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INTROdUCTION 

DEAR READERS
This has been the seventh year for MOL Group 
Scientific Magazine to be published in a new form, 
both in content and in design. In the last period the 
Magazine went through a continuous development. 
After a transition period English language is 
utilised thoroughly, expressing our company’s 
international quality and making the reading of the 
articles possible to all of the interested employees 
of MOL Group. According to the intentions of the 
editors, the content of the articles became more 
diversified, covering all of our company’s business 
and functional activity, along with the activities of 
the different subsidiaries. It is good to see that the 
number of authors is increased and we are able to 
read more articles from the professionals of the 
younger generation as well. Besides the electronic 
form, which is good for a wide reach of people 
within MOL Group and outside as well, we have 
reserved the printed edition of the Magazine in a 
limited number.

MOL Group Scientific Magazine is a publication 
we can be proud of. It is rich in content, has 
high professional standard and attractive 
design. For the profitability of the work and 
knowledge in each article it is important to get 
the published articles in the Magazine to be 
widely read by MOL Group colleagues, above 
all to all those professionals and organisational 
units who are affected by the content of the 
articles. I strongly believe that this publication 
is an important channel of sharing knowledge 
within MOL Group. As such it is a source of 
important new values.

In the following period of MOL Scientific 
Magazine I expect proactivity, deep and high 
standard research and analysing work of my 
colleagues. I also count on the professional 
support of my leader partners and on the 
motivation and recognition of the professional 
writing of my colleagues. I count on the interest 
and feedback of our readers, encouraging 
thinking together in the mutually important 
topics.

József Molnár
Chairman of the Editorial Board
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MESSAGES FROM  
ThE ‘OLyMPICS OF  
ThE OIL INdUSTRy’1 
ON THE WORLD PETROLEUM COUNCIL
WPC (World Petroleum Council) is a decisive 
forum of global oil and gas industry. This 
international organisation with seat in London, 
at this time counts with 69 member countries, 
representing 95% of global oil and gas production 
and consumption. WPC membership is unique 
in its kind, OPEC and non-OPEC countries are 
its members representing both national and 
independent oil corporations.

World Petroleum Council was formed in 1933 
with the main purpose to facilitate sustainable 
supply of oil, gas and other energy sources and 
their efficient use to the benefit of the public.

WPC membership can be requested through 
forming a national committee representing 
the decisive majority of oil and gas industry of 
the given country by its members. Beside oil 
companies, universities, research institutions 
and government agencies are also involved in 
the national committees.

World Petroleum Council is a strongly 
professional organisation serving its founders’ 
goals through forwarding dialogues between 
parties. The first public appearance of OPEC 
and IEA (International Energy Agency) and the 
presentation of their positions at the World 
Petroleum Congress held in Calgary, in 2000, 
serve as an example for the above.

A WPC congress is organised in every three 
years, hosted always by one of the member 

countries. This is a basic forum where 
participants discuss questions concerning 
global oil and gas industry. 

In 2014 World Petroleum Council held its 21st 

congress in Moscow, between 15th and 19th 

of June, where more than 5 000 participants 
including 30 ministers and 400 CEOs and 
organisation heads from 119 countries dealt 
with the responsible energy supply for the 
growing world economy. In order to meet 
future demands in a sustainable and socially 
responsible way, huge investments, high 
tech production methods, skilled labour 
and business practices able to meet the 
highest ethical standards are needed. To this 
coordinated cooperation of the producers, 
consumers and governments is essential in 
the energy market. The Moscow meeting 
was designed to promote this. In 2017, 
WPC22 will be held in Istanbul, Turkey.

There are more reasons why WPC21 
conference was a success for MOL Group. 
First, the world organisation elected József 
Tóth, Dr., former officer of the company as 
president of the Executive Committee for the 
next three years (an interview with professor 
Tóth will be presented). Secondly, for his 
nine-year participation in the Programme 
Committee, professor István Bérczi received 
WPC’s ‘Outstanding Achievement’ award 
(see laudation on page 148). Additionally, 
two MOL Group officials became elected 
committee members for the period of 

1 These articles are based on a related report published in the September, 2014 issue of Hungarian ’MOL Panoráma’, by permission 
of the ’MOL Panoráma’ Publisher. The Editorial Board wants to thank the Publisher for the permission. The Board also like to thank 
Messrs. József Molnár, Sándor Fasimon, Szabolcs Ferencz I, Béla Kelemen, Dr., Ms. Adriana Petrović, PhD, Ms. Judit Tóth, PhD, and 
Mr. Marcell Lux for their contributions to these articles.
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2014−2017: Mr. György Palásthy in Congress 
Programme Committee and Mr. Csaba Zsótér 
in Youth Committee. 

MAIN TRENDS IN THE OIL INDUSTRY

A GLOBAL OVERVIEW
Long-term sustainability of world's 
oil and gas economy (“Responsibly 
energising a growing world”, “An enhanced 
understanding and image of the oil and 
gas sector’s contribution to sustainable 
development”) was the central topic of the 
21st World Petroleum Congress (WPC). The 
presentations and subsequent discussions 
primarily were about the ways the industry 
can respond to the challenges ahead.

World energy demand is increasing primarily 
in non-OECD regions – in the developing 
countries – thanks to which in 25 years 
the global consumption will grow by 30% 
compared to the 2010 level. The volume of 
growth will be higher than the current total 
energy consumption of Russia, India, Africa, 
Latin America, and the Middle East. Fossil 
fuels will still be dominant – about 75% – in 
meeting the needs. The ‘new energy’ – the 
majority of which will be wind and solar 
energy – will increase its share of 1% in 2010 
to 6% by 2035.

Leading representatives of the oil and gas 
industry were generally optimistic about the 
future. The world's hydrocarbon reserves 
are abundant, but an innovative approach 
and a paradigm shift are required to their 
exploitation. We have to abandon the long-
prevailing view that sites to be discovered 
in the future are delivering smaller amounts 
of stocks, and that exploitation is becoming 
less profitable. In addition, existing oil and 
gas fields also have significant quantities 
recoverable with new technologies. The 
presenters stressed that in order to meet the 
world's growing energy needs, oil and gas 
research activity should concentrate on new 
areas such as the Arctic and deep sea areas, 
as well as other unconventional sites. Latter 
type activities are currently in course first 

of all in the USA and Canada, where further 
significant development is to come in this 
area. The abundant and relatively cheap 
unconventional natural gas and oil is an 
important driver of economic growth in these 
two countries and is also an important factor 
for the competitiveness of industry.

Professionals expect that close to a major 
portion of the world's conventional 
hydrocarbon reserves also unconventional 
deposits are present. These could be utilised 
if the following conditions are met: 1) the 
presence of drilling and fracturing capabilities 
needed to carry out the exploration, 2) 
logistics infrastructure necessary to collect 
and transport the produced oil and gas 
volumes, 3) society’s concerns regarding 
these activities are overcome.

According to industry estimates, about 20% 
of yet undiscovered hydrocarbon reserves of 
world are expected to come from the deep-
sea deposits. The amount of produced oil 
and gas from these sources, increasing to a 
level two and a half times higher than that of 
2010, will yield over 12% of the total output, 
by 2040.

The expected strong growth of the 
unconventional and deepwater oil and gas 
exploration and production will change the 
present main export and import routes in 
the world. These sources will also represent 
significant export opportunities for the USA, 
Canada, Brazil, Mexico as well as for some 
other countries, thereby restricting OPEC’s 
and Russia's long-standing dominant role in 
the world's oil supply. Primarily due to the 
rich gas reserves the USA, by 2018 surpassing 
Russia, will be the world's number one 
producer of natural gas, and will become a 
net exporter before 2020. As a result, the 
world's geopolitical exposure in oil and gas 
transport will get reduced, and the market 
as a whole will become more stable.

With the growth of proportion of LNG 
(liquefied natural gas) supplies, the world 
natural gas market will be increasingly 
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global. An important condition for this is 
‘cost controlling’. The natural gas imports 
in Europe will continue to increase and the 
Russian supplies for the region will remain 
crucial.

REFINING AND PETROCHEMICALS
An important statement made by several 
presentations dealing with this topic was that 
refining, until now a regionally and locally 
oriented activity, providing goods mainly for 
neighbouring markets, becomes more and 
more global through the appearance of large 
international refining hubs. This process takes 
place with geographical redistribution in the 
focal points of consumption growth. The demand 
for petroleum products is growing primarily 
in China, India and the Middle East, and in the 
same areas the largest refinery investments have 
been implemented or are in progress. In the 
Middle East region the internal consumption of 
refined products is greatly growing on the basis 
of the rapidly increasing population and GDP, as 
well as of the heavily subsidised domestic fuel 
prices. Thus, the surplus quantities remaining 
for export are relatively limited and go mainly to 
the European markets.

The US refining and petrochemical industry 
has a significant competitive advantage, based 
partly on the relatively cheap unconventional 
oil feedstock, partly on the abundance of cheap 
shale oil used in oil processing.

Thanks to this, US has turned the largest exporter 
of petroleum products of the world from the 
largest importer of the same. Refinery is facing 
many problems in Europe: 1) the long-standing 
structural imbalance: gasoline production highly 
surpasses needs and gasoil output is significantly 
under consumption level 2) total capacity is 
in excess of the current / expected demand 
3) low profitability due to depressed refining 
margins and to high costs 4) the refineries are 
less and less able to compete with the new, cost-
effective producers in the Middle East, Russia, 
and more recently, with the US-based refineries. 
Since 2008, 15 European refineries have been 
closed, which is equivalent to 8% of the region's 
total crude oil processing capacity. Also the 

capacity utilisation of the (currently) working 
refineries has been significantly reduced. In 
several European refineries Russian, Chinese 
and Indian companies have acquired ownership 
share, while the multinational oil companies are 
primarily focusing on upstream investments.

However, in the preservation of Europe's supply 
security the region's refineries play a key role, 
and so their survival and effective operation is 
very important.

INTERVIEW WITH JÓZSEF TÓTH,  
DR., ELECTED PRESIDENT OF WPC
Between 2000 and 2005, Mr. J. Tóth was vice 
president of WPC, in 2008 he became its first 
vice president. We talked to him about the 
most urging tasks the world organisation and 
the energy industry have to solve.

József Tóth, Dr. has diploma in chemical 
engineering and economics degree. Until 
2013 he was chairman of Olajterv Group. He 
is founder and actual president of Hungarian 
Petroleum Association and has contributed in 
founding of Hungarian Hydrocarbon Stockpiling 
Association. Between 1999 and 2002 he 
was executing director of MOL Downstream 
Division and until 2010 he had been advisor 
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to the Chairman of MOL Group. He is member 
of the Industrial Counselling Corps of IEA 
(International Energy Agency). He is honorary 
professor at the Veszprém Pannonia University. 
Since 2000 has been honorary consul general 
of the Republic of Singapore to Hungary.

How do you see the next 3 years? What are 
the most important developments in the oil 
industry WPC should deal with during your 
presidency?

WPC is a global forum, which provides room for 
experts of the oil and gas industry to explain 
their often confronting positions. This is a value 
in our organisation. To express opinion is not 
a privilege of our officers but also experts of 
the involved countries can take their position. 
Our organisation is not intended to generate 
profits but – as it has been laid down in our 
1933 Statute – it conducts goodwill activity 
by providing forum to discuss professional 
questions. Therefore, WPC is above politics 
and particular interests.

WPC places great emphasis on widely 
proliferating general and best practices of 
the industry. Such are, for example, the 
environment protection and the practices 
in sustainability and social responsibility. 
Unfortunately, the public does not know 
sufficiently the efforts made by the oil industry 
in the above mentioned areas, so this deficiency 
should be remedied through continuous work.

In 2016 the 5th Youth Forum will take place in Rio 
de Janeiro. The WPC Expert Workshops started 
in the previous cycle will go on. In 2016 we shall 
vote for the place of the World Congress of 
2020, too. For the right to host the ‘Olympics’ of 
oil industry numerous countries will compete.

Which are the delicate topics, where the 
positions of member countries diverge the 
most?

I would classify here the exploration for 
petroleum and natural gas in Arctic areas. 
Regarding this question there are serious 
differences of geopolitical and environmental 

character. Opinions diverge on future role of oil 
industry, too. Years ago the main topic was the 
question of ‘peak oil’. However, as a consequence 
of the new exploitation technologies the oil 
production grows again steeply in the US, and 
applying top technologies allows increasing 
volume of reserve replacement, too, therefore 
‘peak oil’ theory seems to be outdated. I am 
convinced that oil keeps its decisive role in 
the coming decades. However, regardless of 
this WPC should deal also with the issue of 
complementary, alternative energy sources. 
Decision on the energy mix components in 
individual countries already is, of course, of 
political character.

What is the dividend for Hungary in having 
elected Hungarian president for WPC?

Until now there have been elected WPC 
presidents only from countries with oil 
production over 100 million tonnes per year. I 
am the first, whose country does not produce 
in such quantities. It means though we are not 
a classical oil producer country, but we have 
experts respected abroad. I encourage young 
people, too, to trust in the future of this area, it 
is worth to invest learning in the industrial sector 
and to join it.

It is also a dividend that the president of WPC 
is often received by energy ministers. For an 
industry where cooperation plays a decisive 
role, namely for the Hungarian oil industry this 
is a networking capital worth being developed.

What will be the central idea for the 2017 
Istanbul congress?

This 2014 autumn the 17 members of the 
Programme Committee will decide about this 
question. The Turkish National Committee that 
after three tries gained the right to host the 
next World Congress, had in all its applications 
underlined the role of Turkey as a transit route, 
therefore I think this topic will get special 
importance for the Congress.

Thank you for the interview, we wish much 
success to your work as president of WPC!
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INTRODUCTION
MOL Group played an active role in the 
Moscow conference. On the first conference 
day (plenary session) the Group’s CEO, Mr. 
József Molnár gave a keynote lecture on the 
‘Sustainable financing of the branch’. Special 
session ‘Regulatory Agencies – Best practices 
and case studies around the world’ was chaired 
by József Tóth, Dr., former MOL Group official. 
Several other forums / sessions were chaired 
or vice-chaired by MOL Group officials, namely 
’Oil and products pipeline transportation and 
storage’ forum by Béla Kelemen, Dr. (chair), 
’Ensuring prudent operation in refineries’ best 
practice keynote session by Artur Thernesz 
(chair), ’Operational issues surrounding HSE 
and management of disasters’ forum by Adriana 
Petrović, INA (vice-chair and moderator), 
forum ’Regulatory issues: Governance, risks 
and complience’ by Szabolcs Ferencz I (vice-
chair). In the last forum a poster on ’REACH 
compliance in MOL Plc.’ was presented by 
Judit Tóth, PhD and Krisztina Nagy. A paper 
of Marcell Lux, Ahmed Amran, Dr. and 
Marianna Vincze titled ’Pressure and migration 
prediction by hydrodynamic modelling’ was 
delivered in ’Challenges in complex geological 
environments’ forum.

KEYNOTE LECTURE OF  
MR. JÓZSEF MOLNÁR
On the first day of the Moscow event of WPC, 
József Molnár gave the keynote address on the 
above topic.

MOL Plc is a mid-size upstream driven integrated 
oil industry player. There are successful decades 
behind the company: after consolidation and 
privatisation in the ’90-ies, MOL became the Nr. 1 

regional downstream player in the CEE between 
2000 and 2007, with proper organic investments 
and M&A. Besides, basis of international upstream 
operation has been created in this period. The 
years between 2008 and 2013 were featured by 
international upstream growth. During the crisis, 
MOL not only maintained its financial stability, but 
was able to grow, as well. The biggest acquisition 
of MOL’s history was realised in 2008.

Financing growth with conservative policy – it is 
a principle of key importance of MOL. At the very 
beginning of the 2008 crises, the company decided 
to realise CAPEX and cost cutting programmes. 
CAPEX for organic growth is financed from 
operational cash flow – this is the general rule. 
Sufficient financial headroom for maintaining 
safety and flexibility was one important approach 
of MOL in the financial crises and is ever since 
then. Size of the headroom is set by business 
objectives and external uncertainties.

MOL’s business strategies should be adapted to 
changing times. For downstream, the company 
defined the framework and requirements of life 
after the ’golden ages’ between 2003 and mid 2008. 
MOL had to completely rethink its downstream 
operation and implemented radical changes. 
Efficiency improvement programmes with large 
potential were launched and are on track. The 
company opened towards profitable Petchem 
with big investment projects. Downstream 
remains a strong free cash contributor for the 
Group even in challenging times.

CEE upstream of MOL Group is a ’matured cash 
machine’. Its main task is to maximise production 
and optimise cash in short/mid-term. By this, 
the company is able to finance development 

MOL GROUP 
REPRESENTATION AT  
WPC21, MOSCOW 
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of regions for upcoming international growth. 
Production and cash generation of the 
international upstream portfolio will increase 
substantially in the coming years, what can be 
reinvested again for sustainable growth.

For refinancing, careful instrument selection is 
a task of high importance. Options are available 
according to external environment. In crises, 
sometimes only bond market is available. 
In calm market conditions, revolving credit 
facilities might serve liquidity needs better and 
provide more flexibility.

Within the concluding messages, Mr. Molnár 
emphasised that financial stability always must 
have priority in business decisions.

SECTIONS CHAIRED / VICE-CHAIRED  
BY MOL GROUP OFFICIALS
The four presentations heard by the forum 
’Regulatory issues: Governance, risks and complience’ 
vice-chaired by Szabolcs Ferencz I concluded that 
while the concrete circumstances of the challenges 
the world is facing are very country- and region-
specific, the underlying risks are very similar. Each 
business success depends largely on how regulatory 
obligations and other risks are dealt with.

In order to reduce the risks of private investors 
the governments of the producing countries 
have to set up an appropriate regulatory and 
incentive system. 

In addition, an important lesson of the 
presentation was to see that while moving 
into the era of unconventional hydrocarbons, 
the oil companies need to have proactive 
communications with the public to overcome 
opposition to some of the techniques used in 
exploration and production. 

In forum ‘Oil and products pipeline transportation 
and storage’ chaired by Béla Kelemen, Dr. 
several examples on novel and effective logistic 
solutions could be seen and heard such as:

1) Optimising the trading and transport chains 
on sea by using ship-to-ship transfer. By this 
method it is not the large tanker that calls each 

port with half load but small ships collect and take 
the required quantity to the port of destination 
while large tankers pass on long distance routes 
with full load, at a lower cost. This way transport 
expenditures will decrease

2) In gases produced out of renewable energy 
sources ‘pollutant gases’ occur at a higher 
proportion than in case of natural gas. These are 
oxygen, carbon dioxide, hydrogen (and various 
bacteria) as a consequence of microbiological 
degradation of biomass, therefore, underground 
storage of natural gas containing also ‘renewable 
gas’ form a special task to solve. It means 
primarily the handling of corrosion process 
occurring unexpectedly and very quickly that 
may even impede extraction of the stored gas

3) One of the biggest challenges in the oil and gas 
industry is prevention and appropriate monitoring 
of corrosion threatening pipelines and oil 
equipments. A recently developed ultrasonic spot 
sensor equipped with modern electronic parts, 
which is well-suited for use in refineries, too, is 
able to detect changes of pipe wall thickness as 
small as 0.1 mm. As these sensors are inexpensive, 
they can be installed in high number and without 
dismantling pipes and data can be collected and 
processed in a wireless way.

’Operational issues surrounding hse and 
management of disasters’ forum was vice-
chaired and moderated by Ms. Adriana Petrović, 
INA (and chaired by Jeff Woodbury, Vice 
President, SSH&E, Exxon Mobil Corporation).

The forum goal was to highlight that in order 
to provide sustainable operations in the oil 
and gas sector, industry practices need to pay 
special attention to the environment, safety, 
labour protection and especially to practices 
of prevention, localisation and immediate 
response to perils and hazards to avoid 
disasters. Four papers were delivered:

› ‘After Macondo: Industry & government 
improvements to prevention, intervention & 
response capabilities’ - Holly Hopkins, senior 
policy advisor, Upstream, American Petroleum 
Institute, USA
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› ‘Enhancing offshore safety and environmental 
performance - Key learnings from major 
offshore accidents’ - Dr. Henrik Overgard 
Madsen, president and CEO, DNV GL, Norway

› ‘Asset integrity management system 
implementation’ - Dr. Cyrus Rezaei, senior 
consultant, Kuwait Oil Company, Kuwait and

› ‘Safety culture development on robust BO&I 
program with IIF®’ - Toru Sugimoto, Corporate 
HSE Manager, JGC Corporation, Japan). 

The papers were dealing with exploration, 
offshore and onshore drilling, construction of 
gas recovery as big project to put in place but 
the methods, measures and practices as PSM 
(process safety management), safety rules, 
personal training and constant education are 
applicable to all areas of the petroleum business.

The oil industry gained extensive operational 
experience in the past decades and from that 
learned valuable lessons how to enhance safety 
and environmental performance. New and 
improved technical solutions have been developed 
and operational systems and regulations were 
implemented. Operating practices have been 
tested and accepted within increasingly advanced 
regulatory framework. Occupational safety has 
reduced accidents by a factor of 10 during the last 
20 years. Despite all mentioned achievements 
major accidents and near-miss incidents continue 
to occur on all of the world’s continents, resulting 
in loss of lives, damage to the environment and 
destruction of assets.

To focus on prevention of accidents a safety 
plan should be made and a system should be 
implemented that can be measured, supervised 
and achieved. There is not only one system or 
method as a best; there are several ways and 
combined models that are in place in the oil 
industry. The most important message from 
the forum was, whatever safety system is 
implemented and giving results (harmonised 
with the business itself, with the culture and 
regulatory systems in which the industry operates) 
it is acceptable if the system is maintained and 
improved, with constant training, advanced and 

additional education and improvement of skills 
and constant checking and verification of the 
system itself. It means a lot of work, time and 
money but it is less expensive than the cost of 
accidents that are prevented.

Education, communication and worldwide 
cooperation are the key to future improvements 
in oil industry operations safety.

PAPERS, POSTERS BY MOL GROUP 
DELEGATES
In ’Challenges in complex geological 
environments’ forum a paper delivered by Marcell 
Lux and prepared also with Ahmed Amran, Dr. 
and Marianna Vincze dealt with the prediction of 
(over)pressure and hydrocarbon migration (the 
movement of hydrocarbons from their source 
to their accumulation place) by hydrodynamic 
modelling (this is a computer-aided approach 
to solve equations describing subsurface flow). 
The determination of migration pathways is of 
crucial significance from the exploration point 
of view while predicting the spatial distribution 
of pressure and especially overpressure is of 
global importance from interrelated economic, 
technical and HSE aspects. Drilling and working 
in an overpressured environment requires 
more complicated solutions in order to avoid 
technical difficulties during drilling and a 
possible blowout resulting from unexpected 
overpressure.

In forum ’Regulatory issues: Governance, risks 
and complience’ a poster on ’REACH compliance 
in MOL Plc was presented by Judit Tóth, PhD 
and Krisztina Nagy. REACH compliance is an 
important cooperative task of MOL Group, in 
which all legal entities (e.g. MOL, INA, Slovnaft, 
IES, MOL-LUB) took part. MOL Group has 
registered 169 substances (2010: 165, 2013: 
4) until the prescribed deadlines (2010, 2013). 
Study handling of relevant processes (pre-
registration, registration, lead registrant roles, 
PPORD notifications, SVHC-related tasks, etc.), 
main challenges and compliance experiences of 
MOL were presented. The regulation holds and 
probably will hold significant challenges for MOL 
Group, similarly to other oil industrial companies 
from both upstream and downstream side.
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INTERvIEW WITh MR. 
SáNdOR FASIMON, COO 
OF MOL hUNGARy 
Following the Congress, we asked Mr. Sándor 
Fasimon, deputy chairman of the Hungarian 
National Council of WPC and Chief Operating 
Officer of MOL Hungary, about the new trends 
in the world market of hydrocarbons.

To what extent did political attitudes to 
Russia change at the Moscow congress as 
a consequence of the present situation in 
Ukraine?

Those who matter in the oil industry were 
present at the meeting. The large international 
companies were represented there at a very high 
level. The most senior leaders from ExxonMobil, 
British Petroleum and Rosneft participated. 
Besides them the oil ministers from Kazakhstan, 
Qatar and Angola, among others, were present 
too. This high level participation in the conference 
was probably due to the special importance 
of this world event for professionals that takes 
place every third year. The industry-specific 
programme is traditionally divided into four main 
topics: the first is exploration and production 
(E&P), the second is refining, transportation 
and petrochemistry, the third is natural gas 
processing, transportation and trade, while the 
forth is sustainability. The cream of the profession 
is always present at these congresses and there 
is huge competition for the right to host it. Two 
and a half years ago Qatar hosted the event, this 
year it was held in Moscow and the place of the 
next conference will be Istanbul. The Moscow 
meeting of the WPC was a good opportunity also 
to meet the leaders of our strategic partners.

Which of the four main topics of the 
programme of the Congress attracted most 
attention?

No doubt the topic of exploration and 
production had the strongest support. In the 
theme groups for refining, transportation 
and trade the participation level was lower 
than previously. The reason may be that the 
downstream sector is in crisis at present in 
Europe, while in other parts of the world it 
has to face totally different kind of problems. 
In the North American area the consolidation 
of refining has already occurred, due to the 
increase of non-conventional oil production. 
In the Middle East region, in Saudi Arabia, two 
huge refineries have been constructed, based 
on cheap raw material. In the Asian area there 
is the demand that pushes this sector. Only in 
Europe is there a surplus of refinery capacity. 
We should not ignore the fact that the 
demand for oil products has been decreasing 
since 2008 due to the crisis, in Hungary 
and elsewhere, until last year. The fact that 
exploration and production formed the 
professionally strongest topic of the Moscow 
Congress reflects its growing importance for 
the future.

There are several trends in the area 
exploration and production. Which of them 
can be considered the most promising, 
based on the experience of the Congress?

The Arctic Circle and ultra-deep-sea production 
– which means exploitation from much deeper 
than five thousand metres – are highlighted 
in the programme. The main players here are 
the largest companies and the process could 
not be imagined without constantly renewable 
technologies. This will be an important feature 
in forthcoming times, too: technology-driven 
opportunities.
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Exploration and production from within 
the Arctic Circle and from extreme depths 
will be the hunting ground mainly for 
the large international companies – the 
multinationals – with huge capital strength. 
However, most of the already explored 
sites are available only through national oil 
companies. What kind of expectations did 
they formulate?

The national oil companies emphasised 
their demand for the so called ‘national 
content’. This means that the oil companies 
need to take part in the development of 
local education and industry as well as 
job creation through professional training 
and employment of local people. With 
their cooperation the local suppliers need 
to obtain the skills necessary to meet the 
demands. Nowadays it is practically a basic 
requirement in the developing countries. The 
national oil companies and the governments 
in those countries may guarantee predictable 

and mutually advantageous conditionality 
for a long-term only to foreign concerns who 
actively develop the national content needed 
for long lasting projects with slow return rates 
in the oil industry.

What kind of challenge is that for MOL?

Of course, we meet this problem both in 
Kazakhstan and Kurdistan, and I could mention 
other examples too. It is understandable that 
the country in question expects to gain as much 
professional knowledge as possible. If somebody 
enters a country with serious intent, this task 
has to be taken into consideration. It is no 
coincidence that Miskolc University (Hungary) 
also has Kazakh and Kurdish students.

This is practically a new style of partnership 
with the national oil companies. By the way, I 
guess this is not the only area for partnership 
in that area.

That is right. We have already touched on 
the question of Arctic and ultra-deep-sea 
production, which also need partnership 
between the large companies in technology 
and financing, mainly to share the risks 
and manage them more effectively. This is 
obviously not far from MOL’s way of thinking, 
as we have invited the Turkish TPAO to one of 
our projects in Russia and now we are studying 
new opportunities in the Black Sea area 
together. Another example is Wintershall, 
from which we have bought an interest in 
North Sea sites and – at the same time – we 
have made a strategic agreement with them 
for cooperation in other areas, too.

It can be seen that most of the 
development sources are sucked away 
by the North American market, where, 
in addition, work is already being done 
with mature technology. Is there any 
appropriate technology at hand for 
exploitation from ultra-deep-sea sources 
as well as under extreme Arctic conditions 
and is there enough money available in 
the market for financing these gigantic 
projects?



14 Messages from WPC21, Moscow

My answer to both questions is positive. 
Exploitation is technologically possible with our 
current knowledge and probably there will be 
also sources to finance it, as the best results 
in recent years have actually been produced 
by the deep sea sites. It means that in the 
onshore areas only a few promising new sites 
remain, such as Kurdistan, where MOL is also 
active. At the same time the depths of the seas 
may still hide a lot more such opportunities. 
Seabed mapping still remains to be seen but 
some taste of its treasures has been revealed 
by exploration of the huge Brazilian deep sea 
sites. The North American market surely offers 
unique opportunities as far as the servicing of 
exploitation, the supply of drilling equipment 
and the credit possibilities of this sector are 
concerned. Not to mention the uniquely 
favourable legal background as there is no need 
to ask for concessions there. It is sufficient to 
get an agreement with the owner of the site to 
start the work. In summary, I think the deep sea 
and Arctic opportunities are attractive enough 
to investors to allow these two new trends to 
develop in the near future.

The formula is globally clear but what 
does all this mean to MOL?

With the purchase of interest in the North Sea 
fields MOL has stepped out into the offshore 
area. That is, we obtained new professional 
knowledge in addition to our existing experience 
on mainland. This means a very serious change 
in the Company’s life. In deep sea and Arctic 
exploration and production – if MOL takes such a 
risk – we can count only on a certain percentage. 
We shall not act as operators of such fields.  At 
most we will act as financial partners, if they fit 
into our portfolio. But we have no intention of 
taking part in a deep sea project like – let us say 
– the Brazilian one. We are going into offshore 
fields to obtain the necessary experience and we 
are striving to have a presence in onshore fields 
which are still promising, such as that in Kurdistan.

How would you characterise MOL’s 
current portfolio and to what extent does 
it contribute to the Company’s enrichment 
with its own new sources of raw material?

We achieve a better balance. We have a 
presence in Russia, Kazakhstan, Pakistan, 
Kurdistan and Oman, among other places, as 
well as in the Central European area. In the 
North Sea fields we are gaining professional 
knowledge that moves our portfolio towards 
a better balance. We have to look for all 
opportunities to obtain added value. In 
the North Sea fields this means acquiring 
maritime exploration skill and finding partners 
with whom we can establish mutually 
advantageous cooperation, not only there but 
also in other parts of the world for different 
kinds of projects. In the case of Russia it is very 
important for us to have Russian-speaking 
specialists who represent marketable 
knowledge. In Kazakhstan we need to manage 
the requested local content and we have 
already started to do that. In Kurdistan our 
added value was our braveness in setting foot 
there. The Omani share interests with us and 
we are exploring in their country. This means a 
win-win position for both parties. Pakistan was 
the first successful venture abroad for MOL. 
We have an operational team there whose 
professional skills are widely acknowledged. 
On the other hand, in an Arctic or deep sea 
exploration and production project our added 
value can only be our money, which is not 
necessarily enough to derive full benefit. 
That is because huge amounts can be spent 
there in a very short period of time. From a 
solid foundation in Hungary, MOL has indeed 
become a big company – and we are proud 
of this – but we have to find our place in the 
international field.

When speaking about the future, we 
cannot avoid asking whether there is 
a future for fossil fuels. How do world 
market changes affect MOL?

I am convinced that fossil fuels will not lose their 
competitiveness for some decades to come. In 
addition, a hydrocarbon industry means a global 
market. That means that if something happens 
somewhere in the world, it has its impacts on 
us. For example, the two new oil refineries in 
Saudi Arabia have much higher capacity than 
that of our Danube Refinery (Százhalombatta 
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plant), which is now redundant. So redundancy 
appears even in the European market. And the 
same effect will reach us when the USA not 
only attains self-sufficiency by the end of this 
decade but becomes a net exporter of crude oil 
and refined products, as well.

At present natural gas is very cheap in the 
US, expensive in Europe and very expensive 
in Japan. I think that with the proliferation 
of LNG terminals (whose main units are the 
port equipment capable of dispatching and 
receiving special tankers, liquefaction and 
regasification plants as well as shore side 
storage facilities) there will be a single market 
with equal prices. It means that natural gas 
will then have a world market such as we 

are used to for crude oil. This trend will be 
strengthened by the fact that the world has 
larger reserves of natural gas than crude oil. 
Consequently, if this becomes a competitive 
and financeable sector, there will be also 
development of gas infrastructure.  

The European supply situation is defined 
mainly by the security of import supplies, 
for which I see fewer problems in the case of 
crude oil than in that of natural gas. However, 
by building up the LNG infrastructure as well 
as by connecting the national networks in both 
directions, the dependency on natural gas – 
which at the moment forms one of the main 
problems in the Central-Eastern European 
region – will become manageable.
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ABSTRACT
One of the European Union’s high priorities 
is to create a single energy market. In order 
to achieve this ambitious objective, among 
of others, the currently prevailing regulatory 
obstacles shall be removed, too. Fragmented 
rules in allocation of cross-border transmission 
capacities prevent the market oriented use of 
pipeline systems and hinder the free flow of gas 
between local markets. Europe’s new regulation 
of this area offers a niche opportunity for 
transmission system operators to increase their 
corporate value by improving internal processes 
and offering ready-to-use application to fellow 
system operators. FGSZ accepted the challenge 
and has created its answer in the form of the 
Regional Booking Platform (RBP).

