some accuracy, for example by "bagging" 
potential sources, but this is an extremely laborious exercise; 
furthermore, the results give only an instantaneous picture of 
the total situation, and will be out of date very quickly. It is 
therefore usual to detect, and estimate the magnitude of leaks, 
by means of hydrocarbon vapour detectors. The prime objective is 
to identify mechanical components needing urgent maintenance, and 
to use broad categorisation of the magnitude of individual leaks 
to arrive at a total for the whole installation. 

Large differences between installations, and from time to time at a 
given site, are to be expected. The extent of leakage depends 
heavily on the effort devoted to detection and the amount and 
quality of maintenance effort expended. 

Factors developed during the comprehensive EPA/Radian study (8) in 
the USA indicate a loss rate of 0.03% weight on crude oil 
throughput for the hypothetical refinery (Table 8). Other 
calculation methods indicate somewhat lower values than the EPA 
study. In a typical present day European refinery, with a 
conventional level of maintenance and no mandatory monitoring for 
leakage, the fugitive losses probably amount to about 0.025% weight 
on crude oil throughput. Limited recent work (unpublished) at two 
European refineries, using monitoring techniques now in routine use 
in the USA, confirms this figure. Wide variation can be expected. 
In West Germany, where more attention has been devoted to 
improving performance on fugitive loss prevention than in most 
other European countries, such losses are reported (1984/5) to be 
commonly at or below 0.01%. The required measures will include, for 
example, non-leaking pumps with single or double mechanical seals 
or magnetic couplings, recovery of losses, reduction of flanges or 
use of high performance gaskets, valve shaft sealing by bellows 
seals. 



In the USA, there are detailed Federal and State regulations on 
leak monitoring and maintenance programmes. A wide enough sample 
of information is not available to permit assessment of the 
quantitative improvement in fugitive losses obtainable by such 
formal programmes and even less to determine the extent to which 
increased inspection frequency can further reduce the losses. A 
subjective view is that a good monitoring and maintenance 
programme, whether or not formalised by regulatory rules, can 
contain fugitive emissions below 0.015% weight on crude oil 
throughput based on an annual inspection, with perhaps 0.006% 
achievable by a rigorous quarterly programme. 

One example of a US programme (in Ohio) requires annual 
inspections for components in hydrocarbon liquid service, and 
quarterly for gas service. Special rules apply to defined hazardous 
materials such as benzene at high concentration, and in such cases 
monthly monitoring may be cal.led for. 

Cost data, adapted to the hypothetical refinery are as follows, 
based on the Ohio regulations and costs. 

Initial investigation including identification and recording 
for the complete system and preliminary maintenance, would 
cost about $US 110,000. 

Subsequent moni.toring, including 1,imited repair such as 
tightening valve packing which might be handled by the 
i.nspection crew, costs up to $US 70,000 per year, at 
$US 1.50 per component checked. 

It has not been possible to obtain any cost benefit analysis of 
this US system. Formal monitoring and maintenance programmes are 
required by law in order to achieve maximum environmental 
protection. The cost of determining whether or not such 
programmes are economically successful could not be justified by 
any company in such circumstances. 

For the purposes of the present study, the somewhat incomplete 
evidence suggests that a regular monitoring and maintenance 
programme, not necessarily formalised to the extent found in the 
USA, will add some $US 70,000 to annual operathg costs. This cou1.d 
result in an improvement in fugitive hydrocarbon emissions from 
0.025% to 0.010% wt on crude oil throughput equivalent to an 
emission reduction of 750 t/yr for the hypothetical refinery. 

The cost-effectiveness is of the order of $US 100 per tonne of 
potential loss reducti.on, which puts this type of effort at the top 
of the effectiveness rankings by a large margin. The ranking is, 
furthermore, relatively insensitive to any underestimates in cost, 
or to over-optimism about the amount of hydrocarbon saved within 
the system. 



