
2010 / 2MOL Scientific Magazine

Integrated evaluation of petrologic, petrophysical and geophysical

data of the Mezôsas-W fractured metamorphic HC reservoir

System reliability, reliable systems

New environmental challenge in refining: how to minimize

or eliminate unpleasant odour emissions 



1MOL GROUP

2

2010/2MOL Scientific Magazine 

Editorial Board: 
Béla Csorba; István Godó; Jenô Hancsók, Dr.; Horváth Péter; László Isaák; Pál Kapusy; Zoltán Kocsis; Márta 
Krámer, Dr.; László Lázár; Zoltán Marton; Zsolt Molnár; Andrea Pánczél, Dr.; Attila Plecskó; László Rácz, Dr.; 
László Rácz, Jr.; Nóra Saláta; Dóra Somlyai; Gabriella Szalmás, Dr.; Artur Thernesz
Chairman of the Editorial Board: György Mosonyi
Managing editor: Virág Simon
Editor-in-chief: László Rácz, Dr.

ISSN 2060-338X



MOL Scientific Magazine 2010/2

Contents
Challenges

György Wilde, Dr.: 4
Report on the 8th Concawe symposium 

György Wilde, Dr.: 12
The European petroleum industry in 2009 

Katalin Miklós - Réka M. Söjtöriné – Melinda Czibulka – György Isaák: 18
New environmental challenge in Refining: How to minimize 
or eliminate unpleasant odour emissions? 

Focus

János Németh: 28
System reliability, reliable systems 

István Keresztényi, Dr.: 38
Ecotoxicological impacts of refining on surface waters 

Zsuzsanna Havas – Péter Suba: 46
Introduction to different instrumental analytical measurements
of polyolefins at Petrochemicals Division 

Development

Márk Bubálik, Dr. - László Nagy - Zsolt Császár - Artur Thernesz: 52
Installation of an electrostatic precipitator in the FCC plant of Duna Refinery (DR) 

Zsuzsanna Csapó – Gizella Pöstyéni Harangi: 60
IT application – Quality improvement at Petrochemicals Division 

Gábor Nagy, Dr. - László Szabó - Jenô Baladincz - Jenô Hancsók, Dr.: 66
Possibilities for processing of used lubricating oils – part 2.

Workshop

Tivadar M. Tóth, Dr. - Tamás Földes - Balázs Vásárhelyi, Dr.
- Péter Vári, Dr. - Balázs Kiss, Dr. - Péter Kurgyis - Béla Lakos: 74
Integrated evaluation of petrologic, petrophysical and geophysical data of the
Mezôsas-W fractured metamorphic HC reservoir

Zsolt László: 82
Identification of stabilizers from polyolefin samples by headspace GCMS (SIM) method

2010/2

3

1MOL GROUP



2010/2Challenges

Abstract
CONCAWE was established in 1963 by 
a small group of leading oil companies 
to carry out research on environmental 
issues relevant to the oil industry. The 
name is abbreviation for Conservation 
of Clean Air and Water in Europe. Its 
membership has broadened to include 
most oil companies operating in Europe. 
The scope of CONCAWE’s activities 
has gradually expanded in line with 
the development of societal concerns 
over environmental, health and safety 
issues. These now cover areas such as 
fuels quality and emissions, air quality, 
water quality, soil contamination, 
waste, occupational health and safety, 
petroleum product stewardship and 
cross-country pipeline performance.

Összefoglalás
Beszámoló a CONCAWE 8. szimpóziumáról

A CONCAWE-t 1963-ban hozta létre 
a vezetô olajtársaságok egy kisebb 
csoportja az olajipar számára lényeges 
környezetvédelmi témák kutatására. 
Az elnevezés a tiszta levegô és víz 
fenntartása Európában angol for dí-

tá sának kezdôbetûibôl áll. Tagsága 
idôközben bôvült, és ma már tagjai 
között tudhatja a legtöbb Európában 
mûködô olajtársaságot. A CONCAWE 
tevékenységi köre is fokozatosan bôvült 
párhuzamosan a környezetvédelmi, 
egész ségügyi és biztonsági témák tár-
sadalmi vonatkozásainak alakulásával. 
Ma tevékenységi köre olyan területekre 
terjed ki, mint üzemanyag minôség és 
emisszió, levegôminôség, víz mi nô ség, 
talajszennyezés, hulladék, mun ka helyi 
egészség és biztonság, kô olaj termék-
gondozás és az országhatáron átnyúló 
csôvezetékek tel jesítménye.

CONCAWE regularly organizes symposia out of 
which the eighth one was held in Brussels on 
November 23rd/24th, 2009 which was started 
with a “Pre-Session”. The following topics were 
discussed.

Pre-Session: 
Methodological 
developments 
in the context of 
REACH
CHARACTERIZING AND 
COMMuNICATING HuMAN HEALTH 
RISK uNDER REACH (By CHRIS 
MONEy, EXXONMOBIL)
To comply with the REACH regulation, a 
classified substance requires a human health 
risk characterization. This characterization 
includes an evaluation of the substance hazard 
properties, the exposure to humans and risk 
associated with the manufacturing and use of 

György Wilde, Dr. (58)
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the substance. Based on the category hazard 
assessments, the Toxicology Subgroup has 
calculated Derived No Effect Levels (DNELs), 
where appropriate. The DNEL is an exposure 
level at which humans are deemed to be safe. 
The Human Exposure Task Force (H/STF-29) is 
developing exposure scenarios (ES) for those 
categories for which an ES is required. H/
STF-29 is using a tiered approach. The model 
predicts exposure to workers (with focus on 
inhalation and dermal routes). Tier 1 estimates 
of exposure will be compared to actual exposure 
data as appropriate. A similar approach will be 
used to estimate exposure to consumers. The 
risk characterization includes a comparison 
of the exposure associated with an ‘identified 
use’ to the DNEL. H/STF-29 has mapped the 
identified uses to the use Descriptor System. 
Risk characterization will be performed for all 
identified uses of classified substances. Several 
of the key deliverables for the health groups 
include DNELs, mapping of all uses, exposure 
scenarios basis for the annexed to company 
SDSs, risk characterization and identification.

PETRORISK AND THE 
ENVIRONMENTAL ASSESSMENT 
FOR PETROLEuM PRODuCTS 
(By MIRIAM LEóN PAuMEN, 
EXXONMOBIL)
To comply with the REACH regulation, a 
substance environmental risk assessment 
has to be performed. This assessment 
evaluates the environmental exposure and risk 
associated to the manufacturing and use of 
chemicals. 

For CONCAWE products this will be done using 
the PETRORISK model, a tool developed by the 
CONCAWE Ecology Group in collaboration with 
the university of Delaware and Hydroqual, an 
environmental consultant. The model calculates 
fate of and exposure to complex petroleum 
hydrocarbon mixtures using the Hydrocarbon 
Block concept, for which hydrocarbons with 
similar physico-chemical properties are grouped 
in ‘hydrocarbon blocks’ and treated as pseudo-
components. The PETRORISK model consists of 
three different modules, and different inputs are 
needed in order to run the tool. The first module 
is a compositional analysis tool, for which two 
dimensional gas chromatography data is used. 
The second module is a multimedia modelling 
tool, for which specific Environmental Release 
Categories and product volume information are 
used. The third module is a toxicity estimation 
tool, which will provide predicted no effect 
concentrations. The output of the PETRORISK 

model is fit for purpose to fill the necessary fields 
in the Chemical Safety Report (CSR), allowing 
CONCAWE to meet an important REACH 
requirement.

CONCAWE’S EFFLuENT 
SPECIATION PROGRAMME (By 
MIKE COMBER, CONSuLTANT)
The talk will focus on the recent analytical 
survey of refinery effluents across Europe. The 
survey addressed organics using a standard 
oil-in-water method as well as employing a 
GCxGC method capable of detecting low 
concentrations and speciating the effluent into 
hydrocarbon blocks. The blocks thus quantified 
are the same as used in the environmental 
risk assessment of petroleum products being 
conducted under REACH. The results of the 
survey and their consequences for assessing 
the refineries in the context of REACH can be 
described. 

REACH
PROGRESS MADE AND 
CHALLENGES REMAINING 
TO COMPLETE THE REACH 
REGISTRATION DOSSIERS By JuNE 
2010 (By DuNCAN KING, BP)
CONCAWE has been assisting Member 
Companies to prepare for REACH registration 
in 2010. Special datasets and Chemical Safety 
Reports are being prepared for categories 
covering all of the petroleum substances and 
sulphur. This information will be made available 
to non-member SIEF participants via a licensing 
system. The work in CONCAWE has been 
based on approaches developed for previous 
risk assessments for complex petroleum 
substances, re-cast to meet the requirements 
of the REACH regulation. Guidance documents 
on particular aspects of the legislation, as its 
impacts on petroleum substances, have been 
developed. An overall project plan has been 
developed to provide assurance on the timely 
delivery of all aspects of the category dossiers. 
Key studies have been identified and access 
secured; data gaps have been evaluated; a 
programme of compositional analysis has 
been completed and information on the uses 
for petroleum substances in each category has 
been collated and published. New approaches 
to health and environmental risk assessment 
have been developed and are being applied. 
Much work remains to be completed, but the 
necessary contractors have been appointed. 
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SIEF FACILITATION: MANAGING 
RELATIONSHIPS WITH THOuSANDS 
OF NON-MEMBER REGISTRANTS 
(By LOTHAR KISTENBRüGGER, 
CONSuLTANT)
REACH required manufacturers and importers 
of the existing substances on their own or 
in preparations (mixtures) to pre-register 
by 1 December 2008. The number of pre-
registrations exceeded all expectations. In the 
case of petroleum substances nearly 60,000 
pre-registrations for 572 substances were 
recorded by the European Chemicals Agency. 
There was consensus that many of these pre-
registrations were made as a precaution or 
because authorities, industry associations and 
consultancy firms had advised that if there was 
any doubt to pre-register. Pre-registrants of 
the same substances are obliged by REACH to 
collaborate in Substance Information Exchange 
Forum (SIEFs). CONCAWE took three main 
measures to simplify the task of SIEF facilitation:
1.  grouping SIEFs into Super-SIEFs reflecting 

the composition of substance categories
2.  carrying out a survey among pre-registrants to 

establish who has serious intentions to follow 
up the pre-registration by registration and by 
which deadline this registration would take 
place

3.  eliminating pre-registrations of substances that 
are not the same as the petroleum substances 
as defined by their EC descriptions.

Fuels and 
emissions
THE PRODuCTION SIDE: HOW ARE 
REFINERIES AFFECTED By DEMAND 
AND QuALITy CHANGES? (By JEAN-
FRANCOIS LARIVé, CONCAWE)
The Eu refining industry continues to operate 
in a challenging context with stagnating total 
demand, imbalance between main product 
streams, unrelenting pressure on product 
quality, forcible introduction of biofuels and the 
increasingly real prospect of high carbon cost. 
Over the years CONCAWE’s modelling of Eu 
refineries has helped anticipate and understand 
the effect of some of these changes, for 
example the introduction of sulphur-free road 
fuels, the impact of ultra low PAH in diesel, the 
threat of extreme diesel/gasoline imbalance and 
the severe consequences of very low sulphur 
marine fuels. CONCAWE has also assisted 
the industry in assessing the impact of climate 

policies and is developing a fair and equitable 
scheme to benchmark refinery CO2 emissions, 
which will play its role in mitigating the costs. 
As the challenges are still with us and often 
becoming more acute, CONCAWE is in a good 
position to continue its contribution. The on-
going JEC biofuels programme will to a large 
extent fulfil this objective, while CONCAWE’s 
continued involvement in the biofuels evaluation 
and certification debate helps to ensure that 
sound figures are being used and practical 
rules and procedures are put in place. Previous 
assessments need to be revisited with modified 
demand scenarios. As legislation evolves and 
proposals are put on the table, proposed and 
foreseen product quality changes need to be 
monitored and evaluated. Some potentially 
radical developments in powertrain technology 
have the potential to fundamentally change the 
road fuel market. 

CEN FuEL AND BIOFuEL 
SPECIFICATIONS: STATuS AND 
ISSuES FOR CONCAWE (By 
LIESBETH JANSEN, KuWAIT 
PETROLEuM INTERNATIONAL)
Since 1993, Europe has had common 
specifications for diesel and gasoline fuels that 
are principally developed by CEN, the European 
Committee for Standardization. CEN Technical 
Committee 19 is responsible for stewarding 
the development of specifications for gaseous 
and liquid automotive fuels, as well as the bio-
components that are increasingly used for 
fuel blending. Over the years, two CEN TC 
19 working groups have refined the technical 
requirements for these fuel specifications 
through the active participation of all relevant 
stakeholders. The main drivers for fuel 
specification changes today are legislation, 
refinery and engine/vehicle technology 
developments, and the introduction of new 
fuel components, especially bio-components. 
With the passage of new legislation in 
December 2008, there is increasing pressure 
and mandatory requirements to reduce CO2 
emissions from the transportation sector, 
through the reduction of CO2 emissions 
from vehicles and fuel manufacturing and 
by introducing fuel blending components 
from renewable sources. Although many 
different bio-products are being developed 
to achieve these requirements, the most 
widely available bio-products are Fatty Acid 
Methyl Esters (FAME) for diesel blending and 
ethanol, bio-ETBE for gasoline blending and 
these products are expected to dominate the 
market through 2020. The challenge that lies 
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ahead for CEN Working Groups is to develop 
fuel specifications that are technically fit-
for-purpose and anticipate the need to meet 
growing renewable requirements from road 
fuels. Two key principles must be applied: that 
the performance of the vehicle fleet should 
not be affected and the consumer should not 
experience any difficulties with their vehicle-
fuel selection. A level playing field should also 
be maintained for the fuel, biofuel, and vehicle 
industries in order to encourage innovation 
and cost-competitive solutions. 

SuSTAINABLE BIOFuELS: HOW TO 
DEFINE AND CERTIFy? (By JACQuES 
BLONDy, TOTAL)
The sustainability criteria for biofuels as set out 
in the Renewable Energy Directive (RED) are 
likely to restrict the eligibility of certain biofuels 
to be counted against the Eu’s minimum target 
of 10 % (energy basis) renewables in road fuels 
by 2020. There are several criteria that must be 
met so that the biofuel product can be counted:
•  the biofuel must save a minimum of greenhouse 

gas (GHG) emissions compared to the fossil 
reference;

•  biofuels that are manufactured from raw material 
obtained from land with high biodiversity value, 
from land with high carbon stock, or from peat 
land cannot be counted; and

•  manufacturing of the biofuels must comply with 
international social and environmental rules and 
are subject to reporting by the Commission.

The refining industry supports the production 
and blending of sustainable and cost-effective 
biofuels. To this end, the following chain of 
custody scheme has been proposed:
•  an EU-wide system of chain of custody should 

apply to all Eu Member States and is essential 
to ensure consistency and ease of reporting;

•  each consignment of biofuel must be 
accompanied by a single certificate that 
establishes its sustainability credentials and 
states its GHG savings percentage;

•  as required by the RED, a mass balance system 
should apply from land to the finished biofuel;

•  when a biofuel is placed on the market, a 
biofuel energy certificate should be issued to 
the fuel supplier by the relevant Authorities. 
The fuel supplier should then discharge his 
biofuel blending obligation by surrendering 
a corresponding number of biofuel energy 
certificates;

•  biofuel energy certificates can be exchanged 
among fuel suppliers for the purpose of 
demonstrating compliance with both the RED 
and FQD.

HOW TO REACH THE 2020 
RENEWABLES TARGET? 
(By KEN ROSE, CONCAWE)
Although considerable research, with some 
commercial successes, is in progress to develop 
more advanced biofuel technologies, ethanol 
from fermentation and fatty acid methyl esters 
manufactured from natural oils are quite likely to 
dominate the market over this time period due 
to their availability and plant production potential. 
CEN specifications are being revised to allow 
higher bio-contents in road fuels but the upward 
revisions that are currently being developed will 
not be enough to meet the 2020 RED target. 
More work will be needed to evaluate fuel 
performance containing higher bio-contents 
and this work must be rapidly translated into 
CEN standards. At the same time, there are 
concerns about the compatibility of the vehicle 
fleet to higher bio-contents which could limit 
the penetration of higher biofuel blends unless 
the pathways to 2020 are not clarified. In order 
to better understand the significant challenges 
and opportunities that lie ahead, the Joint 
Research Center (JRC), the European Council 
for Automotive R&D (EuCAR), and CONCAWE 
initiated a JEC Biofuels Programme in February 
2008. This multiyear programme is being 
carried out under the same JEC collaborative 
framework that was previously responsible for 
well-to-wheels results and experimental testing 
on vehicles and fuels. The primary objective of 
this JEC programme is to develop a consensus 
picture of the future demand and supply of fuel 
and biofuel through 2020 and the implications of 
this picture on refining and on the future light-
duty and heavy-duty vehicle fleet.

IMPACT OF FAME ON MODERN 
VEHICLE PERFORMANCE (By DIANE 
HALL, CONSuLTANT)
By 2020, Eu legislation will require that 10 % 
of the total road fuel energy demand must be 
met by the use of bio-components. Although 
many types of blending components for diesel 
fuels are being considered to achieve this 
requirement, fatty acid methyl esters (FAMEs) 
are most likely to be used in significant volumes. 
One unanswered question concerning FAME/
diesel fuel blends is the effect of FAME on fuel 
consumption. Since FAME has a slightly lower 
energy content compared to hydrocarbon-
only fuels, slightly higher volumetric fuel 
consumption is expected unless the vehicle 
is able to compensate in some way for the 
energy loss associated with bio-diesel fuels. 
Literature studies are inconclusive because 
of the test protocols and statistical power 
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of the published studies. For these reasons, 
CONCAWE completed a vehicle study in which 
four diesel fuel blends with RME were tested in 
three Euro-4 light-duty vehicles, each equipped 
with different aftertreatment technologies. The 
contents of these fuels varied from 0 % to 50 % 
v/v. Preliminary results show that the volumetric 
vehicle fuel consumption increased in direct 
proportion to the change in fuel energy content 
due to increasing biocontent. 
Increasing the content also reduced the 
particulate mass and the number of solid particles 
but increased the NOx, HC and CO emissions at 
the same time. 

uNDERSTANDING THE POTENTIAL 
IMPACT OF TRAFFIC EMISSIONS ON 
HEALTH (By ROB TAALMAN, SHELL)
As awareness of the potential health effects of 
air pollution for traffic has grown, many countries 
have mandated increasingly stringent regulations 
to reduce emissions from motor vehicles. As a 
result reductions in the six common pollutants 
(carbon monoxide, non methane hydrocarbons, 
nitrogen oxides, sulfur dioxides, PM10 and 
PM2.5) have been achieved despite growth in 
gross domestic product, vehicle mile travelled. 
However, the concern of health effects related to 
traffic emissions remains and has been subject 
of a substantial number of scientific publications 
ranging from characterization of emissions, 
exposure estimations to biological mechanisms 
and health endpoints like cardiovascular mortality 
and asthma and respiratory symptom outcomes. 
Recent estimates from the WHO ‘Global Burden 
of Disease’ on the burden of disease attributable 
to various risk factors have suggested that, 
based on the health effects associated with 
ambient PM, ambient air pollution is associated 
with as much 2 % cardio respiratory mortality, 1 
% respiratory infections in children under 5 years 
of age and 5 % of respiratory cancers. Given that 
emissions from motor vehicles might contribute 
as much as 16 % of the PM10 and PM2.5 in 
ambient air, the global burden of mortality 
associated with motor vehicles emissions is 
likely to be substantial.

Safety
Eu-WIDE STATISTICAL ANALySIS 
OF SAFETy PERFORMANCE IN THE 
EuROPEAN PETROLEuM INDuSTRy 
(By KLAAS DEN HAAN, CONCAWE)
Within CONCAWE, the safety performance 
statistics on personal safety in the refining and 
distribution industry have been collected since 

1993. This enables CONCAWE members to 
benchmark themselves against their peers in the 
European petroleum industry and to demonstrate 
to the outside world that safety is an issue that 
is taken seriously. To date, the data gathering 
in CONCAWE has focussed only on personal 
safety, whereas several recent major incidents 
in the industry are clearly process incidents. 
Therefore, CONCAWE intends to expand its 
safety data gathering with a Process Safety 
Performance Indicator (PSPI). The selected 
PSPI, the loss of primary containment (LOPC) 
was explained by the author together with the 
rationale why it was selected for future data 
gathering within CONCAWE.

Water, Soil and 
Waste
IMPACT OF ENVIRONMENTAL 
QuALITy STANDARDS ON 
DOWNSTREAM OPERATIONS (By 
JORGE RODRIGuEZ ROMERO, Eu 
COMMISSION DG ENVIRONMENT)
This presentation covered the following:
•  EU policy tackling water pollution from 

dangerous substances: brief historic 
perspective

•  essentials of the Water Framework Directive 
(WFD) and the Environmental Quality 
Standards Directive (EQSD)

•  the WFD objectives of good ecological status 
and good chemical status

•  state of play of WFD and EQSD implementation
•  impact of WFD and EQSD on downstream 

operations
•  current activities for the preparation of the next 

Commission proposal on the review of WFD 
Priority Substances List.

WASTE WATER: DEVELOPMENTS ON 
REFINERy EFFLuENT TREATMENT 
(By ROGER SMITH, TOTAL)
Refinery waste water treatment techniques 
have been influenced primarily by a need to 
prevent a nuisance and/or toxic condition in 
the water body that is receiving the effluent. 
Reducing the oxygen demand to a receiving 
water body has evolved into one of the most 
important and controlling design parameters 
of a waste water treatment technique applied 
today. In addition, the need to reduce the 
amount of certain substances such as 
nitrogen have evolved into techniques applied 
upstream of the conventional waste water 
treatment system. Most refining sites are 
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using a three-step waste water treatment 
plant that consists of gravity separation, 
advanced physical separation, and a biotreater 
to reduce the oxygen demand of the waste 
water before it is released. The first step 
separates and extracts insoluble oils and 
solids, the second step separates and extracts 
oil emulsions and suspended solids, and the 
third step contacts the soluble substances to 
biological media to convert most of the soluble 
substances through bioconversion processes 
to additional biomass and carbon-dioxide. 
The implementation of the water framework 
directive will result in a regular assessment 
of water bodies to determine chemical and 
ecological status. These assessments will 
be made relative to environmental quality 
standards for priority substances in surface 
water, sediment and biota. Assessments will 
also be made relative to referenced biological 
parameters for good biological status. 

WASTE OILS, RECENT LEGISLATIVE 
DEVELOPMENTS AND DEFINITION 
OF END OF WASTE (By HOWARD 
HAyES, SHELL)
Due to the complexities involved with current 
and future Eu waste laws, WQ/STF-36 was 
created to provide scientific and economic 
information to decision makers on the proposed 
legislation. Additionally, STF-36 assists 
CONCAWE members in understanding future 
waste issues and helping them prepare for their 
implementation. 
There are a number of issues related to 
petroleum operations from the new legislation 
such as:

•  a hierarchy for an ordered process for waste 
handling that will be in order of priority: (i) the 
prevention or reduction of waste production 
and its harmfulness, (ii) the re-use of waste, 
(iii) the recycling of waste, (iv) other recovery 
operations, (v) the disposal of waste. Waste 
producers and handlers will only be able to 
deviate from the hierarchy on a lifecycle and 
cost/benefit analysis 

•  (Extended) Producer Responsibility, which 
could impose take back obligations or funding 
for recycling of waste produced by oil industry 
operations and by consumers of oil industry 
products. 

This presentation reviewed the current status 
of legislation affecting used oil and the effect of 
this on collection rates. 

Air Quality
REVISION OF THE BREF ON OIL 
REFINING: STAND POINT AND IPPC 
BuREAu PERSPECTIVE (By MICHAEL 
CHAuGNy, IPPC BuREAu)
With respect to emissions from industry, the 
IPPC Directive, currently under revision, is one 
of the key instruments of the environmental 
legislation of the European union. The purpose 
of this directive is to achieve integrated pollution 
prevention and control from large industrial 
installations. The conditions of required permits 
have to be based on best available techniques 
(BATs). In 1997, the so-called Seville Process 
was established to develop these BATs. Since 
then, 33 best available techniques reference 
documents (BREFs) were published and will 
be progressively updated. The refinery BREF, 
adopted in 2003, is currently under revision. 
After a short reminder on the Seville Process, 
the presentation gave standpoint on the work 
already undertaken, and focussed on the main 
issues which will have to be solved in order to 
progress and succeed in providing a revised and 
helpful BREF document that will actually both 
reflect the actual performance of good European 
performers and contain clearer and more 
ambitious consumption and emission levels.

KEy POLICy uNCERTAINTIES IN 
SETTING NATIONAL EMISSION 
CEILINGS (By PETE ROBERTS, 
CONCAWE)
National Emission Ceilings (NEC), designed 
to provide environmental protection across 
Europe, are an important and effective policy 
instrument. The integrated assessment 
methodology developed for the Convention on 
the long-range transport for air pollution allows 
ceilings to be designed in a cost-effective way 
and offers guidance to national legislations on 
how their internal strategies may be developed. 
Protecting the environment in this way demands 
a multi-pollutant, multi-effect approach. The 
first such legislation, the Gothenburg Protocol 
(which was closely mirrored for the Eu by the 
National Emissions Ceiling Directive), is now in 
the process of review. The review took account 
of scientific developments on both transport and 
environmental effect of pollutants and will look 
into setting ceilings for particulate matter (PM) in 
addition to ceilings for SO2, NOx, VOC and NH3. 
This presentation identified important 
sensitivities that need to be explored in order to 
lead to a robust protocol, based on no regret 
measures that will continue to guide parties in 
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how to achieve the ambitioned benefits in a cost-
effective way.

EuRODELTA PROJECT: 
IMPLICATIONS FOR POLICy (By 
PHILIPPE THuNIS, JRC)
The design of emission control strategies in 
Europe is crucially dependent on atmospheric 
chemistry models that relate emissions of air 
pollutants to their impacts on ecosystems 
and health. These models which describe the 
emission, transport and chemical transformation 
of air pollutants in the atmosphere provide an 
important input to integrated assessment models 
through so-called source-receptor relationship. 
Currently an integrated assessment model used 
to support Eu air quality policy (e.g. thematic 
strategy on air pollution, national emission 
ceiling directive) relies on the source-receptor 
calculations derived by a single atmospheric 
chemistry model. The EuRODelta model inter-
comparison exercise, initiated with the purpose 
to evaluate the robustness of source-receptor 
relationship used in integrated assessment 
models is a continuing collaboration between the 
EC Joint Research Centre (Italy), CONCAWE 
and five air quality modelling teams. Main results 
and their implications on policy were presented.

Abbreviations used in the article and in the cited 
literature

BAT  Best Available Technique 
BIOFRAC   Biofuel Research Advisory Council
BREF  BAT Reference Document
CAFé  Clean Air for Europe
CCS  Combined Combustion System
CEN  French abbreviation for European 

Committee for Standardization
CSR  Chemical Safety Report
DNEL  Derived No Effect Level
EQSD  Environmental Quality Standards 

Directive
ESBIO  Expert Group to Support 

Biomonitoring
ES  Exposure Scenario
EuCAR  European Council for Automotive 

R&D
FQD  Fuel Quality Directive
HBM  Human Biomonitoring
H/STF  Human Exposure Task Force
GHG  Greenhouse Gas
GIS  Geographic Information System
IAM  Integrated Assessment Modeling
IPPC  Integrated Pollution Prevention and 

Control
JEC  JRC, EuCAR, CONCAWE
JRC  Joint Research Center

LOPC  Loss of Primary Containment
MS  Member States
NEC  National Emission Ceiling
NECD   National Emission Ceiling Directive
NGO  Non Governmental Organization
PAH  PolyAromatic Hydrocarbons
PM  Particulate Matter
PSPI  Process Safety Performance 

Indicator
REACH  Registration Evaluation and 

Authorization of Chemicals
RED  Renewable Energy Directive
RME  Rapeseed Methyl Ester
SIEF  Substance Information Exchange 

Forum
SDD  Strategy Deployment Document
SRA  Strategic Research Agenda
STF  Special Task Force
TP  Third Party
TSAP  Thematic Strategy on Air Pollution
TWG  Technical Working Group
uN-ECE  united Nations Economic 

Commission for Europe
WHO  World Health Organization
WFD  Water Framework Directive
WQMG  Water Quality Management Group

Keywords: REACH, emissions, air quality, 
water, safety
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Abstract
The European Petroleum Industry 
Association (EUROPIA) held the so-
called “General Information Meeting” 
on 2nd June, 2010. The information 
written bellow is based on the materials 
presented there.

