Integrated Pollution Prevention and Control (IPPC)
German notes on

best available techniques in the Refinery Industry

Dated March 2000

- The German Refinery Industry -




Preface

Authors
Dr. Dippel, Joachim und Dr. vobincklage,Ralph-Detlef; R+D GmbH Uslar

Co-Authors

Krause, Berndymweltbundesamt Berlin

Dr. Wunderlich, OttoBayerischetandesamtir UmweltschutzAugsburg
Dr. Miiller, Kurt, Bayerischet andesamtiir Wasserwirtschaftvilinchen
Horn, PeterNiedersachsischadmweltministeriumHannover

Dr. Winkler, Michael,Mineraldlwirtschaftsverband, Hamburg

Preface

In Septembe996,the Council of the EuropeariJnionissuedthe Directive 96/6 1/EG/E1/ for
integratedpreventionand control of pollution in the environment{(IPPC, IntegratedPollution,
Prevention and Gurol).

The Directive has, as its objective, the integratedpreventionand control of environmental
pollution resultingfrom industrialactivitieswhich arenamedn Annex 1 of the Directive. The
refineries are also included in these activities.

A fundamentatomponenbf the Directive arethe Best Available Techniques(BAT), which
are defined in Article 2.11 of the IPPC Directive as follows:

"best availabletechnigue’s designatehe mosteffective and advancedstagein the devd-

opmentof activitiesandtheir methodsof operationwhich indicatethe practicalsuitability

of particulartechniquedor providing, in principle, the basisfor emissionlimit valuesde-

signedto preventemissionsin general,and their repercussiongn the environmentas a

whole, or where that is not possible, to reduce and control them.

« "technique$ meanthe appliedtechnologyas well asthe way in which the plantis de-
signed, built, maintained, operated and decommissioned.

e Tavailable” refersto the techniquegievelopedn a scalewhich allows implementationin
therelevantindustrialsector,undereconomicallyandtechnicallyviable conditions,taking
into consideratiorthe cost/benefitratio whetheror not the techniquesare usedor devd-
opedwithin the MemberStatein questionaslong astheyarereasonablyaccessibldo the
opewtor.

« "pest” are the techniqueswhich are most effective in achievinga high generallevel of

conservation and protection of the environment as a whole.

This document dealmainly with the presenplanttechniquesn Germarrefinerieswhich have
proven themselves in reducing emissions.

The focusof this work is the collectionof consumptiorandemissiondatafrom 5 represerg
tive Germancrudeoil processingefineriesanda lubricating oil refinery which concentrates
mainly on functionalunits which were newly establishear greatlymodified,i. e. modernized
in the lastdecadeAs suchthe describedplantsaretakeninto consideratiorasthe bestavai-
able techniques.

This work restrictsitself to the fundamentaland manufacturingprocessesn the refineries.
Processewhich arenot directly relatedto the productionof mineraloil productssuchas,e. g.
the manufactureof petrochemicaproducts,are not included. This also appliesto power sta-
tions.
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Preface

Storageaswell asloadingandunloadingmineraloil productsin the refineriesare considered
althougha BREFfor thewhole sector(horizontal)wasmadefor the storageof dangerousub-
stancesBecausef thelargequantitiesstoredspecificrequirementsvhich arenot describedn
detail in the horizontal BREF are important for the storage of mineral ailipis

In contrast,cooling systemsfor which a horizontalBREF alsoexists,arenot part of the pres-
ent work.

FurtherBREF's are important in connection with mineral oil refineries
. Treatment of waste water and waste gas

. Monitoring of emissions

. Large combustion installations

The distribution of mineral oil products,e. g. of fuels to servicestationsor the operationof
pipelines are not considered.
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Synopsis

Synopsis

Thebestavailabletechniquesasmainresultsof the presenstudy,areshownin Chapter4 and
5.

In this chapter,the candidates BAT with a high environmentalprotectionperformanceare
summarizedBesidethe mostimportantindividual measuresinformation aboutconfiguration

of the plantin the contextof BAT is given. It shouldbe notedthat the configurationof new
plantscan be adaptedfor integrationof BAT. Becausemostrefinerieshave grown over the
pastdecadesfundamentathangesn the structureof the refinery are not possible especially
because of @nomic reasons.

Refineries which meet the requirements of the BAT should have the following characteristics:

« Thefuelsin refinery furnacesandfeedstocksn catalytic crackingplants,if possible,are
low in sulphuror aredesulphurizedFor this purpose suitablesulphurmanagemenis per-
formed.

« Therefinery hasan adequatéiigh capacityfor hydrodesulphurizatioand,if necessaryis
suppkmented by dydrocracker.

« The combustorin refinery furnacescorrespondo stateof the art with respectto primary
emission reduction techniques.

« Secondary measures for air purification taleenduring catalyticcrackingandcalcination.
Besidethe eliminationof dust, denitrificationand desulphurizatiorare consideredy cor-
respondingly high loads.

« Optimized waste watenanagementasedn aimedrecordingof differentloadedtributary
waste water streams for effective treatment and maximal rateutifizetion

« With respectto preventionand reductionof wastewater generationandload, an optimal
combinationof process-integratetheasurege.g. regenerativegas scrubbing)as well as
measureg$or wastewatertreatmenin tributary wastewater streamge.g. sourwater strip-
ping) and in a waste water treatment plant with at least three stages

e Sulphur recovery witloptimized effectiveness

German_notes Version 31.03.00 7



Chapter 1

1 General Information on the Mineral Oil Industry in Ge

1.1 Location and Capacity

rmany

At the presentmoment14 crudeoil processingefineriesareoperatingin Germany.Their ca-
pacity was 110 million tonnesin 1998 which was extensivelyexploited. Germanytherefore

occupies the sixth position in the refinegpacity in the world /L40/.

The number of crude oil processing refineries in Germany decreased in the past years.

Table1 showsan overviewof the locationsof the refineriesin Germanytogetherwith the op-
eratingcapacityof the atmospheridistillation, crudeoil distillation, vacuumdistillation and

lubricating oil refining (Data from 1998, MWV /L41/).

Location atmosphdist. Vacuum Lubricating oil-

[in 10° t/a] distillation refining
[in 10° t/a] [in 10° t/a]

Wilhelmshaven 10.300 0

Heide 4.000 1.600

Wesseling (bei Kdln) 6.000 2.800

Godorf (KoIn) 8.500 4.000

Hamburg-Harburg 5.100 2.500 330

Burghausen 3.400 0

Ingolstadt 5.000 1.690

Hamburg 5.100 1.030

Karlsruhe 14.000 7.200

Gelsenkirchen 12.300 5.200

Ingolstadt¥/ohburg/Neustadt 12.000 4.410

Lingen 3.800 1.900

Spergau Leuna 10.290 4578

Schwedt 10.500 5.500

Lubricating oil refineries

HamburgNeuhof 740 230

HamburgGrasbrook 250

Salzbergen 310 170

Table 1 Capacity of German refineries

The location of the crudeoil processingefineriesin Germanyis depictedin the following
map. The crude and the most important product pipelines are also shown.
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Chapter 1

1.2 Legislative Regulations
Refineries are subjected to various legal regulations.

Besidesthe legal regulations the Associationfor GermanEngineers(VDI) publishedDirec-
tives which argecognized as state of the art for the mineral oil industry.

VDI 2440 Mineral oil refinery: Draft 07.99 /L32/
VDI 3479 Marketing installation tank farm: Draft 2000 /L34/
VDI 3454 Pages 1-3 Claus plants: 07.1989 /L33/

This documentcontainsin Annexesl and3 a comprehensiveaummaryof the mostimportant
legal and technicalregulations,standardsand correspondinditerature sourcesfor the best
availabletechniques Literature sourceswith the grammaloguel. are technical regulations,
standardsand miscellaneouditerature (Annex 1), E represent®irectives of the European
Union and D stands for German Acts and Ordinances (Annex 3).

1.3 Economic Aspects

After rationalizationmeasuresn the eighties,the refineriesin Germanyare especiallyeffec-

tive whencomparedn aninternationalscale.Someof theserefineriesbelongto the European
leadinggroup. NeverthelessGermanrefineriesare in a difficult economicsituation. This is

illustratedby closureof the refineriesin Woérth andZeitz in 1995aswell asthe consolidation
of both refineries irKarlsruhe in 1996 and of two Bavarian refineries in 1997.

High transport, salary and energy costs, energy-political regulations and environmental-
political requirementsresult in unsuitableconditionsin Germanrefineriesas comparedto

competitive foreign refineries.In addition, the European-wideovercapacityin the refinery
sectorputs continuouspressureon the processingmarginswhich Germanrefineriescannot
avoid on aninternationalbasissinceimportsfor supplyof the Germanmarketis essentiaand
suchsupply pathwaysare also subjectedo overproductionExploitation of the crudeoil dis-

tillation capacitywas high in 1997. The refineriesin West Germanywere completely em-

ployed to epacity whereas in East Germany more than 80% was achieved.

After the rationalizationmeasuresn the pastyearswhich was causedoy high costs,approx-
mately 50,000 jobs are directly or indirectly connected to refinery operations in Germany.

1.4 Environmental Account of the Refineries

Therefinery industryis characterizedy relatively few locationsand a correspondinglyhigh
production capacity.

Comparedo thesecapacitiesthe emissionsnowadaysarealreadyreducedo a very low level
via reductionmeasuresccordingto stateof the art. In 1990,the WestGermanrefineriescon-
tributed to 1.3% of the total S@mission and 0.9%O, in Germany /L49/.

The main emission pathways from refineries are air, water and soil.

Typical emissions into the air can be:

e Sulphur oxide

« Nitrogen oxide

e Hydrocarbons (VOC)

e Special organic compounds (benzene)
e Dust and particle components
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Typical emissions into water can be:

e Hydrocarbons

» special organic compounds (phenols)

* Nitrogenous compounds (inorganic, organic)

e Sulphur compoundsr(ercaptan, hydrogen sulphide)

* Special inorganic compounds (cyanide, in individual cases nickel)

In addition to the emissionsfrom substancegmissionsfrom noise are also important. The
determinatiorof noiseemissiongdependdargely on the specificlocation. They areespecially
very expensive if existing plants must be improved.

Wasteis not an importantfactor in refineries.With respectto the quantity of productsthe
amount of waste, especially the amount of non-usable wastegtigalgl small.

1.5 Emission limit values

1.5.1 Air limit values

The emissionlimit valuesfor operatingplantsin refineriesarebasedonthe TA Luft /D8/incl.
the DynamierungsklauselfD8a/andthe 13. BImSchV /D5/ including the UMK Beschlusses
1984/D30/. Maintenanceof theselimit valuesmustbe monitoredvia continuouslyoperating
measuringnstrumentsf fixed hourly loadsor fixed heatproductionin refinery furnacesare
exceeded.

The VDI Directive 2440 (Draft) /L32/ containsa detailedlist of limit valuesfor furnacesand
differentprocessinglants.As anexampletable2 showsthelimit valuesfor refineryfurnaces
with gasfurnace(refinery gasif necessargubstitutedoy naturalgas)for different heatpro-
duction.

Bubble concept

The"Bubble Concepts'for limiting emissionswvereintroducedfirstly in the USA /L1/ but are
alsoappliedtodayto somelocationsin Germany.The detailedstipulationsare dependenbn
thelocationbut alwaysleadto low emissionsn contrasto full exploitationof the limit values
if these were single plants. For example, the following regulatipraiticed:

Different plantsare combinedto form a bubble.Within the bubble,eachplant canexploit the
SO, -limit from 1700 mg/m3ashalf-hourly meanor daily mean.The annualmeanof all plants
of the bubble may not exceed 680 mg/m3.
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Air pollutant Regirementsunder Remarks
ambient pollution law
(1/2-h means)

Dust emissions 5 mg/n?

Carbon monoxide 100 mg/nf
Nitrogen oxide, given as
Nitrogen dioxide

a) < 100 MW 200 mg/m 1)
b) 100 to 300 MW 200 mg/m 2)
c) > 300 MW 100 mg/nf 2)3)
Sulphur oxide, given as

Sulphur dioxide

a) Liquefied petroleum gas 5 mg/n?

b) Refinery gas: < 100-MW- 100 mg/nf

Plant

c) Refinery gas: = 100-MW- 35 mg/nd 4)
Plant

1)  The possibilities to further reduce emissions via furnace technical or other suitable
measures according to state of the art are exploited /D8a/

2) In process refinery furnaces secondary measures are not tested

3) maintained in new plants, in renovated plants only 200 fhgam be maintained

4)  Exceptions according to § 33 of the B3mSchV /D5/ are fundamentally possible

Table 2 Emission limits for refinery furnaces

1.5.2 Discharge limits for water pollutants

Accordingto theregulationsof thefederalwateract/D10/, the pollutantload of wastewateris
to be maintainedaslow as possiblevia methodsaccordingto stateof the art. The necessary
requirementso be consideredrefixed in Annex45in the wastewaterordinance/D13/. Table
3 showsanoverview.Therequirement®f the parametelCOD, BODs, Niginorg:» Piot @andhydro-
carbonsapply to the dischargeto surfacewaters,the otherrequirementsareto be considered
before mixing with waste water ofdifferentorigin (e.g.sanitarywater).For wastewaterfrom
dewaxing,an additionalrequiremenbf 0,5 mg/l for AOX in tributary wastewater streamap-
plies. Additional to the concentrationimits listed, eachpollutant'sdischargefreight may be
limited on the basisof specificwastewaterproductionof 0,5m3/tfeedstock For the manufa-
ture of lubricatingoil, a specificwastewatervolumeof 1,3 m3/t feedstockis fixed. The requ-
lations for sampling, preparationand analysiswhich are to be applied for monitoring the
maintenanceof theserequirementsare definedin the wastewater ordinance/D13/ (Annex
"Analyse-und Messvefahren™).
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Pollutant Quialified random sample
or
2-hour-composite sample
(mg/l)
Chemical Oxygen Demand (COD) 80 1)
5 Days Biochemical Oxygen Demand (B§)D 25
Nitrogen,total, assumof Ammonia-,Nitrite andNitrate Nitrogen 40 2)
(Niot)
total Phosphorous, 1,5
total Hydrocarbons 2
Phenol index after Distillation and Dye extraction 0,15
Adsorbable organic halogens (AOX) 0,1 3)
Sulphide- andMercaptan-Sulphur 0,6
Cyanide, readily released 0,1 3

1) A higherconcentratiortill maximal100mg/l canbe authorizedf the decreasén the COD loadin the
central waste water treatment plant is at least 80 % of oil separator effluent freight

2) A higherconcentratiortill maximal 100 mg/l canbe authorizedif the decreaseén the nitrogenload
(given asT Ny, in the central waste water treatment plant is at least 75 % of oil separator effluent freight
3) Random sample

Table 3 Emission limits for water pollutants

In the following section, the effect of pollutants on surface water is shortly commented /L13a/:

COD The chemicaloxygendemandis a measurdor the chemicaloxidizing demandof con-
tents.The COD is limited becauseas governingparameterit allows the determinatiorof the
degradingcapacityof wastewatertreatmenplants.With the COD, the low degradablerganic
substances are also included.

BODs In the caseof the biochemicaloxygen demand,the biologically degradableorganic
contentpresentin wastewater is included. The BODs is a suitablegoverningparameteffor
determiningthe biological purification capability. It is a measurdor the expectedoxygenup-
take of sbstances introduced into waters.

Nitrogen (Ny:) (assumof ammonia,nitrite and nitrate nitrogen)promotes,as a nutrient, the
growth of algae and can become, besides phosphorous, a limiting factotrdphication.

Phosphorous;total (P promotesasa nutrient,the growth of algae.lt is alimiting factorfor
eutrophication in many waters.

Hydrocarbons; total are typical contentsof wastewatersfrom refineries.They occurin a
dissolved emulgateddr in anundissolvedorm andcanaffectthe wastewatercharacteristién
different ways.

Phenols(phenolindex after distillation anddye extraction)aretypical contentsof wastewater
from crude oil refineries. They are strongly toxic to aquatic organisms.

AOX Adsorbableorganic-boundedhalogencompoundgAOX) can,as governingparameter,
include compoundswhich aretoxic to aquaticorganismsandare difficult to degradebiologi-
cally.
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Sulphide and Mercaptans aretypical contentsof wastewaterfrom refineries.They are very
toxic and extraordinargdour intensive.

Cyanidesreadily releasedoccurin processvastewaterfrom crudeoil processinge.g.cate-
Iytic cracking,coking). They are very toxic.

Other Parameter Becausef local conditions,often otherparametersuchastemperaturend
pH-value are limited. Furthermore also certain heavy metalsas well as toxicity to fish are
limited.
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2 Applied technical processes and methods

2.1 Feedstocks and products

2.1.1 Feedstocks

The mainfeedstockof a refineryis crudeoil. It shouldbe takeninto consideratiorthat differ-
entcrudegradeshavea different compositionsincethesedifferencescanbe relevantin rela-
tion to emissiondnto the air or water. In additionto the main component$ydrocarbonspe-
troleum contains,accordingto origin, different quantitiesof sulphur,nitrogenand oxygenas
well as traces of other elements such as vanadium, nickel and sodium.

Crude oil contains almost only hydrocarbons. The following basic types are diffi¢ednt

« Alkanes (orPaaffins)

« Naphthene (o€ycloalkane)

e Aromatics(substituted or condensed)

* Heterosubstituted hydrocarbons (containing nitrogaiphur and oxygen)

The mineral oil in Germany originates from three sources:

« National crude oil (mainly fromNiedersachen anfichleswig-Holstein)
e Imported crude oil
e imported mineral oil products

The Germancrudeoil demands metmainly by importing from countriesof the former Soviet
Union andthe North Sea.Importsfrom OPEC countriescontributeapproximately29% while
the local crude oil contributes only a few percent.

Besidesthe feedstockpetroleuma numberof auxiliary substanceare usedin a refinery. De-
tails cancerning auxiliary substances are contained in Chapter 3.

2.1.2 Products

Table 4 containsthe mostimportantproductsof a refinery which canbe producedin varying
gquantitiesaccordingto crude oil and the configuration of the refinery. Information about
manufacture and internal utilization are contained in Section 2.2.

Propane Butane

PropyleneButylene Crudegasoline(Naphtha)for the petrochent
cal industry

Premium gasoline Regular gasoline

Reformedgasolineand aromaticsfor the pe- | Diesel
rochemical mdustry

Extra light heating oil Jet fuels
Sulphur Heavy heating oil
Lubricating oils Paraffin
Bitumen Petroleum cokes

Table 4 Refinery products
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2.2 Production processes and Functional units
The production processes or functional units of a refinery are differentiated as follows

1) Refinery furnaces
2) Separation methods
3) Conversion methods
4) Refining methods
5) Tank farm processes
6) Other methods

The processearebriefly describedn the following sectionsThelist correspondextensively
to the contentof the VDI guideline2440/L32/. In this guideline,simplified diagramsof proc-
esses are shown.

2.2.1 Refinery furnaces

Plantcomponentsn refineriesin which endothermicconversionprocessesire carriedout or
feedstockamustbe warmedto a high temperatureare heatedwith refinery furnaces Furthe-
more,refineryfurnacesareusedto producesteamandelectricity. Refineryfurnacescontribute
largely to the emissiondrom arefineryinto the air. Hencethey play animportantrole in the
determinationof the bestavailabletechniquesAs fuel, mostly desulphurizedefinery gas,in
certaincasesnaturalgasand liquid conversionresidualsfrom own processing(gas, oil and
mixedfurnaces)reused.ln arefinery approximatelys-6 % of thethroughputis usedasfuels.
The sulphurdioxide emissionsof refinery furnacesdependdirectly on the sulphurcontentof
thefuel. The flue gases from refinery furnaces are discharged via stacks. The height of the stack
depend®onthemasslow of the emissionandthe local geographiconditions.lt is determined
according to the regulations of the TAft.

2.2.2 Separation methods

2221 Atmospheric Distillation

After prior desalting,processingstartswith the heatingof the crudeoil to a temperatureof
about370°Cfor distillation at atmospherigoressureor slight overpressureip to 3 bars.The
fractionationof the crudeoil in accordancewith the boiling points of its constituentsan be
carried out in a single or multistage operation. The residuetfr@distillation canserveasan
end product and in this case is termed heavy fuel oil.

Thevapour/gasnixture leavingthe top of the atmosphericolumn("overheadoroduct”)sefa-

rates after coolingnto a gasfraction; a gasolinecutandanaqueougondensatanostof which

resultsfrom the steamaddedto facilitate distillation. This condensatendthe gaseougortion,

which mainly consistsof low-boiling hydrocarbongmethane gthaneetc.), containhydrogen
sulphideand mercaptansin the aqueouscondensatehesesubstancesre either dissolvedor

chemicallybound;in the latter casethey are mostly boundto alkaline substancegammonia)
added during atmospheric distillation to prevent corrosion.

The naphthacut producedas an overheadproductalso containsdissolvedhydrogensulphide
andmercaptans.

The gasoline,keroseneand gas oil fractionsdrawn off from the side of the column (side-
streams) are practically free of gases. All the fractions usually undergo further treatment.

German_notes Version 31.03.00 16



Chapter 2

2.2.2.2 Vacuum Distillation

If furtherfractionaldistillation of the higher-boilingcrudeoil componentss required,this has
to be effectedat reducedpressurgo achievethe necessaryower temperaturesThe vacuum
requiredto lower the boiling pointsof the hydrocarbongup to approx.10 hPa)canbe gene-
ated in various ways. Steam jet pumps and vacuum pumps are used in most cases.

The temperatureof about400°Cis barely exceededluring vacuumdistillation becausesome
of the hydrocarbonstartto crackevenat this temperatureThe consequencef thisis notonly
a reductionin the quality of the distillates but also processingdifficulties. However, since
crackingcannotbe fully preventedevenduring gentledistillation, the wastegasesfrom vac-
uum distillation usually have a characteristicunpleasanbdour, which is attributableto the
presence of olefins, and of sulphur and oxygen compounds.

The wastewatersfrom vacuumdistillation, which consistof the steamaddedto the column
andthe jet steamof the jet pumps,containvarying quantitiesof odorousgasdependingon the
pressure, temperature and, composition of the gas phase.

The distillate fraction generatedisthe overheadproductof vacuumdistillation may still con-

tain dissolvedgaseqe.g. hydrogensulphide)andis thentreatedappropriately.The remaining
fractions (vacuumgasoils asthe feedstockfor catalytic crackingor the productionof lubri-

catingoil) may containsulphurousompoundsesultingfrom the processedrudeoil although
theyarevirtually free of hydrogensulphide.The sameappliesto the vacuumresidue which is
eitheruseddirectly asbitumenor, by itself or blendedwith distillates,asfuel oil. Finally, if

appropriatecrudeoils are used,the vacuumresiduecan serveasfeedstockfor the crackeror
for the production of blown bitumen or petroleum coke.