EMISSIONS FROM REFINERY WASTE WATER SEPARATORS 

Estimationf hydrocarbon emissions from waste water separator 

Process waste waters, cooling water, and rain runoff in a refinery 
are collected by one or more sewer networks. These sewers discharge 
into some form of oilfwater separator. The most common type is a 
rectangular basin sized to provide sufficient residence time for 
all oil droplets larger than some specified size, to rise to the 
surface. A frequently used facility is the API gravity separator 
(10), designed to remove all oil droplets greater than 150 p .  The 
API design criteria restrict horizontal velocity to a maximum of 
0.9 m per minute. A typical API separator might be 35 to 50 m 
long with a residence time of 40 - 60 minutes. The total width of 
the separator(s) is dependent on waste water flow, storm water 
handling facilities and spare basins needed for carrying out 
maintenance. In any event, refinery separators provide a large 
oil-covered surface from which hydrocarbon evaporation will occur. 

The only recent calculation method in the literature for estimation 
of hydrocarbon evaporation from oillwater separators is by 
Litchfield (11). This method requires knowledge of: 

- Influent hydrocarbon quantity 
- The 10% distillation point (to provide volatility data) 
- Waste water temperature 
- Ambient temperature 

It should be noted that neither wind velocity nor separator 
surface area, both of which would be expected to have some 
influence on evaporation, are included in this calculation 
method. 

The Litchfield equation is: 

Loss = -6.6339 + 0.0319~ - 0.0286~ + 0.21452 
where Loss is expressed as a volume % of inlet oil 

X is ambient air temperature, "F 
y is 10% distillation point, "F 
z is waste water temperature, OF. 

Unpublished 1979 CONCAVE refinery survey data show a median waste 
water temperature of 75OF (23.g°C), a median ambient air 
temperature of 55'F (12.8'C) and a median 10% distillation point of 
325°F (162.8'C). While these temperature data appear reasonable, 
the 10% distillation point seems too high. 250°F (121.1°C) is 
considered a more typical value for the 10% distillation point of 
incoming oil and is used here. These parameters indicate a 
hydrocarbon loss of 3.9 v01 % of the incoming oil. 



Determination of t h e  abso lu te  amount of hydrocarbon l o s t  r e q u i r e s  
knowledge of two parameters ,  t h e  waste  water  flow and t h e  
concentration of hydrocarbon i n  t h e  waste  water  e n t e r i n g  t h e  
separa tor .  The h y p o t h e t i c a l  100 kBbl/CD ref inery i s  assumed t o  have 
a waste water  fl.ow of 400 m3/h conta in ing  2000 mg/l of o i l .  
Combining these  va lues  wi th  t h e  above 3.9 v01 % l o s s  g ives  a l o s s  
of 303 m3/yr. Th i s  i s  equiva lent  t o  200 t / y r ,  assuming a l i q u i d  
dens i ty  of 600 kg/m3 f o r  t h e  evaporated hydrocarbon. 

Separa tor  covers  

Hydrocarbon evapora t ion  from o i l /wa te r  s e p a r a t o r s  can be 
s u b s t a n t i a l l y  reduced by adding covers.  There a r e  two b a s i c  types  
of cover,  f i x e d  and f l o a t i n g .  

3.4.2.1 Fixed covers  
---------,--- 

Fixed covers  n e c e s s a r i l y  have a vapour space between t h e  o i l  
su r face  and t h e  cover.  There w i l l  be t h e  p o t e n t i a l  f o r  explos ive  
vapours t o  build-up under t h e  cover u n l e s s  t h i s  space i s  i n e r t e d ,  
which adds very cons iderably  t o  t h e  ope ra t ing  c o s t  and i s  r a r e l y  
p rac t i ced .  Fixed covers  can be s t e e l  p l a t e ,  concre te  s l a b s ,  r i g i d  
p l a s t i c s  or  coated f a b r i c .  A l l  have been used. The l a t t e r  
minimises m i s s i l e s  i n  t h e  event  of  an explos ion  occurr ing .  Other 
design cons ide ra t ions  wi th  p l a s t i c  o r  f a b r i c  a r e  compa t ib i l i t y  
wi th  hydrocarbon vapours and avoidance of d e t e r i o r a t i o n  i n  
sun l igh t .  F ight ing  f i r e s  under f i x e d  covers  i s  d i f f i c u l t  and 
hence f ixed  foam connect ions a r e  recommended. A f u r t h e r  
s u b s t a n t i a l  investment which can occur when adding a f i x e d  cover 
i s  t h e  need t o  r ep lace  t r a v e l l i n g  b r idge  o i l / s l u d g e  s c r a p e r s  wi th  
chain f l i g h t  s c rape r s .  Th i s  i s  necessary i f  t h e  p o t e n t i a l l y  
explos ive  vapour space i s  t o  be  kept  t o  a minimum. 

