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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.
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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 wa