2.2.2.3 Gas Separation

After gas scrubbing,the typical refinery gasescontaining hydrogensulphide and the low-
boiling hydrocarbonsrefurthertreatedin a gasseparatinglantworking at elevatedpressure.
The way in which the hydrocarbormmixture is separatedlependson the natureof the desired
products.lt is assumedhat, in additionto the naphthafraction (pentaneand higher-boiling
hydrocarbons)butaneand propaneareto be separatedndividually from the gas.The reman-
ing dry gas, consisting essentially of ethane and methane, is usiidery fuel gas.

2.2.3 Conversion processes

2.2.3.1 Thermal cracking (visbreaking)

At temperaturesf over 370°C,this processconvertsheavier,higher-boilingfractions(gasoill
fractions and residuesfrom atmosphericand vacuumdistillation) into less viscous, lower-
boiling products.

The gaseggeneratedy this processcontainnot only hydrogenbut also saturatecand unsat-
ratedhydrocarbonsas well as hydrogensulphide,mercaptansand other odorousproductsof
cracking.The aqueouscondensatdérom this processalso containsthesesubstances accao-
dance with their degree of solubility.

Thermalcrackingtodayis mainly appliedin the mild form of visbreakingandin the vigorous
form of coking. Furthermore, other methods for thermal processing of residues are available.

The distillatesproducedin this procesqgasoline,gasoil) are alwayssubjectedto secondary
treatment because of the unsaturated hydrocarbons they contain.
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2.2.3.2 Petroleum coke production (delayed coking) and calcination

Residuedrom atmospheri@andpossiblyalsofrom vacuumdistillation are heatedn arefinery
furnaceto temperaturesf over49(°C. The energyinput in the furnacesds sufficientto induce
crackingin the coking chamber.The distillates from the coking chamber(gases,gasolines,
middle distillatesanda heavygasoil) arefed to a fractionatingtower, separatedandsupplied
to secondanytreatmentfor stabilization.Added to the feedstock part or all of the residueis
returnedto the crackingprocess.The planthastwo or more coking chambersif oneis filled
with coke,the vapoursarepassedhroughthe emptychamberThe chambeffilled with cokeis
stripped, with most of the volatile hydrocarbons being expelled and cooled with water.

The petroleumcoke ("greencoke")is cut with waterjets, beforeundergoingfurther treatment
(crushing, classificatiorgalcination) or for immediate use.

The cutting wateris reusedafter separatiorof the coke particles.The strippingandcooling of
the petroleumcoke givesrise to gasesand condensatesvhich are returnedto the processas
well as waste water which has to be regenerated.

The hydrocarbonsstill containedin the petroleumcoke are burnt at temperature®f up to
1400°C in the presence of air in rotary kilns or multiple-hearth furnaedésr(ation).

Thecalcined coke is cooled and stored in silos until it is shipped for further use.

2.2.3.3 Fluid catalytic cracking (FCC)

In the presenceof catalysts;the thermal cracking processcan be specifically influencedto
increasethe yield of gasolineor middle distillate. Thesecatalystsconsistof aluminium sili-
cates(zeolites)dopedwith rare earths(e.g. cerium, lanthanum).The catalytic crackingwide-
spreadodayusesa fluidized-bedprocessThe catalystin powderform circulatescontinuously
in the plantandis keptin a quasi-fluid statein the reactorby steam by the treatedhydroca-
bons themselves, and by air in the regenerator.

The feedstock(vacuumgasoils andpossiblyresidueportionsaswell) is preheatedind enters
the reactortogethemwith the hot regeneratedatalystvia ariser. In the reactor,after the crad-

ing processthe hydrocarbornvapoursare separatedrom the catalystby the additionof steam.
Heavy metalsin the feedstockact as catalystpoisons.The catalystthenflows into the regen-

eratorfor incineratingthe cokedepositedduring cracking.Dependingon the feedstockandthe
processingonditions the wastegasesontaincatalystfines, sulphurdioxide aswell ascarbon
monoxideandnitrogenoxides.The sulphurdioxide contentdepend®n the sulphurcontentof

the feedstock.The carbonmonoxideis burnt for heatrecoveryin a wasteheatboiler (CO

boiler) to form carbon dioxide, and the waste gas is then discharged via a stack.

The hydrocarborvapoursemergingfrom the reactorare conveyedogetherwith watervapour
to the fractionatingtower. The overheadproductfraction consistsof gasesgasolineandaque-
ouscondensate. Before further processing, the gases are compressed.

Besideshydrogensulphide,all the productsof the overheadproductfraction containodorous
sulphurandoxygencompoundsincluding phenolsin theaqueousondensatel he sidestreams
canbereturnedto the feedstockor usedasblendingcomponentsThe bottomproduct(residue
oil) is separatednto two componentsthe catalyst-bearinggomponentbeing returnedto the
feedstock After treatmenin a gasscrubberthe hydrogensulphidegeneratedvith the cracker
gases is fed to a Claus plant.

German_notes Version 31.03.00 18



Chapter 2

2234 Hydrocracking

With theaid of hydrocrackingthe productyield in the light andmiddle distillate boiling range
is higher than that achieved with the cracking processes.

This processnakesuseof a hydrogenatmospherén orderto generatgoredominantlysaturated
hydrocarbons.

This procesamakesuseof catalystsat temperaturebetween350°C and 450°C and pressures
of 100 to 200 bars.

The catalystsconsistof metalcomponentsuchasnickel (Ni), chromium(Cr), palladium(Pd)
or tungsten(W) on a carrier,which may consistof aluminiumoxide or specialaluminiumsili-
cates.

A further developmenbf the coal hydrogenatiorprocessfacilitates almosttotal conversion,
even of heavy distillation residues, at pressures of 250 to 350 bars.

The feedstock(e.g. vacuumgasoil) is mixed with residuesfrom the fractionatingtower and
heatedtogetherwith a circulatinggascontaininghydrogen.The mixture is passedpver cai-
lysts whereit is crackedandreactswith hydrogen.At the sametime, compoundscontaining
sulphurand nitrogenbreakdown to releasenydrogensulphideandammonia,similarly to the
reactions taking place durifydrodesulphurisation.

After leavingthe reactor,the mixture is cooled,washedwith water,and separatedn a high-
pressurestageinto liquid and gaseousphasesHydrogensulphideis removedfrom the gas
phaseg.g.by washingwith amines,andrecycled.The liquid hydrocarbonsre expandecdht a
low-pressureseparatorand then separatedby distillation. The gas generatedin the low-
pressureexpansiorstageis scrubbedo removethe hydrogensulphideand ammoniaandthen
separated into fuel gas and liquefied petroleum gas (LPG).

The scrubbingwaterfrom the high-pressuretagecontainsammoniasulphidesandis fed to a
waste water regeneration plant.

The hydrogen sulphide generated with the fuel gas is supplied to a Claus plant.

2.2.3.5 Production of blown bitumen

Someof theimmediateresiduedrom vacuumdistillation (bitumen)aresubjectedo secondary
treatmenin theform of air blowing in a separatglantand,in somecasesyith the additionof
flux oil.

Variousproductcharacteristicef the blown bitumenare predeterminedby partial oxidationat
elevatedemperaturegup to about300°C). This givesrise to blow gasanda condensat&vhich
are separatednto an aqueougsour water) and an oily phase.The blow gasand condensate
contain hydrogen sulphide and other odorous compounds.

Theoily phaseis recirculatedo the crudeoil feedstockwhilst the blow gasis generallyincin-
erated in refinery furnaces.
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2.2.3.6 Reforming

By reforming, a gasolinewith a low anti-knockrating (octanenumber)is convertedinto a.
reformedgasolinewith a high anti-knockrating which is requiredfor the productionof motor
vehicle gasolines.The gasolinehydrocarbonsare subjectedto isomerization,ring formation
and aromatizationgiving rise to large quantitiesof hydrogen.The reformatecontainsa con-
siderable portion of light aromatics, including benzene.

Nowadays catalytic processeare exclusivelyemployed which generallyoperatewith multi-
metal catalysts (mostly platinum and rhenium on aluminium oxide).

At temperature®f about500°C and pressuredpetweens and 15 bar, the feedstockis passed
over the catalyst, where reactions take place at a relatively high partial pressure of hydrogen.

The reformersare precededy hydrodesulphurizatiobbecausehe catalystsare susceptibleo
damageby sulphurouscompoundsand,to a lesserextent,by compoundsontainingoxygenor
nitrogen.

The hydrogenarising during aromatizatiorand the gaseousydrocarbonsrising from secam-
daryreactionsare continuouslyremovedfrom the processThe gasmixture consistingprimar-
ily of hydrogen is the source of hydrogen fl@sulphurization in the refinery.

Dependingon the catalysttype, plant and processconditions,the catalysts whoseactivity is
diminishedby coke depositsareregeneratedby controlledburn off at temperaturebetween
400°Cand480°C.During the regeneratiorof discontinuougeformers,heatednitrogenis cir-
culatedover the reactors Whenthe reactorbed temperaturgeachesabout400°C, a defined,
constantlycontrolledquantity of air is addedto the nitrogenanda correspondingjuantity of
circulatedgasis releasednto the atmosphereThe releasednixture consistsof carbonmon-
oxide, carbondioxide and nitrogen.Releasecan be effectedcontinuouslyor discontinuously,
depending on the type of process.

2.2.3.7 Isomerization

This procesds usedfor the productionof gasolinecomponentsvith a high anti-knockrating.
Isomerization is generallyarriedout with the aid of a catalyst(usuallyplatinumon aluminium
oxide) at about30 bar andtemperaturesf 150°Cto 220°Cin a hydrogenatmosphereln this
processn-pentaneandn-hexaneare usuallyconvertednto theirisomers.The spentcatalystis
replaced. The platinum is recovered.

2.2.3.8 Production of MTBE

MTBE (methyltertiary butyl ether)is a high-octanegasoline-blendingomponentandis pro-
ducedcatalyticallyfrom methanolandisobutyleneThe reactiontakesplacein mild conditions
(approx.80°C) on anion exchangeresin, e.g. polystyrenedivinylbenzenecopolymer,in the
liquid phase.During downstreamfractionating,the MTBE is separatedrom its coreactants
and accompanyingcomponentsThe processtakes place without generatingoff gas. After
relatively long periodsof service,the catalystbecomesieactivatecand mustbe replacedand
disposed of.

2.2.3.9 Alkylation

During alkylation, unsaturateds&nd G hydrocarbongpropeneandbutenespredimerizedon
acid catalysts (hydrofluoric acid or sulphuric acid) to form a high-octane fuel component.
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Conversiontakesplaceat temperaturebetween35°C and 39°C andat an overpressuref ap-
proximately14 bars.Dependingon the pretreatmenbf the feedstockjt may be accompanied
by lighter hydrocarbonsand hydrogenyielded at the headof the separationcolumn for the
productand unconvertedcomponentsThis gasis scrubbedwith an alkaline solution before
leaving the plant.

2.2.4 Refining methods

2241 Hydrodesulphurization

To removesulphurouscompounddrom mineral oil fractions,the hydrogengeneratedn the
reforming processis employed.During this process,the mineral oil fractions undergoing
desulphurizatiorare passecdver a catalyst(cobalt-molybdenumnickel-molybdenunon alu-

minium oxide) at a hydrogenpressureof 30 to 100 bars and at temperatureof 350°C to

400°C.The organicsulphurcompoundsare convertednto sulphur-freenydrocarbonsand hy-

drogen slphide.

The hydrogensulphidedissolvedin theliquid productsis expelledeitherby fractionaldistilla-
tion of the reactionproductor by stripping. It ariseseitherasa gasor in an aqueousonde-
sate.

Dependingon the designof the plant and the sulphurcontentof the feedstock.the dry gas
leaving the plant may contain 20% v/v hydrogen sulphide. This gas is scrubbed.

Thespentcatalystcaneitherbereplacedor regeneratedA catalystcanberegeneratewvith the
aid of a mixture of superheatewatervapourandair. Theresultantgasmixture containsodar-
ous components.

2242 Mercaptan conversion (sweetening)

To convertodorousmercaptansnto barely perceptibledisulphidesJight crackercomponents
from the catalytic crackingplant are subjectedo catalytic oxidation. The liquid catalyst(co-
balt phthalocyanine)s broughtinto contactwith causticsodasolutionandthe productin the
presence of air. The waste gas is incinerated.

2.2.4.3 Gas scrubbing

Gasescontaininghydrogensulphideare scrubbedwith regenerablescrubbingsolutionsto re-
move the hydrogen sulphide.

As arule, alkanolaminessuch as diethanolamineor diisopropanolamineare usedas the ab-
sorbent. The scrubbingsolutions chargedwith hydrogensulphide are usually regenerated
(desorbed)py heating,in the courseof which the hydrogensulphideis expelledandthe scrib-
bing solutionis returnedto the processThe hydrogensulphideis suppliedto the Clausplant.
Smaller quantities ajasor gaseswith alow H,S contentcanbefreedof hydrogensulphideby
scrubbing with an alkaline solution, faxample.

2.2.4.4 Extraction

Solventextraction Extractionprocessesvith solventsare employedaboveall to extractaro-
matics of high purity from hydrocarbonmixtures containingaromatics,such as pyrolysis or
reformedgasoline.The aromaticsare extractedfrom the feedstockwith the aid of a selective
solvent.After this, the solvent/aromaticsixture is separatedby distillation. The solventsem-
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ployed are substancesvith high solvencyfor aromatics,have a significantly higher boiling
point than the extracted aromatics, and are miscible with water.

The feedstockis fed throughthe extractor.The solventin countercurrenextractsthe aroma-
ics. The entrainednon-aromaticsare separatedrom the solvent/extractnixture in an extract
reflux column and returned to the extractor. In the sols&igper,the extractis thenseparated
by distillation from the solvent,which is recirculatedto the extractor.The raffinate saturated
with solventpasseghrougha water scrubbingplantin which the agueouscondensat®f the
solventstripperis employed.The run-off from water scrubbingand the aqueouscondensate
from the extractreflux columnarereclaimedin the solventstripper.The end productsare an
aromatic extract of high purity and a low-aromat&iinate.

Molecular sieveextraction This extractionmethodmakesuseof the specificadsorptiornprop-
ertiesof artificial zeolitesknown as molecularsieves.Molecular sievesare employedin the
mineral oil industry to remove carbon dioxide, walstlrogensulphide mercaptansgtc.from
gasesand liquids, and amongstother things to recover normal paraffins from mixtures of
naphthenessoparaffinsandaromaticsor to recoverp-xylenefrom xylenemixtures.The proc-
essedakeplacein thegasor liquid phase Accordingto the requirement®f the specificproc-
ess,desorptionis mostly effectedby reducingthe pressurejncreasingthe temperatureand/or
the use of displacement media.

When,in plantsoperatingat relatively high temperaturegup to 400°C),the adsorbencyf the
molecularsievesdropsbelow an acceptabléevel dueto coke depositsthe sievescanbe re-
generated in much the same way as reformer catalysts.

The plantsconsistof two or moreadsorberdgor alternatingoperationor elseof a singleadsa-
ber divided into sectionswhich permitsquasi-continuousperationwith the constantalterre-
tion of theinlets andoutletsof thesesectionsThe chargingtime of adsorbersvorking on the
alternatingprinciple variesgreatly, rangingfrom severalweeksin somecasesto aslittle as
only a few minutes.

2245 Lubricating oil production

The productionof the variousproductcategoriesn thelubricatingoil sector(motor oils, trars-
formeroils, white oils, etc.)demandghe applicationof specialprocesgsechniquesuitablefor
the feed product and the intended application.

Vacuum distillates are processed with the following methods:

» Extraction
« Paraffin removaldewaxing)
e Hydrogen treatment

During extraction which is carriedout on the principle describedn 2.2.4.4,aromaticandhet-
erocyclic compoundsare removedfrom the feedstockwith furfural, n-methylpyrrolidoneor
other selectivesolvents.The aromatic-richextractis subjectedto catalytic crackingor other
processes and the paraffin contained inrétfgnate is removed.

During paraffin removal the feedstockis diluted with mixtures of methylenechloride/1,2-
dichloroethaneor methyl ethyl ketone/tolueneand cooled. The crystallizing paraffinsarefil-
tered off and further processed, whilst the filtrate is a base oil resistant to low temperatures.

In the above processes, the solvents are regenerateelcinedlated.
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Hydrogentreatmentfor the final refining of baseoils givesriseto residualgasesandaqueous
condensatewvhich, dependingon the natureof the feedstockand the intensity of treatment,
containvarying quantitiesof hydrogensulphide.Flue gasescontaininghydrogensulphideare
incineratedasarule, or arefed to the procesdurnace.This is basicallya form of hydrodesi+
phurization,asdescribedn 2.2.4.1,andin certaincircumstanceshe hydrogenatiorof the re-
mainingaromaticcompoundsn orderto producewhite oils. Given certainpressureandtem-
perature levels, this process can replace the removal of aromatics lafi@xtra

Filtration with bleachingclay is usedfor the secondaryreatmeniof specialoils. The resultant
"oil clay" is usually employed outside the refinery sector, e.g. in the production of cement.

2.2.5 Tank farm processes

2.25.1 Product supply

Crudeoil is suppliedeither via long-distancepipelinesor tankers.Mineral oil productsare
normally suppliedby rail tankers,tankershipsor road tankers.Small quantitiesof auxiliary
substances are also supplied intamers.

2.25.2 Loading and unloading

Withdrawal ofcrudeoil andmineraloil productsfrom thetransportvessels performedmostly
via pipes and detachable hose connections using pumps.

Loading of minerabil productsgenerallyoccursin ships,tank carsor tanklorries. Somerefin-
eries transport products using product pipelines (cf. Diagram 1).

2.25.3 Storage tanks
Storageof crudeoil andliquid mineraloil productsis normally donein above-groundanksup

to asizeof approximatelyl00000m3.The following technicalvariantswith differentconcepts
for reducing emissions are used:

* Fixed-roof tanks with coatings and/or overpressurgérpressure safety-valves
* Floating-roof tanks

* Fixed-roof tanks with floating covers

* Fixed-roof tanks connected to a gas collecting system

Liquefied petroleumgasesarestoredeitherabovegroundn roundvesselsor in undergroundr
alsosemi-underground tanks. Vessel sizes of up to 1500my@oalt

Bitumenis storedin heatedfixed-roof tanks. The highly smellingtank flue gasis generally
incinerated.

Petroleumcokeis storedeitherin openspacesor in silos. Whenstoredin openspacegetio-
leum coke is kept moist in ordert@inimize dust emissions.

Sulphur in a liquid state is stored in heated and heat-insulated fixed-roof tanks.
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2.2.6 Other Processes

2.2.6.1 Sulphur recovery units

From the hydrogensulphideproducedin different functional units of the refinery elemental
sulphuris producedn the sulphurrecoveryunit. Hydrogensulphideis combustedwith air to

form sulphurdioxide (SG,). In the Clausplants,only a partial combustionoccursin the oven
wherebyfrom threepartsH,S only oneis turnedto SO,. The mixture producedrom two parts
H,S andone part SO, alreadyreactin the ovenbut moresoin the reactoron the catalystac-

cording to the equation

2HS + S@ - 3S + 2KD

to sulphurandwater. The sulphurprecipitatesn a liquid form andis recoveredn a sulphur
pit. Many consecutiveconnectedeactorsenablean almostcompleterun of the reaction.Sub-
sequentlyeithera thermalor catalyticcombustioroccurs.The releasedenergyfrom this reac-
tion is usedto producesteam.Besidesthe "classical"Clausprocessother methodsfor redic-
tion of sulphur are used in the Claus plants in German refineries:

e Scot ProcesgL2/: Sulphurcompoundsin the flue gasfrom Claus plants are hydrated
catalyticallyto hydrogensulphide.The hydrogensulphideis returnedto the Clausprocess
via regenerative amine scrubbing.

* SulfreenProcesdL3/: Variationsof the Clausreaction;the rate of sulphuremissionis
reduced in a further caytic stage.

* Wellmann-LordMethod/L3/: If a correspondingnstallationfor the power plantis avai-
able, the flue gases from the Claus process can be included.

In lubricatingoil refineries,no Clausplantsareinstalledbecausein contrasto crudeoil proc-
essingrefineries,a lot lesssulphuris generatedH,S-containingflue gasesirom wastewater
treatment is fed to an incinerator.

2.2.6.2 Flares

Flaresareimportantsafetyfacilities in arefinery sincethey preventemissionfrom dangerous
substances via pressure release valves directly into the environment.

One differentiatesbetweenelevatedflares and groundflares. In orderto decreaseemissions
from flares, flare gascollecting systemsare installedwhich act as a buffer and after recan-
pressioncandirectthe flare gasinto the refinery gassystem.n this way, emissionsvia flares
are minimized.

Flaresare operatedundersteam.Control of the steamis animportantfactor which enablesan
extensive soot-free burning of the flare gases.

Flare heads with possibly small noise emissions are used /L39/.

2.2.6.3 Treatment of waste water

Germarnrefineriestreatwastewatergenerallyin their own centralwastewatertreatmeniplant.
Only in exceptionakasedreatments performedtogetherwith wastewaterhavinga different
origin in commonsewageplants. Sincerefineriesare often connectedwith further manufa-
turing processe# the samelocation (petrochemicalndustry, syntheticmaterials fertilizers),
generallywastewater from different areasof the location are treatedtogetherin the central
wastewatertreatmentplant. Also, severalrefineriesin differentlocationscanbe consolidated
in a connectingsystem Here,very different configurationof the processingplantscanexistin
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therespectivdocations.This canleadto correspondinghdifferentcharacteristicef the waste
water to be treated from each location.

The maininformation on the generatiorand characteristiof wastewatersaswell aspreven-
tion and treatment,accordingto stateof the art in Germany(fixed in the WHG as the best
availabletechnigue),is summarizedn the ,Hinweisenund Erlauterungereum Anhang 45*
/D13a/(Section3.6.3).In Germanrefineries,wastewateris treatedmainly accordingto these
principles.The exactexpressionn individual casesdependsstrongly on the characteristic®f
each location and the historicaveélopment there (Section 3.6.3.2).

2.26.4 Exhaust cleaning (Vapour Recovery)

Emissionsare preventedduring filling of transportvesselswith mineral oils with a vapour
pressurexceedindl3 hPaat 20 °C by collectingthe vapourmixture andbalancingrecovering
or incineratinghe hydrocarbongontainedn it. In this processconsideratiormustbe givento
installations, safety risks amdinimization of energy input.

The necessity for reducing emissions depend on the following parameters:

a) Vapour pressure of the supplied product,
b)  Type of previoustank contents which affectsthe concentratiorof the hydrocarbon/air
mixture already contained in tanks.

To minimize the emissions , the following measures are applied:

Top-submergedloading/Bottom loading Mineral oils areloadedwith the aid of filling arms
which reachdown to the bottom of the container’stank compartmentf; on shipsthesepipes
arepermanenthyinstalled.This techniqueof “top-submergedoading” preventssprayingof the
products;as a consequencehe hydrocarboncontentof the displacedair remainsbelow the
saturation concerdtion.

Furtheremissioncontrol is achievedvia bottom loadingwith drip-tight couplings.This tech-
nique is only widely applicable,however,to road tanker loading becauserail tankersused
throughout Europe have not besendardized for this as yet.

