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THE EUROPEAN 
PETROLEUM INDUSTRY
IN 2012 
György Wilde, PhD (61)
Secretary general
Hungarian Petroleum Association
hpa@t-online.hu

ABSTRACT
On the 2013 General Information Meeting 
of EUROPIA, the representation of the 
interest of the European petroleum industry 
were discussed the events of 2012 most 
important from the point of view of the oil 
industry.

INTRODUCTION
The European Petroleum Industry Association 
(EUROPIA) held the so called ‘General 
Information Meeting’ on June 8th, 2013. The 
information written bellow is based on the 
materials presented there.

Starting from 1st January, 2013, associations 
EUROPIA and CONCAWE (the scientific 
division of the European downstream 
industry) have merged under the name of 
CONCAWE. The new association is headed by 
a single director general and has EUROPIA and 
CONCAWE divisions with unchanged tasks 
under division leaders. The new CONCAWE 
comprises 43 members covering almost 
100% of the European refining industry.

EU REFINING COMPETITIVENES
The European petroleum industry consistently 
informed and advocated over the past years 
on issues that threatened the viability of 
the refining industry in the continent. The 
major effects could however only be clearly 
seen in the first quarter of 2012 as a result 
of the Petroplus’ insolvency, which triggered 

political momentum in Europe to discuss the 
competitiveness issue faced by the European 
refining industry.

ROUNDTABLE FOR EU REFINING
Following Petroplus’, the largest European 
independent refiner bankruptcy in January 
2012, increased political attention grew about 
the situation of the refining industry in Europe.

In the European Parliament four MEPs, 
concerned about the threat of closure of the 
Petroplus refineries in their constituencies, 
called for a coordinated response to Petroplus’ 
bankruptcy and held meetings with the Energy 
and Employment Commissioners. Following 
these meetings, Commissioner Oettinger sent 
a letter to Member States directly affected 
by the Petroplus issue, inviting them to open 
a broader discussion on the situation and to 
assess the need for a coordinated approach 
to the issue of restructuring of EU refining. 
Commissioner Oettinger announced that this 
would start with an EU Refining Roundtable 
scheduled for 15th May, 2012 with Member 
States governments and key stakeholders.

EUROPIA’s main objective was to ensure that 
the Roundtable on EU Refining would not 
be a one-off event and that it would instead 
initiate a more structured dialogue at EU 
level addressing the situation of EU refining. 
EUROPIA therefore called for the creation of a 
specific forum of Member States, Commission 
and industry to address in a continued manner 
the situation of the EU refining industry.

This objective was fully met as Commissioner 
Oettinger announced the holding of a second 
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Roundtable in November 2012 including more 
stakeholders, a more structured organisation, 
clear requests and the division of the work at 
EU and national level. EUROPIA’s second key 
objective to be recognised as a strategic yet 
threatened sector was generally supported 
by the participants of the Roundtable. 
Member States, DG Energy and the European 
Parliament demonstrated an acute awareness 
of the challenges the refining industry is facing 
and expressed shared belief that coordinated 
action is needed. Most Member States widely 
supported the actions recommended by the 
Commission, including support measures to 
aid workers but without further processes 
on restructuring; a factual assessment and 
monitoring of impacts of demand, supply and 
trade in petroleum products in the EU; and the 
monitoring of future legislative proposals.

THE CONFERENCE ON EU REFINING
As announced by Commissioner Oettinger in 
May 2012 a follow-up Conference entitled 
the ‘Future of EU Refining: safeguarding 
competitiveness’ took place on 26th November, 
2012 in Brussels gathering Member States, 
several Commission DGs, Members of the 
European Parliament, refining industry and 
trade unions to resume the discussions on 
the competitiveness challenges the refining 
industry faces and discuss potential paths to 
address the issue.

Hence Commissioner Oettinger announced the 
Commission’s decision to set up a ‘Permanent 
Forum for EU refining’ to monitor and assess 
the situation of the industry and the outcome 
of the fitness check announced in the Industrial 
Policy Communication, in order to tackle EU 
refining’s international competitiveness and 
improve the strength of the refining industry. 
“Fitness checks are comprehensive policy 
evaluations assessing whether the regulatory 
framework for a policy sector is fit for purpose” 
(viewed 19 June 2013, http://ec.europa.eu/
dgs/secretariat_general/evaluation/docs/
fitness_check_en.pdf).

During the Conference Antti Peltomäki, Deputy 
Director General at DG Enterprise commented 

that fitness checks are an important tool to 
achieve the objectives set by the Industrial 
Policy Communication as they should deliver 
a clear assessment of the combined impact of 
legislation on the competitiveness of industrial 
sectors and ensure that the right conditions 
are put in place to reinvigorate investments. 

Chris Beddoes, the new CONCAWE Director 
General, urged a better balance between 
policies for energy, climate and environment 
and for industrial competitiveness to retain an 
industrial value chain in the EU. He welcomed 
the Industrial Communication Policy update 
in which the Commission proposed fitness 
check and underlined the importance of an 
assessment in the frame of international 
competition.

EUROPIA was successful in exploiting the 
opportunities that arouse on the institutional 
level in the course of 2012 with the 
announcement of a fitness check and creation 
of the permanent forum for EU refining by 
the Commission as the highlights. These 
developments will however gain importance 
if they become an integral part of a longer 
process.

JOINT RESEARCH CENTRE (JRC)  
ROUNDTABLE
The European Commission’s Joint Research 
Centre organised on 1st October, 2012 a 
roundtable in the framework of the European 
Forum for Science and Industry on ‘Scientific 
Support to EU Refining Capacity’. At this event 
high-ranking representatives of oil and gas 
companies, heads of industry associations 
as well as representatives from the science 
community, Member States and the European 
Commission considered the key challenges to 
identify where scientific expertise and research 
should be targeted for the benefit of the EU 
refining industry. 

The meeting provided the opportunity for 
industry stakeholders to present data and 
explain the complex challenges they are facing. 
Participants of the meeting acknowledged the 
key role played by EU refining for the whole 
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economy and security of energy supply, and 
stressed the investment needs in a context of 
declining competitiveness and margins.

The participants concluded that there is a clear 
demand for more evidence-based policy, and 
that JRC has a special role to play, in cooperation 
with Member States and science community. 
An open dialogue with all stakeholders is 
essential, as well as the need to develop a good 
methodology of work with the industry.

INDUSTRIAL POLICY  
COMMUNICATIONS
The industrial policy communication ‘A 
Stronger European Industry for Growth and 
Economic Recovery’, published on 10th October, 
2012 is an important move by the European 
Commission to address the increasingly 
difficult competitive situation of industry in 
the European Union. The Commission seeks 
to reverse the declining role of industry in 
Europe from its current level of around 16% 
of GDP to as much as 20% by 2020, driven 
by recovery in investment levels, expansion 
of trade in goods in the internal market and 
significant increase in the number of SMEs 
(small and medium enterprise) exporting to 
third countries. 

The Communication does not provide any 
proposal for the scope, methodology and 
timing for the fitness check.

This fitness check should not assess whether 
our industry is ‘fit to survive but if it is fit to 
invest’ and consequently identify the policy 
conditions required to attract continued 
investments critical to a capital intensive 
industry such as refining. On the basis of this 
definition, the fitness check should look at 
the cumulative impact of policy, covering all 
policies and directives that set a regulatory 
framework impacting refining.

EUROPIA believes that all individual legislative 
proposals should be subject to rigorous impact 
assessments and competitiveness proofings. 
As examples, two specific implementing 
measures are currently being finalised and are 

likely to pose significant threats to EU refining’s 
competitiveness. They should be examined in 
detail:

› The IED BREF (Industrial Emissions Directive 
Best Available Techniques Reference 
Document) application: investments must 
be proportionate to the real environmental 
benefits

› The FQD (Fuel Quality Directive) Art. 7A: 
crude discrimination to EU Refining must be 
avoided.

CLIMATE AND ENERGY POLICY
The Roadmaps to 2050 go beyond climate 
policy and would generate a complete change 
in Europe’s industrial, economic and social 
foundations. Reductions in primary energy 
demand and decarbonisation of the economy 
by 2050 both imply a radical change in the 
use and sources of energy. For such changes, 
EUROPIA sees value in laying out a long-term 
strategic vision for Europe’s future, provided it 
aids the assessment of policy ideas. Collectively, 
the Roadmaps inform society, businesses 
and markets of future policy direction; but 
they are not architects’ blueprints for future 
development. 

Decarbonisation of the EU economy will 
also challenge the oil industry – a challenge 
that is becoming increasingly apparent 
today in European refining. The Roadmaps 
acknowledge, however, that oil will still have 
a role in Europe’s energy mix in 2050, making 
it in the EU’s interest to implement policy 
and legislation that maintain the viability of 
European refining. 

The Energy Roadmap 2050 prepared by 
DG Energy was launched as a Commission 
Communication on 15th December, 2011. The 
Roadmap was built on the same fundamental 
assumptions and 2050 goals as the Competitive 
Low Carbon Economy and Transport Roadmaps: 
it however attempted to provide a better 
balance between sustainability and the other 
energy policy priorities of competitiveness 
and security of supply. Its language was more 
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pragmatic than the previous roadmaps. It 
looked at several scenarios and highlighted the 
fact that the outcomes depend on uncertain 
assumptions: what happens in the rest of the 
world is highly significant; and the EU should 
focus on 2020 goals, but develop no regrets 
options for 2030, using the term ‘concrete 
milestones’ for 2030, instead of ‘targets’.

However, the Energy Roadmap also clearly 
stated that ‘decarbonisation is feasible’; it 
gave the impression that the EU could ‘provide 
certainty’ by creating policy; it signaled the 
potential for infrastructure mandates; but it 
did not fully identify how to tackle the ‘very 
substantial upfront investments’ needed to 
transform the energy supply system.

EU ETS
The Commission’s proposals to adjust the 
Emission Trading Scheme (EU ETS) published in 
July 2012 appeared to be very controversial and 
triggered many concerns within the industry 
and the European Parliament.

While Member States was still working on 
implementing the allocation rules for free 
allowances enabling so installations to know 
their allocation for the start of Phase III of the 
EU ETS on 1st January, 2013, other aspects of 
the ETS were under close scrutiny of EUROPIA.

Refining has not been included in the 
draft proposal for State Aid Guidelines for 
compensation to ETS sectors for indirect 
electricity costs. EUROPIA answered to a second 
stakeholder consultation by DG Competition 
that took place in January 2012, using the initial 
response provided for the first consultation in 
2011 complemented by some supplementary 
information clarifying the production and use 
of electricity in refining. 

The final Communication on State Aid 
Guidelines published in May 2012 did however 
not include refining on the qualifying list. 
Whilst EUROPIA did not actively advocate for 
the inclusion of refining, details of the analysis 
showing that our industry did not meet the 
qualitative criteria were requested. 

On 12th November, the European Commission 
proposed that the EU defer the requirement 
for airlines to surrender emissions allowances 
for flights into and out of Europe until 
after the 2013 International Civil Aviation 
Organisation (ICAO) General Assembly next 
autumn. This initiative was taken in order 
to create a positive atmosphere ahead of 
ICAO negotiations on a global market-based 
approach to regulating greenhouse gas (GHG) 
emissions from aviation. 

The Commission issued on 25th July a set of 
proposals to reform the EU ETS which includes: 

› A proposal for a Decision of the European 
Parliament and the Council amending ETS 
Directive clarifying provisions on the timing 
of auctions (ETS Directive clarification 
proposal);

› A draft Commission Regulation amending 
Commission Regulation on auctioning – in 
particular to determine the volumes of GHG 
emission allowances to be auctioned in 
2013-2020;

› A Commission Staff Working Document on 
‘information provided on the functioning 
of the EU Emissions Trading System, the 
volumes of greenhouse gas emissions 
allowances auctioned and freely allocated 
and the impact on the surplus of allowances 
in the period up to 2020’.

ENERGY EFFICIENCY DIRECTIVE
Following the political agreement the European 
Parliament voted in September 2012 by an 
overwhelming majority to support the Directive 
proposal which has now to be transposed into 
national law by the Member States. 

The Energy Efficiency Directive (EED) first 
published by the Commission in June 2011 
initially contained several measures potentially 
damaging for the European Refining Industry, 
and more importantly was directly targeting 
our sector. The Directive also appeared to 
be very controversial both in the European 
Parliament and the Council. 
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The Industry, Research and Energy (ITRE) 
Rapporteur, Claude Turnes (Green/Fr) tried 
to considerably strengthen many of the 
mandatory elements of the Directive but had 
to deal with more than 1,800 amendments, 
which considerably slowed down the speed 
of progress and required over two months 
of intensive negotiations with the Shadow 
Rapporteurs to agree on 18 compromise 
amendments. The draft report was finally voted 
on 28th February and although no formal vote 
had taken place, the Rapporteur received the 
mandate to start negotiating with the Council 
on the basis of these ITRE amendments. 

The final agreement was reached during the 
Trilogue on 13th June and approved by the 
Committee of Permanent Representatives 
(COREPER) the day after. Importantly for 
EUROPIA, the Council remained adamant when 
demanding flexibility in application of energy 
efficiency measures and continuously opposed 
binding targets. It had however to back track 
on a few elements to achieve the compromise 
with the Parliament. 

The final compromise includes:
› Obligation schemes: most Member States 

accept the principle of energy obligation 
schemes for energy suppliers but do not 
support the EU-wide inclusion of transport, 
and want that Member States designate how 
they work and who are the obligated parties

› Audits: accept that energy management 
systems can be used in place of mandatory 
audits, but these must comply with a 
recognised standard

› Cogeneration / District heating: the strategy 
for development of combined heat and 
power (CHP) / district heating if cost-effective 
should be left to Member States. However, 
Council does propose a very prescriptive 
annex VIII bis on how to conduct the cost 
benefit analysis

› Implementing and monitoring: the references 
to refining have been removed and Council 
makes no mention or adjusting the ETS.

The Commission estimated that this 
agreement will result in 15% energy savings 
by 2020, while the initial text of the Directive 
set the 20% energy savings target by 2020. 
Therefore, in order to gain additional 5% 
to reach the 20% energy savings target, 
the Commission plans to introduce tougher 
emissions standards for vans (2% energy 
savings) and new eco-design measures (3% 
energy savings).

ENERGY TAXATION DIRECTIVE
The discussion on the draft revision proposal of 
the Energy Taxation Direction did not progress 
much. Progress was however expected at the 
beginning of 2012 and decisions were to be 
taken regarding issues such as the principle 
of mandatory proportionality, the aligning of 
diesel and gasoline taxation levels and the 
minimum levels of CO2-based taxation.

The Parliament adopted a resolution on 19th 

April, 2012 suggesting substantial amendments 
to the proposed Energy Taxation Directive. 
A majority in plenary decided to reject the 
principle of mandatory proportionality among 
taxes on the different energy products, as well 
as the objective of progressively aligning diesel 
taxation on gasoline taxation level. 

The Parliament also agreed that the minimum 
levels of CO2-based taxation shall be aligned 
to the market price of allowances under the 
ETS every three years from 1st July, 2016. 
The plenary resolution removes however a 
reference to the need to monitor the market 
price of CO2 emissions allowances for periodic 
reviews of carbon taxation. 

As it is a special procedure, formely called 
‘consultation’, the Parliament’s resolution is 
not binding. However, the Commission may 
decide to incorporate some of the Parliament’s 
amendments and adjust its proposal 
accordingly.

A second debate in Council was held on 4th 
December, 2012, during which the Cypriot 
Presidency presented four compromise 
proposals, based on the following principles:
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› The levels of taxation which Member 
States shall apply to energy products 
and electicity may not be less than the 
minimum levels of taxation laid down in 
the Directive

› The single minimum levels of taxation were 
established on the basis of two reference 
components – an energy related component 
and a CO2-related component

› Member States may express their national 
levels of taxation as one single tax or as 
separate taxes as well as in units other 
than those used to express the minimum 
levels of taxation, provided that the 
minimum levels laid down in the Directive 
are respected.

After Denmark and Cyprus, it is now Ireland’s 
turn to continue work on this subject. Making 
progress on the Energy Tax Directive is indeed 
in the priorities of the Irish Presindency, and a 
final decision on the revision is expected in the 
first semester of 2013.

AIR QUALITY
The ambitious health goals of the 2005 
Thematic Strategy for Air Pollution (TSAP) 
already set demanding policies for SO2, NOx, 
PM (particulate matter), VOCs (volatile organic 
compound), all pollutants affecting refining 
operations and its market products.

Through its on-going review process the 
Commission identified a number of key 
issues related to non-compliance with the 
air policy framework, incoherence between 
EU legislation and international air quality 
commitments and the fact that the current EU 
Air Quality Policy framework will not provide 
adequate protection of human health and the 
environment in the future.

A preliminary analysis based on the proposed 
questionnaire and EUROPIA’s participation 
to the 4th meeting of the Stakeholders Expert 
Group on 5th December, 2012, reveals that 
the outcome of the review could impact our 
industry through:

Staircase between platforms



10 Challenges

› The revision of the Air Quality Standars (AQS) 
for the particulate matters

› The setting of new air pollution sources 
regulations with small / medium size 
combustion units included in the scope

› The revision of the National Emissions 
Ceilings, in particular for NOx

› The revision of the 2005 TSAP objectives 
which may set tougher emission reduction 
targets for Member States, which in turn 
may look for further sectoral reductions for 
industry, transport or others.

This could result in the definition of tighter 
IED targets, pushing industrial sites towards 
the use of the BAT, if not beyond the BAT or 
ultimately even limiting the level.

FUEL QUALITY DIRECTIVE
Following the Commission approval on 3rd 

October, 2011 of the draft Directive, the Fuel 
Quality Committee comprising Member States 
experts met three times to analyse and discuss 
the Commission’s proposal on assessing 
separate default values to gasoline and diesel 
produced from three different classes of 
refinery fossil feedstock: ‘conventional crudes’, 
‘natural bitumen’ and ‘oil shale’.

Despite severe objections, the Commission 
decided to put to vote at the 23rd February, 
2012 meeting their original draft Directive with 
only minor amendments not addressing the 
key objections. The Commission also refused 
to put to vote the Italian proposal, motivating 
the decision with the insufficient notice in the 
submission of the document. 

Since Member States could not express 
an opinion in Comitology, the Commission 
informed the experts that it would submit the 
proposal, possibly after having amended it, to 
the Environment Council in June 2012. This 
move, by which the Commission in fact by-
passed the Fuel Quality Committee disregarding 
the Member States experts’ opinion, was 
intended to take the discussion to a political 

level in front of Environmental Ministers and 
to take advantage of the reversed majority rule 
since Member States had to find a qualified 
majority to reject the proposal, increasing 
significantly the changes of the Commission to 
have the Directive approved. 

The Commission published in June 2012 a 
so called ‘Roadmap’ on the subject, which 
outlined, in general terms, the impact 
assessment scope and the way it will be 
performed. EUROPIA raised strong concerns 
about the proposed process and highlighted 
three potential shortcomings:

› The impact assessment scope did not 
explicitly mention that it would include 
the assessment of alternative options, and 
specifically those presented by Italy and the 
Netherlands

› The impact assessment scope did not ensure 
a comprehensive evaluation of potential 
consequences of the implementation of 
the legislation, especially the impact on the 
competitiveness of the EU refining industry

› The proposed process did not ensure that it 
would be performed according to the impact 
assessment guidelines, in a transparent way 
and with involvement of all stakeholders.

The process was held until December 2012 
in a non-transparent way, with no or little 
information made available to stakeholders. 
EUROPIA met a few times DG Climate Action 
officers in charge of the study, offering as a 
contribution to the impact assessment the 
conclusions from the Wood Mackenzie study 
and its simplified reporting proposal.

In fulfillment of a duty of the impact assessment, 
the Commission called a stakeholders meeting 
on 20th December, 2012. The preparation, the 
carrying out and the conclusion of the meeting 
were questioned by EUROPIA.

During the meeting, ICF, DG Climate Action’s 
appointed consultant, provided very limited 
information on the input data and on the 
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model used for the study and made a generic 
description of the alternative options and 
assessment criteria. The presentation raised 
many questions and criticism, and the ensuing 
discussion highlighted severe shortcomings 
and significant mistakes. 

Finally, despite the requests EUROPIA made 
at the start of the meeting and supported 
by other stakeholders, DG Climate Action 
announced that no other stakeholders 
meeting would take place and that the input 
from stakeholders would be limited to a 
feedback in writing to be submitted by 11th 
January, 2013. EUROPIA, CONCAWE and OGP, 
verbally criticised the procedural and content 
aspects during the meeting. On 21st December, 
2012 EUROPIA reiterated its concerns by 
sending an official letter to the DG Climate 
Action Head of Cabinet and Director General, 
copied to many stakeholders, requesting 
among others a competitiveness proofing to 
be part of the impact assessment. This letter 
had a significant echo among stakeholders, 
and other letters with a similar content were 
sent to the Commission by BusinessEurope, 
the US Ambassador to the EU and other 
stakeholders.

BIOFUELS AND ILUC
The Commission failed to meet the Renewable 
Energy Directive (RED) established deadline 
of 31st December, 2010 for issuing a proposal 
on ILUC (Indirect Land Use Change) due to 
uncertainties in the definition of the GHG 
emissions from ILUC and the contrasting views 
of the most involved services, DG Agriculture, 
Climate Action and Energy. 

Following an extended and complex inter-
service consultation, the Commission finally 
officially released on 17th October, 2012 a 
draft Directive amending the RED and the Fuel 
Quality Directive (FQD).

In its draft directive the Commission proposes 
to terminate subsidies for all biofuels produced 
from food crops as of 1st January, 2021, the final 
decision remaining however with the Member 
States.

The Commission also revised the thresholds 
for sustainability in both RED and FQD which 
determines whether a biofuel could qualify for 
subsidies and for meeting the RED and FQD 
targets. The proposed thresholds are:

› For plants on stream by 1st July, 2014, the 
threshold is proposed to be set at 35% GHG 
savings vs. fossil fuels immediately before 
increasing to 50% from 2018 onwards 

› For plants beginning operation after 1st July, 
2014, the threshold is proposed at 60% GHG 
savings vs. fossil fuels

› Additionally, a review of the target 
achievability for both FQD and RED is planned 
in 2014.

The proposed measures will mainly impact 
bioethanol and biodiesel while seeking 
to incentivise ‘unconventional’ non-food 
competing biofuels. Biofuels produced from 
food crops will have little or no possibility to 
grow unless it becomes cost-competitive with 
fossil fuel, and the relevant industry is most 
likely to become unsustainable in the post-
2020 scenario. The Commision’s objective is to 
strongly incentivise the use of ‘unconventional’ 
non-food competing biofuels. However, the 
proposed quadruple and double contribution 
(to the EU biofuel targets by the low-ILUC 
advanced biofuels compared to conventional 
ones) raises concerns in terms of potential 
abuse, and could turn out to be ineffective in 
boosting the unconventional biofuel industry 
as regulations’ uncertainty and concerns on the 
fair application of the quadruple and double 
contribution may discourage investments in 
EU. As a result, and due to the extremely limited 
availability of unconventional biofuels, the RED 
target is most likely unachievable, while with 
no change in its target, the FQD target remains 
extremely difficult or even impossible to meet.

FUEL LABELLING
On 27th April, 2012, Commissioner for Energy 
Günther Oettinger organised a conference on 
Fuel Labelling and Consumer Information in 
collaboration with DG Climate Action and DG 
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Move. The purpose of the conference was to 
help consumers to get appropriate information 
on the road transport fuels, which is currently 
not always the case due to a lack of EU-wide 
labelling standards and to a complex system. 
During this event, EUROPIA presented key 
messages to improve fuel labelling and avoid 
the risk of misfuelling for customers.

Firstly, EUROPIA believes that providing 
customers with clear information on the 
fuels they intend to buy is in the fuel supplier 
interest. The information should be simple, 
standardised and should focus on what is 
important for customers to know: whether the 
fuel is suitable for their car engine.

Secondly, EUROPIA supports the 
standardization work of the European 
Committee for Standardization (CEN), to 
which CONCAWE is a key contributor, and 
believes that the best solution is to apply CEN 
indications for pump marking. A distinction 
should nevertheless be made between 
technical information (provided by CEN) and 
commercial branding (name, logo, colours, 

etc.) – the latter is an essential marketing tool 
which cannot be subject to standardization 
and is unique for each fuel supplier. 

Finally, in order to avoid confusion for customers, 
the current name of existing products should be 
maintained (e.g. ‘Benzin’ or ‘Super’ in Germany), 
along with CEN standard labelling.

Later on EUROPIA was requested to evaluate 
time period needed to implement the CEN 
labelling on the petrol stations. EUROPIA 
confirmed that, provided all other involved 
stakeholders would agree on taking the 
relevant actions, an 18-month period would be 
considered as a reasonable timeframe.

ELECTRONIC PAYMENTS
A public consultation on ‘Green Paper –
Towards an integrated European market for 
card, internet and mobile payments’ was 
launched by the Commission in January 2012. 
Its objective was to collect information from 
stakeholders on consumer satisfaction of 
electronic payment and the potential hurdles 
for integration at European level in this market.

FCC plant in Slovnaft Bratislava Refinery
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In the downstream fuel sectors, unmanned 
service station model is growing in an attempt 
to keep business viable. These stations are 
fully automated requiring consumers to use 
payment cards to proceed with the transaction.

One issue of the current situation is the 
possibility for the banks to set the Multilateral 
Inter-change Fees (MIFs). As a result, there 
is no possibility to discuss or negotiate these 
fees with the card scheme issuers such as 
MasterCard or Visa. The current legislation 
allows banks to continue to work this way, 
giving them an overwhelming power on the 
establishment of the fees.

Interchange and Association / Assessment fees 
are set and published by banking communities 
as a percentage, or a combined fee (percentage 
and flat fee) of the transaction value. The ‘ad 
valorem’ (according to value) basis causes 
specific issues for fuel retailers since these 
fees increase concurrently with the transaction 
value, which at times is driven by duty and tax 
burdens.

LUBRICANTS AND TAX
The Commission agreed in December 2011 not 
to include the lube additives in Excise Movement 
and Control System (EMCS). Since lubricants 
are not subject to excise tax (they are not fuel), 
the tracking of their activities would have not 
been practical and meaningful. This decision 
was taken after EUROPIA addressed Directorate 
General Taxation and Customs Union (DG 
TAXUD) advocating against such an inclusion. 
However, two Member States (Lithuania and 
Poland) were requesting the inclusion of all 

lubricants in EMCS, as a mean to fight the 
fraudulent practice of selling products qualified 
as lubricants for use as diesel fuel and thereby 
evading the excise tax.

EUROPIA Tax Action Group’s conclusion 
was that such an inclusion would damage 
disproportionately the downstream oil 
industry. Consequently, EUROPIA met the 
Permanent Representatives of Lithuania and 
Poland in order to understand their reasons 
and represent the criticalities that this measure 
would entail.

A debate was held in April 2012 between 
Permanent Representatives of EU Member 
States, representatives of the European 
Commission and federations having an interest 
in the matter. EUROPIA and the Independent 
Union of the European Lubricants Industry 
(UEIL) notably presented their views against 
the inclusion of lubricants in EMCS.