BACKGROUND
Those who wish to deliver natural gas from 
one network point to the other can access 
transmission systems via booking transmission 
capacities with system operators, which give 
network users the right – but not the obligation 
– to flow natural gas through the system. 
Transmission capacity is expressed in general 
as a throughput of energy or volumetric units 
within a given period of time, e.g. kWh/h,  
m3/day, etc.1

Most natural gas transmission networks are 
complex systems of pipelines, where gas flows 
follow a typical flow pattern. In the past, network 
users (typically producers, shippers, traders and 
large end customers) were required to indicate 
the transmission system operators, which 
route they would use within the transmission 
network to supply their customers with natural 
gas from the given inlet or entry point to the 
given offtake or exit point. This kind of so 
called point-to-point systems did not guarantee 
that all exit points of a system are accessible 
from each and every entry point of the same 
system and vice versa (see Figure 1). European 
Union legal requirements, however, mandated 
transmission system operators (TSOs) to break 

1 In the near future all European system operators shall use the kWh/time as common set of units whereas reference conditions 
for volume shall be 0 °C and 1.01325 bar(a). For GCV (gross calorific value), energy and Wobbe-index the default combustion 
reference temperature shall be 25 °C (source: ENTSOG’s draft Interoperability Network Code, viewed 10 November, 2014,
<http://www.entsog.eu/public/uploads/files/publications/INT%20Network%20Code/2013/ACERSubmission/INT0352_131218_
Network%20Code_Network%20Code%20on%20Interoperability%20and%20Data%20Ex%20%20%20.pdf>)
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the route linkage between entry and exit points 
and set up a commercial system that allows 
the route-independent marketing of separate 
entry and exit transmission capacities, which is 
the so called entry-exit system (Figure 1). In an 
entry-exit system, network users only indicate 
the entry and exit points of their portfolio, 
while it is the transmission system operator’s 
duty to ensure all deliveries within the system. 
Hungary has a fully flexible entry-exit system 
since 2006, which means that all exit points can 
be supplied via any entry point of the natural 
gas network without any restrictions.

Once an entry-exit system is in place and the 
network is a ‘black box’ from a commercial 
point of view, it is possible or rather a must to 
set up a so called virtual trading point (VTP) 
within the system (Figure 1). The VTP is an 
abstraction, and it means that network users 
can trade natural gas within the gas network, 
irrespective of the actual physical location of 
the gas within the system. The purpose of the 
VTP is to provide a concentrated contractual 
delivery point to network users where they 
can trade natural gas with reliable pricing. The 
Hungarian natural gas network has a VTP since 
2010 called MGP (‘Hungarian Balancing Point’).

If many network users use a VTP as their 
contractual delivery point frequently and 
with significant volumes, the VTP may 
become a reliable indication of the fair 
market price for the natural gas commodity. 
The basic prerequisites of a liquid VTP is an 
extensive and well-interconnected natural 
gas transmission infrastructure, liberalised 
wholesale and retail gas markets and the 

existence of the appropriate commercial 
infrastructure. Provided that such conditions 
are met in adjacent national gas markets, 
the prices of the relevant national VTPs 
will inevitably converge to each other. The 
price convergence of national gas markets 
is the paramount objective of the European 
Union’s successive legislation on the internal 
energy market (energy packages). There 
are currently many obstacles that may 
prohibit development of liquid gas markets 
and price convergence. These range from 
underdeveloped transmission infrastructure, 
via the enabling of dispersed trading activities, 
via distorting price regulation to inappropriate 
commercial services, among others.

NEW REGULATION
The European Union’s third energy package 
recognised the shortcomings of national 
gas markets governed solely by domestic 
laws and aimed at the harmonisation of 
network usage rules of the various natural gas 
transmission systems starting from 2009. The 
EU required transmission system operators to 
gain independence from other market players 
(e.g. shippers, traders, producers) in order 
to provide a level playing field for the whole 
market, and enacted a series of laws to define 
exact network access and network usage rules. 
These rules, called European network codes, 
concern the capacity allocation, contractual 
congestion management, balancing, 
interoperability, transparency, investments and 
tariffs, i.e. all important aspects of the natural 
gas transmission business.

Although each network code will cause 
a profound change in the Hungarian gas 
market, the most important rules had 
been introduced by European Commission 
Regulation No 984/2013, or the Capacity 
Allocation Mechanisms Network Code (CAM 
NC) (European Commission 2013). Main part 
of the regulation shall apply from 1 November 
2015. The cornerstone of CAM NC is that 
cross-border entry and exit capacities have to 
be marketed jointly by the adjacent TSOs and 
network users have to obtain both capacities 
simultaneously if they want to transport gas 

Point-to-point

Entry point Exit point Pipeline Possible route VTP

Entry-exit Entry-exit + VTP

Fig. 1.  Characteristics of a point-to-point, entry-exit and 
entry-exit system with virtual trading point (VTP)
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from one market to the other. In other words, 
CAM NC will not allow gas trading at the 
internal EU borders any more but shift this 
activity to the VTPs, which, in turn, should 
lead to more reliable market prices and price 
transparency.

The other accomplishment of CAM NC is the 
accurate standardisation of both capacity 
products and allocation processes for these 
standardised products. There will be a limited 
capacity product range that TSOs are allowed 
and obliged to offer. According to the length 
of service period these capacity products are 
the yearly (covering one gas year), quarterly 
(covering one quarter of a gas year), monthly, 
daily and within-day (rest-of-the-day) capacity 
products. TSOs have to offer their capacities 
via a joint, internet-based capacity allocation 
platform. The timing, internal scheduling as well 
as the auction algorithms are all pre-defined for 
all EU TSOs with no national discretion in these 
matters. Furthermore, the gas year (starting 
with 1 October) and the gas day (starting with 
6.00 CET) will be harmonised across the EU, 
just as the capacity units (kWh/h, expressed 
in gross calorific value at 25 °C/0 °C reference 
temperatures).

The new auction algorithms aim at the finding 
of precise equilibrium of the supply (TSO 
capacity offer) and the demand (network user 
booking willingness). There are two different 
algorithms: the ‘ascending clock’ for the longer 
term capacity products (yearly, quarterly and 
monthly) and the ‘uniform price’ for the shorter 
term capacity products (daily and within-day). 
The ascending clock auction is a multi-round 
volume auction, where network users have to 
indicate their capacity demand at pre-defined 

(increasing) price steps, with the auction ending 
at a clearing price for all successfully bidding 
network users. The uniform price auction is a 
single-round price and volume auction, where 
network users have to indicate their capacity 
demand, price they would be willing to pay 
and the partial bid fulfilment (if any) for the 
volume. Uniform price is also a clearing price 
auction, where all network users pay the price 
of the last successful bid.

FGSZ’S ANSWER TO THIS CHALLENGE:  
THE REGIONAL BOOKING PLATFORM (RBP)
From the obligations of the CAM Network Code 
it became clear that new platform solutions 
will be sought after across Europe. FGSZ 
recognised this market niche and initiated 
the development of a new capacity allocation 
platform that would fully comply with the 
provisions of the CAM NC.

Besides the precise requirements of the CAM 
NC, FGSZ analysed several more issues which 
resulted in a complex development concept:

› Electronic capacity auctions have to be 
implemented with electronic capacity 
contracts as a result of the booking process. 
This had IT as well as legal challenges when 
designing RBP’s legal framework.

› The number of auctions and participation of 
capacity auctions is highly unpredictable and 
depend on current market conditions. RBP had 
to be a scalable but robust solution in order to 
deal with massive data exchange needs.

› The reality of various user IT back-end 
systems had to be taken into account. RBP is a 
thin client solution for all type of users (TSOs 

RBP web-based Application
› Auction engine
› Interactive user interface
› Scheduler
› Communication interface(s)

Main Functional Blocks of the Regional Booking Platform

RBP web Portal
› General information
› NU registration
› Mandatory publications

Fig. 2.  Main units of the RBP (NU — network user)
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as well as network users), which enables 
fast access to RBP and saves unnecessary 
IT costs on the customers’ side (e.g. system 
integration).

› As capacity is crucial in the gas business, FGSZ 
had to ensure that RBP can operate 24/7. 
For this reason, geographically independent 
and redundant servers were set up with 
hot backup possibility. RBP is a stand-alone 
platform and it is new in terms of both 
hardware and software development, not 
affected by any other FGSZ IT application.

› As most Central and East European countries 
have still mandated a licence for any 
natural gas network usage, this had to be 
addressed properly due to the bundling of 
the capacities. RBP enables the TSOs to filter 
unlicensed network users.

› Hungary’s region of Europe is mostly still 
using their traditional currencies as opposed 
to the Euro. The multi-currency issue had to 
be solved.

› TSOs are able to set up upfront credit limits to 
the network users limiting their partner risk.

› Further to the above factors, RBP is an open-
end development project with constant 
reflection upon the current legal and business 
environment.

The basic concept of RBP was to implement 
the bundled capacity allocation. This, however, 
requires a fully-fledged IT and service 
environment that fulfils all the explicit and 
implicit obligations of the network codes, not 
only those of CAM NC. For this reason, the 
RBP was divided into two logical units, the 
RBP Portal and the RBP Application, with well-
delimited functionality (Figure 2).

The RBP Portal is the main information gateway 
with regard capacity auctions and auxiliary 
services of the RBP, such as user registration 
and publishing. The RBP Portal contains all 
the necessary public information about the 
RBP project, ongoing as well as planned 
developments (Figure 3).

The RBP Application is a secured area, 
reachable only for registered users with a valid 
digital certificate issued by a trusted provider. 
This is the area where TSOs and network users 
can transact with each other. The online setup 
of capacity auction by TSOs takes place here, as 
well as the RBP Application hosts the auction 
engine and the electronic contracting modules 
of the RBP (Figures 4, 5).

FGSZ developed the Regional Booking 
Platform to be a joint capacity booking 
platform of the Central and Southeast 
European market region. It was prepared, 
however, on a way that this region could be 

Fig. 3.  RBP Portal
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extended to the entire European Union. This 
means that the platform is open for other 
TSOs to use. FGSZ agreed with Transgaz, 
the Romanian TSO use the platform within 
the scope of an EU pilot project to allocate 
the capacities of the Hungarian-Romanian 
interconnector. The new capacity allocation 
model implemented on RBP is described 
in a detailed way in the legal framework 
of it, regulating the relationships between 
the various market players (see Figure 6). 
The operation of the RBP is described in 
the ‘Operational rules’, which is binding 
to all parties transacting on RBP. The TSO 
‘Membership agreement’ is a contract 
about RBP access and usage between the 
RBP operator and a TSO wishing to allocate 
capacities via the RBP. The ‘Network user 
membership agreement’ is a contract about 
RBP access and usage between the RBP 

operator and a network user wishing to book 
capacities allocated on the RBP. Although not 
mandatory, there are several questions which 
should be settled between the adjacent TSOs 
allocating capacities on RBP (which are not 
related to FGSZ), for example the rules for 
cooperation in setting up the auctions, the 
joint actions with regard to the bundled 
capacity usage, etc.

VALUE CREATED FOR TSOS AND 
NETWORK USERS
With the creation of the RBP, TSOs will be able 
to easily fulfil almost all of their obligations 
arising from the CAM Network Code both on 
the TSOs as well as the network users’ side. 
Main benefits offered by RBP:

› Clear legal framework regulates the 
relationships of the market players

Fig.4.  RBP Application, 
a Network User’s 
bidding screen with  
5 auctions displayed

Fig. 5.  RBP Application, a 
TSO’s auction setup 
overview screen with 
10 sample auctions 
displayed
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› User interfaces were designed taking into 
account the latest ergonomic and comfort 
principles

› There are very limited IT requirements (such 
as a working Internet connection and a web 
browser) towards TSOs and network users 
using RBP, thus instant platform access can 
be guaranteed. On the other hand, scalable 
performance is provided in case of massive 
usage

› High IT reliability due to the secure access 
and extensive backup system

› RBP is not a contractual party between the 
TSO and the network user but a capacity 
allocation tool of the TSOs. TSOs are able 
to set up their auctions themselves, which 
gives them the necessary control over their 
capacity product allocation

› RBP enables the conclusion of electronic 
capacity contracts, a major change compared 
to today’s usual business practice with 
regard to time and effort invested in capacity 
contract management

› Although RBP’s main aim has been to 
implement the bundled capacity auctions, 
it will provide the market the possibility to 
allocate unbundled (traditional) capacity 
products and provide a facility for the 
secondary trade of bundled and unbundled 
capacity products

› RBP is an open-end development, with 
member TSOs and network users having the 
possibility to request new functions along a 
well-defined protocol.

Fig. 6.  Legal framework of the Regional Booking Platform

Operational Rules of the RBP

Primary 
capacity sales

Secondary 
capacity sales

Comfort
services
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VISION
RBP was brought to life to enable TSOs allocating 
bundled capacity products at cross-border 
interconnection points in a cost-efficient, user-
friendly way in full compliance with the European 
Union’s third energy package. The advantages of 
the system, however, offer a far greater potential 
to be utilised in the Hungarian as well as adjacent 
gas markets. For example but not limited to 
became the capacity allocation platform for all 
Hungarian capacity products, be it bundled or 
unbundled, domestic or cross-border. RBP could 
enable TSOs and network users to allocate / 
obtain capacity in a fast, trusted, transparent and 

electronic manner. Bundling can also be applied 
to other system operators, such as storage or 
regional transmission system operators. This 
kind of extension would offer another synergy 
compared to today’s fragmented capacity 
allocation methods. Building on the robust 
computing performance, secure operation and 
competitive business model, FGSZ would be 
able to play a leading role in gas transmission 
and associated services in Europe.

Keywords: single European energy market, bundled 
capacity, online capacity booking, Regional Booking 
Platform, ascending clock, uniform price auction
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ABSTRACT
This paper gives an overview of the prospects 
of compressed natural gas (CNG) among other 
transport fuels. It outlines first the EU’s approach 
to regulating emissions in the transport sector. 
After an introduction to CNG as a fuel option, 
it provides a global and regional qualitative 
market outlook from the perspective of the 
customer, the supplier and the regulator. It 
concludes by drawing up the state of play in 
the CEE region, including the approach taken by 
integrated oil and gas companies.

GROWING BODY OF REGULATION 
SUPPORTING ALTERNATIVE FUELS
Alternative fuels regularly become the focus 
of attention of policymakers for a variety 
of reasons. The earlier focus in Brussels on 
biofuels was recently expanded to other 

alternative fuels. As the term ‘alternative 
fuels’ may not be sufficiently clear, let us here 
recite the definition the EU uses in a recent 
directive: "'Alternative fuels' means fuels or 
power sources which serve, at least partly, 
as a substitute for fossil oil sources in the 
energy supply to transport and which have a 
potential to contribute to its decarbonisation 
and enhance the environmental performance 
of the transport sector” (European 
Commission 2014). The non-exhaustive list 
of that which fulfil these criteria includes 
electricity, hydrogen, biofuels (as defined 
in the Renewables directive), synthetic and 
paraffinic fuels, natural gas, and LPG (liquefied 
petroleum gas).

Among the policy drivers behind alternative 
fuels, the ambition of the European Union 
to decrease overall CO2 emissions from the 
transport sector is perhaps best known. This 
derives from the political aim of reducing 
greenhouse gas (GHG) emissions in the EU 
by 20% from 2005 levels by 2020 (which the 
EU is on track to achieve), and by a recently 
agreed further 40% until 2030. Regarding 
the longer term, the 2011 Transport White 
Paper of the European Commission1 – the first 
document preparing the EU’s alternative fuels 

1 White Paper ‘Roadmap to a Single European Transport Area – Towards a Competitive and Resource Efficient Transport System’, 
COM(2011) 144, viewed 22 October, 2014, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0144:FIN:en:PDF. 
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strategy, but which is not officially endorsed 
by member states – called for a target of 60% 
greenhouse gas emissions reduction from 
transport and a similar rate of reduction in 
oil dependency by 2050. While on the global 
scale GHG emissions continue to rise today, 
these targets show that the EU intends to lead 
the efforts towards a low-carbon economy by 
way of example. There are signs that other 
regions are also slowly establishing measures 
to curb GHG emissions in their own territories, 
but none are expected to be comparable to 
the EU’s efforts in the mid-term.

The key fact is that while emissions from other 
sectors – such as electricity generation or 
manufacturing – have been decreasing recently 
in the EU, those from transport increased 
fast since 1990 (see Figure 1). Accordingly, 
transport accounts for around a quarter of EU 
greenhouse gas emissions, and this share is 
growing. This trend explains the scale of GHG-
related regulations in the transport sector.

Other motivations also play a role, which we 
will summarise only briefly. First, security 
of supply is seen to be strengthened by 
diversifying the energy sources used in 
transport: decreasing – but not eliminating 

– the share of oil, typically imported from 
‘politically unstable regions’, and increasing 
the share of domestically produced gas or 
electricity. Second, such a shift would also 
improve the EU’s trade balance, in which 
today oil imports account for 1 billion Euros 
per day. Third, better urban air quality is 
expected from vehicles emitting less non-
GHG pollutants, delivering benefits in human 
health and lower healthcare costs. Fourth, 
pushing car manufacturers to develop mass-
market of alternative drivetrain vehicles 
is also seen to stimulate innovation and 
improve industrial competitiveness vis-à-
vis US or Japanese manufacturers, some of 
whom are ahead in this domain today. Lastly, 
economic growth and jobs are expected 
from for example large investments in 
new fuelling or charging infrastructures. 
Regarding employment, it is acknowledged 
that energy extractive industries will lose 
jobs in this process (especially oil extraction 
shows sensitivity to high energy efficiency 
targets), but the EU’s modelling of the impact 
assessment of the proposed 2030 climate and 
energy policy targets shows overall positive 
EU-level employment effects. These policy 
objectives and resulting pieces of legislation 
are summarised in Figure 2.
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Fig. 1.  Evolution of greenhouse gas emissions per sector in the EU (chart using data from the European Environmental Agency)



26 Challenges

The range of policy instruments already put 
in place, being implemented or planned to 
achieve these objectives affect the entire value 
chain of integrated oil and gas companies. It 
should be noted however that from one unit 
of transport fuel, ~85% of GHG emissions 
comes from fuel combustion and only about 
15% from upstream, refining and distribution 
(FuelsEurope 2013). The whole value chain 
is targeted by the fuel quality directive which 
obliges fuel suppliers to gradually decrease 
the lifecycle GHG intensity of their fuels by 6% 
from 2010 levels by 2020. They may choose 
to achieve this reduction through introducing 
low-carbon alternative fuels on their markets. 
The directive on renewable energy sources 
further postulates that 10 e% of energy 
consumed on the European transport fuel 
market should come from renewable sources 
by 2020, which is mainly achieved through 
the blending of biofuels, not a focus of this 

article. National governments will also soon 
decide whether to include the transport sector 
in fulfilling the non-binding energy efficiency 
target for 2020. Finally, GHG emissions from 
refineries are regulated under the EU emissions 
trading scheme (EU ETS). Regarding non-GHG 
pollutants (NOx, SO2, CH4) the national emission 
ceilings directive is today under review, which 
may lead to stricter urban air quality standards 
or car-free downtown zones in the long-term. 
Overall, while the combined effect of the above 
legislation cannot be ignored, they are not 
expected to fundamentally alter the market for 
alternative fuels.

A stronger effect can be expected from the 
CO2 for cars regulation, which directly limits 
the average emissions of new passenger 
vehicle fleets of manufacturers (not of 
individual vehicles!), first to 130 gCO2/km by 
2015 and then to 95 gCO2/km by 2020. The 
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latter is equivalent to 4.1 and 3.6 l/100 km 
fuel consumption for petrol and diesel cars, 
respectively. Similar regulations are in place for 
new light duty vehicles (175 gCO2/km by 2017 
and then 147 g/km by 2020) and in preparation 
phase for heavy duty vehicles.

Lastly, certain alternative fuels with low 
market penetration (electricity, CNG, LNG 
and optionally hydrogen) have recently 
received support by a directive which aims 
to create their basic fuelling infrastructure 
during the next decade. This ‘alternative fuels 
infrastructure directive’ (European Commission 
2013a, approved but not yet published at the 
time of writing of this article) is the EU’s way to 
resolve the chicken-or-egg dilemma whether 
infrastructure should come first and drive 
the market uptake of alternative drivetrain 
vehicles, or the other way around. While the 
European Commission had originally proposed 
to mandate Member States to build a pre-
defined number of charging points for such 
alternative fuels, these rigid and ambitious 
targets – which could have become investment 
obligations on fuel retailers – were replaced 
with indicative targets that will be specified by 
national governments. They will now have to 
come up with their own national alternative 
fuel development plans and realise them in the 
coming years (these targets are summarised in 
Table 1, while a map outlining the TEN-T Core 
Network is provided in Figure 3). However, no 
significant EU public financial support for the 
construction of such infrastructure is foreseen, 

with the exception of few specific cases such as 
R&D studies, cross-border points or multi-fuel 
sites. The directive will also establish EU-wide 
standards on refuelling equipment (including 
plugs for electric vehicles) and consumer 
information – all based on methodology to be 
established by the European Commission.

Regulatory and administrative support for the 
use of alternative fuels will clearly increase 
as a result of this directive, but the exact 
impact will depend on the national plans that 
will be developed through discussions with 
stakeholders. For example in Hungary, first 
estimations put the minimum number of public 
CNG fuelling points at about 20 to reach the 
2020 target. Today there are four such stations 
in operation.

GAS IN TRANSPORT: SOME 
ADVANTAGES BUT NOT A CLEAR 
WINNER
Natural gas can be used in two forms as road 
fuel: in liquefied (LNG) or compressed (CNG) 
form. For liquefaction, natural gas is cooled 
down to minus ~162 °C; while for CNG it is 
compressed to about 200−250 bars. The main 
difference between these fuels is in energy 
density: even LNG’s energy density is only 60% 
of diesel; while for CNG this value drops to 24% 
(see Figure 4). Secondly, LNG requires heavier 
investments by both the customer and the 
production / fuelling station than CNG. While 
both are mature technologies, CNG is therefore 
more accessible for a wider user base.

ALTERNATIVE FUEL INFRASTRUCTURE TARGET DEADLINE

Electricity An ‘appropriate’ number or chargers accessible to the public, to allow ve-
hicles to circulate in densely populated (urban, suburban) areas 2020

CNG 
An ‘appropriate’ number accessible to the public, to allow vehicles to 
circulate in densely populated areas by 2020. Cover the TEN-T Core Net-
work (i.e. highways) by 2025

2020 / 2025

LNG for trucks An ‘appropriate number’ of LNG refuelling points by 2025 on the TEN-T 
Core Network (with new targets for 2027 if needed) 2025

LNG for ships In maritime ports by 2025 and in inland ports by 2030 (144 ports in total) 2025 / 2030

Hydrogen An ‘appropriate number’ of refuelling points by end-2025 – if the country 
decides to include hydrogen 2025

Table 1.  Targets and deadlines under the ‘Deployment of alternative fuels infrastructure’ directive
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CNG usually sold in kilograms, and 1 kg provides 
the driving range of approximately 1 l of diesel. 
Due to its low energy density, even with the 
high storage space needed for a CNG tank the 
driving range is halved compared to a diesel 
vehicle. This makes it less attractive for long 
haul transport (see Figure 5), where using LNG 
is a better solution. The higher utilisation rate 
and mileage in long haul transport also shortens 
the payback period of the additional investment 
of buying a LNG vehicle. As a combination of 
these factors, CNG is more attractive for private 
individuals, taxi drivers, short haul transport 
and public transport operators, while LNG is 
more suited for long haul transport and also for 
shipping. CNG is currently the more widespread 

fuel, with around 17 million vehicles running 
on this type of fuel worldwide (NGVA 2013a). 
Different car engines are available, reflecting 
this variety: natural gas (mono-fuel), switch to 
gasoline (bi-fuel) or using a mixture of natural 
gas (0−80%) and diesel (dual-fuel) engines.

From a strategic perspective, natural gas as 
transport fuel has some advantages. Global 
gas reserves are estimated to be larger than oil 
reserves, gas is priced considerably lower than 
crude oil and in many countries an infrastructure 
is already in place for its transport. With an 
already proven technology, this gaseous fuel has 
the physical attributes to replace conventional 
petrol or diesel in many cases.

Fig. 3.  European transport corridors 
in Central Europe designated 
as the TEN-T Core Network (DG 
Transport & Mobility European 
Commission 2013, viewed 22 
October, 2014, http://ec.europa.
eu/transport/infrastructure/
tentec/tentec-portal/site/en/
maps.html)

Fig. 4.  Energy density 
of CNG and LNG 
compared to 
conventional fuels 
(own calculations)
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From an environmental point of view, the main 
advantage of CNG lies in its considerably lower 
particulate matter (PM) tailpipe emissions 
compared with diesel (Dana Lowell 2012). An 
energy content basis comparison shows that 
CNG’s lifecycle GHG intensity is 27% lower than 
it is for diesel (European Commission 2014c). 
Another study shows that a new CNG fuelled 
bus may emit more NOx (nitrogen oxide), but 
less PM and CO2 and virtually no hydrocarbons 
(excluding methane) compared to new diesel 
fuelled bus (Dana Lowell 2012). This makes 
it attractive for urban areas where poor air 
quality is a concern. Compressed biomethane 
– which for the end user has similar qualities 
as CNG – can be produced from various biogas 
sources, e.g. from agriculture or wastewater 
sludge, in which case it can potentially qualify 
as a renewable source of energy.

Comparing CNG to liquefied petroleum gas 
(LPG), one finds that both have environmental 
advantages over conventional motor fuels in 
terms of pollutant emissions. However, there 
are two key differences between them. First, 
LPG is not a new alternative fuel: its core 
infrastructure is already well established. 
Secondly, LPG does not have the political 
attractiveness of CNG, because in Europe it 
is predominantly derived from oil refining 
rather from natural gas processing (75% of 
LPG in Europe versus 40% of the world total) 
(European Expert Group on Future Transport 
Fuels 2011). It is therefore not regarded as 
an unequivocal substitute for the (largely 
imported) fossil oil based fuels. Overall, while 
the alternative fuels infrastructure directive 
does list LPG as an alternative fuel, it also 
states that its “infrastructure is relatively well-

Fig. 5.  Suitability of alternative fuels for transport modes, grey cells show match (European Commission 2013b)

Fig. 6.  Hungary's example of 
total cost of ownership 
(vehicle purchase price, 
fuel for 10 yrs and taxes, 
w/o VAT are included)
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developed with a significant number of filling 
stations already present in the EU” (European 
Commission 2013a). Therefore no further 
policy support is expected for LPG.

The number of natural gas vehicles (NGVs) 
differs greatly country by country, but it 
is concentrated in non-EU countries. For 
instance in Pakistan or Iran, where organic 
growth of CNG market has been taking place 
(the share of NGVs in the total vehicle stock 
is around 20%), this is due to the abundance 
of locally sourced natural gas and the limited 
availability of conventional motor fuels and 
infrastructure. In some other developing 
countries the number of NGVs is also climbing 
rapidly – but only in line with the total vehicle 
stock. In developed countries however, 
including Europe, the market share of these 
vehicles has not reached a significant share 
(the highest is Italy and Bulgaria with ~2% 
share) (NGVA 2013b). The annual global 
growth rate of these vehicles currently stands 
at 20%, far outstripping the growth rate of 
the total vehicle stock of 3% – but this growth 
happens from a very low base (NGVA 2013a; 
Wardsauto 2011). Regarding the long-term 
outlook, IEA estimates that gas will make 
up 4.8% of worldwide total road transport 
energy need by 2035, up from 1.8% in 2011 
(IEA 2013). However, as the use of natural 
gas in road transport is very limited in the 
EU, forecasts for the next decades show huge 
differences (Le Fevre, C 2014).

CAR MANUFACTURER’S OFFER IS NOT 
A PROBLEM ANYMORE
Limited availability of CNG fuelled vehicle 
models is often cited as one of the obstacles 
to higher market share in Europe. Recently 
however not just passenger vehicles, but light 
duty and heavy duty vehicle models have 
been introduced to the market. In light duty 
and passenger car segment these are typically 
bi-fuelled or mono-fuelled vehicles, but in 
the heavy duty and bus segment vehicles are 
dedicated to run solely on CNG. The largest car 
manufacturers have started announcing their 
popular models with CNG fuelled engines as 
well, effectively eliminating model-availability 
as a major obstacle. In terms of price, these 
vehicles are priced at or slightly above their 
diesel equivalents.

In the Central-East European region, the import 
of used CNG vehicles (by e.g. taxi drivers) and 
to a smaller extent retrofitting petrol vehicles is 
the main source of growth of NGV penetration, 
and this pattern will probably not change in the 
next years.

CONSUMERS FOCUS ON PRICE, WITH 
FEW EXCEPTIONS
The crucial factor for the majority of consumers 
is the total cost of ownership (TCO) when 
purchasing a new vehicle. Consumer groups 
that would prioritise environmental factors over 
economic ones are not significant in Central-
Eastern Europe. In Hungary for instance, at 
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the time of writing it was the complete lack 
of excise duty on CNG that made the TCO of a 
CNG fuelled vehicle today better than that of 
petrol or diesel fuelled vehicle (see Figure 6).

This has two implications; the first is that 
regulator may have substantial and immediate 
impact on the market by increasing taxation 
rates, and the second that in current situation 
in Hungary the more annual mileage is planned, 
the better economics CNG will have versus 
conventional fuels.

For this reason, CNG could see more interest in 
public transport than with private consumers. In 
addition, medium- and heavy-duty vehicle fleets 
that circulate on fixed routes may only need one 
fuelling station, which limits the investment 
need – in contrast the passenger cars that 
require certain geographic coverage to become 
a real consumer choice. Lastly, while private 
transport companies are almost exclusively cost 
sensitive, the switch to CNG in public transport 
could be triggered by the authorities that seek to 
improve urban air quality. There are examples in 
regional countries for support schemes aiming 
for partial transition of local bus fleets from 
diesel to CNG.

TAXATION IS KEY
National governments strongly influence the 
TCO of NGVs firstly through taxation and to 
a smaller extent through other incentives. 
Decisions on excise duty levels on CNG, 
especially in terms of their effect to the 
difference to petrol and diesel retail prices, 
will therefore play a decisive role in the 
market development of these alternative fuels 
(see Figure 7). Indeed, with excise duty levels 
equivalent to diesel (on a kg CNG to litre diesel 
equivalent basis), CNG loses its price advantage 
and in some countries even exceeds current 
gasoil prices.

If demand for this cleaner fuel grows 
considerably, it will be increasingly seen by 
the state as potential revenue source, similar 
to heavily taxed conventional fuels. State 

budgets rely heavily on revenues from fuel tax 
in the CEE region, more so than in Western 
Europe. In 2013 fuel taxes – the majority of 
which is excise duty – accounted for 6% of 
tax revenues in Hungary and 7% in Slovakia2. 
Higher dependence can only be found in the 
Baltic countries and in Romania and Bulgaria, 
while the average in the EU15 countries is 
considerably lower (3−4%) (Figure 8).

In Hungary, the experience with taxing LPG will 
probably act as a warning for price-sensitive 
early adopters interested in CNG. The sudden 
excise duty increases (two times 50% of raise 
within 6 months in 2013, doubling the rate 
overall) halted the growth of the LPG segment 
after a dynamic early period that was driven by 
favourable excise duty levels.

While higher excise duty for CNG seems to be 
inevitable in the long-term, the exact timing of 
when this happens may not only depend on the 
revenue needs of the state budget. Other policy 
goals, such as improving the environmental 
performance of the transport sector or 
compliance with EU targets may play a role, 
but it is unclear to what extent. Geographical 
differences may also develop if some countries 
choose to defer tax increases allowing higher 
penetration, while others may not. We 
conclude that the predictable taxation regime 

Fig. 8.  Fuel taxes as a share of national state tax revenue in 
some EU countries, colours indicating dependence 
levels (FuelsEurope 2014)

2 EUROPIA Annual Report 2012, p. 92, viewed 22 October, 2014, https://www.fuelseurope.eu/newsroom/publications.
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would benefit the development of the CNG 
market. For instance national roadmaps that 
outline how to gradually arrive at equivalent 
excise duty levels at a given point in the mid-
term might be integrated into the stakeholder 
consultations on the implementation of the 
alternative fuels infrastructure directive.

REGIONAL INFRASTRUCTURE STILL 
VERY LIMITED
Despite the high growth of CNG vehicles recently, 
their absolute share in the car fleet remains at 
0.1% (see Figure 9). Among regional countries, 
only Austria has a country-wide coverage of 
fuelling stations. The Czech Republic has CNG 
available on 2% of its fuelling stations and 
announcements from gas companies indicate a 
fast increase in the number of refuelling points 
in the near future. The Czech government has 
also set a clear path on increasing excise duty on 
CNG until 2020. Austria has also some incentives 
in place. In other countries, stations are limited 
to the largest cities.

The differences in the penetration of CNG 
vehicles are due to different regulatory 
environments. The certain freedom of EU 
member states in transposing EU rules on 
taxation and the final form of the ‘Alternative 
fuels directive’ which does not include binding 
infrastructural targets leads to an increased 

state-controlled influence over the market. 
This indicates that geographical differences will 
remain and may even increase in the future.

Regional CNG fuelling stations are typically built 
by gas companies today while oil companies 
have not yet shown a clear interest, except in 
Austria where OMV has been more active. The 
Austrian oil and gas company has a 33% market 
share in the publicly available CNG fuelling 
station segment where other fuel retailers 
are also present. As CNG eventually displaces 
conventional fuels from the market, selling it 
is clearly more profitable for gas companies 
than for oil firms that have to carefully consider 
the possible cannibalisation of their diesel and 
petrol markets (especially true for firms with 
wholesale activities as well).

The estimated capital expenditure for a public 
fuelling compressor unit is a moderate USD 
0.35 million, however if a connection to the gas 
grid needs to be built, the investment need can 
greatly increase.

Integrated oil and gas companies may however 
not only have to look at the obvious disadvantages, 
but work to identify possible synergies of entering 
the CNG market. For example, with the inclusion 
of their own upstream gas they may be able to 
control the full value chain of CNG production, 
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distribution and sale, while they capitalise on 
their extensive fuelling station network and 
brands trusted by consumers. Furthermore, 
CNG appears to be the least complicated among 
new alternative fuel options (electricity, LNG, 
hydrogen) to integrate into the business model 
of a typical integrated oil and gas company.

CONCLUSIONS
The current growth of the CNG market is due 
to the price advantage granted by its low or 
zero excise duty rates. However, as market 
penetration grows governments are expected 
to introduce taxes at some point, reducing 
or eliminating this price advantage. It is not 
possible to envisage the large-scale penetration 
of CNG vehicles and the long-term excise duty 
exemption for this fuel at the same time – these 
trends work against each other. Due to this 
uncertainty, it is not possible to develop reliable 
forecasts from the current trends. Where there 
is certainty about future taxation levels, the 
growth rate could be markedly faster (as in the 
Czech Republic).