Összefoglalás
Az Európai Kôolajipari Szövetség 
(EUROPIA) 2010. június 2-án tartotta 
ál talános tájékoztató ülését. A lenti in-
formáció az ülésen ismertetett anyagok 
alapján készült.Témái: a finomítás 
helyzete, klíma- és energiapolitika, 
levegôminôség és kôolajtermékek.
 

The context of the 
Eu refining
POLITICAL CONTEXT
There were significant changes in the Eu 
landscape. 2009 was a pivotal year for the Eu 
institutions. A new European Parliament took 
seat and José Manuel Barroso, President of 
the European Commission, was appointed for 
a second five-year term. Meanwhile, the Lisbon 
Treaty was finally ratified, leading the European 
union into a new era. The Treaty introduces major 
changes in the functioning of the institutions and 
in lawmaking procedures, as well as granting 
additional powers to the European and national 
Parliaments and granting the Commission 

extended powers of implementation of legislative 
acts.

HOW THE CRISIS HAS IMPACTED 
OIL REFINING
Following several years of weak growth, high 
crude prices in 2008 and the ensuing global 
recession, 2009 saw the demand for oil 
products decline steeply in the Eu. The trend 
has been felt across the industry with motor 
fuel, gasoline, jet fuel and fuel oil all registering 
a decline in demand. Heating oil demand 
initially appeared to have bucked the trend; 
however, closer analysis reveals that there 
too demand may be flagging. Despite a slight 
rebound predicted for 2011, demand in the Eu 
is unlikely to reach pre-crisis levels again. After 
a few years where Eu refineries performed 
well, profitability has now suffered heavily all 
through 2009, down to previous histrorical 
lows and the outlook for Europe is worrisome. 
Refining margins across Europe are currently 
low compared to historical averages and they 
are expected to remain extremely weak. The 
immediate effect of lower demand has been a 
reduction in the utilization of refining capacity in 
the Eu. EuROPIA estimates that utilisation in 
2009 was more than 8 % lower than recently 
observed rates. Many refiners have cut back 
production in response to a significant surplus 
of different oil products, particularly gasoline. 
Other refiners have been forced to take more 
drastic action, with some idling or closing 
refineries. 

ADDRESSING THE FuTuRE OF Eu 
REFINING
In 2009, EuROPIA set up a Refinery Taskforce 
and launched the writing of a White Paper on 
Eu Refining. In its Second Strategic Energy 
Review of November 2008, the Eu Commission 
acknowledged that oil refining capacity is 
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an important factor in ensuring Eu energy 
security and announced the publication of a 
“Communication on Refining Capacity and Eu Oil 
Demand” in 2010. The European Commission’s 
Directorate General for Energy expressed the 
need for more information about the refining 
industry in order to prepare this Communication 
and better assess the impact of future legislative 
proposals. The planned White Paper of EuROPIA 
on Eu Refining aims to fulfil this requirement. 
The White Paper will detail the contribution of 
the Eu refining industry to Eu economic welfare, 
and identities the challenges and opportunities 
that the industry is facing, and may face in the 
future, regarding issues such as security of 
supply, sustainability and competitiveness. The 
Paper will spell out the role that the industry can 
play in finding solutions to such issues. 

Climate and 
energy policy
INTERNATIONAL NEGOTIATIONS
The international negotiations on Climate 
Change at COP15 in December 2009 resulted 
in the low key, non-binding Copenhagen Accord, 
opening up a period of uncertainty for the 
European industry, including refining. It is far 
from the announced global binding agreement for 
reduction of greenhouse gas (GHG) emissions.

EuROPIA worked closely with associations 
to emphasize that the impact on Eu trade and 
competitiveness must be recognized in any 
international agreement on climate change. 
Despite the Eu’s active leadership promoting 
global, ambitious and binding targets, the 
Copenhagen Accord was agreed by only five 
major emitters (uSA, China, India, Brazil and 
South Africa), with no mention of the Eu, and 
with unclear legal status. Because the Accord 
has not been formally adopted by the uN, it is 
limited in scope and does not set firm emission 
targets. 

The Accord calls for temperature rise to be 
capped at 2oC; this will require deep cuts in 
emissions but no numbers are specified. There 
is a commitment of $30 billion over three years 
(2010-2012) in prompt-start funding, increasing 
to $100 billion per year by 2020 to address the 
needs of developing countries. However, the 
addition of over 100 signatories of major emitters 
committing to national emissions reduction 
targets, and national (appropriate) mitigation 
actions (NAMA) for developing countries, gave 

some hope for further progress in 2010. 
A review of the terms of the Copenhagen Accord 
is planned for 2015. 

EMISSIONS TRADING SCHEME
The European union’s Climate and Energy 
package of measures to address climate change 
is aimed at three major targets:
•  a 20% reduction in greenhouse gas emissions 

from 1990 levels
•  increasing the share of renewables in the 

energy mix to 20%
•  a 20% cut in energy consumption. 

These 20-20-20 targets are intended to reduce 
the Eu’s dependency on imported fuels 
and “set the pace of a new global industrial 
revolution”. The refining industry will play its 
part to meet all three targets, but particularly 
through participation in the Eu Emissions 
Trading Scheme (Eu ETS).

EuROPIA worked intensively in 2009 to 
ensure that the refining industry exposure to 
international competition was recognised and 
it could have some relief from the full cost of 
CO2 emission allowances through partial free 
allowances based on refinery carbon efficiency.

The details on how this allocation by 
benchmark will be established remain to be 
determined in 2010 and this will be crucial to 
the competitiveness of the sector as a whole 
and especially to the viability of many refineries 
based in the Eu.

The European Commission retained Ecofys 
consultants to make recommendations on 
benchmarking and allocation methodologies, 
and they issued their first draft report in 
May 2009. EuROPIA worked extensively 
with CONCAWE to promote the Complexity 
Weighted Tons (CWT) methodology to Ecofys, 
and were successful in receiving their support 
in this preliminary report, subject to a few 
issues being clarified. This was a vital first 
step to getting fair treatment for refining: the 
Directive indicated preference for product 
benchmarkets. The nature of the refining 
process means that these would neither be 
representative of refining activity nor fair to the 
various configurations of refineries. 

The initial refining data submitted to Ecofys 
showed that at constant activity, application 
of the benchmark and the effect of electricity 
emissions would result in at least 30-35 % of 
allowances to be purchased as a sector. Two 
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significant issues highlighted in the letter to 
Ecofys were:
•  the impact on refining: an average 30-35% 

impact would mean that some sites lose more 
than 50% of their allowances, and may not be 
able to make the changes to reduce emissions

•  equity between sectors: in order to achieve the 
ETS reduction target, by 2020 no more than 
21% free allowances can be given for all 
sectors. The degree of challenge set by the 
benchmark for each sector should be similar 
and it will determine the contribution of each 
sector to meeting Eu overall goals.

The finalization of the allocation rules will be 
formally agreed by the European Parliament in 
2010. EuROPIA will continue to be very involved 
to ensure fair treatment of refining.

There is consensus emerging on the need 
for common Eu-wide approach for simple, 
transparent, low cost and frequent auctions. 
There is still considerable discussion on how to 
ensure compliance buyers are not squeezed out, 
on how many platforms across Europe and on 
how to avoid market manipulation. 

A regulation is expected to be adopted by the 
end of June 2010.

ENERGy TAXATION DIRECTIVE
EuROPIA geared up for a potential re-launch of 
the review of the Energy Taxation Directive by 
preparing a position paper premised on the view 
that the energy taxation revision is no longer just 
a “simple” tax issue, but is a key component of 
energy and climate change policy.

Although the final form of a new Directive is 
not yet clear, EuROPIA is promoting some key 
principles for use in Eu-level advocacy, and by 
National Oil Industry Associations in Member 
State discussions if appropriate.

Many Member States are introducing their own 
measures, but others strongly resist interference 
by the Commission in tax-raising issues. While 
EuROPIA’s positon appears aligned with DG 
Taxud on the energy tax element, other interests 
such as the automobile sector and potentially 
biofuels/gas suppliers have strong objections.

STRATEGIC STOCKS DIRECTIVE
The European oil industries succeeded in making 
the industry’s voice heard during the revision of 
the Strategic Stocks Directive and the agreement 
reached by Energy Ministers in June 2009 is 
generally aligned with EuROPIA’s key objectives:

•  commingling is allowed, although the Member 
State verification obligation may lead to 
increased tracking requirements for operators 
in some countries 

•  cross-border ticketing remains possible 
following previous approval of all Member 
States 

•  National Stocks Agencies will not be 
mandatory. A large number of Member States 
opposed the obligation to create them

•  weekly reporting of commercial stocks is not 
required

•  member States must have at least 30 days of 
finished products. Since this obligation can be 
delegated cross-border, it shouldn’t pose a 
problem at aggregate national level.

Air quality
INDuSTRIAL EMISSIONS DIRECTIVE 
(FORMERLy IPPC)
The European refining industry adheres to best 
practices and aims to employ Best Available 
Techniques (BAT) when planning, constructing 
and operating units. This means higher 
investments than would be required in other parts 
of the world. In view of this, EuROPIA believes 
that the European union environmental policies 
such as the Integrated Pollution Prevention 
and Control (IPPC) Directive should be based 
on sound science and cost-effectiveness, 
with established environmental objectives and 
feasible, practical implementation. 

The long and winding road of the Integrated 
Pollution Prevention and Control Directive’s 
revision started in 2007. It incorporated key 
elements of several existing directives that aim 
to limit key atmospheric pollutant emissions 
from industrial sources through permitting 
restrictions, and is now known as the Industrial 
Emissions Directive.

The key concerns of the refining industry are 
the specificity of the refinery combustion plant 
which use non-commercial fuels, the use of 
Best Available Techniques, flexible compliance 
options and the European Safety Net.

SOX AND NOX TRADING
The possibility to use Market Based Instruments 
(MBI) for reducing air pollution was already 
specified in the Thematic Strategy for Air 
Pollution (TSAP) in 2005. The Council common 
positon on IPPC, approved in June 2009, allowed 
also this possibility.
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DG Environment launched a study with the 
consultant ENTEC, at the end of 2008, on the 
assessment of the possible development of an 
Eu-wide NOx and SO2 trading scheme for IPPC 
installations.

NATIONAL EMMISSIONS CEILING 
DIRECTIVE (NECD)
Despite the announcement by DG Environment 
that a proposal for a revised National Emissions 
Ceiling Directive (NECD) would be issued in the 
second quarter 2009, the Commission did not 
produce any revision proposal. This avoided the 
IPPC and the NECD to run in parallel.

GOTHENBuRG PROTOCOL
The revision process of the Gothenburg Protocol 
was expected to be achieved by December 
2010. However, due to the little progress 
that has been achieved so far, the Executive 
Committee decided in December 2009 to extend 
the release of the revised Protocol by one year. 
It is expected that the revised Protocol will be 
finalized in December 2011.

Petroleum 
products
FuEL QuALITy DIRECTIVE
The 1998 Fuel Quality Directive set Eu-wide 
specifications for petrol, diesel and gas used in 
cars, trucks and other vehicles, in order to protect 
human health and the environment. In 2007, the 
European Commission proposed revising the 
Fuel Quality Directive to reflect developments in 
fuel and engine technology but more important to 
meet air quality objectives in the 2005 Clean Air 
Strategy and new Eu-wide targets on biofuels 
and greenhouse gas reductions. 

Key issues include the obligation for fuel suppliers 
to cut greenhouse gas emissions throughout the 
fuel lifecycle by a minimum of 6 % by 2020. 

The revision of the Fuel Quality Directive 
goes hand-in-hand with the Renewable Energy 
Directive, and many of the key issues overlap.

RENEWABLE ENERGy DIRECTIVE
The Renewable Energy Directive, with 
provisions on biofuels in transport, was adopted 
in December 2008 and is now being transposed 
by the Member States. Key provisions include 
the requirement of a 20 % share of renewable 
energy in the Eu energy mix, and a 10 % target 

for renewables in transport. Furthermore the 
Directive lists minimum sustainability criteria 
for biofuels such as the minimum greenhouse 
gas reduction requirements or the request not 
to produce biomass for biofuel production from 
land of high biodiverse value.

The European oil industry supports the 
production and blending of sustainable and cost-
effective biofuels and to that effect, a scheme 
for the Chain of Custody:
•  as required by the Renewable Energy Directive, 

a mass balance system should apply from land 
to the finished biofuel

•  each consignment of biofuel is accompanied 
by a single certificate establishing the 
sustainability credentials of the biofuel and 
stating its saving percentage

•  an EU-wide system of Chain of Custody 
applied by all Member States is essential to 
ensure consistency and ease of reporting

•  when a certified biofuel is placed onto the 
market, a biofuel energy content certificate is 
issued to the fuel supplier by the authoritites.  
The fuel supplier discharges his biofuels 
blending obligation, by surrendering a 
corresponding number of biofuel energy 
certificates

•  biofuel energy certificates can be exchanged 
amongst fuel suppliers for the purpose of 
demonstrating compliance with both the 
Renewable Energy Directive and Fuel Quality 
Directive in the most flexible and cost-effective 
manner.

Key recommendations for transposition 
include Europe-wide harmonization of Chain of 
Custody guidelines, greenhouse gas calculation 
methodology, and fuel specifications for biofuel 
content. The CEN organization would be well 
placed to work out adequate standards both 
on the Chain of Custody and the detailed GHG 
calculation methodologies for biofuels. Relevant 
work has started in 2009 with the participation 
of CONCAWE.

VERTICAL RESTRAINTS BLOCK 
EXEMPTION REGuLATION
In 2009, the European Commission requested 
stakeholders’ input for a new Block Exemption 
Regulation on vertical restraints, as the current 
one expires in May 2010. The Block Exemption 
Regulation applies to any vertical agreement 
involving purchasing and selling goods and 
services in all sectors of activity, and also applies 
to certain horizontal agreements. 
Although this consultation covered all issues 
dealt with by the Block Exemption and the 
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Guidelines, the Commission was particularly 
interested in comments on the overall functioning 
of the current rules and the impact of recent 
market developments. 

SINGLE EuROPEAN PAyMENT AREA 
(SEPA) FOR CARDS 
In the European single market, important 
discrepancies persist between national payment 
systems. European petroleum industry is 
weighing in on the development of a Single 
European Payment Area (SEPA) for cards, citing 
the urgent need for an independent body to 
speed up convergence and standardization.

European petroleum industry believes a Single 
European Payment Area for cards will alleviate 
problems and create opportunities for all parties 
involved in payment transactions, including 
customers, banks, merchants, vendors and 
processors/acquirers.

In Europe, the oil industry processes about 
20% of all card transactions on its forecourts, 
and, alongside retailers, is faced with high card 
acceptance costs. These are important cost-
drivers in a filling station network, and the lack 
of agreed standards and procedures not only 
creates extra costs but also hinders competition.

The European Payments Council (EPC), a banking 
industry body with no retail representation, 
was set up in June 2002 to develop common 
infrastructure and standards, but there has been 
little progress.

STAGE II VAPOuR RECOVERy 
DIRECTIVE
EuROPIA’s recommendations helped shape 
a compromise package on Stage II Vapour 
Recovery which is moving rapidly toward 
finalization. 

After informal discussions between the three 
Eu institutions, the package on Stage II Petrol 
Vapour Recovery during refuelling of passenger 
cars at service stations was agreed by the 
European Parliament’s plenary session in May 
2009 as well as rubberstamped by the Council 
in September 2009. 

Earlier on, EuROPIA was concerned that the 
European Parliament amendments would penalize 
early-moving Member States, and seemed to 
depart from a cost-effectiveness approach. In 
the end, the Eu Institutions based the Directive 
on the Commission impact assessment, largely 

following EuROPIA’s recommendations and 
sound data analysis.

Keywords: climate, energy, air quality, 
petroleum product
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Abstract
Numerous industrial facilities – among 
them also refineries – have been 
emitting unpleasant odours during their 
manufacturing processes for decades, 
however the number of local complaints 
increased only in the recent years. The 
most probable cause is the increased 
awareness of both the environment and 
individual rights of people. 
Odour control is a special, brand-
new area of air pollution control, 
complicated by its direct impact on the 
public at large.
The cost-effective solution of disturbing 
odour emission reduction imposes a 
new challenge to the industrial parties, 
including oil refineries.
As in case of any type of pollution the 
greatest part is the prevention, which 
have to be taken into account already 

in the design phase of technologies and 
units, and respectively be considered 
also in the implementation phase.  

For operating units the technologies 
should be modified according to the 
preventive and odour eliminating 
approach by technology change or by 
applying odour abatement equipments.  
Best Available Techniques provides the 
proper processes to avoid generation of 
odour emissions. 

European refineries have already taken 
and do take several actions for the 
reduction of odour emission. 

Later in a MOL Scientific Magazine 
issue we publish a review of potential 
sources and odour status of the 
European refineries; and the sector 
specific abatement technologies. 

Összefoglalás
A finomítás új környezetvédelmi 
kihívása – hogyan minimalizáljuk 
vagy szüntessük meg a kellemetlen 
szagemissziót
Számos ipari létesítmény feldolgozási 
folyamata – így a kôolaj-finomítóké 
is – már évtizedek óta kel lemetlen 
szaghatással jár. Ennek elle nére a 
lakossági panaszok száma csupán 
az utóbbi években nö vekedett meg 
jelentôsen. Ennek oka valószínûleg 
az emberek növekvô tu datossága a 
környezetvédelem és az egyéni jogok 
területén.
A kellemetlen szagokkal kapcsolatos 
szabályozás a levegôtisztaság-védelem 
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speciális és merôben új szabályozási 
területe, melyet tovább bonyolít annak 
a lakosság egészére kifejtett közvetlen 
hatása.

A zavaró szaghatás csökkentésének 
költséghatékony megoldása új kihívást 
jelent az ipari szereplôk, köztük a kôolaj- 
finomítók számára is.
Mint minden szennyezés esetén a leg-
nagyobb szerepe a megelôzésnek van, 
melyet már az üzem és a technológia 
tervezésekor, illetve kivitelezésekor elô-
térbe kell helyezni.

A mûködô üzem technológiáját a 
megelôzés, illetve a csökkentés szem-
pontjainak megfelelôen szükséges 
mó dosítani, mely technológiaváltást, 
vagy bûztelenítô berendezés beépí-
té  sét jelenti. A megfelelô eljárás ki-
választásakor, az elérhetô legjobb 
tech nikával (BAT) szükséges a bûzös 
levegô keletkezésének lehetôségét meg-
akadályozni.

Az európai finomítók számos intézkedést 
tettek és tesznek is a szagemissziójuk 
csökkentésének érdekében. 

A cikk második részében – megjelenik 
a MOL szakmai Tudományos folyóiratá-
nak késôbbi számában – áttekintjük az 
európai finomítók szaghelyze tét, po ten-
ciális szagforrásaikat, illet ve az al kal-
mazásra javasolható, szek tor- specifikus 
szagcsökkentô tech no ló gi ákat.
 

Introduction
It is said that the human being can differentiate 
about 10 000 odours despite the fact that only 
1000 receptor cells are active in our olfactory 
organ, and each of them is specified to a certain, 
single smell. How can we identify a lot more 
(around 10 times more) smells? An additional 
question is that which physical properties elicit 
a sense of smell in case of a certain emitting 
source?
Generally, in higher concentration ranges even 
the most pleasant odours elicit annoyance, i.e. 
concentrated compounds have significant stink; 
otherwise, diluted in 10 000-20 000 times, they 
may have pleasant or interesting smell. Pleasant 
smells undoubtedly affect our moods positively, 
while unpleasant ones could cause a negative 
impact; furthermore, odours could influance our 
behaviour, and in the subconscious level they 

do so. The occurrance of malaise, headache 
and gastric ulcer etc. caused by smells strongly 
depends on personal sensitivity [1]. 

In the Europian legislation odour impacts are 
regulated under the nuisance provisions of the 
common law. Any person in possession of real 
property (either land owners or tenants) is entitled 
to the quiet enjoyment of his land. If a neighbour 
interferes with that quiet enjoyment, either by 
creating smells, sounds, pollution or any other 
impact that extends beyond the boundaries of the 
property, the affected party may make a claim of 
nuisance. However, the explicit conditions that 
establish whether a nuisance condition exists are 
not easily defined [2].
Due to this shortcoming, there is a need 
to introduce objectivity into odour impact 
assessments and odour limits. While individual 
responses to odours are highly variable and 
can result in a variety of effects, generally 
the impacts of odours arise from a variety 
of interacting factors, collectively known as 
FIDOL: frequency, intensity, duration, 
offensiveness, and location. In view of 
the need to prevent or mitigate such impacts, 
an approach to odour regulation is proposed in 
which the protection of the public from odour 
impacts is accomplished based on the FIDOL 
approach [3].

The relating regulations of the Eu legislation 
have been integrated in the national legal system 
and in accordance with their requirements 
emission of disturbing odour to the ambient air 
must be prevented by applying Best Available 
Techniques (BAT).

To control odours, they must first be measured. 
This is not an easy task because response to 
odours is subjective. People’s understanding of 
the sense of smell is incomplete, and there is 
no single measure that will directly relate to the 
likelihood of complaint. Odour measurement has 
often been regarded as an art as opposed to a 
science.
In the first part of our article we would 
like to introduce this brand-new field 
of odour regulation, relating definitions 
and measurement methods – we would 
like to explain that despite of the fact 
that no perfect method exists, the 
methods for odour identification, and 
quantification have stepped out from 
the subjective category. 
We also provide an overview of the 
technologies which can be applied to 
prevent or eliminate odour emissions.  
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The second part of the article – to be 
published in the next issue of MOL 
Scientific Magazine – will report on the 
odour emissions of European refineries 
and review the sector-specific odour 
abatement technologies.

THE IMPACTS OF ODOuR 
Odour emissions have come to the front of 
interest because of their potential negative 
impacts on human health. The adverse 
health effects occur not in the classical way – 
which hydrogen sulphide or volatile organic 
compounds can cause – but in affecting the well-
being and quality of life by unpleasant sensory 
stimulus: malaise, nausea, sensory irritations, 
nervousness, sleep deprivation etc.

The sense of unpleasant smell shows significant 
differences in the population. Odorous substances 
can cause different impact according to their 
concentrations and composition; furthermore, the 
place and time of exposure also determines the 
subjective sensation (for example odourants can 
cause greater nuisance during eating) [4].

The rate and duration of the odour emission 
depends on the operation of odour emitting 

source and the actual meteorological conditions 
(wind direction, wind velocity, atmospheric 
stability, relative humidity etc.). The most critical 
time for odour complaints is in the early morning 

(2 – 5 o’clock) when the wind velocity is low and 
the dilution effect is minimal. In these cases the 
odour substances remain in the surroundings of 
the source for a longer period while the heavier 
cool air settles close to the ground and the 
upward movement generated by the sun not 
started.
Long-term, permanent exposure can result 
in adaptation or (in rare unfortunate cases) 
increasing sensitivity; for instance a refinery 
worker tolerates smells originating from the 
refinery units much easier and shows less 
sensitivity than a townsman. 

DETECTING ODOuRS 
In order to detect odours the responsible 
compound needs to be volatile and therefore be 
dispersed in the air we breathe. Once become 
airborne the compound can stimulate the 
olfactory glands in the nose and cause a number 
of complex reactions resulting in what we know 
as smell. With some compounds only a few 
molecules may be needed to cause this reaction, 
whilst others are capable of blocking odours 
in high concentrations and become no longer 
detectable above certain levels. This is in fact 
very dangerous as it may be a lethal compound 
such as hydrogen sulphide.

Odour characteristics that contribute to nuisance 
conditions are as follows:  (a) the intensity, 
concentration or strength of the odour; (b) the 
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 Source Odorous compounds or group 
 Chemical and petroleum industries -
 Refineries hydrogen sulphide, sulphur dioxide,
  ammonia, organic acids,
  hydrocarbons, mercaptans, aldehydes
 Inorganic chemicals (fertilizers, phosphates ammonia, aldehydes,
 production, soda ash, lime, sulphuric acids, etc.) hydrogen sulphide, sulphur dioxide
 Organic chemicals (paint industry, plastics,  ammonia, aldehydes, sulphur dioxide,
 rubber, soap, detergents, textiles) mercaptans, organic acids
 Pharmaceutical industry aldehydes, aromatic, phenol,
  ammonia, etc. 
 Rubber, plastics, glass industries Nitro compounds (amines, oxides), sulphur 
  oxides, solvents, aldehydes, ketons,
  phenol, alcohols, etc.
 Composting facilities ammonia, sulphur containing
  compouds, terpene, alcohols,
  aldehydes, ester, ketones,
  volatile fatty acids (VFA)
 Animal feedlots ammonia, hydrogen sulphides,
  alcohols, aldehydes, N2O
 Wastewater treatment plant hydrogen sulphides, mercaptan,
  ammonia, amines, skatoles, indoles, etc.

Table 1. Sources of odour in the environment [4]
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odour frequency or number of times detected 
during a time period; (c) the duration of the 
period in which the odour remains detectable; 
(d) the perceived offensiveness and character of 
the odour. These factors interrelate in causing 
annoying conditions.  

Table 1 shows the relation of odorous compounds 
and the emitting industrial sources. 

To understand odour control we first need to 
understand the make-up of odours. There are 
basically three elements that cause foulest 
odours; nitrogen, oxygen and sulphur, and all 
of them can be found everywhere. Fortunately 
not all odours are unpleasant, those containing 
oxygen are usually sweet whilst those with 
nitrogen and sulphur usually foul [5]. 
The parent compound of the nitrogen is 
normally ammonia, found in household and 
industrial compounds such as glass cleaners 
and smelling salts. Whilst pungent, ammonia 
is not normally considered foul unlike organic 
derivatives of ammonia. Amines such as 
dimethylamine and trimethylamine give rise 
to fishy odours, and higher amines; tetra- and 
penta-methylenes arise from the putrefaction 
of flesh. Ammonia derivatives are also 
associated with pet urine.

An interesting fact is that e.g. undiluted 
acetaldehyde has strong smell, while in dilution 
resembles apple, in contrast hydrogen sulphide 
elicits pleasant odour around the lethal dose, 
whereas in dilution smells like an addled egg [6]. 

However, the annoyance reaction of an 
exposed person is also determined by non-
sensory variables such as personality traits, 
attitude to the source, environmental context 
etc. unfortunately it is hardly possible to 
predict an odour sensation due to its chemical 
structure with a view to establishing an odourant 
classification system.

TyPE OF ODOuR SOuRCES AND 
MAIN DEFINITIONS
The relating MSZ EN 13725-2003 (Air quality 
– Determination of odour concentration by 
dynamic olfactometry) Hungarian standard 
differentiates three types of odour sources:
Point source which is a discrete stationary 
source of emission of waste gases to atmosphere 
through canalized ducts of defined dimension 
and air flow rate (e.g. chimneys, vents).
Diffuse source which has defined dimensions 
(mostly surface sources) but does not have a 
defined waste air flow, such as waste dumps, 

lagoons, fields after manure spreading, un-
aerated compost piles.
Fugitive source, of which identification is 
elusive or difficult, releases undefined quantities 
of odorants e.g. valve and flange leakage, 
passive ventilation apertures etc [7].

To understand the further chapters it would be 
useful to get familiar with the following definitions.