The proposal of Poland and Lithuania to 
include lubricants under EMCS was discussed 
at the Excise Committee meeting of 17th 
October, 2012. A vast majority of the Member 
States voted against. Poland and Lithuania 
can still ask the Commission to take their 
position into consideration during a formal 
procedure. However, the majority of the EU 
Member States must grant such an appeal, 
which is not expected. The final decision on 
the inclusion of lubricants will be available 
after the coming Excise Committee meeting 
planned in January 2013.

Reviewed by László Rácz, Dr.

György Wilde, PhD has been working for Hungarian Petroleum Association 
since 1992. He started to work in an ammonia plant, later on he was a scien-
tific research worker in Hungarian Academy of Sciences, an expert in Minis-
try of Industry and Trade, furthermore head of department in Mineralimpex 
Trading Co. He graduated at University of Veszprém in 1976.
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ABSTRACT
Energy producers shall supply heat and 
electricity to the customers at acceptable 
prices while sustaining profitability of their 
own operations. One possible solution is to 
reduce their specific energy consumption, 
i.e. improve efficiency of the energy 
production. Simultaneous heat and power 
production at the same plant (cogeneration, 
or in other words combined heat and power 
production, CHP) is a reliable option for 
energy managers.

The article reviews the latest developments 
in the cogeneration utility legislation, lists 
some advantages and disadvantages of 
cogeneration, and outlines the main types of 
cogeneration systems.

INTRODUCTION
Simultaneous generation of heat and power or 
cogeneration (CHP) is one of the key elements 
of rational energy management. Cogeneration 
plants provide significantly better energy 
efficiency, save fossil fuels, and reduce 
environmental pollution compared to separate 
production of electricity in power plants and 
heat in heating stations (Jakovljević, I 2012). 

As one of the most cost efficient ways of using 
fossil fuels, cogeneration is applied under the
following names (based on Moser, J 2005):

› ‘Kraftwarmekopplung’ (KWK) in German-
speaking countries,

› ‘Cogeneration Plant’ mainly in the U.S. 
speaking,

› ‘Combined Heat and Power Plant’ (CHP) 
mainly in the English-speaking countries,

› ‘Production combinee de chaleur et d`energie 
electrique’ in French,

› ‘Productione combinata di calore e di energia 
elettrica’ in Italian,

› ‘Kogeneracija’ in Croatian,

› ‘Kogeneráció’ in Hungarian and 

› ‘Kogenerácie’ in Slovak.

Combined heat and power (CHP) 
production or cogeneration is a technology 
used to improve energy efficiency through 
the simultaneous generation of heat 
and power in the same plant (see Figure 
1), generally using a gas turbine with 
heat recovery, steam turbine, internal 
combustion engine or fuel cells. Heat 
delivered from CHP plants may be used for 
process or space heating purposes in any 
sector including the residential one. CHP 
thus reduces the need for additional fuel 
combustion for heat generation and the 
associated environmental impacts, such as 
CO2 emissions.

Trigeneration is simultaneous combined 
cooling, heat, power generation (CCHP) from 
the combustion of a fuel or other energy 
source. 

Benefits of the cogeneration plants, as 
compared to conventional systems with 
separate production of electricity and heat, 
are visible when compare losses incurred in 
the production of energy in the systems. An 
efficiency comparison of cogeneration with 
separate production of electricity and heat is 
given in Figure 2.
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LATEST DEVELOPMENTS IN 
COGENERATION UTILITY REGULATIONS
Crude oil price increases in the 70s of the last 
century boosted energy saving and energy 
efficiency improvements and environmentally 
friendly alternative energy discussions. 
These tendencies lead to the ‘reinvention’ of 
cogeneration plants with waste heat utilisation 
and higher energy efficiency in the electricity 
generation.

Oil price increases in the 70s of the last century, 
i.e. the global energy crisis there was no legally 
regulated distribution of energy produced in 
cogeneration plants. Due to the large increase 
in crude oil prices in the world market in 1978 
and frightening oil price predictions for the 
future, the US Congress passed the Public 
Utility Regulatory Policy Act (PURPA) (Union 
of Concerned Scientists 1978), as part of the 
National Energy Act. By this law, the Congress 
wanted to reduce crude oil dependency of the 
State by promoting alternative energy sources 
and energy efficiency and diversifying the 
electric power industry. 

In addition, an important task of the law was 
to create free market for electricity produced 
by (cogeneration plants of) independent 

Fig. 2. Comparison of cogeneration and separate 
production of energy (European Biomass Industry 
Association 2007)

Fig. 1. Cogeneration plant (Utilities Ltd. 2009)

Cogeneration

Separate production of electricity and heat

Efficiency: (30+55)/100=0.85 or 85%

Efficiency: (36+80)/200=0.58 or 58%

Electricity 30
Heat 55

COGENRATION
SYSTEM

Electricity 36

Heat 80

POWER PLANT

BOILER
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producers. Before the law, only the national 
monopoly electric utilities could own and 
operate electricity generation plants. 
PURPA regulated the option to purchase 
electricity from independent companies 
that could produce and distribute electricity 
and thermal energy for less than the utility 
itself. Thus, PURPA promoted greater use 
of indigenous renewable energy and wider 
spread of more efficient natural gas-fuelled 
cogeneration plants.

Later, significance of PURPA has been reduced, 
among others due to the expiring fix priced 
contracts signed in the 1980s, the electric 
deregulation (by Energy Policy Act of 1992) and 
open access to electricity transportation by 
utilities (ruled by the Federal Energy Regulatory 
Commission). 

In the European Union a cogeneration 
directive (Directive 2004/8/EC of the European 
Parliament and of the Council on the promotion 
of cogeneration based on a useful energy 
demand in the internal energy market...) has 
been issued with the purpose to 

› Promote high efficient cogeneration based 
on efficient heat consumption

› Reduce network losses and

› Reduce greenhouse gas emissions (European 
Commission 2013).

In 2010, combined heat and power generation 
in the EU-27 made up 11.7% of total gross 
electricity generation (Eurostat 2012). The 
share of electricity produced by cogeneration 
processes varied from 1% in Cyprus to 49.2% 
in Denmark. From 2005 to 2010, the highest 
increase in CHP share was recorded in Lithuania 
(34.6% in 2010 against 15.5% in 2005) and 
Latvia (45.0% in 2010 from 30.7% in 2005). 
At the same period the highest decrease was 
reported by Romania (10.8% in 2010 against 
26.2% in 2005) (see Table 1).

This indicator is a measure of the penetration of 
CHP in electricity markets. The data collection 

for CHP generation is based on the mentioned 
Community Directive 2004/8/EC. The Directive 
does not include target figures, but it aims at 
promoting CHP generation.

ADVANTAGES AND DISADVANTAGES  
OF COGENERATION
Application of cogeneration systems is primarily 
considered due to their high energy efficiency, 
and because of that they bring economic and 
environmental benefits. Energy efficiency 
of some cogeneration plant can reach up to 
90% and usually ranges from 60% to 80%. 
Cogeneration plants have lower harmful 
exhaust gas emissions (CO2, SO2 and NOx) per 
unit of energy produced. 

The most important advantages of 
cogeneration compared to the separate 
production of electricity in the traditional 
power and heat generation in the boiler are:

› Increased efficiency of energy conversion 
and use (cogeneration is the most effective 
and efficient form of power generation),

› Lower emissions to the environment, in 
particular of CO2, the main greenhouse gas. 
Cogeneration was the single biggest solution 
to the Kyoto targets,

› Large cost savings, providing additional 
competitiveness for industrial and 
commercial users, and offering affordable 
heat for domestic users,

› An opportunity to move towards more 
decentralised forms of electricity generation, 
where plant is designed to meet the needs 
of local consumers, providing high efficiency, 
avoiding transmission losses and increasing 
flexibility in system use. This would 
particularly be the case if natural gas is the 
energy carrier,

› Improved local and general security of supply 
– local generation, through cogeneration, 
can reduce the risk that consumers are 
left without supplies of electricity and / or 
heating. In addition, the reduced fuel need 
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2005 2006 2007 2008 2009 2010

EU-27 11.1 10.9 10.9 11.0 11.4 11.7

Belgium 8.5 8.7 12.5 : 14.5 16.0
Bulgaria 6.1 6.0 9.4 10.0 9.4 8.0
Czech Republic 16.8 15.1 13.0 14.2 13.4 14.2
Denmark 52.1 40.7 42.8 46.1 45.3 49.2
Germany 12.6 12.5 12.2 12.5 13.0 13.2
Estonia 10.2 10.7 7.2 8.6 9.2 10.3
Ireland 2.4 5.6 6.3 6.2 6.3 6.7
Greece 1.7 1.7 1.6 1.9 3.0 4.3
Spain 7.8 7.2 7.1 7.0 7.5 7.4
France 4.0 3.2 3.2 3.1 4.3 2.8
Italy 9.0 9.8 10.3 9.5 10.2 11.5
Cyprus 0.3 0.3 0.3 0.3 0.4 1.0
Latvia 30.7 42.6 40.9 33.6 19.7 45.0
Lithuania 15.5 14.3 13.2 12.7 13.9 34.6
Luxemburg 10.1 10.9 9.9 11.9 10.1 9.6
Hungary 19.1 22.4 21.4 21.1 20.5 19.6
Malta - - - - - -
Netherlands 29.4 29.9 30.1 33.6 32.1 33.2
Austria 15.4 16.1 15.6 15.3 13.2 15.4
Poland 16.8 16.0 17.3 16.9 17.2 17.6
Portugal 11.6 11.6 12.3 11.9 11.0 11.8
Romania 26.2 18.0 10.7 9.6 10.8 10.8
Slovenia 7.3 7.4 7.2 6.7 6.2 6.9
Slovakia 15.3 27.6 25.6 24.0 19.2 15.9
Finland 38.9 34.9 34.4 35.6 35.8 36.2
Sweden 6.7 8.0 8.2 9.6 10.5 12.5
United Kingdom 6.8 6.3 6.4 6.4 6.5 6.2
Iceland : 14.4 14.4 : : :
Norway : 0.1 0.1 0.1 0.1 0.2
Switzerland : : : : : :
Montenegro : : : : : :
Croatia : : : : 12.7 14.3
FYR of Macedonia : : : : : :
Serbia : : : : : :
Turkey 4.4 4.4 4.6 4.2 3.8 3.8

Table 1. Combined heat and power generation (% of gross electricity generation) (Eurostat, 2013)
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which cogeneration provides reduces the 
import dependency – a key challenge for 
Europe’s energy future,

› An opportunity to increase the diversity of 
generation plant, and provide competition 
in generation. Cogeneration provides one of 
the most important vehicles for promoting 
liberalisation in energy markets and

› Increased employment – a number of studies 
have concluded that the development of CHP 
systems is a generator of jobs.

Disadvantages of cogeneration compared 
to the separate production of electricity in 
traditional power plant and heat generation in 
boiler include:

Prime mover Fuel used Size range 
(MWe)

Heat: 
power 
ratio

Electrical 
efficiency

Overall 
efficiency Heat quality

Pass out steam 
turbine Any fuel 1 to

100+
3:1 to
8:1+ 10 - 20% Up to

80%
Steam at 2 

press or more

Back pressure steam, 
turbine Any fuel 0.5 to

500
3:1 to
10:1+ 7 - 20% Up to

80%
Steam at 2 

press or more

Combined cycle gas 
turbine

Gas, 
biogas, 
gasoil, 

LFO, LPG, 
naphtha

3 to
300+

1:1 to
3:1* 35 - 55% 73 - 90%

Medium grade 
steam; high 
temp. hot 

water

Open cycle gas 
turbine

Gas, 
biogas, 
gasoil, 
HFO, 

LFO, LPG, 
naphtha

0.25
to 50+

1.5:1 to
5:1* 25 - 42% 65 - 87%

High grade 
steam; high 
temp. hot 

water

Compression ignition 
engine

Gas, 
biogas, 
gasoil, 

HFO, LFO, 
naphtha

0.2 to
20

0.5:1 to
3:1* 35 - 45% 65 - 90%

Low pressure 
steam low; 

medium temp. 
hot water

Spark ignition engine

Gas, 
biogas, 

LHO, 
naphtha

0.003 to
6

1:1 to
3:1 25 - 43% 70 - 92%

Low and 
medium temp. 

hot water

Table 2. Types of cogeneration systems (European Biomass Industry Association 2007; the primary source referred here 
is http://www.cogen.com)

* – highest ratios are achieved with supplementary firing, HFO – heavy fuel oil, LFO – light fuel oil, LHO – light heating 
oil, LPG – liquefied petroleum gas
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› Simultaneous (combined) heat and power 
production would cause (seasonal) supply / 
demand imbalances

› For CHP it is necessary to have cooling 
water, heat consumers and infrastructure for 
electricity distribution in one place which is 
not required in case of separate production.

TYPES OF COGENERATION SYSTEMS
The most represented types of cogeneration 
systems are shown in Table 2.

COGENERATION SYSTEM WITH STEAM 
TURBINE
A cogeneration system with back pressure 
steam turbine is the most classical system 
to produce electricity and thermal energy 
(Prelec, Z 1994). In this system, high pressure 
steam produced in the steam boiler expands 
through a back pressure turbine (driving e.g. 
electrical generator) then steam is exhausted 
at conditions (atmospheric pressure or 
above) sufficient to utilise its thermal energy 
for technological and heating applications  
(see Figure 3). 

Cogeneration steam turbine plant can be 
divided into two parts: the steam boiler block 
(for steam production and supply), and the 
turbine block (for conversion of the internal 
energy of steam into kinetic energy, i.e. to 
the mechanical work of rotation of the rotor). 
Auxiliary facilities of the steam turbine plant 
include water treatment plant, blocks for 
preparation and supply of fuel and air.

This system is most widely used in power 
installations of large industrial facilities 
that consume large quantity of steam for 
technological and heating purposes. It 
is regarded as the most economical and 
easiest to manage and maintain. The biggest 
drawback of this system is the impossibility of 
electricity production without simultaneously 
consumed adequate quantity of steam. This 
process is usually adjusted to meet changing 
heat demand of the facility. Its electricity 
generator is connected in parallel with an 
external network, electricity input and output 
is regulated on the base of the electric demand 
of the industrial facility. 

A cogeneration system with condensing steam 
turbine with extraction is usually applied to 
provide permanent and secure electricity 
supply, in addition to the production of 
thermal energy necessary for autonomous 
sources, such as refinery, petrochemical and 
related process plants that are very sensitive to 
disruptions to energy supply. In this system a 
portion of steam is extracted from the turbine 
at intermediate pressure, and the remaining 
steam is exhausted in a partially condensed 
form at a pressure below atmospheric to the 
condenser (see Figure 4).

Figure 4 indicates that a part of the extracted 
steam goes to the consumers and for 
technological process and another part is 
used for regenerative feed water heating. The 
remaining quantity of the steam goes through 
the last stages of the turbine to the steam 
condenser. These facilities have lower energy 
efficiency compared with back pressure turbine 
due to the loss of heat energy contained in the 
steam in the condensing part of the plant.

Fig. 3. A cogeneration system with back pressure steam 
turbine

1 – steam boiler, 2 – backpressure steam turbine, 3 – 
electrical generator, 4 – consumer of thermal energy, 5 – 
deaerator (chemical and thermal), 6 – feed water pump
(Jakovljević, I 2012)
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COGENERATION SYSTEM  
WITH GAS TURBINE
A cogeneration system with gas turbine 
utilises waste heat in exhaust flue gases in a 
heat recovery system (flue gas temperature 
can reach 600 oC). Steam from the combined 
steam boiler can be used for heating or 
various technological needs of the process 
industry (see Figure 5).

Introduction of a supplementary firing to the 
gas turbine exhaust flow (in order to raise flue 
gas temperature to 800-1000 oC) (see Figure 6) 
improves the usefulness of the system. It also 
allows controlling the system and grants full 
autonomy of the electric and thermal energies, 
depending on the user needs.

The energy system can become even more 
effective when the steam produced in 
the previous system is used to generate 
electricity in a steam process with 
condensing, or back pressure steam turbine 
as shown on Figure 7.
 
Such systems are called combined processes, 
gas steam power plants, combined cycle gas 
turbine or combined cycle power plants. 
It seems that today combined cycle power 
plants are preferred in Europe.

COGENERATION SYSTEM WITH 
INTERNAL COMBUSTION ENGINE
A cogeneration system with internal 
combustion engine is simpler and cheaper 
(concerning investment costs) than the 
cogeneration systems with steam or gas 
turbines. Its widespread use is hampered 
by the lower temperature of the exhaust 
gases and consequently, its inability to 
produce high pressure steam. However, 
this system can be combined with 
supplementary firing. 

Figure 8 schematically depicts a cogeneration 
system with a diesel engine combined with 
supplementary firing of the exhaust gases. 
Such system is often used to drive marine 
propulsion solutions and has a representation 
in stationary plants.

Fig. 4. A cogeneration system with extraction condensing 
steam turbine

1 – steam boiler, 2 – condensing steam turbine, 3 – 
electrical generator, 4 – consumer of thermal energy, 5 
– steam condenser, 6 – condensing pump, 7 – deaerator 
(chemical and thermal), 8 – feed water pump
(Jakovljević, I 2012)

Fig. 5. Cogeneration system with gas turbine

1 – electrical generator, 2 – compressor, 3 – combustion 
chamber,  4 – gas turbine, 5 – steam boiler, 6 – consumer 
of thermal energy, 7 – deaerator (chemical and thermal), 
8 – feed water pump
(Jakovljević, I 2012)
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CONCLUSIONS
For safe, reliable and efficient operation of 
process plants it is very important to have 
constant supply of energy. Besides constant 
supply, it is necessary to provide satisfactory 
technical characteristics of thermal energy 
(pressure, temperature and quantity) and 
electricity (voltage and frequency).

While meeting these requirements 
cogeneration also provides the possibility of 
simultaneous production of heat and electricity, 
both in island and in parallel operation with 
other energy sources.

Due to greater efficiency and flexibility in 
operations (concerning separate production 
of heat and electricity), cogeneration is 
unavoidable and widely applied in the process 
industry (oil refineries, cement factories, steel 
mills, etc.) and cities’ plants.

Fig. 6. A cogeneration system with gas turbine and 
supplementary firing of the exhaust gases

1 – electrical generator, 2 – compressor, 3 – combustion 
chamber, 4 – gas turbine, 5 – system of supplementary 
firing, 6 – steam boiler, 7 – consumer of thermal energy, 
8 – deaerator (chemical and thermal), 9 – feed water 
pump
(Jakovljević, I 2012)

Fig. 7. Combined cycle power plant

1 – electrical generator, 2 – compressor, 3 – combustion 
chamber, 4 – gas turbine, 5 – system of supplementary  
firing, 6 – steam boiler, 7 – steam turbine, 8 – electrical 
generator,  9 – consumer of thermal energy, 10 – 
deaerator (chemical and thermal), 11 – feed water pump
(Jakovljević, I 2012)

Fig. 8. Cogeneration system with internal combustion 
engine

1 – electrical generator, 2 – internal combustion engine, 
3 – system of supplementary firing, 4 – steam boiler, 5 
– consumer of thermal energy, 6 – deaerator (chemical 
and thermal), 7 – feed water pump
(Jakovljević, I 2012)
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INA Rijeka Refinery, Mlaka (photo by Buva, F)



23Scienti fi c Magazine

Cogenerati on is favourable for the environment 
since it reduces the emissions of air pollutants 
including greenhouse gases.

All of the above directly and indirectly aff ect 
the costs of energy producti on and ulti mately 
the profi t of the refi nery.

Unreliable (inadequate or interrupted) 
energy (heat and electricity) supply leads to 
higher operati ng costs and endangers life and 
property. 

In order to further increase effi  ciency and 
reduce fossil fuel consumpti on and the 
environmental impact, trigenerati on plants 
(combined cooling, heat and power - CCHP) 
are also increasingly used. Why don’t go one 
step forward and in the same plant produce 
heat, electricity, and cool and separate carbon 
dioxide from fl ue gas.

Keywords: cogenerati on, thermal energy, electrical 
energy
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ABSTRACT
Through the cases of acquisitions of TUŠ Oil’s 19 
filling stations by MOL Slovenija d.o.o. in 2011, 
and Pap Oil’s 124 filling stations by MOL Group 
in 2012 the clear delineation of assets and share 
deal are presented together with the key pillars, 
phases, responsibilities and critical issues of the 
acquisition types (share and asset deals).

INTRODUCTION
Mergers and acquisitions are considered to be 
one of the most popular change vehicles helping 
companies to compete faster and promote 
growth (Nikandrou, I & Papalexandris, N 2007). 
Mergers are defined as the consolidation 
of two organisations in a single one, while 
acquisitions are characterised as the purchase 
of one organisation by another where the buyer 
maintains control (Borys, B & Jemison, DB 1989).

Often they are justified using the concept 
of ‘positive synergy’, defined as “the 
possibility that the merger will produce a 
combined operation of greater productivity 
and efficiency” (Reider, R 2007). However, 

despite the optimistic expectations, 60 to 80 
percent of all mergers are financial failures 
(Tetenbaum, TJ 1999) with even higher rates 
for international mergers (83% as reported in 
Rottig, D 2007). The main cause of the high 
failure rate is the dichotomisation between 
deal making and integration, combined with 
an excessive focus on the deal at the expense 
of the planning for integration (Tetenbaum, TJ 
1999). The Boston Consulting Group, cited in 
Tetenbaum, TJ 1999 discovered that less than 
20% of the companies analysed considered 
the necessarily steps for the integration of the 
acquired company into their own organisation 
before the deal was effective. While integration 
relates to all aspects of the organisation, 
failures are primarily attributed to the lack of 
an integration plan focused on people and HR 
issues (Tetenbaum, TJ 1999).

The importance of post-integration as one of 
the acquisition process phase is enormous. 
Although the fact that post acquisition 
integration is the last phase, the success of 
entire acquisition depends on the integration 
performance. “Many acquisitions look great 
on paper. Yet, no matter how attractive the 
opportunity, value is not created until after the 
acquisition when capabilities are transferred 
and people from both organizations 
collaborate to create the expected benefits or 
to discover others” (Haspeslagh, P & Jemison, 
DB 1991).
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The integration process was 
mainly studied by Haspeslagh 
and Jemison (Haspeslagh, P 
& Jemison, DB 1991). They 
define integration as “an 
interactive and gradual process 
in which individuals from 
two organisations learn to 
work together and cooperate 
in the transfer of strategic 
capabilities” and identify three 
types of problems that can 
hinder the transfer:

› Determinism, meaning that 
management cannot adjust 
integration strategy in light 
of new information

› In the process of value creation for the 
shareholders, employees might be asked 
or might perceive that they are required to 
destroy value for themselves, like, for example 
when savings are achieved by restructuring 
of the organisation and dismissing staff. This 
might result in a decline of the commitment 
of the individuals towards the company. 
Organisational commitment is generally linked 
with turnover, but recent research is suggesting 
that it is also enhancing the willingness to 
share knowledge (Raukko, M 2009)

› Leadership vacuum, both at institutional and 
interpersonal level.

There are two main schools of thought 
concerned with post acquisition integration: 
the process school and the organisational 
behaviour school. The process school views 
value creation (task integration) as the 
objective of the acquisition, measured in 
terms of transfer of capabilities and resource 
sharing. The organisational behaviour 
school is concerned with achieving a 
shared identity among employees of both 
companies (human integration) (Birkinshaw, 
J & Bresman, H & Hakanson, L 2000). 
Task integration is the identification and 
realisation of operational synergies, while 
human integration is the creation of positive 

attitudes towards integration among 
employees. They are not independent of 
one another and have to be both effectively 
managed and reconciled for an entirely 
successful acquisition (see Figure 1).

Figure 1 is considering the degree of success 
of acquisitions based on the completion of the 
two dimensions: task integration and human 
integration. For an acquisition to be considered 
at least partly successful it has to achieve a high 
level of completion on minimum one dimension. 
Full success is achieved only when there is a high 
level of completion on both dimensions.

Based on opinion of Shrivastava, the integration 
could be defined from several perspectives:

› Managerial and sociocultural perspectives, 
which represent the integration of business 
and organisational cultures and is perhaps 
the most difficult phase, involves a complex 
combination of issues related to changes 
in organisational structure, development 
of corporate culture, establishment 
of decision making processes, gaining 
of commitment and motivation from 
employees and establishment of new 
leadership
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› Physical perspective related to the integration 
of resources and assets of companies, 
integration of infrastructure, equipment, 
etc., the phase defined as laborious and 
time-consuming task

› Procedural perspective related to the 
integration, combining, standardisation 
and harmonizing of processes and systems 
(Shrivastava, P 1986).

TYPES OF
ACQUISITIONS
There are two main types of acquisitions:

› An entire company or business is acquired, 
including both assets and people – this is 
mostly known as ‘share deal’. In this situation 
achieving both task and human integration is 
crucial

› Only assets are acquired, no staffs from 
the acquired organisations are part of the 
merger process – this is mostly known as 
‘asset deal’. In this case the focus is on task 
integration. In many cases the asset deal 
is combined with transfer of employees, 
where the focus is both; on immediate task 
integration and immediate employees’ 
integration.

Irrespective of the acquisition type, the process 
has three main phases:

› Deal preparation, which includes the 
evaluation of the business to be acquired 
(including the due diligence process), the 
preparation and the negotiation of the 
contract for the transfer of ownership. 
Generally in this phase the transaction is 
confidential

› Interim phase, starting at the moment when 
the contract is signed until the time when the 
transfer of ownership becomes effective. It is 
a period of uncertainty in which conditions 
precedent to the transaction have to be 
fulfilled. The transaction is made public, 
even if there is a remote chance not to be 
completed

› The integration phase, starting at the 
moment when the transaction becomes 
effective. This is not a standalone phase; 
integration has to be considered also in the 
previous phases in order to avoid the failure 
of the merger.

SHARE DEAL
As the integration in case of a share deal is most 
complex, it is advisable to have the people 
responsible for the integration involved in the 
process from the beginning.

DEAL PREPARATION
In this phase the main focus should be on 
the preparation of the task integration, and 
identification of all the vectors of the value 
creation.

People responsible for integration should be 
involved in the due diligence and valuation 
process. This is giving them the possibility to 
get acquainted with the acquired business and 
also to prepare the first high level draft of the 
integration plan.

It is crucial to determine what parts of the 
business (e.g. stations) are in, and what 
should be carved out from the deal, and which 
contracts should be terminated, and the related 
clauses are to be included in the contract. A 
well prepared ownership transfer contract is 
the precondition of a successful integration.

Because of the complexity of the deal, deal 
preparation phase was taking 15 months in the 
case of the acquisition of Pap Oil’s 124 filling 
stations by MOL Group in 2012 in the Czech 
Republic. However, this was paying off as there 
were no disputes between the parties after the 
signing of the deal.

INTERIM PHASE
In this phase both task and human integration 
have to be considered.

It is advised for the representatives of the 
acquirer to have a meeting with the staff 
from the acquired company as soon as the 
deal becomes public, in order to ensure that 
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business would continue as usual and no 
shareholder value will be destroyed in the 
interim phase.