Until the price of CNG in comparison to 
conventional fuels’ is not set firmly, public 
fuelling stations are expected to be built in 
areas where an adequate number of price 
sensitive early adopters shows willingness 
to switch to CNG. In the private transport 

segment, CNG will be considered by 
companies which can reach a quick payback 
of the initial investment; while state priorities 
will influence any fuel switch in the public 
transport segment.

Overall, CNG appears to develop into a 
relatively small market in the close future, 
not fundamentally changing the transport 
fuel market. It may however capture specific 
consumer groups that are valuable partners of 
fuel retailers today. The market will remain very 
exposed to regulatory changes, and uncertainties 
whether current advantage in price (i.e. taxation) 
levels will remain in the long-run is the main 
reason why large parts of the market will not 
switch to CNG quickly or decisively.
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ABSTRACT
In this publication we review the so far 15 
year long history of the developing and 
commercialising a tuneable diode laser-
photoacoustic (TDL-PA) instrument for the oil 
and natural gas industry initialised by a R&D 
cooperation between MOL Plc and University 
of Szeged. The operational principle, the 
construction, the main application areas, 
the analytical parameters and various 
measurement results of the TDL-PA analyser 
are presented.

HISTORICAL OVERVIEW
The cooperation between MOL Plc and 
the Department of Optics and Quantum 
Electronics, University of Szeged in the field of 
photoacoustic (PA) gas detection dates back to 
1996. Initial measurements were performed 
under laboratory conditions, within the frame 
of a R&D projects financed by MOL Plc (Bor, Zs et 
al. 1997). In 1999 the first tuneable diode laser-
photoacoustic (TDL-PA) instrument operable 
under explosive environment (Figure 1) was 
already set into operation at the gas plant of 
MOL, Algyő (south-east of Hungary, near the 
city of Szeged).

In 2001 MOL Plc, Videoton Holding Plc and 
University of Szeged started a cooperation 
which targeted the development of robust, 
highly versatile and user-friendly electronics 
for the TDL-PA system what quickly replaced its 
earlier home-made version. In the meantime 

a prototype of a photoacoustic system for 
measuring water vapour in four gas streams 
simultaneously was developed jointly by the 
University of Szeged, MOL Plc and Videoton 
Holding Plc (see Figure 2).

Patent applications were submitted about the 
use of the PA method for the natural gas and oil 
industry first in Hungary in 2002 (Bozóki et al. 
2002) and subsequently internationally (Bozóki 
et al. 2003).

In 2004 Hilase Ltd, a spin-off company of 
the University of Szeged was founded, with 
Videoton Plc being its majority shareholder. 
Hilase acquired the right of utilising the 
above mentioned patent and the related 
know-how, and started the production of 
TDL-PA instruments mainly for the Hungarian 
market (i.e. practically for MOL). These mobile 
instruments (see Figures 3−4) were called 
initially as WaSul-Ex and later as Hilase-Ex.

The mobile WaSul-Ex instrument (see Figure 5) 
contains one or two diode laser light sources, 
acoustically optimised photoacoustic (PA) 
detection cells equipped with highly sensitive 
microphones and a special electronic unit 
for data acquisition, signal evaluation and 
complete system control. The laser based 
spectroscopic measurement provides excellent 
selectivity and high reliability. A built-in DSP 
(Digital Signal Processing) programme ensures 
full control of the instrument. Each WaSul-Ex 

Fig. 1.  Our first tuneable diode laser-photoacoustic (TDL-
PA) instrument in 1999

Fig. 2.  Prototype of the photoacoustic system for 
measuring water vapour in four gas streams 
simultaneously, at MOL Gas Plant of Algyő in 2003
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system is delivered with a certificate of 
calibration issued by an accredited calibration 
laboratory.

In 2009 Hilase started cooperation with Hobré 
Instrument B.V. (the Netherlands), a leading 
company in the field of design, manufacturing, 
marketing and maintenance of complete 
turnkey process analysers, systems and 

sample system solutions and state-of-the-art 
equipments. This cooperation facilitated the 
spread of the latest version of the Hilase-Ex 
instrument (see Figure 6) worldwide. Currently 
more than 50 TDL-PA Hobré-Hilase instruments 
operate in several countries including Norway, 
Azerbaijan, Brazil, UK and Germany on offshore 
platforms, refineries, and natural gas plants.

In 2013 Hilase Ltd, University of Szeged, MOL 
Plc and Videoton Holding Plc jointly received 
recognition for innovation from the ‘Hungarian 
Association for Innovation’ for the TDL-PA 
analyser. 

Since the beginning of 2014, Hobré Laser 
Technology Ltd, a subsidiary of Hobré 
Instruments B.V., operating in Szeged has 
the right to produce these instruments for 
the natural gas and oil industry, while Hilase 
Ltd continues to seek new application areas 
of the photoacoustic method, including the 
measurement of gas permeability of rubber 
membranes and flexible hoses primary used at 
offshore platforms.

COMPONENTS OF TDL-PA 
INSTRUMENTS

SIGNAL GENERATION
TDL-PA signal generation (Figure 7) is based 
on a modulated light source, which has a 
wavelength tuned to an absorption line of 
the molecule to be detected. For the sake of 
mechanical ruggedness and compactness, 
TDL-PA instruments use telecommunication 
type single-mode, fibre-coupled, near-
infrared diode lasers, which have the 
expected operational lifetime exceeding 10 
years. By modulating the laser at a frequency 
which is equal to the resonance frequency of 
the PA cell (through which the measured gas 
sample flows), a sound wave is generated. 
This sound wave is detected by a sensitive 
microphone attached to the PA cell. The PA 
cell has a special differential construction 
which makes it very immune against external 
noises. The amplitude of this sound wave, 
which is calculated by using a fast Fourier 
transformation method (or lock-in technique) 

Fig. 3.  Schematics of the TDL-PA WaSul-Ex instrument

Fig. 4.  The first TDL-PA WaSul-Ex instrument set into 
operation in 2006
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is linearly proportional both to the exciting 
light power, to the strength of the absorption 
line and to the concentration of the light 
absorbing molecules over a very wide range. 
Besides the wide measurement range and 
high sensitivity an additional advantage of 
the PA method is the zero background: in 
the lack of light absorption in the PA cell, 
there is no PA signal generated, i.e. there 
is no background which would otherwise 
be unstable, fluctuating and masking the 
useful signal. The PA method utilises all the 
benefits of high resolution optical absorption 
spectroscopy and therefore it is very specific, 
virtually interference-free method. In certain 
cases it is necessary to perform the PA 
measurements at more than one wavelength, 
in order to ensure the selectivity of the 
method. In any cases, the PA detection has an 
outstanding robustness, which is practically 
impossible to achieve by alternative optical 
absorption-based detection methods.

CONSTRUCTION OF TDL-PA ANALYSERS
The core parts of the analysers (as shown 
on Figure 8) are one (or more) PA detection 
cell(s), a gas handling unit which transfers 
the gas to be measured into the detection 
cell(s), one (or more) laser light source(s) 
and the electronics, which controls and 
modulates the laser, measures and processes 
the signal of the microphone attached to the 
detection cell, calculates the concentration 
of the measured component from the PA 

signal and transfers the measurement results 
to its surrounding via the interfaces of the 
analyser. Besides it usually has supplementary 
control and measurement functions as 
well. Furthermore, for operation within a 
potentially explosive area, the analyser is 
supplemented with various safety features 
which make it ATEX-approved (according 
to the related EU directive). Although in 
this publication the gas handling of the PA 
systems will not be discussed in details, its 
importance has to be emphasised: only a 
properly designed gas handling can ensure 
that the concentration measured by the PA 

Fig. 5.  Main parts of a WaSul-Ex 
instrument with flameproof 
explosion protection in 2006

Fig. 6.  The TDL-PA Hobré-Hilase analyser in 2014
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system is indeed representative and valid 
for the measured gas stream. Therefore the 
gas handling of the TDL-PA Hobré-Hilase 
analysers is always designed very carefully.

MEASURABLE COMPONENTS BY TDL-PA
One of the outstanding applications of 
the TDL-PA method is H2S detection. This 
molecule has strong absorption lines in 
the telecommunication window (i.e. the 
wavelength range of 1 530−1 605 nm). CO2 
also has strong absorption lines in this range, 
which however partially overlap with that of 
H2S. Although the absorption lines of H2S are 
more than one order of magnitude stronger 
than that of CO2, due to the difference in 
their typical concentration in natural gas, 
quite often the PA signal of CO2 supresses 
that of H2S so special measurement methods 
are needed for accurate H2S detection (see 
below). Another component which can be 
measured with high sensitivity with TDL-PA is 
water vapour. Its absorption lines are in the 
1 370–1 400 nm wavelength range, which is 
out of the conventional telecommunication 
region, nevertheless fibre-coupled TDLs 
are still available there. Finally, there are 

additional components, which can be 
detected with high sensitivity with the TDL-
PA method, such as ammonia, methane, etc., 
but these data are not regularly required in 
the natural oil and gas industry.

POSSIBLE CONFIGURATIONS OF THE 
TDL-PA ANALYSER
Besides its basic configuration (i.e. a single 
laser, one detection cell, single electronics 
and a simple gas handling system), PA 
detection offers the possibility of building 
analysers into various configurations. One of 
the main advantages of the PA method is the 
possibility of using more than one detection 
cells in combination with a single laser and 
single electronics. Indeed, the laser light 
which suffers almost no attenuation while 
passing through a photoacoustic cell, even 
in case of measuring high concentration of 
the absorbing molecules (at least in the near-
infrared wavelength range) is available for a 
second (possibly also for a third or fourth) 
PA cell to be used as a signal generation 
source. Therefore PA cells can be placed in 
series, i.e. one after the other in a way that 
the output window of the first cell is the 
input window of the second cell and so on. 
The electronics of the TDL-PA Hobré-Hilase 
analysers can handle the microphone signals 
of these multiple cells simultaneously. There 
are several ways of taking advantage of this 
multiple cell configuration. One application 
is when a single analyser is used to measure 
the H2S concentration simultaneously in two 
gas streams, e.g. before and after a scavenger 
(H2S removal) unit. This is a very cost effective 
solution, because neither the laser nor 
the electronics has to be duplicated and it 
facilitates a tight control on the operation 
of the H2S removal unit. The dual cell 
configuration can also be used for improving 
the signal to noise ratio of the measurement 
by introducing the same gas stream into two 
PA cells and averaging the simultaneously 
measured two concentrations. In this way 
the signal to noise ratio can be improved 
by about 30%. Finally, in case when there 
are several components in the measured 
gas stream which possesses measurable 

Fig. 7.  Schematics of photoacoustic signal generation
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optical absorption interfering with that of 
the component to be measured, it is possible 
to apply a differential measurement in 
which the original gas stream is measured 
in parallel with a gas stream from which the 
measurable component is removed. In this 
way a zero gas (or null gas) is generated. A 
good example is H2S detection because there 
are several components in natural gas, which 
can spectrally interfere with H2S including CO2 
and heavier hydrocarbons. Therefore in one 
of the configurations of TDL-PA Hobré-Hilase 
analysers a dual cell is applied in a way that 
one cell measures the original gas stream, 
while the other measures the same stream 
but flowing through a H2S scrubber before 
entering into this cell (see Figure 9). This is of 
course a much more advantageous solution 
than using only one cell and switching the gas 
flow repeatedly through the H2S scrubber, i.e. 
measuring the scrubbed and unscrubbed gas, 
sequentially (Varga, A et al. 2006). 

Beside the possibility of duplicating (or 
triplicating etc.) the PA cell, it is also possible 
to use more than one light source in the PA 

system. Adding a second light source has 
the goal either to make the analyser capable 
to detect an additional component or to 
improve (to lower) the minimum detectable 
concentration of the measured component. 
As an example of the first case, a H2S (and 
CO2) measuring analyser can be upgraded 
to measure H2O too, by adding a new TDL 
to the system. As far as the second option 
is concerned, with a second laser at the 
same wavelength the optical power of the 
PA signal generating light can be duplicated, 
which halves the minimum detectable 
concentration. Whenever the two lasers are 
coupled together for light power increase 
they are first combined by a polarisation 
beam combiner (PBC), and only after that 
the combined beam enters into the PA cell. 
It has to be noted here that there is another 
possibility of increasing the light power and 
thus decreasing the minimum detectable 
concentration, which is the re-sending of the 
laser light through the PA cell(s) by a mirror 
attached to the end of the cell(s). This way the 
minimum detectable concentration (MDC) 
can almost be halved.

Fig. 8.  Layout of the TDL-PA Hobré-Hilase analyser
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THE APPLICATION OF THE TDL-PA 
ANALYSERS WITHIN THE OIL AND 
NATURAL GAS INDUSTRY
TDL-PA Hobré-Hilase analysers offer a 
combination of features not available in other 
technologies, such as no moving parts, no costly 
parts subject to wear, full separation of PA 
measuring cell and electronics, heated cell option, 
fast 30 seconds response time, stable calibration, 
more than 90% self-diagnostics, robust design, 
easy installation, a 6-month maintenance 
interval, ATEX zone 1 certification and over 
99.8% availability. The robust analyser is suitable 
for outdoor installation in a harsh industrial 
environment where minimal maintenance and 
minimal operator interventions are required. In 
contaminated gas streams the photoacoustic 
cell is far less sensitive to fouling than an optical 
detection method. All these features make it 
possible to apply the technology to several areas, 
discussed as follows.

APPLICATION AREAS
Reliable H2S, H2O and CO2 measurements are 
critical in many areas of the gas and oil industry 
in order to control gas treatment, protect 
process equipment and pipelines and supply 
good quality gas to customers. The application 
areas include:

› H2S monitoring before and after scavenger 
dosing

› H2S in crude oil
› H2S levels in headspace of storage tanks
› H2S and H2O in natural gas and in LPG
› H2S in production and test separators
› H2S and H2O in recycle gas
› H2S and CO2 in amine (or other type of) 

absorbers
› H2S in refinery fuel and flare gases.

Fig. 9.  Schematics of dual cell configuration of the Hilase-Ex analyser used to measure H2S concentration in case of 
strong spectral interference by the CO2 content of the measured gas sample
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Fig. 10.  Measurements with a Hilase-Ex analyser  
demonstrating 0.3 ppm repeatability

Fig. 11.  Response time of a Hilase-Ex analyser
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ANALYTICAL PERFORMANCE OF THE 
VARIOUS TDL-PA ANALYSERS
The simplest single laser, single cell H2S analyser 
has the minimum detectable concentration 
(MDC) of about 1.5 ppm (twice of the standard 
deviation at 10 minutes averaging time). The 
most complex analyser, with dual cell, dual 
laser and mirror provides MDC of 0.3 ppm 
(see Figure 10). With the same analysers MDC 
of CO2 is about 50 ppm. As far as H2O detection 
is concerned, MDC of 0.2 ppm can be reached. 
Response time of a Hilase-Ex analyser is in the 
seconds range (i.e. 0.1−1.0 sec) (Figure 11).

CONCLUSIONS, OUTLOOK
As a result of the various efforts in the last 
15 years, TDL-PA technology became widely 
accepted in the oil and natural gas industry. 
Nevertheless, those who participated in its 
development are still enthusiastic to develop 
the method further in order to gradually 
increase its market share.

Keywords: hydrogen sulphide, instrumentation, process 
monitoring, diode laser spectroscopy
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ABSTRACT
An unfortunate accident at work during a 
dewaxing operation in Algyő field (Hungary) in 
2007 drew our attention to the unsatisfactory 
conditions of dewaxing lubricators. As a result 
of a comprehensive review of the dewaxing 
lubricators, design and manufacturing of new 
assemblies proved necessary. Apart from 
lubricators, the development efforts also 
covered the entire dewaxing unit, including 
the suspension head, collar and dewaxing 
scrapers. The article describes the steps we 
took and our achievements between 2007 
and 2010.

BACKGROUND
The article outlines the past, present and future 
of dewaxing lubricators used for the operation 
of wells in Algyő field (Hungary) as well as 
further development opportunities based on 
our operational experiences. The dewaxing 
assembly, and in particular the lubricator is 
required to maintain permeability of the tubing 
in the well, thus allowing wireline operations1 
to be made in the well while dewaxing itself is 
also a wireline operation.

Crude oil produced in Algyő field is paraffin 
based, with pour point of 10−20 °C, slightly 
different composition and density in different 
layers (varying between 715 and 868 kg/m3), 
and wax content of about 8−9%. During 
production wax / paraffin of different quantities 
and qualities deposits on production tubing 
walls, reducing the internal diameter of the 
tubing and, thus, hindering the production and 
preventing slickline2 operations, required for 
operating the well from the beginning.

The required wireline operations cover 
formation pressure measurement and well 
operations, such as mounting and dismounting 
nozzles, bottomhole nozzles, A2 valves (‘check 
valves’), gas lift valves, relocating valves, 

1 „The lowering of mechanical tools, such as valves and fishing tools, into the well for various purposes”, viewed 6 
October, 2014, https://www.osha.gov/SLTC/etools/oilandgas/glossary_of_terms/glossary_of_terms_w.html
2 „A single-strand wireline used to run and retrieve tools and flow-control equipment in oil and gas wells. The single 
round strand of wire passes through a stuffing box and pressure-control equipment mounted on the wellhead to enable 
slickline operations to be conducted safely on live wellbores”, viewed 16 October, 2014, http://www.glossary.oilfield.slb.
com/en/Terms/s/slickline.aspx
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furthermore well diagnostic measurements, 
change-over between production levels in 
alternative wells, etc.

Depending on crude oil volume and composition, 
the operating conditions (e.g. the cooling effect 
of gas lift) in a well, dewaxing of the upper 
200−400 metres of the production tubing 
may become necessary even on a daily basis. 
Dewaxing is most frequently accomplished 
by mechanical removing. We apply stationary 
dewaxing units at the wells in the field consisting 
of the following components: lubricator, wire, 
suspension head, collar, dewaxing scraper and 
tilting structure, hoist (see later). Wax from 
the wall of the production tube is removed by 
moving the dewaxing scraper down and up; 
then wax particles will be carried out by the 
products (oil and gas).

„Lubricator is a specially fabricated length of 
casing or tubing usually placed temporarily 
above a valve on top of the casinghead or 
tubing head. It is used to run swabbing or 

perforating tools into a producing well and 
provides a method for sealing off pressure and 
thus should be rated for highest anticipated 
pressure”3. Lubricators are the most important 
elements of dewaxing units installed on the 
top of the Christmas tree, above the swab 
valve. While it is an assembly made of a tube 
that creates connection through the swab 
valve of a Christmas tree and the well, at the 
same time it is a ‘safety element’ destined to 
prevent hydrocarbons from getting out to the 
environment during dewaxing operations or 
continuous operation of dual wells. Besides, 
the element connected to the Christmas tree 
is exposed to significant physical load during 
dewaxing operations.

Previously lubricators were not deemed to 
be belonging to the wellhead equipment and 
as parts of the surface technology they were 
designed to keep the permitted pressure level of 
the gathering pipelines (160 bars). Accordingly, 
they were not designed and manufactured in 
compliance with the API specification.

3 Source: viewed 13 November, 2014, https://www.osha.gov/SLTC/etools/oilandgas/glossary_of_terms/glossary_of_
terms_l.html
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Fig. 1.  A typical dewaxing unit at Algyő before 2007
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Previously used lubricators were made of 
two pieces of tubes of different diameters. 
The smaller top diameter determined the 
diameters of usable wax scrapers and of 
collars, and thus the depth of dewaxing in a 
well.

A typical dewaxing unit used at Algyő field 
before 2007 is shown in Figure 1.

During a dewaxing operation at well Algyő-407 
on 27 July 2007, the lubricator got torn out of 
the counter flange of the swab valve, then was 
lifted by the pressure and fell on the worker 
who was opening the gate valve. 

The investigations following the accident 
discovered the following situation:

1. Some lubricators had no ‘D’ (final 
implementation) plan and the required 
certifications

2. In several cases the real material quality 
of parts did not coincide with that in the 
certifications

3. Apart from the stability pressure tests 
required once every 5 years, there was 
no maintenance instruction with detailed 
technical scope in place

4. There was no instruction or regulation for 
mounting and dismounting lubricators, and 
therefore the contractor performed it ‘as per 
the oil industrial practice’

5. The units kept records of lubricators but the 
documentation was far from complete.

The investigation committee made up of 
professionals from the Szolnok Mining 
District Authority (‘Captainship’) and of MOL 
unveiled that a large number of lubricators 
used for dewaxing had not been fabricated 
as per the construction designs but by thread 
cutting on a piece of tubing or flowline pipe 
currently available in the required length. The 
lubricator was connected with a thread to the 
3 inch line pipe thread of the swab valve or 

with a 2 inch line pipe thread connected with 
a flange clamp to the monoblock in dual wells 
(Figure 2).

Hemp tow sealing to eliminate connection 
thread leakages, and an extension arm to 
tighten the thread connection were used in 
line with the ‘good oil industrial practice’. The 
repeated dismounting and tightening with 
an extension arm significantly weakened the 
thread connection, which was occasionally 
‘counterbalanced’ by increased quantity of 
hemp tow.

One of the most important conclusions of 
the accident investigation was that in case of 
hemp tow sealing the conical thread could not 
be properly connected; out of the potential 11 
or 12 threads, only 6 or 7 threads ensured the 
proper connection.

A tilting structure was used to tilt and adjust 
dewaxing lubricators. Lubricators were tilted 
and erected by moving the wire rope and the 
pulley.

The assemblies are checked once every five 
years, covering the visual inspection of their 
physical condition and in particular threads 
as well as minor repairs and pressure tests. 
In the beginning they were installed, checked 
and maintained as required by the operator. 
Between 2005 and 2007 a subcontractor 
checked and pressure tested 106 lubricators. 
In the course of structural tests, often repair 
of threads, replacement of components and 
sometimes re-fabrication of the lubricator 
were required.

Fig. 2.  Threaded lubricator connection in the past
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ACTIONS MADE TO INCREASE SAFETY OF 
LUBRICATOR OPERATIONS
Despite the deficiencies disclosed as a result 
of the accident investigation, the existing 
lubricators had to be used temporarily. The 
technical manager in charge took the following 
immediate actions:

› In all the operating lubricators it had to be 
checked how many external threads of the 
lubricator, when covered in hemp tow, could 
not be screwed into the internal thread of 
the flange. In case of insufficient number of 
thread connections, the lubricator had to be 
reinstalled

› To seal the threads, thread grease, Teflon® 
(PTFE) cord or tape had to be used instead of 
hemp tow

› The existing equipments could be used only 
after maintenance, subject to the results 
of pressure and structural tests and by the 
approval of the technical manager in charge 
during the transitional period until final 
construction

› Management of the production unit has 
purchased thread gauges to check adequacy 
of threads to each other

› Wellhead equipments checking has to be 
also documented in operation log

› Operational instructions prepared 
for dewaxing and for mounting and 
dismounting lubricators were revised 
with the involvement of Integrated Field 
Application – Well Inspection organisation 
and Geoinform Kft.

In addition, a decision was taken to look at 
how the connections of lubricators could be 
constructed in a way that certainly prevents 
similar accident occurring.

Under the dedicated professional guidance 
of József Magyar, a drilling engineer with 
international experiences and an HSE expert, 
the investigation committee set up by MOL 

was looking for a long-term solution. A decision 
was made that threaded connections have to 
be eliminated in the installation of lubricators. 
For deficiencies in the manufacturing and 
material certifications, as well as for certain 
design faults of the assemblies in operation, 
a large number (20) of lubricators had to be 
decommissioned and reconstructed to meet 
the current requirements. For the above 
reasons, the technical manager in charge 
initiated the procurement, or the domestic 
design and fabrication of new lubricators 
that comply with today’s technical and safety 
requirements.

As lubricators are used everywhere in 
petroleum industry in the world, the 
idea was also raised to purchase such 
assemblies in the market. But for the large 
number of lubricators and the significant 
cost implications as in the informative 
quotations, a decision taken was to use 
domestic resources for their development 
and production. 

For experimental purposes, a bottom part 
with welded quick connection was put in 
use (Figure 3). Based on the experiences, the 
permanent use caused the material at the 
welded connection to weaken, and thus the 
solution was soon discarded. 

Fig. 3.  An experimental lubricator equipped with a 
bottom part with a welded quick connector
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Based on the recommendation of experts 
from the Well Services Supervision and of the 
chief engineer of the Mining District Authority 
(Captainship), the decision was made that our 
new lubricators shall be constructed of elements 
meeting API specification 6A (‘Specification for 
wellhead and Christmas tree equipment’), and 
only API-certified manufacturer may produce 
them.

The design task was assigned to Petrolterv 
Kft but the actual design was done by a team 
with involvement of professionals from the 
operator, HSE, Integrated Field Application – 
Well Inspection and Geoinform Kft.

MAIN REQUIREMENTS SET 
FOR NEW LUBRICATORS
Main requirements are the 
following:

›  They must meet the require-
ments of API specification 6A 
(‘Specification for wellhead 
and Christmas tree equip-
ment’)

›  The bottom part of lubricator 
should be connected with a 
welded extension flange to 
the swab valve or, in case 
of dual wells, with a flange 
clamp to the monoblock

›  Design parameters were dis-
cussed with the represent-
atives of Mining District Au-
thority (Captainship). Based 
on the authority’s position, 
lubricators shall be consid-
ered as part of the wellhead 
equipment, and therefore 
its pressure limit shall corre-
spond to the wellhead pres-
sure limit

›  The diameter of the lubrica-
tor tube should match the 
most frequent tubing diam-
eters while its length should 
allow even longer collars to 
be used

› Regular testing as set forth in test instructions

› Structural test combined with pressure tests 
once in every 5 years as per maintenance 
instruction (the first one will be due in 
2015)

› Keeping wiring records per well.

As a result of the cooperation between 
the design institute and MOL experts, the 
construction design of the new lubricator was 
completed in February 2010 (see Figures 4, 5). 

Fig. 4.  An assembly drawing of the 3 
inch lubricator tube (old)

Fig. 5.  An assembly drawing of the 2 
and half inch flanged lubricator 
tube (new)
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A number of domestic manufacturers with API 
certification were addressed in the tendering 
procedure. After evaluation of bids, Csepel 
Techno Ltd’s offer was accepted.
 
During the pre-contractual negotiations, the 
manufacturer recommended a number of 
reasonable modifications such as:

› A curved wire guide should be mounted on 
the outside of the top pulley

› For units without a tilting structure, the 
tipping rod should be made up of several 
parts with threaded connections

› To connect the bottom and top parts, a 
hexagonal union nut, with a special striking 
wrench, should be prepared instead of the 
conventional quick connector

› The descending bore should be made as low 
as possible in the counter flange.

After the acceptance of the modifications 
recommended by Csepel Techno Ltd, the 
test fabrication of lubricators with properly 
designed bottom part was commenced for 
wells with 3 000 psi (206.8 bar) and 5 000 psi 
(344.7 bar) pressure levels and dual wells, both 
for short and long stands of pipe.

EXPERIENCE ABOUT TEST RUNS OF NEW 
LUBRICATORS
Main lessons from the test runs are listed 
below.

1. To secure the bolt that holds the tilting 
structure, the solution with a Seeger ring 
was replaced by a cotter pin solution. That is 
much easier to handle in field circumstances. 
One end of the shaft should be bottomed 
while the other end should be made conical 
for better inlet.

2. The handspike that belongs to the toolkit 
should be modified so that it can be 
connected with a spring pin because the 
operator, while twisting the parts together, 
has to hold the lubricator.

3. Stud bolts M22 are required for the flange 
clamps of the dual Christmas trees produced 
by DKG.

4. The half inch manometer boss on the 
lubricator body has to be turned away by 
180°.

5. Instead of the L-profile (elbow) used for the 
manometer, a T-profile (TEE) will need to be 
used, with the half inch thread drilled in the 
current L-profile (to allow for blowout).

EXPERIENCE ABOUT INSTALLATION OF NEW 
LUBRICATORS
Main experiences are outlined in the following.

1. The tilting-adjusting rod is too heavy, a lighter 
solution is recommended.

2. The bottom support part of the tilting-
adjusting rod is too small and slippery.

3. The lever arm part of the wrench tightening 
the lubricator is unsafe as after loosening 
and tightening it pops off the surface. 
Threaded connection and a longer lever arm 
are recommended.

4. An extension to the adjusting arm of the 
stuffing box and / or the fixed mounting of 
the joint part would be an optimal solution 
allowing for easier operation (which has a 
real significance in case of high wellheads). 
Instead of a ratchet spanner adjusting the 
stuffing box, the well-established star wrench 
is the right solution.

5. The shape of the section preventing wires 
from popping off the top pulley needs to be 
modified because the water on the wire is 
guided into the stuffing box which may lead 
to freezing in winter.

6. For simpler operation, we would leave the 
top part of the tilting-adjusting structure on 
the lubricator.

7. The old lubricators were 2 inches in diameter 
and therefore 2.5 inch clamps need to be 
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fabricated instead of the 2 inch ones on the 
self-tilting structure for the new lubricators.

Based on the favourable experiences with the 
experimental devices, serial production could be 
started. Dewaxing lubricators can be mounted 
and dismounted only with the help of a crane. 
The lubricator units of wells dewaxed on a daily 
basis were equipped with tilting structures 
(Figure 6.) The tilting structure system was 
adopted from the Kiskunhalas Production Unit 
where it was already in use. After some minor 
modifications and before the commencement of 
production, we requested statical calculations to 
be made for the tilting structure. Following the 
required documentation, we placed an order to 
Petrolszolg Kft for manufacturing.

The installation of lubricators with tilting 
structures began.

Simultaneously with the installation of lubricators, 
the dewaxing wire, the suspension head, the collar 
and the dewaxing scraper were replaced, and 
mobile hoists were erected in wellsites to replace 
the previous fixed tilting structure hoists. In dual 
wells at Algyő field, the parallel production from 
short and long stands of pipe requires a dewaxing 
assembly to be mounted on both stands. To 
ensure that both devices can be installed next to 
each other, the tilting structures of the two levels 
were mounted in two different heights (as agreed 
with Geoinform Kft). For the sake of operation, 
the two tilting structures had to be positioned in 
opposite directions (see Figure 7).

DEVELOPMENT OF OTHER DEVICES OF 
DEWAXING UNITS
Simultaneously with lubricator developments, 
the upgrading of dewaxing devices also began.

DEWAXING SCRAPERS
Wax deposition in dewaxing scraper caused 
a permanent problem, and while dewaxing 
scrapers were pulled up, their tips often got 
stuck in the tubing joint, causing ruptures 
(Figure 8a). Then, chromium plating of dewaxing 
scrapers prevented wax from sticking to the 
scrapers (Figure 8b). Then the tips of dewaxing 
scrapers were deadened while the dewaxing 
scrapers was affixed in the middle and the fixing 
elements were sharpened, and its outer and 
inner edges were sharpened (Figure 8c).

SUSPENSION HEAD
The length of the fishing rod was extended 
by 10 mm and the ‘neck’ part was made of 
tempered material. Its significance is that while 
a dewaxing tool is being fished (retrieved by 
JDC pulling tools’ fishing necks), the fishing tool 
grasps it more easily and it does not become 
deformed even after repeated grasping 
attempts.

Fig. 6.  Affixing the tilting structure of the lubricator

Fig. 7.  Dual oil well equipped with lubricators
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Besides, a spring support was added to dampen 
mechanical pounding.

COLLAR
In wells producing from Lower Pannonian 
layer, wax with asphaltene content can be 
expected to form a deposition. Most of such 
wells produce with cyclical gas lift injection, 
and therefore, in the gas lift cycles the gas 
cools down the produce, contributing to the 
enhanced deposition of paraffin. The massive 
deposition frequently causes the tool to 
become stuck in the tubing.

To solve the problem, the development of 
a piston collar was started, that can remove 
the stuck dewaxing tool out of the hard wax 
in response to a mechanical impact. Also, in-
depth dewaxing units equipped with internal 
combustion motors are used which is capable 
of removing depositions from the tubing up to 
a depth of 1 200 metres.

The length of the lubricator determines the size 
of the collar, ensuring that both the dewaxing 
scraper and the suspension head can safely fit 
into the lubricator.

WIRES
Previously used wires were highly susceptible 
to corrosion and were characterised by brittle 
type fracture. Knowing that, Geoinform 
Kft began the procurement of H2S- and 

CO2-resistant Sandvik wires 
by contacting international 
manufacturers. 

Practical experiences show that 
the corrosion-resistance of the 
wire is excellent and it can resist 
a tensile load of 591 kg.

IN-FIELD EXPERIENCES WITH 
THE NEW LUBRICATORS
Currently, 143 dewaxing 
lubricators are installed within 
the area belonging to Algyő 
Production.

The connection and corrosion protection of 
the adjusting rods of lubricator stuffing boxes 
still need to be further developed.

The time required to install lubricators became 
slightly longer but it far outweighs the safe 
operation of the system.

Formation pressure testing can be performed 
via the new lubricators (thus saving time and 
avoiding problems with re-assembling).

Fig. 8.  Dewaxing scrapers

Fig. 9.  Suspension head Fig. 10.  Dewaxing scraper 
equipped with a 
collar

a b c
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No accident occurred in the course of the 
fitting efforts or the operation.

The development cannot yet be regarded as 
finalised. Gained experiences are continually 
incorporated to further improve the 
technology. The next envisaged development 
is the chromium plating of the collar and an 
examination of how to reduce adhesion and 
friction.
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ABSTRACT
In this paper a method of more energy-
efficient distillation of multicomponent 
reformate is described. First, the simulation 
of an existing plant for reformate 
fractionation with a capacity of 80 t/hour, 
was made. As the feed for reformate 
fractionation is composed of many different 
molecules, for calculation purposes feed 
is reduced to 15 principal components. 
After simulating the base case, shortcut 
and rigorous simulation of reformate 
fractionator as a dividing wall column was 
made. After this, sizing of the dividing 
wall column with corresponding internal 

architecture was done. The economics of 
the new column is presented in the form of 
an estimation of operating costs, as well as 
an assessment of the investment costs.