Odour: particles, materials of pollutants get to 
the air by evaporation or by leaving and spread in 
the air, which cause stimuli in the organ of smell 
(mostly unpleasant). 
Fragrance: a good, pleasant odour from 
usually essential oils. 
Smell: substance or mixture of unpleasant 
odours, which can not be clearly characterized 
with its components. Long-term effects of smell 
cause odour nuisance.
Odour abatement: removing pollutants of 
smell emitting medium, typically air or wastewater. 
Its theoretical basis can be catalytic oxidation, 
absorption, adsorption, desorption (aeration), or 
biological way (e.g. using peat bed). 
Odours (Ozomorf material): all materials which 
raise olfactory sensation, cause odour irritation, 
distribute smelly substances. The odour effect 
can be associated with a typical odour carrying 
functional group (e.g. -SH,-SR,-CHO).
Odour nuisance: health injury which is caused 
by a strong and persistent odour (smell) when 
the odour concentration is above the odour 
threshold value [7].

Specific concepts

Odour threshold value (Individual 
threshold): the lowest concentration of 
substances (odours), causing odour irritation, 
of which probability of being detected under the 
conditions of the test is 50 %.
Dilution factor at the detection threshold 
(odour unit): the dilution rate, which is 
necessary to reduce the odour concentration 

to the detection limit. Its sign, in honour of 
Zwaardemaker, is Z. This is a dimensionless ratio
 
where          is the volume flow rate of the dilution gas;

is the volume flow rate of the sample gas.
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DEFINITION OF THE ODOuR uNIT [7]
The standardized unit of measured odour 
concentration is the European odour unit 
[OuE] which is the amount of odorant(s) 
that, when evaporated into 1 cubic meter of 
neutral gas at standard conditions, causes a 
physiological response from a panel (detection 
threshold) equivalent to that elicited by one 
European Reference Odour Mass (EROM). 
One EROM (123 μg n-butanol) is equivalent 
to the D50 physiological response (detection 
threshold), assessed by an odour panel and 
has, by definition, a concentration of 1 OuE/
m3 in accordance with MSZ EN 13725-2003 
standard. 

The odour concentration is expressed as a 
multiple of one OuE in a cubic meter of neutral 
gas. The odour concentration, in OuE/m3, can be 
used in the same manner as mass concentration 
(kg/m3). Referring to odour concentration one 
should be aware that the relationship between 
the odour intensity and the odour concentration 
is not linear, and may be a different relationship 
for different (mixtures of) odorants. The following 
Table 2 summarizes the concentrations and the 
related effects.

Legislative background – European and 
national odour control

Decades of experience support the inclusion 
of odours in the list of contaminant types that 
must be regulated by the government. In many 
jurisdictions, odour impacts are regulated under 
the nuisance provisions of the common law. 
But, as we have already mentioned, the explicit 

conditions that establish whether a nuisance 
condition exists are not easily defined.

The European Community's integrated 
environmental regulatory system (IPPC - 
Integrated Pollution Prevention and Control) 
describes the environmental impacts of various 
industrial activities and protecting of the 
environment, with possible preventive actions, 
in such a way that specifies individual technical 
solutions for each sector, regulating the quality 
of the environment with limits. The technical 
guidance H4 (Horizontal Guidance for Odour) 
of IPPC deals with the odour emissions. The 
first part outlines the authority licensing criteria 
of the odour emitting activities, the second part 
includes the whole area of odour assessment and 
control, the sampling and measuring methods, as 
well as techniques and technologies for reducing 
or stopping odour emission [2]. 

In Hungary – in accordance with the Eu 
harmonization of legislation and the requirements 
of the Eu IPPC Directive – Act no. LIII. of 1995 on 
the general rules of the environmental protection, 
and 314/2005 (Dec 25th) Government decree 
regulates the rules of the integrated environment 
licensing procedure. 

A cornerstone of the integrated regulation is the 
high-level protection of the environment with 
the application of the best available techniques 
(BAT). The determination of the best available 
techniques for certain industries, and industrial 
activities can be found in the BAT Reference 
Documents (BREF) which have been issued 
by the European Commission Joint Research 
Centre. 
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Table 2. Relationship between odour concentrations and their effects [3]
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In the Hungarian legislation odour, and more 
specifically the concept of smell, and the 
activities associated with the odour emission, 
are not regulated separately, but as part of the 
legislation of air quality protection.

The 21/2001 (Feb 14th) Government decree on 
certain rules of the air protection defines the 
concept of smell, and provides prohibition of 
exposing to the ambient air. Also provides the 
appropriate technical actions, the best available 
techniques for the air polluting activities, 
technologies, and equipments to minimize, 
respectively stop the air pollution.

The 17/2001 (Aug 3rd) Environmental Ministry 
Decree specifies testing, monitoring and 
evaluating rules of the air pollution from stationary 
sources, but the odour does not appear among 
the air pollutants.

The 14/2001 (May 9th) joint ENVI - Health - 
Agricultural Ministries Decree gives the health 
limits and design values for certain air pollutants, 
but not for odourous compounds.

In the Hungarian legislation, due to the above 
deficiencies, changes can be expected in the 
near future.

The 21/2001 (Feb 14th) Government Decree 
has been amended several times since its 
appearance. Now the environmental protection 
authority has been entitled to declare the 
existence of odour pollution and can impose 
fines on the basis of spot inspection (even 
without measurement). Of course, accredited 
odour measurements may also be required in 
accordance with the above regulations, and the 
polluters may be obliged to draw up action plan, 
implement it, and control effectiveness of the 
actions.

In the near future, further amendments are 
expected, e.g. in the field of impact area’ 
determination.

CHARACTERISTICS OF ODOuR
To describe the odour emission four principal 
characteristics are to be used. These parameters 
are based on the human perception (olfaction).
•  Hedonic tone is a judgement of the odour 

relating to its pleasantness or unpleasantness. 
This is a scale with ten grades for the 
characterization of the quality of the odour, 
but there may be differences in the evaluative 
individuals' judgement. It can range from the 
more „pleasant”, which is the higher, positive 

score, to the more „unpleasant” (the lower, 
negative score).

•  Quality/Characteristics is an attribute of the 
quality of odour, it helps to describe the odour 
sources, and to identify chemical compounds 
(e.g. aromatic, rotten vegetable smell, pungent, 
smell of acetone).

•  Concentration is used to characterize the 
amount of odorants, expressed as ppm, ppb, or 
mg/m3 in case of individual odour component 
determination (gas chromatography analysis), 
but usually a mixture of compounds is present 
in the air. The concentration of the mixture can 
be expressed as odour unit per cubic metre.

•  Odour intensity describes the strength of the 
perceived odour (from weak to strong). This six-
grade scale may be important for the control of 
the odour effect, such as low concentration of 
the odour substance can cause strong odour 
intensity, disturbing odour problem [6].

Odour quality, hedonic tone and concentration 
influence the perceived odour intensity (and 
potential for annoyance), although the response 
to a particular odour will vary among individuals.
Those parameters which can be considered 
subjectively include hedonic tone, odour 
characteristics and intensity do not require any 
equipment, just the human nose. These are 
the sensory measurements that employ the 
human nose and measure the effects of the 
odour as perceived by the person. Of course, 
these measurement methods carry in their own 
subjectivity.

Sampling
Sampling is an important step in the process of 
measuring the odour concentration of a gaseous 
effluent; it will affect the quality and reliability of 
the result.

AMBIENT SAMPLING
This sampling method must be made 
circumspectly. It is important to prepare a 
sampling strategy, and to measure meteorological 
parameters, record the nature of the perceived 
odour at all sampling points at the scanned area.

The odour sampling mode is the „lung” method, 
when a dedicated sampler pumps air sample to 
a sampling bag, which is stored closed until the 
analysis. The sampling device is designed so that 
the sampling bag (Nalophan material) placed in 
the container, is filled with the odourous air by the 
external vacuum created between the container 
walls and the bag, without contacting anything 
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(e.g. pump parts, gaskets, lubricants) which may 
influence the odour effect. The eight-liter bags are 
usually used, charging time is approx. 15-20 sec. 
The sampling height is 1.5 m, and the sampling 
must be repeated 3 times per point.

POINT SOuRCE SAMPLING
Point source sampling, e.g. ventilation outlet 
follows the same principle as ambient sampling, 
except that the air samples are taken directly 
from the point source, like a duct or chimney. 
usually, the air from point sources has higher 
temperature than the ambient air. Hence 
predilution of the air sample is often required to 
prevent condensation inside the sample bag [7].

SAMPLING OF DIFFuSE SOuRCES
No single method can be specified to collect 
samples from diffuse sources (e.g. biofilter, 
wastewater treatment tank), but different 
techniques can be applied, such as flux hoods, 
wind tunnels and micro meteorological methods.

SAMPLING OF FuGITIVE SOuRCES
Quantifying emissions from fugitive sources 
(e.g. leaking valves) incurs large errors. There is 
no single technique can be recommended. 

Samples should be analysed as soon as possible 
after sampling. The interval between sampling 
and measurement shall not exceed 30 hours [7].

Odour measuring 
methods 
The assessment of odour sources and their 
overall effects shows great complexity. In the 
following part we summerize the applicable 
measuring methods.

An odourant is a substance which stimulates 
a human olfactory system so that an odour 
is perceived. To measure and quantify the 
subjective sensation of odour nuisances the 
following methods are available:

a.  Sensory methods that involve collecting 
and presenting odour samples (diluted 
or undiluted) to human panelists  under 
controlled conditions, for example dynamic 
olfactometers, suprathreshold referencing 
methods, absorption media.

b.  Measurement of concentrations of specific 
odorous gases (gas chromatography analysis).

c.  Electronic “nose” devices that register 
presence, concentration or activity of selected 
odorous gases [3].

Sensory measurements employ the human 
nose and measure the effects of the odour as 
perceived by a selected panel of observers. 
They can provide a first approach to evaluate 
where the problems are but give no information 
about chemical structures of the compounds 
which cause the disturbances. 

The most widespread method of sensory 
measurements is dynamic olfactometry where the 
odour concentration is determined by presenting 
a gasous sample in varying concentration to a 
panel of qualified observers with an olfactometer 
(see Figure 1).  This device delivers a flow of 
mixtures of odorous and neutral gas with known 
dilution factors in a common outlet. The odour 
concentration is calculated from the dilution 
rates (flow rates).

 

Analytical measurements characterize 
odours in terms of their chemical composition 
and attempt to quantify the odourus substances. 
These measurements are complicated by the 
large number of odorants, which are often at 
low concentration ranges, close to the detection 
limits. In addition there is no clear correlation 
between the characteristic and volume of odour 
pollution and concentrations of the chemical 
compounds.

One way to gain information about the chemical 
structures is to perform chemical analyses 
of the gas emissions. An analysis method 
to trace odorous compounds must combine 
a suitable method for sampling, an effective 
separation technique and a powerful method for 
identification.

Between the sensory and analytical 
measurements the recent development 
is the electronic nose. 
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Fig. 1. Dynamic olfactometer, Mannebeck type TO-7 [1]
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The electronic nose is a technology for odour 
evaluation that has been developed in an 
attempt to mimic the human sense of smell. 
The sensor array of an electronic nose detects 
the chemicals that humans perceive as odours 
and records numerical results. The instrument 
generates a different pattern of response for 
different types of samples. Each sensor has an 
individual characteristic response. 

The detection system, of AromaScan A32/8S 
Electronic-nose (of MOL DS Development and 
VITuKI Kft.) for example, is made up of multiple 
arrays of 32 small conducting polypyrrole 
polymer odour sensors. Outputs from the arrays 
of chemical sensors are integrated by advanced 
signal processing. This allows the arrays to 
learn different smells on their own. Conducting 
polymers are odour sensitive substances of 
which resistance changes upon gas absorption.
 
Varying the polymer or the insulator gives 
different sensors. Different sensors absorb 
vapour molecules to different extents, depending 
on the polymers and insulators. On absorbing 
vapours the polymer swells, just like a water-
soaked sponge. This extends the thin film, and 
creates longer electrical paths that increase the 
film's resistance. When the odour is removed 
the polymer relaxes back to its original state and 
the film’s resistance returns to normal [8].

There are many ways of analysing multicomponent 
data. The 32 dimensional data can be expressed 
using different statistical treatments such as 
Principal Component Analysis (PCA) or non-
linear mapping techniques such as Sammon 
mapping. The clusters formed on these plots 
give a simple visual representation of how similar 
or different the aromas are.
The maps enable the user to judge whether a 
product conforms to a standard aroma profile or 
has changed in some way[ 8].

Odour abatement
alternatives
There is a large variety of options available for 
the effective treatment of odorous emissions. 
A sustainable solution of an industrial odour 
problem means however, more than just the 
installation of an end-of-pipe waste gas treatment 
system. 
We should focus on a general and systematic 
approach towards extensive odour 
management. First of all, an odour assessment 
should be worked out where all actual and 

potential odour emission sources are recorded 
and characterized. A special emphasis should 
lay on fugitive emissions, which may have an 
enormous impact on the overall odour problem. 
They need to be captured before they can be 
supplied to a treatment system. According to 
the composition and condition of the waste 
gases, an appropriate treatment system must 
be selected [5]. 

So, several methods are known for odour 
emission reduction. The first type focuses on 
design and management, the second intends 
to prevent the odour formation and the third 
type includes the technologies for imporving the 
quality of the polluted air. 

In case of our refineries emphasis should be laid 
on the prevention, collection and elimination of 
odourous gases. This approach corresponds to 
the requirements of IPPC and national air quality 
magagement regulations which specify the 
application of Best Available Techniques.

Probably a cost-effective alternative lies in the 
operating mode of the refinery. A change has to 
be obtained in the approach of the employees and 
operators. For this purpose the following efforts 
should be made: organize trainings, support 
the skills of how to conduct the technological 
operations properly, continuous controlling of 
the units, monitoring of leaks in order to avoid 
the abnormal operation [9].  

The optimal solution applies the combination of 
the technological amendments and the proper 
environmental management practices. 

The main odour abatement technologies

Adsorption: the uptake of odourants on 
solid material e.g. activated carbon, silicagel or 
aluminium oxide. Floating covers of EPuRAE type 
work on this principle. The cover is composed of 
active media combining adsorption on activated 
carbon of the odorous molecules and photo-
catalytic degradation by solar action on TiO2 while 
leaving free the evaporation. Figure 2. shows the 
photo-catalytic mineralization of an odorant [10]. 
Absorption: the assimilation of odourous 
components in fluids.  usually packed columns 
or wet stack gas scrubbers are applied in 
refineries.
Incineration: is a termal treatment of waste 
gases. 
Biological treatment: degradation of organic 
contaminants by the activity of micro organisms 
for example in biofilters, or bioscrubbers.
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The other relevant technology in refineries 
is covering the odour emitting surfaces. In this 
case ventillation and elimination of evaporated 
gases has to be managed. It could be combined 
with adsorption [11-12].

 
   
 

Chemical Masking & Neutralization
Odour control with chemical masking and 
neutralizing products can be achieved in two 
different ways.
Masking is the concept behind air fresheners 
in that a pleasant smell is introduced in high 
enough concentrations to mask the unpleasant 
smell. The nose then only detects the pleasant 
smell that gives rise to a fresh smell. The only 
downside of this approach is that the bad smell 
is not removed but stays in the background and 

any masking may need to be continually repeated 
to hide the smell. 
Neutralization is the process that nullifies 
the odour-producing chemical, including those 
persistently produced. During this process 
the specially formulated agent is atomized 
and absorbs the odour-producing compound, 
neutralizing the compound. The result is not just 
the elimination of the unpleasant smell but a light 
and fresh aroma on the location [5]. 

Innovative
future of odour
measurements
All of the above-mentioned methods are less 
than ideal — sensory measurements can be 
overly subjective and the interpretation of the 
results requires care. Analytical measurements 
are complicated by the large number of odorants 
present, often at concentrations close to 
detection limits. 
Future developments are focusing on analytical 
methods.

unfortunately gasous emissions are very 
complex mixtures of both organic and inorganic 
chemicals which belong to many different families 
of compounds. Several analytical methods, 
mostly based on gas or liquid chromatography 
(GC or HPLC) for the separation phase, are 
available but they require the use of different 
sampling media, different GC or HPLC columns 
and detectors.

The art is to combine all these available methods 
to perform the screening of the odorous 
compounds as complete as possible but at the 
same time limit the necessary analyses to a 
reasonable number.
Olfactrometry and analytical methods can be 
combined by performing a so-called GC/O/MS 
analysis (Gas chromatography/ Olfactometry/ 
Mass Spectrometry). With this technique it is 
possible to limit the number of compounds which 
are responsible for odour emissions. However, 
the method can hardly take into account all 
the families of compounds as many analysis 
methods are needed to trace extensively odour 
compounds [13].

The Institute for Innovation by Science and 
Technology in Flanders (IWT) has been working 
on a development of olfaMS technology. 
OlfaMS is a highly innovative concept in which 
olfactometric data (MSZ EN 13725) will be 
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Fig. 2. Photo-catalytic principle - example of benzene [9]

Fig. 3-4. Fixed roof and floating roof covering [11]
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correlated to specific mass spectrometric 
data. The goal of olfaMS is to measure an 
(indicative) odour concentration using standard 
mass spectrometry in a time span of less than 5 
minutes [13]. 

One of the most recent developments at PRG 
Odournet NV is GC-sniffing. This method 
combines mass spectrometric analysis with 
human nose detection. For this application a 
conditioned sniffing port is coupled on a GC-
MS. By combining qualitative and quantitative 
chemical information with sensoric data, volatile 
organic compounds with a significant odour 
contribution can be identified [13]. 

As a result, the science of reducing and measuring 
odour has grown in recent years, with new tools 
identified and tested for their effectiveness. The 
search for better odour control is an ongoing 
process. 
Key to that objective is developing the ability to 
measure odour with confidence. Science has 
made great gains in increasing the confidence 
in odour measurement and continues to do so. 
Measuring odour objectively is a challenge 
because odour measurement is fundamentally 
subjective. However, the ability to measure 
accurately and consistently would help 
determining what odour-reducing technologies 
and management practices have the greatest 
potential to be effectively applied.
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Abstract
Reliability theory is an indispensable 
element in modern maintenance 
processes. The reliability of basic 
components and systems can be 
modelled by probability calculations 
and mathematical/ statistical tools. We 
use examples to demonstrate reliability 
calculations in a wide range from simple 
basic components up to spare complex 
systems. We depict a number of types 
of sparing (cold, hot and spare items 
with reduced capacity), their respective 
benefits and drawbacks. The most well-
known stand-by reserve system is called 
the k/n system. The reliability values 
of the equipment installed at the Duna 
Refinery’s functional locations serve as 
real-life values in relation to reliability. 
We discuss the limitations, based on 
economic and reliability aspects, on the 
number of elements in a spare system. 
We draw the most important reliability /   
economic conclusions: implement such 
economic investments that are capable 
of producing the targeted reliability 
level.

Összefoglalás 
Rendszermegbízhatóság, meg  bíz  ható 
rend   szerek 
A megbízhatósági elmélet a modern 
karbantartási folyamatok szük séges 
eleme. Az alapvetô alkatrészek és 
rendszerek megbízhatósága va ló szí-
nûség-számítással és matematikai 

sta  tisztikai eszközökkel modellezhetô. 
Példákat használunk a megbízhatósági 
számítások széleskörû bemutatására az 
egyszerû alapalkatrészektôl a tartalék 
komplex rendszerekig. Felvázolunk egy 
sor tartalékolási típust (hideg, meleg és 
csökentett kapacitású tartalék), azok 
elônyeit és hátrányait. A leginkább 
ismert kisegítô tartalék rendszert 
k/N rendszernek nevezik. A Dunai 
Finomító funkcionális helyein beépített 
berendezések megbízhatósági értékei  
szolgálnak életszerû értékekként a 
megbízhatóság vonatkozásában. Tár-
gyal juk a gazdasági és meg bíz ha tó-
sági szempontokon nyugvó kor lá-
to  zásokat egy sor elemre a tartalék 
rendszerben. Levonjuk a legfontosabb 
megbízhatósági, gazdaságossági kö-
vet   keztetéseket: olyan gazdasági be-
fek  tetést kell megvalósítani, amely ké-
pes a megcélzott megbízhatósági szint 
megteremtésére.

Introduction 
Reliability theory was developed in the second half 
of the 20th century. The first tests were made on 
the electronic parts of aircrafts. Later on, the need 
from increased reliability came to the forefront in 
military technology and space research. But the real 
climax of the theory arrived with the appearance 
of nuclear power stations which significantly 
enhanced the demand for reliability analyses and 
studies. What also gave a thrust to reliability theory 
was the exceptional evolution in the reliability of Far 
Eastern industrial products.

WHAT IS MEANT By
RELIABILITy THEORy? 
Reliability theory is a complex branch of 
science which focusses on the laws of reliability 
processes, the definition of quantifiable features 
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and indicators of reliability, and the possible 
ways to increase reliability [1]. Reliability theory 
includes such areas as the exploration of the 
relationships between reliability, economy 
and efficiency, and determining the system 
configuration that is optimal from economic and 
reliability points of view. The most important task 
is to reach the reliability required of the system 
with reasonable economy.
Mechanical reliability means the capability of 
an equipment item to keep its quality in the 
course of its use and operation with pre-defined 
conditions. Mechanical reliability also means the 
changes and dynamics of the operational quality 
of some equipment over time.
The concept of mechanical reliability is identified 
with the probability of failure-free operation (e.g. 
electronic products running up to first failure). 
The evolution of reliability studies around the 
70’s put industrial applications as well as the 
reliability analyses of production systems in the 
forefront. As a result, the concept of reliability 
was extended to include, in addition to fault-free 
nature, such items as reparability, maintainability, 
storability and durability [1].

Reliability
of an element 
Calculation of reliability is commenced by 
identifying the reliability of the smallest element, 
or the basic element, in the framework of which 
some fundamental concepts of probability 
calculation need to be clarified.
Mathematical modelling of reliability relies on 
such foundations as probability calculation and 
mathematics statistics. The time of fault-free 
operation between two subsequent failures is a 
stochastic variable that cannot be predicted with 
full certainty. Therefore, the time of fault-free 
operation between two subsequent failures is a 
probability variable. Let the probability variable  
signify the fault-free operation time, i.e. let the 
element start operating in the point of time t = 0, 
and let the failure occur in the point of time t = .

Then the distribution function F(t) = P (  < t)
will be called failure probability distribution 
function, which expresses the probability of a 
failure occurring up to time t. Frequently, F(t) is 
substituted by the probability function of fault-
free operation R(t), or the reliability function:

The meantime of fault-free operation, i.e. the 
average smooth operation between two failures 
serves to provide further characterization of the 
fault-free state. Meantime between failures (or 
MTBF) can be defined as quotient between total 
operation time and the number of failures (see 
Fig. 1.). Let n signify the number of operation 
states within the period under scrutiny, and ti 
mean the belonging operation times. Then the 
fault-free meantime of operation will be [2]:

(Mean Time Between Failure)
Similarly, a meantime value can be defined for 
repair times:

( Mean Time To Repair)
where m and Ti mean the number of repairs 
within the period in question and the belonging 
repair times, respectively. Please, note that the 
number of operations coincides with the number 
of repairs, or, more precisely, it is more by one 
than the number of repairs (n=m+1).
Another important feature of reliability is the failure 
ratio (t). As a time function, it characterizes the 
operation and lifecycle of the equipment. While 
identifying the proper lifecycle of equipment, the 
shape of reliability ratio function also unveils the 
possible causes of failures and the reliability of 
an equipment item. The lifecycle of an equipment 
item can be divided into three typical stages (see 
Fig. 2).

Focus2010/2

29

1MOL GROUP

Fig. 1. Operation and repair times Fig. 2. Typical “bathtub” curve shape 
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The function (t) is in close relation to the well-
known “bathtub” curve, with special importance 
of the second stage on the curve, as this stage 
is characterized by the failures that can be 
attributed to inexplicable failure causes, human 
errors, inevitable or unpredictable failures, 
incidental capacity overloading or over-utilization. 
This stage has such importance because it is 
the longest stage on the bathtub curve, i.e. the 
period of normal operation. In this stage the 
failure ratio  (t) is practically constant. Looking 
at the actual values, you can see (t) slightly 
rising over time [3].
Exact knowledge of the nature of function 
(t) is crucial in organizing reliability-based 

maintenance, determining among other things the 
maintenance strategy type to be applied.
The specific value of the reliability characteristics 
described above naturally depends on the type of 
distribution function F(t). From a pragmatic viewpoint, 
we should deal with such distribution type that has 
a constant failure ratio. What meets the criteria is 
the exponential distribution. The exponential failure 
F(t) and reliability R(t) distribution functions can be 
interpreted in the following way (Fig. 3.):

The failure ratio, constant over time, of
exponential distribution can be expressed by 

the operation meantime of an element working 
based on exponential distribution:

 

The above formula suggests that, in case of 
exponential failure distribution, the probability of 
the element to fail in section (t, t+ t) is independent 
of the length of the previous (0, t) interval. That 
is the interpretation of an unforeseen failure, i.e. 
a failure not caused by aging. It means that the 
equipment is “without memory”, i.e. its aging 
does not influence its operation. The second 
section of the bathtub curve is the period of 
useful lifetime. 
In operational practice the reinstatement time is 
not negligible compared to fault-free operation of 
the element (see Fig. 1.). From now on, what we 
mean by reinstatement time is the entire duration 
between a failure and the restart, i.e. the whole 
time required to detect, find and repair the failure. 
Like the fault-free operation time, this period is a 
probability variable characterized by a distribution 
identical with that of an independent and fault-
free state (in this case an exponential distribution 
with reinstatement ratio μ), which has its given 
predictable value (MTTR=1/μ). The process 
interpreted in this manner is called as a renewal 
process with significant reinstatement time. A 
fundamental feature of the process is the availability 
or the readiness factor: A(t) which means the 
probability of the element to be in an operable state 
in a random time “t” during its operation [3]:

In practice its stationary value A(t) is used:

 Date Event / Operation time  Repair time  Number of  Number of 
  Incident [days] [days] operation states repairs
 01.01.2007. Operating 44  - 1  -
 14.02.2007. Failed   11   1
 02.25.2007. Operating  164   1  
 08.08.2007. Failed   19   1
 27.08.2007. Operating 155   1  
 29.08.2007. Failed   39   1
 08.03.2008. Operating  217   1  
 11.10.2008. Failed  - 9   1
 20.10.2008. Operating 72   1  
 31.12.2008.  - 652 78 5 4

Table 1. Incidents occurred to a pump over a two-year period 
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Fig. 3. Failure and reliability functions of exponential distribution 
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To quantify the above, we will take an example 
of rotating equipment. We look at the reliability 
of a given pump for a time interval of two years, 
in the course of which the incidents as shown in 
Table 1. occurred.
The formulas described above help us to define 
the following base data: the operating meantime 
of the pump (MTBF) is 130 days, the meantime 
spent on repairs (MTTR) is 19.5 days, the 
failure ratio of the equipment is 0.0077/day, the 
readiness factor is 87%. By identifying functions 
R(t) and F(t) we can define, for instance, the 
following:

•  We wish to operate the pump with 90% 
reliability. For how many days can it keep that 
reliability level?

•  How much is the reliability of the pump on the 
first 45 days?

 
•  In what percent will the pump be likely to fail in 

the second half year of its operation?

Fig. 4. shows the reliability function expressed 
in the number of repairs as a parameter. The 
duration of each repair is 1 days. Again, the 
period under scrutiny will be two years. Fault-
free state, i.e. 100 % reliability is expressed as 
a horizontal line. The number of repairs and their 
length of time reduce reliability.
Of course, failure and reliability values can be 
expressed not only as a function of time but of 
delivered quantity; when the basic data should 
naturally be construed corresponding to that 
independent variable.