The first draft integration plan should be 
discussed with key staff from the acquired 
company and updated accordingly. Special 
attention should be given to maintain business 
continuity at the transition moment. The main 
areas to be considered include:

› Functioning of IT systems and communication 
– establish contact with main service 
providers

› Existence of sufficient stocks of products 
(mainly fuels) at the transfer date

› Validity of permits and other authority 
approvals

› Financial situation of the company with 
special emphasis on the cash flow (if possible 
cash, payables and receivables should be 
followed twice a month)

› Communication towards third parties

› Any special items which have impact on the 
business (e.g. litigations)

› Change of corporate governance at the 
moment of transition.

This period should be used for the preparation 
of important projects which would bring 
synergies between the acquired and acquiring 
companies (e.g. introduction of MOL Group 
cards). In order to maximise efficiency it is 
recommended to involve also the staff from 
the acquired company, as they have extensive 
knowledge about acquired company customers 
and systems.

The interim phase in case of Pap Oil acquisition 
was quite short (3 months), considering also the 
fact that this was during the summer season. As 
the two parties’ representatives already knew 
each other from the deal preparation case, the 
communication was smooth and effective.

INTEGRATION PHASE
When taking over the company there are some 
mandatory actions to be fulfilled immediately:

› Ensure business continuity – e.g. IT systems 
and mainly the ones at the stations should 
function without disruption

› Control payments and bank accounts

› Make inventory of assets and stocks at the 
stations, including utilities meters reading, 
in the presence of both buyer and seller 
representatives

› Implement new corporate governance

› Communicate the changes to third parties

› Register the changes at the Trade Registry.

In the following weeks it is recommended to:

› Review all contracts, permits, approval, 
documentation in order to detect items 
which were overseen in the due diligence

› Implement all projects designed to 
bring synergies, including change of the 
organisational structure. It is advisable to 
collect all important knowledge before 
making people redundant

› Implement the way of doing business (e.g. 
regulations).

At the date of the takeover Pap Oil had 
26 active employees working in the head 
office. The filling stations were operated in a 
franchise system and staffs were employed 
by the partner. The most important was to 
explain to the employees how the change will 
affect their work, keeping them motivated at 
the same time. As the company taken over 
was a private one, the regulatory framework 
was quite simple; decisions were taken and 
implemented very quickly. People had to 
be explained that a formal approval process 
does not mean that the company does not 
trust them; rather this is a normal way of 
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functioning for big corporations in which 
the shareholders have to be sure that their 
interests are protected.

ASSET DEAL
An asset deal means a transaction in which 
the enterprise or / and part of a company or 
business is acquired. Unlike a share deal, in 
an asset deal it is possible to pick out certain 
elements of the business or company and 
acquire only those parts. An asset deal for the 
acquirer represents enormous scope of work in 
all phases, due to the fact that every acquirer’s 
basic wish is to start doing business with the 
acquired assets and employees with day D 
after the actual handover in order to begin to 
harvest the expected results of external growth 
in shortest time possible.

ASSET DEAL EXECUTION
During the asset deal execution, several steps 
need to be executed with the involvement 
of a nominated team from different areas, 
dedicated to the project and with aim to ensure 
the quality, which is especially important in due 
diligence phase. The steps involved in asset 
deal and the main activities of each step are 
indicated in Table 1. Last column of the table 
summarises experiences gained in the frame 
of the takeover of 19 TUŠ Oil filling stations in 
Slovenia in 2011 by MOL Slovenija.

Figures 2 and 3 illustrate a filling station 
images before and after the takeover by MOL 
Slovenija d.o.o.

IMPORTANCE OF THE  
PREPARATION PHASE
High quality preparation of the takeover is 
important due to the handover specifics in 
case of retail sales as core activity and the 
fact that after handover, the business needs 
to be established again as soon as possible 
from the customer point of view. The role of 
project team is crucial. Successfully completed 
handovers and also integration demand 
the dedication and support of managers as 
planners, coordinators and communicators. 
Considering retail sales in asset deal, some 
questions need to be investigated and fully 
planned before the handover:

› Supply of goods and services – the supply 
needs to be ensured with the day D of re-
operating of the business after the handover. 
The existing contracts have to be extended 
accordingly. It is important also to revise 
the product portfolio of acquired company 
already in the preparation phase in order to 
reveal its specifics and possible advantages. 
The same process is requested also for 
providing all other services and materials, as 
maintenance, energy, utilities, etc.

› Sales – due to the fact that in asset deal the 
contracts are not automatically transferred, 
the preparation phase is crucial for the 
undisturbed sales, especially in B2B area. 
The main decision needs to be taken 
already in the very early phase of the 
project; namely the acquirer needs to take a 

Fig. 2. TUŠ Oil filling station Dramlje before the MOL 
acquisition in 2011

Fig. 3. Ex-TUŠ filling station Dramlje after the acquisition 
and rebranding into MOL in 2011
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PHASES BEFORE ACTUAL DEAL
Phase Activities In practice – TUŠ Oil takeover

by MOL Slovenija
1. Providing an offer to 

the potential acquiring 
company

Forming of closed project team of 
managers planned to be involved in  
the project from M & A, legal, finance 
and tax, and business departments

MOL Slovenija was interested in 
takeover of TUŠ Oil filling station 
network, consisting of 19 filling 
stations. Before that the company 
operated 12 filling stations

2. Conclusion of information 
memorandums and 
confidentiality agreements

After the conclusion of confidentiality 
agreement, MOL Slovenija provided 
the Letter of intent  

3. Providing of Letter of intent
4. Due diligence One of the most important phase in 

asset deal – due to the fact that every 
business contract, license, permit, etc. 
needs to be carefully revised. In this 
phase enhanced teams are involved, 
so it is very important to enhance the 
entire team before the project in order 
to ensure also the smooth business 
operation

The phase took more than 10 months; 
all the uncertainties had to be cleared 
and resolved for the entire project 
scope and nevertheless for the area. 
During this phase the contract clauses 
were harmonised

5. Conclusion of contract for 
purchase of assets

Prior execution the approval of 
competition authority needed

The competition authority procedure 
took 3 months – longer than expected. 
This time was the most critical from 
employee and customer point of view 

ACTUAL HANDOVER OF ASSETS, TRANSFER OF EMPLOYEES
1. Preparation of handover 

plans, forming of handover 
teams

The exact plans and schedules need 
to be prepared before the actual 
handover and the teams need to be 
formed with clear responsibilities of 
each team member

Started already before the contract 
signing. Due to limited internal 
resources, other Group members´ 
colleagues contributed 

2. Handover of assets The teams combined with employees 
of both company, execute the 
handover directly on sites, with careful 
revision of all in contract stated assets 
vs. actual assets and with detailed 
inventory

The handover of all 19 filling stations 
was scheduled and executed in 1 week 
(in average 4 filling stations per day). 
Together with handover, the IT teams 
worked on system implementation, 
fuel and shop products deliveries 
were executed, etc. Next day after 
the handover, the filling stations were 
opened for customers

3. Closing deal After the actual assets´ handover, the 
closing deal needs to be concluded

After the successful handover of 
stations the closing was executed in 
one day

4. Transfer of employees With the closing date, all the 
employees became employees of the 
acquirer, so with the day D, all the 
necessary registrations, trainings, etc. 
need to be executed

61 employees of former TUŠ Oil 
network transferred into MOL 
Slovenija with the closing date, which 
that time represented the total 
increase of MOL Slovenija employees 
for 51%. This phase with transfer 
needs to be executed extremely 
quickly due to the legislation, all the 
registrations, obligatory trainings, etc. 
had to be valid with day D

Table 1. Asset deal steps and activities
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SHARE DEAL ASSET DEAL
AD

VA
N

TA
G

ES

› Corporate identity remains unchanged

› Corporate structure and operations 
remain unchanged

› Contracts, employment agreements 
and other legal documents usually 
remain unchanged by the acquisition

› Non transferable rights and assets (e.g. 
franchises, licenses and permits) can 
usually be retained by the Buyer

› Preserves advantageous tax assets 
and rights (e.g. net operating loss 
carryforwards)

› Avoids bulk sales law and other 
potential restrictions on the sale of 
assets

› Unknown, undisclosed or contingent 
liabilities do not carry over to the 
buyer

› Greater ability to cherry pick assets 
and liabilities

› Step up in tax basis of acquired assets, 
resulting in smaller tax deductions

› Avoids right of appraisal issues if there 
are dissenting shareholders

› More flexibility in choosing accounting 
treatment for acquired assets and 
liabilities

DI
SA

DV
AN

TA
G

ES

› Does not keep interests of buyer and 
target shareholders aligned going 
forward, since the target shareholders 
have no financial interest in the 
success of the combined entity

› Unknown, undisclosed or contingent 
liabilities are carried over to the buyer

› Existing (possibly disadvantageous) 
union agreements are carried over to 
the buyer

› Existing (possibly disadvantageous) 
employee pension and benefit plans 
are carried over to the buyer

› Less ability to cherry pick assets and 
liabilities

› No step up in tax basis of acquired 
assets, resulting in smaller tax 
deductions

› Corporate identity and existing 
goodwill are not preserved

› Corporate structure and operations 
change, which is disruptive to the 
business

› Contracts, employment agreements 
and other legal documents may need 
to be changed, novated or transferred

› Non transferable rights and assets 
(e.g. franchises, licenses and permits) 
sometimes cannot be retained the 
buyer

› Bulk sales laws and other potential 
restrictions on the sale of assets may 
apply.

Table 2. Main advantages and disadvantages of share and asset deals (Cross Border Management LLC 2011A; Cross 
Border Management LLC 2011B)
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decision if the contracts with the customers 
will be transferred, e.g. fleet card, or the 
acquirer will conclude a new contract with 
the acquired company customer portfolio. 
In case the decision is to conclude new 
contracts, the main advantage is the smaller 
credit risks, but on the other hand the risk 
of losing customers is significantly higher. 
Collaboration of the companies (the seller 
and the buyer) and submission of harmonised 
information to the customers from both 
companies are essential for the success of 
B2B customer integration. Furthermore, 
due to the significantly increased scope of 
customer, the tasks and resources need to 
be carefully planned, since revision of the 
contracts, credit management procedures, 
negotiations, contract conclusions and 
card deliveries need to be executed even 
before the handover in order to provide 
the usage of the card already by the first 
day of operation of filling station under the 
acquirer. The decision about adopting of the 
existing loyalty scheme has to be also made 
taking into account that maintaining existing 
customers would be an advantage.

› Asset and operation – due to the asset deal, 
acquirement of all the assets means also 
acquirement of all the requested licenses, 
permits, etc. Due diligence in this segment 
in the preparation phase is essential and 
demands from the takeover team wide 
scope of knowledge in order to ensure the 
handover of all obligatory documents. In case 
of asset deal, the operational processes and 
documents need to be established from the 
day of handover, similarly to the opening of a 
newly constructed filling station. This includes 
also all the obligatory regulations, policies 
and measurements such as risk assessment, 
fire protection policy, etc. It is an important 
task in the preparation phase to exhort the 
newly acquired employees to adopt the new 
operational procedures, systems, culture 
and to ensure highest possible level of HSE 
awareness in the shortest possible time.

› IT – in case of extension of own IT 
system, timely scheduling of IT teams and 

coordination with IT maintenance provider 
are crucial, in order to ensure the operation 
of equipments and systems by day D of 
restarting of business. The reasons of 
extension of own IT or possibility to adopt 
the existing system, need to be revised also 
already in the preparation phase on the basis 
of detailed SWOT analysis.

INTEGRATION PHASE
The problems of integration are compounded 
after the acquirement or merger, due to the 
fact that each company has its own systems 
and procedures, which leads to combining of 
different systems and procedures (Shrivastava, 
B 1986). The preparation phase is thus 
important also with regard to the later phases 
of post-integration in order to ensure smooth 
transition, process adaptation and employees 
integration. Due to the fact that in asset deal, 
with day D, all the procedures, regulations, 
systems, etc. are changed, the adaptation 
needs to be quick. All necessary guidelines and 
instructions need to be provided to employees 
already before the start of operation under 
new company, so that at the start of operation 
the processes should be well acknowledged. 

Concerning employee integration, 
communication has the most important role 
and need to be started already after the 
acquisition announcement. The future steps, 
together with the values and goals of the 
company and the acquisition project need to 
be shared with the employees. Employees feel 
uncertain about their jobs and future prospects 
(Shrivastava, B 1986), so open communication 
and the communication of intentions are 
essential in order to get their support to the 
fast and effective post-integration process.
 
In MOL Slovenija the integration phase of 
employees was firstly well planned and 
secondly, the phase was not concluded after 
the transfer of employees. The integration 
process started already after the conclusion of 
contract for purchase of assets and transfer of 
employees with the communication with all the 
affected employees, what we consider as the 
most important phase of employee integration. 
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Joint meeting with seller, buyer and employees 
was held to ensure the proper communication 
and provide answers to all the raised questions. 
The timely communication had namely 
enormous impact on employees, which before 
the communication feel uncertain, afraid, etc. 
In the frame of a special project a brochure has 
been issued for employees before the actual 
transfer containing all the necessary data of 
company MOL Slovenija, MOL Group, our 
vision, goals and all the necessary contact data. 
It has to be clear that in first days under the 
new employer, the employees are seeking help 
in different areas so the naming of ‘integration 
key person’; available in every minute, is 

crucial for them. In practice there were a lot 
of contacts with MOL Slovenija ‘integration 
key person’, especially the employees needed 
information about the responsible persons on 
different operational issues. The ‘integration 
key person’ had to have wider knowledge in 
order to forward the issue to the right person 
or department.
 
After the actual transfer, we find it very 
important to change mindset of all employees, 
including the employees which were employed 
by MOL Slovenija before the acquisition, taking 
into account the new circumstances. The split 
between old and new networks, old and new 

employees needed to be eliminated quickly 
and here the role of managers was once again 
important. The successful integration is clearly 
demonstrated e.g. by participating of the 
transferred employees in company events; in 
MOL Slovenija we are proud that high number 
of transferred employees participated in STEP 
or in Group events as MOL Europe Cup, etc. 
and couple of months after the handover we 
became one team.

SHARE OR ASSET DEAL?
Main advantages and disadvantages of the 
asset deal and share deal are summarised in 
Table 2.

CUSTOMER IN THE FOCUS  
OF INTEGRATION
“Customers demand consistent and seamless 
services across both merged companies from 
the start”, so the company needs to manage 
the integration process also from the customer 
point of view (Miles, L & Rouse, T 2011). It 
is important that the customer needs are 
incorporated into the integration process and 
that the customers’ retention stays one of the 
main focuses also in the integration phase. 
In Figure 4 the customer experience in the 
integration process is defined with the key 
factors and tasks of the integration teams.

CUSTOMER DAY ONE

Optimize the customer experience
Deliver a unified experience

Communicate in 
a simple, direct, 
compelling way

Minimize complexity for the customer
Sequence integration activities and fill in the gaps

Deliver on the basics and “do no wrong”
Make nonnegotiable recommendations that minimize customer 

issues and merger confusion

ANNOUNCEMENT

DEAL CLOSE

TRANSITION TO BUSINESS

Fig. 4. The customers‘ needs as the integration progresses (Miles, L & Rouse, T 2011)
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Reviewed by László Piry

The appropriate and promptly communication 
is also crucial for the customers relations. 
Providing harmonised services and products and 
communication of the possible continuation of 
benefits, that customers enjoyed at previous 
company, e.g. loyalty programmes, are necessary. 
In accordance with this, employees working with 
customers need to be aware of the changes 
in order to ensure maximum support for the 
customers. 

Nevertheless if the acquisition is executed via 
share or asset deal, the integration phase and 
especially post-integration phase have huge 
impact on the success of the entire project. All 
responsible involved into the projects should 
therefore focus on the detailed and systematic 
planning of integration steps.

Keywords: acquisition, share deal, asset deal, integration, 
post-integration process
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ABSTRACT
During the last years has been growing the 
consciousness that the company’s business results 
depend also on the employees’ commitment 
to work proficiently for a common scope. 
Evidences and recent researches demonstrate 
that employees’ engagement strictly affect their 
performances and consequently the productivity 
of the company. The level of engagement has 
been tested for IES SpA and emerged that the 
percentage of engaged employees is quite 
low. In order to improve it some actions have 
been studied: some of them aim to boost the 
teamwork spirit and fill the perceived gap 
between manager and employees, or push on 
improving the job environment and some others 
are targeted to convey a positive image of the 
company to employees and to the stakeholders. 
There is a strong belief that if implemented 
these actions would increase the engagement of 
the employees and would benefit the company 
as a whole.

INTRODUCTION – THE IMPORTANCE OF 
EMPLOYEES’ ENGAGEMENT
Aon Hewitt defines engagement as the state 
of emotional and intellectual commitment in 
a group or organisation − the extent to which 
an organisation has captured the ‘hearts and 
minds’ of its people (Aon Hewitt 2013). This 
definition clearly explains why for a company 
must be important to consider and take care 
about the engagement of its employees.

In fact, engagement is more than how employees 
feel, it is what they do. How people want to − 
and actually do − take action to improve the 
business results of their organisation reveals 
the level of efforts that employees contribute 
to the success of the company. Therefore it 
is clear that engagement has a high positive 
correlation with business performance. High 
level of engagement benefits not only the 
company in itself but all the stakeholders 
involved in the business.  

At the first stage engagement affects 
employees, as when they feel involved and 
motivated in doing their job they experience a 
greater sense of well-being, trust and respect, 
and they express more passion doing their 
activities. Consequently engaged employees 
have better relationship with customers, 
leading to higher customer satisfaction, as their 
customers enjoy the results of more creative 
ideas and an improved out of the box thinking 
coming from stimulated employees and the 
results of more creative ideas. 

At the same time the management also 
benefits from a high level of engagement. 
Firstly, managers deal with employees who 
enjoy coming to work every day delivering 
better business results. Secondly, as there is a 
larger number of people (estimated two times 
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more applications per job opening) willing to 
work for company with a positive image and 
reputation, then managers can choose their 
future staff from a larger talent pool. Finally, to 
work in an esteemed and well known place also 
means significantly reduced turnover levels and 
a lower level of absenteeism, which benefits 
the company’s performances in general.

Other stakeholders which are affected by 
company’s reputation (which is positive in 
case of engaged employees) are investors, 
which are more willing to bet on a solid and 
well known company leading to a high stock 
appreciation and a more certain growth in 
revenue and profit.

Recent studies conducted by Aon Hewitt, 
indicate that organisations with engagement 
scores above 65% consistently deliver 
better business results. On the other hand, 
engagement scores below 45% tend to erode 
an organisation’s ability to deliver on its 
objectives (Aon Hewitt 2011).

Based on Aon Hewitt’s international research, 
companies can be grouped into four categories 
by their engagement (see Figure 1). In the High 
Performance Range employee engagement  
is the basis of business success. In the 
Indifferent Range companies produce 
valuable business results that still can be 
improved. If the score is in the Serious Range 
it means that employees are not motivated 

enough in the successful operation of the 
company, and therefore a significant change 
in the HR practices is necessary to improve 
the results. In companies belonging to the 
Destructive Range the low level of engagement 
significantly hinders the achievement of 
business goals, and often many of these firms 
are losing money (Aon Hewitt 2011).

Understanding how close to, or how far away 
people are from being engaged helps to identify 
how large the task is of engaging more people. 

Aon Hewitt uses 3 elements (Say − Stay – Strive) 
in its engagement model to measure the level 
of engagement. Employees are engaged when 
they ‘say’, which means consistently speak 
positively to the others about the company and 
recommend the company to a friend seeking 
employment. ‘Stay’ as they desire to stay or 
be a member of the organisation and rarely 
think about leaving the organisation to work 
somewhere else. They ‘strive’ as they exert 
extra effort to business success even because 
the company motivates the employees to 
contribute more than what is normally required 
to complete their work (Aon Hewitt 2012).

In order to be considered engaged, an 
individual employee must show all three of the 
engagement behaviours. In fact, employees 
who exhibit these behaviours provide the core 
for competitive advantage and greater returns 
on human capital.

Fig. 1. “Global engage-O-meter” (Aon Hewitt 2011)
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ENGAGEMENT AND IES SpA STRATEGY
MOL Group strongly believes in the importance of 
investments on employee engagement as it has 
recognised the real benefits which would come 
from it.

Surveys among employees related to 
engagement help in understanding of the 
employees’ thinking and feelings about 
working at MOL Group. The results of the 
surveys provide practical help to managers and 
HR people to understand what people think 
and to support them to take impactful actions.

IES SpA as part of the Group conducted in the 
past years surveys among its employees to 
analyse their level of engagement. The last 
survey, published in 2012, reveals that IES 
engagement level is 33%: a percentage which 
shows an improvement from the previous 
survey, when it scored 27%, but still within the 
Serious Range (see Figure 2).

Compared to MOL and the European oil 
industry level, IES engagement level is lower. 
Analysing the outcomes of the survey the 
message is that employees are not motivated 
enough and for this reason significant actions 
should be taken to increase business results.

In order to improve employees’ perception 
and attitude and increase the engagement 

level it is important to identify and 
prioritise the action areas. A custom-made 
strategy has been developed on the basis 
of IES needs and IES areas of improvement 
at workplace. The developed strategy for 
improving employee engagement is based 
on 3 pillars: teamwork, job environment 
and image.

THE FIRST PILLAR: IMPROVE 
TEAMWORK TO INCREASE 
ENGAGEMENT
Possible definitions of teamwork include work 
together with a common strategy and pursue a 
common goal.

On the basis of the survey’s findings, it is 
possible to identify several critical points 
for improvement, e.g. cooperation among 
departments and colleagues, feedbacks, and 
collaboration.
 

In fact, IES employees 
consider as the most 
relevant problem in 
teamwork the absence 
of cooperation between 
different organisational 
units. Lack of good and 
regular feedback lowers 
coherence between 
manager expectations 
and employees’ 
performances, and the 
efficiency of operations. 
IES employees think 
that they are not 
treated as the most 
important asset of the 
company. The survey 
has also indicated 

that sometimes use of improper tools and 
equipments prevents employees from doing 
good job.
 
Therefore it is important to outline several 
actions to tackle these problems. IES should 
make an action plan that will implement 
a project with the objective to improve 
teamwork and consequently strengthen the 

Fig. 2. IES engagement level in 2012 (local survey)
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sense of belonging, the collaboration and 
encourage employees to reach business goal. 
The proposed actions (see below) are simple 
and no large capital investment is needed to 
implement them.

‘EMPLOYEE OF THE MONTH’
Implementing this action management would 
encourage employees to exert an extra effort 
to achieve business goals. The proposal is to 
assign a monthly bonus to the best performer 
of the month. He / she would be named 
every month, when heads of departments 
propose candidates and, based on the type of 
performance, the Executive Board select the 
winner. The suggested bonus could be around 
15% of the average monthly salary. For an 
employee it could make all the difference 
and provide effective stimulus to work better. 
Moreover this initiative could also address 
the employees’ essential need of having 
regular feedback.

This action is based on business review 
meetings. During these meetings, managers 
and employees belonging to the same or 
different departments but both with the 
need for collaboration, meet to discuss the 
next steps they need to take in order to 
achieve strategic business objectives. The 
management would give employees targets 
so they could be more encouraged to do 
their jobs. These meetings would create a 
good opportunity to involve employees in 
management decisions and make them more 
aware of the goal and business decisions. 
In these moments managers could have the 
opportunity to engage employees in their 
choices and hear what they think about some 
topics and on some issues. It could also be an 
opportunity to get a view of the problem from 
an external point of view and collect ideas and 
possible solutions to solve it.

‘JOB SHADOWING’
Job shadowing involves spending a day with a 
colleague from another department in order to 
understand her / his job and the processes in 
which she / he is involved. For example an HR 
employee could spend a day with a colleague 

from Procurement to understand his daily 
operative work and also more specific things 
like the request of purchase process. 

This action would facilitate integration, 
harmony and develop team spirit among the 
colleagues and would improve collaboration 
and coordination between different 
departments and it will decrease the feeling of 
disunion between different units.

FACE-TO-FACE MANAGER-EMPLOYEE 
COMMUNICATION
This proposal contains a sequence of actions 
required to decrease the distance between 
managers and employees. A series of 
moments, incl. meetings can be organised to 
create a relationship between management 
and employees. This action gives employees 
the opportunity to introduce themselves to the 
management not only as an employee but also 
as a person.

Another possible initiative is the ’Top 
Management on the field’. Very often the 
top management does not have time to 
get acquainted with the employees of the 
departments. Our proposal is to organise 
weekly or monthly meetings between top 
managers and employees where employees 
could have a chance to show their personality. 
The employee has his own identity as a person 
and should not be seen only as a tool to achieve 
business goals. This might also be a moment 
for the manager to understand the needs of 
employees and their state of mind, and share 
thoughts and expectations with the employees 
so that the employee could have a guideline 
to follow in the workplace and could feel 
more involved in the activities. These meeting 
moments can be created in several ways, like by 
organising meetings, or visits to the production 
facilities. These meetings could be added to 
the annual top management’s target setting in 
order to encourage employees to understand 
the business reality.

The last action is the implementation of the 
’E-Document and company work flow’. This 
action would be implemented using ‘totem 



38 Focus

poles’ (stations with screens) for blue collars 
that are not provided with company PC. In this 
way they would be able to access corporate 
information and communications that are 
made in real time. It will also contribute to the 
satisfaction of employee’s need to be involved 
in the company information flow.

THE SECOND PILLAR: BETTER JOB 
ENVIRONMENT MAKES EVERYBODY 
MORE ENGAGED
W. Clement Stone, an American businessman, 
wrote “Be careful the environment you choose 
for, it will shape you” (Van Ekeren, G 1994). 
This sentence is true especially when you 
work; several studies have shown that the 
work environment influences productivity and 
employee’s engagement (Cho, J & Laschinger, 
HKS & Wong, C 2006). Job environment means 
both the physical elements and the climate 
of the office or job location (Tracey, JB & 
Tannenbaum, SI & Kavanagh, MJ 1995).

This survey highlighted that both these 
elements are not congruent with IES employees’ 
expectations thus job environment has to be 
improved in IES. It is imperative to stress on the 
interaction among the pillars of this strategy 
and their actions. Teamwork pillar is important 
because effective actions could lead to a better 
climate in the office and therefore to a higher 
engagement in IES. Therefore strategy will focus 
more on the physical job environment in IES than 
the climate in office, because the last is considered 
satisfactory by many employees.

After a deep analysis of survey’s results, it is 
clear that there are four critical points in this 
area, as follows. These points highlighted by 
IES employees, in order of relevance, are:

› Adequate tools and equipment (24% satisfied)

› Safety (24% satisfied)

› Fringe benefits, e.g. healthcare, cafeteria, 
canteen (30% satisfied)

› Appropriate physical job environment (35% 
satisfied).

Overcrowded workplaces and offices, 
relatively large physical distances between 
offices of employees and bosses, unreasonable 
accommodation of some collaborating 
departments’ employees, and lack of 
appropriate meeting rooms could be explained 
by the current situation in IES. In order to 
improve the level of satisfaction in these 
elements we need to implement several short-
term and long-term actions, expensive and 
inexpensive initiatives.

In the short-term it is possible to make office 
reorganisation with the aim to concentrate 
employees of a department and the 
departments that work together either in 
the same area or in the same building. This 
initiative would improve the collaboration and 
coordination within the same department and 
among departments.