INTRODUCTION
Two most important tasks set before the 
refineries today are to increase the conversion 
depth and to increase the energy efficiency. 
To achieve deep conversion, refineries 
started to invest in heavy residue processing. 
Increase of energy efficiency is achieved 
by better utilisation of all energy sources 
and by increasing heat recovery in refinery 
processes. 

Distillation is the most common and important 
physical separation method, widely used in 
process industry. Therefore it is not a surprise 
that most attention is dedicated to increasing 
energy efficiency of this process. Distillation is 
also a process that is responsible for a large 
percentage of world’s energy consumption. 
Due to its significant energy inefficiencies 
some call it the ‘energy dark horse’. It is 
known that distillation represents about 95% 
of all separations in the chemical industry, and 
that in the US alone, about 40 000 distillation 
columns exist in all industries. In 1978 Mix 
and colleagues estimated that distillation 
processes in the US consume 3% of the total 
energy consumption in the United States 
and that the possible energy savings of 10% 
on these processes would mean a saving of 
about USD 500 million (Mix, TJ et al. 1978).



57Scientific Magazine

Distillation is a thermal separation process, 
where reboiling part of the bottom liquid 
usually provides heat required for the 
separation process. Condensation of the 
overhead vapour is used to take a certain 
amount of heat to gain the desired product. 
With reboiling and condensation a certain 
amount of energy is lost. 

Minimum amount of energy required for 
reversible distillation process (Qmin.) can be 
described with the equation of (Halvorsen, IJ & 
Skogestad, S 2011)

Qmin. = ΔS Tc / (1-Tc/Th)
where  ΔS – change in entropy 

Tc –high temperature in the reboiler 
Th – low temperature in condenser.

According to the second law of thermodynamics, 
change in entropy can be defined as:

ΔS = -R Σ Xiln (Xi)
where  R – universal gas constant 

Xi – molar fraction of component i.

According to Halvorsen and Skogestad „The 
energy usage Q in conventional distillation 
arrangements is typically more than 50% 
higher than Qmin due to inevitable entropy 
losses, in particular due to remixing within 
column sections and interconnections and 
temperature differences in heat exchangers“ 
(Halvorsen, IJ & Skogestad, S 2011).

Energy efficiency of the conventional 
distillation process (i.e. of classic distillation 
process with one feed and two products) has 
been increased significantly in the last 20 
years as a result of

› Better process control systems
› Utilisation of high-efficiency internals
› Using side heat exchangers enabling use of 

cheaper utilities
› Heat integration and
› Heat pump assisted distillation.

However, the only way to minimise energy losses 
that are caused by remixing effect in separation 
of multicomponent mixtures is to apply the 
principle devised by Russian physist F. Petlyuk 
and his colleagues (Petlyuk, FB & Platonov, 
VM & Slavinskii, DM 1965). According to their 
principle, in every column in the sequence, 
only easiest separation can be performed. This 
is the principle on which the so called divided 
wall columns (DWCs) are based. Separation “is 
achieved by using a vertical partition wall that 
divides mainly central part of the column into 
prefractionator and main column sections. In 
each section, two components with greatest 
difference in volatility are separated, while 
others are allowed to distribute” (Dejanović, I 
& Matijašević,  L & Olujić, Z 2010). The biggest 
application area of the divided wall columns 
until today was separation of mixtures of 
three products. Now, after the introduction 
of non-welded wall technology it became 
possible to use this principle for separation of 
multicomponent mixtures consisting from 4 or 
more products.

The main obstacle for a greater expansion of 
this technology lies in the fact that there is no 
reliable method for calculation of distillation 
and dimensioning of the column, and therefore 
there is a huge delay in the application of this 
technology. Another reason for poor expansion 
of this technology is potential issues in process 
control. As the divided wall column has 
greater numbers of degrees of freedom than 
conventional distillation column, for proper 
and safe operation of the process it is necessary 
to harmonise significantly larger number of 
variables.

DEVELOPMENT AND APPLICATION OF 
DIVIDED WALL COLUMNS
In conventional distillation technology, 
separation of multicomponent mixtures of 
three products is carried out in at least two 
successive columns (number of required 
distillation columns in series is equal to the 
number of products, minus one). Figure 1 
shows an example of two possible sequences 
for separating three products: the so called 
direct and indirect sequences.
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Figure 2 shows another possibility: a sequence 
of three columns. The first column in the 
series is a prefractionator or column that has 
no products, but is used for sharp separation 
of components with the greatest difference 
in the relative volatility (of components A and 
C), while the middle-boiling component B is 
distributed in the top and bottom products 
of prefractionator. The final separation is 
performed in two distillation columns. In one 
column separation of components A and B 
is carried out, and in the other components 
C and B are to be separated. In this way, the 
middle-boiling component B is removed from 
the bottom of one column and from the top 
of the second column. This configuration, 
although requires more equipments (by one 
column and two heat exchangers) compared 
to the direct / indirect sequences, can lead to 
significant reduction in the amount of energy 
required to perform the same separation task, 
due to avoidance of energy loss connected to 
remixing of component B.

If reboiler of the top column and condenser of 
the bottom column (see Figure 2) are thermally 
coupled, capital costs savings can be achieved. 
First example of the described distillation 
sequence design was given by Brugma in 1936 
(Brugma 1942). This design enabled reduction 
of energy and investment costs, by usage of 
additional evaporator (reboiler) and condenser 
located at the prefractionator. Petlyuk and 
his colleagues in their paper (Petlyuk, FB 
& Platonov, VM & Slavinskii, DM 1965) 
described the design of fully thermally coupled 
distillation columns. Reboiler and condenser in 

Petlyuk's configuration are located at the main 
column and the reboiler and condenser of 
prefractionator are replaced with the thermal-
coupling to the main column. In this way, the 
heat required for the separation is provided 
with a single reboiler and condenser. Figure 3 
shows Burgma’s (a) and Petlyuk's (b) sequences 
of distillation columns for separation of three 
products.

In 1972, Stupin and Lockhart confirmed 
substantial energy savings, which can be 
achieved by usage of a thermal connection 
for the separation of components with close 
boiling points (Stupin, WJ & Lockhart, FJ 

Fig. 1.  Direct and indirect sequence of distillation columns for the separation of ternary mixture (Dejanović, I 2010)

Fig. 2.  The so called prefractionator sequence for 
separation of three products (Dejanović, I 2010)
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1972). In 1978 Tedder and Rudd made the first 
study on the separation of ternary mixtures 
(Tedder, DW & Rudd, DF 1978) recommending 
operation of the Petlyuk's pseudo-column if 
the concentration of component B (middle 
component) in a mixture is between 40 
and 80%. Fidkowski and Królikowski in 1986 
compared the optimal vapour flow in direct 
and indirect conventional distillation series and 
for the Petlyuk’s pseudo and normal design; 
Petlyuk’s design showed significant savings. 
For the calculation of minimum required 
vapour, Underwood's equations were used 
(Fidkowski, Z & Królikowski, L 1986). In 1985, 
Chavez and co-workers indicated that Petlyuk’s 
design has five degrees of freedom, which 
was the basis for the further development of 
distillation technology (Chavez, CR & Seader, 
JD & Wayburn, TL 1986).

Petlyuk's sequence was a basis for the divided 
wall column design. First application of the 
divided wall for ternary mixtures separation 
was proposed in 1949 by Wright (Wright 1949). 
His design consisted of the main column in a 
single shell with three side products, where 
the feed input and three side products were 
separated by a dividing wall. The design 
has never been applied in practice. Kaibel’s 
innovations in 1987 (Kaibel, G 1987) enabled 
application of the dividing wall for separation 
in Petlyuk’s series. Using new technologies, 

conventional distillation separation of 
multicomponent mixtures of three products in 
two distillation columns would be replaced by 
separation in a single divided wall distillation 
column, as it is indicated in Figure 4 (Sumiju 
Plant Engineering Co 2013).

In a divided wall column, prefractionator 
as a separate unit has been abandoned. 
Prefractionator is integrated into the shell of 
the head of the column and separated by a 
divided wall. Such a column is called a fully 
thermally coupled column. When the system 
is properly operated, the potential energy 
savings can be 20−40% compared to the 
conventional distillation systems. The first 
divided wall column was designed in 80's at 
BASF SE, in Ludwigshafen, Germany.

DESIGN BASIS
Design of divided wall columns is carried out in 
several steps:

› Shortcut calculation (Vmin diagram)
› Rigorous calculation and optimisation and
› Column sizing – hydraulic design.

SHORTCUT CALCULATION (Vmin DIAGRAM)
The purpose of shortcut calculation is to 
provide data that will be the basis for a rigorous 
calculation. One such method is the so called Vmin 
diagram, which is a graphical representation of 

Fig. 3.  Brugma's sequence (a) and Petlyuk's sequence (b) of distillation columns for separation of three products (Brugma 
1942; Petlyuk, FB & Platonov, VM & Slavinskii, DM 1965)
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vapour and liquid flow rates required to perform 
all splits within a given distillation sequence. It 
is based on Underwood’s equations, implying 
following simplifications and conditions: infinite 
number of theoretical stages, constant relative 
volatilities and constant molar flow rates in a 
column. The required data for Vmin diagram 
construction are composition of the feed, relative 
volatilities, required key component splits, and 
thermal condition of feed. Figure 5 shows Vmin 
diagram for the separation of ternary mixtures 
into three products. Vmin diagram illustrates 
how the components of the ternary mixture in 
conventional distillation column, with an infinite 
number of equilibrium stages, are distributed 

between the top and bottom of the column 
depending on two defined degrees of freedom 
(D/F – net flow of product to the top per unit of 
feed; V/F – vapour flow rate above the feed).

For a ternary mixture (to obtain three products 
from multicomponent mixtures) three points 
need to be formulated: the point of sharp 
split between components A and B, PAB; the 
point of sharp separation of components A 
and C, PAC and the point of sharp separation of 
the components B and C, PBC. Initial values of 
liquid and vapour molar flow rates in a divided 
wall column can then be determined through 
relations between those peaks.

Reflux liquid
of Column 2

SEC-3

SEC-1

SEC-2 SEC-5

SEC-4

SEC-6

Divided Wall Column

Liquid
Vapour

Vapour feed to
Column 2
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C

Feed (A, B, C)

Fig. 4.  SPE divided wall column for the 
separation of ternary mixture 
(Sumiju Plant Engineering Co 2013)
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To calculate minimal number of theoretical 
stages of the distillation process Fenske's method 
is used, while Gilliand correlation provides the 
relationship between reflux and number of the 
required theoretical stages. Feed stage location 
is determined by Kirkbride equation.

RIGOROUS CALCULATION
To get a basis for hydraulic design and sizing, 
i.e. to get the final values of design parameters, 
it is necessary to make rigorous simulation 
using commercial process simulators. Such 
simulators do not incorporate a DWC model, so 
it is necessary to build up a thermodynamically 
equivalent sequence of conventional columns. 
These models are applicable if heat transfer 
through the dividing partition can be neglected.

Number of stages is set to 2.5Nmin (where Nmin is 
the number of equilibrium stages at total reflux) 
as calculated by Fenske equation in shortcut 
simulation. Flow rates of all streams are set to 
match the values obtained from Vmin diagram.

SIZING – HYDRAULIC DESIGN
After the implementation of rigorous simulation, 
obtained process parameters are used for sizing. 
Divided wall column can be equipped as a 

conventional distillation column, with various 
types of trays or packings. The difference 
compared to sizing of conventional column 
is in the regulation of vapour split across the 
partition. The liquid split is easily regulated in 
operation, while the vapour flow on both sides of 
the wall depends primarily on the resistance to 
the flow, which is provided by internal elements 
of the column, inclination of the wall, and by the 
wall itself. By proper sizing, equal pressure drop 
on both sides of wall is achieved, meaning that 
vapour flow rates in operation will be the same 
as in design.

For the assessment of the pressure drop in 
structured fillers Delft model is used. The 
model was developed in Delft University of 
Technology and its biggest advantage over 
other models is that it does not require any 
special experimentally determined parameters 
of the packings, but only its geometric 
characteristics.

DESIGN OF REFORMATE FRACTIONATION FOR 
DIVIDED WALL COLUMN
Operation of INA Rijeka Refinery’s existing 
plant (splitter) for fractionation of reformate 
with a capacity of 80 t/hour was simulated as a 

Fig. 5.  Vmin diagram for 
separation of ternary 
mixtures into three 
products (q indicates 
quality of feed; q = 0 
– saturated vapour; q 
= 1 – saturated liquid) 
(Dejanović I, 2010)
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basis of the design. Process was modelled with 
CHEMCAD process simulator software. For the 
modelling of vapour-liquid equilibrium, Soave-
Redlich-Kwong (SRK) equation was selected as 
one of the most frequently used models for 
hydrocarbon mixtures.

SIMULATION OF THE BASE CASE
As the feed for reformate fractionation is 
composed of many different molecules, for 
purposes of the calculation, the number 
of its components was reduced to 15 main 
components (with the subsequent change of 
the component percentages). Table 1 shows 
the chemical composition of such mixture 
feed. First numeric data row of Table 1 

shows chemical composition of reformate for 
simulation.

The distillation products have to meet the 
following requirements:

› Benzene content in light reformate must not 
be higher than 2% by weight

› n-hexane must end up in light reformate, as 
much as possible

› Benzene content in benzene fraction must 
be in range of 50 to 75% by weight and

› Maximum benzene content of heavy 
reformate is 1.5% by weight and the process 
is optimal if benzene content is between 0.5 
and 1% by weight.

STREAM NAME REFORMATE LIGHT REFORMATE BRC HEAVY REFORMATE

Temperature, °C 115.1569 40 40 143.2143

Pressure, bar 2.8 2.7 1.7 1.7

Enthalpy, MW -13.472 -13.69 -0.18206 -0.13731

Total flow, kmol/hour 852.8956 269.9423 72.3152 510.8459

Total flow, kg/hour 80000.0367 21498.9317 5993.9609 52524.0687

Mass percentage, %

i-pentane 6.300794 23.445995 0 0

n-pentane 4.770194 17.750454 0 0

2-methylpentane 5.572594 20.736268 0 0

3-methylpentane 4.346296 16.173041 0.000001 0

n-hexane 5.371594 19.980904 0.000204 0

benzene 6.970397 1.904563 73.879582 1.434139

2,4-dimethylpentane 0.41 0.008776 5.426328 0.004345

2-methylhexane 2.241398 0.000002 19.839668 1.154297

n-heptane 2.049998 0 0.850597 3.025316

toluene 23.890366 0 0.003621 36.387306

ethylbenzene 4.264195 0 0 6.494849

p-xylene 5.507694 0 0 8.388839

m-xylene 12.395789 0 0 18.88018

o-xylene 6.341793 0 0 9.65927

1,2,4,5-tetramethylbenzene 9.566893 0 0 14.571458

Table 1.  Main parameters, composition of feed, quantity and compositions of products obtained by simulation in base 
case (BRC – benzene rich cut)
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Operating modes used in the daily operation 
of the existing reformate fractionation plant 
(splitter) were utilised for defining operating 
conditions. Also, total number of trays 
(equilibrium stages) and feeding point (tray 
ordinal number) were fixed according to the 
existing plant operation. These data were also 
taken as unchangeable (constant) throughout 
calculation. Thus, the calculation of column 
for separation of light reformate and heavy 
reformate (322-C-001) was carried out with 
77 trays and with feed entering 30th tray, and 
the calculation of column for separation of 
benzene reach cut and heavy reformate (322-
C-002) was carried out with 52 trays and with 
feed entering 22nd tray. 

Composition of the feed, quantity and 
composition of the products obtained by 
simulation in the base case at the capacity 
of 80 t/hour are shown in Table 1. The data 
obtained by strict calculation are in accordance 
to actual process data and the concentrations 
of benzene in the products are under standard 
limits (due to the large number of compounds 

in the products of reformate fractionation, 
daily analysis and quality control is carried 
out only for controlling the benzene content 
in products). Main values and process 
parameters used for the strict calculation, as 
well as the number of trays and feed point are 
in accordance with the real process condition.

In Table 2 inlet process parameters and the 
results of the rigorous calculation, at the plant 
capacity of 80 t/hour, are shown.

DWC DESIGN
For calculation purposes the feed composition 
was reduced to 15 components, which were 
arranged in the order of increasing boiling 
point. Table 3 shows the composition in mole 
fraction of the mixture that was used for the 
calculation of the divided wall column, at the 
capacity of 80 t/hour, distribution coefficients 
at the feed supply tray and the desired column 
products (D – distillate, B – bottom, S – average 
product). The grouping of components by 
resulting products corresponds to the situation 
in the base state.

Table 2.  Inlet parameters and results of rigorous calculation at the reformate fractionation plant (capacity of 80 t/hour)

INLET PARAMETERS RESULTS
Inlet column temperature, °C 

322-C-001 115
322-C-002 154

Evaporator heat duty, MW

322-H-001  13.6
322-H-002   3.7
Total    17.3

Top column temperature, °C

322-C-001 84
322-C-002 97

Condenser heat duty, MW

322-C-001  -13.4
322-C-002  -3.4
Total   -16.8

Bottom column temperature, °C

322-C-001 154
322-C-002 143 

Benzene content, % m/m

Light reformate  1.9
Benzene rich cut  73.8
Heavy reformate  1.4

Top column pressure, bar

322-C-001 2.7
322-C-002 1.7

Reflux ratio

322-C-001 4.3
322-C-002 4.5
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In the first phase of calculation, a shortcut 
calculation is performed. In this step, each section 
is observed as a separate conventional distillation 
column, where separation takes place. For each 

product, a key distillation component has to be 
selected. These ‘key components’ are for light 
reformate – n-hexane, for benzene fraction – 
benzene, and for heavy reformate – n-heptane.

COMPONENT MOLE FRACTION DISTRIBUTION COEF. AT A FEED SUPPLY TRAY PRODUCT

i-pentane 0.081913 3.289 D

n-pentane 0.062015 2.75 D

2-methylpentane 0.060654 1.578 D

3-methylpentane 0.047307 1.424 D

n-hexane 0.058466 1.283 D

benzene 0.083699 0.914 S

2,4-dimethylpentane 0.003838 0.986 S

2-methylhexane 0.020981 0.762 S

n-heptane 0.019189 0.600 B

toluene 0.2432 0.402 B

ethylbenzene 0.037674 0.196 B

p-xylene 0.04866 0.182 B

m-xylene 0.109516 0.178 B

o-xylene 0.05603 0.158 B

1,2,4,5-tetramethylbenzene 0.066857 0.03 B

Table 3.  Chemical composition of the feed, distribution coefficient at the feed supply tray and the desired column 
distribution by components (‘key components’ are shown in bold)

Table 4.  Characteristic points of Vmin diagram (C1 – prefractionator; C2,1 – main column above side product; C2,2 – main 
column below side product; F – feed; VT – vapour molar flow through column; D – distillate molar flow through 
column)

SPECIFIED IN THE CALCULATION

Section Point Required separation

C1 PAC r(C,D)=0.005 r(A/B)=0.01

C2,1 PAB r(B,D)=0.05 r(A/B)=0.4

C2,2 PBC r(C,D)=0.08 r(B/B)=0.1

RESULTS

VT/F D/F N Nf Nmin

0.62 0.35 64 34 15

1.03 0.29 64 47 16

0.78 0.4 67 45 17
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In the first column separation of components 
with the greatest difference in relative volatility 
(i.e. of n-hexane and n-heptane) takes place. 
For the calculation, distillate product should 
contain 99% of n-hexane in the feed, and 99.5% 
of n-heptane in the feed should be recovered 
in the bottom of this column. The minimum 
number of equilibrium stages required for the 
separation is also fixed.

In the second column separation takes place 
between the key component of light reformate, 
n-hexane, and the key component of the middle 
product, benzene. Distillate should contain 
60% of n-hexane in the feed to this column, 
and 95% of benzene in the feed should remain 
in the bottom product of the column.

To the third column shortcut distillation 
calculation for benzene, as the key component 
of the middle product, and n-heptane, as the key 
component of the heavy reformate is performed. 
We require top product containing 90% of 
benzene in the feed and bottom product with 
99.2% of n-heptane in the feed to this column.

In this calculation, basic parameters for 
the second phase of calculation (rigorous 
calculation) were generated. For the purpose 
of rigorous calculation, divided wall column 
is observed as three conventional distillation 
columns. The result of rigorous calculation 
is the minimum vapour flow required for the 
separation. This minimum vapour flow is then 
needed for the creation of Vmin diagram, 

which is the third phase of calculation.

Table 4 shows characteristic points of Vmin 
diagram which are the result of rigorous 
calculation.

After determining the characteristic points, 
Vmin diagram could be constructed (Figure 6). 
This diagram gives a clear idea of the minimum 
energy needed for the required separation.

By creating this diagram, required amount 
of vapour for the separation and amount of 
produced distillate is determined. By defining 
relationship between these two variables, 
other variables can be determined.

Highest point in Vmin diagram (PAB) represents 
the minimum amount of vapour required 
for the separation of n-hexane and benzene. 
Minimum amount of vapour is connected to 
minimum amount of energy required for the 
separation in thermally connected columns.

Point PAC represents preferred point, and 
shows the amount of vapour required for 
the separation of n-hexane and n-heptane 
in prefractionator, for the given amount of 
produced distillate and given purity of the 
product. Preferred point represents the optimal 
way of operating the distillation process for the 
required purity of the product.

After Vmin diagram is constructed, material 
balance calculations for three distillation 
columns should be made. Balance must 
include liquid and vapour flows for each 
column (section). These flows will be the base 
for divided wall column sizing.

Figure 7 shows vapour and liquid material 
balance, distillate, middle product and bottom 
product yields, in thermally connected column, 
at the capacity of 80 t/hour.

Material balance was calculated from the 
balance equations, where one can start from 
an initial value of the required vapour flow 
rate from the evaporator, or from the top of 
section 2.1 and the amount of the produced 

Fig. 6.  Vmin diagram for separation of three key 
products of reformate in divided wall column
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distillate. In both cases the amount of vapour 
flow through prefractionator was determined 
based on Vmin diagram, so that the operation 
of prefractionator was in the area of preferred 
point. The rest of the vapour is sent to the top 
of the main column bypassing prefractionation 
section.

In the fourth phase of calculation, data from 
Vmin diagram as well as data from rigorous 
calculation for each column served as initial 
points of calculation for Reformate splitter. 
Capacity of Reformate splitter is 80 t/hour. 
Unit is described as a thermally completely 
connected column, or as Petlyuk’s series with 
one evaporator and one condenser. Initial 
number of equilibrium stages was fixed at 
the value N ≥ 4Nmin. Feed flow rates were 
fixed at the value which was determined from 
Vmin diagram and material balance. After 
convergence of simulation in the process 

simulator ChemCad, optimisation of the 
distributed liquid and vapour in the sections 
above or below the wall was performed.

Number of equilibrium stages N, was set at the 
value of N ≥ 2.5Nmin. Stages that do not take part 
in separation were eliminated. In this way for 
prefractionator section, 40 equilibrium stages 
were determined, and for the main column 80 
equilibrium stages were received.

Table 5 shows composition of feed and products 
determined by simulation of Reformate splitter 
as one thermally completely connected column.

DIVIDED WALL COLUMN SIZING
At Reformate splitter in INA Rijeka Refinery 
column C-001 was presumed to be of sufficient 
size and was selected for simulation of divided 
wall column. Column C-001 is 36 m high and 
has a diameter of 2.3 m in the widest part.

Fig. 7.  Vapour and liquid material balance, distillate, middle product and bottom product yields in thermally connected 
column (F, D, S, B – molar flows of feed, distillate, side product and bottom product; RL – liquid splitting over 
dividing wall; RV – vapour splitting over dividing wall; L/D – reflux ratio; V/B – reboiling ratio)
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The interior of the column consists of structured 
fillers. Delft model was used to estimate the 
pressure drop through the column (Rix, A & 
Olujić, Ž 2008). For all sections HETP (height 
equivalent to a theoretical plate) value of 0.4 m 
was used.

Table 6 shows the required number of 
equilibrium stages and the equivalent height of 
a structured filler at the capacity of 80 t/hour, 
and Table 7 indicates the basic dimensions and 
estimated pressure drop across the layers of 
the filler.

To reduce pressure drop through section C1,2 
and C2,4, decreased height of a packing bed 
and increased height of a packing bed on 

section C2,1. Feed enters the prefractionator 
part of DWC above tray 19, and there are 21 
stages in the upper rectification section and 
19 ones in the lower stripping section. As a 
result of prefractionation we get a mix of light 
reformate and BRC at the top of rectification 
section and a mix of heavy reformate and BRC 
at the bottom of the stripping section.

In the top section 2.1 of the main column, having 
26 theoretical stages, light reformate is received. 
Part of it returns back into the top as reflux.

Main column central section above the BRC 
product outlet 2.2 has 13 theoretical stages, 
and section below the BRC outlet 2.3 has 11 
theoretical stages.

REFORMATE LIGHT REFORMATE BRC HEAVY REFORMATE

Temperature, °C 100 76.5658 108.5178 163.0543

Pressure, bar 2.7 2.7 2.7 2.7

Total flow, kmol/hour 852.8957 236.2961 103.0002 513.6421

Total flow, kg/hour 80000.0509 18606.8835 8528.6865 52868.0441

Mass percentage, %

i-pentane 6.300794 27.0899 0.000009 0

n-pentane 4.770194 20.509313 0.000142 0

2-methylpentane 5.572594 22.758687 2.608568 0

3-methylpentane 4.346294 15.619758 6.675395 0.000001

n-hexane 5.371594 12.220876 23.712844 0.000019

benzene 6.970394 1.799891 55.30771 1.000001

2,4-dimethylpentane 0.41 0.00157 3.824329 0.002657

2-methylhexane 2.241398 0.000001 7.388397 2.202627

n-heptane 2.049998 0 0.43665 3.032277

toluene 23.89037 0 0.045967 36.144784

ethylbenzene 4.264196 0 0.000002 6.452656

p-xylene 5.507695 0 0.000001 8.334335

m-xylene 12.395791 0 0.000002 18.757503

o-xylene 6.341793 0 0 9.596482

1,2,4,5-tetramethylbenzene 9.566893 0 0 14.476661

Table 5.  Feed and product parameters and composition determined by simulation of Reformate splitter as one thermally 
completely connected column
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Bottom section 2.4 of the main column consists of 
28 theoretical stages, and it has the largest liquid 
load in the column. Due to the fact that separation 
in sections 2.1 and 2.4 requires a large number of 
theoretical equilibrium stages, the height of the 
structural filler has to be more than 10 metres; 
these sections must be divided into two separate 
layers. The upper part of the main column consists 
of sections 2.1A and 2.1B containing structured 
fillers with a height of 5.2 metres, while the lower 
part of the main column consists of sections 
2.4A and 2.4B, containing structured fillers with 
a height of 5.4 metres. For a better distribution 
of the liquid on the surface of the filler 8 dividers 
and 7 liquid collectors must be installed in the 
column. Figure 8 shows the dimensions of the 
divided wall column for separation of reformate 
at a capacity of 80 t/hour.

Result of sizing is a dividing wall column with 
the height of 56 m, which fully meets the 
required product quality.

ENERGY SAVINGS OF DWC
Energy savings of DWC are based on better 
utilisation of heat in the heat integrated column 
as well as on the elimination of second column 
with all the accompanying equipments.

Table 8 shows heat duties of condensers and 
evaporators for existing columns and for new 
DWC.

When we compare evaporators heat duty of the 
conventional separation sequence with DWC, 
we see that DWC for the same separation and 
the same products quality requires 8.78 MW 
less energy than a conventional separation 
sequence. The reason for lower energy 
consumption lies in completely thermally 
linked distillation column and in complete 
elimination of one evaporator. Table s8 also 
shows, that by using DWC, refinery can save 
Euro 1 454 004 per year in refinery fuel gas 
consumption.

SECTION THEORETICAL NUMBER OF EQUILIBR. STAGES HEIGHT OF A PACKING BED, m

C1,1 21 8.4

C1,2 19 7.6

C2,1 25 10

C2,2 13 5.2

C2,3 11 4.4

C2,4 28 11.2

SECTION TOP 1 TOP 2 PREFRACTIONATOR MAIN COLUMN

Section 2,1a 2,1b 1,1 1,2 2,2 2,3 2,4a 2,4b

Filler type Montz-Pak B1-350 MN

Number of stages 13 13 21 18 13 11 13.5 13.5

Layer height, m 5.2 5.2 8.4 7.2 5.2 4.4 5.4 5.4

Column diameter, m 2.500 2.500 1.450 1.800 1.050 0.700 2.500 2.500

Pressure drop, mbar 10.61 10.45 13.53 10.26 12.56 9.99 14.96 15.36

Total pressure drop, mbar 21.06 23.82 22.55 30.32

Table 6.  Required number of equilibrium stages and the equivalent height of a structured filler at the capacity of  
80 t/ hour (section abbreviations are indicated on Fig. 8)

Table 7.  Basic dimensions and estimated pressure drops in packing beds (section abbreviations are indicated on Fig. 8)
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Annual cost estimation is based on 
processing of 268 991 tons of feed 
per year. For processing 1 000 kg 
of feed in conventional separation 
sequence, 28.85 kg of refinery fuel gas 
is needed, while for the same quantity 
of processed feed in DWC, 15.98 kg of 
refinery fuel gas is needed. The price 
of refinery fuel gas is Euro 0.42/kg of 
feed.

For the calculation of new DWC, 
air coolers were used as the most 
economical heat exchangers. Electrical 
energy price is Euro 120/MWh. Table 9 
shows condensers heat duty as well 
as electrical energy cost. Refinery can 
save Euro 21 760 per year by using DWC 
instead of conventional separation 
sequence. Annual cost estimation is 
based on processing of 268 991 t of 
feed per year.

For estimation of investment costs, the 
method presented in the dissertation of 
Dejanović (Dejanović, I 2010) was used. 
Estimated investment costs include 
costs of installing new DWC shell, the 
internal architecture of the column and 
evaporator and condenser installation. 
As the basis for new DWC design, existing 
plant for reformate fractionation was 
used. Investment costs estimation for 
both, conventional separation sequence 
and DWC were made.

Our initial calculations based on the 
work of Dejanović (Dejanović, I 2010), 
indicate that regardless of the much 
higher investment costs of internal 
DWC equipment, due to the use of 
structured fillers, cost of a new DWC 
is not higher than cost of the present 
columns (taking also into account 
the accompanying evaporators and 
condensers-coolers in both cases). 
This is logical because reformate 
fractionation using DWC, eliminates 
investment costs of one column with 
complete accompanying equipment Fig. 8.  Sized divided wall column for reformate fractionation
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(evaporator, condenser, etc.). All of the 
existing equipment (evaporators and coolers) 
can also be utilised for the DWC. The resulting 
more than 50% energy consumption reduction 
would make investment and operation of 
DWC-solution economically viable.

CONCLUSIONS
Using a calculation method with Vmin 
diagram, a unit, Reformate splitter in INA 
Rijeka Refinery was redesigned as a divided 
wall column. After simulation of the base 
state, a good match with the actual process 
conditions was found. After that, the complete 
calculation methodology for a divided wall 
column was performed.

Calculations include of basic shortcut 
calculation, through rigorous calculation, 
construction of Vmin diagram, thermal 
connection of columns and sizing of the unit as 
a divided wall column.

Vmin method seems to be providing fast 
and relatively easy way for estimation of the 
operational flows, and based on that possible 
operational or investment savings.

The rigorous simulation of the base state 
of the unit, at a capacity of 80 t/hour, 
showed good match with the actual process 
parameters, and the quantity and quality (e.g. 
benzene content) of the resulting products 
correspond to the quantity and quality of the 
products produced at the actual Reformate 
splitter unit.

In the process simulation with ChemCad, 
separation of benzene and n-hexane proved 
to be the hardest task, which fully corresponds 
to engineering experience in operation of 
the actual unit. An optimal mode at which a 
greater percentage of n-hexane would finish in 
light reformate, whilst keeping the content of 
benzene in light reformate below 2% wt., was 
sought.

Design of this type of column, allows the 
operation of the Reformate splitter as one 
column with three products, thus eliminating 
the work of the second column, one furnace 
for reboiling of the bottom of the column and a 
system for condensing of the top product.

Sizing of DWC was based on the existing 322-C-
001 column’s diameter of 2.3 m, which resulted 
in the required column height of 56 m. This 
height of the column (with described internal 
architecture) would be sufficient to obtain the 
products quality.

DWC would be about 20 meters higher than 
the existing 322-C-001 column, but this does 
not exclude the possible redevelopment of 
an existing column to DWC. The position of 
the dividing wall, as well as flows through 
the column sections and the corresponding 
pressure drop through the column were 
calculated for the 322-C-001 column’s diameter 
of 2.3 m, and the calculation showed that in 
any case the diameter of the column is not a 
limiting factor for the use of this column as 
DWC. The required height of the column can 

PARAMETERS 322-C-001 322-C-002 DWC

Evaporators heat duty, MW 13.6 3.7 8.52

Annual cost of consumed refinery fuel gas, Euro 3 259 363 1 805 359

PARAMETERS 322-C-001 322-C-002 DWC

Condenser heat duty, MW -13.4 -3.4 -6.79

Annual cost of spent electrical energy, Euro 65 280 43 520

Table 8.  Heat duty of conventional separation sequence and DWC

Table 9.  Condenser heat duty and related savings
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be obtained according to known technology, 
in a way that the part of the existing shell is 
separated, and redesigned with new parts. This 
is standard procedure in the process industry.

Preliminary economic calculations indicate 
that the resulting more than 50% energy 
consumption reduction would make investment 
and operation of DWC-solution economically 
viable.
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ABSTRACT
In 2013, MOL has closed the government-
funded rubber bitumen project in Hungary. 
After the unit starting and project closing 
ceremony held in September, 2013 rubber 
bitumen, as a new product, was placed on 
the market. Thanks to the coordinated and 
extensive developments, the production cost 
is very attractive.