Vapour balancing To preventand reduceemissionsfixed-roof tanksand loading/unloading
equipmentcan be connectedwith vapourbalancelines. Thesepermit a balanceof the dis-
placed gas volume.

The displacedvapour/airmixturescanbe balancedvia a vapourreturnline betweerthe load-
ing point andthe tank beingemptiedaslong asthe latter doesnot havea floating roof. Instd-
lation of detonationprotectionand flame arresterequipmentis necessarypbecauseof plant
safety.

For vapour recovery, a vapouraccumulatoiis installedin orderto maintaina uniform stress
in the plant. The following procedures are normally used:

« CondensationThe hydrocarbon/aimixture is cooledin a heatexchangeallowing a por-
tion of the hydrocarborto condenseThe concentratiorof hydrocarbongn theflue gasde-
pends only on the temperature achieved and not on the hydrocarbon load.

« Absorption:The hydrocarbon/aimixtureis scrubbedn countercurrenby aliquid mixture
of hydrocarbonge.g.petroleum)at the operatingiemperatureThe loadedscrubbingliquid
can,accordingto local conditions,be fed to a productionprocessor be degassedy hed-
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ing in afurther processingtep.The expelledgasesitherhaveto be condensedprocessed
further or incinerated For condensingnixturescontainingbutane refrigerationplantsare
to be used.

* Adsorption:During adsorptiorthe hydrocarbon/aimixture is passedhroughan adsorbent
e.g. activatedcarbon.The hydrocarbonsare depositedon the adsorbentAfter a certain
chargingperiod,the adsorbenmustbe regenerateddence,adsorbentnstallationsare de-
signedtwo-stagedfor changingoperations.The desorbates taken up by a circulating
gasolineor gasolinecomponentcurrentin a scrubbingcolumn (or scrubbingstage).The
resdual gas is subjected to further treatment.

* Membranemethod:Selectivemembraneseparatehe vapour/airmixture into a hydroca-
bon-rich phase(permeate)vhich is theneithercondensear adsorbedo form a depleted
phase ietentate).

Incineration The hydrocarbon/air mixturdeom loadingprocessesanbeburntin gasengines
or incinerationplantsaslong ascertainprocesconditionsarecompliedwith. Theseplantscan
be operated together with recovery plants.

Lean hydrocarbon/air mixtures requiesaturation or auxiliary firing.

In all incineration plants, special attention must be devoted to safety installations (explosion
areas, detonation protection and flaameestor equipment).
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3 Data about the emission situation for single processing
stages and different loc ations

3.1  Method of collecting the data

The typical consumptiorand emissionvaluesof 5 representativésermanrefineriesanda lu-
bricating oil refinery were determinedusing questionnairesvhich are shownas a samplein
Annex 2.

In somelocations,petrochemicaplantsare connectectloselyto the refinery plant. Emissions

from the refinery’s own power plant (whereavailable)or petrochemicaplantsin refinery lo-
cationswere not consideredBecauseof a closeconnectionbetweenthe petrochemicaindus-

try and refineries it was only sometimes possible to collect separate data for the refinery plants.

A questionnairdor the whole refinery (Questionnaireéd) andonefor functional units (Ques-
tionnaireB) (or refinery processesjvere preparedThe considerationgre orientedaccording
to therevisedversionof the VDI Directive 2440correspondingo the contentin Chapter2. An
overviewof the relevantfunctionalunits for the whole projectis shownin Table 2 Environ-
mental account of production processes (Account Table).

Questionnaires A and B have a similar table of content and address the following topics:

General information about refineries and functional units
Emissions into the air

Emissions into water

Wastes

Consumption of substances and energy

Other information

a) Waste heat emissions

b) Noise

c) Costs, economic aspects

ok~ wNE

Questionnaires Part B for the processes require more detailed information than Part A.
The data were collected as follows:

1. Design of the questionnaires with representatives from the refinery and regulatory boards
2. Distribution of the questionnaires to 5 chosen refineries

3. Discussion of the data directly in some refineries

4. Participation of the monitoring and authoritative regulatory boards for the locations

For the processesubricating oil refining and extraction,datafrom a lubricating oil refinery
werealsoobtained.In orderto limit the extentof the datacollected,the processesvereclass-

fied qualitativelyaccordingto their environmentahccountin the environmentatompartment.
The esults are shown in Table 5. The following key is used:

X high environmental accoil
0 low environmental account.
- very low or no environmental account

The data of the processes with a high environmental accousnpleasized.
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In choosingthe refineries,carewastakenin alsorecordingall processesvith a high environ-

mentalaccount,i.e. that the plantswere representect leastonetime in a refinery. Table 6

showsthe processedor which datawas collectedin the refineries. The selectionconsists
mainly of plants that were constructed after 1990 or were greatly modified.

Some special measures which are applied in other German refineries are also included.

3.2 Origin of the Data

The questionnairesverepreparedrom the refineriesmainly with the following basicinforma-
tion:

e Emission explanations in conformity with the 11. Ordinance of BImSchG
« Waste water balance, waste water register

« Waste balance, waste industry concepts etc.

« Internal reports of the expert departments for environmental protection

e Regulatory board licences

e reports according to the Environmental Statistic Law

Most of the data originate from 1998 but some are considered from 1996 and 1997.
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Environmental compartment (Numbers in Quest. B)
~ T S
Process/Functional unit ) G o
o 0 = —
s | g (¢€] 2 | g
S | 8 g |28 | g o | 2
= 0 0 oo 17 R%) Q
= © © S C © o @
< = = |ouw = Z 0
Refinery furnaces X 0 X X X X
Separation processes
Atmospheric distillation 0 X X X 0 X
Vacuum distillation 0 X 0 X X 0 X
Gas separation 0 0 0 0 0 0 X
Conversion processes
Thermal cracking, 0 X 0 X X 0 X
(Visbreaking)
Petroleum coke production X X X X X X X
andcalcination
Catalytic cracking (FCC) X X X X X 0 X
Hydrocracking 0 X X X X 0 X
Bitumen blowing X X X X X 0 X
Reforming 0 X 0 X X 0 X
Isomerization 0 0 X X X 0 X
MTBE production 0 X X X 0 0 X
Alkylation 0 X X X 0 0 X
Refining processes
Hydrodesulphurization 0 X X X X 0 X
Mercaptane conversion 0 X X X 0 0 X
(Sweetening)
Gas scrubbing 0 X X X 0 0 X
Lubricating oil refining in- 0 X X X 0 0 X
cludingdewaxing
Extractions
- with solvents 0 0 0 X 0 - X
- with Molecular sieves 0 X X X 0 - X
Tank farming processes
Product supply - - - - - 0 X
Loading and unloading X - - - - X X
Storage X 0 X 0 0 - X
Other processes
Sulphur collection X 0 0 0 0 0 X
(Claus plant)
Flare X X 0 0 0 X X
Waste water treatment X X X X 0 - 0
Exhaust purification 0 0 X 0 0 0 X
(Exhaust gas recovery unit)
Table 5 Environmental account of refinery processes
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Process/Functional unit

Refinery

3

Refinery furnaces

Separation processes

Atmospheric distillation

Vacuum distillation

Gas separation

XX | X

XX | X

Conversion processes

Thermal cracking,
(Visbreaking)

1988
(HSC)

Petroleum coke production
andcalcination

Catalytic cracking (FCC)

Hydrocracking

X (in con-
struction.)

Bitumen blowing

X)

(X)

Reforming

(X)

Isomerization

MTBE production

Alkylation

X
X
X

Refining processes

Hydrodesulphurization

X

Mercaptane conversion
(Sweetening)

X

Gas scrubbing

X

Lubricating oil refining and
dewaxing

Data for the lubricating oil refinery 6

Extractions

- with solvents

1970

- with molecular sieves

Tank farm processes

Product supply

Loading and unloading

Storage

Other processes

Sulphur recovery
(Claus plant)

(X)

Flare

X

Waste water treatment

Exhaust purification

(Exhaust gas recovery unit

X

XX | X

N. B.: Information in brackets originate before 1990 or are greatly modified

Table 6 Recorded processes in representative refineries
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3.3 Data for the complete refinery
The capacityof the documentedefineriesrangefrom 4 Mio. t/a to 12 Mio.t/a. The list of

productsis typical eventhoughspecialprocessingunits, e.g. for petroleumcoke production,
are not opeated in all refineries. The main products are:

e Liquefied petroleum gas
* Benzene hydrocarbons

* Middle distillate

e Bitumen and heavy oils

e Sulphur

e Other products

Annex 5 containschartdiagramswhich showschematicallythe configurationof the refineries
considered with the most important stream of substances.

The quantity of sulphurproducedin the refineriesdiffers sinceit dependson the amountof
sulphurcontainedn the crudeoil feedstockValuesbetweerD.29and0.83% of total through-
put were determined (3 refineries).

3.3.1 Emissions into the air

The emissionof therelevantsubstancesto the air areshownin the Table7 asemissionfac-
torsin relationto the crudeoil throughput(without power plantandthe petrochemicalndus-

try).

Pollutant Emissions/Crude oil feedstock
(t/10°t Crude oil)

Dust 9-18

SO, as SO, 240-620

NO, as NO, 100-283

Hydrocarbons/

Benzene

1)Processing 11-100/0,1-0,5

2)Storage 7-70/0,02-0,6

3)Flare 01-9/

4)Loading 0.06 — 5 / indetectable

Table 7 Emissions into the Air

Emissionsfrom sulphurdioxide emergefrom FCC and Claus plants and nitrogenousgases
emergelargely from refinery furnaces.Dust is emitted mainly from FCC plantsand calcine-
tion. The main emissiondrom hydrocarbongVOC) arisein the areaof processingand star-
age.

3.3.2 Emissions into waters

3.3.21 Quantity of waste water

The proportionof polluted wastewater due to processingwith respectto total wastewater
from arefinery dependdeavily on the respectivdocal conditions.(processingspectrumpro-
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portion of rain water),type of cooling, methodof supplyingoils, groundwaterdischargeetc.).
The quantity of wastewaterdueto productionin all Germanrefinerieslies underthe value of
0,5 m3/t feedstock(or 1,3 m3/t for lubricating oil refining) which is basedon the load limits
fixed in the wastewater ordinance(Section.1.5.2). The true value depends,n individual
casesnot only on the degreeof wastewaterseparatiorandre-utilization but alsoon the avai-
able spectrum of the plant.

3.3.2.2 Waste water characteristic

The characteristicof wastewateris analysedregularly within the scopeof the official and
refinery’s own monitoring of plantsand controlledwith respectto maintenanceof the fixed
limit valuesin the waterlegislatorypermit. For this purposegenerallythe final treatedprocess
wastewateris consideredbut can, however,be mixed with other wastewater flows treated.
For wastewater streamsfor which different requirementdold and which are introducedto-
gethereachstandardequiremenis determinedhroughcalculationof the mixedratio for each
parameterlf requirementof the locationof generatiorof the wastewateror mixing are de-
mandedhesearestandardDatafor the characteristiof internaltributary wastewaterstreams
are only available as an extien.

If wasterwatertreatmentplantsin refineriesare designedaccordingto stateof the art the re-
quirements of Annex 45 of the waste water ordinance (Section. 1.5.2) can be safely attained.

With correspondindoads,the degreeof eliminationof the centralwastewatertreatmentplant
for COD lies by approximately80 %. On averageyaluesfrom 90 to 95 % are achieved.The
degreeof eliminationfor inorganicnitrogenin the centralwastewatertreatmentlantis fixed
differently accordingto which proportionis already removedby pretreatment(sour water
stripping).With respecto thetotal balance gliminationratesexceeding®0 % areachieved A
still higherlevel of purification performanceds achievedwith hydrocarbong> 95 %), therate
of degradation ohromatichydrocarbongandphenolscanbe >99 % throughadaptediological
cleaning.

3.3.3 Waste

3.3.31 Quantity of waste, Type of waste and Disposal

The collection of the data resulted in comprehensive informationtwastesit wasalsovery
difficult to classify waste(with the exceptionof spentcatalystsand sludgefrom wastewater
purification) according to certain fational units.

Thefollowing summarylimits itself to typical refinery wastesf they are producedn relevant
quantities of > 10 t/a.

Thefollowing tableshowsthe quantitiesof wastesn needof closemonitoringwhich arosein
the respectiveyearsin the refineries.The quantityis only 0.32to 0.57 %o of total throughput
and is small compared to other industrial manufacturing procedures.

Wastes in need of close 5 Refineries
monitoring
Int/1¢ t Rohél 320 - 570

Table 8 Quantities of waste in need of close monitoring
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Thetypesof wasteandthe possibledisposalfor wastesin needof closemonitoringarelisted

as follows.
Definition of waste Location of origin Waste code |Utilization/ Disposal
(Functional unit) Nr. (EAK) (Examples)
Sludge-like tanks residuegTank farm processes 050103 Substitute fuel for
Distillation cement factories
Acidic alkyl sludges Alkylation 050104 Substitute fuel for
cement factories
Spilled oil all 0501 05 Substitute fuel for
cement factories
Spent catalysts FCC Dust filter 05 03 02 Cement production
Exhausted filter clay Product, waste water, 0504 01 manufacture of ao
exhaust cleaning struction materials
Landfill
Solids from oil-/Water segp|water purification 130501 Incineration
rators
Sludge from oil-/Water  |water purification, oil 130502 Incineration
separators separation plants
sewage system
Oil mixtures not otherwise|Maintenance 13 06 01 Incineration
specified waste water plant
Sulphuric acid and sulphu{Desulphurization 06 0101 Production of S@
ous acid Alkylation
Aqueous washing liquids |Maintenance 0707 01 Phys.-chem. trea
and mother liquors waste water treatment ment
Loading
Oil-polluted materials all plants 150299 D1 Incineration
Polluted insulated materialall plants 1706 99 D1 Landfill
Oil polluted soil Leakages, abandoned| 17 0599 D1 | Biological treatmen

polluted area

Table 9 Waste types and disposal for waste in need of close monitoring

The quantityof wastesin needof monitoringandotherwastedor disposalandutilization can-
not be completelyrecordedfor the whole refinery; the quantity of the latter is normally less
than that of wastes in need of close monitoring.

The types of waste and their possible disposal are listed as follows.
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Wastesin need of moni-|Location of origin Waste code |Utilization/ Disposal

toring and other wastes |(Functional Unit) Nr. (EAK) (Examples)

Sludgefrom refinery’s own|Waste water treatmen 05 0101 Incineration

waste water treatment  |plant

Spent catalysts, containingProcess plants 050301 Metal recovery

noble metals

Other spent catalysts Process plants 0503 02 Regeneration,
Incineration

Sulphurous wastes Sulphur recovery 0505 01 Landfill

Other filter cakes, spent [Activated carbon 07 01 10 Incineration

absorbents

Spent linings andefracb- |Furnaces 1001 12 Landfill

ries

Sludge from water softengkVater preparation 19 09 03 Cement production

Bitumen waste Bitumen production an 17 02 03 Utilization

storage
Mineral fibre waste Insulating material 17 06 02 Landfill

Table 10 Type of waste and ways of disposal for wastes in need of monitoring and
other wastes

The main quantities of typical wastes from refineries:

e Wastes containing or contaminated by oil
e Residues from tank cleaning
« Sludge from waste water purification

e Spent catalysts

Spentcatalystsoriginatemainly from the processesatalytic cracking,hydrocracking reform-
ing and hydrodesulphurisatiorCatalystsaccumulatedependingon the refinery processesn
quantities up to 500 t annually normally after a period of several years.

Catalysts are disposed off

as follows:

a) for recovery of metal externally
b) regenerated internally or externally
c) or alow percentage is disposed off

3.3.3.2

Measures to reduce waste

In German refineries, the following measures are used to reduce the amount of waste:

* Exploitation of the possibilities for harmlegslization of energy

* Slop systems withecirc

ulation

* Minimization of wastesduring tank cleaningthrough organizationalmeasuresand low

waste-producing clean
e Separation of different
* Recycling catalysts

ing methods
types of wastes

* Exploitation of possibilities ofitilization in the construction and cement industry
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3.3.4 Substances and Energy

Dataon the consumptiorof substanceandenergywere not collectedfor the completerefin-
eries.

3.3.5 Other Data

3.35.1 Waste heat

Valuesfor wasteheatemissionsn the refinerieswerenot available.Datawere collectedindi-
rectly from the temperatures of flue gas- and cooling water.

In different functional units, wasteheatemissioninto the air canbe estimatedfrom the tem-
peratureandvolumeof theflue gas.Likewise, this is alsopossibleusingthe differencein tem-
perature of the cooling water.

For optimal heatitilization, the following measures are taken in all processing plants:

* Heat exchangers widely permit efficient use of energy
* Process heat is used to heatfsteck or for vapour recovery
* Functional units are heat-insulated

3.35.2 Noise and Vibrations

Accordingto thegermanTA Larm/D9/, the allowedvaluesfor noiseemissionslependon the
level at which the neighbourhood is classified.

Sincerefineriesare operatedcontinuouslythe standardemissionvaluesfor the night is espe-
cially relevant. These values are 45 dB (A) for mixed areas and for pure residential atBas 40

(A).

In Germanrefineries,the following emission-reducingneasuresre appliedin orderto main-
tain the recommended values:

e Use of quiet sound sources (burners, pumps, compressors, control valves, ventilators)
e Sound protection hood, Sound absorbers

* Sound insulation measures

* Avoidance of vehicle traffic, start-up and shutdown during the night

Thedistanceof somerefineriesto neighbouringesidentialandmixed areasareonly afew 100
m. In such cases, further noise protection measures are required.

3.35.3 Costs

The costsof a refinery for environmentaprotectionis difficult to determinebecauseeliable
informationaboutdeterminingwhich plant or functionalunit is a measurdor environmental
protection does not exist. This applies for investments and especially for operating costs.

This problemwould becomeclearbasedon the following question:ls the investmentor con-
structing a hydrocrackerwith a high yield and its possibilitiesfor the production of low-
sulphur products an investment for environmental protection and, if yes, to wteniage?
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According to information obtainedfrom the mineral oil trade associatior/'L42/, in the past
yearsthe Germanmineraloil industryusedup to one-fifth of its investmentgor environmental
protection.The annualoperatingcostsfor theseplantsareapproximately500 Mio. Euros.The
major part of these investments is for air purification and water protection.

For anewly constructedefinery, e.g.approximatelyl0% of thetotal investmentsvasusedfor
emissionreductionmeasuresThis correspondgo more than 250 Mio. Euros. The total in-
vestment for envinamental protection measures was even much higher.

In anotherrefinery, approximately400 Mio. Euroswasinvestedfrom 1991to 1998for enu-
ronmentalprotectionmeasuresThe investmentdor air purification contributedto 90 % of
total investmentsthusrankingnumberone. The operatingcostsfor environmentalprotection
was approximately 110 Mio. Euro in 1998.

3.4 Plant safety

3.4.1 Regulations

Therefineriesin Germanyare subjectedo the 12th Ordinanceof the BImSchG/D4/ (Stérfall-
Verordnung)becausehis country,dueto the type andquantityof materialsJies in the areaof
application of the Orishance.

Thelegislationsfor preventingseriousaccidentswill changen Germanyandalsoin the other
EU countriesin the nearfuture whenthe Directive 96/82/EG(Seveso-IIDirective) /E9/ is re-
vised in national law.

The newlegislationwill not havea majorimpacton the requirement®f the refineriesin pre-
ventingseriousaccidentsin the normalcase,t is obligatoryto preparea safetyreportaccod-
ing to Article 9 of the Directive.

Themeasure$or safetyof plantsin therefineriesarespecifiedin the safetyanalysisBasedon
the characteristic®f the substanceghe dangerof refineriesfor the environmentpopulation
and employees can be deduced:

* Explosions and fires due to highly flammable substances
* Release of toxic substances into the atmosphere
e Hazard for the environment due to pollution of soil and water

In orderto combatthe hazard,safety conceptswere introducedin Germanrefinerieswhose
principlesareoutlinedasfollows. The conceptxontaintechnicalandorganizationameasures
for plant safety.

3.4.2 Technical Measures

Principally, releaseof dangerousubstanceandwith this explosionsandfires are prevented
whentoxic, highly flammableandflammablesubstancearekeptin closedandsealedsystems
according to requirements.

The functional units consistof suitablematerialswhich are designedor operatingstressand
areadequatelyesistantagainstcorrosion.If required,the plantsare protectedby constructive
fire preventionmeasuresvith fire-resistanfittings or with local sprinklersfor cooling. Safety
relevantfunctional units such as pumps,compressorand heat exchangersare redundantly
installed.
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Protectionareasareinstalledin which ignition sourcesareavoided.In the protectionareasthe
correctchoiceof electricalfacilities is especiallyimportant.In constructionplantsoverpres-
sure systems, among other things, are installed which prevent entrance of explstasecss.

Releaseof toxic or explosivegasesare detectedoy gasdetectorsin especiallysafety-relevant
plant sectors,alarmsin the processconductivesystemand also parallel optical and acoustic
alarms in the plant are disengaged.

Variouswarning,alarmandsafetydevicesareinstalledin the processinglants.They sensea

deviationof the processe$rom normal operationand, if necessaryautomaticallydisengage
safetymeasuresfterannouncemenf a pre-andmain alarm.Here, it is especiallyimportant

to monitor filling level, pressurefemperatureand flow. During failure of the driving energy
the measuringand controlling devicesgo into the fail-safe position. The flamesin refinery

furnacesandflaresare monitoredwith reliable measuringdevices.The operatoran the plants

are equipped with permanent walkie-talkie connection to the process control station.

As arule, the centralprocesscontrol stationsare constructivelydesignedn sucha way with
safetyand protectionsystemsagainstflooding, explosionsoverpressur@andfailure of energy
supplysothattheyremainoperativein caseof damageThe plantsarecontrolledwith process
control systems Shut-Downsystemsare installedwhich allow safeshutdownof the plant or
the specific functional unit during malfunctions.Shut-off systemsbetweenfunctional units
limit disturbancesand avoid Domino-Effects.In addition, an emergencyshut-down-system
consistof a centraland a decentralemergencyshutdown switch with which individual plant
componentsare switchedoff or complexemergencyshutdown programmesre deleted.The
supply of electricity is redundantadditionally an emergencyelectricity supply existsfor the
Shut-Down and emergency shut down systems.

For fire prevention,an adequatenumberof stationaryand mobile fire extinguishingfacilities
are present.In sensitiveareas,local fire detectorsare installed. An adequateamountof fire
extinguisheris kept and or taken from neighbouringwaters.To retain water usedfor fire
fighting /D11/ an adequatesolumeis kept normally in vesseldn the areaof the wastewater
treament plants.

Substancesvhich are releasedfrom pressureventing devices,e.g. safety valvesor rupture
discsare carriedinto attachedacilities which allow saferemoval.Generally,theseare flares
but, in special cases, exhaust §bers e.g. are also considered.

Normally refinerieshaveafire brigadewhich, in the caseof afire, is immediatelyon location
and can begin with fire prevention measures or can support the fire fighters.