Another example of medium-term and 
medium-cost initiative is to designate coffee 
rooms where the employees can enjoy their 
coffee break. Currently there are no such rooms 
and it is not rare to find a group of people in 
the corridors sipping coffee. This situation 
influences the work of the other colleagues 
working in the proximity, who are disturbed by 
these groups.

The upgrade of the conference rooms 
could be a fast but quite expensive solution 
that would increase the satisfaction of the 
employees. Currently IES cannot create new 
meeting rooms due to the company's lack 
of space. Presently the building in front of 
the refinery is only half completed but fully 
owned by IES. In the front part of the building 
is located the finance department, while the 
back is not completed and it is empty. This 
portion is big about 400 square metres and, 
upon to be finished, could create additional 
space for meeting rooms, offices and a 
training centre.

This expansion will solve some of the problems 
presented by the employees, such as the office 
overcrowding, the lack of adequate meeting 
rooms and space dedicated to coffee break. 
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Additionally, it could provide an opportunity 
to have a training centre. We have to consider 
that the authorisation to build will expire in 
2013 and afterwards would be necessary to 
go through the bureaucracy again. Exploiting 
this permit would allow IES to save time and 
money because it is not necessary to build 
other functional office in the future.

On the other hand the tight deadline to take 
the decision to proceed and the cost of this 
initiative, estimated around 600 thousands 
Euro, could be a strong disadvantage of this 
initiative. However, the expected cost of 
projecting and building a directional building 
in the future is around one million Euro. In 
conclusions, this investment is vital for the 
implementation of this strategy and would 
mean an extraordinary contribution to the IES 
employee engagement.

THE THIRD PILLAR: IMAGE IS A 
SUBLIMINAL MESSAGE, AND ITS 
IMPROVEMENT LEADS TO AN INCREASE 
IN EMPLOYEE ENGAGEMENT
Image of a company, especially in 2013, is 
an important element of business success. 
Mannerism, speech, furthermore reputation, 
employee feedback and actions (incl. 
participation in the community life) are factors 
of image considered by the average person. 
Needless to say, the image can support or 
destroy the foundation of a legitimate company.

A company image is a subliminal message to the 
public that explain what a company stands for. 

IES refinery is situated near the city of Mantua, 
a city of the UNESCO heritage since 2008. To be 
part of a UNESCO city requires the limitation 
of the visual impact of the plants. Moreover, 

Main entrance of Mantova Refinery
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this consideration, according to the results 
of the MOL Group engagement survey in IES, 
underlines the importance of the image of the 
refinery and of the reputation of the company 
for the IES employees.

IES reputation is based to a large extent on the 
employees’ opinions and feelings about the 
company, and on what they said to the other 
stakeholders. It is important also what the 
stakeholders can see from the outside (IPIECA 
2004). If the surrounding walls, the exterior 
areas, the parking zones and the green areas 
are well-finished, people that drive by the 
refinery will have a better image.

After showing neat outside, it would be possible 
to reorganise a ‘Refinery open day’, a day in 
which all the citizens and the stakeholders can 
visit the facilities. An IES open day has already 
been organised in 2010, but this event would 
strengthen the relationship with the Community. 
Programme of the open day would include an 
introduction to the oil refining, and explanation 
of the refining processes and plant utilisation in 
the frame of a bus tour inside the company, and 
answering the questions raised by the visitors. 
On this occasion it is also possible to distribute 
flyers and gadgets.

The image of company among the employees 
could be also improved thanks to friendly 
mood among colleagues. This mood could be 
tuned by publishing an internal magazine and 
organising a day to stay together.

IES SpA already has an internal magazine called 
‘IES Panorama’, in the frame of MOL Panorama. 
It is desirable to continue publishing of 
Panorama and cover topics like news, projects, 
goals and issues between the different 
departments of the Company.

The publication could be enriched involving 
for example the operative companies in the 
realisation, in order to improve their feeling to be 
part of one big company. Other ideas to improve 
Panorama include new sections of Welcome 
and CEO message, as well as of Introduction 
of new colleagues. Every issue of the magazine 

may contain the messages of IES CEO about 
targets, investments, and market conditions. 
The chairman’s letter can give the employees a 
broader outlook about the company results.

All events happened within the company 
can be highlighted through newsletters. The 
fundamental idea of ‘United we stand, divided 
we fall’ can be propagated using this tool. 
The internal magazine could be also useful to 
conduct instant polls about critical issues and 
to publish the results in the newsletter so that 
all employees can come to know the opinions 
of their colleagues.

By publishing employees’ contributions, 
IES implicitly recognises employees are a 
valuable source for the company. This kind 
of appreciation and advertising makes an 
employee satisfied and enhances sense of 
belonging to the company. This kind of feelings 
helps IES to retain the crucial talent present 
in the company as well as transmit a good 
company image.

In summary, the internal magazine acts as 
glue that fixes the society with its employees 
by sharing their distinctive experiences, 
knowledge and talents.

In addition to the internal magazine, events 
could be organised after work to make 
acquaintance with other colleagues.

Events like sport competitions, cooking 
lessons, trips or dinners are already tested and 
proved to be good tools to improve the team 
building and consequently the attitude of the 
employees in the company (Schaufeli, W &. 
Dijkstra, P & Borgogni, L 2012).

These events are useful in breaking down barriers 
between individuals through group participation 
in activities. People who are not used to work 
together get a chance to take part and work 
as team member. These new experiences also 
require the collaboration of the employees and 
their common work in close proximity. All these 
activities help to develop relationships and the 
feeling of being part of the same team.
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This action increases the ability to 
maximise profit by allowing individuals to 
better combine their skills to achieve more. 
Other results are the increased ability to 
meet cross functional challenges and to 
respond quicker to rapid changes. The final 
goal is to retain the best people by giving 
everyone a greater sense of involvement 
and belonging.

The last action aimed at increasing the company 
image is the ‘behind the wall project’.

This project is dedicated to the students of 
schools in the surrounding area of the refinery. 
The programme could involve students coming 
from either primary schools or from college. 
In each classroom a dedicated project will be 
implemented, according to the age and study 
course of the students.

After the selection time, a refinery expert will 
meet the students in schools in a round of short 
lessons about the refinery life. For example, 
in a technical institute the lessons could be 
focused either on the powerhouse or on the 
chemical laboratory.

The final step is a visit to IES facilities aimed at 
showing what the refinery is, how a refinery 
does operate and what the responsibilities 
of the employees are in the everyday life 
inside. The name of the project comes 
straight from the fact the surrounding wall 
is the only part well known by the citizens. 
The knowledge of what there is behind the 
wall will provide young people a clear image 
of the refinery and will improve IES image in 
their minds.

In general, the main guidelines to get better 
the image of a company are to improve the 
communication and the relations with the 
community and the employee.

CONCLUSIONS
Recent studies and dedicated researches 
conducted by Aon Hewitt show evidences 
which link engagement level to business 
performances.

IES SpA, in line with MOL Group vision, 
strongly believes in the primary role of 
employee engagement in order to reach 
successful results and better performances. 
IES HR Department conducted surveys to test 
its employee engagement and identified the 
most critical areas for action. Relying on the 
outcomes of the surveys a strategy has been 
elaborated based on 3 pillars, which represent 
3 different lines of actions. The action plan 
takes into consideration the implementation 
timing and the necessary resources:  some 
actions need a short time and low cost budget 
for the implementation, like the job shadowing 
activities others are medium-term actions, as 
the upgrading of the work environment like 
meeting rooms and offices or the ‘behind the 
wall’ project. Other actions need long-term 
investments both in terms of money and time, 
like the expansion of the back of the finance 
department building located in front of the 
refinery.

In order to be effective the action plan must 
include all the actions. Everyone in the company 
must feel involved and be part of the company’s 
success. The fundamental ingredient for the 
success of any project is the motivation and 
the action plan presented by this article is not 
an exception. Only when there is motivation 
employees are willing to give their best and to 
put extra efforts in order to pursue a common 
goal, which is the company success. When 
employees really believe in what they do 
problems can be solved and the efforts can be 
rewarded with adequate satisfaction. This is 
what basically motivates people to reach even 
greater heights and outdo themselves. This is 
what an organisation must use to capture the 
‘hearts and minds’ of its people.

Keywords: employee’s engagement, strategy, Human 
Resources, Growww, IES

Editor’s remark
This article is based on the findings of a survey conducted 
at IES in 2012. Although upon recent decision, the 
company’s business model is to be changed in 2014, the 
proposed actions would be relevant and worth to be 
considered by the management.
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ABSTRACT
In the past few decades hydrogen has become 
one of the most important refinery energy media 
and its efficient use the most important priority. 
Therefore, refineries are forced to maximally 
exploit their existing hydrogen sources, and 
continuously increase hydrogen sources.

In this paper, formulation of a flexible hydrogen 
system with two major hydrogen producers 
(steam reforming and catalytic reforming), 
two hydrogen rich gas purification methods 
(absorber and PSA – pressure swing adsorber), 
and five new potential hydrogen sources in 
Rijeka Refinery are described.

New, integrated hydrogen system can work in 
different operational modes. Refinery must 
have the ability to choose the most favourable 
operational mode in every given moment.

INTRODUCTION
In the past few decades hydrogen has become 
one of the most important refinery energy 
media and its efficient use the most important 
priority. The reasons for this are changes in the 
market of petroleum products, higher product 

quality demands and stricter environmental 
requirements. Today’s demands that are placed 
in front of every modern crude oil refinery can 
be described in one sentence, that refineries 
must produce more high quality products with 
the lowest possible energy consumption and 
with practically no impact on the environment.

First significant increase in the price of crude 
oil in 1973 had a major impact on development 
of refinery processes (Cerić, E 2006). Refineries 
met the increasing part of demand for refined 
products rather with conversion and treating 
processes which resulted in higher hydrogen 
consumption.

Stricter environmental regulations and laws, 
as well as increasing natural gas demand 
in the household and other sectors have 
dramatically reduced the demand for and 
consumption of heating and fuel oils. They 
led to an increase in conversion capacities 
and reduced production of these refinery 
products and consequently increased yields 
of gasoline, diesel and aviation fuels.

Development of vehicle engines and the 
use of automotive after-treatment catalysts 
resulted in a drastic reduction in sulphur 
content in transport fuels (Hofer, W & 
Moore, I & Robinson, RP 2004). Therefore, 
in the last two decades enormous resources 
have been invested in the development 
of desulphurisation and hydrocracking 
processes. The basis of these processes is 
hydrogen, which consequently lead to great 
expansion of hydrogen production plants. In 
parallel with the capacity increase of these 
plants the price of raw materials for the 
hydrogen production has steadily increased 
and has become a heavy burden on the 
operation of the refinery. Therefore, refineries 
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are forced to maximally exploit their existing 
hydrogen sources, and continuously increase 
hydrogen sources.

For a long time the process of catalytic reforming 
was the only source of hydrogen in refineries and 
hydrogen produced by this process was used in all 
refinery hydrotreating processes, with previous 
purification or without it. As refineries started 
to develop hydrocracking processes which 
demanded large amounts of hydrogen, new 
hydrogen production plants had to be built. With 
construction of new hydrogen production plants, 
catalytic reforming has not lost its importance in 
refinery operation. Hydrogen is produced as a by-
product in this process of reforming low octane 
gasoline to high octane gasoline and as such has 
three times lower price than hydrogen produced 
at hydrogen production plant.

Today two main sources of hydrogen in the 
refineries are plants of catalytic reforming and 
hydrogen production (steam reforming).

Integration of these two systems would enable 
maximum utilisation of hydrogen produced 
in the refinery. Total production capacity of 
the refinery would stay the same while the 
capacity of hydrogen production plant could 
be reduced.

In this paper, formulation of a flexible hydrogen 
system with two major hydrogen producers 
(steam reforming and catalytic reforming), 
two hydrogen rich gas purification methods 
(absorber and PSA – pressure swing adsorber), 
and five new potential hydrogen sources in 
Rijeka Refinery will be described. The goals of 
this integrated hydrogen system is to:

› Maximise utilisation of hydrogen produced 
at Catalytic reforming plant

› Maximise utilisation of off gases generated in 
production plants by reusing them

› Minimise feed consumption at Hydrogen 
generation unit (HGU)

› Reduce hydrogen content in the refinery fuel 
gas system.

The question is how would the quality and 
effectiveness of hydrogen management be 
evaluated? In many refineries, hydrogen 
management quality is measured by 
comparing the amount of produced hydrogen 
with the amount of consumed feed in both 
hydrogen sources. Evaluating the quality of 
hydrogen distribution in this way can lead to 
false conclusions because there are always 
differences in the quality of the processed 
feed, states of the catalyst, etc. A good way to 
monitor the quality of hydrogen management 
would be to monitor the percentage of 
hydrogen utilisation (H2 utilisation = H2 
consumption / H2 production). If 85-95% of 
the produced hydrogen is utilised, one can 
conclude that good hydrogen management 
was established (Davis, RA & Patel, NM 2004; 
Hallale, N & Moore, I & Vauk, D 2003).

Another essential element of good hydrogen 
management is reduction of hydrogen content 
in the fuel gas system, which is a very important 
environmental issue (decreasing the hydrogen 
content in the refinery fuel gas system leads 
to increase of the fuel gas calorific value and 
higher CO2 emissions).

DEVELOPMENT OF REFINERY 
HYDROGEN MANAGEMENT
Modelling of hydrogen management is a 
scientific discipline what has been developed 
in the last two decades. However, still there 
is no exact model for modelling hydrogen 
management in each refinery.

An interesting method has been developed 
by modelling hydroprocessor units where 
the work of one hydroprocessor unit was 
shown through two components (Jia, N 
2010; Alhajri, I 2008; Liu, N 2004). The first 
component is the point of mixing or the 
point at which fresh makeup hydrogen is 
mixed with recycle gas; this point represents 
hydrogen sink. The second component is 
the composition and the amount of recycle 
gas which is coming from the top of high 
pressure separator (HPS). Each high pressure 
separator represents so called hydrogen 
source and it is a potential new hydrogen 
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source for refinery processes. The use of this 
gas from HPS is limited by its amount, purity 
and pressure at HPS (Rabiei, Z 2012).

Further improvement of hydrogen 
management could be made by reducing 
the hydrogen makeup consumption at 
hydroprocessing units. This could be 
achieved by fixing two main parameters, 
H2/HC ratio and hydrogen partial pressure 
(Jia, N 2010). This approach was used to 
define minimum hydrogen makeup amount 
sufficient for normal process operation and 
to produce the product within the given 
specifications. Figure 1 shows an example 
of hydroprocessor’s model with the point 
where two main parameters, H2/HC ratio 
and hydrogen partial pressure, are fixed.

Next step in further improvement was to 
examine hydroprocessing units in more 
detail. Hydroprocessing units were divided 
into two groups. The first group of hydrogen 
consumers (hydrogen consumers’ model) 
includes all units where the makeup 
hydrogen demand is equal to the hydrogen 
consumption in chemical reactions. For the 
second group (hydrocracking model) it is 

necessary to maintain high hydrogen partial 
pressure in the recycle gas in order to achieve 
better product yields.

Some attempts have been made to 
model the whole hydrogen system (multi-
component optimisation of H2 network) by 
defining hydrogen producers (Jia, N 2010; 
Ahmad, MI & Jobson, M & Zhang, N 2009). 
It was made an attempt to define hydrogen 
production in each moment. Definition 
of hydrogen producers would make 
determination of ‘function of goal’ (objective 
function which is essential for hydrogen 
management model) easier. The biggest 
problem in defining hydrogen producers 
occurs at catalytic reforming because in 
this process amount of produced hydrogen 
depends on a lot of variables (pressure, feed 
composition, catalyst cycle, etc.). In case of 
steam reforming it is much easier to define 
amount of produced hydrogen because 
1% of capacity means a specific amount of 
produced hydrogen.

Further improvements would be based on 
the development of individual hydrogen 
producer and consumer models and this 
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Liquid Feed

Purge gas
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HP Separator

Liquid product
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H2/HC ratio and H2 partial pressure  
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Hydrogen rich recycle gas

• Blue line – H2 makeup
• Dark blue line (Source) – Product of HP separator (H2 rich recycle gas + purge gas)
• Red line (Sink) – Mix of H2 makeup gas + H2 rich recycle gas
• Orange line – Liquid feed
• Brown line – Combined feed (H2 + HC)
• Grey – Reactor product line
• Green line – Liquid product

Fig. 1. Hydroprocessor model (Jia, N 2010)
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will be the basis for observing the hydrogen 
system as a whole (Jia, N 2010). When 
creating hydrogen model of Rijeka Refinery, 
described principles were used (Hofer, W & 
Moore, I & Robinson, RP 2004; Saleh, M et 
al. 2012). Model for the refinery hydrogen 
management was set up by doing the 
following jobs.

Creating hydrogen material balance

Hydrogen material balance is created by 
defining:

› Hydrogen producers: all hydrogen rich 
streams by hydrogen producers. It is also 
necessary to analyse process operation in 
order to find eventual possibilities to gain 
more hydrogen by changing operational 
mode

› Purification method for hydrogen rich gas

› Hydrogen consumers: all consumers and then 
the required partial pressure of hydrogen in 
the recycle gas and the minimum H2/HC ratio. 
Based on that, a decision can be made on 
the minimum required purity and quantity of 
makeup gas that can be used.

Analysis, design and development of the 
existing hydrogen network

After material balance is made, a complete 
analysis of existing hydrogen system should 
be done. A ‘function of goal’ for system 
development should be formulated.

The analysis can reveal which off 
gases with their composition, quantity 
and pressure can be used as makeup 
hydrogen on other plants without 
additional pressure build-up and further 
purification. It also can help to find 
among the remaining off gases those that 
can be used as a makeup on other plants, 
after previous additional purification or 
compression. For additional purification 
and compression the existing purificators 
and compressor units can be used.

HYDROGEN PRODUCERS
In refineries there are two main sources of 
hydrogen, catalytic reforming and hydrogen 
generation unit.

CATALYTIC REFORMING
Catalytic reforming is a conversion process 
for increasing gasoline octane number by 
rearranging low octane hydrocarbons to high 
octane, where a considerable amount of 
hydrogen is also produced as a by-product of the 
chemical reactions. This is a catalytic process, 
where bifunctional, bimetallic Pt-Re catalyst is 
used. Platinum and rhenium are responsible 
for the catalyst’s metallic function. The carrier 
gamma alumina (γ-Al2O3) is responsible for the 
catalyst’s acid function. Only catalysts with well 
balanced metal and acid functions can provide 
the required product quality and yields.

In the catalytic reforming process two types of 
chemical reactions occur. One group consists 
of desirable reactions that produce hydrogen 
and the other of undesirable reactions that 
consume hydrogen. Desirable reactions are 
primarily naphthene dehydrogenation and 
paraffin dehydrocyclization while undesirable 
reactions are primarily hydrocracking reactions.

In order to favour the reactions that ‘produce 
hydrogen’, it is necessary to enable the 
catalytic reforming plant to operate at lower 
pressure, but in a way to maintain acceptable 
catalyst cycle length. Operation at relatively 
low pressures (below 19 bars) will lead to fast 
coke formation and fast deactivation of the 
catalyst that significantly shortens the catalyst 
cycle. In case of low pressure semi regenerative 
catalytic reforming plant, subsequent supply 
(booster) compressors increase the pressure 
of the outgoing hydrogen reach gas up to the 
value required by the consumers.

HYDROGEN GENERATION UNIT (HGU)
Due to the increasing use of hydrocracking 
processes in the last 20 years, more hydrogen 
producing (steam reforming) plants had to 
be built to ensure large amounts of hydrogen 
needed by these processes which cannot 
be ensured by catalytic reforming only. 
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These plants can be integrated within the 
hydrocracking complex. Three types of feed can 
be used in steam reforming process as follows:

› Natural gas: is the most common feed for 
hydrogen production in steam reforming 
process

› LPG (liquefied propane-butane): for 
processing this type of feed, vaporizer is 
mandatory

› Naphtha: processing of this type of feed 
requires vaporizer and pre-reforming section.

PURIFICATION OF  
HYDROGEN RICH GASES

ABSORBER
Absorption is a physical separation process 
based on different solubility of the components 
of the gas phase in a liquid phase (absorbent). 
This method is used for the selective removal 
of gas contaminants or a product from the gas 
mixture.

The process takes place in the absorption 
column, where as absorbent stabilised 
gasoline comes into the top of the absorption 
column. Hydrogen rich gas enters at the 
bottom of the column, and comes in contact 
with the absorbent on the trays. Gas with 
higher hydrogen content leaves the top of 
the column and goes to hydrogen consumers. 
The process is favoured by high pressure and 
low temperatures. This purification method 
produces hydrogen of sufficient purity with low 
losses for hydrogen consuming plants, such as 
isomerisation, naphta hydrotreating (NHT), 
gas oil hydrotreating (GHT), and kerosene 
hydrotreating (KHT). Table 1 shows typical 
properties and compositions of hydrogen rich 
gases which enter the absorption column and 
the results of purification of hydrogen rich gas 
with absorption method in Rijeka Refinery 
(Adžamić, Z et al. 2010).

PRESSURE SWING ADSORBER (PSA)
This is a method for hydrogen rich gas 
purification on a solid adsorbent and in this 

way hydrogen of higher purity (99.99 vol%) 
can be produced. Desorbed components from 
hydrogen rich gas end up in the refinery fuel 
gas system as tail gas.
 
Hydrogen yield at PSA unit is 85% which 
means that 15% of the input hydrogen ends 
up as tail gas in refinery fuel gas system. Use 
of such a high purity level of hydrogen is a 
major challenge for every refinery. Since this 
is pure hydrogen, gas of low molecular weight, 
before moving on to this kind of processing 
complete reconstruction of equipments 
(replacing stuffing boxes, replacing the high 
pressure compressor stuffing boxes, etc.) 
must be done in order to prevent the huge 
loss of hydrogen.

From process point of view, working with high 
hydrogen purity requires new operational 
modes on all hydrogen consuming plants. Use 
of pure hydrogen as makeup for the plants, 
increases hydrogen content in recycle gas, 
and the required hydrogen partial pressure in 
the high pressure sections of the plant can be 
achieved at lower total pressure in all plants. It 
also considerably reduces the required amount 
of makeup hydrogen. The total pressure and 
makeup hydrogen demand reductions in plants 
compensate the loss of 15% hydrogen during 
the adsorption in PSA unit.

HYDROGEN CONSUMERS

UNIFINING2 
(NAPHTHA HYDROTREATER, NHT)
Main purpose of NHT plant is hydrotreatment 
of Reforming feed to remove all impurities 
because of high sensibility of platinum catalyst 
at reforming. NHT feed is heavy naphtha. 
Depending on the source of crude oil, the oil 
may contain varying amounts of sulphur and 
other impurities in its composition. Impurities 
such as sulphur, nitrogen, oxygen, halogens and 
metals induce catalyst (metal function (Pt-Pd)) 
poisoning in the process. In the presence of 
hydrogen, chemical reactions occur, impurities 
are removed and olefin double bonds are 
saturated. In NHT processes typically Co-Mo or 
Ni-Mo hydrotreating catalysts are used.
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ISOMERISATION
Isomerisation is a catalytic process where 
n-paraffinic molecules in the presence of 
hydrogen convert to iso-paraffinic molecules. 
A bimetallic PtSO4-ZrO2 catalyst is used for the 
process. Feed for isomerisation process is light 
naphtha. Sources of light naphtha in Rijeka 
Refinery are Atmospheric distillation and 
Reformate splitter units.

Plant is divided in two catalytic sections, naphtha 
hydrotreating section for feed hydrotreatment 
(NHT) and isomerisation section. In the NHT 
section hydrogen is used for removal of catalyst 
poisons. Amount of consumed hydrogen is 
dependent on feed composition, or rather on 

feed impurities. In the NHT process one reactor 
is used due to low content of impurities in the 
feed. Also there is no need for recirculation 
compressor. Minimum required hydrogen / 
feed ratio is 40 Nm3 of hydrogen per m3 of feed 
which means that high amounts of makeup 
hydrogen must be added, which consequently 
end up in the refinery fuel gas system.

HYDROCRACKING UNIT (HCU)
Hydrocracking process consists of hydrocarbon 
compounds hydrogenation and cracking 
mechanisms. Purpose of the cracking reactions 
is to selectively break hydrocarbon molecules 
of higher molecular mass into the ones with 
relatively lower molecular masses. 

Gas relative density 0.31/0.19 0.31/0.20 0.32/0.19 0.31/0.19

Inlet gas temp., oC 28 25 27 25

Abs. pressure in the system, bar 30 30 30 30

Chromatog. analysis

H2, vol% 73.6 / 82.3 73.7 / 82.8 74.5 / 83.5 74.7 / 83.3

C1, vol% 10.6 / 11.83 11.2 / 12.3 11.1 / 11.8 10.3 / 11.3

C2, vol 8.1 / 5.1 7.9  /4.4 7.48 / 4.27 7.6 / 48

C3, vol% 4.87 / 0.01 4.65 / 0.03 4.49 / 0.03 4.7 / 0.3

i-C4, vol% 1.03 / 0.1 0.96 / 0.01 0.94 / 0 1.03 / 0

n-C4, vol% 0.97 / 0.01 0.88 / 0.11 0.8 / 0.06 0.96 / 0.02

i-C5, vol% 0.48 / 0.46 0.41 / 0.24 0.4 / 0.22 0.48 / 0.4

n-C5, vol% 0.21 / 0.17 0.17 / 0.06 0.15 / 0.05 0.19 / 0.11

C6, vol% 0.11 / 007 0.10 / 0.04 0.09 / 0.04 0.11 / 0.06

% removed ethane 37.04 44.32 42.91 36.16

% removed propane 99.03 96.88 96.81 97.09

% removed i-butane 89.96 98.86 100 100

% removed n-butane 98.97 87.50 92.86 97.92

Table 1. Inlet / outlet gas properties in Absorber, INA Rijeka Refinery (Adžamić, Z et al. 2010)
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Goal of hydrocracking as industrial process is 
to convert higher boiling point hydrocarbons 
(usually atmospheric and vacuum gas oils) into 
lower boiling point products that constitute 
motor fuels and lubricants. Reactions are 
carried out in the presence of hydrogen on 
solid catalyst surfaces (active sites) with the 
aim of reducing the amount of energy required 
for hydrocracking reactions, selectively guiding 
the process towards maximal yields of the 
desired products and minimal negative effects 
of such reactions.

Hydrocracking process uses three main 
reaction mechanisms, accomplished on 
solid catalyst active sites. First reaction is 
hydrogenation of hetero hydrocarbons that 
removes hetero elements usually found in 
oil derived hydrocarbons, such as sulphur, 
nitrogen, metals, and oxygen. Second reaction 
is cracking of carbon-carbon chemical bonds 
(through carbonium ion formation). Third 
reaction is hydrogenation of unsaturated 
carbon-carbon bonds of cracked, lower 
molecular mass molecules.

Catalysts used for these reactions must be dual 
function catalysts since hydrogenation and 
cracking reactions require different catalyst 
properties. Hydrogenation reactions take place 
at catalyst metallic active sites (such as cobalt-
molybdenum sulphide, or nickel-molybdenum 
sulphide), while cracking reactions take place 
at catalyst acidic active sites (boundary surface 
between metal sulphide active site and catalyst 
base material which is acidic).