Reliability of
a sytem
The reliability characteristics of an element help us 
to construe the reliability features of its system. 
From the viewpoint of reliability, a system means 
a group of interconnected elements, delimited 
for a given purpose [3]. A system can be built 
up of elements of independent reliability and of 
non-independent reliability. The former group 
is made up of elements whose failure will not 
cause other elements constituting the system to 
fail. We focus herein on systems composed of 
elements of independent reliability.
A system that only works if and when each of 
its elements works is called a serial system from 
reliability viewpoint, where, in case of n pieces 
of elements with exponential operation time, the 
derived reliability is:
 

where  will be the derived reliability rate. The 
foreseeable operation meantime of the system 
can be calculated by using the following formula:
 

A system that only fails if and when each of its 
elements fails is called a parallel system from 
reliability viewpoint, where, in case of n pieces 
of elements with exponential operation time, the 
derived reliability is:

If the elements of a system have identical failure 
ratios, the formula will become more simple as 
shown below:

 
There the distribution of the derived reliability 
function is no longer exponential. With elements 
of identical reliability, the predictable operation 
meantime of the system will be the following:

The formulas suggest that an increase in the 
number of elements will reduce the derived 
reliability of a serial system, while increase it 
in a parallel system. It means that the simplest 
manner of sparing is a parallel system.Fig. 4. Reliability function with the number of failures
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In reality, our systems are always mixed, and for 
establishing the derived reliability of a system it 
is useful to split it up into serial and parallel sub-
systems.
To quantify the above, see the following mixed 
layout (see Fig. 5.), which is a position where 
two redundant functional locations can be found. 
Based on the work orders issued for the various 
equipment items, the reliability of elements can 
be calculated, resulting in the values as shown in 
the Figure below.

 As a first step, we calculated the serial derived 
reliability of the elements at the functional 
locations: 
RMH1=R1*R2 *R3=0.55 and RMH2=R4*R4 *R6=0.69 
Then, using the results from that calculation, we 
identified the derived reliability of the position as 
if they were two parallel elements: Rderived=1-[(1-
RMH1)*(1-RMH2)]=0.86, i.e. the reliability of that 
position will be 86%.

Sparing
We assume in the aforesaid that each element 
in the system (connected either serially or in 
parallel) keep on running in the time t in question. 
In reality, of course, we run our systems keeping 
spare counterparts.
The essence of keeping spare / reserve 
equipment is that one or more spare elements 
are connected to a number of elements in the 
system, and when the basic element fails, those 
spare elements substitute it, assuming the 
function thereof. The entirety of spare elements 
and the basic element together constitute the 
spare group [4-5]. Depending on the state in 
which spare elements are at the time they switch 
on, we distinguish three types of spares.

HOT STANDBy SPARE
Spare elements are under the same operation 
regime as the basic element. Therefore, the 
reliability of neither element depends on the 
time when it gets into an operating state, i.e. 
it is independent of the time of other elements 
failing. It is assumed that the time for switching 

from a failed element over to a spare element 
is virtually zero, and that the apparatus used to 
switch over (if any) is absolutely reliable.

COLD SPARE 
The spare elements are in “turned off” state 
and it is assumed that they will not fail till the 
time when they start replacing a basic element. 
Furthermore, we consider the time of replacing a 
failed element by a new element as virtually zero, 
the apparatus used to switch over as absolutely 
reliable.

SPARE ITEM WITH REDuCED 
CAPACITy
In a number of cases it is not useful to apply 
either cold or hot spare items because incidental 
failures of hot spare elements may prevent the 
desired increase from being achieved while 
in case of cold spare items some time passes 
from the moment of switching a cold spare 
item on up to the time by when it becomes 
fully operational (warming up), and the overall 
conditions of running the system may not allow 
the entire operation to be disrupted. Thus, what 
is often used in such cases is a ‘spare item with 
reduced capacity’, where the point is that the 
spare element keeps on running with reduced 
workload until the moment it is switched on, when 
it begins to run in normal operating conditions. 
The element may, of course, fail during its ‘spare 
state’ but it is less likely to do so than during 
normal operation.
At last, let us compare cold and hot spare 
elements from the following viewpoints (in each 
case assuming that the apparatus used to switch 
over is reliable and that the time for replacing a 
failed element is virtually zero).

OPERATION TIME
If we run hot spare items, then the operation time 
of the entire system will be equal to the operation 
time of such element in the system that runs for 
the longest period of time, while in case of cold 
spare items the operation time of the system 
will be the sum of the operation times of each 
element in the system. Cold sparing is more 
advantageous than hot sparing, and moreover, 
in most cases the average operation time of hot 
spares is much shorter than that of cold spares.

RELIABILITy VALuE
Without detailed deduction such a formula can 
be given for the reliability of those two systems 
where it is true that the reliability of the system 
with cold spare items can be increased by the 
factorial (n!) of the number of elements as 
compared to hot spare items.
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AVERAGE LIFETIME
in the study we first write down the ratio between 
the average operation times of hot and cold 
spare items [3]:

The formula will tell us by how much more 
favourable cold sparing is than hot sparing. The 
more spare elements are (m), the bigger this 
ratio is (see Fig. 6.), i.e. the longer the average 
lifetime of spare items is.

Within the subject of sparing, a distinction between 
renewable and non-renewable spare items is 
made. Sparing without renewal means that failed 
elements will not be renewed. In practice, however, 
renewals are frequently made in order to increase 
the reliability and lifetime of the system.
Finally, we make a distinction between system 
spares and element spares. System sparing can 
be imagined as a number of systems connected 
in parallel, where the basic unit of sparing is the 
system itself. In case of element sparing the 
elements of a system are spared as separate 
reserve elements.

The K/N sparing 
system
The sparing systems detailed above may turn 
out to be inefficient as n number of elements 
have to operate in a system with n number of 
elements. Naturally, if n numbers of elements 
are running, the failure of any of those elements 
may lead to a system shutdown or its reduced 
reliability. A potential solution can be the use 
of standby spare systems. In such systems it 

is sufficient if, out of the n number of elements 
(n meaning the number of all elements in the 
system), k elements (k meaning the number of 
elements in operational condition) in operable 
condition at any point in time exactly equals the 
number of items necessary for the entire system 
to run. In the event of a failure of any element 
there is always a standby spare item ready to be 
put in operation. A failure of the spare group only 
occurs when (n-k+1) elements in chronological 
order fail.

If we assume that failures of elements are 
independent events, the reliability of such a 
special spare group can be calculated, and 
the following formula will give us the deriving 
reliability of k/n spare system (if the reliability of 
all elements (R) is identical):
 

This is called operation with binomial reliability [5].
A characteristic of k/n systems is the k/n value, i.e. 
the sparing ratio. Fig. 7. illustrates the effect of k/n 
value on reliability. The system in question consists 
of n=10 elements connected in parallel, where the 
reliability of each element is identical: Ri=0.7. The 
deriving reliability of the spare group drops as the 
number of operating elements (k) grows.
 
As the number of spare elements (n-k) diminishes, 
the deriving reliability must also decrease. 
Fig. 8. shows us a set of curves, where each 
curve has its own k/n sparing ratio. The example 
is again a system up made of maximum n=10 
elements connected in parallel, where the 
reliability of elements in every analysis is taken 
as identical, and its value varies between Ri=0% 
and 100% in 10% grades. In case of fix basic 
element reliability the bigger the (n-k) difference 

Fig. 6. The effect of the number spare elements on the ratio 
between the operation times of cold and hot spare items 

Fig. 7. Deriving reliability of a spare group in the function of operating 
elements
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is, the higher the system reliability is, due to the 
higher degree of sparing.
Let us note that the k/n system becomes a 
simple parallel system in case of k=1, and the 
extreme k=n results in a serial system with n 
elements.
Let us take the most well-known k/n system 
from our daily lives as an example: every car has 
5 wheels, out of which 4 wheels are in operation 
to make the car roll. The curve indicated with 
dotted line on Fig. 8 characterizes that k=4/n=5 
system. The Figure makes it clear: if the reliability 
of the wheels (basic elements) is Ri=90%, then 
the reliability of the car (the system) is 92%. If 
all cars were to run with two spare wheels (with 
90% reliability in each wheel) (the system being 
k=4/n=6), then the reliability of a car would be 
98%. If cars did not have any spare wheels (k=4/
n=4), their deriving reliability would be 65% only. 
It is clear that it is worth keeping one spare wheel 
from reliability point of view as two spare wheels 
do not result in significantly higher level of safety 
but the lack of spare wheels entails a high level 
of uncertainly.
The deriving reliability of the ‘k/n’ system can be 
approached in different ways when the reliability 
of its basic elements (Ri) are not identical. One 
such approach can be the exploration of the event 
space, when all possible combinations of the 
operation are taken into account to find out the 
reliability of the entire system. Let us illustrate the 
method in the following exercise.
Let us take the simplest type of the ‘k/n’ system 
wherein k=2 and n=3, meaning that, out of the 
three units of the system, two units have to operate 
for the system to run without a failure. The system 
can be described as 3 pumping units connected 
in parallel; the reliability values of each of those 
units are independent of the others, and taking a 
one-year cycle as the basis they have the following 
values: R1=0.9; R2=0.88; R3=0.85. The difference 
between the reliability values comes from the 
different histories of the pumping units. For the 

smooth operation of the system, the following 
operational combinations have to be summed up:
1. all the 3 pumps are running
2. P1 failed, P2 and P3 are running
3. P2 failed, P1 and P3 are running
4. P3 failed, P1 and P2 are running
With all that, the reliability of the entire system 
can be expressed with the following formula:

Rk=2/n=3=R1R2R3+(1-R1)R2R3+R1(1-R2)R3+R1R(1-R3)

Simplifying the formula and inserting the 
quantitative values in it we find the following 
deriving reliability: 

Rk=2/n=3=R1R2+R2R3+RR3-2R1R2R3=95.86%

Following the same logic as in the above example, 
the following formulas can be identified for the 
reliability and operation meantime of that “k=2/
n=3” system if the distribution of basic elements 
is exponential:

Calculating the above formulas for a 365 day 
period, we will find the operation meantime as 
2340 days. For a three-elements-in-parallel 
system or for a k=2/n=3 system as in the above 

example, the temporal function of reliability will 
look as in Fig. 9.
 It is clear that a three-elements-in-parallel 
system provides more safety but requires more 
concurrently running machines than the k=2/n=3 
spare system.

Actual values
The actual values are the reliability values of the 
equipment installed at the functional locations of 
the Duna Refinery. The basic data for calculating 
reliability values come from the technical 
database of CMMS (Computerized Maintenance 

Fig. 9. Temporal function of reliability of a k=2/n=3 spare system
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Fig. 8. Deriving reliability of a spare group in function of the reliabilities 
of basic elements 
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Management System) and the maintenance 
work orders constituting the subject of repair 
posted to functional locations in that system.
The thus-created reliability database is built on 
work instruction REF_5_W3_MOL „Regulation 
of reliability-centre asset management” [2]. The 
database calculates reliability data for equipment 
items, functional locations and positions (which 
is more functional locations connected either 
serially or in parallel as defined by the technology). 
Those failure and reliability data serve as the 
basis for reliability-centre maintenance.

Economy and 
reliability
Increasing the number of elements in a spare 
system you can make its reliability more and 
more “perfect”. What imposes a limit thereon 
is the economy. Taking limiting factors into 
consideration, we are presenting by an exercise 
[3] the minimally and optimally required number 
of spare elements.
Let us suppose that we intend to build up a parallel 
system of ”n” number of identical elements. 
Let the investment amount for one element be 
KB and the loss suffered in the event of a full 
system failure by KV (where KV >> KB), and let 
each parallel element have identical reliability 
(Ri). What is the required number of elements 
from reliability and economic viewpoints?

Solution
In case of a parallel system a pre-defined deriving 
failure is bigger than, or equal to, the multiplication of 
the failures of the elements building up the system:  

Converting that formula we gain the minimal 
number of elements of the system required from 
reliability point of view: 

where R and Ri mean the reliability of the system 
and of the elements, respectively. Based on the 
formula, we can represent the minimal number of 
elements of the system in function of reliability in 
a way that the parameter will be the reliability of 
each element (see Fig. 10.).
We interpret the following case as an exercise: 
by the set of curves we can establish that if we 
intend to achieve 80% reliability of the system 
and the reliability of each element is only 50%, 
then the pre-determined level of reliability 
requires minimum 3 elements to be built in. 

The integer element number above the curve in 
question will need to be selected.
To identify the optimal number of elements 
(taking into account both economic and reliability 
viewpoints) we start from the total cost formula:

where the first and second sections of the amount 
on the right side of the equation are the investment 
amount and the loss of a system of ”n” elements, 
multiplied by the probability of a system failure. 
After looking for the optimum, then converting the 
formula, we will gain the following equation for the 
optimal element number:

The optimal element number of a spare system 
made up of parallel elements, in function of loss/ 
investment cost ratio will be as shown in Fig. 11. 
To interpret the set of curves, let us look at the 
following scenario: if the loss / investment cost 
ratio is 80 (i.e. the amount of loss is 80 times 
bigger that the investment cost of one element), 
and the reliability of an element is 60%, then it 
is optimal to build in 5 parallel elements (again, 

Fig. 10. Minimal element number of a system in function of deriving 
reliability 

Fig. 11. The optimal element number of the system from economic 
and reliability viewpoints
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the integer element number above the curve in 
question will need to be selected).
 The minimal and optimal element numbers of 
the spare system of ”n” elements have been 
defined from reliability and from economic /
reliability viewpoints, respectively. The main 
question in case of a minimal element number 
is what deriving reliability we intend to achieve, 
while the optimal element number depends on 
the ratio between loss / investment amount.

Conclusions
•  Fundamental reliability characteristics 

have been defined by means of probability 
calculations.

•  In case of a system made up of parallel 
elements, the deriving reliability will grow while 
in case of a system of serial elements it will 
diminish.

•  The most simple way of sparing and, thus, of 
reliability improvement is redundancy.

•  Besides formulas, specific numerical examples 
have also been used to demonstrate the 
reliability of basic elements and of systems.

•  Comparing cold and hot spare items from three 
different viewpoints (operation time, reliability 
and average lifetime), we have concluded that 
cold spare items are more favourable, provided 
that switching over to, and the warming up of, 
spare items are virtually immediate.

•  With a fix ‘n’ value in a ‘k/n’ spare system, 
and increasing the ‘k’ value with given identical 
reliability of the basic elements (Ri), the deriving 
reliability of the ‘k/n’ system will rapidly drop 
as shown in a binomial reliability formula. What 
explains that drop is the decreasing degree 
of sparing. I.e. the decrease in the difference 
 (k-n) in the k/n system will result in a drop in 
the deriving reliability of the system.

•  A database containing such technical data and 
work orders have been developed that, relying 
on the failure and reliability data defined therein, 
supports reliability-centred maintenance.

•  In a parallel system, the optimal number of 
elements can be identified that meets reliability 
(required system reliability) and economic 
(system downtime loss, investment amount 
required for one element) criteria as well.
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Abstract
For the ecotoxicological characterization 
of crude oil processing wastewaters 
we aimed to assess the chemical 
contaminations and the toxicity of 
wastewaters produced in Duna Refinery 
(DR). The biodegradability of various 
wastewaters was also determined to 
estimate the concentration of recalcitrant 
organic substances. The efficacy – in 
terms of wastewater ecotoxicity – of 
the new wastewater treating plant in 
Duna Refinery was assessed as well. 
Assessment of ecotoxicological impacts 
on surface waters as recipients of our 
wastewaters is a necessary contribution 
to reduce our ecological footprint and 
can help oil companies to achieve their 
strategic goals in terms of sustainable 
development.

Összefoglalás
A finomítás ökotoxikológiai hatásai 
felszíni vizeinkre
A kôolaj-feldolgozás szennyvizeinek 
ökotoxikológiai jellemzéséhez célul 
tûztük ki a Dunai Finomítóban képzôdô 
szennyvizek kémiai szennyezettségének 
és mérgezôképességének felmérését. 
Többféle szennyvíz biológia lebont-
hatóságát is meghatároztuk, hogy fel-
becsülhessük a nehezen lebontható 
szerves anyagok mennyiségét. A 

Dunai Finomító új szennyvíztisztító te-
lepének hatékonyságát az ökotoxicás 
szemszögébôl szintén megvizsgáltuk. 
A felszíni vizeket, mint szennyvizeink 
befogadóit érô ökotoxikológiai hatások 
felmérése szükséges eszköz ökológiai 
lábnyomunk csökkentésében és tá-
mo gathatja az olajipari társaságokat a 
fenntartható fejlôdésre vonatkozó stra-
tégiai céljaik elérésében is.

Introduction
Legal regulations and social expectations 
urge players of the economic playground to 
use environment friendly technologies, to 
protect natural compartments, to utilize the 
natural resources economically as well as to 
reduce or eliminate harmful effects. The extent 
of burdening habitats by crude processing 
products and wastes can only be estimated. 
Environmental research and development 
usually requires the cooperation of more 
disciplines. This complex science is recently 
referred to as environmental toxicology or 
ecotoxicology. Most frequently, organic 
chemical, biochemical, (micro)biological 
and ecological methods are used, however, 
molecular genetic studies, computer simulation 
and risk assessment are also applied recently.
Environmental toxicology has evoked refineries’ 
concern in two areas. In assessing the 
environmental hazards of oil products, to study 
such products in aqueous media proved to be 
the hardest task. CONCAWE, the environmental 
advisory organization of the oil industry sector 
has recommended methods to treat difficulties 
[1]. However, data gaps in public databases of 
ecotoxicological properties of existing materials 
are even now to be found. Additionally, the 
European Committee assesses that about 99 
percent of safety data for substances marketed 
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before 1981 are not reliable. Thus, the new 
regulation on the registration, evaluation 
and authorization of chemicals (REACH) of 
June 1, 2007 requires mandatory chemical 
safety assessments for all products that are 
manufactured or imported in a quantity exceeding 
one ton per year.
The second field of application is to determine 
the environmental hazards of wastes. In addition 
to legal regulations, demands of domestic 
refineries for such studies are justified also by 
a basic shift in the goals of waste reducing and 
waste treating processes. The trend can be best 
observed in waste water emissions, affecting 
the conditions of the aqueous environment. 
Rather than cleaning, efforts are focussed now 
on the prevention or reduction of formation of 
high quantities of wastewater. The reduction 
of water consumption – which increases the 
concentrations of contaminating materials in 
wastewater – affects the reductions of final 
emissions of polluting materials. Smaller quantity 
of wastewater with higher contamination 
concentrations requires processes with 
increased efficiency that offers not only meeting 
the emission limits for chemical parameters, but 
an improvement of biological quality as well.
In the Environmental Testing Laboratory of 
DS Development (Production and Marketing 
Division, MOL Plc) we test biodegradability, 
toxicity and bioaccumulation as contributions to 
developments aimed to improve the economy of 
water management in Duna Refinery. Proposals 
for scaling-up runs based on our test results, 
evaluations of test run results and proposals for 
standard operation are among our most important 
tasks. Assessments of environmental hazards of 
the products also require such testing. 

AIMS
In this paper we describe tests and experiments 
performed to answer tasks as described above. 
For the ecotoxicological characterization of 
crude oil processing wastewaters we aimed - 
by determining the contaminants and by acute 
water toxicology tests - to assess the chemical 
contaminations and the toxicity of wastewaters 
produced in Duna Refinery. Furthermore, we 

aimed to study the relationships of toxicity and 
chemical contamination by linear regression. 
To estimate the quantity of organic substances 
not readily removable by the waste water 
treating processes available in the Refinery 
we determined the biodegradability of various 
wastewaters. Our purpose was also to determine 
the efficacy – in terms of wastewater ecotoxicity 
– of the new wastewater treating plant (WWTP) 
in Duna Refinery, and obtain thus information on 
the biological effects of wastewater emissions 
as well as on the potential limitations to treat 
wastewaters biologically. 

Methods
WASTEWATERS uSED IN THE TESTS 
The wastewater samples tested were taken 
from various units representing various 
technical sections of crude oil processing in 
Duna Refinery. Wastewaters originating from 
crude distillation, aromatics production, motor 
gasoline production (naphtha reforming and 
isomerization), motor fuel production (cracking, 
alkylation, hydrodesulphurizing) and residue 
processing (bitumen production, delayed 
coking, maleic acid production) were sampled in 
two periods – between March 2000 and June 
2001 and between February and October 2003, 
respectively – for ecotoxicological tests, at least 
two times at a sampling point. 
Technical sections of wastewater treatment 
(gravity oil separation, dissolved air flotation, 
aerobic activated sludge oxidation and 
sedimentation) were sampled, in addition 
to the periods mentioned previously, 12–15 
times between February and April 2006. 
Complementary sampling and additional testing 
were necessary because, as a result of a major 
technical development, wastewaters are treated 
now in a new plant that has been commenced in 
early 2004. 

METHODS FOR CHEMICAL 
CHARACTERIZATION OF 
WASTEWATERS 
Chemical characterization was carried out by 
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refining on

 Parameter Unit Principle 
 Chemical oxygen demand (COD). mg O2·l

-1 Spectrophotometry, cuvette test
 Total petroleum hydrocarbon (TPH) mg·l-1 IR spectrophotometry
 Non-purgable organic carbon (NPOC) mg·l-1 IR spectrophotometry
 Phenol index mg·l-1 Spectrophotometry
 Ammonia mg·l-1 Volumetric analysis
 Sulphide content mg·l-1 Spectrophotometry
 Total suspended solids (TSS) mg·l-1 Microfiltration, gravimetry

Table 1. Chemical characterization of waste waters
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standardized methods or tests traced back to a 
standard as shown in Table 1.

TEST METHODS OF ACuTE 
ECOTOXICITy 
Luminescent bacterium test (MSZ EN ISO 
11348-1:2000) [2]

The test method is based on measuring the 
inhibition of luminescence of the marine bacteria 
strain Aliivibrio fischeri, whose former Vibrio 
genus name has been changed according to 
the proposal [3]. Luminescence was measured 
by a ToxAlert 10 type luminometer (Merck, 
Germany). Measured toxicity values were 
analyzed graphically, EC10 and EC50 values 
belonging to 10% and 50% light emission 
inhibition, respectively, were determined and 
given in ml/l and in toxicity units (Tu).

FRESH WATER GREEN ALGA 
GROWTH INHIBITION TEST
(MSZ EN ISO 8692:2005) [4]
Cultures of an unicellular green alga 
Selenastrum capricornutum in the logarithmic 
growth period were cultivated for several 
generations in the presence of wastewater 
samples in various concentrations. universal 
type optical microscope (produced by Opton, 
Jena, Germany) and Bürker chamber slides 
were used for cell number determination. 
Growth rates of cultures were determined after 
72 hours, and compared to control cultures 
to obtain growth inhibition values. Graphical 
analysis of growth inhibition results gave ErC10 
and ErC50 values expressed in ml/l or toxicity 
units.

DAPHNIA MAGNA
MOBILIZATION TEST 
For the test method according to MSZ EN ISO 
6341:1998 [5], 24 hours old individuals with 
controlled sensitivities of Daphnia magna (water 
flea, Cladocera) were used. After 24 hours of 
exposure, dead and immobile individuals were 
counted, and the minimal value of dilution without 
inhibiting effect was determined in Tu.

STATIC FISH TEST 
MSZ 22902-3:1990 (Hungarian standard) [6] 
describes a method of testing for 96 hours in 
a closed basin, without replacing the water. 
2±1 long pre-raised 4-6 weeks old Brachydanio 
rerio individuals were used for testing. The ratio 
of died and the total number of fishes used for 
testing gave the percent value of lethal effect, 
and LC50 and Tu values were calculated.

DETERMINATION OF POTENTIALLy 
BIOACCuMuLATING ORGANIC 
SuBSTANCES By SOLID PHASE 
MICRO EXTRACTION METHOD 
The biomimetic selective extraction method 
for the estimation of bioconcentrations of 
organic compounds in wastewaters [7] uses a 
hydrophobic absorption phase. Similarly to the 
lipids of animal tissues, dipped into the sample 
this distributing phase accumulates organic 
components in the order of their hydrophobic 
character. 
A 1 cm long glass fiber covered with poly-
dimethyl-siloxane (PMDS) forming a viscous 
layer as the distributing phase was contacted 
for 24 hours with 250 ml of wastewater 
sample. The fibers were transferred into a gas 
chromatograph (GC, type: 6890N, manufacturer: 
Agilent Technologies) provided with a Flame 
Ionization Detector (FID), immediately after 
the exposure. unlike columns used in most 
gas chromatographic methods, the capillary 
column was as short as 10 meters. The heating 
program selected ensured a short elution time, 
substances reached the detector within a short 
time so that the resolution of individual peaks was 
low. Thus, measuring peak areas was simple and 
more precise. 40 mg/l 2,3-dimethyl-naphthalene 
dissolved in ethyl acetate was used as external 
standard to determine molar quantities of 
substances absorbed in the distributing phase. 
To determine bioaccumulation potential, this 
amount of substances absorbed in the solid phase 
was expressed in external standard equivalent 
and then the organic carbon concentration was 
calculated using the equation
where:

c:  organic carbon concentration in the distributing 
phase, mg/l

n:  amount of substances in the distributing phase 
(in 2,3-dimethyl-naphthalene equivalent), mmol

M:  molecular mass of 2,3-dimethyl-naphthalene, 
g/mol

k:  carbon content constant (2,3-dimethyl-
naphthalene)

Vfiber:  volume of the distributing phase, l.

Bioaccumulation potentials of wastewater 
samples and organic biodegradation residues 
of rapeseed methyl ester were expressed as 
the ratio of the organic carbon contents of the 
distributing phase and the NPOC concentrations 
measured in the aqueous phase. 
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TESTING TOTAL AEROBIC 
DEGRADABILITy 
Biodegradability of organic compounds in 
wastewater samples by aerobic microorganisms 
were determined using test media as given 
in the standard MSZ EN ISO 9408:2000 [8]. 
This method, based on the measurement of 
Dissolved Organic Compounds (DOC), was 
adapted to wastewaters containing Volatile 
Organic Compounds (VOC) as well by evaluating 
the changes in non-purgable organic carbon 
(NPOC). For this measurement, sample were 
flushed with nitrogen (30 minutes, 10 l/minute) 
prior to testing to remove volatile compounds. 
The inoculum used in these tests originated 
from the biological wastewater treating plant 
of Duna Refinery. Before inoculating with the 
degrading community, organic contents of 
samples with high loading levels were decreased 
to approximately the same value of 40 mg·l-1 
NPOC, intended to adjust inhibition effects to a 
similar level. Biodegradability was expressed as 
the decrease of NPOC content in percent values 
during the 28 days of testing period. 

STATISTICAL METHODS IN 
EVALuATING EXPERIMENTAL 
RESuLTS 
To describe the relationship between variables 
expressing chemical contaminations and acute 
ecotoxicity of wastewaters, respectively, linear 
regression analysis with one variable, and – 
to discover multiple co-linearity – with more 
variables was applied. Correlations were studied 
at the p<5% significance level. Results of the 
models obtained were analyzed based on the 
results of correlation (r), ANOVA test (F-test) 
and Student t-test. The results of laboratory 
experiments with membrane bioreactor were 
characterized by descriptive statistical tools: 
arithmetical mean values, standard deviations, 
minimum and maximum values. Chemical and 
ecotoxicological data of wastewater samples 
taken from the various technical sections of the 
new wastewater treating unit in Duna Refinery 
were also characterized by descriptive statistical 
methods. A Microsoft Office Excel 2003 for 
Windows software was used for statistical 
analyses.