3.4.3 Organizational Measures

Plans for alarm, hazard prevention aommunicatiorto externallocationsarepresenandare
continuouslykept current. Preciseoperatinginstructionsdemandnormal operations.Training
andinstructionsfor the employeesaredoneon a regularbasis.Here, they areinformedabout
hazards on the work place and for the environment.

By meansof a monitoring plan the plantsare inspectedregularly from operators A work’s
protectionforceis in chargeof controllingandmonitoringaccesgo the refinery and prevents
intervention by trespassers. Safety ingian of the contractors are performed regularly.
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The organizationalmeasurescan be regulatedby managemensystems.l.e. the following
regulations and standards come into question:

* Regulation EG 1836/9FMAS-Verordnung) /E11/

e Environmentalmanagemenin conformitywith the Standard®f the SeriesDIN EN 14000
ILAT]

e Quality control in conformity with the Standards of the Series DIN EN 9000

e Special, e.g. business-specific systems, QHSE-system.

* Future: safety management systems in conformity witlseheso (Il) Directive

Managemensystemsare alreadyintroducedin most Germanrefineriesand, to someextent,
further certifcation is being prepared.

3.5 Groundwater and Soil Protection

3.5.1 Regulations
For ground water and soil protection no extensive identical European regulations exist as yet.

In the FederalRepublicof Germany,detailedregulationsfor preventivewater protection,in
contrast, exist sinceecadesn thefederalwateract(WHG) /D10/whichis fixed in all Federal
Statesthrough detailedrequirementsn Ordinancesabout plants as to handling substances
which arehazardougo waterandaboutspecializedcompanies/AwS- /D12/. The regulations
for preventivewaterprotectionare basedon the legislativeprinciple of *precautionaccording
to which eachpossibility of waterpollution or otherdisadvantageoushangego waterfrom a
plant must be excluded.

The legislative requirementsof the VawS apply to plants for storage,filling and load-
ing/unloadingas well as for the processingunits for production,treatmentand use of sub-
stanceswhich are hazardousto water. Besidesconstruction-technicastandardsoperating-
organizationalmeasuresnd the performanceof plant controlsare requiredwhich, with the
exceptionof the WHG and the VAwWS in administrativeregulationsto VAwWS, are fixed in
technical rules and standardsy: /D14, L5-8, L14,16,17, L21-27/.

3.5.2 Water hazard classes and hazard potential

Substancesvhich are hazardougo waterin Germanyare groupedinto a systemof 3 water

hazard classes (WGK 1 to 3, water hazard classes) because of their hazardous characteristics.
The systemof waterhazardclassesservesto give the plant a hazardpotential,dependingon
waterhazardclassesandplant size,accordingto which the materialrequirement®f the plant

are determined(requirementsproportionalto hazardousness)Yhe systemof water hazard
classes awespond with the European regulations for dangerous substances.

Mostmineraloil productsbelongto waterhazardclasseg or 3. If carcinogenicsubstanceare
presenin afractionor mixture ata concentratiorof morethan0.1 % productsareclassifiedin
WGK 3. (Somemineraloil productsbecausef their low solubility in waterand despitetheir
high contentof carcinogenicsubstancesre classifiedin a low waterhazardclass).Crude oil
andnumerougroductsandintermediaryproductsof the refineriesare classifiedaccordingto
Annex| of the Directive 67/548EWG carcinogercat. 2 (R-Phraselb) if they containcarciro-
genic components.

Carcinogenic substances in mineral oil products can be the following:
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* (1,3)-Butadiene in slightly volatile fractions, gases
* Benzene in different fractions
* Benzo[apyren and other PAH in residues

3.5.3 Construction-technical measures for Water Protection

The construction-technicaheasuresn Germanrefineriesfor protectingwatersare mainly the
following:

« The restrainingcapacity for substanceseleasedduring accidentsare present.The re-
straining capacity is normally designed so largéhsbthe largestvolumereleasede.g.the
content of the largest stige vessel) can be collected /L6/.

« Imperviousdesignof areas(e. g.) accordingto /L45/ which serveas componentdor cal-
lecting rooms or filling or discharging areas.

« Technicalmeasuresiretakento avoid overfilling of vesselor vehiclesduringloadingand
unloading /L29,30/.

e Underground tanks and pipelines for substances hazafalonateraredouble-walledand
are constructed with leakage-monitoring systems.

« It is possibleto restraincontaminatedextinguishingwater mostly as a componentof the
central waste water treatment.

The plannedtechnicalmeasuredor the different typesof processingplantsin the refineries
(plantsfor manufactureutilization andtreatmentof substancewhich are hazardoudo water)
do not differ fundamentallyfrom thosefor storageandfilling. The mainaspectsarealsoareas
impervious to substances and restraining capacity for releasstdrsces.

3.5.4 Renovation of flat-bottomed tanks

For storingmineraloil products normallyflat-bottomedtanksareused.In flat-bottomedtanks,
the floor is a specialrisk becausewithout specialprotectivemeasuresthe substancesvhich
leak into the undergroundcannotbe recognizedearly enough.For this purpose,a seriesof
comparable techniques are appropriate for new as well as existing installations.

Primarily, a double-walleddesignwith leakagemonitoringe. g. with a vacuumsystemcomes
into question.Also othermethodsareavailable,e. g. high quality concretecoatingof the cd-
lecting rooms or placing the vessel on a supporting grid séeiledges can bhecaynized.

Legislativerequirementgor new andexistingplantsaccordingto the wateractare principally
similar. For renovatingexistingplantswhich do not correspondo the currentstandardppee-
tors are given a longer deadline since renovation is connected with extensivmémtss

The costs for renovation depends on material and size of the vessel.

For example renovationof a flat-bottomedtank with a leakageprotectionlayer madeof syn-
thetic materialwith a leakagedetectorcostsapproximatelyl50,000Euro for a vesselsize of
10,000 m and g@proximately 500,000 Euro for a vessel size of 60,000 m

Renovatiorof a5 000 m2 flat-bottomedtank with a doublemetalfloor andleakagedetectoris
estimatedo be 135,000Euro for a vesselsizeof 5,000m® and400,000Euro for a vesselsize
of 40,000 .

In orderto spreadthe requiredinvestmentovertime, somerefineriesin Germanyhavedevd-
opedmiddle-termrenovationconceptdn cooperationwith the respectiveregulatoryboardsto
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renovateexistingplants.The plantswith the substancebelongingto WGK 3 or with the high-
est hazard @ential have first priority.

3.5.5 Organizational Measures for Water Protection

The organizationameasuregor soil andwater protectionare extensivelyidenticalwith those
which were already described for plant safety. This is supplemented by:

Plantcontrolsareto be performedregularly by internalandindependenexternalworkers(ex-
perts). The deadline for control is governed by legislation.

Work in plantsdealingwith the way in which substancewhich arehazardougo waterwith a
high hazard potential is handled is performedjbgcialized companies.

Currentlists of storageand plansfor measuresfter an accident(internal and external)are
avaiable.

3.6 Data for Functional Units

3.6.1 General measures for reducing emissions into the air

Thefollowing overviewshowsmeasuresor all plantswhich areusedin Germanrefineriesto
reducediffuse emissiondnto the air. With thesemeasure®speciallyhydrocarbonemissions
arereduced Specialmeasureswhich referto the processesare shownin the following chap-
tersif the emissionaccountaccordingto Table5 is present.The measuredor all plantsre-
gardingwasteand noisewere alreadylisted in Chapter3.3. Measuredor reducingemissions
into water are contained in Section 3.6.3.

Measures for reducing diffuse emissions

e Processing of mineral oil products in tight, closed plants
e Suitable sealing systems with
- Pumps
- Compressors
- Shut-off and control fittings
- Flange connections
e Closed sampling systems
e Minimization of the number of flange connections
* Inspection of the plants during initial operation and thereafter regularly

Emissionvaluesfor releasedsubstancefrom different sealingsystemsare givenin the VDI-
Directive 2440 and canthereforebe estimated Typical valuesfor diffuse hydrocarbonemis-
sionsfrom procesgplantswith a high throughput(> 1 Mio t/a) weredeterminedo be0,5- 1,5
ka/h.

The choiceof the appropriatesealingsystemdependsn the hazardpotentialof the substance.
For toxic and carcinogenic substances, , high quality sealing systems are used, e.g.

e Multiple mechanical seal with buffer medium for pumps and cossprs,
* Metalseals for flange connections.
« Metal bellows welded on both sides for shut-off and control fittings,
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3.6.2 Emission data and measures for functional units to reduce emissions into
the air

The emissiondatain the tablesin the following chaptersarelisted asrangesThe smallerval-
ues are usually measured values; the higher values could also be legal limit values.

3.6.2.1 Refinery furnaces

Refineryfurnacesfor which datawere collectedin the refineriesare mainly operatedwith re-
finery gas.Neverthelesghe datafor puregasfurnacesarelimited becauséhe flue gasedrom
different plants are discharged via common stacks and a bubble conggied. a

Furthermoreemissiondatafor 3 refinery furnaceswvhich wereoperatedvith gasandoil were
determined. The values given are valid for oil furnaces.

In the wholerefinery, the proportionof gas-to oil furnacess almostequal.A typical valueis
2:1 gas /oil.

The following measures to reduce emissions are taken:

* Low-NOx -Burners

e Desulphurized refinery gas

e Optimized design burner/furnace

e Optimized burner adjustment air/fuel

For gas fuels the following concentration is measured or can be maintained in flue gases:

Refinery furnaces -Gas, 4 plants

Flue gas temperature 200-270 °C

Heat production 18.5 — 130 MW

Pollutant Values achieved in continuous operation
(*2 hourly means and 24 hourly means)
(mg/m3, standard condition®)
Dust 1-5
Sum Metals (Ni) -
SOcas SQ 5-100
according to fuel
NOy as NG 63— 200
Carbon monoxide 1-100

1) with respect to 3% (v/v) oxygen
Table 11 Emissions from gas furnaces

When using liquid fuels the following concentrationsare measuredr can be maintainedin
flue gases:
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Mixed refinery furnaces - Oil , 3 plants

Flue gastemperature 170 -approx. 250 °C

Heat Production 20-140 MW

Pollutant Values achieved in continuous operation

(*2 hourly means and 24 hourly means)
(mg/m3, standard condition®)

Dust 1,2 -40

Sum Metals, Ni -

SOcas SQ 670 — 1700

NOy as NG 240 —450

Carbon monoxide 10 -25

1) with respect to 3% (v/v) oxygen

Table 12 Emissions from mixed furnaces

3.6.2.2 Petroleum coke production and calcination

During petroleumcoke productionthe mainemissionsarisefrom therefinery furnacesThete-
fore it is not dealtwith further. The emissiongduring calcinationare causedy the burning of
remaining hydrocarbons.

The SO, emissionsfrom calcinationis optimizedvia sulphurmanagementvith referenceto
greencoke.Furthermorea flue gasdesulphurizatioplantwasoperatedn a refinery for many
years. The flue gas is discharged via a flue gas filter to reduce dgstossi

The following concentrations are to be maintained with the technique applied:

Calcination , 1 Plant

Capacity 150 000 t/eCalcinate

Pollutant Values achieved in continuous operation
(*2 hourly means and 24 hourly means)
(mg/m3, standard conditions)

Dust 35-50
Nickel +Vanadium -
SO.as SQ 1000 (300)
NO, as NG, 340 — 450
Carbon monoxide 5-100

l)Whenusing aflue gasdesulphurization plant

Table 13 Emissions from calcination

3.6.2.3 Catalytic Cracking FCC

The main emissionsduring catalytic cracking arise from regeneratiorof the catalysts.For
emission reduction the following techniques / measures are used:
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« Dustremovalfrom theregeneratedlue gas:cycloneseparatoand/orelectrostaticsepaa-
tor

* Desulphurization ofeedstocks

» CO-Boiler

The following values for emission concentrations in regenerator flue gas were determined:

FCC Flue gas regenerator, 2 plants

Capacity 1,3-2,8 Mio t/a

Flue gas temperature 260-280 °C

Pollutant Values achieved in continuous operation
(*2 hourly means and 24 hourly means)
(mg/m3, standard conditions)

Dust 45 -50
Ni + V <0,1-1
SQO,as SQ 600 - 1200
NO, as NG, 100 -500
Carbon monoxide 50-125

Table 14 Emissions from catalytic cracking

Besidesthe abovementionetheasureshe following secondarymeasureso reduceemissions
are considered which were not applied in any of the plants investigated:

e DeSOx supplementation to catalysts
* SNCR: (Selective non-catalytic reduction)
e SCR (Selective catalytic reduction)

3.6.2.4 Production of blown bitumen

The valuesare derived from datafrom two plants which were constructedbefore 1990 or
which were greatly modified.

As an emission reduction measure the thermal incineration of the flue gas is mentioned.

Emissiongnto the air arisefrom the productionof bitumenduring post-combustiorn the in-
cinerator.Hence,emissionsmainly from fuel in the incinerator(asalsoin otherrefinery fur-
naces) are determined.

3.6.2.5 Loading

During loading and unloadingas well as during transferand blendingemissionsoccur from
fixed-roof tanksby the displacemenbf gasvolumesfrom tanksor transportvessels Hence,
measuregor reducingemissionswere takenwhich mainly dependon the vapourpressureof
the products.

Themainmeasure$or emissionreductionfrom hydrocarbonsluring productsupplyandwith-
drawal as well as during transfer and blending are:

e Top-submerged loading, Bottom-loading
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e Gas balancing
e Vapour recovery (VRU) for VOC

The emissiondeterminedduring loading are given asemissionfactorsin the emissionvalues
for the entire refinery in Section 3.3.

The specialeffective techniquesf vapourbalancingand vapourrecoveryare usedfor prod-
uctswith a vapourpressureof morethan 13 hPaat 20°C whereasduring productsupply and
withdrawal of middle distillates and heavy fuel oil top-submerged loading is done.

Vapourbalancingin plantsis performedaccordingto the stateof the art mainly without emis-
sions.

During vapourrecoveryhydrocarborconcentrationgwithout methanepf 100-150mg/m3and
< 5mg/m3benzenasl1/2-hourlycanbe maintained Datafrom 2 single-stagadsorptiorplants
with supplementarnplower on activatedcarbon).Sinceduring loading of gasolinethe hydro-
carbonconcentrationin unpurified flue gasis approx.1000g/m?3/L32/ an effectivenesof >
99.98 % is achieved.

3.6.2.6 Storage

Emissionsfrom storageoccur mainly by tank breathing.Dependingon the characteristicof

the substancesneasureso reduceemissionsaretaken.On one handthe environmentapollu-

tion potentialof the storedsubstancend on the otherhandthe physicalcharacteristicef the
substancesspeciallythe vapourpressureareimportant.Accordingto therequirement®f the
TA Luft, specialeffective measuregor the reductionof emissionsare necessaryor products
having a vapour pressure of more tharhPa at 20°C.

During storage the following techniques for emission reduction are applied

* Floating-roof tanks with primary and secondary sealing

» Fixed-roof tanks with floating covers (only present in individual cases)

e overpressur@hderpressure valves

» Fixed-roof tanks with tank coatings which reflect at least 70 % radiation heat
» Fixed-roof tanks with connection to a flue gas collection line

e Low-emission pumps (cf. Section 3.6.1)

* Vapour incineration during storage of bitumen

Thetechniqueappliedaloneor in combinationdependsn the vapourpressureaswell asthe
hazard potential of the piacts.

During storage of liquefied petroleum gas emissions from normal operation are not considered.

During storageof mineraloil productsandcrudeoil the following emissionmassflows in the
5 refineries were determined:
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Emissions during storage
Storagecapa 435,000 — 2,500,000
city (m?3)
Hydrocar - 5-85
bons kg/h)
Benzene 0.2-0.6
(kg/h)

Table 15 Emissions from Storage

The correlationbetweentank farm volumeandthe emissionvaluesis poor. This could be due
to the following reasons:

« Different volumes loaded and unloaded

» Different number and size of tanks

e Products are delivered partly via long-distance pipelines

« Data for storage without loading are sometimes not available

e Theproportionof the petrochemicalndustryis partially recordedjn contrastthe storage
of crude oil was not partially recorded

3.6.2.7 Sulphur recovery
Emissions from sulphur recovery plants are reduced when the following measures are taken

+ Downstreamed stages (e.g. Scot)
e Incineration of tail gases
e Sulphur degassing

Throughinstallationof Scot-or Sulfreenstagesthe degreeof sulphuremissionin the Claus
plantsis decreasedl'he Scotflue gasis incineratedthermally or catalyticallyin incineration
plantsin orderto oxidize residualhydrogensulphide.The following concentrationsvere de-
termined:

Emissionsfrom Claus plants, 4 plants
Pollutant Values achieved in continuous operation
SER1) 0.2-0.5
SO,as SQ 560 — 4300 mg/m
H,S <1 -8 mg/m
CS, +COS <0.1 mg/n?

1) SER = Sulphur emission rate

Table 16 Emissions from Claus plants
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3.6.2.8 Flares

Emissionsfrom hydrocarbongand also SO,) from flare operationsare small (Table 7). The
minimization of flare operation is achieved by flare gas collection systems.

An effective burnout of the flare gases of >99% is achieved via controlled steam injection.

3.6.2.9 Waste water treatment

Datafor emissionsfrom the centralwastewatertreatmentinto the atmospherere not avai-
able.As emissionreductionmeasuresnainly useof closedwastewatercanalsandthe covea-
ing of mechanicakeparatorgandwastewatercollectingpit comeinto consideratiorto reduce
emissions from hydrocarbons.

Oneof the plantsexaminechasan exhaust-cleaningstallation(biofilter unit) for treatmenbf
odour emissions from waste water.

3.6.3 General measures for reducing of emissions into the waters

The following summarizeshe most important methodsfor waste water preventionand —
treatmentwhich areconsideredasstateof the artin Germany.They arealsoshownessentially
also in the Hinweiseund ErlauterungezumAnhang 45" /D13a/.

3.6.3.1 Measures for preventing and reducing emissions and waste water

Desulphurization with hydrogen: Through desulphurizationwith hydrogen (Hydro-
treaterHydrofiner) in combinationwith regenerativegasscrubbingand sulphurrecovery
(Clausplants)the pollutantloadin wastewateris greatlyreducedjn contrastto the useof

other methods such as caustic-/sour scrubbing or sweetening with compeuods.
Regenerativegasscrubbing: Throughthe useof alkanolaminegMEA, DEA, DIPA etc.)

as mediumfor gasscrubbingto removehydrogensulphidebecauseof their regenerative
capacity the waste water production is greatly reduced in comparison to caustic washing.
Merox-Process: Mercaptanesn petrol fractionscan be removedwith causticsoda.The
causticsolutioncanbe regenerateavherebya low wastewater circulatoryprocesss pos-

sible.

Re-utilization of wastewater in crude oil desalting: insteadof fresh water, pretreated
sour water is used in crude oil desalting.

Oil separation and —re-utilization: Throughinstallationof an oil separatorin relevant
waste water flow in which heavily oil-polluted waste water is regularly generated the waste
waterload canbe minimizedandthe separateail canbe refedto the processvia the Slop

system

3.6.3.2 Measures for waste water treatment

a) Tributary waste water stream treatment(Processcondensate, Sour water):

Heavily polluted processwastewater with high concentrationof especiallyhydrogensu-
phide, hydrolysablesulphidesammonia,phenols,cyanidesand aromaticsare collectedin the
sourwatersystemandare pretreatedyenerallyby stripping Thesecanbe performedin oneor
two stages; steam is used as the stripping medium.

The separatedolatile substanceareburntor fed to the gasscrubbingandthe Clausplant for
sulphurrecovery.For removalof the ammoniafrom the stripping gas catalytic methodsare
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usedwhich allow a selectiveoxidation to elementarynitrogenand water or hydrogen.The
pretreated sour water is used in crude oil desalting.

The following table shows,as an example,the operatingdatafor three sour water strippers
examinedA typical cleaningperformanceof at least97 % is shownfor sulphideand mercap-
tan as well as, if necessary, nitrogen in the form of ammonia.

Sour water stripping, 3 plants

Capacity: 22-60 m3 /h

Parameter Characteristic of sour waters (mg/l)
Input Output

SulphideMercaptan 6300 - 20000 1- 100

N (suminorg.) 2500 - 17000 2- 500

Table 17 Characteristic of sour waters

Pressureoxidation comesinto questionasan alternativefor appropriateributary wastewater
streams with whictydrogensulphideanddissolvedsulphideat high temperatur@ndpressure
are converted with oxygen from the air ittidosulphate and sulphate.

During extractionsin lubricating oil refinerieswastewater strippersare usedto removesd-
vents. In the caseof two strippersexaminedvaluesof <0,5 mg/l AOX (Dichloromethane
/Dichloroethane) and <5 mg/l féurfurol were achieved.

b) Central waste water treatment:

— mechanicaltreatment Separationand recoveryof oil, separationof sedimentedparticles.
Roughcleaningoccursvia the heavyoil separatorFor fine cleaning,a flotation plantis often
installed.

— chemicaltreatment Productionof metal hydroxideflakeswherebythe dispersechydroca-
bonsand otherwastewatercontentsaswell ashydrogensulphidebecomeflocculatedor pre-
cipitated. These stages are often connectedlttadion plant.

— biologicaltreatmentBiological treatmeniccurs,generallyin anactivatedsludgeprocessit
canlimit itself to reductionof the carboncontentonly when nitrogenis alreadyadequately
eliminated via tributary waste water stream treatment (stripping); otherwise a nitrifica-
tion/denitrificationunit is included.In somecasesa supplementarpiological treatmentstage
is installedin the conventionalaerobicactivatedsludgeplant (fixed film biology or aerated
lagoon);aswell asadditionally a filter stage.ln aninvestigatedcase,denitrificationis com-
bined with biological siphide oxidation.

3.6.3.3 Waste water management

Of specialimportancewith respectto efficient and economicwastewater treatmentand re-
utilization, besidesthe consequentapplication of the above-mentionedneasuresalso the
meaningful recording of different loaded waste waters is included:

* Rain water which is definitely unpolluted can be discharged without treatment.
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» Pollutedrain waterwhich is producedn the plantareacanbe re-usedafter treatment(oil
separation,if necessarybiological treatment)for operating purposes(cooling water,
washing- and cleaning water, extinguishing water).

* Lowly-polluted processwastewaterwith low salt concentrationgnd condensatesan be
directly re-used after treatment or, as in the case of polluted rain water, can be further used.

* Heavily organic-pollutedprocesswaterswith high concentration®f especiallyhydrogen
sulphide,hydrolysablesulphidesammoniaphenols cyanidesandaromaticsare collected
in the sour water systemand are pretreatedgenerallyby stripping. The pretreatedsour
wateris usedin crudeoil desalting.The subsequensalty wastewater cannotbe further
usedor only after complicatedsupplementantreatment,it is transportedo the central
treatment plant.