F loa t ing  covers  

F loa t ing  covers  come i n  two types:  smal l  (approx 5 cm diameter)  
p l a s t i c  spheres o r  aluminium honeycomb s l a b s .  Both types  decrease 
hydrocarbon emissions whi le  avoiding t h e  major hazard of f i x e d  
covers ,  t h e  p o t e n t i a l l y  explos ive  vapour space. 

Mul t ip le  smal l  spheres have been t r i e d  i n  Europe w i t h  v a r i a b l e  
success.  Major disadvantages a r e  a tendency t o  g e t  where they do 
not  belong and d i f f i c u l t y  i n  removing them f o r  maintenance e.g. 
desludging of s e p a r a t o r  bas ins .  The hydrocarbon emissi.on 
suppression e f f i c i e n c y  is lower f o r  spheres  than f o r  i n t e r l o c k i n g  
s l a b s .  



Interlocking slabs, each usually as long as the width of the 
separator bay and about 1.5 m wide, have been used with success in 
the USA. They avoid the above disadvantages of multiple spheres. By 
increasing the surface oil level by a few centimetres so as to 
cover the scraper boards, chain flight scrapers can still be used. 

Cost of covers 

Vendor quotes for the installed cost of floating slab covers for 
typical refineries are in the range 450 - 550 $us/rn2. Assuming the 
hypothetical 100 kBbl1CD European refinery has 400 m3/h of waste 
water, then as a minimum a single 5m wide X 40m long separator 
would be required. In order to provide some spare capacity for 
storm flows and to cover for periods of maintenance/sludge removal, 
two bays each 5m X 40m would most probably be provided. The vendor 
cost for covering this two-bay separator would be about 200 k$US. 
The total refinery investment and operating costs are worked-up 
below: 

Capital k$US 

Direct and indirect capital cost 200 
Owners cost (10% of above) 20 

220 

Associated offsite cost Nil 

Subtotal 220 

Contingencies (25%) 
Total Investment 

Operating Cost k$US/yr 

Maintenance (4% of investment) 11.0 
Property overheads & insurance (1.2% of 3.3 
investment) 
Utilities Nil 
Annual capital charge (25% of Investment) 
Total operating cost 83.1 

Cost-effectiveness 

Assuming that a floating slab cover will reduce hydrocarbon 
emissions by 90%, the hydrocarbon saved per year is 
0.90 x 200 = 180 t. The cost efficiency of the cover in 
$US 83,1001180 t = 461 $US/t. 



3.4.5 P a r a l l e l  p l a t e  sepa ra to r s  

S u b s t i t u t i o n  of some type of p a r a l l e l  p l a t e  sepa ra to r  f o r  t h e  
basin-type o i l l w a t e r  s epa ra to r  would be  an a l t e r n a t i v e  approach 
t o  reducing hydrocarbon emission. P a r a l l e l  p l a t e  s e p a r a t o r s  a r e  
gene ra l ly  covered and hence no hydrocarbon emission occurs.  They 
f r equen t ly ,  however, have an open upstream bas in  o r  a g r i t  t r a p  
and t h i s  would r e q u i r e  covering. For a r e f i n e r y  wi th  an e x i s t i n g  
b a s i n  type  g r a v i t y  sepa ra to r ,  i t  is cheaper t o  provide covers  
than  t o  r ep lace  t h e  u n i t  by p a r a l l e l  p l a t e  sepa ra to r s .  