Rate of hydrocracking reactions can be 
determined by Arrhenius equation and depends 
on reaction activation energy, Arrhenius factors 
for reactants in question and temperature. 
Direction of hydrocracking reactions depends 
on thermodynamic equilibriums of all reactions. 
Hydrocracking reactions execution towards 
products depends on reactants’ and products’ 
partial pressures and concentrations. Hydrogen 
and heavy hydrocarbons are reactants, while 
lighter hydrocarbons, ammonia and hydrogen 
sulphide are products of hydrocracking 
reactions.

Higher hydrogen partial pressure and 
heavy hydrocarbon concentrations shift 
reactions’ thermodynamic equilibrium 
toward the products. Lower ammonia and 
hydrogen sulphide partial pressures and 
lighter hydrocarbon concentrations also shift 
reaction’s thermodynamic equilibrium towards 
the products.

HYDRODESULPHURISATION (HDS) UNITS
Rijeka Refinery has two hydrodesulphurisation 
plants. One is used for kerosene desulphurisation 
and the other for gas oil desulphurisation.

Kerosene desulphurisation unit is operating 
at 50 bar pressure if the required hydrogen is 
coming from absorption column. If the makeup 
hydrogen comes from PSA unit the required 
pressure is 45 bars. Gas oil desulphurisation 
plant has a larger capacity and thus requires 
higher amounts of makeup hydrogen. The 
plant can be used for pre-treatment of FCC 
feed. Operating pressure is 57 bars in the case 
when makeup hydrogen comes from Absorber, 
and 45 bars in the case when PSA unit sends 
makeup hydrogen.

RIJEKA REFINERY’S HYDROGEN SYSTEM
A well-designed, integrated and unified 
hydrogen system enables maximum hydrogen 
utilisation in production processes and 
minimum hydrogen content in the refinery 
fuel gas system. Hydrogen system must allow 
maximum flexibility and meet the following 
requirements:

› Optimisation of refinery’s hydrogen 
producers operation, including optimisation 
of hydrogen production at Catalytic 
reforming plant

› Optimisation of refinery’s hydrogen system 
with better regulation, which includes 
minimisation of hydrogen released to the 
refinery fuel gas system

› Plants always get hydrogen with necessary 
and sufficient purity. Sufficient hydrogen 
purity needed for plant operation should be 
determined by analysis.
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In this paper the integration of two systems 
of hydrogen will be described: a system 
which is linked to Catalytic reforming unit as 
a source of hydrogen and the other linked to 
Hydrogen generation unit (steam reforming). 
The integration of these two hydrogen systems 
includes integration of three different purities 
of hydrogen rich gas. Hydrogen rich gas 
produced at Catalytic reforming is used in the 
processes at NHT, Isomerisation, KHT1 and 
GHT2 plants. Due to demand of Hydrocracking 
unit for higher purity and higher amount of 
makeup gas, here Hydrogen generation unit 
is the source of required makeup gas. Given 
the two different sources of hydrogen and two 
systems of purification of hydrogen rich gases, 
three purity levels for hydrogen rich gas exist:

› Hydrogen rich gas coming from Catalytic 
reforming unit with the purity between 
73 and 75 vol%, depending of the catalyst 
cycle stage (SOR – start-of-run, or EOR – 
end- of-run)

› Hydrogen rich gas after absorption with 
hydrogen content between 83 and 85 vol%  
and

› Hydrogen rich gas after purification at 
the PSA unit, with hydrogen content of 
99.99 vol%.

DESCRIPTION OF  
THE CURRENT SITUATION
Makeup hydrogen for Hydrocracking unit 
comes from Hydrogen generation unit which 
uses natural gas as feed. Makeup hydrogen for 
Isomerisation, NHT, KHT1 and GHT2 processes 
comes from Catalytic reforming.

In order to integrate these two systems of 
hydrogen, and to achieve better utilisation of 
the produced hydrogen, presently systems are 
connected with two pipelines and two manual 
valves. One pipeline allows the use of hydrogen 
produced in Catalytic reforming (after obligatory 
purification in PSA unit) as makeup for HCU plant 
and another pipeline allows the hydrogen from 
HGU to be used as makeup for the processes at 
Isomerisation, NHT, KHT1 and GHT2 plants.

Shut off devices on both pipelines are 
ordinary manual valves. Eventual problems 
in the operation of one of the plants can 
cause problems and shutdowns of other 
plants connected to such integrated system 
of hydrogen.

Hydrogen system at Catalytic reforming plant 
starts with the high pressure (HP) separator 
where hydrogen rich gas is separated from 
un-stabilised gasoline. The amount of 
produced hydrogen rich gas depends on the 
feed composition and process conditions in 
the reactor section. The purity of produced 
gas depends on pressure and temperature at 
the HP separator and on ambient conditions, 
mainly temperature.

After physical separation, hydrogen rich gas 
enters suction vessel of booster compressors 
where it achieves the required pressure and 
gets distributed to consumers.

A PSA unit is located between the HP separator 
and booster compressors. This PSA unit is used 
for purification of Reforming’s hydrogen rich 
gas. Pressures at HP separator, at the inlet 
of PSA unit, as well as at the suction line of 
booster compressors are regulated with the 
same pressure controller.

In addition to pressure control of these 
positions, the control valve has a safety role. 
In case of problems in the catalytic reforming 
process, quick depressurisation of HP section 
in the refinery fuel gas system would be crucial.
This type of pressure control has significant 
disadvantages. Because of security role, 
fine-level flow rate control of hydrogen rich 
gas discharges to fuel system cannot be 
implemented. At 1% of valve opening the 
valve flow rate reaches around 2000 Nm3/h. If 
the process is operated in the mode in which 
the regulation valve is opened or closed, 
large amounts of hydrogen are discharged to 
refinery fuel system.

Booster compressors are the main part of 
hydrogen system since they maintain the 
required pressure for the normal operation 
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of hydrogen consumers and high pressure 
absorption. On the suction side of compressors 
hydrogen with two different purities is fed. If 
the PSA unit operates the hydrogen purity is 
99.99% and if not, the hydrogen rich gas comes 
from Reforming HP separator.

After cooling and passing the knock out drum, 
one part of hydrogen rich gas is distributed 
to Isomerisation and NHT plants and the rest 
goes through the absorption column. After 
purification, hydrogen rich gas goes to KHT and 
GHT units with the purity of 83-85%.

Makeup gas for HCU must be of 99.99% purity, 
which means that it can only come from PSA 
unit. If PSA unit at Reforming plant is not in 
service, eventual excess hydrogen rich gas 
cannot be sent to HCU due to insufficient 
purity. Excess produced gas is discharged to 
fuel system. 

If the PSA unit at catalytic reforming operates, 
produced hydrogen has 99.99% purity. Pure 
hydrogen is distributed through booster 
compressors to consumers. Eventual excess 

hydrogen from PSA, together with hydrogen 
from HGU goes as makeup gas to HCU. Economic 
impact of this solution can be measured by the 
reduction of demand for expensive natural gas 
feedstock in HGU plant.

Since two separate hydrogen systems are 
connected by a manual valve, this solution carries 
significant risks to normal operation of both 
hydrogen systems. The risk is much higher for 
operation of HCU; in the event of Reformer’s PSA 
unit shut down, connection between these two 
hydrogen systems must be closed immediately, 
and HCU plant remains without substantial 
amounts of makeup hydrogen. In order to 
compensate for reduced volume of makeup gas, 
HGU must significantly raise capacity for which 
some time is needed. Thus, the sudden loss of 
the necessary amount of makeup hydrogen may 
lead to shutdown of HCU plant.

If operational problems of HCU plant cause 
shutdown of Reforming’s PSA unit, problems 
in the old hydrogen system will be less 
difficult. At the shutdown of PSA unit bypass is 
automatically opening to ensure the necessary 
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Fig. 2. Existing scheme of hydrogen system in Rijeka Refinery
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quantity of gas supply for compressor 
operation. In this way continuous supply of 
makeup hydrogen is ensured to all consumers 
connected to the pressure side of compressor. 
By turning on showering in absorption column 
a higher level of makeup hydrogen purity can 
be ensured. To ensure continuous hydrogen 
supply to all consumers, integration of two 
separated hydrogen systems is vital. Existing 
scheme of hydrogen system in Rijeka Refinery 
is shown in Figure 2.

RECONSTRUCTION OF EXISTING 
HYDROGEN SYSTEM

HIGH PRESSURE ABSORPTION AND 
OPERATION WITH ONE PSA UNIT
After separation in Reforming’s HP separator, 
hydrogen rich gas goes to suction vessel of booster 
compressors. Pressure in the HP section, as well 
as at PSA unit and suction vessel of compressors 
is maintained by pressure controller (PC).

In order to achieve the best possible pressure 
regulation, and to increase the hydrogen 
utilisation and minimise discharge into the fuel 
gas system, an additional smaller control valve 
should be installed that would work in a split 
range configuration with the specified PC. This 
new, smaller PC would discharge in the normal 
operational range (at valve opening of 30-40%) 
around 100-150 Nm3/h hydrogen rich gas into 
fuel gas system, which is a significant flow 
decrease compared to regulation by previously 
mentioned PC. The current PC operates at valve 
opening of 1 to 2% discharging about 2000 
Nm3/h of hydrogen rich gas to fuel gas system. 
This old valve is usually closed, which means 
that when the valve is opened, in half an hour 
1000 Nm3 of hydrogen reach gas is discharged. 
At 80% valve opening of new PC, the old PC 
would take over the regulation which would 
ensure operational safety of the plant.

After suction vessel, booster compressors 
raise the pressure to the required 32 bars. 
Hydrogen rich gas goes through the water 
cooler and knock out drum to absorption 
column. Stabilised gasoline from the bottom of 
debutanizer column of Reforming plant is used 

as absorbent. To achieve better absorption it is 
necessary to keep temperature of absorbent as 
low as possible. Therefore, stabilized gasoline 
from the bottom of debutanizer column first 
gets cooled in air and water coolers.

In order to supply makeup gas with higher 
hydrogen content to all consumers, the 
pipeline for supplying Isomerisation and 
NHT units should be moved after absorption 
column (see Figures 2 and 4). In this way all 
consumers in the old part of the refinery can 
get supply of makeup gas of sufficient quantity 
and quality. Once the needs of consumers 
for makeup gas are satisfied, full volume of 
the excess hydrogen rich gas could be sent to 
PSA at Hydrogen generation unit (HGU). In an 
effort to further protect PSA of HGU, any large 
amounts of liquid phase need to be removed; 
this would be implemented by integration of 
an additional water cooler and knock out drum 
before PSA (see on Figure 4).

The hydrogen rich gas that is purified in 
absorption column has similar chemical content 
as hydrogen rich gas coming from HP section of 
HCU. This means that hydrogen rich gas from 
absorption column could go to HGU’s PSA unit. 
This kind of operation would eliminate the 
need for two PSA units, Reforming’s and HGU’s. 
Both plants would benefit from this solution. 
At Reforming’s PSA unit the use of tail gas 
compressor would be eliminated, and at HGU 
consumption of expensive feed (natural gas) 
for hydrogen production would be decreased.

In order to increase the overall utilisation of 
hydrogen and to reduce the consumption 
of feed for hydrogen production at HGU, 
online component analysis of hydrogen rich 
streams, and reuse of these streams in refinery 
processes should be implemented. Thus the 
created integrated refinery hydrogen system 
could be further improved. Cascade mode 
for use of hydrogen streams can be applied 
(see Figure 3).

The basis of this system is that each plant 
has its own direct line of makeup hydrogen. 
Off gases from high pressure sections (HPS) 
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of Isomerisation and NHT plants, containing 
minimum 86 vol% of hydrogen (see Table 2), 
also can be used as makeup gas for other 
plants. The limiting factor for this kind of 
hydrogen rich stream usage is the required 
pressure difference between the plants.

NHT Isomerisation section with pressure of 
26.5 bars at HPS is the first unit in this cascade 
sequence. As this is the one through reactor, 
for installed capacity of the plant makeup of 
about 1400-2000 Nm3/h of hydrogen rich gas 
is required.

At NHT plant pressure at HPS is 24.5 bars so 
off gas from NHT Isomerisation section can be 
directed to NHT as makeup gas. The quantity 
of 1400-2000 Nm3/h is more than enough for 
this process.

From HPS of NHT off gas can be directed to unit 
KHT1. In this way three plants can work with 
hydrogen rich gas available in the amount of 
1400-2000 Nm3/h. Off gas from KHT1 unit goes 
to fuel gas system.

For the operation of GHT2 unit, higher 
amounts of hydrogen rich gas are needed 
so independent line of makeup gas must 
be used. The purity of 84 vol% hydrogen is 
enough for the operation of GHT2 unit at 
maximum capacity. This off gas contains 
high amounts of hydrogen so it is desirable 
to use it in some way. One possibility is to 
send it after amine washing to inlet vessel 
of Reforming’s PSA unit for purification and 
reuse. Compositions of these off gases are 
shown in Table 2. Figure 3 illustrates cascade 
use of makeup hydrogen.

• Red line – H2 rich gas from Reforming
• Blue line – Cascade H2 line
• Green line – Stream line to fuel gas system
• Dark line – H2 from HGU to HCU

Fig. 3. Cascade use of makeup hydrogen
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HGU’s PSA unit works at pressure of 22.4 bars 
so all hydrogen rich gas streams with higher 
pressure can be directed to this PSA unit. 
In this solution there is no cascade mode of 
operation and all off gases from HP sections 
can be directed to HGU’s PSA unit.

Pressure at HGU PSA unit is controlled by a PC 
(pressure control) instrument (see Figure 4), which 
is located on the outlet of the PSA unit. However, 
in case of new connection to PSA it is necessary 
to conduct re-regulation of PSA, in order to keep 
the hydrogen yield of 85% and avoid any release 
of new hydrogen to the fuel gas system.

In this way the consumption of natural gas 
for hydrogen production can be reduced 
by the equivalent amount of the recovered 
hydrogen. Additionally, by reducing HGU 
capacity, significant savings can be delivered 
by the operation of only one PSA unit 
(operational costs of the other unit and of 
the tail gas compressor) because total tail 
gas from HGU’s PSA unit is used up at HGU 
(steam reforming) furnaces. It is important 
to emphasise that these two systems are 

connected in a way that hydrogen from 
HGU plant goes to suction vessel of booster 
compressors (see Figure 2), which means that 
pure hydrogen can be distributed to other 
plants in the Refinery, even if Reforming plant 
is not in service. Figure 4 indicates operation 
of the refinery with HGU’s PSA unit and 
absorption column.

REFINERY OPERATION WITH  
TWO PSA UNITS
The previously described integrated refinery 
hydrogen system must be able to operate in a 
mode with two PSA units.

After Reforming’s HP separator, hydrogen rich 
gas goes to Reforming’s PSA unit, and upon 
completion of gas purification, gas with 99.99 
vol% of hydrogen goes to the suction vessel of 
booster compressors, and after compression 
and achieving the desired pressure is 
distributed to the consumers (see Figure 2). 
When working in this mode, the installation of 
previously described smaller pressure control 
valve is even more important and the achieved 
savings are even greater.

HP GAS, VOL% HDS SECTION OF ISOMERISATION NHT HDS1 HDS2

H2 86.24 91.1 86.43 74.5

CH4 8.4 7.2 9.65 22.55

C2H6 2 1.3 1.4 2.32

C3H8 0.5 0.25 0.7 0.14

i-C4H10 0.2 0.05 0.5 0.1

n-C4H10 0.23 0 0.2 0.1

i-C5H12 1.1 0 0.2 0.1

n-C5H12 0.8 0 0.1 0.1

C6+ 0.4 0 0.1 0.1

H2S 0.13 0.15 0.8 0.01

Table 2. Composition of high pressure (HP) off gases at hydrogen consuming plants
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This mode of operation requires changes in 
the work of the plants. Now, when makeup 
gas is pure hydrogen, lower volumes of 
makeup gas are required, and additional 
savings can be achieved by reduction of total 
pressure in plants. As the yield of hydrogen at 
PSA unit is 85%, in this mode it is necessary 
to reduce pressure on the suction side of 
booster compressor and consequently total 
pressure at all plants. With this makeup gas, 
hydrogen content in recycle gas at all plants 
increases, which allows the reduction of 
total pressure at all plants. The reduction 
in total pressure is defined by the required 
hydrogen partial pressure in each process. 
Operation of the plant is adjusted in a way 
that all control valves that keep pressure 
in HP sections are working so that minimal 
amounts of hydrogen are discharged to the 
fuel gas system (purge of the system should 
be avoided at all costs).

In this operational mode pressure of 30.5-
31 barg at the suction side of booster 
compressor is sufficient to meet the needs 
of all hydrogen consumers. From the suction 
side of the booster compressor through the 
already described line, hydrogen is distributed 
to the consumers (absorption column is not 
in operation) (see Figure 2). Due to the higher 
utilisation of the produced hydrogen, all 
hydrogen rich streams can be connected to the 
input of PSA unit. Given the required pressure, 
streams from all HP sections of refining process 
can be connected. However, return of refinery 
hydrogen rich streams to PSA unit can cause 
big problems in the work of PSA compressor 
(while PSA unit is producing ‘pure’ hydrogen, 
the returning flows from HP sections have 
95-96 vol% hydrogen content). Table 3 shows 
the composition of returning gas from HP 
sections of the plants if the makeup gas is pure 
hydrogen.

Fig. 4. Hydrogen system, Absorber and HGU’s PSA unit is in operation
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Catalytic reforming’s PSA unit is designed 
for purification of hydrogen rich gas with 73-
75 vol% hydrogen content, and the cycles 
of PSA unit are also adapted for gas of this 
composition. When returning hydrogen rich 
gas with higher hydrogen content to the inlet of 
PSA unit, hydrogen content at the inlet of PSA 
unit will be higher. However, since PSA cycles 
are adjusted to purification of hydrogen rich gas 
from catalytic reforming, all that new returning 
hydrogen will end up in the tail gas and will be 
lost in the refinery fuel gas system. In addition, 
increase in hydrogen content in tail gas will 
reduce molecular weight of tail gas, and this will 
cause an additional burden to compressor and 
the entire system of tail gas. Therefore, before 
deciding on further utilisation of these streams 
the supplier of PSA unit must be consulted, in 
order to re-adjust the cycles so that the gas with 
higher hydrogen content could be purified and to 
ensure normal operation of tail gas compressor.

As in the previous operational mode, these 
two, now integrated hydrogen systems are 
connected, and in case of need it is possible to 
open valve for hydrogen supply from HGU to 

suction side of booster compressor and satisfy 
demand for hydrogen on one of the plants, 
without increasing the capacity of Reforming 
(see Figure 2). In this case the valve on the 
makeup hydrogen line between the absorber 
and HCU is closed.

Hydrogen recovery can be achieved as in the 
previous case, with cascade connections between 
the plants. Cascade mode has an even greater 
significance than in the previous operational 
mode. As the makeup gas is pure hydrogen, for 
operation at average plant capacity much smaller 
amounts of hydrogen are needed. For example, 
at processing of 16-18 tonnes of light gasoline 
at HDS section of Isomerisation plant around 
1200 Nm3/h 99.99 vol% of makeup hydrogen 
(one through reactor) is needed. This quantity 
is sufficient for processing of about 58 t/h of 
heavy naphtha at NHT plant, and the off gas from 
this plant is sufficient for processing of 22 t/h 
feedstock at hydrodesulphurisation unit (KHT1). 
In this way, 1200-1300 Nm3/h of hydrogen is 
sufficient for the operation of three plants. In 
lack of cascade connection between the plants, a 
much higher amount of hydrogen must be used. 

HP GAS COMPOSITION, 
VOL % ISOMERISATION HDS SECTION OF 

ISOMERISATION NHT HDS1 HDS2

H2 95.5 96.5 97.5 97.5 95

CH4 2.64 0.81 1.6 1.45 4

C2H6 0.11 0.25 0.8 0.8 0.52

C3H8 0.04 0.09 0 0 0.17

i-C4H10 0.02 0.02 0 0 0.25

n-C4H10 0.01 0.4 0 0 0.04

i-C5H12 0.49 0.89 0 0 0.03

n-C5H12 0.61 0.82 0 0 0

C6+ 0.23 0.01 0 0 0

H2S 0 0.15 0.15 0.15 0.15

Table 3. HP gas composition at hydrogen consuming plants if the makeup hydrogen comes from PSA unit
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For example, at the above mentioned capacities 
the required hydrogen streams are 1200 Nm3/h 
at Isomerisation plant, 900 Nm3/h at NHT and 
900 Nm3/h at KHT1, separately, indicating 1800 
Nm3/h increase in hydrogen demand. This 
amount of hydrogen could be used up at HCU 
and thus further reduce consumption of natural 
gas at HGU plant. Figure 5 shows the refinery 
operation with two PSA units.

DIRECTING REFORMING’S HYDROGEN 
RICH GAS TO HGU’S PSA UNIT
Full utilisation of hydrogen rich gas can be 
achieved by direct connection between 
Reforming and Hydrogen generation unit 
(HGU), in two ways. The first one is to send 
hydrogen rich gas of Reforming as feed to HGU 
(with pre-reforming section). Considering that 
this gas has high hydrogen content, it would 
place unnecessary burdens on steam reforming 
reactor of HGU and lead to unnecessary energy 
consumption.

The second, better solution regarding energy 
consumption is to direct Reforming’s hydrogen 
rich gas to PSA unit at HGU. To achieve this, at 
HP separator of Reforming, pressure must be 
raised to the value that would provide smooth 
gas transport to PSA unit. Composition of this 
gas is similar to composition of the gas from 
the HP section of HCU plant. Since hydrogen 
from HCU off gas is usually recuperated at PSA 
unit of HGU plant, there should be no problem 
in purification of Reforming’s hydrogen rich gas 
at the specified PSA unit.

As hydrogen rich gas from Reforming contains 
some amounts of C3, C4 and C5 hydrocarbons, for 
PSA unit protection, in order to remove any large 
amounts of liquid phase it is necessary to install 
additional water cooler and knock out drum.

After purification the produced pure hydrogen 
goes in two main streams, one stream to HCU 
plant, and the second to suction vessel of 

Fig. 5. Operational mode with two PSA units
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booster compressors, and subsequently, after 
reaching the required pressure pure hydrogen 
is distributed to all consumers.

Flow of hydrogen to compressor suction vessel 
is controlled by a flow controller (FC) that 
ensures that compressors always distribute 
exactly the required amount of hydrogen 
necessary for plant normal operation (exact 
amount of hydrogen is considered to be 
the quantity of hydrogen that provides the 
necessary makeup for all consuming units). 
The pressure controller (PC) that maintains 
pressure at inlet of booster compressor must 
be minimally opened.

In this way, an integrated hydrogen system 
is created, which ensures the supply of 
consumers with hydrogen of maximum 
purity, reduces consumption of natural gas 
for production of hydrogen at HGU plant and 
minimises hydrogen content in fuel gas system. 

This mode of operation also ensures highly 
reliable and stable operation of this hydrogen 
system. The described operational mode is 
shown in Figure 6.

CONCLUSIONS
By reconstructing the existing hydrogen system 
an integrated, reliable and flexible hydrogen 
system would be created. This new system 
would ensure the most favourable refinery 
operation.

With the described configuration of the 
system, refinery could significantly reduce 
the consumption of natural gas for hydrogen 
generation.

Application of cascade operational mode 
could solve two major refinery problems. It 
would reduce hydrogen content in fuel gas 
system resulting in significant savings. If total 
hydrogen (taking 1600 Nm3/h of 99.99% H2) 

Fig. 6. Directing Reforming’s hydrogen rich gas to HGU’s PSA unit
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that can be saved by using cascade operational 
mode, is directed to hydrocracking plant, the 
refinery can save up to Euros 1 million per 
year, because volume of natural gas used as 
feed for HGU is reduced. 

By integrating the two systems of 
hydrogen purification (absorber and PSA) 
sufficient amounts of required hydrogen 
of sufficient purity for the hydrogen 
consuming plants would be ensured. Loss 
of hydrogen by absorption purification is 
not significant. 

Operation of a single PSA unit (HGU’s) could 
provide significant energy savings because 
the other PSA unit (Reforming’s) with the 
associated tail gas compressor would be in 
standby condition.

The biggest investment would be the construction 
of pre-reformer at the HGU, but the benefits 

of this investment are huge. As total hydrogen 
ends up at HGU’s PSA unit, release of hydrogen 
rich gas to fuel system would completely be 
eliminated, and thereby hydrogen content 
in refinery fuel gas would be reduced. Only 
hydrogen coming from low pressure sections 
would be present in fuel gas system. 

As hydrogen consumers get pure hydrogen 
from HGU’s PSA unit, consumption of hydrogen 
in all secondary plants would be reduced. Also, 
tail gas from HGU’s PSA unit now contains C3-
C4 hydrocarbon fractions from Reforming’s 
hydrogen rich gas, and has a higher calorific value 
which means that less makeup natural gas is 
needed for steam reforming furnace operation. 
The cost of reconstruction of the existing 
system is negligible compared to benefits of the 
described integrated refinery hydrogen system.

Keywords: refinery, hydrogen, purification, producers, 
consumers, integrated

INA Rijeka Refinery, Urinj (photo by Buva, F)
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ABSTRACT
Slovnaft Bratislava Refinery has successfully 
conducted test runs of jet production without 
the use of lubricity improving additive and the 
new antioxidant additive treatment station. 
The article outlines possibilities of jet fuels 
production in the refinery, describes the latest 
developments and makes recommendations 
how to move forward.

INTRODUCTION
Air travel has become the most popular 
way of transport in the recent years. World 
Jet fuel production is about 2.3 million 
tonnes per year. “Global air transport 
over the long term is expected to grow by 
around 5% annually until 2030” (European 
Commission 2012). By 2050 “technologies 
to reduce aircraft fuel consumption by 50% 
relative to 2000” are under investigation; 
“contributions are projected from engine 
design (20%), airframe design (30%) and air 
traffic management and operations (20%)” 
(World Energy Council 2007). Increase of 
world jet fuel production from 1989 to 2010 
is shown in Figure 1.

Aviation turbine fuel is a complex mixture 
composed of hydrocarbons in the boiling 
range from 150 to 300 °C. The exact 
composition depends on crude oil type and 
manufacturing process. 
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Fig. 1. World jet fuel production by year (Source: United States Energy Information Administration, viewed 16 
September, 2013, http://www.indexmundi.com/energy.aspx?product=jet-fuel&graph=consumption)
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Kerosene type jet fuel can be obtained by several 
refinery processes, either from distillation units 
as straight run kerosene or at vacuum gasoil 
(VGO) Hydrocracking unit as a final product. 
Straight run kerosene can be further treated at 
MEROX or mild hydrotreating units to reduce 
the undesirable components’, e.g. sulphur, 
nitrogen, olefins content. Additive treatment is 
used to improve fuel performance. According 
to the UK Defence standard 91-91 “for turbine 
fuel, aviation kerosene type, JET A-1, NATO 
Code: F-35, Joint Service Designation: AVTUR” 
percentage of each component in jet fuel 
blend as well as additives presence has to be 
reported on the refinery certificate of quality 
(RCQ) (Ministry of Defence 2008).