A furtherimportantinstrumentaremeasuresvhich arenecessaryo minimize peakloads.This
appliesto temporaryincreasedvastewaterproductionaswell to the occasionakmergencef
strongly one-sidedor especiallyhighly loadedwastewateri.e. for situationswhich, without
homogenizingneasurescanleadto overloadof the wastewater treatment.The requirement
for suchmeasuress anadequatestoragecapacityflow to or bypassedo the centralwastewa-
ter treatmentcorrespondindacilities for monitoringthe wastewaterquantityandcharactes-
tic fed to or bypassedo the centraltreatmenfplantaswell assuitablefacilities for controlling
or regulating filling and emptying of the intermediateratye.
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4 Techniques to consider in the Determination of BA T

4.1 General Remarks

The measuresnentionedn Chapter3 areconsideredn the determinatiorof the bestavailable
techniqueshecausehe plants examinedin which they were taken were almost exclusively
newly constructecor greatly modified in the last decade They thereforecorrespondo “state
of the art”. The recommendedimits in Germanyare normally maintainedand sometimeshe
emissions remain significant under these limits.

After a shortintroduction,the techniquesusedin Germanrefineriesin relationto the list in

Chapter3 are summarizedn tables.When using the techniquesdescribedin the tablesthe
emissionvalueslisted can be maintained.Furthermorethe compilationcontainsthe remarks
for environmental performance and "cross-media-effects".

The plantswhich areconsiderecas BAT fulfil, asfar aspossible the mostimportantrequite-
ments for the best available techniques in refinery plants:

¢ Minimization of emissions into the atmosphere and waters
* Prevention of wastes or, if it is not possibleytitize them
e Saving energy and protecting resources.

Techniques for emission reduction
In orderto minimize emissionsnto the atmospherandwatersprincipally the following poss-
bilities can be realised:

* Reduction and prevention of emissions with process-integrated techniques and
* Reduction of emissions with "end-of-pipe" techniques.

Measuredor air pollution control are generallyprocess-integrate(e.g. choice of the burner
andthefuelsin refinery furnaces).The useof low-sulphur-containinduels reducesmissions
but leadsto partial transferof incinerationoutsideof the refinery. Secondarymeasuresfor

example gasscrubbingfor reducingthe sulphurdioxide emissionsn refineryfurnacesarenot

state of the art and are not proportional.

The nitrogenoxide emissionsdo not dependdirectly on the boundnitrogenin the fuels since,
during combustionatmospherimitrogenalsocontributeso the productionof nitrogenoxides.
Reductionof nitrogendioxidesin the flue gasis achievedoy modernincineratingtechnology.
Use of low-NOx furnacesis largely stateof the art in Germanybut renovationis not in all
cases possible.

The secondarymeasuresppliedin other industrial sectorsfor reductionof NO, emissions,
SCR(selectivecatalyticreduction)and SNCR: (selectivenon-catalyticreduction)are not state
of the art for process furnaces and are not proportional.

The centralwastewatertreatmeniplantasthe main measurén limiting emissiongnto waters
is an"end-of-pipe"techniquelt is advisableandnecessargince,asa relativeflexible system,
similar wastewatercollectedfrom variousdifferent plantsectorscanbetreatedwith relatively
low energyconsumptiorand useof substanceandalsobecausef changesausedy stard-

still, extensionandinspectionetc. Prerequisitegor an optimal wastewater schemeare, how-

ever,process-integrategheasuresuchasuseof regenerativeproceduregor gasscrubbingor

re-utilization of unloaded/purified waste water during processing.
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In a similar way, the Clausplant mustbe consideredhs a meaningfuland necessaryend-of-
pipe“ technique.

Altogether,the ideal combinationof process-integratednd ,end-of-pipe“ techniquemust be
found for each refinery location in the context of the specific local conditions.

Waste management

Specialcharacterization of refineries is the closed material balance which meaabrtbstno
wasteis generateqSection3.3.3.1)becauseside productsfrom individual processesire con-
vertedcompletelyin otherprocesseso products.Throughsulphurmanagemenwith respecto
productsand intermediaryproductsmaterialbalanceis closedand sulphuremissionfrom the
whole refinery isminimized.

For measuresor reducingwastesandfor internal or externalutilization organisationameas-
uresareimportantwhich are basedon the WasteManagemenplan. The WasteManagement
planis seenby the lawmakerasan internal planninginstrument.If wastescannotbe avoided,
asis the casewith refinery-typicaloil sludgessludgesfrom wastewatertreatmentand used
catalysts,the possibilitiesfor utilization must be examined.Typical routesare the thermal
utilization (if necessary, also external) or feeding back to production (desatikigg).

Energy and Substances
For energymanagemendrganisationameasuresikewise areimportantto, atfirst, identify the
deficits and, secondly, to eliminate them.

In the generaltypical centralfacilities in refineriesfor steamproductionand distribution at
different pressure levels the primary energy is effectively used.

Techniques for heat recovery in the form of stesmnergyproductionin the form of steamor
electrical energy are used.

In additionto primary energycarriers,auxiliary substancesre usedin refineries. Theseare
mainly:

e Catalysts

e Chemicals for waste water treatment

* Acids and bases for different purposes
* Liquids for gas scrubbing

« Extractives

* Activated carbon for VRU

The capacityfor reducingthesequantitiesof substancess, becauseof its purpose,small as
long asabsorptions, extractions and similar processes proceed in a regenerative manner.

In conformity with Annex 1V, the IPPC Directive demandgshatthe BAT use"lessdangerous
substances'Accordingly, it shouldbe examinedif the solventsfurfurol and halogenizechy-
drocarbonsin extractionscan be substitutedby less harmful solventsor mixtures. If halo-
genizedhydrocarbonsare usedthey must be removedfrom wastewater by stripping. Emis-
sionsinto the air arenotimportantin extractionsbecauseaccordingto BAT, regenerativeand
extensive emission-free techniques are applied.

German_notes Version 31.03.00 50



Chapter 4

Antagonistic or synergistic effects of environmental protection measures

In this section,environmentaprotectionmeasuresre judgedunderthe aspectof multimedia
complexity. Therefore a main concernof the IPPU-Directive,namelythe integrated concept,
is considered. The following aspects are important:

* The effectivenessf specialmeasuredor commontreatmentof different environmental
protection aspects.

* The requirementsjf necessaryfor specialenvironmentalprotection aspectsof specific
measures should be compared to one another.

* Synergism of and independence of different environmental protection measures.

In this context, the following aspects, for example, are to be considered for refineries:

* Themoreproductsandintermediatgroductsof arefineryarerefinedthe moreenergyand
auxiliary substanceareneededHence,morewastesare normally producedandtherefore
alsomorewastewater.A high quality of mineraloil productsis requireddueto increasing
demands (octane number, sulphur content).

* Reductionof the sulphurcontentof the feedstockin catalyticcrackingor fuelsin refinery
furnaces serves to improve productsextuceSO, emissionsnto theatmospherandis ef-
fectively achievedwith hydrodesulphurizatiomf the feedstock.In this process,on the
other hand, hydrogen, catalysts and energy are used and sour waterdwsredor

* Preventionof wasteshaspriority over wasteutilization and elimination since secondary
emissions emerge into the air or water during these processes.

* Thetributary wastewaterstreamtreatmentg.g. H,S strippingeasedhe centralwastewa-
ter treatment.For this purpose additionalenergyis usedand wastesand emissionsfrom
sulphur recovery are produced in the atmosphere.

* Water consumptionis to be minimized which protectsresourcesand also reducesthe
quantity of solid wastes from waste water treatment.

* By meansof efficient energymanagementot only resourcesre protectedout alsoemis-
sions into the air, especially from carbon dioxide, are reduced.

e Throughsulphurmanagemeniith respecto productsandintermediaryproductsmaterial
balance is closed and sulphur emission from the whole refinerinisized.

In the contextof the integratedconceptsaccordingto BAT, the following componentsn the
normal case should be compatible with available components in refineries:

e Hydrodesulphurization

* Regenerative gas scrubbing

e Tributary waste water stream treatment
» Effective central waste water treatment
« Effective sulphur recovery

4.2 Emissions into the air

The "achieved"valuesin the following tablesare half-hourly or daily meanswhennot other-
wise stated Becausenot only datafrom the surveyarerecordedhe origin of the datais given
under ,Reference".
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4.2.1 Sulphur oxides
The main sources of S@missions are:

e Flue gas from refinery furnaces

e Flue gas from catalytic cracking plants
e Flue gas from sulphur recovery plant

e Petroleum coke production

Table 18 Candidates BAT for emission reduction of SO

Technique,Measure, (ReferenceChapt. 3)

Achieved
Values

Environmental performance,
cross-media effects, Remarks
[Reference]

Refinery furnaces Chapt. 3.6.2.1)

Use of low-sulphurfuels within the contextof
sulphur management process integrated

5 — 1700 mg/m3
accordingto fuel
and furnace heat
production

Together with the bubble concept
leadsto a reductionof sulphuremis-
sions in the entireefinery,compared
to exploitation of the single limit
values.

Conversionof heavy fractions into
light fractions with the aim of ob-
taining products with dower sulphur,
contentrequireshigher energy con-
sumption (higher CO,- emissions)
[Refineries 1-

Catalytic cracking plants (Chapt. 3.6.2.3)

Use of low-sulphurfeedstockswithin the con-
text of sulphur management
process integrated

600 -1200 mg/m

Together with the bubble concept
leadsto a reductionof sulphuremis-
sions in the entireefinery,compared
to exploitation of the single limit
values.

Desulphurization of the feedstock
process integrated

600 -1200 mg/m

Reductionof SO, emissionsin the
regenerator flue gas by approx-
mately. 70 - 80 %, also reducesthe
NO,- and dust emissions,

via supplementary step energy-
consumingmeasure producessour
waters and spent catalysts

[Ref. 2,3,5].

DeSQ additive in catalyst
process integrated

Reductionof the SO, concentratior|
by approx.30 to 50 %; becauseof
high costsonly useddiscontinuously
in German refineries [Ref. 11]

Desulphurization of regenerator flue gas
end-of-pipe

100-400 mg/m3

Reductionof SO, emissionsin the
regenerator flue gas by approx-
mately 90 - 95%, also reducesthe
dust emissions,[/L50/], not usedin
German refineries
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Sulphur recovery plants Chapt. 3.6.2.7)

Post-treatmentof flue gaseswith Sulfreen

stage
Process integrated/end-of-pipe

Reduction of total SO, emissiong
(incl. previous stages)by approx-
mately 99,5 % [Ref. 7]

Post-treatment of flue gases with Scot stags
Process integrated/end-of-pipe

17

Reduction of SO, emissions (incl.
previous stages) by approximately
99,8 % [Ref. 2,3,4]

Coke production and Calcination (Chapt.
3.6.2.2)

Low-S greencoke as feedstockduring cald-
nation in the context of sulphur managemer
Process integrated

1000 mg/ni
t

[Ref. 3]

Desulphurization o€alcination fluegas
end-of-pipe

300 mg/m3

Reductionof SO, emissionsin the
calcination flue gas by approx-
mately 90%, also reducesthe dust
emissions [Ref. 3, /L32/]

4.2.2 Nitrogen oxides
The main sources MO, emissions are:

Flue gas from refinery furnaces

Table 19 Candidates BAT for emission reduction of

Flue gas from catalytic cracking plants

NOy

Technique,Measure, (ReferenceChapt. 3) Achieved Environmental performance,
Values cross-media aspects, Remarks
(Reference)
Refinery furnaces Chapt. 3.6.2.1)
Installation of low NO, burners, optimized| 100 mg/m3 for gas fuels, with liquid fuels the

burner-furnacedesign, optimized air to fuel
ratio
process integrated

(new plants)

legislatory requirements cannot be
attained with this technique, highe
hydrocarbon and dust emissions
could arisq/L32/]

Fuel management: operation of miXednaceq
with the use of liquid and gas fuels
Process integrated

300 mg/m3

[IL32]]

NO, reduction via SNCR
end-of-pipe)

150 mg/m3 gas),
150 — 300 mg/m3
(liquid)

Reductionof NO, emissionsin flue
gasesup to approximately 60 %,
NH;emissions can possibly arisegt
used inGermarrefineries(in process
furnaces)/L51/, /L32]

NO, reduction via SCR
end-of-pipe

55 mg/m?3 @as)
150mg/m3 (i-
quid)

Reductionof NO, emissionsin flue
gasesup to approximately 95 %,
NH3;emissions can possibly ariset
used inGermarrefineries(in process
furnaces)/L51/, /L32]
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Catalytic cracking plants (Chapt. 3.6.2.3)

Staged incineration (CO-Boiler),

100 - 250 mg/m?3

Reductionof NO, emissionsin re-
generatorflue gasby approximately
50-80%, Emissionsof SO; andNO,
increase in "total combustion modd
[Ref. 10]

Optimized excess air, reductionmomotor

100 - 250 mg/m?3

reductionof promotorincreaseCO
emissions [Ref. 10]

NO, reduction via SNCR 300 mg/m3 Reductionof NO, emissionsin flue

end-of-pipe gasesup to approximately 60 %,
NHz-Emissions can possibly arise
[Ref. 10]

NO, reduction via SCR 120 mg/m3 Reductionof NO, emissionsin flue

end-of-pipe

gasesup to approximately 95 %,
NHs-Emissions can possibly arise

[/L51/]

4.2.3 Dust and dust components
he main sources of dust emissions are:

e Flue gas from refinery furnaces
Flue gas from catalytic cracking pla
Petroleum coke production

nts

The dustscontain,accordingto feedstockmore or lessheavymetalswhich are mainly nickel

and vanadium.

Table 20 Candidates BAT for emission reduction of dust

Technique,Measure, Achieved Environmental performance,
(ReferenceChapt. 3) Values cross-media effects, Remarks (Re
erence)

Refinery furnaces Chapt. 3.6.2.1)

Fuel management: operation of miXednaceg Gas 5 mg/ms3 [/L32/]

with the use of liquid and gas fuels Liquid 50mg/m3

Process integrated

Switch to liquid fuels with low ash proportion20 -50 mg/m3 [/L52/]

Process integrated

Catalytic cracking plants (Chapt. 3.6.2.3)

Dust removal from regeneratoiflue gasesby
cyclone ancklectrostatical separator
end-of-pipe

20 - 50 mg/m?3

Reductionof dust emissionsin re-
generatofflue gasby morethan99,8
%, higher consumptionof electrical
energy[Ref. 7, §

Coke production and Calcination (Chapt.
3.6.2.2)

20 - 50 mg/m3

Dust removal from calcinationflue gasesby
electrostatical separator

30 mg/m?3

end-of-pipe

Reductionof dustemissionsn cala-
nation flue gagRef. 9
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4.2.4 Hydrocarbons

The main causes of emissions from hydrocarbons are:

Storage tanks
Product supply/transfer, loading

Flares

Diffuse emissions from sealing elements

Table 21 Candidates BAT for emission reduction from hydrocarbons

Technique,Measure, (ReferenceChapt. 3)

Achieved
values

Environmental performance,
cross-media effects, Remarks (Re
erence)

Storage Chapt. 3.6.2.6)

Floating-rooftankswith double (primary and
secondary¥ealings
process integrated

Reductionof hydrocarbonemissiong
by up to 95 % ascomparedo fixed-
roof tanks,for productswith vapour,
pressure > 13 hPa/20°C [/L32/]

Fixed-roof tanks with floating covers
process integrated

Reductionof hydrocarbonemissiong
by up to 95 % ascomparedo fixed-
roof tanks,for productswith vapour,
pressure > 13 hPa/20°C [/L32/]
Techniqueis used only in special
cases, mostly becauseof product
quality reasons

Fixed roof tanks with connectionto a gas
collection system
end-of-pipe

Fluegasesreeitherrefedor fedto a
flue gaspurification plant (cf. Chap.
3.6.2.5),

Products with vapour pressure > 1
hPa/20°C, [/L32/]

Fixed roof tanks with forced breathingand
feeding of the flue gases to an incinerator
end-of-pipe

10 mg/m?3 hydro-
carbon (total)
1 mg/m3benzene

Reducesthe hydrocarbonemissiong
by approximately99,99% compared
to fixed roof tanks,

Products with a high hazard pote
tial, e.g. benzene [Ref. 9]

Fixed-roof tanks with tank coatings which
reflect radiation heat to at least 70 %
Process integrated

Reductionof emissionghroughtank
breathing

Emissions from solvents during
painting

[/L32/]

Fixed-roof tanks with floating covers with
overpressurehderpressure valves
Process integrated

reduces the emissions through tan
breathing [/L32/]

Feedingof the flue gasesfrom bitumentanks
to an incinerator
end-of-pipe

20 mg/m3hydro-
carbons

Eliminates odour intensive flue
gases; without additional measureg
such as, accompanying heatingn-dal
ger of "thickening" of pips[/L32/]

~

b
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Loading/unloading, transfer
(Chapt. 3.6.2.5)

Vapour balancing in connection with sub-
merged loading
Process integrated

Reductionof hydrocarbonemissions
by approximately80 % ascompared
to free ventilation, for productswith
vapour pressure > 13 hPa/20°C
[/L32]]

Feeding of flue gasesto a recovery and/or
incineration unit
end-of-pipe

150 mg/m3
hydrocarbons
(without meh-
ane)

1 mg/m3benzene

Reductionof hydrocarbonemissiong
by approximately99,98 % as com-
pared to free ventilation,

Products with a vapour pressurg
> 13 hPa/20°C

[/L32]]

Use of low-emissiontechniquesduring tank
cleaning
Process integr ated/end-of-pipe

Reductionof hydrocarbonemissiong
during tank cleaning
[/L48]]

Diffuse emissions from sealing elements
(Chapt. 3.6.1)

Pumps, e.g. with multiple mechanical seal
with quenchor buffer mediumor cannedmo-
tor pumps

Process integrated

Technically tight,
for productswith a high hazardpo-
tential, e.g. benzene [/L32/]

Compressors with multiple sealingsssms
Process integrated

Technically tight,

for gaseswith a high hazardpoten-
tial, e.g. ethylene [/L32/]

[/L32]]

Shut-off- and control fittings with tightly
sealednetalbellowswith a downstreansafety
gland or equivalent sealing system.

Process integrated

10*hPa l/(s m)
at T < 250°C or
102 hPa l/(s m)
at T> 250°C

Technically tight,
for productswith a high hazardpo-
tential, e.g. benzene [/L32/]

Flange connectionswith metal and welded
sealings (with smooth rail) or equivalent
through constructivedesign (e.g. groove and
tongue)

Process integrated

10* hPa | /(&h)

Technically tight,
for productswith a high hazardpo-
tential, e.g. benzene [/L32/]

Flares (Chapt. 3.6.2.8)

Flare gas collection unit
Process integrated

Gasesfrom pressurereleasefittings
arerefedto the refinery heatsystem
by recompressiomperationof flares
generallyonly in the caseof major
malfunctions (e.g. for major acd-
dentsandfire)

[/L32]]

Optimize burnoutvia controlled steaminjec-
tion
Process integrated

> 99 % burnoutattainedwith respec
to total C, via suitable construction
of the flare headreductionof noise
emissions [/L32/]
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4.3 Water Protection

4.3.1 Emissions into waters
The most important waste water flows from a refinery arise during the following processes:

* Atmospheric distillation (desalting) and vacuum distillation
» Catalytic cracking

e Thermal cracking

* Hydrocracking

* Desulphurizing plants

e Alkylation

e Mercaptan conversiomMerox plants)

e Tank cleaning and tank drainage

All wastewaterflows from the abovementione@rocessessomeatfter plannedpretreatmenby
e.g.gravity separatioror stripping(physical,chemical biological stagesharefed to the central
waste water treatment.

Substancesvhich cannotbe treatedin the centralwastewater treatmentplant or only inade-
quately are to be avoided or are topetreated as tributary waste water stream. This leotds
for halogen-organiextractiveswhich are usedfor dewaxing.Theseextractivesareto be sub-
stituted either by biologically degradablesubstance®r e.g. by stripping of tributary waste
water stream.Also for substancesvhich can be degradedn the centralbiological treatment
plant it can be megngful to have alecentrapretreatment.

Here the following example:

Dependingon the ammoniaload in wastewaterflows andin the entire processwastewater,
the optimal procedurewith respecto reductionof nitrogenlies betweenpretreatmenthrough
NH; stripping and nitrification/denitrificationin the centralwastewater treatmentplant. Be-
sideminimization of nitrogen into waters, the aghouldbethe smallestpossiblesaltingof the
wastewatersandthe minimizationof the energyinputin connectiorwith aneconomiccomb-
nation of methods.

Fundamental measuresfor reducingemissionsand water consumptiorhavethe goal of de-
terminingthe optimal combinationof prevention pretreatmenand posttreatmenieasuresor
minimizing water consumption and emissions according to state of the art. These include:

* Preparatiorof a waterbalance(necessaryjuantityand quality of feedstock generatiorof
waste water)

» Separateecordingof unpollutedrain water,oily rain water,low-pollutedprocessingvaste
waterwith a low salt contentand condensateas well asfrom strongly organic-polluted
processing waste water

« Determinationof characteristic®f importanttributary wastewater streams(atmospheric
andvacuumdistillation, crackingplants,desulphurizatiorplants,flare systemdesalteral-
kylation, tank cleaning and drainage)

« Determinationof wastewater preventionandre-utilization potentialand,asthe casemay
be, the necessary treatment measures

Process-integratednd treatmentmeasuregor minimizing emissionsand water consumption
are contained in the following table.
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Table 22 Candidates BAT for reducing water consumption and emi

ssions

Technique, Measure,
(Chapt. 3.6.3)

Environmental performance, cross-media
effects, Achieved Values, Bnarks

Process-integrated measures

Desulphurization with hydrogen instead of sweeteni

ngeduceswater usage, relieves central waste
water treatment

Regenerativedesulphurization(gas scrubbing, desu-
phurization Merox Process

Reduceswater usage, relieves central waste
water treatment

Re-utilization or further use of wastewater (desalting
of crudeoil, washingand cleaningwater,extinguishing
water, cooling water, steacondensate)

Reduceswater usage, relieves central waste
water treatment

Oil separation in processing plants

Relieves central waste water treatment, re-
utilization of oils

Switchfrom watercoolingto air cooling (in new plants
and suitable locations of use)

Reduces water usage

Closed cool waterecirculation (cooling towers)

Reduceswater usage,conditioning of cooling
water possibly needed

Closed steamecirculation ¢ondensate recovery)

Reduces water usage, mud water treating
needed

Waste water treatment

Treatmentof tributary wastewater streamsby sepaa-
tion from hydrocarbonwia gravity separationflotation
and/or stripping

Gravity separation for all oily waste water flows
Stripping the waste water flow from:

Crude oil distillation, cracking planteydroplants
Treatment of waste water containing sulphides via
pressure oxidation

Strippingof halogen-organiextractivesvhich areused
in dewaxing

Relieves central waste water treatment with
respect to:

Hydrocarbons

Volatile hydrocarbons(aromatics), sulphide,
sulphate, ammonia, phenols, cyanide

AOX, < 0.5 mg/l surely attained

Processwaters used often: use of stripping water in
desalter

Reduces water usage

Separationof waste water flows in productionwaste
water, non-contaminatesiirface water, cooling water

Relieves central waste water treatment

Multistage  waste  water  treatment  with
physical, chemical, biological stages

1 Separationof undissolvedhydrocarbonsvia
gravity (API, PPI, skimming in storage tank)
2 Separationof dispersedhydrocarbonsand
sulphides via flocculation/precipitation and
flotation stagefor further hydrocarbonsepaa-
tion

3 Elimination of dissolvedcontentsvia biologi-
cal treatment, degradation of carbon com-
poundsand, if necessarynitrogencompounds
through regenerative processes
removal of COD to < 30 - 80 mg/I

Nitrification anddenitrification stages

Removal ofNyy. up to 10 -40 mg/I

homogenizatiorand treatmentof nonusableain water
(oil separation and, if necessary, further treatment)

Relievescentralwastewatertreatmentminimi-
zation of pollutant load

Storage tanks

homogenizatiorof crude wastewater (quant-
tatively and quatatively)

Biological oxidation of sulphidesvia autotrophicden-
trification

Up to 130 mg/l sulphideare directly oxidized
biologically, reduces energy consumption
preventswaste production (no need for iron
sulphide precipitation)

Further elimination via installed filtration, fixed-bed

Reductionof load (suspensaestraint),reduceg

biology or adsorption of the treated waste water

water usage, furtheutilization is postble
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Special measures for reducing emissions into waters

In thefollowing Section,3 measuregor reductionof emissionganto waterswhich arerealized
in separate German refineries are described in detail.