DISPATCH OPERATIONS FILLING EMISSIONS 

Refinery d i spa tch  f a c i . l i t i e s  f o r  gaso l ine  a r e  assumed t o  have 
throughputs and ca l cu la t ed  base  case  hydrocarbon emissions a s  
t abu la t ed  below: 

Hydrocarbon Emissions During Loading 
Liquid Vol.% m 

Ship/Ocean Barge 400 
Barge In land  160 
Rai.1 160 
Road 521 

A d e s c r i p t i o n  of t h e s e  f a c i l i t i e s  i s  given i n  Sec t ion  2.1.6 and t h e  
emissions c a l c u l a t i o n  procedures a r e  shown i n  CONCAWE Report No. 
85/54 (1) Sec t ions  4.1.2, 4.3.2.2, 4.3.2.3, 4.3.2.4. 

The a p p l i c a t i o n  of Vapour Recovery Unit (VRU) technology t o  t h e s e  
a i s p a t c h  f a c i l i t i e s  i s  a l s o  f u l l y  covered i n  Report No. 85/54 and 
d a t a  e x t r a c t e d  from Table 7 of t h a t  r e p o r t  i s  given below showing 
VRU cos t -ef fec t iveness :  

Annual 
Hydrocarbon T o t a l  Operat ing Cost- - 

Recovered Investment Cost Effec t iveness  
t/yr k$US k$US/yr SUS/t 

ShipIOcean Barge 7 3 1511 468 6450 
Barge ( In land)  44 1220 378 8510 
R a i l  5 2 623 196 3760 
Road 153 751 239 1560 

For naphtha d i spa tch ,  only r a i l  and sh ip lba rge  modes have loading  
throughputs which j u s t i f y  assessment of hydrocarbon emissions. 
These a r e  tabula ted  below and a r e  s o  sma l l  t h a t  i n s t a l l a t i o n  of  
an emission c o n t r o l  technique would never  be  considered: 



Hydrocarbon Emissions During Loading 
Liquid Vol.% * 

Rail 46 
ShipIBarge 186 

RELATIONSHIP OF REFINERY EMISSIONS TO DISTRIBUTION EMISSIONS 

Table 9 summarises the hydrocarbon emissions and 
cost-effectiveness of controls at the hypothetical 100 kBbl/CD 
refinery. 

For comparative purposes Table 10, based on information presented 
in CONCAWE Report No. 85/54 ( l ) ,  shows similar information on the 
distribution system associated with this refinery. 

Fig. 2 provides in bar-graph form, a summary of the effect on 
Western European emissions of successively adding control options 
to both the refinery and distribution systems. The line graph in 
Fig. 2 shows the cumulative annual cost of these additions. 



DISCUSSION AND CONCLUSIONS 

The data developed on the hydrocarbon emission and the cost- 
effectiveness of controls for the various emission sources 
associated with a hypothetical 100 kBbl/CD refinery including 
crude receipt and product dispatch operations are summarised in 
Table 9. This shows the emission source, the base case annual 
hydrocarbon emission, a control technique, the total investment, 
the annual operating cost and the cost-effectiveness of the 
control. 

The base case hydrocarbon emissions amount to about 3.5 kt/yr or 
about 0.07 wt% of the total refinery throughput, of which 
0.03 wt% is from ballasting crude carriers and 0.04 wt% from all 
other sources. Refineries receiving crude oil by pipeline will 
nevertheless have an associated receiving terminal where 
equivalent emissions will occur. 

Ranking the emission control devices in order of decreasing cost- 
effectiveness shows the following: 

$US/t 

Refinery monitoring and maintenance 100 
program to control fugitive emi.ssions 

Covers on waste water separators 460 

Rim mounted secondary seals on some 600 - 2840 
external floating roof tanks 

Vapour recovery units on road loading 1000 - 1560 
gantries. 

In addition, as a consequence of the MARPOL 73/78 Protocol 
requiring all new crude carriers to have segregated ballast tanks 
to mhimise polluti.on of the sea, the emission of hydrocarbon 
vapours during ballasting will ultimately be eliminated. 

As there are the equivalent of one hundred 100 kBbl/CD refineries 
in Western Europe, the base case hydrocarbon emission from 
processing, tankage and loading at refineries is some 200 kt/yr, 
or about 2% of the estimated total anthropogenic emissions (2). 
In addition, there are emissions of some 150 kt/yr associated 
with ballasting of crude oil carriers, which will be reduced to 
zero without further onshore control being required. 