Findings
RELATIONSHIP BETWEEN 
CONTAMINATION AND 
ECOTOXICITy 
Chemical contamination was characterized by 
Chemical Oxygen Demand (COD) used most 

frequently in petroleum effluent analysis, Total 
Petroleum Hydrocarbon (TPH), phenol index and 
sulphide content. To establish acute ecotoxicity, 
physiology of two microorganism, a bacterium 
and a unicellular green alga was tested and 
lethality of juvenile zebrafish was evaluated. 
The latter was less applied because of the poor 
sensitivity of fish referred in recent studies 
[9-10] and ethic consideration.
According to sources and sampling time 
chemical parameters varied widely. Significant 
variability could be observed in ecotoxicity 
as well. Based on test results, samples from 
crude oil distillation and residue processing 
were the most contaminated and the most toxic 
effluents. In most tests these effluents even 
in 1 v/v % resulted in an inhibition of 50% to 
the microorganisms. Several process effluents 
(naphtha reforming, aromatics production) 
had only a moderate ecotoxicity. Samples of 
wastewater treatment proved a reduction in 
toxicity as they came from different units of 
the plant. Acute toxicity of the unified process 
effluent coming from several units was similar to 
the highly contaminated refinery wastewaters, 
and the ecotoxicity of the final effluent discharged 
to Danube sometimes could only be established 
by the most sensitive bacterium assay.
A linear correlation can be detected between the 
chemical contamination of the samples and its 
key components, between COD and TPH values. 
Linearity of these two parameters studied at 5% 
significance level on grouped samples – samples 
from the plants and from wastewater treatment 
- or treating all samples together is clean-cut. 
COD contents of refinery wastewaters are 
formed basically by hydrocarbons and their 
derivatives. Although phenol and sulphide 
contents contribute to COD values – and this 
contribution can be high in several cases – 
they do not correlate with this parameter. The 
significant linear correlation of sulphide and 
COD contents in wastewater treatment samples 
can be explained by the increasing contribution 
of a potential sulphide content to COD values as 
increasing amounts of organic substances are 
removed. However, this correlation has been 
found at a low number of observations.
Analyzing the partial correlation of chemical 
contamination and ecotoxicity, a linear 
dependence has been found for all three 
ecotoxicological parameters as dependent 
variables and COD contents of the samples. 
Based on r values and variance analyses, COD 
content is mainly responsible for the inhibition 
of luminescence of bacteria. This group 
parameter is responsible for  growth inhibition 
of algae analyzing the wastewater treatment 
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samples separately, and for lethality of fishes 
analyzing wastewater samples together and the 
samples of the treatment unit separately, at a 
relatively high number of observations. Among 
the further hypothetic key variables, TPH 
concentration affects moderately the inhibition 
of algae and only in the raw samples from the 
plants. Phenol index, together with COD, can 
partly explain toxicity values to bacteria in the 
samples from the treatment unit, the correlation 
for all samples is somewhat weaker, but yet a 
significant correlation can be calculated. Phenol 
contents of samples from wastewater treatment 
operations has a stronger correlation to the 
lethality of fishes, however, at a low number of 
observations. 
While COD content correlated with all 
ecotoxicological variables involved in testing, it 
is not the only key factor for overall ecotoxicity, 
which is affected also by other parameters. To 
justify my hypothesis, I performed a multiple 
co-linearity analysis with the four chemical 
characteristics grouped in various ways and the 
physiological endpoint data of microorganisms. 
(Due to the small number of observations, the 
lethality of fishes was not included in multiple 
co-linearity analyses.) This analysis helped to 
decide, whether contamination parameters 
explain toxicity independently, or individual 
contaminating components (TPH, phenol and 
sulphide content) contribute to overall toxicity as 
parts of the group parameter COD. 
Including more hypothetical variables 
simultaneously in the statistical model verified 
the multiple co-linearity of the contamination 
for all models, where the overall chemical 
contamination showed a linear correlation to 
the inhibition of bacteria or algae, respectively. 
The only exception was the model of COD, 
TPH and phenol contents, as a key parameter 
combination and the luminescence inhibition of 
A. fischeri. Multiple co-linearity from results for 
wastewater samples has not been verified, as 
all three parameters proved to be key variables 
individually in their statistical model.

Biodegradability of 
refinery process 
effluents
Aerobic biological oxidation tests defined by 
measuring non-purgable organic compounds 
(NPOC) have justified that wastewaters of 
Duna Refinery contain hardly degrading organic 
compounds. The amounts of recalcitrant 
compounds exceeded 10% of the initial NPOC 

concentration in all samples, their presence 
shall be taken into account when assessing 
wastewater treatment and recycling options. 
Refinery samples of significant yields and 
contamination tested in our laboratory were 
classified into three groups, according to their 
degradation levels and degradation rates. 
Total biodegradation of organic compounds in 
wastewaters of the delayed coker processing 
residual oil and of maleic acid production 
exceeded 80% in 28 days. NPOC level 
decreased by 60% in two days indicating 
the high proportion of easily degradable 
components. Based on its fast and high level 
initial degradation, the wastewater of desalting 
operation prior to crude distillation belongs 
also into this group, however, its degradation 
has stopped at a 68% level. 
The initial NPOC content of the united wastewater 
of desalting and distillation and that of the sour 
water of hydrodesulphurization has decreased 
by 55% and by 45%, respectively, till the end of 
the test. For the former, two thirds of the total 
degraded organic content has been eliminated in 
48 hours. For the latter, the final low degradation 
level could be observed after the first few days.
The biodegradability of the highly toxic spent 
caustic constituting a separate class exhibited   
a rather high biodegradability. Although the 
sulphide and mercaptan content of the caustic 
was reduced by a catalytic oxidation prior to 
the degradability test, its loading level was 
the highest among all samples tested, and its 
toxicity did not decrease. The degradation level, 
corrected for the 10% abiotic reduction of NPOC 
content, was higher than 75%. Biodegradation 
started only after several days of adaptation, in 
contrast to other wastewater samples, where 
the highest degradation rate could be observed, 
without a lagging phase, right in the first days 
(see Figure 1).
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Fig. 1. Biodegradability of process wastewaters collected from 
Duna Refinery units 
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66% of the organic content of united wastewater 
led to the biological treatment unit after gravity 
and chemical oil separation biodegraded, and 
biodegradation occurred mostly in the first 
days. I assessed the options of further removal 
of organic substances by the degradability of 
the residual organic compounds in the effluent. 
After 28 days the level of biodegradation 
was as low as 17%, with the readily (within 2 
days) degrading part being the half of total 
degradation. I concluded, that the removal of 
organic substances in the aerobic biological unit 
cannot be efficiently increased (see Figure 2).

Note, that aerobic oxidative degradation is usually 
higher in commercial plants than laboratory test 
results, as the activated sludge concentration in 
the fermented test medium is only 1-2% of the 
sludge density in the aerated basin of the plant. 
The NPOC concentration decreases faster in 
an activated sludge with higher density, and can 
be facilitated considerably by the adsorption of 
organic compounds on the sludge, in addition to 
oxidation. 

Bioaccumulation of organic compounds can 
be detected by the persistent ratio of organic 
compounds deduced from the results of 
biodegradation tests, and by fa biosimulation 
study of three wastewater samples. When 
compared to the values found in [7] and [11] 
in the studies to investigate the Potentially 
Bioaccumulating Substances (PBS) in 
wastewaters, our results can be considered 
as low values, as the ratio of NPOC content 
of both phases fall within the 101-102 range. 
During the degradation, the PBS concentration 
of the solid phase followed the reduction of the 
NPOC content of the fermented test medium, 
thus, bioaccumulation did not decrease during 
biodegradation.

Reduction 
in chemical 
contamination 
and ecotoxicity 
of effluents in 
DR WWTP 
In the period between February – April, 2006, 
our testing laboratory assessed the efficiency 
of gravity oil separation (API basins), Dissolved 
Air Flotation (DAF) and the activated sludge 
treatment (CASS equipment) by measuring 
the values of COD, the oil content, the NPOC, 
phenol, ammonia and the total suspended solids. 

In Fig. 3, we traced the contamination measured 
for the particular operations as a percentage of 
the values typical for the original wastewater. We 
concluded that oil separation reduced the oil content 
and the COD value by 75 and 66%, respectively, 
and the NPOC value and the concentration of 
ammonia were also reduced significantly. The 
operation had no considerable effect on the 
phenol and suspended matter contents. By the 
optimum DAF operation, additional significant 
COD and strong oil content reduction could be 
achieved. The amount of suspended matter also 
decreased by an order of magnitude. However, 
there was no notable change in the NPOC 
value, or the quantities of phenol and ammonia. 
The activated sludge treatment led to further 
spectacular reductions in the quantity of all 
parameters, except the amount of suspended 
matter. The typical concentration of the latter 
was reduced to a minimum already after flotation.

During the test period, the quality of the 
discharged wastewater was excellent, which 
required the operation of all grades in compliance 

Fig. 3. Reduction in chemical contamination of wastewater due to 
wastewater treatment

Fig. 2. Biodegradability of effluent after chemical treatment and 
biologically treated effluent 
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with the regulations. The efficiency of oil removal 
prior to the CASS structure is thought to be 
extremely important, which takes the load of a 
lot of biologically cumbersomely degradable, 
high COD content organic matter from the 
biological grade.

In addition to physico-chemical examinations, 
the easiest way to estimate the environmental 
damage effect caused by wastewater discharge 
is to use short-term ecotoxicology tests. Similarly 
to the assessment of chemical contamination, 
we completed the survey of the effects of the 
different grades on (environmental) ecotoxicity. 
The test organisms included in the survey 
were selected on the basis of the diversity of 
aquatic life forms, which resulted in different 
ecotoxicity values due to the various sensitivity 
of the former, however, the operations were 
still comparable (Table 2).

untreated wastewater damaged all test 
organisms seriously. It was especially harmful 
for the water flea. The wastewater running off 
the API basins, and the wastewater samples 
taken after the flotation unit still demonstrated 
strong ecotoxic effects. In contrast, the water 

running off the biological treatment plant lost 
its toxicity significantly. It is not detrimental to 
fish and algae even when undiluted. However, 
it was still harmful to D. magna and bacteria. 

Thus the most significant change took place in 
the biological grade, where the dissolved organic 
matter was removed (see Figure 4).

Conclusions
For the ecotoxicological characterization of crude 
oil processing wastewaters we aimed to assess 
the chemical contaminations and the toxicity of 
wastewaters produced in Duna Refinery. My aim 
was also to determine the efficacy – in terms of 
wastewater ecotoxicity – of the new wastewater 
treating plant in this refinery. The wastewater 
samples tested were taken from units of crude 
distillation, aromatics production, motor gasoline 
production, motor fuel production and residue 
processing representing various technical 
sections of crude oil processing in Duna 
Refinery. Technical sections of wastewater 
treatment – gravity oil separation, dissolved air 
flotation, aerobic activated sludge oxidation and 
final sedimentation – were also sampled. Among 
the test organisms studied, Aliivibrio fischeri 
bacterium strain showed the highest sensitivity to 
the harmful effects of untreated wastewaters as 
well as to wastewaters from various treatments. 
Growth inhibition for unicellular green alga 

Selanastrum capricornutum was lower, the 
zebrafish (Brachydanio rerio) showed the less 
sensitivity. Most contaminated wastewaters with 
the highest toxicity are formed in crude distillation 
and residue processing. Wastewaters of motor 
fuel production showed moderate ecotoxicity. 
A multicollinearity exists between the chemical 
oxygen demand characterizing contamination 
generally and the hydrocarbon, phenol and 
sulphide contents. using multivariate regression 
analysis I have shown that components 
determining partially the chemical contamination 
cannot be considered as variables explaining 
the acute toxicity of refinery wastewaters 
independently. Based on the multicollinearity 
and medium strength correlation we concluded, 
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Table 2. Acute ecotoxicity of wastewater samples collected from different operational units of DR wastewater treatment plant (data in toxicity 
unit /Tu/)

Fig.4. Impacts of wastewater treatment on the acute ecotoxicity
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that further variables yet not studied also have 
key role in developing toxicity. 
Wastewaters of Duna Refinery contain hardly 
degrading organic compounds. The amounts 
of recalcitrant compounds exceeded 10% of 
the initial NPOC concentration in all samples, 
their presence shall be taken into account 
when assessing wastewater treatment and 
recycling options [12]. At one of the largest 
Hungarian industrial wastewater discharging 
plant, full treatment has decreased ecotoxicity of 
wastewaters to all test organisms by more than 
95 %. Growth inhibition effect of the untreated 
wastewater in order of decreasing sensitivity 
was water flea > luminescent bacterium > green 
alga >> fish. The treated wastewater exhibited no 
toxic effect to the bacterium at 6 times dilution, 
to the water flea at 2 times dilution, and without 
any dilution to the green alga and fish.

Whole Effluent Assessment (WEA), the complete 
ecological testing of wastewater emissions has 
been adapted based on demonstration programs 
of the European Community and is being 
implemented in the international practice recently. 
It consists of the testing the degradability, 
bioaccumulation and ecotoxicological properties 
as well as determining the physico-chemical 
characteristics of wastewater effluents. In the 
oil processing industry, ecological impacts 
can be economically assessed at sites above 
200 000 m3/year capacity. This assessment is a 
necessary contribution to reduce our ecological 
footprint and can help oil companies to achieve 
their strategic goals in terms of sustainable 
development.
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Abstract
A wide variety of modern tools are 
available for the analysis of plastics. 
Almost the same equipments and 
methods can be used, which are applied 
at the general organic and inorganic 
chemistry. Physical analysis refers to 
the evaluation of the physical behaviour 
of the material. Properties such as 
strength, thermal behaviour and flow 
properties fall into this category, 
as do failure and morphological 
characteristics. The equipments used 
in this category are mechanical testing 
devices, impact testers, softening 
testers, thermal analyzers, melt index 
tester, rheometers. Chemical analysis 
seeks to evaluate the compositional 
characteristics of the polymer. The 
equipments used in this category are 
different chromatograpy, spectroscopic 
and spectrometric methods. The 
combination of the physical and 
chemical approaches has been used 
successfully to correlate the behaviour 
of plastics to their composition.
In our article we introduce three main 
methods which are used at Petchem 
Division. The differential scanning 
calorimetry is a physical analysis method. 

The gel permeation chromatography 
and infrared spectroscopy are chemical 
methods. These methods are the most 
important to determine the polymer 
structure and thermal properties.

Összefoglalás
Bevezetés a poliolefinek különbözô mû-
szeres analitikai méréseibe a Petro kémiai 
Dívíziónál
A mûanyagok vizsgálatára igen sokféle 
modern vizsgáló berendezés használható. 
Majdnem minden szerves és szervetlen 
kémiában alkalmazott mûszer és módszer 
igénybe vehetô. Fizikai módszereknek 
nevezzük azokat, amelyekkel az anyag 
fizikai viselkedését vizsgálhatjuk, például 
szi lárdságot, termikus tulajdonságokat, 
folyási tulaj donságokat vagy morfológiai 
szer ke  zetet. Néhány ebbe a kategóriába 
tartozó mûszer: mechanikai vizsgáló 
be rendezés, ütésállóság mérô, lá gyu-
láspont mérô, termoanalitikai be ren-
dezések, folyás index merô, reo mé-
te rek. Kémiai elemzéssel a polimer 
összetétele vizsgálható. Néhány mû-
szer: kromatográfiás készülékek, spekt -
roszkópiai és spektrometriai mû sze-
rek. A kémiai és fizikai módszerek 
együttesen alkalmasak a polimerszer ke-
zete és viselkedése közti össze függés 
meghatározására. 
Cikkünkben három módszert is mer-
tetünk, melyeket a Petchem Di ví zi ó-
nál rendszeresen alkalmazunk. A dif-
ferenciális pásztázó kaloriméter fizikai 
módszer. A gél permeációs kromatográf 
és az infravörös spektroszkópia kémiai 
módszerek. Ezek a legfontosabb mód-
sze rek a polimerszerkezet és ter mikus 
tulajdonság meghatározásában.
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Introduction
Plastics analysis can be broadly sorted into 
two main categories. Physical analysis refers 
to the evaluation of the physical behaviour 
of the material. Properties such as strength, 
thermal behaviour and flow properties fall into 
this category, as do failure and morphological 
characteristics. Chemical analysis seeks to 
evaluate the compositional characteristics of 
the polymer. The combination of these two 
broad approaches has been used successfully 
to correlate the behaviour of plastics to their 
composition.
Physical methods allow us to look at the 
behaviour of plastics in response to a variety 
of influences such as temperature, pressure, 
time. This understanding helps us to say how 
the plastics will behave in their lifetime. Plastic 
analysis may include identification of chemical 
composition, thermal, mechanical physical, 
electrical and optical properties, among others. 
Chemical analysis techniques permit to analyze 
molecular composition and molecular weight 
to allow us to characterize plastics precisely. 
A wide variety of modern tools are available 
for the analysis of plastics. Almost the same 
equipments and methods can be used, which 
are applied at the general organic and inorganic 
chemistry. We try to look at the most important 
analytical methods, which we use practically at 
Petchem Division. These are differential scanning 
calorimetry, gel permeation chromatography and 
infrared spectroscopy.

Differential 
Scanning 
Calorimetry (DSC)
Differential scanning calorimetry (DSC) is the 
instrument that has dominated the field of thermal 
analysis in the past decade. Thermal analysis 
represents a broad spectrum of analytical 
techniques designed to assess the response of 
materials to thermal stimulation.
In a differential scanning calorimetry test, the heat 
that flows into or out of a sample is measured 
while the temperature of the sample is exposed 
to be programmed. The heat flow differential 
is proportional to the temperature difference 
between the sample and the reference. When 
a sample goes through a transition such as from 
a solid to a melt or vice versa, heat is either 
absorbed or emitted without corresponding 
change in the temperature of the sample. The 
measured heat flow will show a peak in the curve. 

In other words a DSC heats or cools a material 
and energy is either absorbed or released as 
the material experiences physical or chemical 
changes.
The heat content of the material is the enthalpy 
(H). The absolute enthalpy of the material 
cannot be measured directly by DSC. However, 
a change in enthalpy, H, can be measured 
directly. The change in enthalpy of a material can 
be a gain, the energy is absorbed, the process is 
endothermic, or it is loss, the energy is released 
by the sample; this process is exothermic.
We can measure all types of solid and liquid 
samples with DSC: metals, inorganic or organic 
materials, solvents et al., depending, on the 
temperature range of the calorimeter. 
The main processes of the polymers are:
•  endothermic: melting, degradation (inert), glass 

transition, dehydration
•  exothermic: crystallization, oxidative 

degradation, burning, curing.

Figure 1 shows a typical DSC equipment, of 
heat flux calorimeter type.

A small amount of sample (5-10 mg) is sealed 
in a conductive pan, usually alumina. The pan, 
along with a reference pan, is placed inside a 
well-insulated oven. The temperature in the oven 
is programmed to heat or cool in a prescribed 
manner (some measurements are standardized) 
and the energy is required, depending on whether 
the transition is endothermic or exothermic.

The most important measurement type, which we 
use at the Petchem Division is the determination 
of melting and crystallization properties of the 
polymer. Different types of polymers have 
different melting temperature and melting heat 
values. 

Table 1. contains these specific temperatures of 
LDPE, HPDE, and PP, and Figure 2. shows the 
thermograms. According to these properties we 
can identify an unknown material, and  recognise 
the polymer type. Figure 2 shows the melting 

Fig. 1. DSC equipment
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endotherms of the polyolefines from Table 1. 
Polypropylene is a semi-crystalline polymer 
type. Heterogeneous nucleating agents are 
used to modify the crystallization properties 
and morphology of PP: to increase speed 
of crystallization (improves the processing 
efficiency), and crystallization temperature and 
rate, etc. The majority of these effects can 
be measured very well with DSC (differential 
scanning calorimetry). 

Figure 3. shows the crystallization of a PP type 
with and without nucleating agent.
As we can see from the crystallization exotherm 
curves, the nucleating agent increased the 
crystallization temperatures (peak temperature 
moved from 109 °C to 128,9 °C).

A special polymer measurement type with DSC 
is the determination of oxidative induction time 
(OIT), a fast method to determine the oxidative 

stability of the polymer material. This is mainly 
used for the investigation of the effectiveness of 
different stabilizator additives in a material. 
Plastic materials suffer from ageing during the 
whole lifetime. The most of plastic materials 
need stabilization against thermo-oxidative 
degradation. The stabilizators are chemical 
materials, which intervene in degradation 
mechanism, and close or retard the beginning 
chain reactions. During the OIT measurement 
the plastics materials (mainly polyolefins) 
are exposed to oxidative atmosphere and 
high temperature (near to the processing 
temperature). We can determine the effect 
of different stabilizator systems compared to 
each other. This measurement can not be used 
to predict the long-term thermal or processing 
stability of the polymers.
The principle of the OIT measurement is the 
following: the probe will be held under inert 
atmosphere up to the test temperature, which 
is higher than the melting point of the polymer. 

At this temperature the material will be held 
under isothermal conditions (usually at 200 °C) 
under oxidative (oxygen or air) atmosphere. The 
thermo-oxidative degradation is an exothermic 
process; this will be shown on the thermogram 
as an exotherm difference from basis line, where 
the extrapolated onset time is the OIT value.
Figure 4 shows a measurement and evaluation 
of OIT. Most of the DSC evaluation softwares 
automatically determine this value [1, 2, 3].

Table 1. Main thermal properties of polyolefines

Fig. 2. Melting curves of LDPE, HDPE and PP

Fig. 3. Crystallization of a polypropylene sample with and without 
nucleating agent

Fig. 4. OIT measurement. Green: heating phase (melting of the 
polymer); red: isotherm phase under inert atmosphere; blue: 
isotherm phase under oxidative atmosphere
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 Polymer Abbreviation Glass Melting Heaat of  Other
   transition, Tg point, Tm fusion 
   (°C) (°C) Hm (J/g)  
 Low density LDPE (-120 …-70) 105…120 293 Density
 polyethylene     0,925…0,942
 High density HDPE (-130 …-80) 130…141 293 Density
 polyethylene     0,942…0,965
 Polypropylene PP (-10 …0) 160…165 207 Depend on
      isotacticity
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Gel Permeation 
Chromatography 
(GPC)
During commercial polymerization, it is 
impossible to produce a polymer system in 
which all molecules have the same molecular 
weight. The result is a system of molecules 
with varying molecular weights and chain 
lengths along a Gauss-curve. This distribution 
of molecular weights is extremely important for 
determining polymer properties. If the molecular 
weight and molecular weight distribution are 
known along with a good understanding of the 
polymer chain conformation, many mechanical 
and rheological properties can be predicted.
The molecular weights of polymers are very 
high, ranging from about 25,000 to 1,000,000 
g/mol or higher. There are a lot of methods to 
determine the molecular weight (light scattering, 
viscosity or osmometry), but only one method is 
suitable to measure the whole molecular weight 
range: the gel permeation chromatography 
(GPC).
Since the polymers are polydisperse systems 
with different chain length, we can determine 
only molecular weight (MW) average. There 
are three types of MW-averages in common 
use: the number-average MW, Mn; the weight-
average MW, Mw and the z-average MW, Mz. 
These are defined below in terms of the numbers 
of molecules Ni having molecular weights Mi, 
or in terms wi, the weight of the species with 
molecular weights Mi.

A convenient measurement of the width of the 
molecular weight distribution (MWD) is the 
ratio of Mw/Mn called the polydispersity index 
(PDI). When PDI approaches 1, the system is 
considered as having macromolecules with the 
same length (theoretical).

GPC is a liquid chromatography method, there 
is a stationary and a mobile phase. GPC uses 

the so called size exclusion principle. The size 
of the molecule, defined by its hydrodynamic 
radius, can or can not enter small pores in a 
bed of cross-linked polymer particles, the most 
common form of the stationery phase. The 
smaller molecules diffuse into the pores via 
Brownian motion and are delayed. The larger 
molecules pass by and continue in the mobile 
phase. The instrumentation most commonly 
used in GPC equipments is illustrated at Figure 
5. The stationary phase consists of small porous 
particles. While mobile phase flows at specified 
rate controlled by the solvent delivery system, 
the sample is injected into the mobile phase 
and enters the columns. The length of time that 
particular fraction remains in the columns is 
called the retention time. As the mobile phase 
passes the porous particles, the separation 
between the smaller and the larger molecules 
becomes greater.
The type of the column filler depends on 
whether the polymer is water soluble or 
organic soluble. Choosing a solvent is also 
important, but sometimes easy, because 
some polymers are soluble only in one or two 

solvents without any damage in the molecular 
chain. Polyethylene and polypropylene are 
dissolved in tri-chloro-benzene (TCB) at high 
temperature (160 °C) in accordance with a 
standardized method.
There are several types of detectors. The 
refractive index detector is the most popular 
concentration-sensitive detector, measuring the 
change of refractive index as the concentration 
of polymer in the solution changes. Molecular 
weight-sensitive detectors include light-
scattering or viscometry types. 
GPC instruments needs to be calibrated in 
practice. Narrow molecular weight distribution 
polystyrenes are used most often for this 
purpose. 
With the help of the GPC, we can see the 
differences in the molecular weight distribution 
of a monomodal (blue curve) and bimodal (green 
curve) HDPE type. The monomodal HDPE 

Fig. 5. Illustration of the modules that make up GPC instrumentation
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has one peak on the chromatogram, while the 
bimodal has two (Figure 6). The modality of the 
HDPE affects the mechanical and processing 
properties.

Polypropylenes with different melt flow rates 
(MFR at 230°C) have different molecular 
weights, that is showed on the Figure 7 [2, 4].

Infrared 
spectroscopy 
Infrared spectroscopy is certainly one of the 
most important analytical techniques available to 
today’s scientists. One of the great advantages 
of infrared spectroscopy is that virtually any 
sample with any state may be studied. Liquids, 
solutions, pastes, powders, films, fibres, gases 
and surfaces can all be examined with a suitable 
sampling technique.
Infrared spectroscopy can be used to identify 
the composition of polymers, to monitor 
polymerization processes, to characterize 
polymer structure, to examine polymer surfaces 
and to investigate polymer degradation 
processes.
Infrared spectroscopy is a technique based 
on the vibration of the atoms of a molecule. 
An infrared spectrum is commonly obtained 
by passing infrared radiation through a sample 
and determining what fraction of the incident 
radiation is absorbed at a particular energy by 

the sample. The energy at which any peak in 
an absorption spectrum appears corresponds 
to the frequency of a vibration of a part of a 
sample molecule. Infrared radiation is a range of 
the electromagnetic radiation. The characteristic 
energy of the infrared radiation is between  
103-105 J/mol. If we convert the energy (E) into 
frequency ( ) according to the Bohr equation
(E = h * ) this range is between 100-14000 cm-1. 
Mostly it is used in the 400-4000 cm-1 range, in 
the so called mid-infrared region.
Vibration of a molecule can be very various 
(bending, stretching, skeletal motions), also if 
it contains only 3 or 4 atoms, so the spectrum 
can be very difficult. Fortunately, spectrum 
interpretation is simplified by the fact that the 
bands that appear can usually be assigned to 
particular parts of a molecule, producing what 
are known as group frequencies.
The mid-infrared spectrum can be approximately 
divided into four regions and the nature of a 
group frequency may generally be determined by 
the region in which it is located. The regions are 
generalized as follows: the X-H stretching region 
(4000-2500 cm-1), the triple-bond region (2500-
2000 cm-1), the double-bond region (2000-1500 
cm-1) and the fingerprint region (1500-600 cm-1). 
The 1500-600 cm-1 interval absorbs the most 
bending and skeletal vibrations, and a molecule 
may have a hundred or more absorption bands 
here. The spectrum can be regarded as a 
‘fingerprint’ of the molecule and so this region is 
referred to as the fingerprint region.
On Figure 8 a useful correlation table for 
polymers is shown. 
The basic components of an FTIR spectrometer 

are shown on Figure 9. FTIR means Fourier-
Transformation InfraRed spectrometer, because 
the mathematical method, what is the basic of 
the equipment is the Fourier-transformation. 
It is a method to get the spectrum from the 
interferogram, the signal of the interferometer.
Polyethylene and polypropylene are the easiest 

Fig. 6. Chromatograms of a monomodal (blue curve) and bimodal 
(green curve) HDPE

Fig. 7. Chromatograms of polypropylenes with different melt flow rates

Fig. 8. Correlation table for polymers
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polymers from the point of view of infrared 
spectroscopy. The spectrums of the main 
polyethylene types are shown on Figure 10 
(fingerprint region). The differences between 
LDPE and HDPE (chromium and Ziegler-Natta 
types) are showed in Table 2.