Since then several road construction 
companies have used MOL’s new bitumen 
product at different sites in Hungary. The 
experiences have exceeded the expectations; 
its quality is much better than that of 
normal road bitumen, similar to the asphalt 
mixtures containing polymer modified 
bitumen (PmB).

Hungarian rubber bitumen specification (e-UT 
05.01.25:2013) was elaborated last year by 
the coordination of Hungarian Road Society 
supported by domestic road construction 
industry and MOL. This specification contains 
the quality requirements of rubber bitumen 
and gives guidance for asphalt mixing and road 
construction using rubber bitumen. Despite 
of the technical specification have been ready 
since 15 September 2013, ministry approval is 
still missing what hinders the widespread use 
of rubber bitumen. 

Since 2004, several road sections were 
constructed applying rubber bitumen 
produced in Zala Refinery (Hungary). KTI 
(Institute for Transport Sciences) Non-Profit 
Ltd carried out a comprehensive study at 
the end of 2013 comparing the lifecycle 
parameters of asphalt wearing course using 
MOL’s rubber bitumen binder in the last 10 
years with those of wearing course using 
‘normal’ road bitumen.
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Rubber bitumen application promises 
environmental and economic benefits: waste 
tire is utilised for its production, rubber 
bitumen roads have extended (+50%) lifetime 
(compared to the normal asphalt roads) and it 
can be produced at low cost (compared to the 
similar quality PmB).

INTRODUCTION – CONDITION OF 
ASPHALT ROADS IN HUNGARY
The total length of the Hungarian state road 
network is 31 628 km (Magyar Közút 2014). 
Preservation of the suitable quality of this 
network would require around 2 500 km/
year (7.9% of the total / year) maintenance 
and reconstruction according to professional 
recommendation (State Audit Office of Hungary 
2012). In reality, the average yearly maintenance 
covers only 2−3% of the total length of the road 
network system. Consequently, every wearing 
course road section is being only reconstructed 
after 35−45 years. This interval is 4 times higher 
compared to generally required one (10 years) 
needed to keep the road surface at constant 
condition level. 

The asset value of the Hungarian road network 
system together with bridges is HuF 7 286 
billion according to the mentioned report of 
State Audit Office of Hungary. For maintenance 
and reconstruction works at the supposed 
amortisation of 2%, HuF 146 billion / year 

would be necessary (State Audit Office of 
Hungary 2012). Deterioration of road network 
system and national property shrinkage are 
unfortunately a continuous process, since the 
real yearly maintenance cost is much lower 
than the required one. 

Critical conditions of roads are presented in 
Figure 1, where 51% of the total road network is 
in bad condition (Hungarian Central Statistical 
Office 2013).

To be aware of the unfavourable quality of 
roads and underfinancing, scheduling, quality 
and durability of maintenance works should 
be much more emphasised. Use of high 
quality raw materials and severe technological 
discipline during the asphalt production and 
road construction works are essential in this 
respect (Geiger, A & Holló, A 2014). 

An approach to change in Hungarian road 
construction industry seems to be initiated 
after ‘Asphalt road structure conference’ 
organised by Hungarian Public Road Non-Profit 
Ltd in May, 2013. The new policy highlights 
the importance of sustainable roads in terms 
of quality, environmental protection and 
efficiency. Rubber bitumen production and 
its use in road constructions fits absolutely 
this up-to-date concept, and gives chance to 
improve the quality of roads in longer term.
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Fig. 1.  The surface quality of the Hungarian road network system
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MOL GROUP’S RUBBER BITUMEN 
PROJECT – PRODUCTION UNIT  
IN ZALA REFINERY
As it was presented in the article MOL Rubber 
bitumen - Part 1 (Geiger, A et al. 2012A), 
several rubber bitumen production test runs 
were organised between 2004 and 2008 
in Zala Refinery (Hungary) after temporary 
modification of the existing PmB plant. Test runs 
with regard to the following asphalt laboratory 
tests, asphalt mixture productions and test 
road constructions proved to be successful. 
Quality and durability of constructed asphalt 
roads together with the gained experiences 
encourage establishment of rubber bitumen 
plant and launch of the new bitumen type on 
the market.

MOL Group’s ‘Rubber bitumen project’ started 
in early 2011 after Individual Project Proposal 
(MOL DS Development 2011) approval. A 
pilot plant, based on MOL’s own patent (Bíró 
2009), was completed by the end of 2012 with 
a capacity of 5 000 kt/year. ‘Rubber bitumen 
project’ as a beneficiary of the Hungarian 
Economic Development Operational 
Programme, was closed in September 2013. 
Total budget of the project was HuF 430 million 
including the planned HuF 128 million non-
refundable subsidies. 

The crumb rubber and bitumen blending is 
not a novelty in the history of Zala Refinery, 
since a rubber bitumen product named ‘GB-
30/G’ used to be produced from the 1960s 
for decades, partially for asphalt mixing and 
road construction. Former rubber bitumen 
production process was quite simple compared 
to the new one. It was one of the reasons why 
product quality did not meet the currently 
produced rubber modified bitumen ‘RmB 
45/80-55’s specification.

Main application area of the former rubber 
bitumen products was the filling of dilatation 
gaps on railway and tram lines. Beside the 
different production technology, the storage 
and marketing were different: those products 
were filled in drums (of mainly 200 l). The 
product was sold at ambient temperature 

so it had to be melted before use requiring 
significant energy, human resources and 
care. ‘RmB 45/80-55’, the new type of rubber 
bitumen, is stored, loaded and used similarly 
as the other road construction bitumen and 
polymer modified bitumen types.

PmBs appeared in the product portfolio of 
Zala Refinery in the second half of 1980s. PmB 
production technology has been significantly 
developed in the last 25 years, and MOL has 
gained valuable experiences in this field.

Due to technology complexity and strict 
environmental regulations, the new, patented 
rubber bitumen (RmB 45/80-55) production 
required higher technology level compared to 
the existing PmB production technology.

In recent years, PmB production experiences 
have been gained both in Zala and Danube  
refineries but their equipments were not 
suitable for rubber bitumen production 
because of the mentioned imperfection and 
the need for higher technical level. In the 
beginning, based on the ‘rubber bitumen 
project’ budget, it had to be decided whether 
a new production line should be installed or 
the existing PmB line should be developed. 
The latter option was chosen based on the 
free capacity of existing PmB plant and 
project budget. Since two different types of 
bitumen should be produced in the same unit, 
production scheduling is an important task.

Fig. 2.  Revamped colloid mill integrated into rubber 
bitumen production technology
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 Another important issue was to meet the strict 
emission requirements regarding degradation 
gases evolving in the production process. 
Laboratory tests and preliminary plant test 
carried out between 2004 and 2008 proved 
that gases from rubber bitumen production 
had to be treated in order to meet the 
prevailing environmental regulations. Rubber 
bitumen gas treating had been implemented 
in the frame of another, already ongoing odour 
reduction project in Zala Refinery (through 
revision of the original odour reduction 
project).

The existing facilities had to be revised in the 
PmB unit. It had to be defined which equipment 
was applicable to produce rubber bitumen 
and which types of new one were needed for 
rubber bitumen production.

One of the most important equipment of 
bitumen modifying technology is the colloid 
mill that is able to shear the modifier agent. 
This type of additive is generally in granulated 
form and is dissolved in the hot bitumen by heat 

and shearing forces. Colloid mill ensures high 
mechanical shear energy that can be improved 
by decreasing the gap in the mill. Although this 
equipment was available in PmB plant, rubber 
bitumen technology needed to revamp it 
because of the different temperatures used in 
PmB and rubber bitumen production (Figure 2).

Electrical and control systems of existing 
PmB unit had to be also revamped. The new 
system controls both PmB and rubber bitumen 
production. 

In connection with the parallel control system 
reconstruction in Zala Refinery bitumen blowing 
plant, a common DCS (distributed control 
system) was created: control of rubber bitumen 
production and the connected technologies 
(e.g. thermal incineration) was integrated 
into the new DCS. Thus every technology data 
could be accessed at the same site. By this new 
system, the technology control became up-to-
date in accordance with the actual safety and 
process control requirements.

Gas evolution in the rubber bitumen 
production process caused a serious problem 
from treatment point of view. These gases 
evolve during dissolution and decomposition of 
crumb rubber at the production temperature. 
Degradation gases have to be kept in closed 
system and transported to an incinerator. Air 
pollutant limit values have to be met by the 
outgoing flue gases. Rubber bitumen production 
is carried out in nitrogen atmosphere; nitrogen-
rich gases are sucked, and incinerated in the 
thermal incinerator (Figure 3). Concentrations 
of harmful components in flue gas do not 
exceed the required limits.

Production process required several new 
equipment and technology units, e.g. the pre-
wetting mixer (see Figure 4) using a special 
additive to accelerate the process.

Storage conditions of crumb rubber and 
rubber bitumen product had to be elaborated, 
too. Crumb rubber storage required free 
and covered area, preferably close to the 
production site. Rubber bitumen product could 

Fig. 3.  Thermal incinerator for treatment of degradation 
gases
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be stored in existing storage tanks after some 
modification. For safety reasons the area of 
pre-wetting mixer had to be checked by gas 
measuring systems. In such a way, the potential 
leakage and gas evolution somewhere in the 
production line can be detected in time. In 
case of gas leak, crumb rubber charging to 
pre-wetting mixer has to be stopped, and 
production process should also be shut down 
after operator’s decision.

To sum up, rubber bitumen prototype plant 
was implemented by the second half of 2012 
by revamp of existing PmB plant. Now both 
PmB and rubber bitumen can be produced 
in the plant according to the accurate 
scheduling.

DEVELOPMENT OF THE RUBBER 
MODIFIED BITUMEN (RMB) PRODUCT 
QUALITY STANDARD
Rubber bitumen differs from the well-known 
normal and polymer modified bitumen types 
in its inhomogeneity and dispersed nature 
thanks to the undissolved rubber particles. 
This property results in positive effects in 
the pavement (noise reduction, flexibility, 
improved cold resistance) (Geiger, A et al. 
2012B), but because of the solid particles, the 
solubility requirements are not fulfilled in the 
case of these two types of binders. This means 
that rubber bitumen does not fit in normal road 
or polymer modified bitumen standards, thus 
the development of a new bitumen standard 
was necessary. 

Starting from the fall of 2012, the Hungarian Road 
Society coordinated the technical discussion of 
a future ‘rubber bitumen for road construction 
products’ standard and user criteria. National 
road construction clients, contractors, as well 
as MOL representatives were involved in the 
process. The standard was completed by 
September 2013. During the name selection 
process it was an important aspect to represent 
the real modification effect of the rubber and 
not to refer to it as ballast. Thus similarly to the 
polymer modified bitumen (PmB), the rubber 
modified bitumen (RmB) name was accepted 
instead of ‘rubber bitumen’. In the specification 
of RmBs penetration and softening point are the 
decisive quality parameters, similarly to the PmB 
product types’ ones. The finalised and published 
e-Planning Guide ‘e-UT 05:01:25:2013 Rubber 
modified Bitumen’ road technical specifications 
currently contain a single product type, RmB 
45/80-55. Most of the quality requirements of 
RmB 45/80-55 (shown in Table 1) correspond 
to some of the categories in the MSZ EN 14023 
standard, Bitumen and bituminous binders - 
Specification framework for polymer modified 
bitumens.

Contrary to the quality standards of the road 
construction bitumen and the PmB, RmB’s 
quality requirements (Table 1) contain the 
maximum value of the dynamic viscosity at 
180 °C as well. The maximum value ensures 
the asphalt mixing conditions, while the given 
value provides information for the asphalt 
mixing plant on the applicable temperature. 
Based on recent experiences, the viscosity of 
RmB at 180 °C is similar to those of PmB's, thus 
the asphalt mixing temperature can be the 
same as for PmBs, 180−190 °C, accordingly.

When completing this article in October 2014, 
e-UT 05.01.25.2013 rubber-modified bitumen 
specification is waiting for the ministerial 
approval.

RUBBER BITUMEN PRODUCTION AND 
ROAD CONSTRUCTION EXPERIENCES
The first batch of rubber modified bitumen 
produced in autumn 2012 at Zala Refinery was 
used to replace the AC 16 pavement of MOL 

Fig. 4.  Pre-wetting mixer
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Duna Refinery’s main road with highest traffic 
load. The reconstruction work of wearing 
course was successful; studies have confirmed 
the previous experiences, that the quality of 
the manufactured asphalt can meet even the 
requirements of the asphalt produced with 
PmB (Geiger, A & Holló, A 2014).

Similar observations were made in Zalaegerszeg 
after the test road paving in autumn 2012, where 
the connecting road between Zala Refinery and 
the road no. 74 was reconstructed by removing 
the existing and laying a new wearing course 
in 800 m length. In order to compare PmB and 
RmB, half of the renovated section of the road 
was covered with PmB asphalt, the other half 
was covered with asphalt containing rubber 
bitumen. After 2 years, both sections are in 
perfect condition.

The longest road section constructed using 
rubber bitumen containing asphalt, is 8.4 km 
long and is located in Jász-Nagykun-Szolnok 
County, where Duna Aszfalt Ltd replaced 
the wearing course on a section of the road 
no. 3121 (Figure 5). The asphalt paving was 
done using 300 tons of rubber bitumen. The 
production experiences are positive, and 
the quality of the road is better than the 
specifications (it meets even the requirements 
of the asphalt containing PmB). This was the 
first use of rubber modified bitumen in Hungary 

on a large scale; therefore the constructor paid 
particular attention to technological discipline. 
Besides the accurate scheduling of the asphalt 
mixing, logistics and construction, the key 
quality factors were: strict discipline in all work 
phases: asphalt mixing, transport, loading of 
the finisher, spreading and rolling.

MOL rubber modified bitumen, similarly 
to the international experiences (Presti, DL 
2013), has many advantages compared to 
conventional bitumen and one of the most 
important advantages is its excellent adhesion 
to aggregate (Geiger, A 2012C). This is one 
of the key factors of long lasting pavement 
concept. If the adhesion between bitumen 
and aggregate is not appropriate, the bitumen 
separates from the stone particles due to 
environmental impacts. Typically, this bitumen 
separation phenomenon (stripping) may occur 
because of the effect of water migrating in the 
asphalt layer. Consequently, the bitumen loses 
its function, i.e. adhesive capability. This can 
lead to the removal of aggregate particles from 
asphalt layer, pothole formation and ultimately 
to an early destruction of the pavement. 

After the laboratory tests showed the 
increased adhesion of rubber bitumen, 
we had the same experience during the 
reconstruction of the road wearing course in 
Százhalombatta at Erőmű street in September 

Table 1.  Quality requirements of RmB 45/80-55

PROPERTY UNIT REQUIREMENT METHOD
SELECTED CLASS FROM 

MSZ EN 14023 (PMB 
STANDARD)

Penetration at 25 °C 0.1 mm 45-80 MSZ EN 1426 Class 4

Softening point °C ≥ 55 MSZ EN 1427 Class 7

Resistance to 
hardening

Change of mass % ≤ 0.5 MSZ EN 12607-1 Class 3

Remained penetration % ≥ 50 MSZ EN 1426 Class 5

Increase in softening point °C ≤ 8 MSZ EN 1427 Class 2

Elastic recovery at 25 °C (1) % ≥ 50 MSZ EN 13398 Class 5

Fraass breaking point °C ≤ -16 MSZ EN 12593 Class 7

Storage stability, difference in softening point (2) °C ≤ 8 MSZ EN 13399
MSZ EN 1427 -

Flash point °C ≥ 235 MSZ EN ISO 2592 Class 3

Dynamic viscosity at 180 °C mPa•s ≤ 500 MSZ EN 13302 -

(1)  From the testing of 10 cm long bitumen specimen
(2)  Analysed after 24 hours storage
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2013. The single lanes of the road were paved 
over the course of two consecutive days. The 
axis of the asphalt lane laid the previous day 
was cut vertically in the next morning, just 
to be prepared to receive the second lane. 
Asphalt strip cut manual removing attempts 
(with shovel hack) were not successful: the 
workers were not able to manually pry the 
asphalt. The rubber bitumen containing 
asphalt was so clumped, that it was stuck with 
the bottom layer and the bigger asphalt cuts 
could not be split up. Mechanical force had 
to be used to remove it causing few hours of 
delay in road works. This experience highlights 
RmB’s much better adhesion than that of the 
traditional binders.

In a new project started in August 2014 
and financed by Hungarian Infrastructure 
Developing Ltd more than ever rubber 
modified bitumen was used. During 2 months 
of project time, Strabag Ltd used 900 tons of 
rubber bitumen (18% of the ZR’s RmB capacity) 
in Baranya County, around Villány to construct 
an AC 32 base, an AC 22 binder and an AC 11 
wearing course of asphalt layers. The length of 
this new bypass road is 4.4 km. The experiences 
here are excellent, too. The importance of this 
project, beside the highest volume of rubber 
bitumen used up to now, is that this road 
construction is the first where all of three 
asphalt layers are mixed and constructed using 
MOL rubber bitumen (Hungarian Infrastructure 
Developing Ltd 2014).

Beside the presented projects, the following 
road construction projects have used MOL 
rubber bitumen product:

› Baranya County, road no. 5806, approx. 1 km 
long wearing course (2012)

› Four MOL filling stations’ (Kalocsa, Pápa, 
Polgár, Tab) wearing courses (2012)

› Baranya County, road no. 5117, approx. 0.5 
km long binder and wearing course (2013)

› Borsod-Abaúj-Zemplén County, road no. 
3835, approx. 0.5 km long binder and wearing 
course (2013),

› Budapest, Grassalkovich Street, approx. 1 km 
long binder and wearing course (2014).

LIFECYCLE ANALYSIS
In late 2013, KTI (Institute for Transport Sciences 
Non-Profit Ltd), Budapest – commissioned by 
MOL Hungarian Oil and Gas Company – carried 

out a comprehensive survey comparing the 
lifecycle parameters of asphalt wearing courses 
using MOL rubber bitumen binder with those 
of wearing courses using unmodified (normal) 
bitumen, the most widespread binder type in 
Hungary. Lifecycle costs in this survey included – 
in addition to road construction, maintenance, 
operation and rehabilitation costs – also traffic 
operation costs and time delay costs as main 
road user costs (30 years of investigation period 
was chosen) (KTI Institute for Transport Sciences 
Non-Profit Ltd 2013).

In addition to its various traffic safety and 
environmental advantages, the lifecycle costs 
of the new product (RmB 45/80-55) proved 
to be lower by 29–32% than those of the 
reference product (normal road bitumen). 
Results also highlighted that the quality of the 
RmB 45/80-55 can be equal to or in some cases 
even higher than that of the polymer modified 

Fig. 5.  AC 11 type asphalt wearing course construction on road no. 3121 in Jász-Nagykun-Szolnok county, Hungary
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bitumen representing top quality and applied 
mainly for motorway construction (KTI Institute 
for Transport Sciences Non-Profit Ltd 2013).

The most important result of laboratory test 
series was that the fatigue properties and 
resistance to deformation of the wearing course 
asphalt mixture using rubber modified bitumen 
proved to be more favourable than those of 
the reference mixture, so longer life of the 
former one can be expected. The production 
(construction) costs of the asphalt with rubber 
modified bitumen are just marginally higher than 
those with normal bitumen. The deterioration of 
experimental sections proved to be slower than 
that of reference sections. As a consequence, 
any condition improving intervention would 
be needed later, thus road user costs would 
be reduced leading to considerable (29–32%) 
savings in lifecycle costs in case of medium and 
heavy traffic load (KTI Institute for Transport 
Sciences Non-Profit Ltd 2013).

In addition to the large scale, environmentally 
friendly recycling of used rubber tyres and higher 
quality road pavements, harmful emissions of 
asphalt mixing plants using asphalt mixture 
with rubber modified bitumen is below that 
of the mixtures with unmodified bitumen. Due 
to their longer lifecycles and less maintenance 
needs, energy demands of asphalt mixtures 
using rubber modified bitumen are lower 
than those mixed with unmodified binder. The 
results obtained show that rubber modified 
bitumen is more environmentally friendly 
during its lifecycle than traditional bitumen. 

The stopping distance of motor vehicles on the 
surface of RmB wearing courses is shorter by 
5−10% than the one measured on reference 
section. Some measurements prove another 
favourable property, reduction of vehicle rolling 
noise by 3 dB. This noise reduction corresponds 
to double the distance from the source.

Using all of the above data, a so called lifecycle 
parameter can be calculated for the complex 
comparison of asphalt wearing courses made 
by rubber modified bitumen RmB 45/80-55 
and by normal (unmodified) bitumen 50/70. 
This parameter – considering fatigue (water 
susceptibility), resistance to deformation, 
construction costs, road user costs, lifecycle 
duration, lifecycle costs, whole energy 
demands, emissions, rolling noise and traffic 
safety (stopping distance) – proved to be 
4.5-times more favourable for RmB-variant 
than the reference one (KTI Institute for 
Transport Sciences Non-Profit Ltd 2013). Table 2 
summarises the main differences between 
asphalt road wearing course constructed with 
rubber modified bitumen and normal bitumen, 
separately.

SUMMARY
Using rubber modified bitumen, similar or in 
case of some parameters even better quality 
of asphalt can be made than that of the top 
quality asphalt containing polymer modified 
bitumen. Rubber modified bitumen’s sales 
price is close to the price of 50/70 normal 
road bitumen used in the largest quantities in 
Hungary, and significantly cheaper than that 

Table 2.  Comparison of asphalt wearing courses containing different binders (rubber modified bitumen vs. normal bitumen)

PROPERTY DIFFERENCE

Construction cost(1) + 3–4 %

Lifetime + 50 %

Lifecycle cost - 29–32 %

CO2 emission during lifecycle(2) - 25–30 %

Stopping distance - 5–10 %

Traffic noise - 3 dB (-50 %)

(1)   Based on MOL rubber modified bitumen list price. Rubber bitumen is more expensive than normal bitumen 50/70 by HuF 10 000/t
(2)   Derived from all types of sources (binder production and transport, asphalt mixture production, transport and laying and asphalt wearing course 

removal). Calculation based on +50% lifetime.
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of polymer modified bitumen. In 2014, the 
price of rubber modified bitumen is exactly the 
same as the price of 50/70 one. The price is 
significantly influenced by the cost of available 
crumb rubber. Hungary has a number of smaller 
plants, where crumb rubber is produced; some 
of them provide good quality products at 
competitive price. 

RmB production would improve environmental 
awareness and would demonstrate corporate 
social responsibility of the manufacturer since 
it promotes the utilisation of a waste type that 
creates serious problems, and produces an extra 
quality product – clearly needed for good road 
network performance and quality – at favourable 
price / value ratio (MOL Group 2013). 

Many domestic construction companies used the 
rubber modified bitumen product, and acquired 
experiences during its recent application. The 
rubber modified bitumen with its quality surplus, 
the condition of the Hungarian roads and the 
underfunded road construction and renewal 
should draw the attention of road construction 
professionals to calculate with it as a large 
scale road construction option with high price / 
value ratio in the future. RmB can significantly 
contribute to the construction of roads having 
better lifetime, better quality and lower 
maintenance cost, as well as to the sustainable 
transport and increased waste utilisation.

Keywords: rubber bitumen, rubber modified bitumen, 
asphalt, road, plant
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ABSTRACT
In this article, I give a brief presentation about 
the essence of the process safety management 
(PSM) system, followed by a detailed description 
of the historical development of PSM system 
implementation in DS Production MOL, consisting 
of Danube, Tisza and Zala refineries (Hungary).

WHAT IS PSM?
PSM means the application of management 
systems covering the identification, 
interpretation and control of process hazards 
for preventing major fires, explosions and toxic 
substance releases potentially resulting in 
multiple injuries and / or fatalities.

The structure of the DuPont PSM system we 
implemented is shown in Figure 1.

The most important steps of setting up an 
efficient PSM system are the following:

› Creating a safety technology & engineering 
culture

› Establishing management leadership roles 
and commitment

› Implementing a comprehensive PSM 
program

› Attaining operational excellence via 
disciplined work performance.

PRELIMINARIES
In MOL Refining, the implementation of 
the DuPont PSM system has started in 2007 
(DuPont 2008). Very prominent results (e.g. 
introduction of ICA–incident investigation and 
corrective actions system, MOC–management 
of change setup) were achieved over the 
period until 2012. In 2012, in order to fully 
comply with the PSM system requirements, 
we decided to take steps towards a deeper and 
wider understanding of and commitment to 
PSM system knowledge and philosophy. 

In the PSM network constructed until 2012 16 
persons worked part-time in parallel to fulfilling 
their main job duties, but the majority of 
them did not possess sufficient PSM skills and 
suitable guiding manuals for problem solving. 
As an example, during the use of the English 
version of the DuPont audit list the auditors 
were confronted with serious interpretation 
issues, not only due to the language barrier.

Having assessed the results and shortcomings 
of PSM system implementation, Refining 
management identified the following major 
issues:

› Although the system elements existed, they 
did not truly form a real system
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› Weakening management commitment
› Level of PSM knowledge at PSM network 

members was inadequate, at the managers 
and subordinate employees was very low

› Level of PSM self-check audits was not 
adequate, thus they did not furnish a realistic 
result in terms of our PSM compliance, and 
consequently no guidelines were obtained 
for system corrections and improvements

› The applied PSM indicators were not 
sufficient for monitoring our PSM operation 
at an appropriate level, in terms of number 
and also in frequency of generation

› Consistent performance of tasks was not 
ensured, completion was not monitored

› In many cases the rules and expectations 
were not made clear.

Motivated by this, in 2012 Refining 
management decided to upgrade the PSM 
system and defined the following main 
elements of work:

› To perform a GAP analysis for each PSM 
element in teamwork, with the managers 
of Refining organisations also being team 
members, with the objective of quantifying 
compliance with the requirements of any 
particular PSM element and identifying any 
potential gap

› To set up new PSM operation, to create a 
new PSM network

› To review the system and methodology of 
PSM audits, to develop a new system

› To upgrade and extend the PSM indicator 
system

› To form a unique, individual KPI (key 
performance indicator) system.

DEVELOPMENT OF THE PSM SYSTEM

CREATION OF A NEW ORGANISATION
On 1st January, 2013, a PSM organisation 
comprising 2 members was set up to manage 
the PSM activity and operation of DS Production 
MOL. Then, in the beginning of the same year, 
a new PSM network was created with 38 
members (see Figure 2).

PSM SC (PSM Steering Committee) is in charge 
of supervising the operation of DS Production 
MOL PSM and composed of the

› PSM manager (team leader)
› DS Production MOL manager
› Operation MOL manager
› Production Excellence MOL manager (PE 

manager)
› Maintenance Engineering MOL manager (ME 

manager) and

Fig. 1.  Structure of DuPont PSM system 
(based on http://www.dupont.ca/en/products-and-services/consulting-services-process-technologies/operation-risk-
management-consulting/uses-and-applications/risk-management-consulting.html, viewed 2 September, 2014)
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› Százhalombatta Region and Production SD 
and HSE manager (HSE manager).

PSM SC convenes at least once every year.

The PHA (process hazard analysis) team 
monitors the tasks related to risk assessments, 
and makes DS Production MOL level decisions 
related to the implementation of the relevant 
recommendations. Its members are:

› PSM manager (team leader)
› Operation MOL manager
› PE manager and
› DS Development MOL Engineering 

Knowledge Centre MOL manager.

Twelve PS (process safety) engineers (PSE) perform 
PSM tasks in one of the areas, and coordinate 
their completion. The specific areas include:

› Unit blocks (10 persons, technological deputy 
plant managers)

› Maintenance Engineering (1 person)
› Area maintenance (1 person).

Responsible persons for elements are experts 
who have in-depth knowledge on the content 
and requirements of one particular PSM 
element each, who conduct self-check audits 
as audit team leaders according to the proper 
professional standards (16 persons). They are 
generally selected from the professionals of 
the supporting organisations (Technology, 
Continuous Improvement, Maintenance, HSE), 
but Refining level managers also undertook 
responsible element steward functions.

Plant managers supervise the PSM activity of 
the units under their responsibility, ensure the 
enforcement of the PSM mindset and lead by 
example (9 persons).

There are overlaps in terms of network persons 
and functions.

EDUCATION, TRAINING AND 
COMMUNICATION
With the support of the MOL Group and 
Flagship (Hungarian companies of MOL) PSM 
experts, we organised training courses for the 
PSM network members, where optionally other, 
non-network colleagues could participate too.

We developed a PSM training module for shift 
workers and training was defined as mandatory 
learning for them within the framework of 
the on the job (OTJ) training and examination 
system for 2014.

Technically oriented colleagues working in PSM 
relevant areas (plant managers, deputy plant 
managers, maintenance engineers, technology 
experts), and also those who moved to new areas 
after reorganisation are required to undergo PSM 
examinations. In 2013 32 persons, in the 1st half 
of 2014 28 persons passed the exam, and yet 64 
persons are scheduled for examination in the 2nd 
half of 2014. This figure already includes 20 shift 
leaders who volunteered to pass the exam, even 
though currently it is not compulsory for them.

An examination consists of written and oral 
blocks. Oral examinations are overseen by a 
dedicated committee comprising Operation 

PSM SC

PS Engineers Responsible
persons for elements PHA team Plant

managers

PSM
org.

Fig. 2.  Structure of the DS Production MOL PSM network
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Table 1.  PSM indicators at DS Production MOL

Blowing of safety valves  • monthly PI

Mailfunctions of Flare system • monthly PI

Operating frequency of interlocks • • monthly PI

Long-term deactivated interlocks  (1 day) * • • monthly PI

Long-term deactivated alarms  (1 day) * • • monthly PI

Long-term activ (standing) alarms (1 day) * • • monthly PI

Frequent alarms • • monthly PI

Long-term deviation from technological card  (3 days and 1 day) • • monthly PI

LTI (Lost time injury) • monthly HSE

Accident frequency (Number of events/1 million work hours) • monthly HSE

NLTI (Non-lost time injury) • monthly HSE

Spills (LOPC which couse environment pollution) • monthly HSE

LOPC (Loss of primary containment) • monthly HSE

Contractor accidents • monthly HSE

Near-miss events • monthly HSE

Fire • monthly HSE

Tier 1 events (Very serious process safety events according to API) • monthly HSE

Tier 2 events (Serious process safety events according to API) • monthly HSE

Number of reclamations (for previous 12 months) • monthly FM

Number of warranty works • monthly FM

Ratio of inadequate quality controls, % • quarterly ME

Adequacy for the official standards / permits, % • quarterly ME

No. of temporarily repaired  • monthly FM

Ratio of corrective and preventive works on PSM critical equipment  ** • monthly FM

The No. of DuPont audits, % • • • monthly HSE

The No. of  HSE commando (control of contractors), % • • monthly HSE

The No. of  HSE controls, % • • monthly HSE

Preparation of HAZOP reports according to schedule, % • • yearly CI

Completition of event investigations (plant  level) on time, % • monthly CI

Completition of event investigations (ICA level) on time, % • • • monthly CI

Fulfil the event investigation (plant  level) actions on time, % • • • monthly CI

Fulfil the event investigation (ICA level) actions on time, % • • • • monthly CI

Completition  of MOC tasks on time, % • • • monthly CI

Fulfil PSM audits according to schedule, % • • • • • • yearly PSM

Fulfil PS audits' actions on time, % • • • • • monthly PSM

Fulfil PSSR' actions on time, % • • • • • monthly PSM

Update of technological & refinery level manuals and regulations on time, % • • • • • • • yearly RMS

Ratio of OTJ exam results under 80 percent, % • yearly PSE

Ratio of work permit in MEFTIR system, % • monthly PSE

Prepare asset policies according to schedule • yearly ME

Number of quality controls (equipment)/number of manufactory process (4th level equipment) • yearly ME

OPERATION 
› Plant manager
› Technological deputy plant manager
› General deputy plant manager
› Maintenance deputy plant manager
› OTS trainer
› Shift leader

PRODUCTION EXCELLENCE 
› Plant Technology
› Continuous Improvrment 
› Process Information

PSM

Plant
Technology

Resposible 
for report

REGULATION &
MANAGEMENT
SYSTEM 

HSECENTRAL MAINTANANCE 
› Field Maintanance
› Maintanance Engineering

*where the AMS is installed 
**from 2015

PI - Process Information   ME- Maintenance Engineeering   PSE - Process Safety Engineer   FM - Field Maintenance
CI - Continous Improvement   RMS - Regulation&Management System   API - American Petroleum Institute

¤ lagging indicators
¤ leading indicators
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manager, ME manager, PE manager and the PSM 
manager, occasionally with the participation of 
the DS Production MOL manager.

During the HSE weeks, a PSM presentation was 
delivered in 2013, plus in 2013 and 2014 a PSM 
station point was operated (to be attended) 
during patrol competitions in order to promote 
the transfer and absorption of PSM knowledge 
and attitude.

Within the framework of the PetroSkills 
training programme, a stand-alone PSM day 
was organised and, in addition to educational 
sessions, case studies were also reviewed and 
discussed to better assist our colleagues in 
capturing the essence of PSM.

INDICATOR AND KPI SYSTEM
We introduced a new PSM indicator system 
including 41 individual indicators instead 
of the former 6, aiming at key PSM areas 
(operations, maintenance, HSE, technology) 
and the monitoring of their PSM centred 
operation and performance. Wherever it 
was possible, we also set target values. For 
more than one indicator, reporting is done 
electronically. Table 1 shows the types of 
indicators used, their areas of applications, 
plus the frequency of and responsible person 
or organisation for reporting.

In every year, we define customised individual 
PSM KPIs for managers on the basis of the most 
important actual tasks in the given year, who in 
turn create KPIs for their subordinates in PMS. 
In that way, in 2013 443 persons, in 2014 more 
than 150 persons were subject to PSM KPIs (in 
2013 the electronic work permit issuing system 
(‘MEFTIR’) implementation had a significant 
impact on number of shift workers too).

OPERATING PROCEDURES, SAFE WORK 
PERFORMANCE
After the ‘MEFTIR’ system’s implementation 
permits issued in the electronic system represent 
96−99% of all. As a result, contractor compliance 
and discipline related to work permit issuing 
process has improved significantly, thereby 
improving safety of maintenance works.