If all the technology applicable to refinery operations, as 
discussed in this report were applied at an annual cost of about 
$US 170 million the net effect would be a reduction of about 
140 ktlyr of hydrocarbon emissions or only about 1.4% of the 
total anthropogenic hydrocarbon emissions. 



REFERENCES 

1. CONCAVE (1986) Hydrocarbon emissions from gasoline storage 
and distribution systems. Report No. 85/54. 
The Hague: CONCAWE 

2. CONCAWE (1986) Volatile organic compounds emissions: an 
inventory for Western Europe. Report No. 2/86. 
The Hague: CONCAWE 

3. Salomon & Associates Inc. (1984) European fuels refinery 
performance analysis for operating year 1983. Dallas, 
Texas, USA 

4. VD1 (1984) Emission control of refinery commercial tank 
farms. VD1 3479. DUsseldorf: Verein Deutscher lngenieure 

5. US-EPA (1977) Compilation of air pollutant emission 
factors, 3rd edition EPA, AP-42-ED-3-PTS-A/B. Washington 
D.C.: Environmental Protection Agency 

6. API (1980) Evaporation loss from external floating-roof 
tanks. Publication 2517. Washington D.C.: American 
Petroleum Institute 

7. API (1983) Evaporation loss from internal floating-roof 
tanks. Publication 2519. Washington D.C.: American 
Petroleum Institute 

8. API (1981) Atmospheric hydrocarbon emission from marine 
vessels transfer operations. Publication 2514A. 2nd 
Edition. Washington D.C.: American Petroleum Institute 

9. Radian Corporation (1980). Assessment of atmospheric 
emissions from petroleum refining. Report No. EPA-60012- 
80-075a. Washington D.C.: U.S. Environmental 
Protection Agency 

10. API (1969) Manual on disposal of refinery wastes. Volume 
on liquid wastes. 1st Edition, New York, Washington D.C.: 
American Petroleum Institute 

11. Litchfield, D.K. (1971) Controlling odors and vapors from 
API separators. Oil & Gas Journal, November 1, 1971, 
60-62 



APPENDIX A 

Ballasting Product Tankers and Sea Going Barges 

It is assumed that the refinery will supply 400,000 rn3Iyr of 
gasoline by ship and sea-going barge to medium-sized marketing 
installations. These large tank vessels will require ballasting 
at the receiving installation for their return voyage to the 
refinery . 
The MARPOL 7 3 / 7 8  requirements for these vessels, which are 
assumed to be in the size range up to 30,000 dwt, will not bring 
about any change in current practice of significance to the present 
study. 

It is appropriate to assume loading of 30% ballast into uncleaned 
compartments which previously carried 35 kPa TVP gasoline. API 
Bulletin 2514 A ( 8 )  does not address ballasting of product 
carriers, so the crude oil ship ballast calculations have been used 
as an approximation. The emission factor in these conditions is 1.4 
pounds per thousand US gallons of ballast (approximately 0.17 
kg/m3), and the annual loss of hydrocarbon from this cause is about 
20 tonnes (34 m3) or 0.008 v01 % on products handled. 

It would be technically possible to recover this material up to 
say, 18 tonnes per year, by increasing the size of the VRU provided 
at medium size installations to allow for double the instantaneous 
vapour handling capacity. The total annual cost would increase by 
some $US 140,000. Cost-effectiveness of thi.s plant extension is 
therefore not well ranked, at over $US 7,500 per tonne. 

Inland waterway barges delivering to small installations are not 
ballasted. 



Table 1: Process units in hypothetical refinery 

P 

:rude oil distillation 
(with light ends unit and 
aaphtha hydrotreater) 

Vacuum distillation 

Fluid catalytic cracking 

Zatalytic reformer 

Gas oil hydrofiner 

Thermal cracking (visbreaking) 

Polymer gasoline unit 

Merox sweetening (kerosine 
and FCC naphtha) 

LPG 

Sulphur recovery 

No. of 
Units 

Total Capacity 
kBbl/Stream day 

110 

2 5 

18 

15 

10 

5 

Note 

400 t/d 

Note 1 

Note 1 :  Capacity may vary significantly depending on type of 
crude feedstocks and severity of operations. 
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Table 3 :  Base case hydrocarbon emission from hypothetical refinery tankage 