Aviation is responsible for 2% of global 
anthropogenic CO2 emissions in 1992 and it is 
estimated to be around 3% in 2050 (IPCC 1999). 
In June 2009 IATA (the International Air Transport 
Association) adopted ambitious “targets to 
mitigate GHG emissions from aviation:

› A cap on aviation CO2 emissions from 2020 
(carbon-neutral growth)

› An average improvement in fuel efficiency of 
1.5% per year from 2009 to 2020 and

› A reduction in CO2 emissions of 50% by  
2050, relative to 2005 levels”

› “Using 10% alternative fuels by 2017”  
(IATA 2009).

Alternative fuels, particularly sustainable 
biofuels, have been identified as one of the 
key elements to achieve this goal. Traditional 
biofuels do not pass the test for use in aircraft. 
Research into next generation jet fuel (‘drop-
in biofuel’) as well as improvement and 
investigation in second generation biofuel 
technology must take place. The latest version of 
ASTM D7566 standard permits blending of bio-
derived synthetic fuel (HEFA – hydroprocessed 
esters and fatty acids and Fischer-Tropsch SPK 
– synthesised paraffinic kerosene) up to 50% 
with conventional jet fuel (ASTM D7566:2013).
Jet fuel produced at Slovnaft Bratislava 
Refinery meets international specifications 
DEF D91-91 (Ministry of Defence 2008), ASTM 
D1655 Standard Specification for Aviation 
Turbine Fuels (ASTM D1655:2013), and 
Aviation fuel quality requirements for jointly 
operated systems - AFQRJOS (JIG 2013) as 
well as additional customers’ requirements. 
Relevant ASTM D1655 quality requirements 
are listed in Table 1.

JET A-1 ASTM D1655:2013
Final boiling point, °C, max 300

Density at 15 °C, kg/m3 775-840

Freezing point, °C, max -47

Specific energy, MJ/kg, min 42.8

Sulphur content, mg/kg, max 3000

Sulphur mercaptan, %m/m, max 0.003

MSEP**  

without SDA, CI/LI*, min 85

with SDA, CI/LI*, min 70

Table 1. Main JET fuel quality parameters (ASTM D1655:2013)
  * SDA - Static dissipater additive, LI - Lubricity improver additive
** MSEP – Microseparometer at point of manufacture (for determination of water separation characteristics)
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ADDITIVES USED IN AVIATION FUEL
Only additive approved by the aircraft certifying 
authority are permitted to add into the fuel. 
Additives are identified by their appropriate 
RDE/A/XXX number cited in DEF 91-91 standard 
(Draft EI/JIG 1530 2012; Ministry of Defence 
2008). The type and amount of additives have 
to be recorded in the RCQ.

Additives are used in jet fuels for one of two 
reasons:

a) To prevent degradation of the fuel (e.g. 
antioxidant)

b) To enhance fuel quality and application 
property (e.g. lubricity improver additive, 
static dissipater additive).

Jet fuel treatment by additives can be sort out 
according to DEF 91-91 requirements:

a) Mandatory – treat rate is defined between 
minimum and maximum concentration

b) Optional – additives may be added up to 
maximum concentration

c) By agreement – based on agreement with 
customer (Ministry of Defence 2008).

ANTIOXIDANT (AOX)
Antioxidants are added to aviation fuel prepared 
from severely hydroprocessed or synthesised 
components as near to the point of manufacture 
as possible to eliminate gum formation during 
storage. Treat rate of the additive is defined in 
the range of 17-24 mg/l. Non-hydroprocessed 
straight run kerosene normally do not requires 
treating by antioxidant due to the fact that 
natural antioxidant species are present.

STATIC DISSIPATER ADDITIVE (SDA)
SDA is used to increase electrical conductivity of 
the fuel at current temperature and therefore 
causes rapid dissipation of electrostatic charge 
generated during fuel movement. SDA may 
be added at the point of manufacture or 
further downstream based on agreement with 
customers. There is only one permitted additive 

to use: Stadis 450 by Innospec LLC. SDA is a 
surfactant and already at normal treat rate may 
degrade the water separation characteristics 
of the fuel (MSEP) which does not necessarily 
indicate problems with performance of filter 
water separators.

LUBRICITY IMPROVER ADDITIVE  
(LIA, CI/LI)
LIA additive improves poor lubricity of the fuel 
consisting of severely hydroprocessed fuel 
component without trace materials providing 
natural lubricity. Straight run, wet treated or 
mildly hydrogenated components have better 
lubricity properties. For these components 
the measurement of lubricity (BOCLE test) is 
not required according to the standards DEF 
STAN 91-91 / ASTM D1655. For JET A, JET A-1 
fuels meeting ASTM D1655 only 3 LIA additives 
are allowed to use, namely HiTEC 580, DCI 4A, 
and Nalco 5403, while in DEF 91-91 standard 
the portfolio of LIA additives is wider.

FUEL SYSTEM ICING INHIBITOR (FSII)
FSII is mandatory only for military grades of jet 
fuel described by MIL-DTL-838133, -5624, and 
DEF STAN 91-87, 91-86. It is used to prevent 
aircraft fuel system blockage by ice formation 
from water precipitated from fuels during flight.

BIOCIDES
Contamination of jet fuel by microorganisms 
present in air and water can occur primarily in 
aircraft fuel tanks. There is no problem with jet 
contamination by microorganisms in Slovnaft, 
so biocides are not added in the refinery. 
Contamination by microorganisms is function 
of water content and temperature. Effective 
water removal can help prevent problem with 
microorganism contamination.

JET FUEL MANUFACTURING IN 
SLOVNAFT (SN) AND TEST RUNS

JET PRODUCTION AT  
HYDROCRACKING UNIT
Jet fuel (severely hydroprocessed component) 
has been produced at Hydrocracking unit (HCK) 
during the last twenty plus years. Due to removal 
of trace materials providing natural lubricity, its 
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lubricity should be measured and improved by 
additives in the line with DEF standard 91-91 
qualitative requirements (Ministry of Defence 
2008). However, combination of SDA+LIA additives 
causes deterioration in MSEP to lower level as it is 
required by the standard. Our experiences proved 
that optimisation of the additive treat rate did 
not improve MSEP parameter. Bearing this fact 
in mind production of jet fuel at mild Kerosene 
hydrotreating unit has started.

Flow scheme of JET-A1 production in HCK unit 
of Slovnaft Bratislava Refinery is shown on 
Figure 2.

Currently commercial jet fuel is manufactured at 
Kerosene hydrotreating unit (KHT). Feedstock for 
kerosene hydrogenation at KHT unit is composed 
of straight run kerosene fractions of crude oil 
distillation units. Their mixture is stored in a 
tank. Straight run kerosene mixture is analysed 
at the unit inlet and is hydrotreated at Kerosene 
hydrotreating unit (KHT). Prior to producing JET 

A-1 at Blending unit the jet pipeline is flushed 
with fresh hydrotreated kerosene for at least 
half an hour period (see red coloured lines on 
Figure 3). JET A-1 fuel is treated by antioxidant 
and static dissipater additive at Blending unit. 
This production mode required building of a 
new automated antioxidant additive treatment 
station at Blending unit (2012).

TEST RUNS
To avoid MSEP problem test run was executed 
in 2010-2011. During these times three jet fuel 
production possibilities were tested as follow: 
production at HCK unit without LIA additive, 
production at KHT6 (Kerosene hydrotreating 
unit) and usage of straight run kerosene fractions. 
Test run consisted of the following steps:

› Verification of jet production from HCK and 
separately from KHT6 kerosene without 
changing production parameters

› Verification of straight run kerosene fractions´ 
usage for jet production

› Verification of jet production as mixture of 
above mentioned kerosene fractions

› Identification of critical quality parameters

› Change of process parameters at HCK and 
KHT6 for improving jet quality parameters if 
needed

› Parallel DSD (Downstream Development) 
laboratory tests with different components 
(non-hydroprocessed, mildly and severely 
hydroprocessed) and their mixtures for final 
jet quality evaluation.

Main findings were:

› Jet produced at HCK unit needs LIA additive 
to improve lubricity

› Straight run kerosene fractions cannot 
be used due to positive doctor test (to 
the presence of hydrogen sulphide or 
mercaptans), neither as minor part of  
jet pool

VD

KERO
N 5101

N5103

Additisation of 
Kero by SDA, LIA

Additisation of 
Kero by AOXCDU

HCK

AOX = antioxidant additive
SDA = static dissipater additive
LIA = lubricity improver additive

Fig. 2. Flow scheme of JET-A1 production at HCK unit 
(VGO Hydrocracking unit) (CDU – atmospheric crude 
and vacuum distillation unit, VD – vacuum distillation 
unit, N 5101 & N 5103 – storage tanks at Motor fuel 
blending unit)
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› Jet fuel in Slovnaft can be produced at 
Kerosene hydrotreating unit (KHT) to 
guarantee satisfactory MSEP parameter. 
Hydrotreated kerosene from KHT has 
sufficient lubricity without LIA so there is no 
negative impact on MSEP parameter.

In the middle of 2013 a second test run was 
conducted in order to ensure jet production 
during turnaround of KHT6. Jet production 
was tested at Hydrotreating units 5 and 2. 
Test results show that jet can be produced 
at Hydrotreating unit 5. Jet production at 
unit 2 is not recommended due to increased 
HSE risks.

Main advantages of jet production at KHT 
units are:

› Satisfactory quality according to standards 
and customer requests

› Harmonisation of jet fuel production within 
MOL Group

› Utilisation of previous MOL / SN experience 
with this type of jet fuel production

› Production of jet without LIA additive.

Main disadvantages of jet production at KHT in 
comparison with HCK unit are:

› Worse cold flow properties (freezing point)

› Lower density and specific energy.

JET PRODUCTION AT KHT UNIT
The current flow scheme of JET-A1 production 
in Slovnaft Bratislava Refinery is shown on 
Figure 3.

Production of jet fuel on the basis of KHT 
and HCK kerosene fractions is also feasible 
under the terms and conditions specified 
by DEF 91-91 and AFQRJOS (incl. mandatory 
traceability of hydroprocessed and severely 
hydroprocessed components’ content 
(ratio) in mixture, requirement to determine 

Flushing by fresh KERO

N 5101

N 5332

N 5331

N5103Additisation of 
Kero by AOX, SDA

KHT

KE
AD

KE
CDU

N 4603

AOX = antioxidant additive; SDA = static dissipater additive

Fig. 3. Flow scheme of JET-A1 production at KHT unit (Kerosene hydrotreating unit) (KE AD – kerosene fraction from 
atmospheric crude distillation unit, KE CDU – kerosene fraction from atmospheric crude and vacuum distillation unit,  
N 5101 & N 5103 – storage tanks at Motor fuel blending unit)
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lubricity for fuels containing at least 20 %v/v 
of severely hydroprocessed kerosene). A 
complicated material balance of the mixture 
of KHT and HCK kerosene streams should be 
reported.

ANTIOXIDANT ADDITIVE TREATMENT 
STATION
Antioxidant additive (AOX) has to be added to 
jet before kerosene comes into storage tank. To 
fulfil this requirement new AOX station was built 
at Blending unit, where jet is stored. Simplified 
scheme of AOX location is illustrated on Figure 4.

Since additisation takes place after point ‘A’ 
we can choose kerosene fractions from KHT, or 
HCK or their mixture. This arrangement allows 
satisfying customers what prefer jet from KHT 
and customers what prefer jet from HCK unit 
with one additive station.

Scheme and photo of AOX additisation station 
are shown on Figures 5 and 6.

PROCEDURE OF ADDITIVE TREATMENT
In AOX preparation tank (see Figure 5) AOX 
solution is prepared from 25 kg of AOX and 0.5 
m3 of pure kerosene. In case of cold weather 
the tank automatically heats up to 25 °C. After 
homogenisation valves are manually opened 
and AOX solution is pumped into AOX storage 
tank. AOX storage tank is used for AOX solution 
storage and additive treatment. 

When jet production is planned valves from 
AOX storage tank to jet production pipeline 
should be open. Dosing pump should operate 
in auto mode. When DCS (distributed control 
system) operator gives order to start jet feeding, 
AOX is automatically added to the produced jet 
according to the actual jet flow rate.

Equipments can replace other similar 
equipments. For example both tanks (AOX 
preparation and storage) can store jet additive 
and in case of a mixer failure dosing pump can 
be used for AOX solution homogenisation.

Fig. 4. Flow scheme of AOX additisation (F1 – flowmeter, ‘A’ ‘B’ – kerosene rerouting points)

Kerosene hydrotreating
(current jet production)

Hydrocracking unit
(alternate jet production)

Kerosene (diesel)
storage tanks

Jet storage tanks

Antioxidant
additisation at
Blending unit

B

A

F1
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USE OF STRAIGHT RUN KEROSENE 
FRACTIONS FOR JET PRODUCTION
Straight run kerosene fractions’ have relatively 
high sulphur content leading to positive doctor 
tests, as it was verified during the test run.

One reason for usage of straight run kerosene 
fractions for jet production is production 
cost decreasing. In this way we save energy 
and material needed for hydrotreating /
hydrocracking processes (hydrogen is one of 
most expensive substances used in refinery). 
Secondly, the released KHT (hydrotreating) 
capacity can be used for additional diesel fuel 
production (in case of feedstock availability).

Following the test run we started looking for 
possibilities to reroute straight run kerosene 
to jet pool. In the first step we identified that 
the positive doctor test was caused by high 
corrosive mercaptan contents of straight run 
kerosene. Mercaptans can be converted into 
disulphides by their catalytic oxidation in the 
presence of oxygen and alkaline metal. This 
sweetening reaction is shown below:

4 RSH + O2 → 2 RSSR + 2 H2O

Preliminary we think about MeroxTM technology 
for kerosene sweetening. In this case air 
provides oxygen and caustic (NaOH) provides 
alkalinity. Scheme of kerosene MeroxTM is 
shown on Figure 7.

Reactor section of MeroxTM unit consists of fix bed 
reactor followed by caustic settler. Air is injected 
into the feedstock upstream of reactor. Mixture 
enters the top of reactor. Sweetened kerosene 
exits the reactor and flows to reactor caustic settler. 
Caustic is periodically circulated over the reactor 
bed, while maintaining operation. Kerosene 
leaving caustic settler passes through water wash 
to remove caustic and water soluble surfactants. 
Kerosene leaving water wash is directed to salt filter 
to remove free water and a portion of the dissolved 
water from product. To assure kerosene product 
meets jet fuel specification (incl. thermal stability, 
MSEP) product clay filter is included. Clay filter 
removes oil soluble surfactants, organometalic 
compounds and particle matter (UOP 2013).

U

AOX STORAGE

AOX PREPARATION

KEROSENE

AOX INJECTION

P

Po

Fig. 5. Simplified AOX additisation station scheme
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Fig. 7. MeroxTM technology of kerosene sweetening (UOP 2013)

Fig. 6. New AOX additisation station at Blending unit (supplier: VAE Controls)
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The expected benefits are USD 0.7 million in 
case of blending 20% of straight run kerosenes 
in jet fuel. We are in phase of preparing final 
version of MeroxTM realisation in Slovnaft. Some 
questions have to be answered by technology 
provider. Estimated investment cost of MeroxTM 
is about USD 3-5 million. 

However, further changes in legislation 
(reduction of the allowed sulphur content), 
fulfilment of DRAFT EI/JIG 1530 quality 
requirements would cause difficulties 
if implementing this process (currently 
allowed jet fuel sulphur content of max. 
3000 mg/kg can be decreased to level of 
200-300 mg/kg).

CONCLUSIONS
Production of jet fuel at Kerosene hydrotreating 
(KHT) unit 6 was successfully launched at end of 
September 2012. From this time Slovnaft Bratislava 
Refinery can produce jet fuels at KHT and HCK 
units and their mixture based on customers’ 
requirements. Main advantages of current 
production of commercial jet fuel at KHT unit are:

› Satisfactory quality according to customers’ 
requests

› Lubricity additive saving and jet additive 
treatment cost reduction

› No mandatory DEF 91-91 and AFQRJOS lubricity 
measurements – laboratory cost reduction

› Harmonisation of jet fuel production within 
MOL Group.

Main advantages of jet fuel production at HCK 
unit are:

› Better cold flow properties

› Higher cleanness in comparison with KHT 
production.

Sweetening of straight run kerosene for jet 
production is under consideration.

Keywords: JET A-1 fuel, additive treatment, MSEP, 
kerosene sweetening

Kerosene storage tank at Slovnaft Bratislava Refinery
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ABSTRACT
This project comes from a deep energy analysis 
of Mantova Refinery and is part of a larger 
framework of energy plant optimisation. The 
main project idea is to increase electricity 
production and optimise also heat recovery 
as development tool. The internal electricity 
production is a by product of steam generation 
obtained from steam turbine. Nowadays the 
machinery does not work at the maximum 
available capacity. In the process optimisation 
proposed it will be described how to get 
through the current situation and achieve 
cost savings.

INTRODUCTION
Goal of the project is to increase the refinery 
internal electricity production and to optimise 

heat recovery that is nowadays one of the most 
important topics for each site and in particular 
for Mantova Refinery. To obtain this result, 
the energy balance of the refinery has been 
analysed and an economically worthwhile 
opportunity has been found in order to increase 
electricity production having also heat recovery 
optimisation as development tool.

Mantova Refinery electricity demand is covered 
by import (65%) and internal production (35%) 
as by product of steam generation.

The electricity is generated by expanding high 
pressure steam to lower pressure steam in a back 
pressure steam turbine. After the expansion, the 
low (atmospheric or above atmospheric) pressure 
steam is sent to refinery for internal consumption. 
The steam utilised is the exact quantity needed 
by the refinery, so, the volume of electricity 
generated depends on this need. The high 
pressure steam is produced from demineralised 
water by three boilers. This water is preheated 
by exchanging heat with refinery products and 
by the injection of low pressure steam to keep 
temperature levels constant. The superheated 
high pressure steam produced by boilers is then 
sent to a turbine for the electricity production. 
Due to the fact that the cost of steam generation is 
high, the refinery target is to produce with boilers 
only the minimum quantity of steam needed.

The turbine consists of two stages that drive an 
electricity generator. In the current situation 
only a section, the first stage, can be used, 
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because the refinery steam demand requires 
operation of the 50% of the turbine capacity.

The idea developed proposes to use the entire 
capacity of the turbine.

To reach the whole capacity of the turbine it is 
necessary to inject a higher quantity of steam 
in the turbine and to operate also the second 
stage. This would allow increasing the electricity 
generation also in the first stage and also driving 
the second stage of the back pressure turbine.

The steam consumption of the refinery would 
not change, but, in this way, the extra steam 
would be lost because it would not be utilised in 
the refinery. In particular with this configuration 
the only solution would be to vent the surplus of 
the generated steam (see Figure 1).

This situation would have two main cons: on the 
first side it would be necessary to produce an 
extra quantity of boiler feed water which is lost 
and on the other side we would have to ‘vent’ this 
extra quantity of steam. In this configuration the 
increased electricity obtained using the complete 
turbine would cost more than the purchased 
electricity. An estimation of the cost is:

0.116 Euro/kWhpurchased vs. 0.132 Euro/kWhself-produced.

OPTIMISATION FOR  
MANTOVA REFINERY
The proposal of this project is the complete 
turbine utilisation eliminating the negative 
effects described above. This is possible acting 
as listed below: 

› Recover the steam going to ‘vent’ in the base 
case configuration by making a condensing 
closed loop 

› Turn the cost gap between the purchased 
electricity and self-produced one into savings. 

COMPLETE TURBINE UTILISATION
The closed loop has several advantages which 
will be summarised below. First of all the back 
pressure turbine should be converted into a 
condensing one.

Condensing turbine normally discharge the 
steam at a much lower (below atmospheric) 
pressure with respect to the back pressure 
ones due to the condensation system. Typically 
about 90% of the exhausted steam is in a 
partially condensed state. This means that 
the enthalpy gap between the inlet and the 
discharge is higher, and this leads to increased 
power generation.

This major turbine efficiency leads to a higher 
specific power of the machine increasing the 
production of electricity and lowering the 
energy specific costs. In fact, according to 
the turbine manual, the specific electricity 
production will increase from the actual

100 kWh/tsteam to 140 kWh/tsteam.

The closed loop has also another advantage 
with respect to the heat recovery. The lower 
pressure steam exiting the second stage of 
the turbine has still enough thermal power 
to allow heat recovery in the condenser. 
In this condenser the exhausted steam 
flowing in the shell side transfers heat to 
the demineralised water to kettles leading 
to a saving in terms of the steam quantity 
injected to control water temperatures. In 
fact, as explained before, the demineralised 
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PRESSURE

STEAM

LOW
PRESSURE

STEAM

LOW
PRESSURE

STEAM

Refinery

Fig. 1. Complete turbine utilisation: second stage low 
pressure steam goes to ‘vent’
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water to kettles enters into a deaerator 
where steam is injected. This process has 
two effects: deaerates water and increases 
its temperature. The presence of the 
condenser leads to a saving of 4 t/h of low 
pressure steam because the deaerators’ 
inlet temperature will rise from 60-70 °C to 
105-110 °C.

A scheme of the solution proposed is viewable 
in Figure 2B while Figure 2A shows the current 
situation.

ECONOMIC ANALYSIS
Analysing in greater detail the closed loop 
(condensing turbine) configuration it is 
possible to find several pro and cons. The 
first advantage is strongly connected with 
the main purpose of the project and it is the 
possibility to use the complete machinery 
potential capacity and consequently 
generate larger amount of electricity with 
import substitution. The second positive 
effect of the closed loop configuration is the 
possibility to increase the heat recovery in 
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HPS 25 t/h

Electricity Generator

Electricity Generator

LPS to refinery

HPS 11 t/h

HPS 11 t/h

HPS 25 t/h

Demi Water to kettles 

To boilers

To Kettles

LPS

Fig. 2. Current (A) and proposed (B) electricity generation and steam production by back pressure turbine (A) 
and condensing turbine (B) (HPS – high pressure steam; LPS – low pressure steam)
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B
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the refinery, continuing the path towards 
a wider energy optimisation of the plant. 
This energy recovery brings an estimated 
saving of 320 kEuro, as a consequence of the 
low pressure steam use to the de-aerators 
and the gap between the cost of the self-
generated and imported electricity. 

On the other side the main drawback is the 
necessity of capital investment in order to 
realise the facilities needed for the project. 
The equipment needed comprises a heat 
exchanger, a pump and piping facilities. 
Since the heat exchanger and the pump are 
already available in the plant, yet not used, 
and they are matching the specification for 
the requested operations, the capex cost 
(about 50 kEuro) is related only to the 
construction of piping. Considering capex 

investment, the annual savings would be 
270 kEuro in first operational year and 320 
kEuro in the following years (at constant 
prices). Thus investment payback period 
would be less than six months.

CONCLUSIONS
Heat recovery and electricity production are 
important topics for refineries. The current 
energetic situation for Mantova Refinery has 
been analysed and a possible way for process 
optimisation has been found. It was shown 
that thanks to the closed loop electricity 
generation (condensing turbine) it is possible 
to obtain savings. In particular the payback 
period on capex investment (about 50 kEuro) 
would be less than six months and the annual 
savings connected to this optimisation would 
reach 320 kEuro per year.

Storage tank at IES Mantova Refinery
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IES Mantova Refinery
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Editor’s comments
The authors of this article entered for a contest of young 
talents in MOL Group with this topic and carried off the 

well-deserving 3. prize. The proposed cost saving idea was 
a result of a deep energy analysis of Mantova Refinery. 
Meanwhile due to the unfavourable economic external 
environment the business decided to terminate the 
refining activity in this site and the proposed project won’t 
be established. Regardless of this fact this work provides a 
good example for other sites that a new approach to the 
existing assets and changing capacity utilisation can result 
in a profitable solution.

Reviewed by Flavio Munaretti
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ABSTRACT
The polyolefin industry is constantly looking 
for ways to improve polymer performance. 
Careful selection of polymer additives 
offers effective way to optimise polymer 
properties. Influence of different nucleating 
agents, slip agents, antistatic agents and 
acid scavengers on mould release force, 
temperature of crystallisation, shrinkage, 
impact properties and flexural modulus of 
impact polypropylene (PP) copolymers was 
studied. 

All laboratory tests were performed on 
impact PP copolymer samples. Nucleating 
agent based on phosphate sodium salt 
of methyllene-bis-4,6-di-tert-butylphenyl 
proved to be the most effective for increasing 
the temperature of crystallisation and flexural 
modulus of impact PP copolymers. However, 
when it was used non-uniform shrinkage takes 

place, which resulted in negative effect on the 
demoulding forces. Ethoxylated alkylamine 
together with glyceryl monostearate in 
impact PP copolymer seemed to be the 
most effective agents for the reduction 
of mould release force. Erucamide and 
glyceryl monostearate practically similarly 
reduced mould release force in impact PP 
copolymers. Negligible differences between 
the tested acid scavengers (calcium stearate 
and hydrotalcite) were detected.

INTRODUCTION
Polypropylene (PP) is the most satisfactory 
thermoplastic resin with very good toughness 
and resistance to thermal deformation 
and with wide range of applications. 
Final properties of PP grades are strongly 
dependent on the used additives. In this 
work the influence of nucleating agents, acid 
scavengers, slip agents and antistatic agents 
on shrinkage and mould release force was 
investigated. Their influence on the basic 
properties, temperature of crystallisation, 
modulus and impact properties was also 
studied.

PP is semi-crystalline polymer that is widely 
used in many applications due to its excellent 
balance of physical properties, relatively 
low cost, versatility, recyclability and good 
mechanical performance in engineering 
applications.
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Moulding PP products are used as 
automotive parts, food containers, washing 
machine components, garden furniture, 
drink bottles, kitchen ware, etc. The use 
of polypropylene for these applications 
requires improved impact strength, stiffness, 
heat resistance and injection moulding 
process, i.e. short injection moulding cycle 
times which are achievable due to higher 
crystallisation temperature and good 
demoulding properties. These properties 
of polypropylene can be improved by using 
nucleating, antistatic and slip agents. 

Nucleating agents create a large number of 
small crystals and reduce mould set-up time 
i.e. cycle time and improve physical properties 
of polymers like flexural modulus and heat 
deflection temperature. Some nucleating 
agents have negative impact on shrinkage 
and mould release properties. Mineral acid 
scavenger has positive effect on nucleation of 
impact PP copolymer grades. Acid scavenger 
calcium stearate acts as lubricant and can 
decrease demoulding force of impact PP 
copolymers. Antistatic agents decrease static 
charges during processing and handling and 
are used also as internal mould release agents. 
They affect blooming, haze and gloss of PP 
negatively. Antistatic and slip agents reduce 
coefficient of friction between polymer and 
mould parts (Delaney, K & Kennedy, D & 
Bissacco, G 2010).

EFFECT OF NUCLEATING AGENTS (NA)  
ON PROPERTIES OF  
IMPACT PP COPOLYMERS
Nucleating agents are low molecular mass 
organic or inorganic substances added to 
polymers, before or during processing, in very 
low quantities.