Alarm management systems (AMSs) were 
introduced in 11 of our units, in order to 
facilitate the work of colleagues involved in 
operative management, and to ensure the 
eventual generation of essential indicators 
linked to alarms. Our aim is to have an AMS 
ready in every Refining unit; the next phase of 
this work has already started.

A LOTO pilot is to be implemented in 2014 
in Aromatics recovery unit. (LOTO − lockout-
tagout – “is a safety procedure” ... “used to 
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ensure that dangerous machines are properly 
shut off and not started up again prior to the 
completion of maintenance”1.)

Based on the experience gained there, 
extension of LOTO is expected from 2015 to 
cover the other Refining units and by doing 
so we will be able to significantly reduce the 
safety hazards of maintenance works.

TECHNICAL STATUS AND QUALITY 
ASSURANCE
Together with MOL Group and Flagship 
experts, we developed a methodology for 
determining critical equipment. Based on this, 
we started to define critical equipment in the 
refineries of DS Production MOL. Classification 
of pressure vessels, atmospheric tanks, 
rotating equipment and instrumentation is 
almost completed (with readiness over 90%), 
the remaining part and the pipeline systems 
will be sorted by the end of 2014, including 
registration in SAP.

An additional, pending task is the development 
of the so called equipment related asset policies 
that define the specific directives applicable to 
the control, maintenance and spare part supply 
of any given equipment.

AUDITS
We developed the new methodology of self-
check audits, then prepared the 3-year audit 
plan, and started its execution in 2013.

The audit focuses on a single PSM element 
within a given area, adapting the team 
composition to the requirements of the 
element.

The audit team leader is the responsible for 
the audited PSM element, and one member is 
the responsible steward for the other element. 
The other audit participants are the manager 
and the PS engineer of the audited area, and 
– depending on the element requirements – 
technology expert, maintenance engineers 
of the given area, plus experts of other 
professional areas can also be involved. Audit 
results are captured in an electronic system 
(ADAMS) which at the same time ensures 
the possibility to follow up and monitor the 
execution of the corrective actions.

MOL Group PS engineers participate in cross 
audits in different organisations of the Group, 
according to the Group level audit plan. 
These audits can be used as external audits 
to confirm the adequacy of self-check audits, 
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and also provide a good opportunity for 
knowledge sharing and exchange of lessons 
learned.

SUPERVISION SYSTEMS
In areas deemed critical from the perspective 
of operational safety, electronic supervisory 
systems were created.

The electronic trip logbook ensures that each 
trip bypass (switch off an interlock system) is 
registered, irrespective of the intention of the 
person prompting the trip switch. After trip by-
pass, the related information can be provided in 
the automatic pop up window appearing in the 
electronic shift logbook. Since the introduction of 
the system one year ago, the number of trips by-
passed for more than one day and the duration 
of disablements decreased significantly, as it can 
be seen on Figures 3, 4.

Monitoring the deviations from the parameters 
prescribed in the technological card strengthens 
operational discipline and would lead to lower 
number of such deviations (see Figure 5).

The electronic shift logbook (Opralog) allows 
the structured registration and management 
of PS relevant information.

MANAGEMENT OF CHANGE (MOC) 
AND PRE-STARTUP SAFETY REVIEW 
(PSSR)
To eliminate the shortcomings of our change 
management (MOC) system, we developed 
and implemented checklists in the system, and 
also introduced preliminary risk assessment 
(PRA) and pre-startup safety review (PSSR).

We found a solution how to record the PSSR 
in the ADAMS electronic system, and how to 
manage the so called ‘major projects’ in MOC.

PROCESS HAZARD ANALYSIS (PHA)
Our HAZOP (hazard and operability) study 
covering each of our PSM critical units is 
reviewed every 5 years, or whenever it becomes 
necessary. As from 2013, unit managements 
prioritise proposals in HAZOP studies, and then 
make recommendations to implement the 

most important ones. If required, we prepare 
a HAZID (hazard identification) study in non-
PSM critical units using our own resources. 
We also incorporate proposals made by risk 
management engineers during reinsurance 
audits into our safety systems.

As from 2013, we prepare and submit yearly 
PSM project packages. This mixed project 
package contains several smaller project 
proposals important for PSM, selected 
essentially from among the proposals of the 
HAZOP analyses.

The project proposals submitted by the 
operative manager of production unit blocks 
are evaluated by PHA team mentioned above 
and PHA team decides on the final content of 
the project proposal package.

Preparation of the 2015−2017 HAZOP 
reviews is in progress. Now we work on the 
establishment − in line with the Group level 
requirement − of a new system for managing, 
following up and monitoring HAZOP proposals, 
and on the development of the risk map of 
Danube Refinery (DR).

RISK ENGINEERING SURVEY
The latest engineering survey at Danube 
Refinery of DS Production MOL was held on 
3−5 June, 2014.

The risk engineers recognised the results 
achieved in PSM system development, and 
appreciated the related commitment of the 
management. They especially highlighted 
the KPI system, the regular reporting of the 
indicators, and the establishment of the 
electronic supervisory systems (trip by-
passes, technological card deviations, alarm 
management systems). Efforts made in order 
to reduce corrosion and increase reliability, 
the pump mechanical seal replacement 
programme, the solution found to the 
firewater pump performance testing problem, 
the operational breakdown remedial diagrams 
all received similar recognition, and the 
positive changes in the housekeeping of units 
were also noted.
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Several deficiencies were also identified. The 
risk engineers’ most important proposals 
include: review of the content of management 
instructions to improve their applicability, 
strict enforcement of the rules relevant 
to driving in areas with fire or explosion 
hazard,  implementation of physical isolation 
in compliance with guidelines, collection 
of emergency response actions in folder 
separated from the Technological Instruction, 
introduction of the LOTO system, elimination 
of operation in parallel to active alarms, 
review of the requirements of SIL (safety 
integrity level) checks, positive material 
testing according to regulations, and review 
of the operating practice of our dry firewater 
systems. The risk engineers still believe it is 
necessary to increase the number of remote 
operated emergency isolation valves (EIV) 
and gas detectors installed in certain areas, 
not forgetting the more extensive use of 
fireproof coatings.

Once the final report is completed, we will 
develop an action plan to implement the 
recommendations proposed by the risk 
engineers aiming mitigation of engineering 
type of risk.

PROCESS SAFETY INFORMATION (PSI)
In 2013, we defined the elements of process 
safety information (PSI) along with the 
directives relevant to their management.

Based on the ‘Group recommended practice’ 
prepared with regard to the same subject in 
2014, we conducted a PSI gap analysis, defined 
levels of compliance with the requirements, 
and set out the task list aiming at eliminating 
defects in a breakdown by units.

In September 2014, we started the 
implementation of the action plans, with the 
target of attaining a minimum 90% compliance 
level in most areas by the end of 2015.

EMERGENCY PLANNING AND RESCUE
In the units we introduced four per annum 
(three theoretical and one practical) operational 
breakdown remedial drills, whereas at Refining 
level two per annum (one theoretical and practical 
session) emergency rescue drills were held.

We have already submitted a project proposal 
to ensure the standard compliance and 
increase the number of emergency isolation 
valves (EIV).
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ORGANISATIONAL WORK
The PSM network members meet monthly to 
discuss the current PSM issues.

At these meetings we review the events of the 
previous period, discuss the evolution of PSM 
indicators and the status of tasks, and define 
new tasks as well. We regularly analyse cases 
with lessons to learn, taken from our refineries 
or from our partner organisations, or discuss 
events of the worldwide chemical / oil industry.

During our PSM meetings, in the past one and 
a half year we have studied 17 operational 
breakdowns and extraordinary events (6 
own, 6 from MOL partner organisations, 5 
international incidents). To discuss incidents 
that took place at MOL partner organisations, 
we requested the help of colleagues from 
SLOVNAFT several times. We also determined 
the impact and relevance of other incidents 
to MOL Production and in several cases 
defined clear-cut tasks related to them. In this 
respect, the tasks and action plans generated 
by the SLOVNAFT’s complete current power 
outage and the Tesoro accident are of prime 
importance. (In the Tesoro accident the shell 
of a heat exchanger has ruptured in a gasoline 
hydrogenation unit, and the resulting fire and 
explosion caused the fatal injury of seven 
employees in the United States in 2010.)

We shared our presentation, evaluation and 
task list related to the Tesoro accident with 
our MOL partner organisations too. During the 
execution of the related task list, all potentially 
involved assets were checked at DS Production 
MOL. We identified material grade non-
conformities at 23 equipment (including tube 
bundles) based on design data, and at two 
equipment based on operational data, when 
comparing with the new recommendation 
relevant to the choice of structural materials 
put forward in a CSB (US Chemical Safety 
and Hazard Investigation Board) investigation 
(CSB 2014). In this report CSB recommended 
not to use carbon steel above 400 oF (204.4 
oC) in HTHA (high temperature hydrogen 
attack) affected systems. The development of 
additional measures is under way.

Majority of events and the lessons learned 
from the studied cases were presented to the 
shift colleagues working in Operation.

OTHER TASKS
We completed the evaluation of the PSM GAP 
analysis made in 2012, and developed an action 
plan to eliminate the defects, with 36 tasks 
defined and the deadlines and responsible 
persons assigned to them.

This summer about 60% of the employees of 
DS Production MOL working in PSM relevant 
jobs (236 persons, of which 115 shift leaders) 
participated in the PSM cultural survey 
prepared with the aid of MOL Group and 
Flagship colleagues. Based on the outcome 
of the survey, we can obtain a realistic picture 
of the current status of our PS culture, and at 
the same time have some guidance as to the 
definition of the ‘to do agenda’ of improvement.

CONCLUSIONS
We have achieved significant development in 
the domain of operating our PSM system and 
processes.

By virtue of the monthly PSM meetings and 
due to the more than one hundred tasks 
defined there with clear responsible and 
deadline assigned we have eventually managed 
to involve a lot more colleagues as active 
participants into the system compared to the 
previous period.

Thanks to the implemented changes and 
the work done the PSM related knowledge 
of the colleagues had truly improved, and 
PSM awareness has also strengthened. The 
most important changes introduced are: 
PSM examination system, monthly PSM 
meetings, more PSM indicators with electronic 
supervision systems and individual PSM KPIs.

Management commitment towards process 
safety has markedly improved.

We clearly see our shortcomings and the tasks 
stemming from them, and we never cease to 
look for those best solutions that we can apply 
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and implement to improve process safety in 
every area of DS Production MOL in respect to 
each element of the PSM system.
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ABSTRACT
MOL is installing a 130 kt/year capacity 
Butadiene Extraction Unit (BDEU) at TVK site. 
Butadiene is the major feedstock of synthetic 
rubbers used in the production of automotive 
tyres. The BDEU will recover all butadiene 
available in MOL Group produced by all three 
steam crackers of TVK and SLOVNAFT. The 
project will be completed in 2015 and will cost 
approximately Euro 120 M CAPEX. The project 
sets the ground for further developments 
in the butadiene value chain, such as the 
ongoing synthetic rubber investment. 

This article describes the strategic foundations 
of the project, gives description of the applied 
process and provides specifics on how the 
project is actually implemented.

INTRODUCTION

WHY BUTADIENE?
Butadiene (BD) is often called the ‘third olefin’ 
product of steam cracking after ethylene and 
propylene (see Figure 1). Its chemical name is 
‘1,3-butadiene’ in which the numbers indicate 
that the two double bonds in the molecule 
are located after the first (1), and third (3) 
carbon atoms. The much less significant 
1,2-butadiene is a contaminant to be removed 
in the process.

Regarding its physical appearance, butadiene 
is a colourless flammable gas, like LPG 
(liquefied petroleum gas) and stored normally 
under pressure in liquid form (Table 1).

With two double bonds in each molecule 
butadiene is an ideal feedstock to produce 
rubber-like materials with elastic cross-links, 
therefore this is the principal feedstock of 
synthetic rubbers used in the production of 
automotive tyres and many other consumer 
goods.

HISTORY
Since World War I the capability to produce 
automotive tyres has become a strategic 
issue. Countries that did not have access to 
natural rubber sources conducted extensive 
research to develop replacement materials, 
and in the 1930-s different grades of synthetic 
rubber were invented in Germany, the Soviet 

Fig. 1.  Principal olefins

Ethylene Propylene 1,3-Butadiene
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Union and the USA (Polimer Science Learning 
Center 2014).

Butadiene has been the main component for 
the majority of the new elastomers. 

First, butadiene was produced from butanes, 
butenes or from ethanol. All these routes 
became uncompetitive with the emergence of 
the steam cracking (SC) technology primarily 
used for the production of ethylene and 
propylene. Actually 96% of the butadiene 
produced globally is made by extractive 
distillation from the steam cracking co-
product called ‘crude C4’ or CC4.

GLOBAL BD SHORTAGE IS FORESEEN IN 
THE MIDDLE TERM
Butadiene is among the co-products from 
ethylene production that are expected to 
take an increasing share of steam cracking 
profitability. It derives from the fact that large 
part of the Middle East steam crackers use 
ethane feed, and shale gas developments 
in the USA also result in the increased use 
of ethane and other light feeds for steam 
cracking, leading to butadiene deficit in the 
near future. 

The economic driver of the shift towards 
lighter feeds is their cost advantage over the 
typical petrochemical raw material in Europe; 
namely naphtha: ethylene yield is higher and 
in the absence of heavy, aromatic fractions 
less distillation is necessary. Also less low value 
fuels are produced. However, crude C4 (which 
can be used for butadiene production) yield 
of ethane steam cracking is nearly three times 
less than of the naphtha steam cracking (Platts 

2013). Thus, the global shift towards lighter 
steam cracker feeds is expected to cause global 
shortage in some steam cracking co-products: 
butadiene, propylene and benzene are the 
most often mentioned. 

Alternative routes are being implemented to 
produce the missing quantities. These ‘on-
purpose’ routes have higher production cost 
than the route starting from SC CC4 because 
for the same extractive distillation process 
first they have to produce ‘on-purpose CC4’ 
by catalytic reactions. Bio routes are also 
being investigated.

CRUDE C4 AND RAFFINATE-1
Crude C4 is a mixture of four-carbon atom 
hydrocarbons.

It is called ‘crude’, because it is separated from 
the lighter (C3-) and heavier (C5+) fractions by 
simple distillation. Table 2 shows the typical 
composition of crude C4. Butadiene constitutes 
40−50% of CC4. All other components are 
recovered from the so called Raffinate-1 
product of the process.

Similarly to BD, Raffinate-1 can also be the 
starting point of further developments: its 
isobutylene content can be used for the 
production of MTBE (methyl tert-butyl ether) 
or ETBE (ethyl tert-butyl ether), and then the 
remaining part is called Raffinate-2. From 
Raffinate-2 pure butane-1 (co-monomer for 
HDPE – high-density polyethylene and LLDPE – 
linear low-density polyethylene production) or 
propylene can be produced.

TVK BDE INVESTMENT
The majority of crude C4 produced in the TVK 
steam crackers is hydrogenated and recycled 
as steam cracker feedstock. To replace this low 
value utilisation of CC4 the following principal 
changes were decided:

› Maximise crude C4 feedstock by
› installation of a new C4/C5 separation 

column in TVK SC-2 unit and
› transfer the crude C4 fraction from 

SLOVNAFT Bratislava SC to TVK by rail

Table 1.  1,3-Butadiene properties 
(Gestis Substance Database 2014)

Molecular formula C4H6

Molar mass 54.09

Boiling point (BP) -4.5 °C

Liquid density at BP 0.65 g/cm3 
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› Extract the 130 kt/year BD content of the 
unified crude C4 stream in the new Butadiene 
Extraction Unit at TVK

› Use LPG or naphtha to replace the extracted 
butadiene which was previously recycled as 
steam cracking feed. 

The BDEU plant capacity is set by the available 
feedstock within MOL Group.

The implementation of the new Butadiene 
Extraction Unit was justified by:

› Extending the value chain towards BD 
derivatives: Future BD production will give 
MOL Group the option to further extend the 
value chain towards synthetic rubbers and 
other butadiene derivatives

› Reduction of hydrogen consumption: 
Having 100–105 kt/year less recycled C4 
to be hydrogenated, TVK SCs need less 
hydrogen. The cost reduction is calculated, 
as a reduction of 20 million Nm3 per year 
natural gas consumption. It also decreases 
the CO2 emissions by more than 40 kt/year 
at TVK

› Raffinate-1, raffinate-2 further processing: 
Propylene and/or butene-1 can be produced. 
In addition, MTBE unit capacity can be 
increased or new MTBE / ETBE capacity 
installed

› SC feedstock replacement: The extracted 
butadiene can be replaced by n-butane, 
naphtha or other available feedstock 
depending upon the MOL Group optimum, 
increasing the flexibility of Refining.

NAME FORMULA SHARE IN CC4 (MASS)

n-butane 10−14 %

i-butane 2−4 %

n-butenes 18−20 %

i-butene (=isobutylene) 20−22 %

1,3-butadiene 40−50 %

Others 1−3 %

Table 2.  Crude C4 components (MOL 2011 data)
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TECHNOLOGY

Basics
The BDE unit is based on the BASF NMP licence: 
an efficient, reliable and globally recognised 
technology for the production of high purity 
1,3-butadiene (Intratec Solutions 2014).

The product is recovered from the crude C4 (CC4) 
feed by extractive distillation using N-methyl-
pyrrolidone (NMP) as solvent (Figure 2).

Conventional distillation is not an option 
because due to the very close boiling points 
of the individual hydrocarbons too many trays 
and / or too high reflux ratio must be applied. 
In the chosen BASF process this is overcome by 
extracting the butadiene from the CC4 vapour 
mix with NMP. NMP substantially improves the 
relative volatilities of the components, and 
it also prevents the formation of azeotropes 
(mixture of components whose proportions 
cannot be altered by simple distillation due 
to identical liquid-phase and vapour-phase 
compositions in equilibrium).

Process description
Major separation steps applied in the plant are 
(McKetta, JJ Jr (ed) 1978; Rinke, S et al. 2014):

› Separation of the light ends by conventional 
distillation

› Crude C4 evaporation and extractive 
distillation into butadiene and Raffinate-1

› Rectification of butadiene to remove 
impurities

› Solvent degassing and
› Solvent regeneration.

The standard plant configuration is shown 
on Figure 3. This is slightly different from the 
process to be implemented in TVK. The crude 
C4 feed enters the predestillation for light 
ends and oxygen removal. The predistilled 
crude C4 is sent to vaporization and C5 
removal.

The evaporated C4 cut is fed to the extractive 
distillation for separating Raffinate-1 from 
1,3-butadiene, 1,2-butadiene and acetylenes.

The raw butadiene leaves the extractive 
distillation and enters the butadiene 
distillation for butadiene product recovery and 
1,2-butadiene and residue removal.

The loaded solvent from the extractive 
distillation is sent to the steam reboiled 
solvent degassing where the acetylenes 
are removed as side stream. The overhead 
vapour of the degassing is sent back to the 
extractive distillation by a compressor.

A lean solvent side stream is sent to a 
regeneration tank for residue removal under 
vacuum.

Process challenges

Dimerisation
The formation of butadiene dimer occurs 
through the Diels-Alder mechanism: the 
speed of this dimerisation is a function 
of only the temperature and cannot be 
controlled with inhibitors. Therefore the 
butadiene storage time and temperature are 
limited.

Polymerisation
Butadiene follows several polymerisation 
mechanisms:

› Mixtures containing smaller concentrations 
of 1,3-butadiene tend to form rubber-like 
polymers

› So called ‘popcorn type’ polymers are formed 
from mixtures containing more than 85% of 
1,3-butadiene.

Fig. 2.  The solvent of extractive distillation: 
N-methyl-2-pyrrolidone

N O
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Polymerisation reactions proceed through 
free radical mechanism. They are initiated by 
oxygen, peroxides, rust, etc. These reactions 
can be controlled by inhibitors.

Practices to prevent polymerisation and fouling 
include the following measures:

› Oxygen is strictly excluded – online analysers 
are applied for oxygen monitoring

› Equipment is free of rust
› Inhibitors are dosed
› High operating temperature is avoided
› Dead spaces with no flow are avoided and
› Construction materials are properly selected.

Product and storage
Butadiene is stored in two spheres with 2 500 m3 
capacity each. The storage unit comprises a 
refrigerator unit for cooling butadiene in order 

to avoid the dimerisation of the stored material. 
Crude C4 is supplied from several spherical tanks 
among them a new one with 2 500 m3 capacity.

Guaranteed butadiene purity is 99.7 w/w% 
with limits for acetylenes, sulphur, residual 
solvent, inhibitor and other impurities.

The specification meets the stringent 
requirements of synthetic rubber production 
processes.

BDE PROJECT IMPLEMENTATION

SCOPE
Based on the submitted project proposal, 
MOL Executive Board has approved the 
construction of a new BDE unit with 130 kt/
year capacity in Tiszaújváros at TVK industrial 
park. The project consists of two sub-projects:

Fig. 3.  Process flow diagram of the unit (BASF 2014)

Distillation

Raffinate 1
NMP solvent

Standard Configuration
BASF's NMP Process for Butadiene Extraction

C4 Acetylenes
Propyne

Butadiene

Heavies

DegassingExtractive Distillation



99Scientific Magazine

› Inside battery limits (ISBL): BDE unit, flare, 
and pipeline between flare and BDEU

› Outside battery limits (OSBL): all the process 
and utility additions necessary to fit the BDE 
unit into TVK systems, such as C4/C5 separation 
unit, interconnecting pipelines, spherical tanks 
(3 pieces), cooling tower, railway loading / 
unloading system, power supply system, IT and 
communication systems and a fire water basin.

CONTRACTUAL BACKGROUND
For the ISBL part, TVK has concluded an EPC 
(engineering, procurement and construction) 
LSTK (lump sum turnkey) contract combined with 
an open book procurement (OBP) phase until a 
pre-determined conversion date (when open 
book phase turns to LSTK phase). The contractual 
party is a consortium formed by the Polish Lurgi 
Spólka Akcyjna, now Air Liquide Global E&C 
Solutions Germany1 and the Hungarian OTF 
Fővállalkozó Zrt. where Air Liquide Global E&C 
Solutions is responsible for the engineering and 
procurement of core technology equipment, 
piping and instrumentation while OTF is 
responsible for the engineering and procurement 
of civil and steel structures, electrical scope and 
also the overall construction and site activity. 

The benefit of the OBP compared to normal 
EPC LSTK is that the customer (TVK) was 
involved in procurement of certain parts – 
such as compressor, pumps, columns, vessels: 
approximately 40% of the total scope – and 
due to this focused cooperation 7.6% saving 
could be achieved compared to the original 
contractual budget price. 

To achieve this of course extra procurement 
and technical resources were required from 
customer’s side, and both customer and 
contractor procurement procedures had to be 
adjusted for the effective decision making.

For the OSBL sub-projects, TVK has concluded 8 
independent EPC contracts which are managed 
by TVK Investment department in close 
cooperation with ISBL part. 

The total investment cost is close to Euro 
120 M with a 70%-30% split between ISBL 
and OSBL.

ENGINEERING
After the contract signature, the contractor started 
the design in December 2012 and provided major 
deliverables such as basic design package, detailed 
design package, P&ID (process & instrumentation 
diagrams) reviews, HAZOP (hazard and operability 
study) procedure, FATs (Field Acceptance Tests) 
and authority documentations.

The engineering services were executed on a 
global basis. While the core technology was 
managed through the European Air Liquide 
Global E&C Solutions offices, the piping and 
instrumentation scope was performed in Air 
Liquide Global E&C Solutions’ Indian office. 

As part of the engineering, extra effort had to be 
invested into the authority engineering as more 
than 5 essential permits had to be acquired for 
the start of construction of ISBL and several 
additional ones for the OSBL sub-projects 
through a complicated authorisation process.

CONSTRUCTION
After the extensive design phase the ISBL 
construction area was handed over to the 
contractor in September 2013. Parallel with 
the construction activity on the site, the 
manufacturing of different equipment has 
started in different locations of the world. 
For example the columns were produced 
in Hungary and Slovakia, pressure vessels 
in Hungary while the heat exchangers were 
produced in India, and the compressor – which 
is the heart of the unit - in Japan.

One year has passed since the ground-breaking 
ceremony of the BDE unit and by now all the 
columns have been erected, and most of 
the equipment is in place (see Figures 4−6). 
In addition the control room building and 
substation are ready for the installation of 
electrical equipment.

1 Since 14 December 2013 Air Liquide Global E&C Solutions Poland S.A. (former Lurgi Polska); since 17 February 2014 Air 
Liquide Global E&C Solutions Germany (former Lurgi GmbH). 



100 Development

The flare and the pipeline erection are ongoing 
and the electrical and instrumentation works 
have already started in September 2014.

From OSBL scope the C4/C5 separation unit 
and the railway loading / unloading units 
have already been completed and are ready 
for operation with the other sub-projects also 
progressing on track.

Based on the current progress, both the ISBL 
and OSBL units would be ready for commercial 
operation in Q2 2015.

FINANCES AND ESCROW AGENT
The payments to contractors are connected 
to the achieved milestones which means 
more than 60 invoices in the ISBL, while the 
OSBL contracts are controlled based on their 
individual financial terms and conditions.

Due to the complexity and the high value 
of the project, the payments have to 
be made via an escrow bank agent. The 

utilisation of an escrow agent avoids non-
payment in the subcontractor chain. As the 
non-payment was a very frequent issue 
in the construction industry, Hungarian 
government issued a law in 2009, to 
provide security for subcontractors at all 
level in the chain to be paid if their work is 
properly performed. The amount of money 
connected to the forthcoming milestone 
payment must be deposited by the customer 
into a bank account and as soon as the 
customer, contractor, subcontractor and an 
independent expert confirms – via an online 
system – the work is completed, the money 
is released.

TIME SCHEDULE AND MAJOR 
MILESTONES
From the start of integrated project planning 
preparation (IPP) until the issuance of 
provisional acceptance certificate (PAC) the 
overall project duration is around 4 years 
with the high level schedule indicated on 
Figure 7.

Fig. 4. Construction site in October 2013 and July 2014

Fig. 5. BDE plant in 3D design and in the construction site in August 2014

Oct 2013

3D Design

July 2014

Fact - August 2014
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Of course, for the better tracking of the project, 
different level project schedules (level 2, level 
3) exist containing 700 to 2 000 project events.

Within MOL Group, a PWA system (project web 
access, an integrated project management 
tool) is used for project tracking. It is based 
on MS-project and is capable of generating 
different reports for the project team and the 
management.

SUMMARY
MOL’s first step in the butadiene value chain 
is a 130 kt/year capacity Butadiene Extraction 
Unit at TVK site. BDEU will recover all butadiene 

available in MOL Group by processing the 
crude C4 streams of all three steam crackers 
of TVK and SLOVNAFT Bratislava. It applies the 
globally recognised BASF NMP licence. Project 
implementation is generally on track with the 
expected completion in 2015. 

The project improves the profitability and 
flexibility of MOL Group’s petrochemical 
production and sets the ground for further 
developments, such as the already started 
SSBR investment.

Keywords: butadiene, synthetic rubber, NMP, project, 
steam cracker, Petchem

Fig. 6. 2 500 m3 spheres for crude C4 and butadiene storage in 3D design and in the construction site in October 2014

Fig. 7. High level time schedule of BDE project

3D Design Fact - October 2014
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ABSTRACT
Seismic inversion is a process of extracting 
physical properties of rocks from seismic data. 
By doing so, it is a great tool for integrating 
the various disciplines in a multidisciplinary 
project team as perception and interpretation 
of rock properties and geology is more direct 
than that of the seismic trace. This paper 
intends to demonstrate both the capabilities 
of inversion and the advantages of integrated 
interpretation through an example in a HC- 
exploration project in a Western-Hungarian 
mature area. 

A HC-exploration project was initiated with 
the goal of revitalising the Budafa area. The 
project utilises MOL's experience and datasets 
and focuses on stratigraphic and combined 
traps in turbidite sandstones. Inversion was 
successfully applied to delineate and map 
sand units as well to separate sand and shale 
lithology in general.

Based on the probability sections and the 
cross plots the HC bearing zones can be 
separated from the wet areas. On the other 
hand zones with different HC content cannot 
be distinguished because of the known AVO 
limitations. Good assumptions can be made 
for the cap rock and the reservoir.

The demonstrated method is an effective tool 
to understand a possible HC bearing reservoir 
before drilling it. It helps to build a more exact 
geologic model of the area and decreases the 
uncertainty of the future drilling activities.

INTRODUCTION
Seismic inversion is a technique that has been 
in use by geophysicists for over fifty years. It 
is a process of extracting from seismic data 
the underlying physical (acoustic and elastic) 
properties of rocks, which gave rise to that 
seismic response. There are several benefits 
of using the inverted seismic section or cube 
including improved stratigraphic interpretation, 
removal of the effects of the wavelet within the 
seismic bandwidth and quantitative predictions 
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of the reservoir properties. The most important 
is perhaps, that more geoscientists understand 
the concept of impedance and geology than the 
seismic trace, thus, working in the impedance 
domain is a great way for integrating the 
various disciplines in a multidisciplinary asset 
team (Russell, B 1988). 

Since generally there is no unique solution 
to an inversion problem, a wide range of 
different techniques are available depending 
on what type of seismic data is used under 
what kind of constraints. Post-stack inversion 
techniques transform the stacked seismic 
data into acoustic impedance (the product 
of density and pressure wave velocity), from 
which we are able to make predictions about 
lithology and porosity. These predictions 
are traditionally widely used, but have their 

limitations since P-impedance is sensitive to 
the combined effects of lithology, fluid and 
porosity, and it is difficult to separate the 
influence of each effect in the post-stack 
domain (Russell, B & Hampson, D 2006). In 
spite of that it can provide a valuable tool 
for geologic interpretation of seismic data, 
especially in a clastic environment.

In the past fifteen years inversion was extended 
to pre-stack seismic data. Recently it is possible 
to perform full elastic inversion, in which all the 
directly contributing elastic rock properties: 
P-impedance, S-impedance (the product of 
density and shear wave velocity) and density 
are estimated. This enables to perform less 
ambiguous interpretation of inversion results 
including estimations of pore fluid content 
(Hampson, D & Russell, B 2011).

Fig. 1.  Cross section through Budafa anticline and its surroundings with key seismic horizons
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GEOLOGICAL FRAMEWORK
The study area is situated in Zala Basin, Southwest 
Hungary. Geologically, it is a complex area, 
since it is part of the Balaton strike-slip zone. 
Early Miocene large scale movements resulted 
in the juxtaposition of various basement units, 
namely: (1) Sava unit in the south, comprising 
mainly of Triassic and Jurassic carbonates, (2) a 
Magmatic-Metamorphic complex, interpreted 
as a strike-slip duplex (Jósvai, J et al. 2004) and 
(3) Transdanubian Range Unit consisting of 
Mesozoic carbonates (see Figure 1).

Basin opening and sedimentation started in 
the Karpatian and resulted in a 2−3 000 meter 
thick succession of marls intercalated with 
sandstones and breccias. On seismic images 
a striking, high amplitude reflection and an 
angular unconformity indicate the well-known 
greensand, a glauconitic sandstone of 20−30 
m thickness with HC potential, deposited at 
the boundary of Middle and Late Badenian 
(Figure 1).

Continuous sedimentation took place from the 
Late Badenian till the Late Miocene. Therefore 
it is difficult to pick Badenian-Sarmatian and 
Sarmatian-Pannonian boundaries on seismic 
datasets. Prograding delta and turbidite 
systems reached this area from north-
northwest based on our interpretation of 
Budafa 3D, confirming earlier large-scale 
filling models for Lake Pannon (Magyar, I et al. 
2007; Magyar, I et al. 2013). These sediments 
formed the key reservoirs and seals of the 
Budafa area. Deposition patterns of turbidite, 
slope and delta front sediments were not 
perturbed by early basin inversion (Uhrin, A 
& Magyar, I & Sztanó, O 2009). Large-scale 
folding started approximately 8 million years 
ago (Uhrin, A & Magyar, I & Sztanó, O 2009), 
forming excellent structural traps. Pattern 
of surface water flows including abandoned 
valleys indicates that uplift is still in progress 
(Fodor, L et al. 2005).

Fig. 2.  Initial low frequency impedance model
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GOAL OF EXPLORATION
Budafa area (western Hungary), situated 
eastward of natural oil seeps in Peklenica, was 
in the focus of early HC explorers using Eötvös 
torsion balance. Their efforts were honoured 
by a commercial oil discovery in 1937, thus this 
area became the cradle of the Hungarian oil 
industry. Budafa field still produces oil and its 
more than 75-year exploitation history resulted 
in not only 5 million tons of oil recovered but 
also a large amount of G&G datasets and local 
experience.

A new project was initiated in order to 
revitalise this area applying MOL's experience 
and datasets. Based on similar considerations 
a successful exploration project was carried 
out in the neighbouring Barlahida area where 
four new gas discoveries were made around 
mature fields (Pollner, L & Vincze, M 2011). 
Our exploration workflow elaborated in 
Barlahida is applied here. A high quality 3D 
cube was acquired and well data were carefully 
reviewed. The exploration project focuses 

on stratigraphic and combined traps within 
the Pannonian succession in the flanks of the 
anticline. While there are many wells on the 
top of the anticline, there is limited well control 
on the flanks. 

The known and potential reservoirs are 
turbidite sandstones (Szolnok Sandstone 
Formation) in complicated channel and 
lobe systems. Prediction of sand and shale 
distribution in flank areas with insufficient well 
control is crucial. This challenged us to widen 
the spectrum of applied methods. Therefore 
our interest turned to geophysical inversion 
methods.

INVERSION OF SEISMIC DATA 
Model based acoustic impedance inversion 
aims to derive a basic velocity model of the 
earth’s subsurface from two input streams 
consisting of stacked seismic data and velocity 
/ density information (in the form of well logs 
or RMS – root-mean-square velocities) and 
then using this model to invert seismic data.

Fig. 3.  Final acoustic inversion result computed from the initial model on Figure 2
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In our case a 3D cube of post-stack seismic 
and velocity and density measurements of 5 
wells in Budafa area were used after a careful 
calibration and tie of the wells to the seismic 
data by synthetic seismograms. Figure 2 shows 
the initial (impedance) model and Figure 3 the 
final inversion result on a selected section.