On Table 3 the functional groups of the 
polypropylenes are shown. The spectrums of 
the different polypropylene types are shown 
on Figure 11: homo-polymer PP (produced 
only from propylene monomer), random 
copolymer PP (produced with ethylene and 
propylene monomers randomly) and stereo 
block copolymer PP (homo PP matrix including 
ethylene-propylene rubber in the pores) [2, 5].
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Abstract
After the revamp of DR FCC unit in 2005 
over the limit dust emission was measured 
in the flue gas of the unit. Electrostatic 
precipitator (ESP) equipment was 
installed in the flue gas system in the frame 
of a project for decreasing the emission 
below the environmental limit. This paper 
presents the electrostatic precipitation 
technology and the equipment overview, 
summarizes the basic design work. One-
year operational experience is also shared 
in this work.

Összefoglalás
Elektrosztatikus porelválasztó beépítése 
a Dunai Finomító FCC üzemében
A Dunai Finomító FCC üzemének 2005 
évi nagyrevíziója után a környezetvédelmi 
elôírást meghaladó poremissziót mértek 
az üzemi füstgázban. A mérések azt 
mutatták, hogy a por szemcseméret 
eloszlása miatt annak leválasztása 

mechanikai úton nem lehetséges. A 
14/2001 (V.9.) KöM-EüM-FVM ren-
deletben megengedett határérték 
(50 mg/Nm3) teljesítése érdekében a 
MOL 2006-ban projektet indított egy 
füstgáztisztító berendezés beszerzésére, 
és installálására. A publikáció bemutatja 
az elektrosztatikus porleválasztás tech-
nikáját, a készülék felépítését és ter-
vezésének alapelveit. Össze foglaljuk az 
egy éves üzemeltetés ta pasztalatait is.

Introduction
In September, 2004 the Executive Board of MOL 
Group approved the implementation of the Project 
“FCC unit upgrade in Duna Refinery”. One of the 
major aims was to reduce Fluid Catalytic Cracking 
(FCC) unit flue gas particulate concentration below 
legislation limit set forth in 14/2001 (V.9.) KöM-
EüM-FVM interministerial decree i.e.: 50 mg/Nm3

(on dry basis at 5 vol% oxygen) by additional 
flue gas cleaning equipment. The project was 
implemented during the planned turnaround of the 
FCC unit, in September-October, 2005. 
After the starting up of the unit, when measuring 
of the dust emission became possible, it was 
realized that the more efficient dust separation 
was not achieved by the equipment modifications. 
Since then, several measures have been taken to 
find the root cause of the non-compliance with the 
assistance of licensors, designers, contractors, 
manufacturers and vendor. This troubleshooting 
procedure was detailed in a previous publication 
by Dr. Fürcht [1]. At the end of this process MOL 
and the process licensor, uOP arrived at the same 
conclusion in their evaluation reports:
•  The design was performed in line with licensors’ 

specifications.
•  Every system, equipment, catalyst, etc. were 

found to meet the design specifications and 
being in good shape.
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•  The root cause of the high emission is the high 
load of the fine particles in the flue gas which 
seems to be inherent to this very unit and 
could not be detected in the past in the lack of 
appropriate sampling facilities.

Meeting the emission limit of solid pollutants can 
only be achieved by the installation of new post-
separation equipment in frame of a new project. As 
it was described in Dr. Fürcht’s review [1] during 
the definition phase of the project electrostatic 
precipitation (ESP) technology was chosen to meet 
the stringent emission limit of solid pollutants.
Installations of an electrostatic precipitator 
interconnect ductwork, utility, instrumentation and 
automated dust removal system were included in 
the project scope. Based on their technical and 
commercial proposal the Hamon Research-Cottrell 
(HRC) was selected for design and installation of 
the ESP. 
The aim of this paper is to present the electrostatic 
precipitation technology and the equipment 
overview, to summarize the basic design work. 
One-year operational experience is also shared in 
this work.

Process 
description
Electrostatic precipitation has been a reliable 
technology since the early 1900's. Originally 
developed to abate serious smoke nuisances, the 
manufacturers of zinc, copper, and lead quickly 
found electric gas cleaning a cost-efficient way to 
recover valuable product carried out of the stacks 
from furnace operations. Today electrostatic 
precipitators are found mainly on large power 
plants, cement plants, incinerators, various boiler 
application and FCC units [2, 3].
The Electrostatic Precipitator (ESP) removes 
suspended particulates from the flue gas stream. 
The primary benefit of this function is the control 
of air pollution to comply with governmental 
regulations.
The precipitator was installed between the flue gas 
cooler and the stack. The combustion by-product 
(gas containing catalyst fines as particulate matter) 
of the FCC regenerator is transported to the ESP.
The ESP has one chamber with three fields 
powered by one transformer-rectifier set on each 
field. The ESP is a particulate control device that 
uses electrical forces to remove particulate from 
the flowing gas stream (Fig. 1.).
The high voltage charge on the negative electrodes 
(discharge electrodes) causes discharge of 
electrons into the gas stream, in form of corona, 
which is a luminous blue glow of ionized gases. 
Catalyst fines passing through the corona zone 

receive a negative electrical charge, which causes 
them to be attracted to the positive electrodes 
(collecting electrodes or collecting plates), where 
the force of the electrical field holds them.
The electrical field that forces the charged particles 
to the positive electrodes comes from the negative 
electrodes, maintained at high voltage in the centre 
of the flow lane by the transformer-rectifier set. 
After the particulate is accumulated on the 
collecting plates, it must be removed from the 
electrodes while minimizing re-entrainment onto 
the gas stream. The particulate is removed by 
“rapping”, a process whereby the deposited 
catalyst fines are knocked loose from the plates, 
allowing the collected layer of particles to slide 
down to the bottom of the precipitator.
As a consequence of the ionization of the gas 
stream, a small percentage of particles receive a 
positive, rather than negative, electrical charge. 
These particles are attracted to the negative 
electrode, where they accumulate. The negative 
electrodes are rapped periodically to remove these 
accumulations to reduce their possible interference 
with corona generation.
The cleaned gases from the electrostatic 
precipitator are transported to the stack and 
released to atmosphere. The particulate falls into 
the precipitator hoppers. Dust handling system is 
used to transport the collected particulate matter 
to the dust silo.
 

Equipment 
overview
A precipitator is relatively simple equipment. The 
main components are as follows (Fig. 2.):

CASING
The precipitator casing is divided into 5 different 
main components:
•  The inlet plenum, designed to obtain an uniform 

flow profile across the precipitator;
•  The precipitation chamber, where the electric 

fields are installed;
•  The outlet cone designed to tie the precipitator 

Fig. 1. Process description of ESP (Source: HRC)
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•  chamber in the flue gas outlet duct without 
disturbing the gas flow distribution inside the 
chamber;

•  The collecting pyramidal hoppers located under 
each precipitator field;

•  The penthouse mounted on the top of the 
precipitator chamber and separated from this 
chamber by the hot roof. To maintain the high 
voltage charge on the discharge electrodes, it 
is essential that the discharge electrodes and 
frames be isolated at all points from ground and 
from the collecting electrodes. The penthouse 
houses the high voltage support insulators and 
rapper insulators. A seal air system is provided 
to prevent flue gas from contaminating this area.

The precipitator casing external walls are heat 
insulated to avoid the flue gas to condensate. Not 
only the flue gas acid condensation corrodes the 
steel parts but also causes the collected dust to 
agglomerate and stick to the steel surface.
 

DISCHARGE ELECTRODE
The discharge electrode is the vertical pipe and 
spike design. The sharp edge spikes promote the 
Corona effect and gas ionization. The discharge 
electrodes are located in the gas stream at equal 
distance of juxtaposed collecting plates. This 
distance is one of the factors that can affect 
precipitator performance. The discharge electrodes 
are attached to a high voltage frame. This assembly 
is hung at top of the precipitator from high voltage 
support insulator.

COLLECTING ELECTRODES
The collecting plates are the grounded electrodes 
on which the incoming charged particulate is 
deposited.  The electrodes run parallel to the gas 

flow and are arranged to form a series of gas 
passages through the precipitation chamber. In our 
new equipment the plates – called "G" OpzelTM 
collecting electrode – provide quiescent zones 
to aid in particulate collection and to reduce re-
entrainment (see the gas velocity profile in the DR 
FCC ESP on Fig. 3.).

PRECIPITATOR RAPPERS 
To dislodge the collected material from the 
precipitator collecting and discharge electrodes, 
Hamon Research-Cottrell utilizes Magnetic Impulse 
Gravity Impact (MIGI) rappers (Fig. 4.). The MIGI 
rapper is a simple electromagnetic device that has 
only one moving part, a 10 kg plunger. Rapper 
operation is initiated by a controlled, short duration, 
low voltage pulse. This pulse energizes the solenoid 
coil, generating a magnetic field that lifts the 
plunger into the phenolic guide tube. After the coil 
is de-energized, the plunger drops by gravity and 
impacts on a stationary rapper rod that transmits 
the forces to the internal components. The rappers 
are installed on the precipitator cold roof.
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Fig. 2. Structure of electrostatic precipitator (Source: HRC)

Fig. 4. Structure of magnetic impulse gravity impact (MIGI) rapper

Fig. 3. Gas velocity profile in the DR FCC ESP (Source: HRC)
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TRANSFORMER-RECTIFIER (T-R)
Each electric field of the precipitator is energized 
by a transformer-rectifier. All transformer-rectifiers 
are mounted on the precipitator cold roof.
The high voltage conductor connects the 
transformer outlet bushing to precipitator high-
voltage frames. The conductor section running 
outside the penthouse is protected by a bus duct.
The transformer power is regulated by a thyristor 
module controlled by a voltage/current regulator. 
The regulator continuously adjusts the voltage and 
the current of the transformer-rectifier in order to 
keep the ESP working at highest voltage within the 
working limits of the equipment. Voltage or current 
adjustment is carried out in function of a current 
transient detection. Current transients are due to 
spark or arc formation between the electrodes of 
the ESP. The control strategy and the dynamic 
behaviour of the regulator are able to create the 
optimum working conditions in function of process 
transients. 

HOPPERS
The hoppers are set back from the flue gas flow 
and need to be heated above the flue gas acid 
dew point in order to avoid flue gas condensation. 
Catalyst fines stuck because of the condensation 
can give rise to clogging of the hopper and prevent 
the dust handling system to work properly.
Level switch controls the dust level in each hoper. 
The level should be kept minimal in order to avoid 
clogging.
At the vertical of each hopper and fixed to the 
lower alignment frame of the discharge electrodes, 
a steel rod limits the maximum capacity of the 
hopper and prevents the bulk material to reach 
the lower part of the electrodes. If the dust level 
reaches the steel rod, the high voltage frame is put 
to ground what would trip automatically the field 
transformer-rectifier. Tripping the transformer will 
prevent the hopper to collect more fines.

DuST REMOVAL SySTEM (DRS)
Dust is continuously collected under the hoppers 
by a pneumatic conveyor and transported to the 
storage silo. The transport system is designed 
for high dust temperature. The fines vessels 
and the dust pipe are heated to limit the risk of 
plugging. The pneumatic action is made by dry 
compressed air.
The dust silo receives dust and a bag filter is 
installed at top of the silo for air evacuation and 
pressure equalization. The dust evacuation is made 
by tank trucks. Loading of the trucks is made by 
loading spout, which is dedusted by the silo filter, 
the fan on the filter assure the depression during 
truck loading. A manual butterfly valve is installed to 
tune the dust slow to the truck in order to maximize 
the dust flow and minimize the dust fly away.

KEy INTERLOCK SySTEM
The principal purpose of the key interlock system 
is to prohibit entry into the precipitator via normal 
interlocked manway access doors until the high 
voltage transformers are locked off and grounded. 
The interlock system consist of a series of locks 
and keys located and sequenced to control the 
steps of de-energizing, grounding and opening of 
equipment to prevent personnel from coming in 
contact with energized high-voltage components.

Design criteria of 
the ESP
Designing a precipitator for optimum performance 
requires proper sizing of the precipitator in addition 
to optimizing precipitator efficiency. 
Precipitator performance depends on its size 
and collecting efficiency. Factors that influence 
precipitator sizing are [3, 4]: 
•  Gas volume. In DR FCC unit the design gas 

flow rate is 110,000 Nm3/h.
•  Gas velocity. A precipitator operates best with 

a gas velocity of 1,1 – 1,7 m/s (see the Fig. 3). At 
higher velocity, particle re-entrainment increases 
rapidly. If velocity is too low, performance may 
suffer from poor gas flow distribution or from 
particle dropout in the ductwork. 

•  Precipitator inlet loading. In case of DR 
FCC unit during normal operation the design inlet 
burden is max. 250 mg/Nm3. To maintain the 
performance of flue gas cooler being in flue gas 
system upstream of the ESP a cleaning process 
named soot blowing is carried out every day. 
During the soot blowing action the maximum 
inlet loading is 1000 mg/Nm3.

•  Required dust emission. As it was mentioned 
before the regulation limit is 50 mg/Nm3 (on dry 
basis at 5 vol% oxygen). In order to answer the 
current and expected future legislation contractor 
should guarantee that the maximum emission 
would be 25 mg/Nm3 (dry, 5 vol% oxygen) 
during normal operation measured in the stack 
and the average particulate matter in the outlet 
flue gas stream 25 mg/Nm3 (dry, 5 vol% oxygen) 
over 4 hour period in the flue gas including one 
soot blowing.

•  Particulate resistivity is resistance 
to electrical conduction. By definition, 
resistivity, which has units of ohm-cm, is the 
electrical resistance of a dust sample 1 cm2 in 
cross sectional area and 1 cm thick. Resistivity 
levels are generally broken down into three 
categories: low (under 1x105 ohm-cm), medium 
(1x105 to 1x1011 ohm-cm) and high (above 
1x1011 ohm-cm). Typically, particulate resistivity 
involves both surface and volume resistivity. 
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•  Particles in the medium resistivity range are the 
most acceptable for electrostatic precipitators. 
Particles in the low range are easily charged, 
however upon contact with the collecting 
electrodes, they rapidly loss their negative charge 
and are repelled by the collecting electrodes 
back into the gas stream to either escape or to 
be recharged by the corona field. Particles in the 
high resistivity category may cause back corona 
which is a localized discharge at the collecting 
electrode due to the surface being coated by a 
layer of non-conductive material. Resistivity is 
highly influenced by flue gas temperature and 
conditioning agents, such as flue gas moisture 
and dust chemistry. Conductive chemical 
species, such as sulphur and sodium will tend to 
reduce resistivity levels while insulating species, 
such as SiO2, Al2O3 and Ca will tend to increase 
resistivity. High resistivity can reduce precipitator 
performance. Sodium and iron oxides in the fines 
can reduce resistivity and improve performance, 
especially at higher operating temperatures. Fluid 
Catalytic Cracking units have particle resistivities 
in the medium range.

•  Particle size of the incoming particulate 
has a dramatic impact on the sizing of 
an electrostatic precipitator. A precipitator 
collects particles most easily when the particle 
size is coarse. The generation of the charging 
corona in the inlet field may be suppressed if 
the gas stream has too many small particles 
(less than 1 μm). Very small particles (0.2 - 0.4 
μm) are the most difficult to collect because 
the fundamental field-charging mechanism 
is overwhelmed by diffusion charging due to 
random collisions with free ions. Fluid Catalytic 
Cracking units have very fine particulate, in our 
case the particle size range is 0.36-30 μm. Size 
of the precipitator must be increased in this case 
because the fine particulate is easily re-entrained 
into the gas stream. 

•  Gas temperature. The effect of gas 
temperature on precipitator collecting efficiency, 
given its influence on particle resistivity, can be 
significant. The operating temperature of the 
installed ESP is 290±30°C. 

•  Interactions to consider. Particle size 
distribution and particle resistivity affect the 
cohesiveness of the layer of precipitated 
material on the collecting plates and the ability 
of the rapping system to dislodge this layer for 
transport into the precipitator hopper without 
excessive re-entrainment. 

The sizing process is complex as each precipitator 
manufacturer has a unique method of sizing, often 
involving the use of computer models and always 
involving a good dose of judgment. Based on 

specific gas volume and dust load, calculations are 
used to predict the required size of a precipitator to 
achieve a desired collecting efficiency. The typical 
equation used in precipitator sizing is the modified 
Deutsch equation: 

where
A – the collecting electrode surface area 
V – the gas volume
W – the precipitation rate 
y – factors calculated the itemized parameters. 

As a result of the sizing process HRC designed 
the ESP with the main parameters listed on the 
Table 1.
The electrostatic precipitators are very flammable 
equipments because the precipitator sparking is 
potential source of ignition when combustibles and 
oxygen are present in quantities sufficient to support 
combustion. Because of this the interlock system 
of ESP was paid specific attention during the design 
phase. To avoid getting of the combustibles into 
the operating ESP the high-voltage trip is activated 
when the regenerator temperature reaches 750°C 
or the rising of regenerator temperature higher 
than 20°C/10sec and/or the CO content of the 
flue gas reaches 180 ppm. 
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 Technical parameters Characteristic
 Number of fields 3
 Number of gas passages/field 15
 Gas passages spacing 400 mm
 Gas flow cross section 60 m2

 Collecting surface/field 4005m2

 Number of collecting plates/field 16
 Collecting plates height 10000 mm
 Collecting plates length 4450 mm
 Number of discharge electrodes/field 120
 Discharge electrodes length 10760 mm
 No. of collecting plate rappers/field 8
 No. of discharge electrode rappers/field 4
 No. of inlet distribution devices rappers 2
 Seal air flow 1000 Nm3/h
 T-R field 1/2/3 power 110 kVA
 T-R field 1/2/3 secondary peak voltage 110 kV
 T-R field 1/2/3 secondary output current 1000 mA
 Number of hoppers 3

Table 1. Main parameters of the ESP [2]
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Operating 
experiences
After the installation of the designed ESP 
commissioning was carried out by MOL under 
HRC assistance in summer, 08. 08. 2008. All 
procedures set forth in the Basic Engineering 
Design Package as well as HRC’s written 
instructions were observed during commissioning. 
After the commissioning and acceptance period the 
performance guarantee test run (PGT) was carried 
out.  The length of the PGT was three days and 
during this procedure HRC should demonstrate 
guaranteed values of the ESP. The dust emission 
beside the energy consumption was the most 
important measured parameter. The emission test, 
which is an isokinetic measurement, was carried 
out by an accredited, independent laboratory.
During the test run the FCC unit is operated in 
normal way at maximum throughput. As a result 
of the test it was concluded that the inlet load of 
the ESP was 80 mg/Nm3 and the air pollutant 
concentration was below the guaranteed values (25 
mg/Nm3) for every case, the maximum value of the 
emission was 19 mg/Nm3. Based on the results of 
outlet dust content and energy consumptions the 
efficiency of the ESP was acceptable (see Fig. 5.) 
and the project was finished in November of 2008.

A few months later the online opacity meter 
showed increasing emission and the smoke on 
the top of the stack turned visible. Problem with 
the dust handling was observed too. For finding 
the reason of the failure and the solution of these 
problems a troubleshooting team was constituted, 
in which HRC experts were involved besides MOL 
members. Two different problems were examined:
•  decreasing of the ESP effectiveness; and 
•  clogging problem with the dust handling system.

PROBLEM WITH THE ESP 
EFFECTIVENESS
In the end of 2008 the catalyst fines content 
of the flue gas increased to ~200 mg/Nm3 due 
to attrition of the FCC equilibrium catalyst. 
Although the ESP load was in the design range 
but the dust emission measured in the FCC 
stack was higher than the guaranteed value 
(~ 30-35mg/Nm3). First of all the differences 
between the design and operational parameters 
were audited: since the starting of ESP the 
FCC unit has been operating at stable mode 
and all parameters were in the design ranges 
excluding the steam content of the flue gas. It 
was between 14-16% while the design data was 
11,6%, but the added moisture is beneficial in 
surface conductivity of the dust particle. The 
current passing through the precipitated dust 
layer is conducted in a film of weak sulphuric 
acid (forming from SO3 being in flue gas and 
H2O) on the surface of the particles. It has a 
positive effect on the ESP efficiency.
The operation of the transformer-rectifier 
equipment was checked too. It was concluded 
that the transformers operated at maximum 
power level therefore, the performance of the 
equipments can not be increased. 
During the main turnaround period in April, 2009 
the ESP was opened. The hoppers were filled 
with the precipitated fines, which may cause re-
entrainment into the gas stream. To avoid this 
abnormality each hoppers were drained. All of 
the electrodes and insulators were cleaned 
using the HRC instructions. The whole flue gas 
system was inspected by the FCC unit licensor 
but no failure was detected. 
Due to the maintenance during the shutdown 
time the performance of the flue gas cooler 
upstream of the ESP increased, consequently 
the inlet temperature of the ESP decreased from 
320°C to 270°C. 
After the turnaround a clarifying test was carried 
out with HRC supervision. Based on the results 
of the test it was concluded, that the inlet dust 
load decreased significantly (to 60-80 mg/Nm3) 
and dust emission was lower than before the 
maintenance shutdown (24 mg/Nm3). In normal 
operating mode the ESP efficiency fulfilled the 
requirements of the contract but during the 
soot blowing procedure the dust emission was 
30 mg/Nm3, which was higher than the 
guaranteed value but the distance from the 
environmental limit was acceptable.
The results of the troubleshooting related to 
emission were the followings: 

Fig. 5. The effect of ESP on the visible smoke
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•  The ESP can not meet the requirements while 
the inlet dust load is close to the design limit; 

•  The inlet temperature affects the performance 
significantly. At lower level (270°C) the ESP is 
not able to precipitate the fines with the desired 
effectiveness.

To solve these problems HRC provided additional 
equipment for injection of ammonia into the flue 
gas steam.  

The combination of flue gas analysis, flue gas 
temperature and dust chemistry provides 
the base for dust resistivity. Typically, dust 
resistivity involves both surface and volume 
resistivity. As gas temperature increases, 
surface conductivity decreases and volume 
resistivity increases. In higher gas temperature 
ranges (>200°C) volume conductivity 
predominates. Current conduction through 
the bodies (volume) of the precipitated dust 
particles is governed by the total chemistry of 
the particles. Dust resistivity can be modified 
by injecting ammonia into the upstream of 
the precipitator. It forms an ammonia-based 
particulate to increase the space charge. 
Sulphur trioxide and ammonia may be used in 
combination. This solution has been successful 
because it can lower dust resistivity and also 
form ammonia bisulphate. The latter increases 
the adhesion of particles, and thus reduces re-
entrainment losses [5]. In our case the source 
of sulphur trioxide can be the sulphur content 
of the flue gas. The ammonia injection skid was 
installed in the end of 2009 and the ESP is able 
to operate with maximum effectiveness.
 

CLOGGING PROBLEM WITH THE 
DuST HANDLING SySTEM 
Due to the increased level of precipitated fines 
clogging was observed in the dust handling 
system. Due to the failure of level switches direct 
signal of the hopper level was not available in the 
first months, but during this period there were 
some indirect indications for the clogging of the 
hoppers. The measured hopper temperature 
was decreasing along with the increasing of 
blocked dust amount, which insulated the sensor 
of thermometers (see Fig. 6.). Besides this, the 
level of the precipitated dust silo did not increase 
continuously.
As it mentioned above when the ESP was opened 
the hoppers were full of fines.
 During the turnaround period new nozzles were 
installed to the bottom of the hoppers to purge the 
blocked dust with inert gas. With this process the 
clogging of the hopper can be prevented in normal 
operation. 
When the unit was restarted after an emergency 
shutdown in June the blockage problem occurred 
again. To find the reasons of the clogging the 
moisture content of the precipitated dust was 
measured. It was found that before the shutdown 
this value was about 3% but after the startup the 
moisture of dust increased to 9%. It was enough 
to stick on the wall of the hopper and the clogging 
was built up.
After the evaluating period the troubleshooting 
team prepared an action plan to solve the clogging 
problem. The action items involved in the plan were 
the followings:
•  Modify the start-up procedure to prevent 

condensation problem; 
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Fig 6. Changing of the hoppers temperature
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•  Modify the vibration control code of the hopper 
vibrators – increasing vibration frequency;

•  Increase hopper heating (to 150°C) during start-
ups;

•  Install trace heating on spool pieces, which is the 
interface between the hopper and dust removal 
system;

•  Install additional anvils on opposite hopper side;
•  Modify the hopper level control philosophy – 

instead of keeping the level between the low 
level switch (LLS) and high level switch (HLS) it  
has to be kept below the LLS. If the level reaches 
the LLS, manual intervention is needed;

•  Prepare operation instruction for handling low 
hopper level alarm. 

By now most of the preventive action points have 
been carried out, and the dust removal system is 
operating without any clogging.
To summarize the operational experience: after 
solving the initial difficulties, thanks to good 
cooperation between the equipment designers, 
operators and the project team, the ESP is able to 
clean the flue gas at the desired performance level. 
The level FCC catalyst recovery in the unit reached 
the 80% with the start of ESP.  Furthermore, 
instead of the emission to the atmosphere, 100 
tons catalyst fines are collected in the dust silo 
every year.

References
[1]  Dr. Fürcht Á.: “Mikropor emisszió a Dunai 

Finomító FCC üzemében”, MOL Szakmai 
Tudományos Közlemények, 2007/1, 76-78.

[2]  Operation & Maintenance Manual of 
Electrostatic Precipitator; Hamon Research-
Cottrell, 2008.

[3]  R. A. Mastropietro: “Impacts of ESP 
Performance on PM-2.5”, European Particulate 
Control users Group Meeting, Pisa, Italy, 
November 7, 2000.

[4]  R. A. Mastropietro: “The use of Treatment Time 
and Emissions Instead of SCA and Efficiency 
for Sizing Electrostatic Precipitators”, EPRI-
DOE-EPA mega-symposium, Washington, 
uSA, September 20-25, 1997.

[5]  R. A. Mastropietro: “Practical Problems with 
ESPs can provide significant contribution to 
science”, 7th International Conference on 
Electrostatic Precipitation, Kyongju, Republic 
of Korea, August 29,1998

Keywords: emission, precipitator, operation 
experience

Reviewed by István Valkai

Acknowledgement
The authors would like to thank to HRC for valuable 
comments and advice.



2010/2Development

Abstract
This article includes an overview of TVK 
quality improvement and the applied IT 
solutions, Lotus Notes applications and its 
advantages. The choice and application 
steps, furthermore the development and 
essential modifications are introduced.  
Describes the Petrochemicals Division’s 
level operation of the common knowledge 
base.
 

Összefoglalás
Informatikai alkalmazások - mi nô ség-
fejlesztés a Petrolkémiai Divízióban 

A publikáció röviden áttekinti a TVK 
minôségügyi fejlôdését, az alkalmazott 
informatikai megoldásokat, a Lotus 
Notes alkalmazásokat, azok elônyeit. 
Részletesen foglalkozik az ISOFFICE 
szoftver kiválasztásával, használatával, 
az alkalmazott modulok fontosabb mó-
dosításával, eredményével. Röviden is-
mer teti egy Petrolkémiai Divízió szintû 
tudásbázis kialakítását.

Introduction
“The only real mistake is the one from 
which we learn nothing” John Powell [1]  

Petrochemicals Division operates as a member of 
MOL Group. Its plants operate in optimalized and 
integrated way in Tiszaújváros (TVK Plc. Plants) 
and Bratislava (Slovnaft Petrochemicals, s.r.o.–
SPC plants).
Our products are ethylene, propylene and 
polyethylene, polypropylene. Several plastic-
manufacturers of Europe are supplied with polymer 
products produced by Petrochemicals Division.
Essential markets are: Poland, Italy, Germany and 
the domestic markets.