Measure A (Refinery 10)
As BAT especiallysuchmeasuresreto be emphasizedvhich effectively reduceall typesof
emissions.

To reducenitrogenousemissionsinto waters, it is recommendedo eliminate ammoniavia
further stripping of tributary wastewater streamsThe ammoniawater collectedin this way
can be used aseNOx agent for reducingOx-Emissions into the air.

Tributary wastewater streamswhich have sulphideconcentration®f 1050— 3300 mg/l and
ammonia concentrations @80- 1370mg/l arefed firstly to a steamstrippingcolumn,the H,S

Stripper.The strippedhydrogensulphideis convertedn the ClausPlantto sulphur.ln a down-

streamsteamstripping column (NH; Stripper)ammoniais expelledunderalkaline conditions
andconcentratedo a 15 % solution.Subsequentliythe ammoniawaterproduceds injectedin

the flue gas stream of the catalytic cracking plant@sMOx agent.

In the run-off of the Nkl Stripper, a sulphide concentration between 2 amg)/fandammonia
concentratiorbetween3 and 9 mg/l are found in the wastewater which correspondgo an

elimination rate of ammonianitrogenand hydrogensulphidefrom crudewastewater of ap-

proximately99 %. The pretreatedvastewatersarefurthertreatedin a centralbiologicalwaste
water treatment plant.

Injection of ammoniawater reducesemissionsof nitrogenoxidesin flue gasof the catalytic
cracking plant by 55 %.

A furtheradvantagef the plantdescribeds that wastesto be disposeff arenot generated.
High investmentdor denitrificationin the centralwastewatertreatmenfplantcanbe avoided.
By meansof the upstreantributary wastewaterstreamtreatmenbf the sourwatera conside-
able reductionin the O, demandis achieved.In connectionto this advantagealso approx-
mately 10 % less excess sludge is to be disposed off.

The plant describedoperatesuccessfullysince 1997. The investmentcostsfor expansionof
existingsourwater strippingin the NH; Stripperwereabout3,3 Mio. Euro. Annual operating
costs(steam energy,cooling water,sulphuricacid, causticlye, fuel gas)for the entireplantis
approximately425,000.00Euro.In contrastto the annualoperatingcostsfor operationof only
the H,S Strippers(350,000.00Euro), the annualoperatingcostsareapproximately75,000.00-
Euro because of expansion of the J\&iripper.
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Figure 2 Simplified diagram of combined methods of waste water treatment

Source:C.Stein,J. Elster,1.Heine, J.SachseH. Peper,Entfernungvon Ammonium-Stickstoff
und SchwefelwasserstofusRaffinerieabwassernErddl ErdgasKohle 114, Heft 10 (Oktober
1998)"

Measure B (Refinery 11)

In a centralbiological wastewatertreatmentplant the following techniqueconceptwasred-
ised which corresponds to the BAT:

Waste waters are collected in separatesystemsaccordingto the degreeof pollution and
cleanedbiologically. The weakly loadedwastewaterssuchase.g.rain waterin needof trea-
mentfrom plantsectorsareinjectedbeforethe last biological treatmentstage(fixed-bedreac-
tor) and subsequently treated (see in Figigthabwasser").

The stronglyloadedprocessvastewatersaretreatedin the multi-stagebiological wastewater
treatmenplant. In thefirst activatedsludgestep the processesf heterotrophidenitrification
and autotrophicsulphideoxidation occurparallelto eachother. The chosenprocessingsteps,
in the order denitrification/nitrification,allows the useof sulphidesas a reductionsubstance
andthereforeas additional energysourcebesideCOD in the anaerobicdenitrification stage.
Precipitationof sulphidewith iron saltsis thereforenot necessaryThe following activated
sludgestepis necessaryor the heterotrophicaerobicCOD reductionaswell asthe nitrifica-
tion reactions.This activatedsludgestepis precededoy an additionaldenitrification. Secm-
dary sedimentatioris_succeedetby a combinationof fixed-bedreactorfor remainingnitrific a-
tion and double-layered filter fauspensa segmtion.

In the biological wastewatertreatmentplant describedsupply concentrationgor the parane-
ter COD of approximatelyl300mg/l, for NH4;-N of approximately550 mg/l andfor sulphide
up to approximatelyl30 mg/l aretreated.This leadsto a reductionin COD of approximately
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94 % andareductionin nitrogenof over90 %. Sulphideis notfoundin the purified waterrun-
off.

Specialvalueis placedon processstability. It is designedextensivelyredundantindpossesses
an activated sludge reserve in a separate sludge stabilising tank.
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Figure 3 Diagram of the biological treating
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Figure 4 Entire concept of the biological treating

Source: H.AJoel, Th. Jenke,Entwicklung und Bau einerneuartigerbiologischerReinigung-
stufe® Erdol Erdgas Kohle 110, Heft 4 (April 1994)"

Measure C (Lubricating oil refinery 6)

During dewaxing,halogen-organiextractivessuchasdichloromethanenddichloroethanere
usedwhich are recoveredby stripping. Through optimizationof the stripping processand a
quasi continuoumonitoringautomatic the attainmenof run-off valuesof the stripperof < 0,5
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mg/l AOX is guaranteedDuring run-off not accordingto specificationan automaticrecircub-
tion of waste watersccurs.

4.3.2 Prevention of emissions into soil and ground water

Plants from which substancefich posea hazardto watercanenterthe soil andgroundwater

are

* Plantsfor manufacturingtreatingand utilizing substancesvhich are hazardougo water
(processing plants)

* Plants for storage, filling and transfer of substances which aredoagao water

* Pipelines for transport of substances which pose a hazard to water

With respecto constructiortechniguesplantsmustbe permanentlysealedandstable . Mateli-

als usedandtype of constructionmust be adequatelyresistantagainstthe expectedthermal,
mechanicaland chemicalinfluences.Leakagesfrom plants must be recognizedswiftly and
reliably. If substancesvhich posea hazardto water are releasedthey must be recognized
quickly and reliably, restrained amuilized or properly disposed off.

Table 23 Candidates BAT for prevention of contamination of soil and ground
water by su bstances which pose a hazard to water

Technique;Measure Environmental performance
(See Chap. 35) Remarks

Tight anddurableenclosureof substancewhich posea | Primary safety against release
hazard to water

Production of sealed assembly areas Quality and certificatescorrespondo the haz-
ard potential of the plant

Establishmentf sealedrestrainingfacilities for liquid | Secondarysafety for harmlessrestrainmentin

substances which pose a hazard to water the case of leakage

Introduction of infrastructuralmeasuresperformancg Measuresfor swift recognitionof leakagesin
of controls plants and functional units

4.4 Waste

The most important wastes from refineries, according to type and quantity, are:

e 0ily or oil-polluted waste
« Sludge from waste water purification
e Spent catalysts
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Table 24 Candidates BAT for waste reduction and

utilization

Technique, Measure,
(seeChapt. 3.3.3)

Environmental performance, cross-media
effects, Remarks

Separation of different types of wastes

allows planneditilization or elimination

Use possibilities for energetitilization

Utilization measure

Dewateringor incinerationof sludgesrom wastewater
purification

ReductionUtilization

Possibilitiesfor utilization in the constructionand ce-
ment industries

Utilization

Minimization of wasteduring tank cleaningby organ-
izational measures and low-waste cleaning stages

Waste reduction

Recycling of catalysts, internal/external

Solid waste reduction, metal recovery

Slop systems withecirculation

n

Reduction of wastes containing hydrocarbor

Recirculationof oily sludgesinto productione.g. in

coking or desalting

Internal waste prevention

4.5 Utilization of waste heat

Utilization of wasteheatis a main factor for efficient energyuse.As heatsourcesprimarily
refineryfurnacesgatalyticcrackingandpetroleumcoke productionaswell asexothermicpro-

cesses (Claus process) are considered.

The remainingwasteheatemissionsare dischargednainly eitherdirectly into the atmosphere
or indirectly via cooling water into the environment.

Table 25 Candidates BAT for waste heat

utilization

Technique, Measure,
(Chapt. 3.3.5.1)

Environmental performance, cross-media
effects, Remarks

Productionof steam hot water,feedingheattransferoil
systemsjn specialcasescombinedwith the production|
of electrical energy

Energy usedto warm feedstocks,drive com-
pressoror pumps;emissionreductionbesideq
economic aspects,saving of primary energy
sources

Optimal designof heatexchangemetwork, operation
with measuring and control facilities

In existing plantssometimes/ery expensiveor
not torealize because of space

Heat insulation of functional units and pipelines

Reduction of waste heat
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4.6 Organizational Measures

In connectionwith BAT, organizationalmeasureshould not be left unconsideredSuitable
instrumentsfor the supportof environmentalor integratedmanagemensystemsare e.g. the
relevantsystemsn conformitywith the EMAS Directive/E11/andthe Standard®f the Series
ISO 14000/L47/. According to the presentstatusin Germanrefineries,environmentaiman-

agement systems are already implemented or planned.

By careful analysisof the input/outputdataand regular environmentalaudits especiallythe
following goals can be achieved:

« Installation of controlling systems

« Definition of responsibility

e Optimization of energy management

e Optimization of waste management

« Optimization of safety management

e Optimization of sulphur management

« Identification of deficiencies and of weakest points
* Increasing plant safety

« Participation of external facilities and the Public

« Improvement of worker’s protection
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5 Best Available T echniques

5.1 Preface

The techniquesnentionedin Chapter4 comeinto consideratiorfor the BAT. The lists pre-

sentedn Chapterd will notberepeatedn Chapters; theywill be summarizecandmentioned.
Furthermorewhereit is necessarythe conditionsunderwhich the candidateBAT areor can
be used are described further in detail

Whenjudging BAT the economicaspectsareto be consideredDataon the costof eachmeas-
ure areonly partly available.They are not informative becausehey vary greatlyaccordingto
location and the calculationprinciplesare different. This appliesfor the investmentcostsas
well as the operating costs. Hence, costs, if at all, are given as a lump-sum.

5.2 BAT for air pollution control

5.2.1 SO, Emissions

The candidateBAT with a high environmentalprotectionperformancdor reducingthe SO,
emissionsinto the air are mainly the primary measuresand suitable managemenof su-
phur:low-sulphuror desulphurizedeedstocksgatalytic crackingand during the productionof
petroleum coke, low-sulphur fuels in refinery furnaces.

Thelimit valuesfor SO, in Germanrefineriesare partly attainedby blendinghigh- and low-
sulphurfuels or feedstockslt is proceededimilarly with a "bubble concept":By usingfeed-
stockswith different sulphurcontentsin separateplantsthe limit valuesof the bubbleas an
annual mean is attained.

In refineryfurnaceswithin the contextof sulphurmanagemengasfuels arepreferredto liquid
fuels; the refinery gasis desulphurizedy regenerativegas scrubbing.The additionaluse of
naturalgascomesinto considerationas BAT aslong as naturalgasis availableon location
considering the economig@ects.

Secondarymeasuredor the reductionof sulphuroxidesin the flue gasesduring catalytic
crackingare consideredvhenlow-sulphurfeedstocksare not availablein adequatejuantities.
In this caseemissionscanbe reducedby alkaline supplement¢DeSOXx)to the catalyst.This
measurds very expensiveat a relatively small level of emissionreductionof - after careful
estimation- approx.30%. The useof DeSOxcatalystsasBAT is considerednly asan excep-

tion. The useof flue gaspurification plantsfor procesgurnacesinvolves,on one hand,high

costs and, on the other hand, modigentral spatiadrganization of furnace plants.

During calcinationflue gasscrubbingcanserveasa secondarymeasureo reducethe SO, by
>90 %. This expensive technique is considered if high-sulphur green cokes is used.

During sulphur recovery the use of candidate BAT in German refineries - 2-Sgyesplants
with afurtherstage- sulphuremissiornratesof < 0,5%areattained.In lubricatingoil refineries
H,S-containinggasesfrom desulphurizingplants or vacuum distillation are not normally
treatedfurther aslong aslessthan 2 t/d H,S at a concentratiorof <0,4% are produced.The
flue gasesareincineratedaccordingto the BAT to attainthe H,S concentrationn flue gasof <
10 mg/ms.
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Becausehe marketingpotentialof heavyfuel oil is smallandthe quality requirement®f fuels
increaseijt is increasinglynecessaryo refine heavyfractionsin refineries.Hydrocrackergive
high yields, effectively reduces the sulphur content in the products and resedtsemissions
comparedo catalyticcracking.This measuras very expensiveThe availablehydrogenin the
refineriesis possiblynot adequatdo coverthe demandsf the hydrocrackerIn this case,ad-
ditional investments are nessary to produce hydrogen in a separate plant.

5.2.2 NO, Emissions

The mosteffective CandidateBAT for the reductionof nitrogenoxidesfrom refinery furnaces
are,asfor SO,, primary measuresthe useof modernburnertechnologywith optimizedope-
tion. In new plants, the extra costs for IN@®, burners is relatively small comparexrthoseof
the conventionakechnique During the renovationof existingplantsit is not possiblein some
casespecausef the shapeof the oven,to optimizethe burner-furnacelesignandthereforeto
attain cocentrations of < 100 mg/m?3 as in gas furnaces of new plants.

The NO, concentratiorin flue gasfrom the regeneratoof catalyticcrackingcanbe effectively
reducedlikewise to < 250 mg/m3 by primary measuresstagedincinerationand optimizing
reaction conditions.

As long as théeedstocksn refineryfurnacesandcatalyticcrackingis hydrodesulphurizedhe
contentof boundednitrogenis reducedsince organic nitrogen compoundsare convertedby
hydrationto ammonia.A smaller nitrogen contentleadsto a limited reductionof the NO,
emissions.

During catalyticcracking,amongothers SCRandSNCRcomein questionassecondarynea-

ures.Both measuresre expensive With SCR,the NO, concentratiorcan be reducedby ap-

prox. 60 %. Thesetechniquesreconsideredf the primary measureslo not effectively reduce
the NO, concentrationThesetechniquesare not usedin processfurnacesbecausehey are
unpropational.

5.2.3 Dust Emissions

In refinery furnacesthe mosteffective BAT candidatefor the reductionof dustemissionds
the use of lonashfuels which allows a dust concentration from 5 to 50 mg/ms.

Dustin flue gasesfrom the regeneratoof catalytic crackingand calcinationis removedby
secondary measures to attain concentrations of <50 mg/ms.

For dustreductionaccordingto the BAT, mechanicalfiltering andelectrostaticateparatioras
well asscrubbersare available.For catalytic cracking,a two-stagedplant with cyclonesep-
rator andelectofilter allows the sure attainment of the limit value 50 niy/m

5.2.4 Hydrocarbon Emissions

The candidateBAT reduceshydrocarbonemissionsmainly during farm tank processesnd -
for all processingplants- emissionsfrom sealingelements.The measureor combinationof
measuresaccordingto the BAT which is applieddepend(s) on the hazardpotential of the
productsi.e. from vapourpressurenvhich determineghe emissionmassflow, from the toxic
characteristic as well as the degradability accumulability.

According to the BAT, specialeffective measuresare requiredfor productswith a vapour
pressureof >13 hPaat 20°C, for carcinogenicproducts(R45, R49 accordingto Directive
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67/548EWG /E6/) andproductswith a high acutetoxicity (e.g.R23,R26) aswell asfor prod-
ucts which accumulate and are difficult to degrade.

Hydrocarboremissiondrom loading/unloadingandfrom storagearefed to a vapourrecovery
unit (VRU) and/ora flue gaspurification plantin conformitywith BAT. In this way, hydroca-
bon emissionsare reducedby approximately99.98%as comparedo free ventilation (< 150
mg/m3 hydrocarbons; < 1 mg/m?3 benzene).

The BAT for the reductionof hydrocarboremissiongandalso SO, emissions)rom flare op-
erationis basedon minimizationof operationtime, a flare gasrecoveryplant canreduceope-
ration to a magrtude of 24h/a.

5.3 BAT for water pollution control

The BAT for water pollution control include the measuresiescribedin Section4.3.1. They
allow establishmenbf optimal combinationof measuredor prevention, pretreatmentand
posttreatmenin orderto minimize water consumptiorandemissionsnto watersaccordingto
the individual situation.The reliablereductionof emissionsattainedin eachlocation,chara-
terizedas“state of the art” in Germany,is definedby meansof the waterlegislatoryrequire-
ments in Annex 45 of the waste water ordinance (Section 1.5.2).

Accordingto BAT, the small specificquantityof wastewaterof 0,5 m3/t feedstock(1,3 m3/tin
lubricating oil refineries)hasthe purposeyvia highly concentrategbolluted streamsto effec-
tively reducethe pollutantload whenwastewateris treated.Simultaneouslythey allow the
saving of water.

For candidateBAT for waste water treatmenta major aspectis the tributary waste water
streamtreatmentwhich mustbe consideredn close connectionwith the centralwastewater
treatmentThe higherthe treatmentperformanceof the tributary wastewater streamtreatment
the higherthe total treatmentperformanceSourwater stripperswhich correspondo the BAT
remove ammonium nitrogen and hydrogen sulphide up to more than 97%.

In centralwastewatertreatmentplantswhich correspondo the BAT at a correspondindoad
of the raw wastewaterthe COD is removedto at least80%, asmeanto over 90%. Hydroca-
bons,aromatichydrocarbonsphenolsandspecialorganiccompoundgFurfurol) canpartly be
more effectively eliminated (>95->99%). The elimination rate of inorganic nitrogen differs
accordingto which proportionwasalreadyeliminatedwith pretreatmengstripping).Via nitri-
fication/denitrification stagesand, if necessaryin combinationwith autotrophicoxidation of
sulphidesin biological wastewater purification a concentratiorof <10 to 40 mg/l canbe at-
tained.

The BAT for groundwater and soil protectioninclude the measuredisted in Section4.3.2.
They are appliedin new plantsindependenbf location and are usedin Germanrefineries.
Renovationof existingplantsis not completedsincemeasuresluring long stoppageof opei-
tion of tanks put considerable demands on storage operations and also are veiyexpe

5.4 BAT for waste management

The CandidateBAT for wastepreventionare applicablemainly independenbf locationand
without further conditions.The possibilitiesfor utilization, however,dependon locationand
the configurationthe refinery. Somelocationsposses&n incinerationplant in which wastes
canbethermallyusedinternally. Wastemanagemernin this casecandiffer widely from that of

a refinery without incineration.
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5.5 BAT for utilization of waste heat

The Candidate BAT for retilization of waste heat are applied mainly general and independent
of location.In compactly-builtrefineries,morepossibilitiesexistto effectively re-utilize waste

heat in all plants than in refineries in which the process plants are distributed over a large area.
Heatutilization interfere,asa rule, with processntegrationi.e. in an existing refinery this is
realisedonly through measureghat are very expensive.Since by heatintegrationfuels are

saved which can be additionally marketed, this is realised very extensively in all refineries.