The inversion result (3D cube of calculated 
acoustic impedance) can then be utilised 
in several ways to aid integrated geologic 
interpretation of the area. Below are two 
examples: the first is a specific delineation of 
a known sandstone body and the second is 
a more general estimation of sand and shale 
lithology.

MAPPING OF A LOW IMPEDANCE 
SANDSTONE BED
Examining and defining the extent of potential 
reservoir strata is an important part of 
hydrocarbon exploration. As mentioned, 
although P-impedance is sensitive to the 
combined effects of lithology, fluid and 
porosity, in favourable conditions (clastic 
environment, potential for gas saturation and 
less compacted sands than shales) a priori 

geological information is sufficient enough to 
confidently identify and delineate sandstone 
bodies of a shale-sand sequence in an inverted 
seismic volume. In our case combining 
geological model, well data and seismic 
enabled us to map a low impedance sandstone 
stratum in the acoustic impedance cube.

A thorough screening of the stacked 3D seismic 
data revealed an amplitude anomaly in the full 
stack and far stack seismic volumes. Integrating 
with geological information from nearby 
wells confirmed that the amplitude anomaly 
is connected to a low impedance sandstone 
stratum with a maximum porosity value of 28% 
and can be a potential reservoir rock (Figure 4).

In fact, similar strata are also visible in other 
places within the seismic cube but the layer in 
focus has the lowest acoustic impedance and 
the largest horizontal extension of all. This 
is best illustrated by the coloured inversion 
volume (see Figure 5).

Data slices were created from the various 
impedance and stacked seismic volumes using 
an interpreted and interpolated horizon near 

Fig. 4.  Identification of the reservoir sand body on logs of a nearby well
(TWT - two way seismic traveltime, POR - porosity, RN - resistivity, SP - standard potential, VCL - volumetric clay content)
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the anomaly. Maximum amplitude of the far 
stack and minimum impedance of the inverted 
volumes were mapped in a 40 ms window 
around the horizon. 

Figure 6 shows the far stack amplitude and full 
stack coloured AI (amplitude-impedance) map 
of the sand body. In principle, full stack seismic 
may include anomalies induced by HC content, 
whereas near stack seismic volume does not. 
An important crosscheck was to also examine 
the AI map created from a near stack volume 
(see Figure 7). The map derived from the inverted 
near stack has the same low signal / noise ratio as 
the original near stack. Even so, by looking at the 
results the sand body shape can be delineated. 
(In each case the different absolute impedance 
values are the results of different inversion 
methods, parameters or initial models.)

PREDICTING SAND-SHALE LITHOLOGY 
FROM INVERTED SEISMIC DATA
Inverted seismic cubes also enhance the 
possibility of lithology prediction from the 
impedance volumes by using multiattribute 
transforms and probabilistic neural networks 
(PNNs) (Hampson, DP & Schuelke, JS & Quirein, 

JA 2001). In our case the goal was to generally 
separate sand and shale strata in the entire 3D 
volume. 

The prediction process is using internal seismic 
attributes of the full stack volume, the inversion 
results as external attribute and clay content 
logs (as the target logs for prediction) from 69 
wells. 

Abilities of the multiattribute transforms 
and PNNs were compared by using a 
cross-validation technique. In each case 
the probabilistic neural networks were 
much more efficient in predicting the high 
frequency details of the target logs than 
multiattribute transforms. Consequently the 
resolution of the logs predicted by the PNN is 
much higher. It was evident that the reliability 
of the applied methods and the resolution 
of the results are much weaker away from 
the training wells in each of modelled cases. 
Considering the results, lithologic changes 
can be reliably estimated within a 1.25 km 
diameter neighbourhood of a particular well. 
Outside this area only a low frequency trend 
is predictable (see Figure 8).

Fig. 5.  Coloured inversion showing the sandstone body with low impedance (green color) with the porosity log overlain
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Within the PNN estimation two different 
cases were tested: estimation of lithology 
based on several internal seismic attributes 
and estimation from the inversion results only 
(Figure 9). In both training and validation mode 
the best results were reached by using only 
the inverted seismic volume (the correlation 
coefficient between predicted and actual clay 
content values was 0.819 in training mode). In 
validation mode the best correlation coefficient 
was 0.466, using only the inverted volumes. 
This result also emphasises the important 
benefits of seismic inversion.

CONCLUSIONS
Seismic inversion method was successfully 
applied for separation of sand and shale 
dominated sedimentary packages in areas 
with limited well control. This method 

facilitates the fine-tuning of the geological 
model and ultimately decreases geological 
uncertainty.

On the basis of the inverted seismic cube a 
sandstone body was mapped in a larger area 
with limited well control. A more general 
analysis using probabilistic neural networks 
enabled predicting of sand-shale lithology, 
showing another important benefit of 
inversion. 

As a potential geological application, the 
inverted data cubes provide excellent input 
to pick the most significant marker horizons 
for an integrated geological model, such as 
the top Szolnok and Algyő Formations. The 
lowermost Pannonian key horizon is the top 
of basal marl (Endrőd Formation), where 
often sandstone bodies pinch out with on-
laps forming stratigraphic traps. Detecting of 
this important boundary is also a potential 
advantage, demonstrating that inversion is a 
useful tool in exploration of both structural and 
stratigraphic traps.

Keywords: seismic inversion, sand-shale distribution, 
neural networks, seismic markers, Zala basin

Fig. 6.  Amplitude (left) and coloured inversion (right) map of sandstone body. Notice the higher and more profound 
contrast of the edge of the sand on inversion map

Fig. 7.  Inversion map of near stack volume showing a 
noisy but still recognisable image of the sand body
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Fig. 8.  Section of predicted clay content volume near a well, the log overlay indicates clay content computed from well logs

Fig. 9.  PNN estimation (red) of clay content log (black) in six selected wells form seismic attributes (left) and from the 
inverted AI volume (right)
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ABSTRACT
Water based muds are the most common 
drilling fluids. Cost effective drilling is 
a well optimised process that includes 
mud parameters as well. One of the most 
important factors of drilling fluid is the fluid 
loss value. Filtration is a natural process during 
overbalanced drilling, but the volume of 
filtrate is determinative. There is a lot of filter 
press equipment to evaluate this characteristic 
of mud. Downhole conditions could perfectly 
be demonstrated by Fann® model 90 dynamic 
filtration system. In this paper we evaluate 
the key parameters and their effects onto the 
filtration; effects of temperature, pressure, 
shear rate and filter media are analysed. 
Parameters of measurements are determined 
and optimised depending on the results. 
Results are then compared with results gained 
by means of other fluid loss instruments. 
Mud filtration characterisation with Fann® 
model 90 would be an easy task in the future 
if gained results are fully utilised. Using this 
equipment the optimisation procedure could 
be improved and thus more cost effective 
drilling would be implemented.

INTRODUCTION
Drill-in fluids have a lot of variable attributes that 
are responsible for the best drilling operation. 
Density, rheology and fluid loss values are the 
three most important parameters. Hydrostatic 
pressure, which is ensured by drilling fluid 
density, is to keep against rock pressure. 

Rheology of mud is responsible for hole cleaning 
as delivering the cuttings up to the surface. 
Fluid loss values show quantity and quality 
of fluid that can filtrate into the rock matrix. 
Fluid loss volume indicates one of the most 
important problems, which is the reservoir 
damaging effect of drilling fluids. In Hungary, 
for technical reasons overbalanced drilling is 
applied only; in this case the drilling fluid (mud) 
has greater hydrostatic pressure than the rock 
pressure. Fluid invasion into rock is ineluctable, 
but its amount is well controllable. A large 
quantity of filtrate could lead to fatal problems 
that can result in a well that is near impossible 
to produce. Additionally, it is expensive to 
make up for the lost mud.

In case of water based muds, volume of filtrate 
can be controlled with fluid loss additives 
(polymers, starch) and bridging agents 
(appropriately sized solid particles). They are 
the most basic components of the mudcake. 
Mudcake develops as long as filtration goes on. 
Quantity of filtrate determines the quality and 
thickness of the mudcake. Mudcake quality is 
a key parameter in filtration processes. It can 
prevent large volume filtration and hold the 
wall of the hole. Quality of mudcake affects 
filtration process and stability of the hole, 
among others.

Because filtration is a dynamic and complex 
process governed by many factors, it is difficult 
to determine its real value. Throughout the 
history of the oil industry a lot of different 
equipment has been applied to measure 
this parameter. As science progressed these 
instruments became more complicated and 
more suitable for downhole conditions. 
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However, most of them can be used in static 
conditions only. Actually, mud circulates in a 
spiral toward to surface exerting both static 
and dynamic burden onto the wall of the hole. 
Progression of mudcake development is very 
complicated and dynamic. Development of 
science required a lab instrument, which can 
simulate these dynamic conditions.

Scientists could create some different 
instruments thus enabling a real dynamic 
filtration. Researchers (Peden, JM & Artur, KG 
& Avalos, M 1984) analysed the permeability 
changing effect of solids particles, which 
can enter the rock pores, and the swelling 
effect of mud filtrate in a water sensitive 
formation. Furthermore, the filtrate impact 
onto the logging system was analysed. The 
work includes measurements with 3 different 
water based muds and the filtration via 4 
types of rocks. Their equipment consists of 
two concentric cylinders. The mud flows 
down in the internal cylinder and in the end of 
this tube the mud exits and enters the other 
cylinder and flows up the annulus. The filter 
rock sample is the part of the outer cylinder. 
The filtration rate is measured by mass change, 
and the value of damage is determined 
with permeability measurements. In their 
conclusion they established that the volumes 
of gypsum mud’s filtrate increased with the 
shear rate. The smaller was the width of the 
annulus, the higher was the volume of the 
filtrate. The two most important parameters 
of dynamic filtration are the erosion and the 
formation of mudcake. Balance between 
these two factors depends on the shear rate 
and the width of the annulus. Besides these 
findings they observed increasing filtrate 
volume with increasing temperature and 
pressure.

Other researchers (Fordham, EJ & Ladva, 
HKJ & Hall, C 1988) have applied similar 
equipment. They developed an instrument 
consisting of two concentric cylinders, where 
the rock filter was in the internal tube. The 
width of the annulus and the shear rate 
could be controlled. They used two different 
bentonite muds and the filter medium 

was synthetic ceramic. Based on their 
measurements they identified two stages 
of the dynamic filtration process, one that 
took place in the first two hours, when the 
filtration was as if it were static and the other 
one that took place after the first stage, when 
the filtration rate was higher.

Scientists (Scheid, CM et al. 2010) analysed 
mudcake as a significant parameter of 
filtration process. They used two different 
concentrations of CaCO3 suspensions as muds, 
and synthetic ceramic disk as filter medium. 
The pressure and the flow rate of inlet fluid 
were controlled. After tests they measured 
the porosity and permeability of mudcake. 
They concluded that the volume of filtrate 
increased with pressure as it became higher 
and if the n coefficient of power law model 
was nearly 1 the sample fluid behaviour 
was analogue with Newtonian fluids. (The 
relationship between shear stress and shear 
rate for pseudo plastic fluids is defined by 
the power law mathematical model. The two 
terms, K and n, are constants. K is called the 
consistency factor and describes the thickness 
of the fluid and is thus somewhat analogous 
with effective viscosity. Additionally, n is called 
the flow behaviour index and indicates the 
degree of non-Newtonian behaviour. A special 
fluid exists when n = 1, when the power law 
model is identical to the Newtonian model 
(Drilling Fluids Reference Manual 2006).)

An article (Osgouei, AE et al. 2012) was 
published about the results of an instrument, 
which was recently made available in 
commerce. It is Fann® 90. Three different 
muds were used to determine the filtration 
through ceramic discs. They evaluated 3 key 
parameters for the interpretation: the spurt 
loss value (volume of filtrate after the first 10 
seconds); the dynamic filtration rate (filtration 
rate function of time); and the mudcake 
development index (dynamic filtration rate 
function of time). They established that 
the filtration rate would become constant 
after the first 10 seconds, and that the 3 key 
parameters increased as the temperature 
became higher.
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EXPERIMENTAL EQUIPMENT  
AND PROCESS

THE EQUIPMENT
With the available Fann® 90, dynamic filtration 
system equipment we can determine the 
filtration under dynamic conditions, at high 
temperature (up to 500 oF, 260 oC) and high 
pressure (2 500 psi, 172.3 bar) through 
rock material ensuring the closest possible 
simulation of downhole conditions. The filter 
material is a ceramic tube, which allows the 
filtration through itself where the mud flows 
from the inside to the outside. The filtration 
way can be seen in Figure 1. The mud is in 
the ceramic tube where there is a bob (it is a 
metal cylinder, which is concentric with the 
ceramic tube) and is used to move the fluid. 
The bob ensures the dynamic character of 
the simulation. The rate of bob is controllable 
between 9−269 1/sec. The differential pressure 
as a function of the external and internal 
pressure values can be set up, just like the test 
temperature.

FILTER MATERIAL
The Fann® 90 filtration system utilises special filter 
cores (ceramic tubes) designed for conducting 
filter cake formation and permeability analysis. 
The filter medium is a thick walled cylinder with 
rock-like characteristics to simulate the built-up 
of filter cake on the formation face thus providing 
more accurate filtration measurements. The 
entire internal length is subject to pressurised 
fluid (sample). Filtrate flows through the 

core radially from inside to outside. The filter 
medium is available in varying porosities and 
permeabilities to simulate varying downhole 
formations.

We chose the 35 μm average pore diameter 
ceramic filter type for analyses. The exact 
porosity, permeability and main pore size of 
filter material are important parameters.

FLUID SAMPLES – MUDS
All samples, which were used to test filtration, 
were water based muds. First we created a 
reservoir drill-in fluid (RDIF) in the laboratory 
to determine the effects of the ceramic tube, 
temperature, pressure and shear rate. The 
composition and the most important technical 
parameters of RDIF (Mud1) can be seen 
in Table 1. The composition had the most 
commonly used additives, which can provide 
the proper technical parameters. Two important 
types of additives affect the filtration process. 
One of these, fluid loss polymer was added in 
the form of three different saccharides. The 
other is the bridging agent; in our experiments 
two different bridging agents were used (though 
both were calcium carbonate powder their 
particle size distributions differed). The rheology 
of mud affects the fluid loss, so that the rheology 
additive can affect the filtrate volume.

Besides Mud1, we used two different types 
of RDIFs, which had come from the fields (see 
technical parameters in Table 2). 

Mud2 was special water based mud because it 
had a hydrophobic mudcake. This type of mud 
was developed for open-hole wells, because this 
type of well required the best mudcake. Mud2 
has hydrophobic bridging agent, which prefers the 
hydrocarbon fluid flow from reservoir to well and 
moreover it retains water based completion fluids 
in the borehole. In this case the well where Mud2 
came from was a horizontal well, with a long 
open-hole section. Mud2 was being used while 
this horizontal section was drilled. Its filtration 
character was very important, because it might 
bring about the biggest part of formation damage. 
We had four samples of Mud2 (Mud2A, Mud2B, 
Mud2C and Mud2D) in this series of experiments.

Fig. 1.  Filtration in Fann® 90, dynamic filtration system 
(source: viewed 06 October, 2014, http://www.
fann.com/fann/products/drilling-fluids-testing/
filtration-dynamic-hpht/dynamic-hpht-filter.
page.)
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Mud3 and Mud4 were of the same type of drilling 
fluid, but they came from different wells. These 
wells were drilled in the same reservoir. Both of 
them were vertical wells and they had not got 
open-hole sections. We tested four samples of 
Mud3 (Mud3A, Mud3B, Mud3C, Mud3D), and 
one sample of Mud4. Samples of the same type 
of mud were different from each other regarding 
the sampling depth. The mud type was RDIF, 
its technical parameters were optimised for 
the prevailing conditions. It did not contain any 
hydrophobic bridging agent, but had a special 
clay inhibitor, because the clay concentration 

in this area is high and it is necessary to inhibit 
the mud. The methylene blue test (MBT) results 
and the yield point (YP) values were the most 
differing parameters between of Mud2 and Mud3 
/ Mud4. Methylene blue test determines “the 
amount of clay-like materials in the water based 
drilling fluid” on the basis of “the amount of the 
absorbed methylene blue dye”. Yield point value 
is “the yield stress extrapolated to a shear rate of 
zero”... “A high YP implies a non-Newtonian fluid, 
one that carries cuttings better than a fluid similar 
density but lower YP” (Schlumberger Oilfield 
Glossary 2014).

Table 1.  Composition and main parameters of Mud1 (RDIF) sample 
PV – plastic viscosity; YP – yield point; 1 lb/100ft2 = 0.0004788 bar

Table 2.  Technical parameters of Mud2, Mud3 and Mud 4 samples

COMPOSITION MUD1 MAIN PARAMETERS OF MUD1
1 l/m3 Bactericide PV, cP 18
4 kg/m3 Rheology additive YP, lb/100ft2 18

60 kg/m3 Clay inhibitor/ 
density agent Gel strength 10", lb/100ft2 5.5

15 kg/m3 Fluid loss addive1 Gel strength 10', lb/100ft2 6
10 kg/m3 Fluid loss addive2 pH 9
10 kg/m3 Fluid loss addive3 API fluid loss, ml 2.9
1 l/m3 Oxigen scavenger
6 l/m3 Corrosion inhibitor

0.75 kg/m3 Shale inhibitor
90 kg/m3 Bridge agent1
40 kg/m3 Bridge agent2

MUD2 MUD3
MUD4

MUD2A MUD2B MUD2C MUD2D MUD3A MUD3B MUD3C MUD3D
Depth, m 2 400 2 600 2 700 2 850 2 484 2 493 2 590 2 608 2 580
Gel strenght 10", 
lb/100ft2 8 9 10 13 4 3.5 3.5 3.5 4

Gel strenght 10', 
lb/100ft2 12 13.5 13.5 17 4.5 3.5 4 4 5

Plastic viscosity, cP 14.5 17.5 17 21 18 16.5 20 19.5 22.5
Yield point, lb/100ft2 26.5 30 30.5 35 20 18 19 20.5 21.5
pHmud 9.98 10.08 10.04 9.98 10.06 10.06 9.92 9.89 9.98
pHfiltrate 9.87 9.88 9.83 9.72 10.03 9.99 9.89 9.77 9.87
API fluid loss, ml 4 3.3 2.9 2.7 3.3 3.3 3.8 3.6 3.2

Density, kg/dm3 1.13 
@17.5°C

1.14 
@9.6°C

1.16 
@9.8°C

1.17 
@8.3°C

1.13 
@11.7°C

1.145 
@11.4°C

1.16 
@11.6°C

1.16 
@13.4°C

1.165 
@9.9°C

Cl- concetration, mg/l 21 978 21 978 19 597 17 583 16 484 16 484 16 484 17 583 14 286
Average particle size, 
mm 10.832 7.337 6.754 5.272 5.666 5.900 6.837 6.721 5.281

Methylene blue test, 
kg/m3 7.13 10.69 10.69 17.81 20 20 21.4 21.4 27.1
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TEST PROCEDURES
Before measurements the filter 
material was thoroughly investigated. 
Their porosity, permeability, average 
pore diameter and average particle 
size were determined.

Procedures were divided into 
two groups. In the first group, the 
mud composition was kept as an 
invariable parameter and all the 
other parameters (temperature, 
pressure, filter media, shear rate) 
were varied to determine their effects 
on filtration. In the second group, 
parameters were kept constant other 
than mud, temperature and filter 
media. Temperature values and filter 
media were chosen to match the 
reservoir conditions. The parameters 
of procedures applied are shown in 
Tables 3−5.

Table 3.  Test conditions of the first group procedures (changes are detailed in Table 4) (1 psi = 0.0689 bar)

Table 5.  Test conditions of the second group procedures, tests are numbered D1, D2, D3, D4 as Dynamic Test 1

Table 4.  Parameter variation in the first group procedures (A and S0 
values correspond to the ‘Reproduction’ case of Table 3)

GROUP 1
REPRODUCTION FILTER MEDIA TEMPERATURE PRESSURE SHARE RATE

Temperature, °C 100 100 CHANGE2 100 100

Differential pressure, psi 400 400 400 CHANGE3 400

Share rate, 1/s 100 100 100 100 CHANGE4

Filter media, micrometer 35 CHANGE1 35 35 35

Filtration time, min 30 30 30 30 30

Mud type Mud1 Mud1 Mud1 Mud1 Mud1

GROUP 2
D1 D2 D3 D4

Temperature, °C 100 110 130 130

Differential pressure, psi 400 400 400 400

Share rate, 1/s 100 100 100 100

Filter media, micrometer 10 35 35 20

Filtration time, min 30 30 30 30

Mud type Mud2 Mud3A and Mud3B Mud3C and Mud3D Mud4

CHANGE1 POROSITY, % CHANGE2 TEMPERATURE, °C

A 37.268 A 100

N1 45.658 H1 60

N2 41.432 H2 80

K1 29.22 H3 120

K2 32.814

CHANGE3 PRESSURE, PSI CHANGE4 SHARE RATE, 1/SEC

A 400 S0 100

P1 300 S1 200

P2 200 S2 50
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RESULTS 

CERAMIC TUBE ANALYSES
We measured the porosity of each ceramic tube 
to make sure that they are the same within the 
uncertainty of the measurement. Helium gas 
porosity value was generated by UltraPore-300TM 

porosimeter. This equipment allows the 
measurement without considerably damaging 
the sample. The analysis requires the volume and 
the density of sample, which parameters can be 
calculated from geometry and mass. Relationship 
of porosity and density for the ceramic tubes is 
shown in Figure 2. Since the porosity values show 
remarkable differences it is necessary to determine 
the real porosity of the filter media before use.

The pore size and particle size distribution 
analyses involved the ceramic tube destruction / 
pulverisation so these measurements were done 
with three different porosity ceramic tubes. The 
pore size distribution is determined by mercury 
intrusion method. The analysis requires a little 
piece of filter media, while the particle size 
distribution measurement uses the other part 
of the same sample, in powder form. This latter 
analysis was made by the use of Mastersizer 2000 
instrument, laser-diffraction based method. The 
distribution curves and the correlation between 
the average pore diameter and porosity are 
shown together in Figure 3, while the correlation 
between the average particle size and porosity 
are shown together in Figure 4.

As Figure 3 indicates the average pore size 
is a linear function of porosity, so that it can 
be calculated from porosity values. Similarly, 
as Figure 4 shows linear correlation exists 
between the average particle size and porosity; 
thus the average particle size can be estimated 
from porosity values.

GROUP1 ANALYSES

Reproducibility tests
Two measurements were done to check 
the reproducibility of the system and the 
measurement itself. There were only two 
ceramic tubes, which had the same porosity 
values (37.268%) this is why only two 
analyses were carried out for this purpose. 
The first measurement was labelled TestA. 
The results are shown in Figure 5. After 
30 minutes the difference between them 
was 0.37% only, that can be regarded as 
negligible. Based on this finding the test has 
a good reproducibility.

Filter media tests
Different porosity values from previous filter 
media analyses were taken into consideration 
when the filter media tests were done. Four 
different porosity ceramic tubes were chosen 
for this purpose. Two of them had bigger 
porosity values (Big1 = 45.658% and Big2 = 
41.432%) than that of the reproducibility test’s 
filter media (TestA), and the other two had 
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smaller porosity values (Small1 = 29.22% and 
Small2 = 32.814%). The results are shown in 
Figure 6. The characters of filtrations were the 
same, but the volumes were different. Good 
linear correlation (R2=0.9988) exists between 
the volumes read after 30 minutes.

Temperature tests
The temperature has a significant effect on fluid 
loss; this effect was analysed at three different 
temperatures. TestA had a temperature value of 
100 °C (A), and we did the tests both at lower 
(H1 = 60 °C, H2 = 80 °C) and higher (H3 = 120 °C) 
temperatures. Temperature over 120 °C was not 
applied, because Mud1 was applicable up to 
120 °C only (the polymers (rheology agent, fluid 
loss agents) applied are degradable over 120 °C). 
The results are shown in Figure 7. The filter volume 

values read after 30 minutes were corrected 
with the porosity effect, and these values were 
depicted as a function of temperature.

Pressure tests
The filtration process is driven by the pressure 
difference between the internal and external 
surfaces of the filter medium. The pressure 
effect was analysed at two different pressure 
values (P1 = 300 psi = 20.68 bar, P2 = 200 psi = 
13.79 bar) over 400 psi (27.58 bar) (TestA). The 
ceramic tube’s pressure limit was 500 psi (34.47 
bar). The filter volume values read after 30 
minutes were corrected with the porosity effect 
before the interpretation. The results are shown 
in Figure 8. The filtrate volume decreased as 
the pressure decreased, but the magnitude of 
change was not significant.

Fig. 5.  Filtrate volumes as 
function of filtration 
periods

Fig. 6.  Filter media tests 
results and their 
correlation
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Shear rate tests
Shear rate can vary in range from 9 to 269 1/sec. 
In our TestA it was set at 100 1/sec (S0). Shear 
rate was changed to evaluate this parameter’s 
effect on the filtration. Measurements were 
done at 200 1/sec (S1) and 50 1/sec (S2), too. 
The filter volume values read after 30 minutes 
were corrected with the porosity effect before 
interpretation. Results can be shown in Figure 9.

The change in shear rate can affect the 
filtration character. It could determine two key 
parameters, when the tests were evaluated:

› Spurt loss value, which means the filtrate 
volume after the first 30 seconds and

› End filtrate volume or end results, which 
means the filtrate volume after 30 minutes 
(the end of the test). 

The filtration curve became flat when the shear 
rate value was smaller. It means that the spurt 
loss value is higher, but the filtrate volume 
growth over time is lower.

GROUP2 ANALYSES
In Group2 the measurements were made 
with field samples. The available core samples 
affected the mud selection. We chose those 
mud samples that either were taken during 
core drilling or where we had available rock 
sample. This formation rock samples were 

analysed to determine the most appropriate 
ceramic tube.

In case of Mud2 there was not core drilling, so we 
selected a core sample, which was drilled earlier in 
the same reservoir. The horizontal drilling process, 
where Mud2 was used, was a newly drilled section 
in an existing vertical well. In the vertical well, 
that formation section was drilled for core, where 
later the horizontal section of the well started to 
deviate from the vertical section, at around the 
exit point. This core sample was analysed by us.

In case of Mud3 and Mud4 there were core 
drillings, two from each wells. We selected 
four different mud samples from Mud3; two 
were sampled while the first core was being 
drilled and the other two were selected 
from the section where the second core was 
drilled.

The particle size distribution of rock samples 
was determined and compared with the particle 
size distributions of different average pore size 
ceramic tubes. Based on the comparisons, 10, 
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35 and 20 μm average pore size ceramic tubes 
were selected and used for Mud2, Mud3 and 
Mud4 tests, respectively.

Temperature changed with the depth of the core 
drilling, which was taken into consideration.

Four filtration tests were done with Mud2. As 
the drilling progresses the filtrate decreases in 
volume. The filtration characters were all the 
same.

In Mud3 tests two measurements were done at 
both 110 °C and 130 °C. The tests, which were 
done at lower temperature, have smaller fluid 

loss volumes. This finding can be put down to 
the effect of temperature. Filtration characters 
were very similar to each other in all those 
cases, where the temperature was the same. 
The spurt loss values were higher, but the end 
point filtrate volumes were smaller at 110 °C 
tests.

There was just one measurement carried 
out with Mud4. The character of filtration 
was similar to that of other mud filtration 
characters. The end filtrate volume of Mud4 
was the highest of all tests, though the average 
pore size of the applied ceramic tube was not 
the biggest.

Fig. 8.  Pressure tests 
results

Fig. 9.  Share rate 
tests results
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RESULTS COMPARED WITH OTHER 
FLUID LOSS INSTRUMENTS

TESTS WITH MUD1
A lot of different instruments were developed 
to evaluate the mud filtration process. The 
simplest is the API fluid loss instrument, 
where the filter media is paper and the filtrate 
process can be simulated at room temperature 
and 100 psi (6.89 bar) pressure. The filtration 
is static and the direction of the flow path is 
parallel with the gravitational force. The HPHT 
(high pressure high temperature) instrument is 
more complicated one, where the temperature 
is controllable (set to downhole temperature) 
and it is capable of measurements at high 
(500 psi = 34.47 bar) differential pressures. 
Disadvantages of this are the paper filter 
medium, the static character and the direction 
of the flow path, which points in the direction 
of gravity. The PPT (permeability plugging 
tester) is similar to HPHT, but in this instrument 
the filter medium is a ceramic disc and the 
direction of the flow path is opposite the 
gravitational force. Ceramic discs are available 
in different average pore sizes, which are very 
close to that of the ceramic tubes. All the filter 
media are made by Fann Instrument Company. 
The PPT has a static filtration character.

All the aforementioned instruments are 
available in MOL laboratory. We used them for 
this study to evaluate the correlation between 

the results delivered by them and that of the 
Fann® 90 with Mud1. One test was done with 
the API equipment: 2.9 ml was read as filtration 
volume after 30 minutes filtration. The 
instruments, that have temperature control 
(HPHT and PPT), were used for measurements 
at 80 °C, 100 °C and 120 °C. The ceramic discs’ 
(which were used in the PPT tests) parameters 
were determined for the same reasons as was 
done in case of ceramic tubes.

The temperature tests’ results (Fann® 90) were 
compared to that of the other two methods. 
The outcome of the tests is shown in Figure 10.

The filtrate volume increased as the 
temperature rose. The three lowest filtrate 
volumes were gained in the HPHT tests. 
Somewhat higher volumes were gained in 
the PPT tests and the highest readings were 
produced by the Fann® 90 dynamic filtration 
experiments. The filter medium in these 
tests played a significant role, because the 
experimental sets were identical except 
for the filter medium and this alone caused 
hugely different filtration volumes. This effect 
is of greater influence on the filtration than 
the dynamic character, because the difference 
between HPHT and PPT results are higher than 
the difference between the PPT and Fann® 
90 results. This is the reason, why it is so 
important to select the most appropriate filter 
medium, whose characteristics are as close as 

0

2

4

6

8

10

12

14

0 200 400 600 800 1 000 1 200 1 400 1 600 1 800 2 000

Fi
ltr

at
e 

vo
lu

m
e,

 m
l

Time, sec

HPHT 80 °C HPHT 100 °C HPHT 120 °C
Fann®90 80 °C Fann®90 100 °C Fann®90 120 °C
PPT 80 °C PPT 100 °C PPT 120 °C

Fig. 10.  Temperature tests 
results of different 
instruments



125Scientific Magazine

possible to that of the real rock. The filtrate 
volume increased as the dynamic character of 
the process grew. The filtration characters in 
Fann® 90 and PPT measurements were very 
different. The spurt loss values are higher in 
PPT tests, but the end filtrate volumes are 
lower. It correlates well with the shear rate 
tests results, where the spurt loss values 
increased and the end results decreased as 
the shear rate value decreased.

FIELD SAMPLES COMPARED  
WITH API RESULTS
The API test represents the simplest fluid 
loss test. It is used to measure every mud 
sample. Though this method is very simple and 
basically different from the advanced solution, 
represented by the dynamic fluid loss − the 
Fann® 90 test, the API fluid loss value is the 
most widely accepted and recommended in 
the oil industry. Therefore the field mud results 
were compared to API results to evaluate 
any correlation between them. The Fann® 
90 results were recalculated to enable any 
comparison between the tests because the 
filtration area is smaller, than in case of API 
experimental device. The corrected results are 
shown in Figure 11.

In case of Mud2 there is a good correlation 
between the results. The temperature effect 
can be seen, as well, most remarkably in 
Mud4 test. The Mud4 test values were higher 
than those gained in the Mud3 tests, though 
the filter media applied in Mud4 had lower 
average pore size, and the API result was 
also smaller. Naturally other mud parameters 
(rheology, methylene blue test result) affect 
the filtration process, too. Figure 11 also 
illustrates the importance of the complicated 
test characters and well specifications.

OTHER FORMATION DAMAGE
EFFECT
One of the most damaging effects of filtration 
is the solid particle invasion into the formation. 
Solid particles, which are in the mud, come 
from the bridging agents and the weathered 
rock / cuttings. The particles, which are smaller 
than the pore size, can get into the rock 
matrix, and a considerable part of them can 
get trapped there. They create a solid gate in 
the rock adjacent to the well bore and can be 
responsible for poor production capabilities 
or in the worst case this solid block kills the 
well. Therefore suppressing the solid particle 
invasion is a necessary goal.

Fig. 11.  Filtrate volumes measured by Fann® 90 and API instruments
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The Fann® 90 instrument does not allow 
determining the degree of solid particle 
invasion, but the PPT is suitable for this purpose 
as well. PPT filtrates are shown in Figure 12.

As the filtrate volumes increase the solid 
part grows in quantity, too. Probably this 
occurs in dynamic filtration as well. Both the 
filtrate volume and the solid particle invasion 
increase as the temperature rises though the 
porosities of filter media are similar. Thus, the 
temperature has the strongest effect on solid 
particle invasion.

CONCLUSIONS
The filtration of drilling fluids is a significant 
parameter, which affects the drilling 
efficiency and through the induced formation 
damages the attainable production rates. 
The filtration is a complex process therefore 
the measurements deliver more accurate 
estimates of the filtration volumes than any 
calculations would do. This parameter has 
been a highlighted issue of researches for a 
long time, so there are several instruments to 
carry out fluid loss tests. As the oil industry 
develops the currently applied equipment 
can model the downhole conditions more 
realistically. The Fann® 90 is the only 
dynamic filtration system instrument, which 
is commercially available. Some parameters 
(temperature, filter media, shear rate, 
pressure) affecting the filter volume were 
analysed in our investigation. In the second 
part of our experiments the results gained 
by using various filtration devices were 
compared and discussed. A laboratory made 

mud sample was used in all the experiments 
to make the experimental conditions’ effects 
comparable. Based on the Group1 results we 
could draw conclusions as follows:

1) The measurement has good reproducibility

2) As the temperature increases, the filtrate 
volume increases – it is probably caused 
by the temperature sensitive fluid loss 
agents

3) As the pressure increases, the filtrate volume 
increases, but it was not as significant as the 
temperature effect

4) The shear rate affects the character of 
filtration process – at lower shear rates the 
spurt loss volume is higher, but the longer 
filtration value (after minimum half hour) is 
smaller

5) The filtrate volume is higher as the shear 
rate increases – the dynamic filtration values 
had the biggest filtrate volumes compared 
with the results gained using other static 
instruments.