Quality improvement
A short overview is needed in connection with 
quality improvement of TVK Plc. (TVK), before 
introducing IT application (see Table 1.). In 
Hungary TVK was one of the first companies, 
who obtained the Certificate according to ISO 
9001 standard in 1993 followed by the successful 
certification according to ISO 14001, afterwards 
OHSAS 18001. 
TVK had been preparing for the successful 
appearance on National Quality Award since 
1996. The award – in “big manufacturing 
company” category - was won by TVK in 1998.
That year was very important from several points of 
view. TVK could initiate substantial improvement 
actions related to standard based management 
system, beside the successful (awarded) 
performance. One of these improvement actions 
was the start of the ISOFFICE application, which 
can support the operation of the standard based 
management system.

Overview of
TVK IT applications
TVK IT applications operate as a complex 
system, where the different applications can 
communicate with each other (Fig.1.). The most 
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important element of this system is Business 
Process Controlling Software (BPCS). It is a 
complex company management (ERP) system, 
which can trace e.g. on the supply chain (from 
purchased raw materials to product sales) 
activities. The Controlling System (CS) and 
Management Information System (VIR) are 
based on BPCS software, which ensures up-to-
date information for the management.

Lotus Notes 
applications
The BPCS is supported by the popular – in TVK 
- Lotus Notes software. The connection is direct 
among the applications every message comes 

into the user’s mail box. Therefore the business 
correspondence is more flexible and faster 
among the organizations (Fig. 2.).

Some aims of application:
• support daily work
• improve the data and information flow
• reduce the paper usage
•  ensure data and records traceability, retrieval
• protect data and information
•  regulate the operation from IT and record 

handling point of view.

Why was the 
ISOFFICE chosen?
In order to support Integrated Management 
System with IT tool, a software was searched, 
which fit in with our complex IT system and which 
is able to communicate with it on a common 
surface.
After comprehensive evaluation ISOFFICE 
software was chosen. This producer of this 
application is the uNIOFFICE. This is a Hungarian 
complex user package product, which can 
cover the whole applied ISO requirements. The 
software operation is supported by the Lotus 
Notes advanced communication and document 
handling skill (Table 2.).

ISOFFICE soft-
ware usage and 
development
As it was written before, the TVK production 
units and some essential functional organizations 
(e.g. IT) had operated independent ISO 9001 

Development2010/2

61

1MOL GROUP

 Essential events Year 
 System certification according 1993
 to ISO 9001 (Production units)
 System certification according 1997
 to ISO 14001 (Company level) 
 National Quality Award 1998
 Service divisions certification (e.g. IT)  1998
 ISOFFICE application had been initiated
 System certification according 2001
 to OHSAS 18001
 European Quality Award 2001
 Recognized for Excellence  
 Company level certification according 2002
 to ISO 9001:2000 (standard changing)
 Integrated Management System 2005
 certifications (ISO 9001, ISO 14001,
 OHSAS 18001) 
 Company level certification according 2008
 to ISO 9001:2000 (standard changing)

Table 1. Quality improvement

Fig. 2. Lotus Notes’ applications

Fig. 1. IT application at Petrochemicals
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certificates even in 1998. As far back as that year 
the Information Technology already operated the 
„paperless” ISO System by ISOFFICE support. 
The qualification of the software was excellent, 
which can support the operation of the standard 
based management systems. Applicability of the 
software was verified with several successful 
external audits, as well.

The independent certifications were transformed 
into company level certification in 2002. The best 
practices were taken into consideration during 
the transformation, e.g. usage of the ISOFFICE 
database. At first the Supplier evaluation 
module was applied on company level. The 
unified application was successful therefore the 
company level application was enlarged in 2004 
with the following modules (Fig. 3):
•  Management review
•  Audit 
•  Corrective / Preventive actions.
The quick and uniformed search function was 
ensured by the adaptation of the modules, which 
was justified by the Certification Body (SGS).

Application advantages

•  support the continuously changing business 
processes (QM, EMS, OHSAS, DuPONT 
method)

•  support the integrated operation (TVK – SPC)
•  follow the changes of management system 

standard
•  access to the documents by „doc link” in easy 

way 
•  follow up and analyze the stored information, 

query, data export, data order and evaluation, 
etc.

•  environmentally friendly solution, printed 
version is not necessary (economical solution 
e.g. 2000 pieces documents on Audit module, 
it means about 1GB)

•  retrieving archive documents (Safety archiving 
function)

• improvement is according to user demands
• easy communication
• input for the process optimalization
•  modular structure, dynamic data link
•  defined roles.

The software has been applied since 1 July 2009 
in integrated way, at Slovnaft Petrochemicals, 
s.r.o., as well. The server is located at SPC due 
to IT data stream. This location appears in the 
modules identifier (e.g. Petchem. ISO Audit on 
SPCDOM).

The modules are accessible on three languages 
(English, Slovak, Hungarian) with modification of 
the key list set up.

The software was originally a “box product”, 
but thanks to flexible software producer, it has 
been improved continuously at first for TVK, 
after in accordance with requirements of SPC 
and Petrochemicals Division. Hereby we could 
improve this software according to demands of 
management and users. Recently the developed 
software can meet business requirements better 
and better.

Software 
improvement
After collecting the continuously changing 
demands (TVK–SPC) the software improvement 
followed. During the improvement activity we 
can successfully cooperate with experts of 
software producer and IT.

 Aspects of selection
 Fully Hungarian product (!)
  Hungarian of development group
 Hungarian expert support
 Lotus Notes compatibility (!)
 Improved communication and handling of document
 Easy and quick adaptation (!)
 Not restriction on adaptation! (Accessibility of developer)
 Application access on user level (!)
  Competences for quality responsibility roles and positions
 Independent modules (!)
 Adaptation by modules, easy connection
 File attaching is on free way

Table 2.  Aspects of selection

Fig. 3. ISOFFICE Modules

1MOL GROUP

62



Development2010/2

63

1MOL GROUP

Essential 
modifications
•  Interlingual solution
In order to support integrated operation, the 
modules are accessible in three (English, Slovak, 
Hungarian) languages. The Local or Business 
level document management and communication 
can be ensured by this solution. The user’s 
language can be adjusted in the “personal 
setting” of the key list, hereby the handling of 
database is simple.

•  Views, support of search
We had each module modified, therefore our 
users can access them easily (date, area, 
subject, etc.). The aim of the improvement was 
among others to make sure retrieving (Number 
of sheet, uniform identifier e.g. in case of 
corrective action sheet).

•  To build up the standards and meet the 
management plus requirements

During the change of ISO standards, the 
requirements would be adopted easily by the 
ISOFFICE software improvement. 
Important modifications were conducted in the 
Audit module as well (Fig. 4. A-B). Developing of 
the double electronic approvals / signatures (in 
case of TVK, SPC sites, too) was an essential 
task to be solved by a developer team. After 
these, the module has been further developed 
due to types (business, function, supplier, 
accreditation) and due to the different areas 
(TVK, SPC) appearance possibility. 
The module has become able to keep records 
of the different HSE investigation results. The 
module is able to preserve 10 pieces audit types 
yearly. The database is suitable for identification, 
storage, protection, retrieval, retention of 
records. It is able to handle the defined non-
conformities and support development of 
Integrated Management System.
The Corrective / Preventive action (Fig. 4. C-D) 
module has been improved and harmonized 
with ISO 9001 requirements. Technical solution 
of control method of the corrective action’s 
efficiency measure was figured out.
The Management Review (Fig. 4. E-F) module is 
a good example for introduction of improvement. 
This module has been improved in connection 
with the three applied standard requirements. 
After the modification the module is able to 
handle the documentations of Management 
review on Petrochemicals Division level. In line 
with improvement the „two levels” management 

review has been implemented. (Management 
level and unit level, top-down objectives method)

The module has become able to keep records 
of the different HSE investigation results. The 
module is able to preserve 10 pieces audit types 
yearly. The database is suitable for identification, 
storage, protection, retrieval, retention of 
records. It is able to handle the defined non-
conformities and support development of 
Integrated Management System.

Fig. 4. A. Improvement, Audit module. Before

Fig. 4. C. Preventive / corrective actions module. Before

Fig. 4. B. Improvement, Audit module. After
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The test and implementation was followed 
by all affected person’s training in both sites 
(TVK – SPC). Recently TVK has had unlimited 
licenses, stipulation only on Lotus Notes access. 
Consequently more than three hundred users 
work on this surface on Petrochemicals level.
The satisfaction in connection with usage of 
application is measured every year. So it is 
visible, that the users appreciate our ambition so 
that their work became more comfortable. Their 
feedbacks are more and more positive, so we 
can see the system live and improve!

Conclusions
Based on our experience in the last few years, 
we can declare, that application of ISOFFICE 
supports the every day work. usage of Database 
is an important fact for all users during the work 
related to standard based management system. 
It has been applied with positive experience, so 
the rolling out of the operation started at Slovnaft 
Petrochemicals, s.r.o. in 2007. Recently the 
software can communicate in three languages; 
therefore we can see Divison level Data as 
well. Sharing knowledge is realized with help of 
application between two Companies. We can 
consider ISOFFICE as a common Petrochemicals 
knowledge base related to our standard based 
management system and gives us the possibility 
to learn from each other.
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Fig. 4. D Preventive / corrective actions module, After

Fig. 4. E Management review module, Before

Fig. 4. F Management review module, After
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Abstract
In this paper the options of recycling 
of used lubricating oils including 
reprocessing, reclamation and re-
refining are discussed. The most 
important industrial applications of 
re-refining of used lubricating oils 
are detailed with special attention to 
hydroprocessing technologies.

Összefoglalás
Használt kenôolajok feldolgozási 
lehetôségei – II. rész 
A közleményben ismertetik a használt 
ke nôolajok újrahasznosításának le-
he tô ségeit, ezen belül részletezik az 
újrafelhasználást, az energetikai hasz-
nosítást és az újrafinomítást. Be mutatják 
a használtolajok új ra fi nomításának leg-
fon tosabb ipari megvalósítási mód jait, 

különös tekintettel a leg kor szerûbb, 
hidrogénezô tech no ló gi ákra. 

Introduction
In the first part of this article series the importance 
of recycling, properties and compositions of used 
lubricating oils, which affect the further options 
of reprocessing of used oils, are discussed. 
Additionally, the reusable and non-reusable 
lubricating oils are detailed [1,2]. In this paper 
the possibilities and industrial processing of 
recycling of used lubricating oils are summarized. 

Possibilities of 
recycling of used 
lubricating oils
The recycling of used engine- and other lubricating 
oils and the so-called “used oil management” 
has more than a four decade tradition. The idea 
of recycling of used lubricating oil in the year of 
1930 was presented. Initially the used lubricating 
oils were burned to produce energy, and later 
these oils were re-blended to engine oils after 
treatment. Due to the increasing necessity of 
environmental protection and the more and more 
strict environmental legislation the disposal and 
recycling of waste oils become very important. 
The recycling of waste lubricating oils can be 
accomplished with different methods, which are 
the followings [3,4,5]:
•  During reprocessing the mechanical 

contaminations and disadvantageous oxidation 
products are removed. The main options are 
physical separation, like filtering, centrifugation, 
dewatering, settling. The physically treated, 
used engine or industrial oils can be applied 
as lubricating fluids after additivation in oil 
industries with low quality requirements. 
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•  During reclamation the mechanical 
contaminations are removed and the treated 
used oils are applied as an energetic feed 
(heating and fuel oil, or fuel oil blending 
component). 

•  During re-refining the mechanical, physical and 
chemical contaminations are removed with the 
following processes:

 - distillation,
 - acidic refining,
 - solvent refining,
 - clay treatment,
 - hydrogenation,
 - combinations of the formers.
Earlier the acidic, clay treating or distillation 
and clay treating was applied to recycle used 
oils, but nowadays the main options are solvent 
refining or in case of modern technologies the 

hydroprocessing. The recycled oils produced 
with solvent refining or hydroprocessing can be 
used as lubricating base oils in modern engines. 
Engine oils and other thermally stressed 
lubricating oils in the most cases require 
deeper reprocessing methods. It is caused by 
the oxidation products from chamber or the 
mechanical contaminations from wearing and the 
interactions between the engine oils and fuels. 
These contaminations are the main components 
of engine sludge. 
The most important methods for the recycling of 
used lubricating oils are re-refining and reclamation 
which are demonstrated in Figure 1 [4]. 
Out of these two options the modern method 
is re-refining. During re-refining the properties of 
the oils are changed stepwise (e.g. Table 1.) [6]. 
Earlier acidic or solvent treating with N-methyl-
2-pirrolidone was used instead of hydrogenation 
[7]. In the last decades with spreading of 
hydrogenation and hydrocracking technologies 
modern catalysts have been developed which 
are able to hydrogenate feeds with high 
concentration of contaminations (e.g. high metal 
content refining residues, used engine oils). 
These catalysts are applied in high amount in so-
called guard reactor before hydrogenation and/
or hydrocracking of residues due to their large 
pore size. 
In the following section the possibilities and 
the industrial processes of re-refining of used 
lubricating oils are summarized.

RE-REFINING OF uSED LuBRICATING 
OILS
The re-refining of used lubricating oils is a 
physical and chemical conversion, which consists 
of the removing of mechanical and oxidation 
contaminants. The properties of re-refined used 
engine oils are similar to the new one. Nowadays 
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Fig. 1. Block diagram of reclamation and re-refining of used lubricating oils

Table 1. Properties of used oils, intermediate- and end products during re-refining

 Properties Used oil Feed of vacuum Feed of  Re-refined
  (feed) distillation hydrogenation  oil 
    light heavy light heavy
 Water content, % 20 <1 <1 <1 - -
 Flash point, °C 100 215 154 193 182 210
 Kinematic viscosity - 375 85 230 90 240
 at 100°C, mm2/s      
 Total acid number, 2.4 4.0 1.5 0.5 0.01 0.01
 mg KOH/g
 Chlorine content, mg/kg 2800 2700 1150 800 <50 <50
 Sulphur content, mg/kg 4000 4000 3000 3000 600 600
 Zinc content, mg/kg 550 550 <1 <1 <1 <1
 Lead content, mg/kg 70 70 <1 <1 <1 <1
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four different re-refining technologies are 
applied, which have different yield and product 
properties, construction and operational cost. 
These are the following:
• clay treatment and acidic or solvent re-refining,
• clay treatment and vacuum distillation,
• vacuum distillation and solvent re-refining,
• vacuum distillation and hydrogenation.

VAXON-PROCESS 
Nowadays the Vaxon-process [3] is used in 
Germany, Denmark, Spain and in Saudi Arabia 
for recovery of base oil from used lubricating 
oil. This process contains chemical treatment, 
vacuum distillation and solvent refining units. The 
advantage of this process is the special vacuum 
distillation unit detailed below where the cracking 
of oil is highly decreased (Fig. 2) [3]. 

In the first section of this technology the chemical 
treatment is carried out with alkali-hydroxides 
(sodium- and potassium-hydroxide) for removing 
of chlorides, metals, additives and acidic 
compounds. Alkoxides are formed in the catalyst 

surface from the insoluble alkali-hydroxides, 
which are soluble in oil. The impurities can be 
bonded with asphalthene molecules by these 
reactants, therefore these impurities can be 
easily separated from the oil. 

After the chemical treatment the feed is separated 
to light products, catalyst, base oil and residue. 
The feed is distillated to two parts by a cyclonic 
column. Because of the formation of tangentially 
flowed slim film the light hydrocarbons are easily 
and quickly distillated. The polycyclic aromatic 
hydrocarbons are separated by solvent refining 
with polar solvents (dimethyl-formamide, 
N-methyl-2-pirrolidone, etc.). It is carried out 
in a multi-stage extractor, which is followed by 
the solvent recovery from both phases. The 
raffinate contains the wide boiling range base oil, 

which can be separated by vacuum distillation 
to different viscosity grade base oils (Figure 
3.) [3]. The polycyclic aromatic hydrocarbons, 
which concentrated in the extract, are used for 
heat energy production or as bitumen blending 
component.
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Fig. 2. The schematic diagram of Vaxon processes

Fig. 3. Product distribution of Vaxon-process Table 2. Feed properties of Vaxon-process
* Total metal content derived from wear and additives: Al, Ba, B, Cd, Cr, 
Cu, Fe, Pb, Mg, Mn, Mo, Ni, Si, Ag, Na, Sn, Ti, V, Zn.

 Property Value
 Kinematic viscosity at 40°C-on, mm2/s 80-140
 Density, g/cm3 0.86-0.95
 Solid-content, max., % 1.5
 Chloride-content, max., mg/kg 1000
 Water content, max., % 7
 Light hydrocarbons, max., v/v% 5
 Metal content*, max., mg/kg 5000
 Sulphur content, max., % 1.3
 Flash point, °C 65
 Polychlorinated-biphenyl content, max., mg/kg 1
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High metal content used oil can also be 
processed by these processes (Table 2.) [3]; 
the yield of base oil is about 70% (Table 3.) 
[3]. 

HyLuBE-PROCESS
The central unit of HyLube-process is the 
hydrogenation reactor, which is developed 
by uOP (Figure 4.) [2]. In the first step the 
feed is heated and then separated to light and 
heavy fractions then the residue oil is stripped 
from the heavy fraction. After the separation 
step the light feed is flowed through the so-
called “guard” reactor where accumulation of 
metal components and other impurities to the 
high pore size catalyst surface takes place. 
The treated feed is hydrogenated in the main 
reactor before the second separation step. After 
the hydrogenation, products are stripped and 
separated in the fractionation tower to gasoline, 
petroleum, gas oil and base oil fractions. Light 
ends from the high temperature separator are 
blended with sodium-carbonate and flowed to 
the low temperature separator, where the waste 
water is settled and separated. Hydrogen, which 
is purified from hydrogen sulphide and ammonia, 
is flowed through the preheater (fired heater) 
to the first “guard” reactor by high pressure 
compressor.

Due to the hydrogenation the properties of three 
different base oil products are the same as the 
properties of new Group II base oils (Table 4.) 
[2] (reduced sulphur-, nitrogen- and aromatic 
content, good oxidation stability, low Noack 
volatility, free from olefins and halogens). 

This technology can be applied for production 
of different oils for vehicles (e.g. motor oils, 
transmission oils), industrial oils and so-called 
„process” oils. 

uOP DCH-PROCESS 
uOP developed the DCH (Direct Contact 
Hydrogenation) technology in 1989. The main 
part of this process is the hydrogenation 
reactor (Figure 5.) [8]. The feed is mixed with 
the hydrogen in the first separation stage, where 

Fig. 4. Flowsheet of HyLube-used oil recycling technology

Table 3. Product yield of Vaxon-process

 Products Yield, %
 Water 3-7
 Gasoline 4-7
 Gas oil 4-6
 Base oil 63-70
 Asphalthenes 12-20

 Properties Base oils
  PuR-75 PuR-160 PuR-300

 Density at 15°C, kg/m3 852 855 858
 Flash point, °C 185 215 229
 Pour point, °C -15 -12 -12
 Noack-volatility, % 16 8 2
 Kinematic viscosity, mm2/s - - -
 40°C 14.3 29.5 58
 100°C 3.27 5.2 8.4
 Viscosity index 92 115 116
 Sulphur content, mg/kg <<100 <<100 <<100
 Saturated content, % >95 >98 >99
 Total acid number, mg KOH/g <0.03 <0.02 <0.03
 Cu-corrosion 1a 1a 1a
 Aniline point, °C 98 108 118
 Refractive index 1.4708 1.4725 1.4736
 Sulphated ash content, % <0.001 <0.001 <0.01
 Nitrogen-content, mg/kg 9 2 5
 Metal-content, mg/kg <1 <1 <1
 Chlorine-content, mg/kg 0 0 0
Table 4. Properties of base oil of HyLube-process
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metals and other contaminants are removed. 
After this step the feed is flowed to the fixed 
bed hydrogenation reactor, which is followed 
by cooling and the second separation step. The 
hydrogen flow from the separation step contains 
light hydrocarbons, H2S, ammonia and steam, 
which have to be separated before recycling. 
The hydrogenated oil is fractionated to gasoline, 
gas oil and base oil fractions. The yield of base 
oil is higher than 90%.

REVIVOIL-PROCESS
The Revivoil-process, which was developed by 
Axens and Viscoluble, has three main sections  
(Figure 6.) [9]. In the first part the used oil 

feed is dewatered and deasphaltened. The 
pretreated used oil is the feed for the second, 
fractionation step. In a flash drum the feed is 
separated from water and light hydrocarbons 
(gasoline, petroleum, gas oil) and fractionated 
to vacuum gas oil, base oil and asphaltenes. In 
the third part of process the base oil stream is 
hydrogenated and stripped. In the fractionation 
section the light end and hydrogen is separated 
from hydrogenated base oil. The hydrogen is 
purified from H2S and then recycled into the 
hydrogenation step. This process is used for 
recycling of used lubricating oil in Pieve and 
AgipPetrol Refineries (Italy), in Jedlicze Refinery 
(Poland), in Surabaya and Merak Refineries 
(Indonesia), in Huelva and Cartagena Refineries 
(Spain), in Hellas Refinery (Greece), in Pakistan 
and in Serbia.
 
PROCESS OF DOMINIAN OIL 
The base of re-refinery process of New-
Zealander Dominian Oil Co. is the solvent refining 
unit (Figure 7.) [10]. The feed is dewatered in the 
first stage then the light hydrocarbons (gasoline, 
gas oil) and residue are separated by vacuum 
distillation. The vacuum residue is applied as 
bitumen blending component. The main product 
of vacuum distillation unit is the base oil, which is 
refined with N-methyl-2-pirrolidone in the second 
stage. In the solvent refining stage the removal 
of polycyclic aromatic hydrocarbons is carried 
out. The smaller than 1μm contaminants are 
filtered from the re-refined base oil. 
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Fig. 5. Flowsheet of uOP DCH-process

Fig. 6. Revivoil used oil re-refiner process 
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PROBEX-PROCESS 
The Probex used oil re-refining technology was 
patented in 1997 by Probex Co. [11] (Figure 8.). 
In the first step the used oil is treated and light 
hydrocarbons are separated in flash drum. The 
residue used oil is distillated in a vacuum tower. 
In this step asphalthenes and other impurities 
are separated from the oil and different viscosity 
grade oils can be produced. The treated base 
oil fraction is extracted with N-methyl-2-
pirrolidon, where unsaturated, aromatic and 
heteroatom containing molecules are eliminated. 
unsaturated, aromatic and heteroatom containing 
compounds are in extract phase, raffinate phase 
is the base oil. Solvent is reprocessed from both 
of the above-mentioned products with stripping. 
The extract phase contains up to 10% base oil 
fraction as a function of process parameters.

DuNWELL-PROCESS 
The used oil re-refining process, which was 
developed by Dunwell Co., has been built by 
Lubrico Co. in 1990. Same process was built in 
1992 by Estate Co. in Hong Kong [12]. Both of 
these processes have about 50 t/d capacity. In 
the first step the feed is separated from solid 
impurities by filtering, centrifugation, settling or 
by combination of these processes and further 
dewatered. The dewatering is carried out at 
150°C and atmospheric pressure. In the second 
step the light hydrocarbons are separated by 
heating to 230°C. The residue oil is cleaned by 
vacuum distillation. 

FETHERSTONHAuG-PROCESS 
Fetherstonhaug Co. patented his process for 
used oil re-refining in 2002 [13], which consists 
of four steps. In the first step asphalthenes and 
other heavy impurities are dissolved in propane. 
After this step the re-refined oil is recovered by 
distillation. The solvent refined oil is fractionated 
to light hydrocarbons, vacuum gas oil and base 
oil by atmospheric (200-250°C) and vacuum 
(310-340°C, (2-8)*102 Pa) distillation under low 
pressure in a packed tower. The final step is the 
hydrogenation of base oil.

uSED OIL RECLAMATION 
The third option of recycling of used lubricating 
and other oils is the reclamation. The 
reclamation is carried out without pre-treatment 
earlier, therefore harmful components (e.g. 
heavy metals, non-combusted halogenated 
hydrocarbons, SOX) are concentrated in the the 
exhaust gas of power plant. Nowadays slurry, 
metal particulates and other impurities have to be 
separated from used oil by physical separation 

Fig. 7. Dominion Oil Refining Co. used oil re-refining process

Fig. 8. Probex-process
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options in the case of used oil reclamation. The 
used oil reclamation is carried out in cement 
kilns, asphalt blending processes, iron-, lead-
, titanium-, aluminium- and other rare metal 
metallurgy, coking plants and power plants. At 
present in focus of development is the used 
oil and plastic simultaneous reclamation [14]. 
The decrease of harmful pollution components, 
which are formed by the used oil reclamation, 
can be achieved by the following options:
•  used oil pre-treating (e.g. settling, filtering, 

distillation),
•  blending with other heating and fuel oils,
•  application of exhaust gas treatment system.

Conclusions
The consumption of engine and other industrial 
oils in the world have been increased in the last 
couple of years and this tendency will continue 
in the near future due to the increasing incursion 
of motorization and industrialization. In parallel, 
continuously growing environmental problems 
have been caused by the increasing quantity 
of used oil. Therefore in the world, and also in 
the European union the selective collection 
and recycling of used lubricating and other oils 
have been inspired in the last decade. under 
this inspiration about 37-40% of different used 
oils are recycled nowadays. This value will 
be increased in the future, which is affected 
essentially by the accomplishment of selective 
collection. 
The modern used oil recycling technology is the re-
refining. With these processes high quality base 
oil blending components can be produced, which 
are satisfying the requirements of standards. In 
the ’80s acidic treatment, but at present in the 
most cases solvent or heterogeneous catalytic 
hydrogenation is applied for re-refining of used 
oils. The hydrogenation processes might spread 
in a wide extent due to the increasing demand 
for modern, high performance Group III base oils.
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Abstract
Detailed study of fractured basement 
reservoirs is rather problematic, 
because the crystalline rocks are 
extremely inhomogeneous both 
lithologically and structurally. Recently 
a combination of diverse approaches is 
tested to better understand behaviour 
of fractured metamorphic reservoirs. 
Classical petrology and structural 
geology is used for rock classification 

and to clarify geological evolution 
of the reservoir rocks. Rock types of 
different rheology are characterized 
petrophysically by measuring their 
deformation and strength parameters 
using traditional techniques of rock 
mechanics, parallel with undisturbed 
tests. To understand internal structure 
of core samples before and after rock 
mechanical treatment as well as to 
measure fracture network geometric 
parameters Computer Tomography 
(CT) is utilized. Basic parameters of 
fracture intensity and size distribution 
of fractures can also be computed 
from CBIL (Circumferential Borehole 
Imaging Log) data along selected wells. 
Quantitative geometric data can be 
applied to mathematically simulate 
fracture networks at reservoir scale 
(using the RepSim software) and these 
modelled fracture systems are further 
available to calculate hydrodynamic 
data, like fractured porosity and 
permeability tensors. Finally, the results 
are compared to those got by evaluation 
of spatial distribution of different seismic 
attributes.

Összefoglalás
A MezÔsas-Ny. repedezett metamorf 
CH-tároló petrológiai, petrofizikai és 
geofizikai adatainak integrált értékelése
A repedezett aljzati tárolók modellezése 
számos problémával terhelt, mivel ezek 
a kôzettestek meglehetôsen bonyolultak 
mind kôzettani felépítésük, mind szer-
kezetfejlôdésük vonatkozásában. A 
meg oldáshoz különbözô eljárások 
együt tes alkalmazásán alapuló komplex 
megközelítés vihet közelebb. A tároló 
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kép zôdmények kôzettani jellemzésére, 
litológiai alapú osztályozásukra klasz-
szikus petrológiai, szerkezetföldtani 
mód szereket használunk. Az eltérô 
reológiai tulajdonságú kôzettípusok 
petrofizikai jellemzése kôzetmechanikai 
vizsgálatokkal történt. A minták belsô 
szerkezetének a törésteszt során 
bekövetkezô változását komputer 
tomográfiával elemeztük csakúgy, 
mint a kialakuló törésmintázat geo-
metriai paramétereinek meg ha tá-
ro zását. A törésintenzitás nu me-
ri  kus paramétereinek számítása 
so  rán geofizikai (CBIL) adatokat is 
figyelembe vettünk, majd a jellemzô 
repedéshálózatot megfelelô DFN 
(Discrete Fracture Network) al go-
rit  mussal (RepSim) szimuláltuk. A 
RepSim modell lehetôséget ad re pe de-
zett porozitás és permeabilitás ten zor 
ada tok származtatására. Ennek ered-
mé nyét összevetettük a megfelelôen 
válasz tott szeizmikus attribútumok 
alap ján számított porozitás tér adataival 
kiválasztott, megfelelôen ismert kút 
kör nyezetében.