Source 

Crude Oil 
Condensate 
Residue 
Gasoline Prod. 
Sales Naphtha 
Reformer Feed. 
Ref ormate 
Light Naphtha 
Heavy Cat. Cr. 
Naphtha 
Light Cat. Cr. 
Naphtha 
Poly Gasoline 

Annual 
volumc: 

km3 

5,172 
357 
255 

L ,740 
464 - 
943 

85 
172 

343 

172 

ank 
YPe * 

FR 
FR 
CH 
FR 
FR 
CR 
FR 
FR 
FR 

FR 

FR 

* FR = External floatine roof 

Floating Roof Tank - 
Primary seal 
emission from 

Standing With- Total 
storage drawal 
kg/~r kg/yr kg/yr 

78,310 10,269 88,579 
19,680 241 19,921 

33,105 1,605 34,710 
3,484 403 3,887 

6,674 735 7,409 
12,074 89 12,163 
2,787 207 2,994 

11,366 310 11,676 

6,807 214 7,021 

Subtotal 188,360 

Cone Roof Tank - 
Emission from 

orking Breath- Total 
ing 

g/yr kdyr kg/yr 

Subtotal 21,724 

- 
CH = Cone roof, heated 
CR = Cone roof, inert gas blanket 



Table 4: Controlled hydrocarbon emissions from hypothetical 
refinery tankage 

Source 

Crude Oil 
Condensate 
Residue 
Gasoline Prod. 
Sales Naphtha 
Reformer Feed. 
Reformate 
Light Naphtha 
Heavy Cat. Cr. 
Naphtha 
Light Cat. Cr. 
Naphtha 
Poly Gasoline 

Annual 
volume 

km9 

,172 
357 
255 

,740 
464 - 
943 

85 
172 

343 

172 

--- 

F 

ank 
YPe * 

- 
FR 
FR 
CH 
FR 
FR 
CR 
FR 
FR 
FR 

FR 

FR 

- 

---- 
Floating Roof TL-ne Roof Tank 

Subtotal 21,681I Subtotal 9,900 

Secondary seal 
emission from 

Standing With- Total 
storage drawal 
kg/yr kglyr kg/yr 

5,217 10,269 15,486 
1,311 241 1,552 

2,205 1,605 3,810 
232 403 635 

444 735 1,179 
804 89 893 
185 207 392 

* FR = External floating roof (plus secondary seal) 
CH = Cone roof heated (plus i.nternal floating deck) 
CR = Cone roof (plus internal floating deck) 

internal floating cove1 
emission from 

Working Breath- Total 
ing 

kg/yr kg/yr kg/yr 

1,700 3,400 5,100 

4,800 4,800 



Table 5 Values of Ks and n, for calculating standing storage 
emissions from external floating roof tanks 

TankISeal Type 

Welded Tank 

1. Mechanical shoe seal 

a. Primary only 
b. With shoe-mounted secondary 
c. With rim-mounted secondary 

2. Liquid-mounted resilient-filled seal 

a. Primary only 
b. With weather shield 
c.  With rim-mounted secondary 

3. Vapour-mounted resilient-filled seal 

a. Primary only 
b. With weather shield 
c. With rim-mounted secondary 

a. Mechanical shoe primary only 
b. With shoe-mounted secondary 
c. With rim-mounted secondary 

Table 6 Values for Cf factor for product storage related to tank 
condition (values in m3/1000 m') 

Product 

Crude oil 
All products 

Shell condition 
- 
Light rust 

0.0103 
0.0026 

Dense rust Gunite-lined - 
I 

0.051 
0.013 
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Fig.  1 Values for  factor Kn, which are related t o  the number of 
turuovers per year 

Turnover factor p*- Note: For 36 turnovers per year or less K, = 1 .Q 

annual throughput Turnovers per year = 
tank capacity 

Source: API Bul l e t in  2517 (6 )  Figure 11. 



Fig. 2: Effect of controls on emissions of volatile organic 
compounds from Western European refineries and product 
distribution systems and their cumulative cost 