“The use of nucleating agents leads to higher 
nucleus density allowing for the formation 
of a large number of spherulites during the 
cooling of the melt, whereas in non-nucleated 
polypropylene spherulites are typically less 
numerous and they are larger. Nucleating agents 
improve physical and mechanical properties 
of polypropylene” (BASF 2009) like flexural 
modules and temperature of crystallisation. The 
degree of crystallinity and the crystallisation 
speed determine the final properties of plastic 
products (Delaney, K & Kennedy, D & Bissacco, G 
2010; Menczel, J & Varga, J 1983). Crystallisation 
process in nucleated and non-nucleated matrix 
is illustrated in Figure 1.

Polypropylene is semi-crystalline polymer with 
40-60% crystallinity. The most commercial 
isotactic polypropylene with an intermediate 
level of crystallinity can crystallise in three forms.

Alpha form is most stable and its crystals are 
monoclinic. It is the most common crystal form 
of PP and it is the only form that is present in 
almost all commercially available PP products. 
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Fig. 1. Crystallisation 
process in non-nucleated 
or nucleated matrix 
(SpecialChem 2013A)
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“Numerous nucleating agents have been 
developed to initiate the crystallization of the 
alpha form from the melt leading to more rapid 
crystallization rates and an increase in the level of 
crystallinity” (Jacoby, P 2013).  Alpha nucleating 
agents are derivates of sorbitol (known as 
DBS, MDBS, EDBS), sodium benzoate, talc, etc. 
(Cramez, M & Oliveira, M & Crawford, R 2001). 

The beta form is less common than the previous 
one. It is meta-stable with pseudo-hexagonal 
crystals. This form is mainly found in block 
PP copolymers. Presence of beta form in PP 
generally increases the ductility and haze. 
“Beta crystal being more ductile can thermo 
form before the crystals get melted and thus 
the processing window for thermoforming gets 
widened compared to alpha” form (Plastemart 
2013). “The beta phase polypropylene has 
improved thermal stability and does not 
transform to the alpha form prior its melting” (US 
5231126 A 1993). “Beta crystal phase also has 
some unique characteristics, which can produce 
very desirable physical property advantages in 
many applications” (Jacoby, P 2013).

“Beta nucleating agents can be formed by 
mixing dibasic organic acids with hydroxide or 
oxide or acid salt of certain Group II metals. 
Preferably, the beta nucleating agent is water-

free admixture of calcium carbonate and 
calcium salt of dibasic organic acid in reacted 
form (pimelic acid, azealic acid, o-phtalic acid, 
terephtalic acid and isophtalic acid). During the 
heat treatment these mixtures are forming one 
component” (Romankiewicz, A & Sterzynski, 
T & Brostow, W 2004; Wolfschwenger, J & 
Gahleitner, M 2010). 

Gamma form is meta-stable one with triclinic 
crystals. “This form is not very familiar and 
appears mainly in low molecular weight 
polypropylene by crystallization at very 
high pressure and very low cooling rate” 
(SpecialChem 2013B). 

“These crystal forms are incorporated into 
different spherulites types by crystallisation 
of polypropylene. Beta crystal has melting 
point about 12-15 °C lower than alpha crystal. 
Typically alpha crystals melt in PP at 164 °C 
and beta crystals melt at 151 °C” (Cramez, M & 
Oliveira, M & Crawford, R 2001).

“Most mould makers and moulders face the 
problem of mould shrinkage of polypropylene 
with essential influence to demoulding 
process of articles. It is necessary to check 
shrinkage of polypropylene by application 
of new nucleating agents. Polypropylene 

Phase 1:
Homogeneus 
distribution of anti-
static agent during 
the extrusion  
process

PP
 fi

lm

Phase 2:
Anti-static agent  
begins to migrate  
to surface after 
extrusion

Phase 3:
Hours or days later 
anti-static agent  
covers surface

Phase 4:
Moisture pick up  
from the surrounding 
air

Fig. 2. Effect of antistatic agent (Croda Polymer Additives 2007)
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with semi-crystalline structure contains both 
amorphous and crystalline forms. As the PP 
melt cools, the crystalline forms shrink much 
more than the amorphous forms and they 
also shrink at different rates. This imbalance 
results in different shrinkage of final injection 
moulding parts, so using of nucleating agents 
in polypropylene is one of the key factors for 
mould shrinkage control” (Equistar 2013).

“Another factor to shrinkage is the high 
molecular weight of polypropylene. The long 
molecular chains are stretched and placed 
under stress as they fill the mould. As the 
stresses are relieved during cooling, the chains 
want to relax and slowly letting return to its 
original size. This relaxation also influences 
the shrinkage, especially in different flow 
directions” (Equistar 2013). 

Some nucleating agents which were tested 
had higher influence to dimension stability 
of polypropylene than another and decrease 
demoulding force. They have also a positive 
influence to physical and mechanical properties.

EFFECT OF ANTISTATIC AND SLIP 
AGENTS ON PROPERTIES OF IMPACT PP 
COPOLYMERS

ANTISTATIC AGENT (AS)
Antistatic agent improves antistatic properties, 
the crystalline forms shrink much more than 
the amorphous ones and they also shrink 
differently depending on the direction of flow, 
improves the  dispersion of other additives 
(reinforcements, fillers and pigments) 
added to polymeric matrix, shortens cycle 
times, reduces temperature and pressure 

of moulding machines and eliminates the 
need for an external mould. Antistatic agents 
do not have any adverse effects on physical 
properties of polypropylene. The product 
does not contain any hazardous substances 
which does not restrict the usages in the food 
application of plastics.
 
“Polypropylene materials are good insulators 
and as such can support the build-up of high 
static charges. Static electricity is produced 
by charge separation caused by movement 
of one material over another e.g. by the 
passage of film over rollers, by high velocity 
cooling air passing of film over rollers, by high 
velocity cooling air passing over surfaces, or by 
incidental contact between plastic parts during 
transport or storage. Antistatic agents migrate 
to the surface and interact with atmospheric 
moisture reducing surface resistivity” (Croda 
Polymer Additives 2007) (see Figure 2).

Antistatic agents migrate to the surface of the 
PP moulded parts (blooming) and can interfere 
with the post-mould layer on the cavity mould 
(undesirable adhesion of moulded part on the 
mould wall). This problem can be solved by 
regular cleaning of the injection moulds or by 
corona discharge treatment. Mono-glycerides 
are typical antistatic agents for polypropylene.

SLIP AGENT (SA)
Slip agent is the chemical used to prevent 
other materials like polypropylene from 
bonding to surfaces. SA is incorporated 
directly into the polymer during the extrusion 
process. It migrates to the surface as the 
polymer cools forming a solid lubrication 
glazer at the surface, lowering the friction, 

Amide uniformly distributed 
in the polymer immediatelly 
after extrusion

As the polymer cools amide 
migrates to the outer surface 
and forms a partial layer. 
Friction drops rapidly

Complete layers of amide 
on the surface, migration 
reaches equilibrium. Friction 
reaches a minimus

Fig. 3. Effect of slip agent (Croda Polymer Additives 2008)
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or reducing adhesion between contacting 
polymer surfaces and the polymer and the 
other materials (see Figure 3).

Slip agents N,N´-ethylene bis-stearamide and 
N,N´-ethylene bis-palmitamide are effective 
internal / external lubricants and pigment 
dispersant aids in polypropylene.

EFFECT OF ACID SCAVENGERS ON 
PROPERTIES OF IMPACT PP
Acid scavengers also referred to as antacids 
or co-stabilisers, significantly contribute 
to the overall performance of polymers. 
Their addition is necessary because catalyst 
residues remaining in polymers would be 
catalysed by chloride-containing substances. 
PP polymerised by Ziegler-Natta catalysts 

still contains halogen components in the 
low ppm range. These halogen-containing 
components cause corrosion on metallic 
equipments such as dryers, moulding 
machines and mould surfaces. The acid 
scavengers neutralise these polymerisation 
residues and degradation products (Zweifel, 
H & Maier, R & Schiller, M 2009). 

METALLIC STEARATES
Metallic stearates are probably among 
the most widely used acid scavengers and 
internal lubricants because they are cheap 
and modify melt viscosity without delaying 
fusion. Stearates and their complexes are 
generally supplied as fine powders that can 
present a dust hazard or cause nuisance 
in processing. In addition, stearates tend 

NUCLEATING 
AGENT /
PARAMETER

MELT FLOW 
RATE
(MFR)

TEMPERATURE OF
CRYSTALLISATION

(TC)

FLEXURAL 
MODULUS

NOTCHED 
IZOD IMPACT

AT +23 °C

NOTCHED 
IZOD IMPACT

AT -20 °C

Units g/10 min °C MPa kJ/m2 kJ/m2

Test methods ISO 1133-1 ISO 11357-3 ISO 178 ISO 180/A ISO 180/A

Non nucleated PP 
grade (A) 55 115 1310 5.6 3.4

Talc (B)
3000 ppm 55 121 1460 6.6 3.8

Talc (B)
6000 ppm 55 122 1480 6.6 3.8

NaBz (C)
800 ppm 55 121 1510 6.6 3.8

Nucleating agent D 
150 ppm 55 124 1520 6.9 4.2

Nucleating agent D 
500 ppm 55 125 1530 6.9 4.2

Nucleating agent E 
500 ppm 55 129 1540 6.3 3.7

Nucleating agent E 
800 ppm 55 130 1550 6.2 3.6

Table 1. Basic properties of impact PP copolymer with nucleating agents
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to exude from the polymer matrix often 
resulting in unsightly residue on the surface 
of moulded parts. Their use can, therefore, 
contribute to conditions that impair 
secondary processes like printing, painting, 
bonding, or plating.

MG-AL HYDROTALCITE
“Hydrotalcite is a natural mineral with a white 
color and pearl like luster. It is mined in small 
quantities in the Snarum area of Norway 
and the Ural area of Russia. Hydrotalcite is a 
compound of magnesium and aluminum with 
a layer structure. Its composition formula is 
as follows: Mg6Al2(OH)16CO3-4H2O“. (Kisuma  
2013). „Hydrotalcite reacts with the residual 
quantities of acidic substances associated 
with Ziegler-Natta acid catalysts used to 

polypropylene production. The superiority 
of hydrotalcite is due to its particular 
mechanism of absorbing acids’ based on 
anion exchange. Hydrotalcite has about 5 
times higher capacity than calcium stearate 
to protect against corrosion. The amount 
of water carry-over by using hydrotalcite is 
noticeably less than in the case of calcium 
stearate. Hydrotalcite has high dispersibility. 
The particles are treated with a surface active 
agent which enables them to have a good 
affinity with polymers. The mean particle 
size is approx. 0.4 μm, so hydrotalcite may 
be used even in ultra-thin films or fiber resins 
without altering the texture or appearance of 
the product. The composition of hydrotalcite 
can be used as partial nucleating agent for 
polypropylene” (Kisuma 2011).

NUCLEATING 
AGENT /
PARAMETER

MELT FLOW 
RATE
(MFR)

SHRINKAGE
IN LENGTH

(MD)

SHRINKAGE 
IN WIDTH 

(TD)

Δ(MD-TD) MOULD 
RELEASE 
FORCE

Units g/10 min % % % N

Test methods ISO 1133-1 ISO 294-04 ISO 294-04 - Internal

Non nucleated PP 
grade (A) 55 1.59 1.61 0.02 -

Talc (B)
3000 ppm 55 1.57 1.54 0.03 3290

Talc (B)
6000 ppm 55 1.58 1.55 0.03 3150

NaBz (C)
800 ppm 55 1.60 1.84 0.24 4830

Nucleating agent D 
150 ppm 55 1.55 1.52 0.03 3500

Nucleating agent D 
500 ppm 55 1.55 1.52 0.03 3500

Nucleating agent E 
500 ppm 55 1.47 1.56 0.09 3950

Nucleating agent E 
800 ppm 55 1.48 1.57 0.09 3980

Table 2. Shrinkage and demoulding of impact PP copolymer with nucleating agents
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Fig. 4. Flexural Modulus and Tc with nucleating agents

Fig. 5. Notched izod impact with nucleating agents
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Fig. 7. Mould release force with nucleating agents

Fig. 6. Shrinkage with nucleating agents
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EXPERIMENTAL
Influence of different additives (nucleating 
agents, slip agents, antistatic agents and acid 
scavengers) on flexural modulus, temperature 
of crystallisation, impact properties, shrinkage 
and demoulding properties was investigated 
on impact PP copolymers manufactured in 
Slovnaft. In laboratory tests antioxidants Irgan-
ox 1010 and Irgafos 168 (Ciba®) were applied.

TEST RESULTS FROM EVALUATION OF 
IMPACT PP WITH NUCLEATING AGENTS
Non nucleated PP grade (A) was compared 
with one containing the following nucleating 
agents: talc (B), sodium benzoate (C) and 
organic nucleating agents - calcium salt of 
1,2-cyclohexane dicarboxylic acid (D) and 

phosphate sodium salt of methylene-bis-4,6-
di-tert-butylphenyl (E) (see Tables 1,2 and 
Figures 4-7).

TEST RESULTS FROM EVALUATION OF 
IMPACT PP WITH ANTISTATIC AND SLIP 
AGENTS
Impact PP copolymer properties with different 
antistatic and slip agents were investigated. 
Studies were done with nucleated impact 
PP. As nucleating agent was used sodium 
benzoate. The following agents were used for 
comparison: 

Sample A:
GMS 90 - Glyceril monostearate 90% 
(1000; 2000; 3000 ppm)

ANTISTATIC AND 
SLIP AGENT /
PARAMETER

MELT FLOW 
RATE
(MFR)

TEMPERATURE OF
CRYSTALLISATION

(TC)

FLEXURAL 
MODULUS

NOTCHED 
IZOD IMPACT

AT +23 °C

NOTCHED 
IZOD IMPACT

AT -20 °C

Units g/10 min °C MPa kJ/m2 kJ/m2

Test methods ISO 1133-1 ISO 11357-3 ISO 178 ISO 180/A ISO 180/A

GMS90 (A)
1000 ppm 65 121 1510 6.6 3.8

GMS90 (A)
2000 ppm 65 121 1520 6.5 3.8

GMS90 (A)
3000 ppm 65 121 1510 6.6 3.9

GMS45 (B)
500 ppm 65 121 1500 6.5 3.7

GMS45 (B)
1000 ppm 65 122 1510 6.6 3.8

Hydroxy-ethyl-alkyl 
amine + GMS90 (C)
1000 + 2000 ppm 

65 121 1520 6.6 3.9

EBS (D)
750 ppm 65 122 1520 6.6 3.8

Erucamide (E)
2000ppm 65 122 1520 6.6 3.9

Table 3. Basic properties of impact PP with antistatic and slip agents
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Sample B:
GMS 45 - Glyceril monostearate 45%  
(500; 1000 ppm)

Sample C:
mixture of etoxylated alkylamine + GMS 90 
(1000 ppm + 2000 ppm)

Sample D:
EBS - Ethylene bis-stearamide  
(1000 ppm)

Sample E:
Erucamide (2000 ppm).

Test results are shown in Tables 3 and 4 and 
on Figures 8-11.

TEST RESULT FROM EVALUATION OF 
IMPACT PP WITH ACID SCAVENGERS
Impact PP copolymer properties with two 
different acid scavengers were investigated. 
Studies were done with non-nucleated impact 
PP. Following acid scavengers were used for 
comparison: 

Sample A:
Calcium stearate (CaSt) 

Sample B:
Hydrotalcite.

Result are presented in Tables 5,6 and Figures 
12-15.

ANTISTATIC AND 
SLIP AGENT /
PARAMETER

MELT FLOW 
RATE
(MFR)

SHRINKAGE
IN LENGTH

(MD)

SHRINKAGE 
IN WIDTH 

(TD)

Δ(MD-TD) MOULD 
RELEASE 
FORCE

Units g/10 min % % % N

Test methods ISO 1133-1 ISO 294-04 ISO 294-04 - Internal

GMS90 (A)
1000 ppm 65 1.61 1.85 0.24 4830

GMS90 (A)
2000 ppm 65 1.60 1.83 0.23 4770

GMS90 (A)
3000 ppm 65 1.60 1.81 0.21 4700

GMS45 (B)
500 ppm 65 1.62 1.86 0.24 4980

GMS45 (B)
1000 ppm 65 1.62 1.84 0.22 4910

Hydroxy-ethyl-alkyl 
amine + GMS90 (C)
1000 + 2000 ppm 

65 1.62 1.80 0.18 3660

EBS (D)
750 ppm 65 1.61 1.86 0.25 5120

Erucamide (E)
2000ppm 65 1.61 1.86 0.25 4790

Table 4. Shrinkage and demoulding study of impact PP with antistatic and slip agents
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SHRINKAGE
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CONCLUSIONS
As Table 1 indicates, nucleating agent ‘E’ 
(methylene-bis-4,6-di-tert-buthylphenyl) is 
most effective for increasing temperature of 
crystallisation and flexural modulus of impact 
PP copolymers. Notched izod of impact PP 
copolymers with different nucleating agents 
remained at the same level. With talc, impact 
PP has lower flexural modulus (by near 100 
MPa) and lower temperature of crystallisation 
(by near 8 °C) in comparison with nucleating 
agent ‘E’. On the basis of Table 2, shrinkage 
and demoulding properties of impact PP are 
the best with talc in comparison with other 
nucleating agents. The highest mould release 
force and shrinkage MD/TD had impact PP 
copolymer with sodium benzoate (‘C’). 

As Tables 3 and 4 show, basic properties 
flexural modulus, notched izod, 
temperature of crystallisation and 
shrinkage of impact PP were not changed 
or remained at the same level with 
antistatic and slip agents. Ethoxylated 
alkylamine (‘C’) in combination with GMS 
in impact PP copolymers was the most 
effective for reducing the mould release 
force among the tested additives. EBS (‘D’) 
had no benefit to mould release properties 
of impact PP copolymers. Erucamide (‘E’) 
and GMS 90 gave practically the same 
reduction of mould release force in impact 
PP copolymers. Efficiency of mould release 
agent GMS 90 and GMS 45 was practically 
at the same level.

ACID SCAVENGER 
AGENT /
PARAMETER

MELT FLOW 
RATE
(MFR)

TEMPERATURE OF
CRYSTALLISATION

(TC)

FLEXURAL 
MODULUS

NOTCHED 
IZOD IMPACT

AT +23 °C

NOTCHED 
IZOD IMPACT

AT -20 °C

Units g/10 min °C MPa kJ/m2 kJ/m2

Test methods ISO 1133-1 ISO 11357-3 ISO 178 ISO 180/A ISO 180/A

CaSt
400 ppm (A) 55 114 1240 5.8 3.5

Hydrotalcite
200 ppm (B) 55 115 1310 5.6 3.4

ACID SCAVENGER 
AGENT /
PARAMETER

MELT FLOW 
RATE
(MFR)

SHRINKAGE
IN LENGTH

(MD)

SHRINKAGE 
IN WIDTH 

(TD)

Δ(MD-TD) MOULD 
RELEASE 
FORCE

Units g/10 min % % % N

Test methods ISO 1133-1 ISO 294-04 ISO 294-04 - Internal

CaSt
400 ppm (A) 55 1.45 1.47 0.02 5190

Hydrotalcite
200 ppm (B) 55 1.59 1.61 0.02 5260

Table 5. Basic properties of impact PP copolymers with acid scavengers

Table 6. Shrinkage and demoulding study of impact PP copolymers with acid scavengers
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According to Table 5 acid scavenger calcium stearate 
(CaSt) in comparison with hydrotalcite gave lower 
reducti on of crystallisati on temperature and 
lower fl exural modulus (by about 70 MPa). Mould 
release force is a litt le lower with calcium stearate 
(CaSt) in comparison with hydrotalcite (see Table 

6). Notched izod and shrinkage were not changed 
practi cally when applying these acid scavengers in 
impact PP copolymers (see Tables 5 and 6).

Keywords: nucleati ng agent, slip agent, anti stati c agent, 
acid scavenger, mould release force
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ABSTRACT
Sequence stratigraphy is a powerful approach 
to investigate sedimentary fills of basins and 
predict potential source rocks and reservoirs. A 
study of the Létavértes-Álmosd N area in the 
Derecske Trough and another example from 
Pusztaszőlős at the Battonya High (Hungary) 
are presented in this paper. Five high-frequency 
sequences were interpreted between Derecske 
and Mezősas area that filled the basin from a 
NE transport system. These minor sequences 
are composed of regressional systems tracts, 
including falling stage and mostly lowstand 
and highstand systems tracts. The regression 
turned to a major retrogradation at Mezősas 
with several oscillations between short-term 

transgressions and normal regressions. The 
hydrocarbon reserves in Létavértes are trapped 
in upward coarsening regressional delta front 
cycles and younger alluvial units. Pusztaszőlős 
is located above a smaller, elevated basement 
structure of the large Battonya High. The basin 
fill system of the Battonya region is much 
younger than that of Derecske and it arrived 
from the NW. The transport system is composed 
of a series of high-frequency sequences. One 
single short-term sequence filled the lake 
above Pusztaszőlős topped by a subaerial 
erosional unconformity. The hydrocarbon 
reservoir facies include slope bottom-basin 
floor turbidites, delta front cycles, coastal 
plain-lower fluvial sands, and meandering river 
channel / point bar complexes.

INTRODUCTION
Sequence stratigraphy has become an essential 
paradigm and methodology in stratigraphic 
studies since the 1970’s (Vail, PR et al. 1977; 
Wilgus CK et al. 1988; Posamentier, HW & Allen, 
GP 1999; Catuneanu, O 2006; Miall, AD 2010). 
The approach operates with relative sea level, 
and changes thereof generate depositional 
sequences. The sequences are composed of 
systems tracts, which are sedimentary units 
that correspond to particular stages during 
the accumulation of a sequence (e.g. stages 
of forced regression, normal regression, or 
transgression (Vail, PR 1987; Posamentier, HW & 
Jervey, MT & Vail, PR 1988; Van Wagoner, JC et 
al. 1988; Catuneanu, O et al. 2011). The concepts 
have been used widely and successfully in 
hydrocarbon exploration all around the world. 
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This report presents two examples from the 
Pannonian Basin, Hungary, where the sequence 
stratigraphic approach has been utilised and 
helped us better understand the depositional 
processes. One example is the Létavértes (Léta)-
Álmosd N area at the northern side of the 
Derecske Trough, the other is Pusztaszőlős on 
the Battonya High (see Figure 1A).

REGIONAL OVERVIEW
The Pannonian Basin formed by rifting in the 
Middle Miocene followed by post-rift thermal 
subsidence (Royden, LH & Horváth, F & Rumpler, 
J 1983a; Royden, LH et al. 1983b; Royden, LH 
& Báldi, T 1988). The extension had turned to 
tectonic inversion by the late Miocene (Horváth, 
F 1995; Horváth, F & Cloetingh, S 1996; Csontos, 

L et al. 2002; Dombrádi, E et al. 2010), which 
progressed from the southwest across the basin 
(Tari, G et al. 1999; Fodor, L et al. 2005). While 
many deep subbasins kept subsiding (Jászság 
Basin, Békés Basin, Makó Trough, see Fig. 1A), 
the basin margins have undergone an uplift 
process since the late Miocene.

The Pannonian Basin had become an 
isolated brackish to fresh water lake by the 
late Serravallian / earliest Tortonian (end of 
Sarmatian in local nomenclature) evidenced by 
endemic fauna (Magyar, I et al. 1999a; Magyar, 
I & Geary, DH & Müller, P 1999b). The uplifting 
chains of the Alps, Carpathians and Dinarides 
shed abundant amounts of sediment into the 
lake producing a rapidly advancing regression 

Fig. 1A. Location of the study areas on the Pre-Neogene basement map of Hungary: Létavértes-Álmosd N is located 
north of the Derecske Trough, Pusztaszőlős is on the Battonya High. The northern and western parts of the basin had 
been filled by Messinian time (7.2-5.3 Ma) when a regional unconformity surface formed
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while thick turbidite deposits accumulated in 
the basin interior (Mattick, RE & Philips, RL & 
Rumpler, J 1988; Pogácsás, Gy 1984; Pogácsás, 
Gy et al., 1988; Pogácsás, Gy & Szabó, A & Szalay, 
J 1992; Pogácsás, Gy & Müller, P & Magyar, 
I 1993; Bérczi, I & Philips, RL 1985; Bérczi, I 
1988; Sanocki, M & Tóth, S 2012; Juhász, Gy & 
Pogácsás, Gy & Magyar, I & Vakarcs, G 2007). A 
major discordant surface, which has an age of 
Messinian based on paleomagnetic data (Elston, 
DP & Lantos, M & Hámor, T 1994) (within 7.2-5.3 
Ma interval, which is part of the Pannonian stage 
in local nomenclature) divides the basin into 
two major parts (see Figures 1A, B). Part of the 
basin, located north and west of the Messinian 
shelf margin, had been filled by this time (Figures 
1A, B) with sigmoidal progradation of shelf-
slope systems, and the remaining Pannonian 
lake was enclosed inside of the circular shelf 
margin ring. Létavértes-Álmosd N area is located 
in the Tortonian basin fill (~11-6 Ma), and the 
Pusztaszőlős part of the basin was filled during 
the Messinian-Pliocene (from ~6 Ma) (Figure 1B).

LÉTAVÉRTES-ÁLMOSD N
The Derecske Trough is a major strike slip 
tectonic zone, the entire trough has been heavily 
deformed, tilted, uplifted since late Miocene. The 
seismic section of Figure 2 shows five sequences 
between Derecske and Mezősas (Sas) area. These 
are high-frequency sequences formed in short 
periods of time. These sequences are mostly 
composed of falling stage (FST), lowstand (LST) 
and highstand systems tracts (HST). The stacking 
pattern indicates the systems tract, upward 
concave normal regression is the LST and upward 

convex normal regression is the HST by definition 
(e.g. Catuneanu, O et al. 2011). It is noteworthy, 
that there is no detectable transgressive systems 
tract between the LSTs and HSTs. This is because 
the sediment supply was so abundant that it 
overpaced the rate of relative lake level rise and 
only regressive systems tracts could form. But 
a major transgressive wedge deposited around 
Mezőpeterd (Mp) area prior to the Messinian 
event (Figure 2). The basin margin clearly shifted 
landward, although this transgressive period 
was also cyclical. Minor basinward motions of 
the shelf edge can be observed on the seismic 
section. As a result, a series of transgressive 
(TST) and highstand (HST) systems tracts were 
deposited in an overall retrogradational (TST) 
pattern. 

High frequency regressive sequences are 
characteristic in the Derecske Trough as well 
(see Figure 3). The tectonic zone obscures 
the seismic reflectors making correlations 
across the trough difficult. The known reserves 
are trapped partly in (I) upward coarsening 
delta front sandstones and overlying (II) 
alluvial sediments. The area is investigated 
by integrating 3D seismic and quantitative 
reservoir modelling which is a powerful tool 
to interpret and visualise the complicated 
structures and facies, and model numerous 
fault bounded reservoirs (see Figures 4A,B).