Introduction
There are numerous HC-reservoirs in the 
fractured metamorphic basement of the Greater 
Hungarian Plane; these uplifted basement highs 
constitute about 5 percent of reservoirs in the 
whole Pannonian Basin system [1]. Their study 
is nevertheless rather problematic, because the 
crystalline bodies are extremely inhomogeneous 
both lithologically and structurally. Recently a 
combination of diverse approaches is tested 
to better understand behaviour of fractured 
metamorphic reservoirs.
The methods involved are the following. Classical 
petrology and structural geology is used for rock 
classification and to clarify geological evolution 
of the reservoir rocks. Rock types of different 
rheology are characterized petrophysically by 
measuring their deformation parameters using 
traditional techniques of rock mechanics. To 
understand internal structure of core samples 
before and after rock mechanical treatment as 
well as to measure fracture network geometric 
parameters Computer Tomography is utilized. 
Basic parameters of fracture intensity and size 
distribution of fractures can also be computed 
from CBIL data along selected wells. Quantitative 
geometric data can be applied to mathematically 
simulate fracture networks at reservoir scale 

and these modelled fracture systems are further 
available to calculate hydrodynamic data, like 
fractured porosity and permeability tensors. 
Finally, information of seismic measurements 
is involved by comparing results of the fracture 
network models and spatial distribution of 
selected seismic attributes along wells. In this 
paper evaluation of data of a typical metamorphic 
reservoir, Mezôsas-W is presented.

Geological setting
The study area is the western flank of the large 
Furta-Mezôsas metamorphic dome (Fig. 1.) 
uplifted during the Neogene. The dome itself 
consists of different high grade metamorphic 
rocks, essentially of diverse gneiss and 
amphibolite varieties [2]. At the deepest 
structural position an orthogneiss block (OG) 
can be found, which at places contains large 
enclaves of mafic composition. Because of 
rheological reasons, the enclaves are more 
intensely fractured than the host gneiss [3]. 
Above the orthogneiss zone a sillimanite bearing 
paragneiss zone (SG) follows along a wide shear 
zone. Previous studies suggest that this gneiss 
type is hardly fractured. Along a next shear 
zone [4] medium grade amphibole gneiss (AG) 
follows, which is the most intensely fractured 
among all typical lithologies.
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Fig. 1. a. Position of the study area in the Pannonian Basin 
System. b. Ideal rock coloumn of the metamorphic basement 
in the Mezôsas-Furta area. c. Geological map of the Furta-
Mezôsas metamorphic dome [2].
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Methods applied
rock mechanics
Before rock mechanical treatment, the density 
and the ultrasonic wave velocities were 
measured for all specimens. These data could 
give some information about the homogeneity of 
the samples before crushing them. The uniaxial 
compressive tests were carried out following 
the suggested method of the International 
Society for Rock Mechanics [5]. The following 
parameters were measured continuously: force 
(kN), vertical displacement (mm) and horizontal 
displacement (mm) as a function of time (sec). 

From these data stress (MPa), vertical and 
horizontal stains (%) data were computed. using 
the stress-vertical strain curves elastic modulus 
of the rock samples were determined, while from 
the vertical and horizontal strains the Poisson’s 
rate values were calculated. A typical stress-
strain diagram, with the calculated volumetric 
changes is presented in Fig. 2. using this plotting 
method, the different regions of the stress-strain 
curve can be separated, i.e. the crack closure, 
the elastic region, the stable and instable crack 
propagation and strength of the rock. 

Computer 
Tomography
The goal of Computer Tomography (CT) 
measurements and interpretations was to 
characterize core samples petrophysically 
and to determine microtectonic and structural 
parameters of fracture networks in 3D [7]. The 
total lengths of the samples were digitized to get 
a 3D network of Hounsfield unit (H.u.) data with 
a uniform cell size of 0.25 x 0.25 x 1.25 mm. 
The process was carried out using a Siemens 

Emotion computer tomograph at the Institute of 
Diagnostic Imaging and Radiation Oncology of 
the university of Kaposvár (Hu). Basic (simple 
scanning) and saturation (vacuum cleaned and 
saturated core scanning) CT measurements 
were fulfilled. During the saturation experiment 
the imbibitions profiles of core samples could 
be surveyed and observed. using profiles 
of the saturated samples effectivity and 
fractured porosity were computed. After 
the rock mechanical evaluation the samples 
were measured by the same technique used 
previously.

Fracture network 
simulation 
To simulate a suitable fracture network, input 
statistical data of the individual faults, as well as 
fracture sets, should be determined both using 
2D sections and 1D scanlines. For evaluating 
2D sections core photos and CT images were 
used and evaluated by standard image analysis 
methods. When using well-logs (CBIL) we 
followed a coupled method for computing length 
exponent (E) and spatial density (Dc), the two 
most essential parameters for modelling fracture 
networks [8]. The method makes fracture 
intensity logging possible along scanlines (wells).
Basic geometric parameters were used to 
simulate fracture networks using a DFN 
(Discrete Fracture Network) algorithm and the 
RepSim software [3,8].

Seismic attributes 
interpretation
Seismic attributes may be utilized to map 
inhomogeneous zones inside the basement 
reservoir and to build reservoir models. In our 
case Semblance coefficient (around a given 

Fig. 2. Analysing system of the stress-starin curves showing the 
stages of crack development [6]

Fig. 3. Formula of Manhattan Distance
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channel) and Manhattan distance (between 
target channels) were calculated ([9] Fig. 3.)
Values of the coherency depend on the number 
of the neighbouring channels and the range of 
the time window. 

Results
Rock mechanics
Over twenty undeformed samples were picked 
up for rock mechanical measurements. These 
cores represent all diverse rock types of the 
reservoir. The cylindrical samples were tested 
under various uniaxial loading conditions. In order 
to increase the damage and avoid violent rupture, 

irregular cyclic loading was applied with a peak 
compressive pressure of about 70-80% of the 
uniaxial compressive strength. We measured 
both the axial and the lateral deformations. The 
characteristic rock parameters are concluded in 
Table 1.
The stress-axial deformation diagram of most 
samples (Fig 4.) exhibits large hysteresis loops 

with small softening effects. The accumulated 
permanent strain at zero stress regularly 
indicates considerable accumulated damage. 

Most samples became relatively intact after 
the crushing test (Fig. 5). There is no direct 
connection between lithology and measurable 
rock mechanical parameters in the study area. 
According to the geo-engineering classification 
scheme of [10] for all gneiss types E/*c 
values are not high, while for amphibolites 
E/*c >> 500 and so plot in the EH class suggesting 
a significantly different rheological behaviour 
for diverse lithologies. As a consequence, 
metabasic rocks are much more rigid and must 
exhibit long fractures at each scale. 

Computer 
tomography
Hounsfield values in a metamorphic rock 
sample are essentially determined by mineral 
composition, being the original porosity rather Fig. 4. Compressive pressure as a function of axial deformation 

of a cylindrical sample. The inset shows the time dependence of 
the applied pressure. The sampling rate is 10Hz

Fig. 5. The investigated sample before and after the cyclic 
loading test

 Sample well Density Ultrasonic Uniaxial Young’s E Poisson’s
   velocity compressive stress modulus ratio
  [g/cm3] [km/s] [MPa] [GPa] [-]
 DNy-1 (3) 2.742 4.169 97.19 55.00 0.15
 DNy-1 (3) 2.821 3.294 91.01 37.70 0.19
 Ny-2 (8/1) 2.629 3.754 71.59 25.81 0.14
 Ny-3 (3) 2.733 4.710 64.87 28.00 0.21
 Ny-4 (3) 2.733 3.951 73.20 53.76 0.19
 Ny-4 (3) 2.68 4.195 95.66 67.11 0.15
 Ny-4 (4) 2.693 3.476 72.53 30.76 0.19
 Ny-4 (4) 3.021 4.638 144.56 28.3 0.30
 Ny-4 (4) 2.732 2.915 45.44 26.00 0.16
 Ny-7 (3) 2.699 4.505 113.23 91.25 0.22
 Ny-8 (1) 2.581 1.570 19.69 4.75 0.24
 Ny-10 (1) 2.626 3.35 14.7 4.4 0.37
 Ny-10 (2) 2.740 1.878 43.82 17.07 0.25
 Ny-12 (1) 2.660 3.370 14.18 12.27 0.15
 Ny-12 (1) 2.718 2.738 19.18 18.17 0.16
 Ny-12 (1) 2.712 2.830 69.94 32.97 0.21

Table 1. Characteristic rock parameters
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low (< 2%). Although, most fractures appear 
as microfractures in the rock samples, in 
several cases fractures become visible on CT 
images, too. An individual fracture is identified 
if grid points of porosity well above the matrix 
average (~ 4%) align along a line. Due to the 
mechanical treatment microfractures generate 
throughout the specimen decreasing the H.u. 
values in each cell measured. Such a change is 
a possible measure of microfracturing and may 
be as significant as 1500 H.u. in some cells. On 
this way, combination of the uniaxial mechanical 
crush tests with CT evaluations results not only 

in visualizing growth of new fractures but also 
makes measuring ability of fracturing in case 
of the different lithologies possible (Fig. 6.). 
Average changes in the three main lithologies 
are as follow: AG: 2547 › 2037, OG: 2798 › 
1894, SG: 2438 › 1992. 
In addition to comparing results of simple 
scanning before and after crushing the samples, 
by evaluating imbibitions profiles typical fracture 
patterns become distinguishable. Some samples 
behave as fault breccia, but most of them are 
fractured. Discontinuities either follow primary 
foliations or appear as discrete fractures (micro-, 
and macrofractures; Fig. 7). 

Fracture network 
simulation 
Fracture network parameters calculated on 2D 
sections suggest a dense, connected network 
for mafic and ultramafic rocks, while the gneiss 

types are hardly fractured and are essentially 
impermeable. Fracture intensity using CBIL data 
was evaluated in two different ways. On the 
interfracture distance curves the most deformed 
intervals become visible. These zones usually 
show the position of shear zones between 
neighbouring metamorphic blocks of different 
lithologies. As an example, the rock column 
of a selected well consists of orthogneiss in 
the deepest part, while above a shear zone 
sillimanite paragneiss occurs (Fig. 8). Fractal 
dimension of fracture intersection series were 

Fig. 6. Samples with different fracture geometries can be 
characterized by different types of stress-strain curves

Fig. 7. Damaged rock classification based on CT image evaluation

Fig. 8. a. Fracture intensity logs of a selected well (blue line 
– inter fracture distance, green dots – fractal dimension). The 
uppermost segment of the basement consists of SG, while below 
the densely fractured shear zone OG occurs. b. DFN (Discrete 
Fracture Network) model of the basement around the well
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also calculated (following the method described 
[8]) for each well and used to build DFN (Discrete 
Fracture Network) models surrounding the wells 
(Fig. 8). Results of the simulation confirm that 
communicating fracture network exists along 
the shear zones with as high as ~ 10% fractured 
porosity. Mafic enclaves of the underlying 
orthogneiss have a porosity of ~ 5%. Both 
the host orthogneiss and the paragneiss are 
essentially impermeable. 

Seismic attributes 
interpretation
Spatial distribution of many seismic attributes 
has been computed for the fractured 
metamorphic reservoir and tested along wells. 

The results suggest that Semblance coefficient 
around a given channel and Manhattan distance 
between target channels show significant 
anomalies around the productive perforations. 
In the studied wells brecciated/fractured zones 
indicate significant coherency anomalies in the 
metamorphic basement (Fig. 9). Productive 
intervals are generally found near (or inside) 
these zones. Tendencies of the estimated 
porosity values along a selected well coincide 
well with those calculated by the RepSim fracture 
network model for the orthogneiss block. For the 
extremely densely fractured shear zone (CBIL 
data) seismic attributes suggest no anomaly and 
so result in moderate porosity values.

Conclusions
We showed that the fractured Mezôsas-W 
basement reservoir consists of different rock 
types, which are of different ability to fracture 
and exhibit different fracture patterns. Although, 
in all cases microfractures dominate over 

macrofractures, the most rigid amphibolites can 
be characterized by dense fracture network and 
relatively long fractures at each scale. 
As a consequence, one can say that the essential 
reservoir parameters are under lithological and 
structural control. The most fractured zones 
belong to shear zones, which separate blocks 
of diverse metamorphic evolution as shown 
on CBIL data and fracture intensity logs. 
Nevertheless, these zones are not necessarily 
permeable suggested by significant difference on 
porosity values computed using the DFN model 
and seismic attributes. Such behaviour calls 
the attention to the possible role of intensive 
fracture cementation processes. Among the 
lithologies metabasic rocks (amphibolite) are 
more deeply fractured and so are more porous 
than the gneiss types. 
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Abstract
Plastics without additives are not viable. 
We can distinguish the main additives 
as follows: stabilizers, acid scavengers, 
slip additives, polymer processing 
aids, anti-blocking additives, antistatic 
additives, antimicrobials, flame 
retardants, chemical blowing agents, 
peroxides, colorants, optical whitening 
agents, fillers and reinforcements, 
nucleating agents, etc. Additives are 
elemental to make polymers processable 
and to amend end-use attributes. Our 
life would be very dissimilar today if 
plastics had not become the materials 
of choice for many applications.
Polyethylene (low and high density 
PE) and polypropylene (PP) among 
polyolefins are produced in the highest 
volumes industrially. The use of these 
polymers characteristically needs 
several stabilizers (which protect the 
polymer chain and characteristics 
form degradation mechanisms) or 
their mixtures (primary and secondary 
antioxidants, in about 500 – 2000 ppm 
concentration) for retaining adequate 
properties of the product in the course 
of processing, use and lifetime.
In our practice it is extremely important 
to identify of these stabilizers in 
polyolefin products.
Our goal was to check the reliability of 
the identification or detection efficiency 

of miscellaneous stabilizers in PE and 
PP samples by headspace GC-MS 
technique.

 

Összefoglalás
Stabilizátorok azonosítása poliolefin 
mintákból headspace GCMS (SIM) 
módszerrel
A mûanyagok adalékanyagok nélkül 
nem használhatóak a gyakorlatban. 
Az alábbi fô adalékanyagokat kü-
lönböztetjük meg: stabilizátorok, sav-
megkötôk, csúsz tatók, feldolgozást 
segítô anyagok, blokkolásgátlók, anti-
sztatizáló szerek, antimikrobás szerek, 
égésgátlók, ké miai habosító szerek, 
peroxidok, színe zôanyagok, optikai 
fehérítôk, töltô és erôsítô anyagok, 
gócképzôk stb. Az adalékanyagok 
alapvetô fontosságúak ahhoz, hogy 
a polimerek feldolgozhatóságát és 
vég felhasználási tulajdonságait ja-
vítsuk. Az életünk nagyon más lenne, 
ha nem lehetne sokféle gyakorlati fel-
használásra mûanyagokat, mint anya-
gokat választani.
A polietilént (kis és nagy sûrûségû 
PE) és a polipropilént (PP) gyártják 
iparilag a legnagyobb mennyiségben 
a poliolefinek közül. Jellemzôen e 
po limerek használata különféle sta-
bi lizátorokat (melyek megvédik a 
polimer láncot és annak tulajdonságait 
a degradációs mechanizmusoktól) 
va  gyok azok keverékét (primer és 
szekunder antioxidánsok, kb. 500 – 
2000 ppm koncentrációban) igényli 
an nak érdekében, hogy megtartsuk a 
megfelelô terméktulajdonságokat a fel-
dolgozás, használat és polimer egész 
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élettartama során.
Gyakorlatilag számtalanszor (rekla-
mációk, fejlesztés, versenytársak 
vizs gálata) különösen fontos e sta bi-
lizátorok azonosítása poliolefin ter mé-
kekben.
Az volt a célunk, hogy ellenôrizzük 
a különféle stabilizátorok ki mu tat ha-
tó ságának hatékonyságát PE és PP 
mintákban headspace GC-MS tec hni-
kával.

Theoretical 
overview
PREVIOuSLy uSED METHODS FOR 
QuANTIFyING ADDITIVES
Analytical methods for the quantitative 
determination of additives in polymers as usual 
can be divided into two classes: indirect (or 
destructive) and direct (or non-destructive) 
ones. The ideal sample preparation would be no 
sample preparation at all as in the case of direct 
solid sampling with the next measurements 
techniques: NMR (Nuclear Magnetic Resonance 
Spectroscopy), uV-VIS (ultra-Violet and Visual 
Spectroscopy), FTIR (Fourier Transform Infrared 
Spectroscopy), XRF (X-Ray Fluorescence 
Spectroscopy), Py-GCMS (Pyrolisis Gas 
Chromatography) and SEM-EDX (Scanning 
Electron Microscopy with Energy-Dispersive 
X-Ray Attachment). Destructive methods require 
an irreversible alteration of the sample. For 
instance, first we have to solve (or extract) the 
polymer sample, afterwards we precipitate the 
polymer and filter it. Then we analyse (usually with 
HPLC) the filtrate [2].

STATE-OF-THE-ART SAMPLE 
PREPARATION METHODS
As a rule, new sample preparation technologies 
are faster, more efficient and cost-effective than 
conventional sample preparation techniques. 
They are also safer, more easily automatized, 
use smaller amounts of sample and organic 
solvent, serve better analyte recovery with 
enhanced precision and accuracy. The most 
widespread techniques are the followings: 
microwave digestion, high pressure solvent and 
supercritical carbon-dioxide extraction [6].

HEADSPACE GAS 
CHROMATOGRAPHy (HS-GC)
Headspace is a novel technique used in gas 
chromatography. In the course of headspace 
analyzis we can analyze the volatile compounds 
of a matrix. Matrix types could be variable: 

water, soil, polymer, food, drug etc. In case 
of polymers, we are able to detect volatile 
monomers, technological residues, additives 
and decomposition by-products respectively [3, 
4, 5].
Headspace analysis could be static and dynamic 
by type, in our measurements we used static 
headspace technique. There are three versions 
of the static headspace method, based on the 
sample injection technique into the equipment: 
with loop (special device with known volume), 
gas-tight syringe and pressure controlled 
autosampler (our case). Figure 1. shows the 
function of the pressure controlled autosampler 
technique [1].

GC-MS (SIM)
SIM means Selective Ion Monitoring. The SIM 
technique means that we don’t acquire total 
MS (mass spectrum) spectrum in all moments 
of the measurement (SCAN method), but we 
acquire only the interested fragments from the 
EI (Electron Impact) ionization of the analyte. 
The advantage of this technique is that the 
sensitivity and limit of detection are remarkably 
enhanced if we concentrate on predetermined 
intervals instead of the whole spectrum, and the 
disturbance of other components is decreased 
(elimination of matrix effect).

Experimental part
TESTED POLyMERS AND 
STABILIZERS
Goal of the experiments
Our goal was to work out a simple, fast and 
solvent-effective method (using headspace GC-
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Fig. 1. Scheme of the automated balanced pressure system
A = standby, B = pressurization, C = sample transfer
CG = carrier gas, V = on / off solenoid valve, SN = movable sampling 
needle, NS = needle shaft, NV = needle valve, COL = column, Pi = 
column inlet pressure, Pv = original headspace pressure in the vial
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MS and SIM technique) to identify and quantify 
two antioxidants in polyolefin matrixes.

Stabilizers
Primary antioxidant:
2,6-di-terc-butyl-4-methyl-phenol (PRIM) (see 
Figure 2.).

Secondary antioxidant:
tris(2,4-ditert-butylphenyl)phospite (SEC) (see 
Figure 3.).

Polymer matrixes
A:
HDPE (made by Phillips catalyst, Mw = 130000, 
Pd = 9)
600 ppm PRIM mixed.
B:
PP (made by Ziegler-Natta catalyst, heterophase 
block copolymer, ethylene content = 7 %, Mw = 
450000, Pd = 2.5)
550 ppm SEC mixed.

DEVELOPMENT OF THE 
MEASuREMENT TECHNIQuE
First of all, as solvent, we decided to use 
1,2,4-trichloro-benzene (TCB) in order to extract 
the antioxidants from the polymers, because 
TCB is commonly used as a good solvent for 

polyolefins. That’s why at the first step we made 
three solutions (blank TCB, TCB + PRIM and 
TCB + SEC) without the polymers. Afterwards 
we injected them manually into the GC and 
investigated the peaks we received compared 
to the blank TCB. First we used MS SCAN 
method to identify the peaks form the additives 
and the mass spectrum of its main fragments. 
Secondly we repeated the measurements using 
SIM technique analysing only the fragments we 
were interested in.

IDENTIFICATION OF THE SEC 
SAMPLE
Figure 4. and Figure 5. illustrate the appearing 
peak of the SEC sample compared to the blank 
TCB chromatogram.

1MOL GROUP
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Fig. 2 Primary antioxidant: 2,6-di-terc-butyl-4-methyl-phenol (PRIM)

Fig.4. Total ion chromatogram (MS SCAN method) of TCB

Fig. 5. Total ion chromatogram (MS SCAN method) of TCB and SEC

Fig. 6. MS spectrum of the peak at 10.6 minutes

Fig. 3 Secondary antioxidant: tris(2,4-ditert-butylphenyl)phospite (SEC)
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As it can be seen the difference is a little peak 
at 10.6 minutes (retention time) that could be 
analysed with MS as it is shown on Figure 6 
(decomposition product of SEC).
Consequently we can state that the 
decomposition product of SEC is detectable at 
10.6 minutes. However this peak is very small, 
and we needs to enhance the sensitivity of this 
method in order to get adequate quantifying. 
using the SIM technique is suitable for attaining 
this target. In the course of the SIM we don’t 
acquire total MS spectrum in all moments (SCAN 
method), but we acquire only the interested 
fragments from EI ionization of the analyte. We 
detected the following main fragments (MS 
spectrum):

206 molecule ion, ion generated from the 
base molecule (non fragmented),
191 molecule ion (206) minus one methyl 
group (15), very intensive peak, due to the fact 
that the molecule has two t-butyl groups in its 
structure and each of them has three places 
where methyl groups are able to come off, so 
this fragment has high probability to evolve,
57 ion composed from a t-butyl radical, very 
intensive peak, because of the third order carbon 
(more stabile).

We repeated the measurement using the SIM 
technique and we detected only the three ions 
as mentioned above. Figure 7. represents the 
chromatograms of the detected ions.

The elimination of unnecessary peaks for the 
chromatogram above, resulted the single peak 
of the chosen, most intensive 191 ion MS 
fragment at 10.6 minutes. Figure 8. shows the 
chromatogram of the 191 ion alone. We can 

see that we were able to increase the sensitivity 
and selectivity compared to the total ion 
chromatogram.

IDENTIFICATION OF THE PRIM 
SAMPLE

Figure 9. illustrates the appearing peak of PRIM 
compared to the blank TCB chromatogram.
We can see a little plus peak compared to the 
blank TCB at 8.5 minutes and MS determined it 
as on Figure 10.

We used SIM technique again and detected the 
following ions:
220 molecule ion, ion generated from the 
base molecule (non fragmented).
205 molecule ion (220) minus one methyl 
group (15), very intensive peak, due to the fact 
that the molecule has two t-butyl groups in its 
structure and each of them has three places 
where methyl groups are able to come off, so 
this fragment has high probability to evolve.
57 ion composed from t-butyl radical, very 
intensive peak, because of the third order carbon 
(more stabile).

Fig. 9. Total ion chromatogram (MS SCAN method) of TCB (black) 
and TCB + PRIM (pink)

Fig. 10. MS spectrum of the peak at 8.5 minutes

Fig. 7. SIM chromatograms of the detected ions

Fig. 8. SIM chromatogram of 191 ion
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Figure 11. illustrates the SIM chromatograms of 
the detected ions.
Practically all ions were very intense, but we have 
chosen 205 ion (most intensive MS fragment) of 
them, because it serves a large peak at 8.5 minutes 
and there are no other peaks. Figure 12. shows 
the chromatogram of 205 ion alone. We can see 
that we were able to increase the sensitivity and 
selectivity compared to total ion chromatogram.
Consequently we were successful in developing 
a method which can help the identification of the 
PRIM and SEC contents of the polyolefins.

SAMPLE PREPARATION BEFORE 
ANALySING TEST POLyMERS
We wanted to work out a sample preparation 
method to extract PRIM and SEC from 
polyolefins by TCB. We developed the following 
sample preparation method.
0.5 g polymer sample (pellet or powder without 
any sample preparation) was put into a HS vial, 
1 mL 1,2,4-trichloro-benzene added, solving at 
140 °C for one hour in a closed and shaken vial 
(200 °C in case of SEC). Afterwards the vial 
was taken out from the sample preparator and 
cooled. HS parameters during GC-MS analysis 
were: 140 °C (200 °C in case of SEC), 10 
minutes.

MEASuREMENT PARAMETERS
•  GC-MS instrument: Shimadzu GCMS QP2010 

Plus
•  Ionization: EI
•  Analizer: quadrupole

•  Headspace instrument: PerkinElmer 
Turbomatrix

•  MS temperatures: 200 °C (ion source, 
interface)

•  Injector temperature: 250 °C
•  Split ratio: 10
•  Column: ZB-WAX 30 m X 0.25 mm X 0.25 μm
•  Linear velocity (He carrier gas): 51.9 cm / sec
•  Temperature program: 70 (2 minutes 

equilibration) › heating 18 K / min to 250 °C 
(20 minutes equilibration)

•  MS detection: to 19.50 minutes, SIM method 
(191 and 205; the most intense ions of PRIM 
and SEC as we identified previously).

CHROMATOGRAMS AND RESuLTS
Figure 13. and 14. represent the chromatograms 
of PRIM in polymer A and SEC in polymer B 
samples.

We quantified the stabilizers using external 
calibration (known amount of stabilizer 
solved in TCB and measured under the same 
circumstances). Based on the results, the 
efficiency of the measurement was quite good, 
in comparison to the known amount of the 
stabilizers, we achieved the next results:

PRIM in A polymer: 93% of the original amount;
SEC in B polymer: 90% of original amount.

1
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Fig. 11. SIM chromatograms of the detected ions

Fig. 12. SIM chromatogram of 205 ion

Fig. 13. Three parallel SIM chromatograms of PRIM in A polymer and 
the blank TCB.

Fig. 14. Two parallel SIM chromatograms of SEC in B polymer
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OCCuRRED PROBLEMS
There are some downsides of this method which 
limit its usability. One can see some antioxidant 
types on the figures below (Figure 15. and 
Figure 16.), that have the same decomposition 
by-products as SEC. They indicate the same 
peaks at the same place on the chromatogram, 
but the areas of the peaks are varying (Figure 
17.). The area of the peak depends on the 
decomposition of the antioxidant. Consequently 
we cannot use this method in cases of some 
antioxidants that has similar functional groups 
(ligands, decompositions by-products) only to 
compare the quantity of the additives relatively if 
their chemical structure is the same.

Conclusions
We successfully worked out a simple, fast and 
solvent-effective method to identify and quantify 
two general antioxidant types in polyolefin 
matrixes. It needs further investigation to get 
information about the dependences of the 

method on the matrix type (molecular weight and 
crystallinity) and additive structure. Our long-
range plan is to survey the effectiveness of a 
modified solvent-free method in case of polymer 
pellets (whole or cryogenic grinded).
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Fig. 15. Chemical structure of tertakis-(2,4-di-tertbutylphenyl)-[1,1-
biphenyl]-4,4'-diylbisphosphonite = SEC2

Fig. 17. Headspace GC-MS chromatograms of different secondary 
antioxidants (SEC - pink, SEC2 – blue and SEC3 - black)

Fig. 16. Chemical structure of bis-(2,4-di-t-butylphenyl)-
pentaerythritol-diphosphite = SEC3