5.6 BAT for organizational measures
The candidate BAT foorganizational measures are applied independent of location.
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Annexes

0 List of abbreviations

A
AbwasserV german ordinance "Abwasserverordnung" (waste water)
AOX Adsorbable organic halogen
B
BAT Best available technique
BImSchG german act "Bundes-Immissionsschutzgesetz” (immission protection)
BlmSchV ordinances according to "Bundes-Immissionsschutzgesetz"
BOD Biological Oxygen Demand
BTEX Benzene, Toluene, Ethylbenzene, Xylene
C
COD Chemical Oxygen Demand
D
DIN Deutsche Industrienorm (german industry standard)
DEA Diethanolamine
DruckbehV german ordinance "Druckbehalterverordnung" (pressure vessels )
E
EC European Council
EN European Standard
EU European Union
F
FCC Fluid catalytic cracking
H
HC Hydrocarbons
HCU Hydrocracking Unit
IPPC Integrated Pollution Prevention and Control
ISO International Organization for Standardization
L
LPG Liquified petroleum gas
M

MWV german "Mineral6lwirtschaftsverband" Hamburg
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PAH

Storfallv
SCOT
SRU

TA Luft

TNb
TRbF

TRGS

TRwS

uvwv

VAwWS

VbF

VDI
VOC
VRU

VVAWS
VwVwS

WGK
WHG

Polycyclic aromatic hydrocarbons

german ordinance "Storfall-Verordnung, 12. BImSchV" (major accidents)
Shell Claus offgas treating

Sulfur recovery unit

german direction "Technische Anleitung zur Reinhaltung der Luft" (pollu-
tion abatement of the atmosphere)

total nitrogen (bound)

german technical directions "Technische Regeln brennbare Flissigkeiten”
(flammabile liquids)

german technical directions "Technische Regeln fur Gefahrstoffe" (dan-
gerous substances)

german technical directions "Technische Regeln fur wassergeféahrdende
Stoffe" (substances hazardous to water)

german rules "Unfallverhiitungsvorschriften" (prevention of accidents)

german regulation "Verordnung tber Anlagen zum Lagern, Abfiillen und
Umschlagen wassergeféahrdender Stoffe" (plants as to handling sub-
stances hazardous to water)

german regulation "Verordnung tiber brennbare Flissigkeiten" (flammable
liquids)

Verein Deutscher Ingenieure, association of german engineers
Volatile organic compounds

Vapour recovery unit

administration rules according to "VAwS"

german administration rule "Allgemeine Verwaltungsvorschrift zum
Wasserhaushaltsgesetz tber die Einstufung wassergeféahrdender Stoffe
in Wassergefahrdungsklassen" (water hazard classes)

Wassergefahrdungsklasse water hazard class

german act: Wasserhaushaltsgesetz (federal water act)
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1 Technical directions, Standards and other Literature

L1 UlimannsEnzyclopediaf Industrial Chemistry, VCH Verlagsgesellschaft D 69451
Weinheim, 5th. ed.Vol. A18, p. 51 ff. (1991il, Oil refining

L2 UlimannsEnzyclopediaf IndustrialChemistry, VCH Verlagsgesellschaft D 69451
Weinheim, 5h. ed.Vol. A15, p. 347 ff. (1990)iquefied Petroleum Gas

L3 UlimannsEnzyclopediaf IndustrialChemistry, VCH Verlagsgesellschaft D 69451
Weinheim, 5th. ed.Vol. A17, p. 95-97 (1991)\Natural Gas

L4 Kirk-OthmerEnzyclopediaf ChemicalTechnology JohnWiley & Sons New York, 3
rd. ed.Vol. 17, p. 183 ff. (1982)

L5 Technische Regeln wasserdafdende Stoffe (TRwS 130), Bestehende unterirdische
Rohrleitungen, Wirtschafts- und Verlagsgesellschaft Gas und Wasser mbH Bonn
(1996)

L6 Technische Regeln wassergefahrdende Stoffe (TRwS 131), BestimmuRgatkes-
tevermoégens R1, Wirtschafts- und Verlagsgesellschaft Gas und Wasser mbH Bonn
(1996)

L7 Technische Regeln wassergeféahrdende Stoffe (TRwS 132), Ausfihrung vondDichtfl
chen, Wirtschafts- und Verlagsgdsehaft Gas und Wasser mbH Bonn (1997)

L8 Technische Regeln wassergeféahrdende Stoffe (TRwg Bd8hbodentanks zur Lag
rungwassergefahrdender Stoffe, Wirtschafts- und Verlagsgesellschaft Gas und Wasser
mbH Bonn (1997)

L9 Technische Regeln fur brennbare Flussigkeli@bF 100 - Allgemeine Sicherheitsa
forderungen Ausgabe Juli 198@BArbBI. 7-8/1980 S. 69; zuletzt gedndert: 9/97 S. 85)

L10 Technische Regeln fur brennbare Flissigke®bF 110 - Lager Ausgabe Juli 1980
(BArbBI. 7-8/80; zuletzt gedndeBArbBI. 6/97, S. 51

L11 Technische Regeln fur brennbare FlissigkelBbF 120 - Ortsfeste Tanks aus nheta
lischen unchichtmetallischen Werkstoffen - Allgemeines - Ausgabe Juli 1980
(BArbBI. 7-8/1980 S. 104; zuletzt geéndert: 6/97 S. 52)

L12 Technische Regeln fur brennbare FlissigkeBbF 121 - Ortsfeste Tanks aus nheta
lischen Werkstoffen, Ausgabe Juli 198A¢bBI. 7-8/80 S.110; zuletzt gedndert;
BArbBI. 6/97, S. 52)

L13 Technische Regeln fiGefahrstoffe TRGS 514 Lagern sehr giftiger und giftiger Stoffe
in Verpackungen undrtsbeweglichen Behéltern Ausgabe: September 13885(.
9/1998 S. 53)

L14 Technische Regeln zlruckbehalterverordnung TRB 801 - Nr. 27 Druckbehalter fir
Gase oder Gasgemische in flissigem Zustand, Ausgabe MaiBA##B(. 5/93 S. 60;
11/95 S. 56)
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L15

L16

L17

L18

L19

L20

L21

L22

L23

L24

L25

L26

L27

L28

Abschlu3bericht Arbeitskreis Lagerung brennbarer Flissigkeiten, TBA4G Gesél
schaft fir Anlagen- und Reaktorsicherheit (Hrsg.), Kéln 1994

DIN 4119 Oberirdische zylindrische Flachboden Tankbauwerke aus metallischen
Werkstoffen, Teil 1 Teil 1 Grundlagen, Ausfiihrung, Prifundesyth Verlag Berlin
1979

ISO 4266 Ausgabe:1994-12 Mineral6l- und flissilyineraldlerzeugnisse - Direkte
Messung der Temperatur und der Fullhéhe in Lagertanks - Automatisches Verfahren (7
Teile ),Beuth Verlag Berlin

DIN 4680-1, Ausgabe:1992-05 Ortsfeste Druckbehélter aus Stahl Bsiddias, fur
oberirdische Aufstellung; Mal3e, AusristuBguth Velag Berlin

DIN 4680-2, Ausgabe:1992-05 Ortsfeste Druckbehalter aus Stahl fiir Fliissiggas, fur
halboberirdische Aufstellung; MalRe, AusristuBguth Velag Berlin

DIN 4681-1, Ausgahi@988-01 Ortsfeste Druckbehdlter aus Stahl fur Flussiggas fur
erdgedeckte Aufstellung; MalRe, AusristuBguth Velag Berlin

DIN 6601 Bestandigkeit der Werkstoffe von Behéaltern/Tanks aus Stahl gegentber
FlussigkeiterBeuth Verlag Berlin 1991

DIN 6607Korrosionsschutzbeschichtungen unterirdischer Lagerbehélter (Tanks) ,
Beuth Verlag Berlin 1991

DIN 6608 Teil 1 Liegende Behalter (Tanks) aus Stainkvandig, fur die unterirdische
Lagerungwassergefahrdender, brennbarer und nicht brennbarer FlissigBeiteh,
Verlag Berlin 1989

DIN 6616 Liegende Behélter (Tanks) aus Stalmyandig unadloppelwandig, fur die
oberirdische Lagerungassergefahrdender, brennbarer und nicht brennbarerdg-lissi
keiten,Beuth Velag Berlin 1989

DIN 6618 Teil 1 $ehende Behalter (Tanks) aus Stamwandig, fur die oberirdische
Lagerungwassergefahrdender, brennbarer und nicht brennbarer FlissigBeiteh,
Verlag Berlin 1989

DIN 6619 Teil 1 Stehende Behalter (Tanks) aus S&myandig, fur die unterirdische
Lagerungwassergefahrdender, brennbarer und nicht brennbarer FlissigBeiteh,
Verlag Berlin 1989

(Draft) DIN EN 12285])ssue date 1996-03-01 Metalliorkshopfabricatedtanks -
Horizontalsingleskin and doubleskintanksfor the undergroundtorageof flammable
andnonflammablewaterpolluting liquids; Deutsche FassupgEN 12285:1996,
Beuth Velag Berlin

(Draft) DIN EN 13160, 7 Partssue date:1998-05-01 Ledktectionsystems - Part 1.
Generabprinciples; Deutsche FassuptEN 13160-1:1998euth Verlag Bdin
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L29

L30

L31

L32

L33

L34

L35

L36

L37

L38

L39

L40

L41

L42

(Draft) DIN EN 13352]ssue date:1999-01-®pecificatiorfor the performencef
automaticdankcontentggauges; Deutsche FassurgEN 13352:1998Beuth Verlag
Berlin

(Draft) DIN EN 13616])ssue date 1999-08-@verfill preventiondevicesfor static
tanksfor liquid petroleumfuels; Deutsche FassupgeN 13616:1999%Beuth Verlag
Berlin

DIN 28021 Stehende Druckbehalter; Behalter fir Lagerung 6,3 m? bis 1B8untb,
Verlag Berlin 1992

VDI Richtlinie 2440 EmissioiControl Mineraloil refineries, Verein deutscher lag
nieure,VDI-Verlag GmbH DusseldoiDraft 1999 availableby Beuth Verlag Berlin

VDI 3454 BI. 1 Emissionsminderung@lausanlagen. Diusseldorf: Verein Deutscher
Ingenieure, 1989

VDI 3454BI. 2 -,-Messen der Emissionen. Disseldorf: Verein Deutscher Ingenieure,
1989

VDI 3454BI. 3 -,-Ermittlung desSchwefelemissionsgrades. Diisseldorf: Vereintbeu
scher Ingnieure, 1989

VDI Richtlinie 3479 EmissioiControl Marketingnstallationtankfarms, Verein detd
scher Ingenieurd/DI-Verlag GmbH DuisseldoiDraft 2000,availableby Beuth Ve-
lag Berlin

VDI Richtlinie 3674Wastegascleaningby adsorption, Verein deutscher Ingenieure,
VDI-Verlag GmbH Disseldorf Mai 1998availableby Beuth Verlag Berlin

VDI Richtlinie 3677 Blatt 1 FilterndAbscheider - Oberflachenfilter, Verein deutscher
IngenieureVDI-Verlag GmbH Dusseldorf Juli 1997, zu beziehen diBelth Verlag
Berlin

VDI 3678BI. 1 Elektrofilter— ProzeR3gasund Abgasreinigung. Disseldorf: Verein
Deutscher Ingenieure, 1998

VDI Richtlinie 3679 Blatt 2Wastegascleaningby absorption $ccrubbers), Verein
deutscher Ingenieur¥DI-Verlag GmbH Dusseldorf Marz 1998yailableby Beuth
Verlag Berlin

VDI 3732 EntwurfEmissionskennwerte technischer Schallquellérackeln. Diisde
dorf: Verein Deutscher Ingenieure, 1997

Mineraldlzahlen 199 Mineraldlwirtschaftsverband e.V. (Hrsg.), Hamburg (1998)

Mineraldl und UmweltschutaMineral6lwirtschaftsverband e.V. (Hrsg.), Hamburg
(1994), hternet:hhtp:/ivww.mwv.de

Mineralstatistik fir 1998Mineraldlwirtschaftsverband e.V. Hamburg (1999), Internet:
hhtp:/ivww.mwv.de
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L43

L44

L45

L46

L47

L48

L49

L50

L51

L52

Flissiggaslagerung Nachschlagewéindesanstalt fir Umweltschutz Baden Wur
temberg (Hrsg.), 3. Aude Karlsruhe 1997

Degener/Krause, Lagerung und Abfullung brennbarer Flissigkeiten, Vorgehrifte
sammlung mit Kommentar, 3. Aufl., Stand 19@arI Heymanns Verlag KG, Kdln

Deutscher Ausschul? fur Stahlbeton (Hrsg.), Betonbau beim Umgang mit veasserg
fahrdenden Stoffen, September 19Béuth Velag Berlin

Ermittlungen vorAbwasserkenndaten in charakteristiscAdmvasserteilstromen und
im Gesamtabwasser von Erdél- uschmierdlraffinerienDGMK-Forschungsbericht
414, Hamburg 1991, ISBN 3-928164-15-5

DIN EN ISO 14@1 Environmentamanagemerdystems -Specificatiorwith guidance
for use,Issue date 1996-12-OReuth Verlag Berlirmndother Standardsf series
14000

Immissionsschutz und Arbeitsschutz bei der Reinigung von Rohdltanks (mihBerec
nungsbespielen) DGMK-Forschungsbericht 499, Hamburg, Oktober 1997.

Modelling of Cost-Effective Emissio@ontrol Strategiegor Europe KTBL-
Arbeitspapier Title: Regulationof Animal Production inEurope. InternationaCon-
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Annex 2

2 Present Consumption / Emission levels

seeQuestionnaires And B

Files:

DAT_A.DOC: CompleteRefinery
Processinglants:

Datb1.DOCGenerainformation
Datb2.DOCAIr
Datb3.DOCWater
Datb4.DOCWaste
Datb5.DOCMaterialsandenergy
Datb6.DOCOtherdata

German_notes Version31.03.00
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QUESTIONNAIRE A: COMPLETE REFINERY PAGE 1

Table A1l: GENERAL INFORMATION TO THE REFINERY

Name and location of refinery:

Contact person for further inquiry:

telephone:

Capacity

- permitted capacity of crude processing
(t/yr)

- if necessary actual throughput
in reference year 19

- annual working hours in reference year

Main-products and by-products
amount/year, if necessary characters

please list, if necessary on separate page

DAT_A.DOC 10.09.1999




QUESTIONNAIRE A: COMPLETE REFINERY PAGE 2

Year of erection

Type and term of essential changes of the
processing structure, which are relevant for
the following Data, including the design
tion

please list up, if necessary on separate page

Short description of the productionogpess
(sequence of processes,

parts of plant/plant configuration,

relevant secondary installations)

please add simple flow sheet!

DAT_A.DOC 10.09.1999



QUESTIONNAIRE A: COMPLETE REFINERY

A2: EMISSIONS INTO THE AIR

PAGE 3

Crude oil throughput permitted
(Mio t/yr) effective / reference year
Pollutant Emissions/reference year
(t/yr)
Dust
SO as SQ
NO, as NO
Hydrocarbons 1) 2) 3) 4)
Benzene
1)Processing 2)Storage 3)Flare 4) Loading

Remarks

(e.g. for demarcation of the not excluded processing units such as power plant, petrochemical plants)

DAT_A.DOC 10.09.1999



QUESTIONNAIRE A: COMPLETE REFINERY PAGE 4

A3: EMISSIONS INTO THE WATER

Origin of Data:

Reference year or period of Datp

Applied Emission-reduction-measures:

- downstreamed waste water
cleaning measures
(if necessary including redu
tion performance):

— production integrated mea
ures for emissioneduction:
(if necessary including redu
tion performance):

— measures to reduce the watdr
consumption:

O  Direct discharging
O  Indirect discharging

Waste water volume flow:

please differentiate according to:

O  crude production waste water: */ym

O  Treated waste war: _ niyr
O  Direct cooling water _ niyr
O  Atmospheric water _ niyr
O Ballastwater _ niyr

DAT_A.DOC 10.09.1999



QUESTIONNAIRE A: COMPLETE REFINERY PAGE 5

Table A3: Effluents

Untreated Water Treated Water

Parameter Measured Discharge Measured Discharge Reduction

concentration Kglt concentration kgt (%)
(mg/l) Crude oil (mg/l) Crude oil

throughput throughput

COD

TOC

BODs

TNp

N (tot.-inorganic).

P (tot.)

HC (tot.)

BTEX aromatics

Phenols

AOX

SuphidesMercap-
tanes

Cyanides

Luminous bacteria
toxicity

Fish toxicity

Conductivity

pH value

Temperature

Explanations

1) if no measured values exist: please specify calculated/estimated size and shortly explain calculation ¢
“‘Notes”

2) if measued values are under proof- or determination limit quote these

Notes:

DAT_A.DOC 10.09.1999



QUESTIONNAIRE A: COMPLETE REFINERY PAGE 6

A4 Waste

Origin of Data (e.g. waste statistics):

Reference year of data:

Measures to prevent or reduce waste production
and to recover wastes

DAT_A.DOC 10.09.1999




QUESTIONNAIRE A: COMPLETE REFINERY PAGE 7

Waste types and quantities

Table A4.1: Hazardous waste for recovery - particular supervision required

Designation of waste Origin Waste code Waste quantity Notes
(processing unit) EWC absolute

(t/yr)

(listing, compare Page 8

DAT_A.DOC 10.09.1999



QUESTIONNAIRE A: COMPLETE REFINERY PAGE 8

Table A4.2 Hazardous waste for disposal — particular supervision required

Designation of waste  |Origination Waste code Waste quantity Notes

(processing unit) EWC absolute
(t7yr)

please check assignment

page 7or 8

tank bottonsludges storage 050103

acid alkylsludges alkylation 050104

oil spills 0501 05

spenffilterclays product-, waste wateng5 04 01
exhaust gas cleaning

oil fly ash furnaces 1001 04

oil-/ water separator soli(exhaust gas cleang |13 05 01

oil-/water separator " 130502
sludges

interceptorsiudges " 130503
desaltesludges or emu |desalter 130504
sions

other emulsions 13 0505
oil waste not otherwise 1306 01
specified

sulphuric acid and $u  |sulphur recovery unit|06 0101
phurous acid Claus plant

DAT_A.DOC 10.09.1999




QUESTIONNAIRE A: COMPLETE REFINERY PAGE 9

A5: CONSUMPTION of material and Energy

- only for processing units

DAT_A.DOC 10.09.1999



QUESTIONNAIRE A: COMPLETE REFINERY PAGE 10

A6 Other Data (complete only if applicable for entire refinery; otherwise only for processing units)

Table A6a: Waste heat emissions

main heat source(s)

measured amount [GJ/h]

waste heat transfer medium (water,
product, gas)

Table A6b: Noise

relevantimmission point

- distance:

- classification of area:

- standard valugnmission:
sound pressure leveh,
atimmission point

sound insulation measures

Table A6c: Specifications of costs (if known)

- if possible, please assign the costs of the particular used emission reduuninges:

investment costs for
(incl. calculation basics):

operating costs for
(incl. calculation basics):

reference sizes
- reference year

- processing capacity

DAT_A.DOC 10.09.1999




QUESTIONNAIRE B: PROCESSING PLANTS B1 PAGE1

B1l: GENERAL INFORMATION (PLEASE COMPLETE FOR EVERY PROCESSING PLANT)

Name of processing plant:

Contact person for further inquiry:

telephone:

Type of processing plant

Capacity

- approved capacity (tr)
- if necessarpactualamountof production
in referenceyear 19

- annual working hours in reference year

Main-products, if necessary by-products
amount/year, if necessary characteristics

please list, if necessary on separate page

Dippel/datbl.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B1 PAGE 2

Year of erection

Type and term of essential changes of the
processing structure, which are relevant for
the following data, including the design
tion

please list, if necessary on separate page

Short description of the production procgss
Sequence of processes,

parts of plant /plant configuration,

relevant secondary installations

please add simple flow sheet!

Dippel/datbl.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B2 PAGE 1

B2: EMISSIONS INTO THE AIR

B2.1 General Information

Processinglant:

Origin of data (e.g. declaration of ession):

Reference year of data:

Applied emission-reduction-measures:

— downstreamed exhaust gas reduct|on
measures:
(if necessary including reductionrpé
formance):

— production integrated measures
for emission reduction:
(if necessary including reductionrpé
formance):

— measures for the reduction of diffuse
emissions:
(if necessary including reductionrpé
formance):

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS

B2.2 Emissions from point sources

Table B2.2.1: Furnaces

Please complete this table for processing plants with modern furnace plants

B2 PAGE 2

Furnace for plant:
Fuel

Thermal output permitted

effective (average in %)

Exhaust flow rate (m3/h)

Exhaust gas temperature (°C)

Pollutant achievable levels (continuous operation)
% h average 24 h average |mass flow remarks
(mg/m®) 1) (mg/m®) 1) (kg/h)

Dust

As, Pb,Cd, Cr, Co,Ni,
Sb, V and their ao-
pounds (total)

SQ,as SQ

NO, as NQ

Carbonmonoxide

1) normal conditions

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS

Table B.2.2.2:

B2 PAGE3

Processing plant: delayeatoking

Capacity permitted

(ty) effective /reference year

Exhaust flow rate (m3/h)

Exhaust gas temperature (°C)

Pollutant achievable levels (continuous operation)

% h average
(mg/md) 1)

24 h average
(mg/md) 1)

mass flow
(kg/h)

remarks

Dust

Ni, V and their com-
pounds (total)

SQ,as SQ

NO, as NQ

Carbonmonoxide

Organic substances as

1) normal conditions

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS

B2 PAGE 4

Table B2.2.3:

Processing plant: FCC
Capacity permitted
(t7yr)

effective /reference year

Exhaust flow rate (m3/h)

Exhaust gas temperature (°C)

Pollutant achievable levels(continuous operation)
% h average 24 h average |mass flow remarks
(mg/md) 1) (mg/md) 1) (kg/h)

Dust

Ni, Sh, V and their cm-
pounds (total)

SQ,as SQ

NO, as NQ

Carbonmonoxide

1) normal conditions

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS

Table B2.2.4:

B2 PAGES

Sulphur recovery Plant

Capacity

(t/yr)

permitted

effective /reference year

Exhaust flow rate (m3/h)

Exhaust gas temperature (°C)

Pollutant achievable levels (continuous operation)
% h average 24 h average |mass flow remarks
(mg/md) 1) (mg/md) 1) (kg/h)

SQ,as SQ

H,S

COS

CS

1) normal conditions

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B2 PAGEG6

Table B2.2.5:

Vapour recovery unit

Type

Exhaust flow rate (m3/h)

Exhaust gas temperature (°C)

Pollutant achievable levels (continuous operation)
% h average 24 h average |mass flow remarks
(mg/md) 1) (mg/md) 1) (kg/h)

Hydrocarbons (without
methane) as C

Hydrocarbons (with
methane) as C

Benzene

1) normal conditions

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B2 PAGE7
Table B2.2.6:

Flare

Capacity permitted

(t/yr) effective /reference year /

Exhaust flow rate (m3/h)

Exhaust gas temperature (°C)

Pollutant achievable levels (continuous operation)
% h average 24 h average |mass flow remarks
(mg/md) 1) (mg/md) 1) (kg/h)

Dust

Hydrocarbons as C 2)

SQ,as SQ

NO, as NQ

Carbonmonoxide

1) normal conditions
2) combustion efficiency of 99%

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B2 PAGE S8

B2.3 Planar sources (diffuse emissions)

Table B2.3.1:
Please complete for every relevant processing plant

Processing plant

Pollutant rate in kg/h from type and number of sealing elements 1)

Hydrocarbons as C

1) using the emission factors of VDI-guideline 2440 (Draft 1999)

Table B2.3.2:

Sulphur recovery- and
Clausanlagen

Pollutant rate in kg/h from type and number of sealing elements 1)

H.S

1) using the emission factors of VDI-guideline 2440 (Draft 1999)

Table B2.3.3:

Storage

Pollutant rate in kg/h for sealing elements and emissions from fixed roof- and
floating roof tanks 1)

Hydrocarbons as C

Benzene

1) using the emission factors of VDI-guideline 2440 (Draft 1999) and the formulas of VDI-guideline 3479 (19¢

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B2 PAGE9

Table B2.4: Applied measuring methods

Pollutant methods of determination

Dust

Arsenic and compounds.

Lead and compounds

Cadmium and compounds

Chromium @es.) and ampounds

Cobalt and compounds

Nickel and compounds

Antimony compounds

SQ,as SQ

NO, as NQ

H,S

COS

CS

Carbonmonoxide

Hydrocarbons as C
(without methane)

Organic substances as C

Benzene

remarks

Dippel/datb2.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B3 PAGE 1

B3: EMISSIONS INTO THE WATER

General Information

Name of processing plant
(e.g-mech.separatofiotation,
sour water stripper, processing
plant)

Origin of data:

Waste water from the following
areas:

Reference year of data:

Applied emission-reduction-measures

- downstreamed waste water
cleaning measures
(if necessary including redu
tion performance):

— production integrated mea
ures for emission reduction
(if necessary including redu
tion performance):

— measures to reduce the watdr
consumption:

O  direct discharging
O  indirect discharging

Dippel / datb3.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B3 PAGE 2

Table B3.1: Effluents:
(for indirect discharging without consideration of communal treatment)

processing water effluent

Origin (e.g. steam, process water, treated water) Remains(e.g. biology)

Input Amount
m3 /t crude m3 /t crude
m3 /t process capacity m3 /t process capacity

processing water condition effluent condition

Parameter measured dis- discharge |measured ao |dis- discharge |cleaning
concentration|charge |kg/t centration charge |kg/t capacity
(mg/l) kgt capacity | (mg/l) kgt capacity  [(%)

crude crude

COD

TOC

BODs

TNp

N (tot.-inorganic)

P (tot.)

HC (tot.)