PUSZTASZŐLŐS
The Battonya High region was filled by much 
younger sediments than the Derecske Trough, 
their age is mostly Pliocene-Quaternary. The 

Fig. 1B. Regional seismic section between Létavértes and Pusztaszőlős. The Messinian unconformity (red line) divides 
the basin to two major parts
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Békés Basin and Makó Trough was subsiding this 
time, and simultaneously, the southeast part of 
the Battonya High uplifted and the structure as 
a whole tilted northwestward. The Battonya 
basement is not a uniform block but it seems to 
have its own internal structure. Local anticlines 
and elevated blocks vary, such as Pusztaföldvár, 
Pusztaszőlős and others. The sedimentary 
fill arrived from the NW and advanced 
southeastward. Small scale relative lake level 
fluctuations and changes in sediment supply 
are reflected by the high-frequency sequences 
observed in the seismic section of Figure 5.

The hydrocarbons are reserved in four main 
sedimentary environments in Pusztaszőlős:

› Two turbidite series that formed by 
gravitational sliding at the toe of the lake 
slope. The lower turbidite is in a more distant 
position from the paleo-slope and the upper 
turbidite is just at the bottom of the slope

› Delta front. Seven prograding delta cycles 
formed in Pusztaszőlős. Each of these cycles 
corresponds with a rhythm of relative lake 
level rise and subsequent regression. An 

Fig. 2. A. Pannonian basement of the Derecske Trough area, location of seismic section in Fig. 2B. B. Seismic section 
between Derecske and Mezősas. The sedimentary fill prograded from the NE and included several high-frequency 
sequences. The area underwent tectonic inversion in the Pliocene
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Fig. 3. A. Location of seismic section on the Pannonian base map. The Derecske Trough is deepening southwestward.  
B. Hydrocarbon reserves are trapped in delta front and alluvial sandstones in Léta (see Fig. 2A for abbreviations)

Fig. 4A. 3D seismic cube with TWT map of the top slope. 
The area is heavily tectonized, which requires detailed 
3D investigation

Fig. 4B. 3D seismic cube with TWT map of the top slope. 
The structure of the Derecske Trough is controlled by a 
major strike-slip fault shown by the seismic sections
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Fig. 5. A. Map of Pusztaszőlős structure and location of the presented seismic section. B. The Messinian-Pliocene basin 
fill prograded primarily from the NW in this area. The Battonya High uplifted and tilted northwestward in the Pliocene-
Quaternary. The basin fill includes several high-frequency sequences (see Fig. 2A for abbreviations)

Fig. 6. A. Map of Pusztaszőlős structure and 
location of the presented seismic section.  
B. Pusztaszőlős was filled by a high-frequency 
sequence, which is bounded on the top by an 
erosional surface detected on both well logs 
and the seismic section. The reservoir facies 
(in bold italics): I-turbidites, II-delta front, III-
coastal plain, IV-fluvial channel / bars

A

A

B

B

erosional event was identified between 
cycle 2 and 3, which indicates a relative 
lake level fall episode. This erosion was 
apparent on anomalous thickness trends 
shown by maps of the delta front cycles 
and confirmed by truncated seismic 
patterns (see Figure 6)

› Coastal plain-lower fluvial sediments and

› Fluvial channels, point bars.

The basin fill sediments arrived from a NW-
SE transport system indicated by the dip of 
the paleo-slope surfaces (see Figures 6, 7). 
Eventually, the lake had been filled (~4.5-3 
Ma) and alluvial sediments accumulated in 
the accommodation space created by the 
continuing subsidence. The uppermost mapped 
horizon (see top layer in Figure 7) is a fluvial 
unit that shows geometries of a meandering 
river (Figure 8). The reservoir sediments are 
the buried fluvial channel and point bar sands.
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SUMMARY
Reservoir geology at MOL Group is using 
sequence stratigraphy as a modern approach 
and set of interpretation tools to aid reservoir 
modelling and exploration. Two recent 
examples are presented here, Létavértes-
Álmosd N from the Derecske Trough area 
and Pusztaszőlős from the Battonya High.  
A combination of interpretations and modelling 
in the context of sequence stratigraphic 

concepts helped us to better understand 
the stratigraphic processes and the origin of 
reservoir sediments.
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Fig. 7. Maps of the main sedimentary systems 
in Pusztaszőlős. The uppermost fluvial unit is 
presented in Fig. 8

Fig. 8. Thickness map of the productive fluvial unit (uppermost 
horizon in Fig. 7). The reservoir sands are interpreted as a 
meandering river channel and associated point bars
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ABSTRACT
Borehole images are electrical pictures of the 
wellbore. They are made by electrical, acoustic, 
or video devices which have been lowered 
into the well and give high vertical and lateral 
resolution pictures from the borehole wall. 
This article presents an overview of borehole 
images, from their measurement methods, 
their processing and the visible features that 
we can interpret on the images.

INTRODUCTION
The three most common types of borehole 
images are electrical, acoustic, and downhole 
video. The advantage of these tools is that they 
give high resolution pictures of the geologic 
features from the subsurface. Borehole images 
are best used in combination with other logs 
and petrophysical information thus allowing 
more definitive interpretations to be made. 

The base properties of the reservoir rocks are 
determined by their texture and structure. High 
resolution images of the borehole can be used 

to identify a variety of geological attributes of 
the penetrated formations, such as structural 
dip, faults and fractures. These images can 
also provide insight into the condition of the 
borehole, e.g. stress and rock mechanics 
around the well and assist in porosity 
determination. Borehole imaging techniques 
have a role at every phase of hydrocarbon 
exploration and production. They reduce the 
exploration risk, estimate the structural and 
stratigraphic complexity of the reservoir, and 
help to maximise production (Pöppelreiter, M 
& García-Carballido, C & Kraaijveld, M 2010).

MOL Group has been using these high resolution 
tools since 1990 at domestic and international 
exploratory and field development projects.

BOREHOLE IMAGING TOOLS
Borehole images acquired through wireline and 
Logging While Drilling (LWD) to provide high 
resolution data to characterise the structural 
and sedimentological features of subsurface 
lithology (Al-Khabbaz, M et al. 2012) which are 
based on physical property contrast.

There are currently a wide variety of imaging 
tools available, though these predominately 
fall into two categories: resistivity and acoustic 
imaging tools (Figure 1). The most frequently 
used tools are summarised in Table 1.

The history of borehole imaging began in the 
1960’s with the use of optical and television 
cameras. The most important year is 1968, 
when Mobil developed the first high frequency 
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acoustic imaging tool named Borehole 
Televiewer. In the 1980’s data became more 
utilisable and this resulted in improvements 
ranging from analogue to digital conversion and 
reprocessing capability to digital tools.

The first microresistivity imaging device, the 
Formation MicroScanner (FMS) was developed by 
Schlumberger in 1986. The first FMS tool included 
two imaging pads and two dipmeter pads with 

20% coverage of 7 7/8-inch borehole. Nowadays 
the Fullbore Formation MicroImager (FMI) has 
four imaging pads and four imaging flaps and 
achieved 80% coverage in an 8-inch borehole.

“Generally, the tools comprise three main 
components as follows:

› Measurement system. Sensors that measure 
the physical properties of the formation

TOOL NAME
AND

SHORT NAME

PROVIDER SENSOR MUD
SYSTEM

ACQUISITION
RESOLUTION

LOGGING 
SPEED,
FT/H

PRESSURE 
(MPA) AND

MUD 
WEIGHT

TEMPERATURE,
(°C)

HOLE 
SIZE,
(IN)

LENGTH,
WEIGHT, 

DIAMETER

Fullbore 
Formation

MicroImager 
(FMI)

Schlumberger Resistivity WBM

High,
1-cm bedding 

features,
sub-mm 
fractures

1500-
1800 138 177 6.25-21

8.02 m
211 kg

127 mm

Ultrasonic
Borehole

Imager (UBI)
Schlumberger Acoustic WBM

OBM

High,
3-cm bedding 

features,
sub-mm 
fractures

400-800 138
16 lb/gal 177 5.5-12.5

6.3 m
160 kg

102 mm

Oil-Base
MicroImager

(OBMI)
Schlumberger Resistivity OBM Medium 3600 138 160 6.25-17

5.1 m
140 kg

146 mm

Electrical
Micro Imaging

(EMI)
Halliburton Resistivity WBM

High,
1-cm bedding 

features,
sub-mm 
fractures

1800 138 177 6.25-21
7.3 m
225 kg

127 mm

X-tended 
Range

Micro Imager
(XRMI)

Halliburton Resistivity WBM

High,
1-cm bedding

features,
sub-mm 
fractures

1800 138 177 6-21
7.3 m,
225 kg

127 mm

Oil Mud
Reservoir

Imager (OMRI)
Halliburton Resistivity OBM Medium 1800 138 177 6.5-16

8.39 m
344.73 kg
139.7 mm

Circumferential
Acoustic 
Scanning

Tool

Halliburton Resistivity OBM
WBM

High,
3-cm bedding
features, sub-
mm fractures

1200 138 177 5-12.5
5.46 m
143 kg
92 mm

Circumferential
Borehole 
Imaging

Log  (CBIL)

Baker Hughes Acoustic OBM
+ WBM

High,
3-cm bedding 
features, sub-
mm fractures

2400 138 / 172 
17 lb/gal 204 5.5-18

4.55 m
122.5 kg
92.1 mm

EARTH Imager 
(EI) Baker Hughes Acoustic OBM Medium 600 138 177 6-21

9.7 m
310 kg

133 mm

Table 1. Borehole imaging tools (from Lagraba, JOP et al. 2010) (OBM – oil based mud, WBM – water based mud)
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› Orientation system. Instrument that 
records the orientation of the tool in three-
dimensional space, and the orientation of 
the sensors as well as tool motion

› Telemetry system. System that transmits 
the data to the surface or records the data 
downhole” (Lagraba, JOP et al. 2010).

OPTICAL VIDEO DEVICES
The downhole video tool is run into the hole with 
a centraliser. A light source can be placed above 
or below the camera. Mirrors are generally used, 
so we can get the fish eye view of the well. The 
video is seen in real time and recorded on the 
surface (Figure 1). Borehole coverage is 100%; 
depth of investigation is zero because this 
logging tool images only the exposed borehole 
face (Hurley, N 2004).

However, limitations on the strength of the light 
source, temperature and data transmission 
capabilities prevented the optical video devices 
from widespread acceptance.

We set aside further description of these tools 
because their application is very limited in the 
oil industry.

ELECTRICAL IMAGING METHODS
Electrical image tools make resistivity 
measurements of the borehole wall 
using small pad-based button electrodes 
(Figure 1). They measure the formation 
micro-conductivity directly through 
resistivity buttons mounted on pads that are 
pressed against the borehole wall (Ekstrom, 
MP et al. 1987). The individual current 
measurement recorded from each button is 
a function of the formation conductivity and 
the voltage applied. This data is processed 
to a resistivity map of the borehole wall. The 
pad-based design of electrical tools results 
in strips of data separated by gaps. The size 
of the gaps being related to borehole size 
(e.g. Figure 5). 

The conventional electrical imaging tools require 
a conductive mud system (higher than 50 
ohm-m mud resistivity are unsuitable for most 
tools); however, newer electrical imaging tools 
specifically designed for operating in oil based 
mud systems are now also available (e.g. OBMI, 
see Table 1). Microresistivity tools are highly 
sensitive to borehole shape, borehole rugosity 
and mud cake thickness (Lagraba, JOP et al. 
2010). They can only acquired in openhole.

Fig. 1. Schematic diagram of electrical (A), acoustic (B) and optical (C) imaging tools (Gaillot, P et al. 2007).
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ACOUSTIC IMAGING METHODS
Acoustic image tools have a rotating transducer 
that operates in a pulse-echo mode, meaning that 
it sends then detects the reflected acoustic pulse 
from the borehole wall every time it is fired (Figure 
1). The tool records the return signal amplitude 
and the travel-time (from the transducer to 
the borehole wall and back). Amplitude is the 
reflected signal amplitude and is a function of 
drilling mud, hole size, wall microrugosity and 
wellbore acoustic impedance contrasts. Travel-
time is a function of drilling mud properties 
and hole size. The data is processed to provide 
a circumferential image of the borehole wall. 
Arm and pad-based electrical tools offer smaller 
coverage in larger boreholes, while acoustic data 
can provide 100% coverage (see on Figure 9).

The tool response increases with increasing 
acoustic impedance in the formation and 
decreases with surface rugosity. The quality of an 
acoustic image strongly depends on the signal’s 
angle of incidence on the surface of the borehole 
wall. Borehole coverage drastically reduces if the 
tool is not well centralised or when the borehole 
shape is elliptical (Schlumberger 1992).

TOOL SELECTION
“Four factors strongly influence the selections of 
a ... borehole image tool for a particular project: 
the geological or petrophysical objective, the 
mud type, the borehole size and condition, and 
the borehole deviation. If the hole is drilled with 
water-base mud and the geological features of the 
highest resolution are required, then resistivity 
imaging tools are most suitable as the wide 
dynamic range of the measurement (0.2-2000 

Ohm-m) can capture many subtle textural changes 
that cannot be captured by other imaging tools. If 
borehole shape analysis is the primary objective, 
then using of acoustic imager is the most valuable, 
because they could be run in any borehole fluid 
type, however they all exhibit signal response 
limitations due to mud density. Mud weight affects 
the acoustic energy, that propagates from and 
to the transducer. Particles in the mud disperse 
acoustic waves (e.g. CBIL is limited to mud weights 
of 17 lb/gal)” (Lagraba, JOP et al. 2010).

When we are using both imagers, then the 
combined acoustic-resistivity interpretation 
have the following advantages: full coverage and 
high dynamic range, better coverage in stick and 
pull, two different properties measured, better 
fracture geometry determination and different 
depth of investigation in dipping fractures.

Geoinform Ltd., MOL’s service company for 
wireline logging, is using CBIL and XRMI type 
imagers at Hungarian and Kurdistan projects 
(see Table 1 & Figure 2).

IMAGE PROCESSING AND 
INTERPRETATION
The quality control of image logs is used to 
confirm that the logging tool and its orientation 
devices are functioning correctly. Image 
processing is very important to eliminate or 
reduce acquisition errors and to enhance image 
quality for the interpretation phase (Figure 3).

Fig. 2. Geoinform’s borehole imaging tools: Baker Hughes 
CBIL (Circumferential Borehole Imaging Log) – left and 
Halliburton XRMI (X-tended Range Micro Imager) – right 
(Baker Hughes 2013 & Halliburton 2013)

Fig. 3. Effect of speed correction on CBIL amplitude 
images. The lower amplitude image was speed corrected 
and oriented to magnetic north (BHTA – raw amplitude 
image, BHTAC – corrected amplitude image). Example 
from the North Hungarian Paleogene Basin
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The following types of images are generated 
during image processing, all of them are critical 
for the correct classification and interpretation 
of geological features.

Two types of electrical images:

› Static normalised images: where the 
instrument resistivity response is normalised 
over the entire logged depth interval. These 
images are most suitable for identifying large-
scale variations in lithology and reservoir 
properties

› Dynamic normalised images: where the 
resistivity response is normalised using a 
down-hole sliding window (commonly 0.6 
m). These images enhance the expression 
of small scale features, such as bedding and 
fractures.

Two types of acoustic images:

› Amplitude images: these images show 
contrast in acoustic impedance of the 
borehole wall. Variations in lithology, 
bedding, lamination, fractures and vugs can 
be seen

› Travel-time images: these images display 
the borehole shape and size. The shading is 
indicative of the distance of the transducer 
to the wellbore wall and is especially useful 
for the distinction between closed and open 
fractures.

We interpret borehole images by interactive 
correlation method or automatic interactive dip 
computation. The log interpreter uses specialised 
software for viewing the electrical and / or acoustic 
images, while fitting sine waves on the observed 
bed boundaries, fractures, and other geologic 
features (see Figure 4). In automated dip picking 
programmes the interpreter can edit dips that 
have already been picked by various computer 
algorithms (Hansen, B & Buczak, J 2010).

Dip picking includes the identification, 
classification, and interpretation of any 
structural or sedimentary features. A borehole 

image covers the surface of the borehole, by 
displaying borehole image data in an unrolled 
cylinder, which is the conventional method. 
The image is oriented to geographical north 
or to the high side in horizontal wells. Planar 
features crossing the borehole show sine 
waves on such a display (Figure 4.A). The 
picking of surfaces is performed by accurately 
fitting sine waves on the recognised feature. 
The results are commonly displayed as sine 
waves directly on the image and as tadpoles 
representing the dip and azimuth of the 
feature in another track (Figure 4.B). 

The interpretation of borehole images is best 
carried out by using a 3-4 m window length. 
We use both the static and the dynamic, or 
in acoustic logs, the amplitude and the travel 
time images. If we have both acoustic and 
electrical images, a combined interpretation 
is the most useful option (e.g. actually open 
fractures can be determined only from the 
travel time images). Interpreting images on 
a different scale (20 m or wider) is also very 
helpful when the bedding planes cannot be 

Fig. 4A. Diagram of the borehole intersected by a planar 
feature; from Serra, O 1989. Fig. 4.B. indicates sine waves 
and tadpoles on borehole images. We can do stratigraphic 
and structural interpretations from different plots, 
including dip arrow plot, rose & strike plot, dip-azimuth 
plot and dip magnitude histogram (Fig. 4.C.)
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defined easily, bedding and fractures are 
sometimes easily confused with each other. 
First of all, we interpret and determine the 
bedding planes then we identify fractures 
and faults and finally determine the stress 
related features, if any are present. After 
interpretation we make statistical plots 
and histograms on bedding dip direction, 
fractures strike, fracture density, dip-azimuth 
vector plots, etc. (Figure 4.C). In that way we 
can do structural evaluation, characterise 
the formation dip, identify fractured zones 
and determine paleo-transport directions 
after structural dip removal (Figure 4.C) and 
integrate this to the reservoir model.

VISIBLE FEATURES ON BOREHOLE 
IMAGES
Tectonic, sedimentary and diagenetic features 
are usually recognised and interpreted on 
borehole images.

Tectonic element group includes the structural 
dip, natural and drilling induced fractures, 
breakouts, folds, and faults.

Sedimentary objects include bedding surfaces, 
laminations, cross-bedding, erosional surfaces, 
deformation features, lithology changes, 
grading, cobbles, pebbles, ripples, detrital 
shales, grain size, texture, etc.
 
The diagenetic elements are the stylotites, 
nodular concretions, cherts, vugs, etc.

The identification of different elements 
depends on the object type, the image type 
and image quality, a lot of them are self-
evident, others are ambiguous, some of them 
require other information (e.g. core) or difficult 
processing work.

“In general, electrical images appear to 
be sensitive to variations in mineralogy, 
porosity and fluid content that highlight both 
natural fractures and rock fabrics. Acoustic 
image logs reveal a similar natural fracture 
population, but generally indicate slightly 
fewer fractures and do not reveal rock fabric 
due to their lower resolution. However, due 
to their full coverage, acoustic images can 
reveal drilling induced borehole wall tensile 
fractures, breakouts and petal-centerline 
fractures” (Gaillot, P et al. 2007).

Drilling-induced fractures, breakouts and 
petal-centerline fractures that are thought 
to be formed just ahead of the drill bit 
then provide additional constraints on the 
orientation of the minimum horizontal 
regional stress (Zoback, MD et al. 1985).

Fig. 6. On the left side: a well-bedded limestone from an 
exploration well, Kurdistan. Bedding planes (black) dip to 
SW with a 15° average magnitude. On the right picture: 
vuggy porosity is clearly visible in the same well

Fig. 5. An FMI image example from a fractured 
metamorphic reservoir rock in Eastern Hungary. Bedding 
(green) and fracture planes (blue) are clearly visible. The 
3D core-like image on the right clearly shows the parallel 
fracture planes crosscutting the bedding
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BEDDING
“A bed is a layer of sedimentary rocks ... bounded 
above and below by bedding surfaces. Bedding 
surfaces are depositional surfaces that reveal the 
principal rock layering or bedding”. Beds have a 
variety of shapes (tabular, lenticular, irregular, 
etc.), their thickness ranges from a few millimetres 
to tens of metres in thickness (Campbell, CV 1967). 
Bedding planes are lines marking relatively high 
resistivity (amplitude) contrasts that cross the 
whole image (Serra, O 1989). Their length defines 
the thickness and geometry, the contrast in 
resistivity (amplitude) as evidenced by the colour 
changes on the images which classifies these 
features into bed boundaries or laminations, and 
allows bedding types to be recognised.

Figure 4.C presents an example from an exploration 
well in Kurdistan (Iraq). Our interpretation from the 
image data determined a reverse fault between 
1250 and 1350 m, bedding planes (black) dip to the 
South-Southwest, most of the open fractures (blue) 
and faults (green) strike in East-West. This image 
interpretation helped to determine the subsurface 
geological structure of the carbonate rocks.

From dip analysis we determine the structural 
dip, which is the most important result in 
borehole image interpretation (see Figures 5 
and 6). Another features, like vuggy porosity and 
dissolution features can be visible in carbonate 
rocks (Figure 6). In siliciclastic environments, 
sedimentary structures, such as fluid-escape 
features (Figure 7), ripples, cross beds, 
conglomerates can be interpreted in borehole 
images, we can make paleocurrent, facies, and 
depositional environment interpretations. 

Thinly bedded sands and shales with bedding 
thicknesses below the resolution limits of most 
logging tools have been successfully quantified 
using borehole images.

FRACTURES
“A reservoir fracture is a naturally occurring 
macroscopic planar discontinuity in rock 
due to deformation or physical diagenesis. 
If related to brittle failure, it was probably 
initially open, but may have been subsequently 
altered or mineralized” (Nelson, RA 2001). 
“Fractures play a multiple role in reservoir 
alteration. They can change the porosity or 
the permeability, or both. If the fractures 
are filled with secondary minerals, they may 
inhibit fluid flow. However, even in rocks of 
low matrix porosity, fractures may increase 
the pore volume so that” hydrocarbons 
can be recovered profitably (Stearns, DW 
& Friedman, M 1972). The acoustic and 
electrical image logs are very important 
for fracture analysis as they provide vital 

Fig. 7. Log example from SE Hungary. We can see 
convoluted and overturned beds (black arrows) from 1928 
to 1930 m. The convolute beds – sandwiched between 
tight thin laminated structural shaly beds – could have 
maintained high water content and yet not lithified at the 
moment when a mass movement event happened. They 
are very common in turbiditic environments

Fig. 8. Schematic figure of natural fracture types (Aguilera, 
R 1995)
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information on strike, dip and density of the 
fracture systems. There are three main types: 
open, closed and partially open fractures 
(see Figure 8).

OPEN FRACTURES
They are uncemented and do not contain any 
kind of secondary mineralisation. These fractures 
are conductive (dark) features crosscutting other 
features (Figure 9). Their permeability increases 
significantly parallel to the fracture. They are 
filled with material such as drilling mud, shale or 
pyrite (Aguilera, R 1995).

CLOSED FRACTURES
Cemented or healed fractures are more resistive 
than the surrounding medium. In acoustic 
borehole images they are invisible. They indicate 
that the formation had open fractures, that later 
cemented by circulation of fluids rich in salts. 
These types of fractures might be permeability 
barriers. Usually the filling materials include quartz 
and calcite (Serra, O 1989; Aguilera, R 1995).

FAULT
Faults are similar features to fractures, but the 
images on the two sides of the fault plane have 
a different texture or display a loss of continuity 
(Figure 10). Abrupt bedding dip changes 
between two dip sets correspond to fault with 
displacement (Serra, O 1989). 

“Natural rock fractures that initially formed as 
joints and were then reactivated as sliding-mode 
fractures are also termed faults. Faults range 
from highly permeable to highly impermeable 
depending on the type of fill” (Lacazette, A 2001). 

IN SITU STRESS INTERPRETATION
There are two main stress indication features 
in borehole images: drilling induced fractures 
and borehole breakouts. They are important 
indicators of horizontal stress orientation. 
Borehole breakouts commonly indicate the 
orientation of the minimum present-day in situ 
stress (Sh). Drilling induced tensile fractures are 
perpendicular to borehole breakouts, they show 
the orientation of the maximum present-day in 
situ stress (SH) (see Figure 11).

BOREHOLE BREAKOUTS
Borehole breakouts are stress-induced 
enlargements of the wellbore cross-section, 
they are dark patches approximately 180° (Bell, 
JS & Gough, DI 1979). When a wellbore is drilled, 
the material removed from the subsurface is 
no longer supporting the surrounding rock; as 

Fig. 9. Bedding planes with crosscutting fractures on 
XRMI & CBIL images acquired by Geoinform Ltd. in a 
carbonate reservoir, Kurdistan. The fractures appear as 
dark sinusoids also on the travel-time image (on far right), 
so they are open to fluid flow

Fig. 10. A small fault (green) present at 1207.5 m, dipping 
45° to North, striking in E-W. The fault is filled with resistive 
material, so it is closed for fluid flow. The fault movement 
distance is ~20 cm, black dots are pyrite grains. This 
example is also taken from Kurdistan
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a result, the stresses become concentrated in 
the wellbore wall. Borehole breakout occurs 
when the stresses around the borehole cause 
compressive failure of the borehole wall. The 
enlargement of the wellbore is caused by rock 
pieces fall from the borehole wall (Zoback, MD 
et al. 1985). Borehole breakouts are oriented 
approximately perpendicular to the maximum 
horizontal stress (SH) orientation (Figure 11).

DRILLING-INDUCED TENSILE FRACTURES
Drilling-induced tensile fractures (DITFs) 
are created when the stresses concentrated 
around the borehole exceed the limit to cause 
tensile failure of the wellbore wall (Zoback, 
MD et al. 1985). They are usually recognised 
on image logs as two vertical, or near vertical, 
irregular and discontinuous fractures set 180° 
apart (Figure 11). DITFs develop approximately 
parallel to the SH orientation.

ROCK TEXTURAL PROPERTIES
Borehole images help to determine, characterise 
and extend rock textural properties, grain size, 
petrophysical properties, which are important 
when building a reservoir model. Figure 12 
shows the texture changing in volcanic tuff.

CASED HOLE APPLICATIONS
The acoustic image is important at well diagnostics, 
too. The high resolution image and the precise 
borehole geometry show the casing corrosion, 
the exact place and size of perforations. 

Figure 13 shows the efficiency of CBIL tool in 
cased hole. This experimental result was made 
at a Geoinform test well to check the images of 
different geometrical forms and perforations.

SUMMARY
Borehole imaging applications are valuable 
sources of information for structural analysis, 
bed boundary and sedimentary body 
characterisation; evaluating rock textures, 
fracture networks and in-situ stress orientation.

For thinly laminated, turbidite sands and other 
sequences, they are often the only practical tools 
for determining net sand and pay thicknesses in 
the absence of conventional cores.

Fig. 11. Borehole breakouts (red) and drilling induced 
fractures (purple) in CBIL images. In this case, the 
maximum horizontal stress direction is approximately N-S

Fig. 12. Comparison of lithology and rock texture using 
core sample (top) and XRMI image (bottom) (Miocene 
volcanic tuff, North Hungarian Paleogene Basin)

Fig. 13. Experimental CBIL images in Geoinform’s test well
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They are used as an aid in conventional core 
description and orientation, as well as in the 
selection of intervals for formation testing, 
sampling and perforating. They are also very 
useful in optimisation of drilling techniques 
and inspecting cased holes.

Keywords: borehole image, FMI, XRMI, CBIL, structural 
interpretation, fractures
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Exploration well in Kurdistan region of Iraq
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