BTEX

Phenols

AOX

SuphidegMercap-
tanes

Cyanides

Luminous bacteria
toxicity

Fish toxicity

Conductivity

pH value

Temperature

Explanations
1) if the waste water fromasnpling point is taken from different plants, calculate back on partial stream frc
in this table described processing parts or production area

2) if no measuredvaluesexist: pleasespecify calculatedéstimatedsize and shortly explain calculation at
“‘Notes”

3) if measuredialuesareunderproof-or determinatiodimit quotethese

4)  discharges with reference to the actual processing amount

5) cleaning capacity relevant only for waste water treatment plants

Dippel / datb3.doc / 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS

remarks:
e.g.
» breakdown of discharges

with combined treatment with
other production waste waters

» if no special measuring available:

please quote, how data has bdenvated

e others

Dippel / datb3.doc / 15.09.99

B3 PAGE 3



QUESTIONNAIRE B: PROCESSING PLANTS

Table B3.2: Sampling and Measuring methods:

B3 PAGE 4

Parameter Type and time of

sampling 1)

Measuring method (also:
calculation/estimation)

number of measurement
per year
(official and self contrb
ling)

COoD

TOC

BODs

TNp

N (tot.-anorganic)

P (tot.)

HC (tot.)

BTEX

Phenols

AOX

SulphidedVercap-
tanes

Cyanides

Luminous bacteria- to
icity

Fish toxicity

Conductivity

pH value

Temperature

1) - Continuous measurincKM

- Sample S

- Qualified sample QS

- 2-h-composite sample2M

- 24-h-composite samp24M

- other (please quote)

remarks:

Dippel / datb3.doc / 15.09.99
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QUESTIONNAIRE B: PROCESSING PLANTS

B6: Other data

Processing plant:

Table B6.1: Waste heat emissions

B6 PAGE 1

Main heat source (n)

Measured amount [GJ/h]

Waste heat transfer medium (water,

product, gas)

Waste heat temperature in straight

condition, without cooling air or
cooling fluids (fresh water)

Continuous /discontinuous amout

continuous

discontinuous

Table B6.2: Noise and concussions

Sources of noise units

Relevanimmission point
- distance:

- classification of area:
- standardmmission value:

sound pressure leveheq atimmis-
sion point

sound insulation measures

Dippel/Datb6/ 15.09.99



QUESTIONNAIRE B: PROCESSING PLANTS B6 PAGE 2

Table B6.3: Specifications about costs (if known)
- if possible please assign the costs of the particular used emission-reduction-techniques -

Investment costs for
(incl. calculation basis):

Operation costs
(incl. calculation basis):

Reference sizes
- reference year

- plant capacity:

Dippel/Datb6/ 15.09.99



Annex 3

3

3.1

El

E2

E3

E4

ES

E6

E7

E8

E9

E10

Ell

Current international and national Legislation

International Directives and Agreements

Directive 96/61/EC of 24 September 1996 concerning integrated pollution prevention
and control
Official Journal L 257, 10/10/1996 p. 28GBI. |, 1997, S. 542

Directive 88/609/EEC on the limitation of emissions of certain pollutartsliat air
from large combusting plants, as last amended by Directive 94/66/EC
Official Journal L 336, 07/12/1988 p. 1

Directive 75/442/EEC on waste, as amended by Directive 91/156/EEC
Official Journal L 194, 25/07/1975 p. 39

Directive 91/689/EEC ondzardous waste
Official Journal L 377, 31/12/1991 p. 20

Council Directive 84/360/EEC of 28 June 1984 on the combating of air pollution from
industrial plants
Official Journal L 188, 16/07/1984 p. 20

Directive 67/548/EEC on the approximation of lanegulations and administrative
provisions relating to the classification, packaging and labelling of dangerous sub-
stances of 27 June 1967

Official Journal L 196, 16/08/1967 p. 1

94/904/EC: Council Decision of 22 December 1994 establishing a hsizafdous
waste pursuant to Article 1 (4) of Council Directive 91/689/EEC on hazardous waste
Official Journal L 356, 31/12/1994 p. 14

Directive 94/63/EC on the control of volatile organic compound (VOC) emissions
resulting from the storage of petrol and its distribution from the terminals to service
stations of 20 December 1994

Official Journal L 365, 31/12/1994 p. 24

Directive 96/82/EC on the control of major-accident hazards involving dangerous sub-
stances of 9 Deoaber 1996
Official Journal L 10, 14/01/1997 p. 13

Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of
volatile organic compounds due to the use of organic solvents in certain activities and
installations

Official Journal L 085 , 29/03/1999 p. 0001 - 0022

COUNCIL REGULATION (EEC) No 1836/93 of 29 June 1993 allowing voluntary
participation by companies in the industrial sector in a Commeniymanagement
and audit scheme

Official Journal L 168, 10/07/1993 p. 1

German_notes Version31.03.00 A8



Annex 3

E12 Directive 94/9/EC EC of the Eurepn Parliament and the Council of 23 March 1994

on the approximation of the laws of the Member States concerning equipment and
protective systems intended for use in potentially explosivesptmeoes
Official journal NO. L 100, 19/04/1994 P. 0001 - 0029

3.2 National Legislationin Germany
Bundes-Immissionsschutzgesetz - BImSchG /D1/

Verordnung Ubegenehmigungsbedirftige Anlagen -BAmSchV /D2/

Verordnung Uber das GenehmigungsverfahrerBifaSchV /D35/
Emissonserklarungsverordnung - limSchV /D3/

Storfallverordnung - 1BImSchV /D4/

Verordnung zur Begrenzung der Emissionen fllichtiger organischer Verbindungen beim
Umflllen und Lagern vo®ttokraftstoffen - 20BImSchV /D7/

Verordnung UbeGrol3feuerungsanlagen - BmSchV /D5/

Verordnung Uber Verbrennungsanlagen fur Abféalle BlihSchV /D36/

TA Luft /D8/

TA Larm /D9/

Wasserhaushaltsgesetz WHG /D10/

Abwasserverordnung mit Anhang 45 ddswasserV, Erdélverarbeitung /D13/
Abwasserabgabengesetz /D31/

Wassergesetze der Bundeslander mit Regelung der Genehmigungspflictirékten-

leiter

Verordnung Uber Anlagen zum Umgang mit wassergefahrdenden Stoffen und diber Fac
betriebe - VAWS Veordnungen der Bundeslander /D12/.

Kreislaufwirtschafts- und AbfallgesetzKrw-/ AbfG /D21/

Verordnungen zurkrW-/AbfG /D32,33,34/
Abfallgesetze der Bundeslander

GerateS|cherhe|tgesetz GSG /D18/

D1

D2

D3

D4

Verordnung fUr brennbare FlUssigkeitevilbF /D19/
DruckbehalterverordnunruckbehV - /D20/

Dampfkesselverordnung /D28/

Explosionsschutzverordnung /D29/

Verordnung Uber elektrische Anlageneixplosionsgefahrdeten Bereich&texV /D27/

Bundes-Immissionsschutzgesetz — BImMSABGBI. I, 1990, S. 880, 1193; zuletat-g
andert am 19.10.1998 durBGBI. |, 1998, S. 3178

Verordnung Ubegenehmigungsbediirftige AnlagenBImSchV fassung vom 14.
Marz 1997 BGBI. | 1997 S. 504, S. 548; zuletzt gedndert 1998 S. 723)

Elfte Verordnung zur Durchfihrung dBsindes-Immissionsschutzgeset&esiss-
onserklarungsverordnung - lBImSchV, vom 12. Dezember 199RBGBI. | S. 2213;
1993 S. 1782, 294BGBI. 11l 2129-8-11-2

Zwolfte Verordnung zur Durchfiihrung dBsindes-Immissionsschutzgeset&arfall-
Verordnung - 12BImSchV In der Fassung der Bekanntmachung vom 20. September
1991 BGBI. 1 S. 1891; 1993 S. 1782, 2049; 1998 S. 723)
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D5

D6

D7

D8

D8a

D9

D10

D11

D12

D13

D13a

D14

D15

D16

Dreizehnte Verordnung zur Durchfiihrung @sides-Immissionsschutzgesetzes
(Verordnung UbeGrofl3feuerungsanlagen — EBmSchV) vom 22.06.1983BGBI. | S.
719), geandert am 23.09.98GBI. I S. 885)

Verordnung uUber Verbrennungsanlagen furgMefund ahnliche brennbare Stoffe - 17.
BImSchV vom 23. November 199BGBI. | S. 2545ber. S. 2832)

Verordnung zur Begrenzung der Emissionen fllichtiger organischer Verbindungen
beim Umflllen und Lagern vo@ttokraftstoffen - 20BImSchV vom 27. Mai 1998
(BGBI. 1 S. 1174)

Erste Allgemeine Verwaltungsvorschrift ziBandes-Immissionsschutzgesetz (f-ec
nische Anleitung zur Reinhaltung der Luft) - TA LUBMBI., 1986, S.95ber. S. 202;

Empfehlungen des Landerausschussemfiirissionsschutz -LAI- zur Konkretisierung
von Dynamierungsklauseln der TA Luft; umgesetzt in Verwaltungsvorschriften der
Bundeslander, z.B. Sachsisches Amtsblatt Nr. 12, 1993 S.351.

Sechste Allgemeine Verwaltungsvorschrift zBomdes-Immissionsschutzgesetz
(Technische Anleitung zum Schutz gegen Larm - TA-Larm) vom 26.0&88B(. S.
503)

Wasserhaushaltsgesetz — WHBE;BI. |, 1996, S. 1695, zuletzt gedndert am 2&. A
gust 1998 durcBGBI. I, 1998, S. 2455

Richtlinie zur Bemessung vdrdschwasser-Rickhalteanlagen beim Lageasserg-
fahrdender StoffelRURL) RdErl. d. Ministerium fiir Bauen und Wohnen v.
14.10.1992BI. NW. 1992 S.1719ber. 1993 S. 879)

Verordnung Uber Anlagen zum Umgang mit wassergefahrdenden Stoffen und Uber
FachbetriebeAnlagenverordnung - VAwS fiir die einzelnen Bundedé&i

Verordnung Uber Anforderungen an das Einleiten von Abwasser in Gewéasses; Abwa
serverordnung AbwV, in der Fassung vom 9. Februar 19B&@I. 1 1999 S. 86)
Anhang 45: Erdélverbeitung

Erdélverarbeitung: Hineise und Erlauterungen zu Anhang 45Rahmen-
AbwasserVwV; Bundesministerium fir Umwelt, Naturschutz und Reaktorsicherheit,
Landerarbeitsgemeinschaft Wasser (Hrsg.); Koln, 1995; Bundesanzeiger; ISBN 3-
88784-656-7 (zur Zeit in Uberarbeitung)

Verwalturgsvorschriften zum Vollzug der Verordnung tber Anlagen zum Umgang mit
wassergefahrdenden Stoffen und Uber FachbethN8b&ws flr die einzelnen Bor
deslader

Grundwasser-VerordnurGBI. 1, 1997, S. 542

Allgemeine Verwaltungsvorschrift zullvasserhaushaltsgesetz Uber die Einstufung
wassergefahrdender StoffeWassergefadhrdungsklassen - Verwaltungsvorschrit wa
sergeféahrdende Stoff$'\WvVwS) -BGBI. | vom 17. Mai 1999

German_notes Version31.03.00 A 10
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D17

D18

D19

D20

D21

D22

D23

D24

D25

D26

D27

D28

D29

D30

D31

Gesetz Uber Umweltstatistikedfweltstatistikgesetz UStatG) in der Fassung vom
21. September 199BGBI. I, 1994, S.2530

Gesetz Uber technische Arbeitsmit@kfatesicherheitsgesetz - GSG ) in der Fassung
der Bekanntmachung vom 23. Oktober 19B&BI. | S. 1793; .zuletzt ge&dndert 1998
S. 730BGBI. 111 8053-4-10)

Verordnumg Uber brennbare FlissigkeiteWbF Fassung vom 13. Dezember 1996
(BGBI. | S 1938per. 1997 S. 447)

Verordnung uber Druckbehélter, Druckgasbehalter und Fullanl&yenkbehalte-
verordnung DruckbehV) in der Fassung vom 21. April 198GBI. | S. 843; zuletzt
geddert 1997 S. 1402)

Gesetz zur Forderung der Kreislaufwirtschaft und Sicherung der umweltvertraglichen
Beseitigung von AbfallenKreislaufwirtschafts- und AbfallgesetX+W-/AbfG) Vom
27. September 1998GBI. | 1994 S. 2705; zuletzt gadert 1998 S. 2455)

Zweite allgemeine Verwaltungsvorschrift zum Abfallgesetz Teil 1: Technische-Anle
tung zur Lagerung, chemisch/physikalischen, biologischen Behandlung, Verbrennung
und Ablagerung von besondéiiserwachungsbedurftigen Abfallen TA-Abfall Vom
12.Méarz 1991 GMBI | S. 139,ber.GMBI S. 467)

Gesetz Uber ddaverkehrbringen von und den freien Warenverkehr mit Bauprodukten
zur Umsetzung der Richtlinie 89/106/EWG des Rates vom 21. Dezember 198& zur A
gleichung der Rechts- und Verwaltungsvorschriften der Mitgliedstaaten GbeoBaupr
dukte und anderer Rechtsakte der Europaischen Gemeinsclgstgmqduktengesetz

- BauPG) Nefassung vom 28. April 1998BGBI. I. 1998 S. 812)

BaugesetzbuctBauGB) In der Fassung vom 27. August 19BGBI. | 1997 S. 2141,
2902;ber. 1998 S. 137)

Landesbauordnungen fir die einzelnen Bunaesia

Unfallverhitungsvorschriften (UVV): Eine ZusammenstellungUigfallverhitung-
vorschriften ist bei der jeweiligen Berufsgenossenschaftimalten

Verordnung Uber elektrische Anlagenerplosionsgefahrdeten Bereiché&igxV)
Fassung vom 13. &ember 199@&GBI. | S. 1932BGBI. 11l 7102-41

Verordnung tbebampfkesselanlagddampfkesselverordnungdampfkV Vom 27.
Februar 198®GBI. | S. 173; ...; 1996 S. 191BGBI. 111 7102-38)

Elfte Verordnung zunGeratesicherheitsgesetz Verordnung Ubelmasrkehrbringen
von Geraten un&chutz-Systemen fi@xplosionsgeféahrdete Bereictexplosiors-
schutzverordnung - 11. GSGV) Vom 12. Dezember 18@&8(. | 1996 S. 1914)

BeschluR der Umweltminister- ungenatoren-Konferenz am April 1984 zum Tk
ma ,Minderung deftickstoffoxidemission ausrof3feuerungsanlagen®, Umwelt Nr.
102 vom 30. April 1984, 27/28

Gesetz Uber Abgaben fir das Einleiten vomvAbser in Gewass@bwasserabgalme
gesetz AbwAG Fassung vom 3. November 198BI. | S. 3370, zuletzt geandert
1998 S. 2455)
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D32

D33

D34

D35

D36

Bestimmungsverordnung besondéberwachungsbedirftige Abfall8estbuAbfV
Vom 10. September 199BGBI. | S. 1366, gedndert 1998 S. 3956)

Bestimmungsverordnungperwachungsbedurftige Abfalle zur Verwerturigesti-
VADbfV, vom 10. Septmber 1996 BGBI. | S. 1377)

Verordnung Uber Verwertungs- und Beseitigungsnachweise Nachweisverordnung -
NachwV, vom 10. Setember 1996BGBI. | S. 1382per. S. 2860)

Neunte Verordnung zur Durchfihrung dasndes-Immissionsschutzgesetzes 9.
BImSchV - Verordnung tiber das Genehmigungsverfahren, in der Fassung vom 29.Mai
1992 BGBI | S. 1001, zuletzt geandert 1999 S.186)

Siebzehnt&/erordnung zur Durchfiihrung d8sindes-Immissionsschutzgesetzes-Ve
ordnung tber Verbrennungsanlagen fur Abfalle und &hnliche brennbare Stoffe - 17.
BImSchV vom 23. November 199BGBI. | S. 2545ber. S. 2832)
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4 Monitoring the level of emissions and safety

4.1 Emissions into the Air

Measuremenof emissiondgs performedin conformity with the TA Luft. In refineriesthe pal-
lutantsSO,, dust,NO, andCO aresometimesneasureaontinuously Otherwise singlemea-
urementsaaredone.The methodsor measuringemissionsarefixed in the VDI-Directives. The
Directivescited can be obtainedfrom the Beuth Verlag Berlin (http://www.beuth.de)Emis-
sions can also be calculated. Methods of calculation are listed in the VDI Directive 2440 /L32/.

The following table shows a selection of methods of measurement which are applied.

Pollutant methods of determination

Dust Photometry VDI 2066 Sheet 4

Arsenic and compounds

Lead and compounds

Cadmium and compounds e.g. DIN 38406 Part E22 after disintegration

Chromium (tot.) and compounds

Cobalt and compounds

Nickel and compounds

Antimony and compounds

SQ.as SQ IR Absorption VDI 2462 sheet 4,
also calculation

NO, as NQ UV Absorption VDI 2456 sheet 4
NDUV-Resonance VDI 2456 sheet 9

H.S VDI 3486 sheet 1,2,3

COS

CS VDI 3487 sheet 1

Carbonmonoxide IR Spectroscopy, VDI 2459 sheet 6

Hydrocarbons as total-C Chromatography VDI 2457, IR-Absorption VDI 2466

(without methane) sheet 1, also: VDI 3481 sheet 2,6

Organic substances as total-C

Benzene VDI 2475 sheet 5

4.2 Emissions into the Water

The following list showsa typical examplefor monitoringwastewaterin a refinery. The pa-
rametersare monitoredeithercontinuously daily, on working daysor in largertime intervals.
Onedifferentiatesbetweenself-monitoringand monitoring by the regulatoryauthorities. The
methods of measurement are fixed in the waste water ordinance.

The German norms cited can be obtained fronBtwgth-Verlag Berlin(http://www.beuth.de).
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Parameter Type of sampling | Measuring method | Number of measuring per
year
(official (=O) and self (=S)
controlling)
CSB DIN 38409H41 on week-days S
qualified random sample
appr. 5/a O
TOC continuously and qualified | DIN 38409H3 Contin. and on week-days S
random sample
appr.5/a0
BSB; qualified random sample | DIN 38409H51 weekly S
appr. 5/a B
™o e e
N (totalinor- qualified random sample, [ NH4-N: DIN 38406E23 | NH4-N: continuously and tot. N
ganic) NH4-N continuously NO3-N:DIN 38405D19 | on week-days S
DIN-EN-ISO 10304-2
appr. 5/a O
NO2-N: DIN38405D19
EN 26777
P (total) qualified random sample [ DIN38405D11-4 on week-days S
appr. 5/a O
HC (total) qualified random sample | DIN38409H18 monthly S
appr. 5/a O
BTEX |-— == | e
Phenols qualified random sample | DIN38409H16 monthly S
appr. 5/a O
AOX qualified random sample DIN38409H14 monthly S
appr. 5/a O
SulphidesMer- qualified random sample | DIN38405D26 weekly S
Captanes appr. 5/a O
Cyanides qualified random sample | DIN38405D13-1 weekly S
appr. 5/a O
Luminousbac- | ------- DIN 38412 | -
teria-toxicity
Fish toxicity || ------- DIN 38412 | e
Conductivity || - [ e
pH value continuously and qualified | DIN38404C5 continuously and weekly @&ppr. 5
random sample x/a O
Temperature continuously continuously (S)

appr. 5x/a O
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4.3 Monitoring the safety of the installation

Information on plant safety and monitoring is contained in Chapter 3.4.
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5 Flow Sheets of the Refineries

The following flow sheets show the configuration of the refineries in which the data sn emi
sions and consumption were collected. Sometimes the drawings are very simplified.
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Key
All Atmospheric (Top-Pistillation A11
AGO AtmospheridGasoil exTop-Distillation
B Benzene
BT-Schn. Benzene Moluene fraction
C3 C3-Hydrocarbons
C4 C4-Hydrocarbons
C8 Aromaten EthylbenzeneXylene
C9+ Heavycomponents ereformat-separation; C >= 9
CGO Coker-Gasoll
DK Dieselfuel
FCC/C3 C3-Hydrocarboriraction ex FCC
GNV Gastreeting
Grinkoks FeedstoclCalzination
H2 RG Hydrogen rich gas -
HCO HeavyCycle Oil ex FCC
HEL Fueloil extralight t
HT MD mediumdistillatesdesulphurisationHydrotreating)
HT VGO Vakuum-Gasoil-desulphurisationHydrotreating)
HVS Fueloil heavy
Jet Al Jetfuel
Kalzinat Productof Calcination
L M SBi heavypetrol ex FCC
LCGO Light CokerGasoll
LCO Light Cycle Oil (FCC)
LPG Liguified Petroleum Gas = Flissiggas
LPGTr. LPG separation
LVGO Light VacuumGasoil
MD mediumdistillates
MD Blend mediumdistillates - (Blender)
MDE mediumdistillates-desulphurisatiotjydrotreater
MDE MD mediumdistillates-Fraction ex MDE
Mitteldl 1 mediumdistillatesfrom Topdistillation A11
Mitteldl 2 mediumdistillatesfractionfrom Topdistillation A11
MTBE Methyl-tert.-butyl-ether
NOK Petrol-normal
OK Blender Petrolblender
Ok.-Komp componentsor petrol
RefTr. Reformat-separation
RohBi crudepetrol
SBi heavypetrol
SOK (u) Petrol, Supeunleaded
SOK (v) Petrol, Supeleaded
SVGO Heavyvacuumgasoil
T Toluene feformat-separation)
Top RS residuefrom Topdistillations
Unifiner MD mediumdistillate exUnifiner
V4 Vacuumdistillation A4
VIS Bi Petrolfractions exXVisbreaker
VGO VacuumGasoil
X Xylenefraction exReformat-separation
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Key

CD Crude Destillation

HTU Hydro TreatingUnit

HDS Hydro DesulphurisatiotJnit

HVU High VakuumUnit

TGU ThermalGasoilUnit = thermalCracker
SBA specialbitumen plant =Visbreaker"
BBU blow bitumenunit

PF Platformer

HCU HydrocrackingUnit

Feedprep aromaticspre-distillation

Aro aromaticsprocessing

Xyl Xylene plant

German_notes

Version31.03.00

A 22




Annex 5

: i gg % :
"é § 225 §° I og § 3 T
it sTg 3 T T? 1 ; fiiH
! i
| :
18
1 il
| ] dewwaogey |>——— : E':zgggg:&;'_ N
1oyosnfoiox L L= !
MT: - M I r];:‘l
i o e | IR
1 IR
L § | o e S A R AN
T e A
Z == SR
TF | |§8 |
|8 b

1 BunsupAy Z Bunieppiy
~jgseg | 1 —|gs09

e | e -———_._J'-—-———__.

i
L

i — [ e
L1 £ g = 1
52 Y D B L.
_ 1
L wonolpssq-ayospudsouny | | oD S0Q-tinmyDA |
; | I |

I

‘Rohél

Refinery 5

German_notes Version31.03.00 A 23