In the next step the field samples were 
analysed. With Group2 analyses our intention 
was to approach real conditions as close as 
possible. Field samples were collected and 
the measurements were carried out with 
them at downhole temperature and with 
filter medium, which is similar to the real 
formation. The selection of perfect filter 
medium is an important step that has a great 
effect on Group2 analyses. Core samples 
were analysed and the perfect filter medium 
was chosen based on the outcome of those 
investigations. The Group2 filtration results 
correlate well with API filtration results. 
Effects of temperature on the results can be 
shown in these measurements too.

Using the Fann® 90 dynamic filtration 
system aforementioned positive attributes 
the drilling fluids’ technical parameters 
can be optimised according to the current 
well conditions. Herewith the cost and the 

Fig. 12.  PPT filtrates illustrating solid particle invasion
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environmental impact would be reduced 
through the minimised formation damage, 
because workover and completion operations 
can be decreased. The measurement with 
Fann® 90 is low cost, simple and fast so that 
it can be used while the well is being drilled, 

therefore the necessary intervention can be 
feasible.

Keywords: dynamic filtration, drill-in fluid, mud,  
Fann® 90
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ABSTRACT
The application of drag reducing agents (DRAs), 
i.e. adding a small amount of a high molecular 
weight polymer to liquid in hydrocarbon 
pipeline could significantly reduce the 
pressure drop generated in turbulent flow. The 
technology has gained widespread application 
for energy loss reduction in pipeline systems, 
thus reducing operational costs of hydrocarbon 
pipelines and increasing flow rate. There is no 
ready recipe for optimal solution. At MOL Plc, 
the first steps of DRA application were taken 
in 2011.

After a brief theoretical summary, this 
article describes the journey so far and main 
milestones of introducing and implementation 
of DRA both at product and crude oil pipeline 
systems of MOL Plc.

INTRODUCTION
The transfer of gaseous, liquid and solid 
materials is becoming more and more 
important. Pipelines are most often used 
for transporting liquids and gases. Although 
pipeline implementation and upgrading are 
expensive investments, it has the lowest unit 
cost. 

The throughput of transmission pipelines can 
be increased by extending pipe diameter or by 
installing bigger and / or more pumps. 

Generally, the flow in pipe is turbulent resulting 
in significant energy loss due to the turbulent 
dissipation of energy. Therefore doubling the 
energy input will not result in doubling the 
flow rate at all. 

Drag reducing agents (hence abbreviated 
as DRAs) increase the drag efficiency in a 
turbulent flow. DRAs are long chain polymer 
chemicals. When injected into a pipeline 
(where the fluid is turbulent) they modify the 
flow regime by reducing the frictional pressure 
drop along the pipeline length. This technology 
is implemented successfully in many industrial 
applications among others at hydrocarbon 
pipelines.

MOL Logistics operates an extended high 
pressure hydrocarbon pipeline system; 1 364 
km for oil product and 850 km for crude oil 
transport (see Figure 1). The pipelines were built 
30−50 years ago based on transport demand 
forecasted in those years. Recently, volume and 
seasonality of demand continuously changes.

Permitted pressure of pipelines is uniformly 
63 bars, while other characteristics change 
in a wide range; diameter from DN150 to 
DN600, capacity from 60 m3/h to 1 300 m3/h. 
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In 2013 around 7 million tons of oil products 
(incl. semi-finished products) and around 7 
million tons of crude oil were transported 
by the pipeline system. In the future period 
more pipeline transport capacity is needed 
in Eastern Hungary. We deliver 18 different 
products and semi-finished products and 
different types of crude oils originated from 
domestic fields, Russia and the Mediterranean 
region. Territorial product sales and refineries’ 
productions as harmonised and controlled by 
Supply Chain Management organisation have 
direct impact on pipeline transport demand. 

Under favourable technical conditions, 
application of DRAs provides dual benefits: 
higher transport capacity and / or lower energy 
costs. Pipeline transport capacity increase 
caused by DRAs helps to reduce pipeline-related 
(e.g. pump station, pipeline) investment costs 
and delivering times, and improve flexibility of 
the network. Lower energy costs (i.e. reduced 
pump power demand) are accompanied by 
lower carbon dioxide emissions. Additionally, 
the lower pipeline operating pressure also 
results in maintenance cost reduction.

Figure 2 shows the impact of DRA concentration 
on the transport cost. Although the cost of 
DRA rises linearly with its concentration in the 
transported medium, it can be counterbalanced 
by the electricity cost reductions at lower DRA 
concentrations. The summary curve (blue line) 
indicates the minimum point which is the optimum 
at normal pipeline operation. Generally, DRA 
should be added to crude oils in concentrations 
many times higher than in case of oil products.

After a brief theoretical summary our 
DRA application tests in different liquid 
hydrocarbons and the results we achieved so 
far will be described.

THEORETICAL SUMMARY
“In the 1940s, Toms (Toms, BA 1949; Toms, 
BA 1977) and Mysels (Mysels 1949; Mysels, 
KJ 1972) discovered: the addition of a small 
amount of high molecular weight polymer to 
a liquid could significantly reduce the pressure 
drop necessary to generate a given flow rate in 
a turbulent flow” (Graham, MD 2004). Decades 
of research followed, but the phenomenon is 
still not completely understood. 

Fig. 1.  Crude oil and product pipelines in Hungary
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Most turbulent flows are formed in the 
boundary layer near solid surfaces. Friction 
increases with flow velocity of the fluid, thus 
energy losses due to turbulence friction are 
getting more and more significant. These 
huge energy losses make drag reduction 
research necessary. Important economic fact 
is that “remarkable drag reduction effect 
can be achieved by the introduction of only 
a few parts per million (ppm) of polymers, 
surfactants and fibres − without substantially 
changing the characteristics of the fluid or 
solvent” (Radin, I & Zakin, JL & Patterson, GK 
1975; Li, FC et al. 2008).

The phenomenon can spectacularly be 
demonstrated with the experiments, 
performed by Osborne Reynolds in 1883. If 
water flows steadily through a transparent 
pipe and a colourful dye is injected into the 
water continuously, two distinct types of flow 
may be observed. In the first type the streak 
lines are straight, parallel with the surface of 
the tube and the dye seems to remain intact. 
“The dye spreads in the fluid very slightly as 
it is carried through the tube due to the slow 
molecular diffusion” (Holland, FA & Bragg, 
R 1995). Flowing does not cause mixing of 
the dye with the surrounding water. In this 
type of flow, known as laminar or streamline 
flow, elements of the fluid flow without any 
visible or macroscopic intermixing with the 
neighbouring fluid (see Figure 3).

In practice laminar flow is observed only at low 
flow rates. At high flow rates a rather different 
type of flow is established in which the colourful 
dye streaks indicate a random, fluctuating type 
of motion which is called turbulent flow, which 
is the case at most fluid transports, including 
hydrocarbon pipeline transports. The main 
character of turbulent flow is “that it promotes 
rapid mixing over a length scale comparable to the 
diameter of the tube”; therefore “the dye stream is 
quickly broken up and spreads through the flowing 
water” (Holland, FA & Bragg, R 1995). In turbulent 
flow, like the dye stream, other properties (such 
as pressure and velocity) also fluctuate rapidly 
at each location. “For laminar flow the velocity 
profile is a parabola but for turbulent flow the 
profile is much flatter over most of the diameter” 
(Holland, FA & Bragg, R 1995). 

The pressure drop across the length of the pipe 
is proportional to the flow rate when the flow is 
laminar. However at turbulent flow the pressure 
drop increases more quickly, almost as the square 
of the flow rate. The advantage of turbulent flow 
is rapid mixing and enhanced convective heat 
and mass transfer – which results in much higher 
transport than molecular diffusion. Consequently, 
the disadvantage is that more power is required 
to pump (transport) the fluid. 

As the flow rate increases above a certain 
value, the pressure drop starts to increase 
faster than the flow rate and the laminar 

Fig. 2.  Impact of DRA 
concentration on 
transport cost  
(own drafting)
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flow becomes turbulent. “Turbulent flows are 
characterised by strong mixing action that leads 
to momentum transfer between liquid layers in 
a spanwise direction” (Kulmatova, D 2013) (a 
spectacular evidence of this phenomenon can 
be seen in Figure 3).

Therefore increase in differential pressure in 
the turbulent regime produces smaller flow 
rate increase than in case of laminar flows. 
“Turbulent flow was studied in 1935 by the 
Hungarian-American scientist Theodore von 
Kármán and his doctoral advisor, Ludwig 
Prandtl. They have developed an equation (1) 
describing the dependence of friction factor 
on Reynolds number for Newtonian turbulent 
flow in a smooth pipe” (Larson, RG 2003).

                                                               (1)

where f is the friction factor and Re is the 
Reynolds number (at Re>5 000 the flow is 
typically turbulent).

The phenomenon of ‘drag reduction’ has the 
effect of reducing the intensity of vortices in 
a turbulent flow and decreasing the turbulent 
kinetic energy in general (Figure 4). In other 
words, a pressure difference is required to reach 
the desired flow rate in a tube. Drag reduction 
occurs when the flow rate is increased at the 
same pressure drop or the pressure drop is 
decreased at the same flow rate. The addition 

of as low as a few ppm of active polymer may 
result in significant drag reduction: the pumping 
pressure can be reduced by 80%. Alternatively, 
the flow rate can be increased by as much as 
40% at the same pumping pressure.

The measure of drag reduction is determined 
by the following equation (2)

%DR=1−DR×100%; DR=Δp/Δps       (2)

where  DR – drag reduction in % 
DR – drag ratio 
Δp and Δps – pressure gradients for the 
drag reducing solution and the solvent, 
respectively (Wang, Y et al. 2011).

The applied chemical active components are 
long chained heavy molecular weight polymers 
which can contribute to the reduction of 
frictional pressure loss and increase throughput 

Fig. 3.  Dye is injected into different types of flow. The behaviour of the dye streak can illustrate spectacularly the flow 
regime difference between laminar and turbulent flows

Fig. 4.  Planar laser induced fluorescence image for 
flowing pure water (left) and for flowing water with 
the addition of 100 wppm of polyethylene oxide 
(Mw=4.5*106 g/mol, right) (Kulmatova, D 2013)
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in hydrocarbon product pipelines by altering the 
hydrodynamic properties of the fluid. The long 
chained active polymers are nonpolar in nature: 
they remain suspended in a polar dispersing 
agent and the long polymer chains curl up and 
form capsules. As soon as the chemical is injected 
in the usually nonpolar hydrocarbons (in this 
case the transported fluid, crude oil, gasoline, 
gasoil or kerosene) the previously dispersed 
polymer dissolves (‘like dissolves like’): the long 
chained active components break out from the 
capsules, expand and set in the direction of flow, 
generating the drag reduction effect and flow 
increase. The dissolved polymers constantly 
travel with the medium rather than coat the 
pipeline wall. The chemical has no adverse effects 
on the fluids treated and does not degrade during 
normal pipeline flow. However, it will degrade to 
fragments of significantly lower molecular weight 
when passing through mainline pumps or other 
regions of shearing, which results in sudden drag 
reduction efficiency decrease.

Recently polymer additives (DRAs) have been 
introduced to various sectors − such as long 
distance transport of liquids, fire fighting 
operations, district heating and cooling 
systems, irrigation systems and oil supply 

transport servicing − resulting in economic 
and safety benefits and helping with design 
of the oil pipelines’ optimal operation. Due 
to their effects of increasing pipeline supply 
capacity and decreasing energy consumption, 
their use in hydrocarbon pipelines has received 
increasing attention. A typical example of a 
practical DRA application is the usage of a DRA 
polymer in order to increase crude oil flow 
in Trans-Alaska Pipeline System where the 
flow rate was enhanced by 33% at additive 
concentration as low as 1 ppm (Burger, ED 
& Chorn, LG & Perkins, TK 1980). DRA is also 
used in petroleum product pipeline systems, 
like in the Oseberg oil field in the North Sea 
(Dujmovich, T & Gallegos, A 2005).

MOL DRA PROJECT
The main purpose of our DRA tests was to 
define the impact of DRA in our pipelines on  
throughput capacity and power consumption.

We expected that based on the pipeline test 
result we would be able to expand the capacity 
limit of the pipeline system and to increase 
the system flexibility in an economically viable 
way so as to meet the fast changing transport 
demands.

Fig. 5.  Overall diagram of main pump station from product pipeline (as provided by SCADA)
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Pipeline testing procedure consisted of the 
following steps:

› Delivering preliminary data about pipeline to 
DRA provider

› Preliminary hydraulic analysis and DRA 
selection

› No harm test
› Installation of DRA injection system
› Field tests, elaboration of measuring and 

calculation methods and
› Test results evaluations.

PRELIMINARY DATA ABOUT PIPELINE 
TO DRA PROVIDER
In order to receive a more accurate offer we 
submitted information about pipelines and 
their operation, including

• Requirements: current flow rate, max. flow 
rate desired, limiting factor, elevation profile, 
pressure stages

• Physical properties of fluid: pipeline fluid, 
specific gravity, pipeline fluid temperature, 
viscosity at operating temperature, pour point, 
CFPP (cold filter plugging point), % wax content, 
% water content, pigging cycle, gas content

• Pipeline data: diameter, wall thickness, MAOP 
(maximum allowable operating pressure), 
length, begin elevation, end elevation (all by 
segments)

• Pump and operational data (main and 
booster pumps)

• Pump curves of main and booster pumps and
• Miscellaneous data: schematic of the 

pipeline showing in-line equipment such as 
pumps, flow meters, PCVs (pressure control 
valves), loop, pig launcher / receiver, heaters, 
side stream addition, flow rate control, etc.

Figure 5 and Figure 6 show the current SCADA 
(supervisory control and data acquisition 
system) displays of main pump station and 
Szajol DN150 pipeline launching section of 
product pipeline system in Százhalombatta. 
The effects of DRA are followed via SCADA 
system.

PRELIMINARY HYDRAULIC ANALYSIS 
AND DRA SELECTION
On the basis of the data submitted by the 
operator the DRA provider made some key 
assumptions are the followings:

› In-station piping losses are negligible
› Baseline condition is consistent with the 

Colebrook-White friction factor model, 
therefore the friction factor is calculated 
from the measurements of the flow rate and 
the pressure drop on pipe characteristics

› Intermediate delivery station are disregarded 
and

Fig. 6.  Launching pump station of Százhalombatta−Szajol D150 pipeline (as provided by SCADA system)
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› Constant temperature is assumed along the 
pipeline.

Gasoline base condition - current 
system
Shown in Figure 7 in green is the pump curve, 
composited from the H-Q (head-quality i.e. 
pressure-flow rate) curves of the booster 
and main line pump in Százhalombatta. The 
system curve is represented by the blue line 
and the MOP (maximum operating pressure) 

is denoted by the red, dotted line. All the 
heads have been converted to pressure with 
the assumptions that the entire line is full of 
gasoline. The operation point is defined by the 
intersection of the pump and system curves, 
but due to MOP constraint it moves slightly 
downward to point ‘P’, with corresponding 
flow rate of 75 m3/h.

Gasoil base condition − current system
Similarly Figure 8 describes the scenario when 

Fig. 7.  Gasoline pump and 
system curves

Fig. 8.  Gasoil pump and 
system curves
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the line is full of gasoil. Throughput controlled 
by the MOP is around 61 m3/h, as indicated by 
point ‘Q’.

DRA injection in gasoline
Figure 9 shows how the system curve gets 
altered by the presence of DRA. Drag reduction 
performance is a function of DRA dosage rate, 
flow rate and fluid type. The higher the percent 
drag reduction, the more the curve bends 
towards the abscissa. As a result, the operation 
point goes from P to P1 and P2, as drag reduction 
increases from 0%, to 30% and 60%.

The results of the analysis are summarised in 
Table 1, where the first raw data shows the 
baseline condition without DRA. This condition 
was symbolised by point ‘P’ on Figure 9. Due 
to the MOP constraint a part of the pressure 
energy dissipated through the control valve. 
With 30% drag reduction, flow rate is expected 
to increase to 90 m3/h.

Beyond this point the pump itself becomes the 
limiting factor and the control valve stays fully 
open. Table 1 also shows the required drag 
reduction for various desired throughputs.

Fig. 9.  Gasoline pump and 
system curves

Table 1.  Forecasted throughput vs. drag reducing effect

GASOLINE

THROUGHPUT, 
m3/h

PRESSURE, BAR FRICTIONAL LOSS, BAR DRA

SZAZHALOMBATTA DISCHARGE SZAJOL ARRIVAL AVAILABLE REQUIRED REQUIRED %DR ppm LITRE/h

75 60.5 5 59.7 59.8 0 0.0 0.0

80 60.5 5 59.7 67.6 12 0.5 0.04

85 60.5 5 59.7 75.8 21 1.1 0.09

90 60.2 5 59.4 84.5 30 1.7 0.16

95 59.2 5 58.5 93.7 38 2.5 0.24

100 58.2 5 57.4 103.3 44 3.5 0.35

105 57.0 5 56.2 113.3 50 4.7 0.49

110 55.7 5 54.9 123.8 56 6.2 0.68

115 54.3 5 53.5 134.7 60 8.0 0.92

120 52.7 5 52.0 146.0 64 10.5 1.26

125 51.0 6 49.3 157.8 69 14.8 1.85
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Calculations of dosage and injection rates have 
been conducted on the basis of the  performance 
characteristics of DRA product provider.

The recommended DRA product for both 
fluid (gasoline and gasoil) is polyalphaolefin 
suspended in polar alcohol and diol. Its main 
properties are the followings:

Appearance: off-white slurry
Typical density (at 23 oC): 0.81−0.84
Flash point: 41 oC
Freeze point: <-41 oC.

DRA injection in gasoil
For gasoil the analysis is similar to that of 
gasoline. As drag reduction rises from 0% to 
30% and 60%, the operation point moves from 
Q, to Q1 and Q2, as indicated in Figure 10.

Obvious that MOP, rather than the pumps 
capability, determines the achievable 
throughput. To secure pressure on the 
outbound side of the pump below 60.5 bar the 
control valve is always partially closed in the 
flow rate range considered.

Table 2 also summarises the DRA analysis of 
all gasoil / diesel cases, baseline condition is 
shown in the first raw.

Proposal of DRA provider
From one side the DRA provider created a 
overview graph (Figure 11) which universally 
applies to the Százhalombatta−Szajol DN150 
system, regardless of the type of DRA injected. 
The graph shows the drag reduction required 
for desired various flow rates.

From the other side the DRA provider made up a 
user friendly graph (Figure 12) which shows the 
suggested DRA product effect on the pipeline 
system. For practical using, percentage of drag 
reduction has been converted to injection rate. 
Knowing the desired flow rate, the necessary 
DRA injection rate can be read.

NO HARM TEST
Before and during the transport tests a 
detailed analysis has been made on impacts of 
DRA by MOL staff (MOL DSD Refined Product 
Development 2012). The examination had 3 
parts:

› Characteristics of samples taken from the 
pipelines, compared with untreated fuels

Both for gasoline and gasoil: HFRR (high 
frequency reciprocating rig for lubricity 
assessment), density, mechanical 
contamination, water content and water 
separation, oxidation stability 

Fig. 10.  Drag reducing effect 
in gasoil pipe
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Only for gasoline: gum content 
Only for gasoil: CP (cloud point), CFPP, 

kinematic viscosity, ARAL test (of low 
temperature operability), foaming

› Sedimentation characteristics from pig traps
› Engine tests with DRA treated gasoline and 

gasoil (engine types for gasoline: VW Polo 
1.1, Skoda Octavia 1.6 MPI; for diesel Peugeot 
DW 10, Peugeot XUD9).

In conclusion, the suggested DRA additive has 
no adverse effects on product quality and has 
no unfavourable effects on the applied engines. 
The operator can treat fluids with DRA in all 
pipelines with one exception (the exception 
is Eastern product pipeline full of high sulphur 
content import gasoil with high and slowly 
subsiding mechanical contamination).

No harm test was made with crude oil because 
the long carbon chain polymers of DRA have 
low thermal stability and break down while 
being heated during crude oil processing.

DRA INJECTION SYSTEM
DRA is injected into high pressure pipeline 
with the use of a specially designed injection 
skid. The standard unit consist of an explosion 
proof simplex or duplex packed plunger pump, 
circulation pump, PID (proportional-integral-

derivative) controller, electronic stoke adjusters, 
meter and pressure relief system. High pressure 
hoses connect the skid to the DRA container or 
tank (Figure 13). Before using the DRA must be 
homogenised usually by air bubbling. 

Our injection skid was installed in Duna 
Refinery on the Danube bank pipeline pig 
station (Figure 14). Because of safety reasons 
the injection point was set up with two PN100 
ball valves, a check valve and an NPT (national 
pipe thread) plug.

FIELD TESTS, ELABORATION OF 
MEASURING AND CALCULATION 
METHODS
The field tests were made for all product 
and crude pipelines with the exception of 
Komárom−Százhalombatta DN150 FAME 
(fatty acid methyl ester) pipe, Tiszaújváros−
Százhalombatta DN200 BT (benzene-toluene) 
pipe, Algyő−Százhalombatta DN300 domestic 
crude oil pipe and Friendship-1 crude pipeline 
(the last is currently under reconstruction).

The test results show that DRA impact on flow 
rates meets the expectations and forecasted 
performance including the dosage rate of DRA 
at every pipeline. Figure 15 shows the generally 
valid correlation between DRA concentration 

Table. 2.  Forecasted throughput vs. drag reducing effect

DIESEL

THROUGHPUT, 
m3/h

PRESSURE, BAR FRICTIONAL LOSS, BAR DRA

SZAZHALOMBATTA DISCHARGE SZAJOL ARRIVAL AVAILABLE REQUIRED REQUIRED %DR ppm LITRE/h

61 60.5 5 60.3 60.2 0 0.0 0.0

65 60.5 5 60.3 67.5 11 0.5 0.03

70 60.5 5 60.3 77.1 22 1.3 0.09

75 60.5 5 60.3 87.4 31 2.2 0.16

80 60.5 5 60.3 98.2 39 3.3 0.26

85 60.5 5 60.3 109.5 45 4.6 0.39

90 60.5 5 60.3 121.5 50 6.4 0.57

95 60.5 5 60.3 133.9 55 8.6 0.82

100 60.5 5 60.3 146.9 59 11.6 1.16

105 60.5 5 60.3 160.5 62 15.9 1.66

110 60.5 5 60.3 174.5 65 22.2 2.44

115 60.5 5 60.3 189.1 68 32.6 3.75
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(ppm) and drag reducing effect (% DR). The 
intention was to define the optimal efficiency 
area and the upper limits of throughput 
improvement in those practical cases of extra 
high transport demands. The optimal efficiency 
area for products and semi-finished products 
was in the range of 4−10 ppm of DRA while for 
crude was in the range of 15−50 ppm of DRA.

Link between DRA use and energy consumption 
is less straightforward.

During the test the following data were measured 
and recorded every hour for calculations:

› Flow rate based on flow meters which are 
online data taken from SCADA (supervisory 
control and data acquition system)

› DRA dosage (litre/h)
› Pipeline pressure (bar) at launching and 

receiving station; however the whole 
pressure profile and DRA effect can be 
monitored on SCADA along the pipeline

› Status of throttle valve (%)
› Power data (amperage)
› Electricity consumption.

Various measurements and data were 
compared to untreated (without DRA) 
transport parameters.

During the cost-benefit calculations the 
reduction in energy consumption (as a 
consequence of DRA use) as benefit while 
expenditures for DRA used, rent of additive 
skid and implementation of skid as costs 
were taken into account. DRA supplier 
rented the skid which was implemented 
by our own SSC. These last expenditures 
represent a relatively low part of total 
OPEX; main cost elements are the price 
and quantity of DRA.

RESULTS OF FIELD TESTS

Product and semi-finished product 
pipelines
Százhalombatta−Szajol DN150 pipeline
At gasoil transport maximum flow rate is 
61 m3/h with untreated fuel. The measured 
maximum flow rate with 10 ppm DRA 
(1 l/h) was 87 m3/h when the pipeline 
was completely full with treated gasoil. 
Increasing further the dosage the flow rate 
remained the same: the original Szajol pump 
configuration reached its performance limit 
(see Figure 16); the achieved maximum 
pressure was 38 bar. Based on the curves the 
maximum achievable flow rate is near 120 
m3/h. It means that DRA not satisfactorily 
reduces drag effect.

Fig. 11.  Drag reduction 
vs. troughput at 
Százhalombatta−
Szajol DN150 pipeline 
system
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In this special case, it was technically possible 
to switch the fuel stream to Százhalombatta−
Csepel pump configuration which has higher 
performance. Increasing the DRA dosage, 
the flow rate reached 108 m3/h at 60 bar (but 
below MAOP) which indicated more than 50% 
throughput increase (Figure 17).

We had similar experience when transported 
gasoline through the pipeline. 

Considering the economic aspects of DRA use 
essential change was not found. Electricity and 
DRA costs together were very close to the costs 
of standard operation. 

Electricity consumption during standard 
operation is higher by 20−40% than in case of 
DRA use in the same pipeline system. Figure 18 
shows electricity consumption in both standard 
and DRA operations.

Due to the favourable effect of DRA on throughput, 
there was no need to set up the already approved 
booster pump station in Cegléd, resulting in 
CAPEX savings of HuF 190 million.

Transdanubian pipeline (DN250, DN300, 
DN200)
(Százhalombatta−Székesfehérvár−Pécs)

Flow rate could be improved but energy savings 
could be realised only at lower throughput 
than in case of normal operation. Thus, higher 
throughput is associated with higher total 
costs.

Százhalombatta−Komárom DN300 pipeline
We had similar experiences than in case of 
Transdanubian pipeline.

Százhalombatta−Csepel DN200 pipeline 
Flow rate could be increased but total cost 
saving is minimal.

Szajol−Tiszaújváros DN200 pipeline
Higher throughput is associated with higher 
total costs.

Százhalombatta−Tiszaújváros DN300 chemical 
naphtha pipeline
This test showed the best results. At this pipeline 
we realised throughput increase and total 
cost saving at the same time. Figure 19 shows 
the cost structure and changes of unit costs at 
different combinations of pipeline transport.

As a consequence, the operator regularly uses 
DRA, according to the ‘new’ standard operation. 
Annual operating cost savings reach HuF 20−24 
million depending on the transported quantity.

Fig. 12.  DRA product specific 
diagram for DRA 
concentration vs. 
throughput
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Crude oil pipelines
Friendship-2 DN600 pipeline
In the first test period the operator used the 
same DRA type than in product pipeline. The 
throughput has improved in every condition, 
but the total cost was little higher (by 1−2%) 
than in case of standard operation.

Based on proposal of DRA provider the 
operator changed the type of DRA. The new 
DRA is polyalphaolefin suspended in water 
with the following main properties:

Appearance: white slurry
Typical density (at 25 oC): 0.954
Flash point: >93 oC
Freeze point: -22 oC.

The new chemical at lower throughput showed 
similar performance to the previous one but at 
the peak demand proved to be very favourable. 
Using the new RDA we could reach higher 
throughput with 2 pumps and at lower total 
costs than in case of the traditional operation 
with 3 pumps.

Fig. 13.  Typical set up for DRA trial Fig. 14.  Set up in Százhalombatta

Fig. 15.  DRA efficiency curve
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Demand at Friendship-2 pipeline peaks not 
continuously but during shorter or longer 
periods. Based on a whole month peak 
transport demand, the total cost savings would 
reach HuF 7.3 million in the given month (and 
it would be above HuF 80 million per year).

Figure 20 shows the correlation of pipeline 
throughput and DRA additivation.

Adria DN600 pipeline 
Adria crude oil pipeline has high priority for 
alternative crude oil supply to Danube and 
Bratislava refineries. By the use of DRAs 
(both the previous and the new ones) the 

pipeline throughput improved according to 
the expectations. Energy consumption was 
not defined measured. Figure 21 represents 
measured and calculated throughput and cost 
data for different number of pumps used and 
different DRA dosages.

On the basis of the test results the ‘Adria−
Friendship-1 reconstruction’ was redesigned. 
Instead of new booster pump station in Kara 
village, fix (not mobile) DRA addition system will 
be built in Csurgó pump station which ensures 
the expected throughput; CAPEX savings 
amount to HuF 1.5 billion. (‘Adria−Friendship-1 
reconstruction’ is a MOL strategic project. The 

Fig. 16.  Százhalombatta–
Szajol pipeline – 
pump and system 
curves at application 
of Szajol pump

Fig. 17.  Százhalombatta–
Szajol pipeline – 
pump and system 
curves at application 
of Csepel pump
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project is aimed at meeting peak raw material 
demands of Danube and Bratislava refineries 
from Adriatic sea regardless of Druzhba 
pipeline system.)

Friendship-1 DN450 pipeline 
Based on the reconstruction plan throughput 
will be enhanced by the use of DRA. New DRA 
addition system will be built in Tököl section 
valve station.

RESTRAINT CIRCUMSTANCE AND 
PROPOSALS
Most of the hydrocarbon pipelines in Hungary 
were built in the 1960s-1980s. Pipelines were 

upgraded several times, some of their parts were 
reconstructed. The SCADA system modernisation 
required modifications in the product and crude 
oil systems. Many times minor changes have been 
done in the technological system when the actual 
demand increased. This technological heritage 
had an impact on the results of DRA tests.

Some of the factors that influenced and 
sometimes hindered DRA’s operation 
mechanism are the followings:

› Mechanical degradation what reduces DRA’s 
impact (there are some T-branches, small angle 
curves and diameter alterations in the system)

Fig. 18.  Százhalombatta–Szajol 
pipeline – electricity 
consumption in 
different cases

Fig. 19.  Chemical  naphtha pipeline − unit cost (of electricity and DRA) at different conditions
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› Low capacity flame arrester on some depots’ 
tanks (flame arresters were designed for 
standard operation flow rate)

› Small diameters of discharging pipes between 
receiving station and depots’ tanks (high 
speed flow can cause buildup of dangerous 
static electricity)

› Higher throughput can cause overrunning of 
meters

› On launching pump station two issues have 
arisen
• low performance of electric motors and
• low throughput of suction pipes between 

the pumps and refinery’s tanks (with 
consequences of cavitation and bearings 
heating).

In order to solve the problems which have 
arisen during DRA tests it is proposed to

› Improve gradually the current (inherited) 
technological system (CAPEX demand is 
based on the technological configuration) 
and

› Investigate how to improve energy saving 
potential, e.g. in the form of DRA use 
together with the implementation of 
frequency converter or liquid coupling 
(require relatively high CAPEX demand).

CONCLUSIONS
Generally the changes of transport demand 
enforce the operator to seek new solutions. 
If the transport demand increases in a 
dedicated energy corridor, one opportunity 
is to modify (typically increase) the physical 
metrics of the pipeline system, for example 
to change for higher diameter or to change 
the pump and / or power or the whole 
pumps station. The other opportunity is to 
modify the fluid hydraulic characteristics in 
the pipe; DRA reduces the energy dissipation 
in turbulent flow and has more favourable 
properties.

Based on MOL operator’s experiences which 
were got through a number of tests, DRA 
ensures higher flow rates corresponding to its 
dosage. The rate of throughput improvement 
can be defined well in advance. When the 
hydraulic characteristics of the particular 
pipeline are favourable to DRA’s effects, both 
flow rate improvement and energy reduction 
can be achieved at the same time.

As a result of flow rate improvement and 
pipeline system capacity increase caused by 
DRA use at MOL more than HuF 2 billion CAPEX 
saving was realised so far.

Fig. 20.  Friendship-2 DN600 pipeline − throughput vs. DRA dosage
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Adria-Friendship-1 reconstruction: Prepared pipe for drawing under river Ipoly near Hont
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ThAT’S WORTh
kNOWING 
The following links can give the Reader some useful 
information on the latest positions papers, reports 
(incl. statistics, trend analysis, and forecasts) of the 
international (and especially European) professional 
organisations by some subsections of the oil and gas 
industry. The Editorial Board is planning to publish 
similar reviews regularly.1

EXPLORATION AND PRODUCTION
At http://www.ogp.org.uk/fact-sheets/
information is provided on the oil and gas industry and 
its specific areas. The sheets cover five topics: Post-
Macondo milestones, introduction to the upstream 
industry, Arctic oil and gas, hydraulic fracturing and 
the climate change challenge (October, 2014).

At http://www.ogp.org.uk/news/
position-papers/
OGP position papers on various issues (incl. 
European Union’s legislation) are available. The 
latest papers focus on the EU carbon capture and 
storage rules and the new EU climate and energy 
framework to 2030 (October, 2014).

At http://www.menas.co.uk/App_Data/elib/
ArcF0914.pdf
a quarterly review which provides news and expert 
analysis on the rapidly changing Arctic region that will 
have a major impact on businesses with an interest 
there (September, 2014).

At http://www.ey.com/GL/en/Newsroom/News-
releases/news-oil-and-gas-megaproject-overruns-
to-cost-industry-more-than-us500billion
a report by Ernst & Young reveals that almost two 
thirds (64%) of multibillion-dollar, technically and 
operationally demanding megaprojects continue to 
exceed budgets, with three quarters (73%) missing 
project schedule deadlines. The report - ‘Spotlight 
on megaprojects’ examines the performance of 

365 megaprojects and the impact on the oil and gas 
industry of these overruns (August, 2014).

At http://acceleratingscience.com/mining/oil-and-gas/
there are some articles which describe the main aspects 
of the Unconventional oil exploration, including the 
definitions, the Arctic frontier, the ultra-deepwater oil 
and the tight oil (October, 2014).

GAS
At http://www.european-biogas.eu/2014/02/ 
24/green-gas-grids-project-proposal-european-bi-
omethane-roadmap/
the European Biogas Association published a 
roadmap to the European green gas grids project 
under the leadership of EBA board member 
Attila Kovács in order “to draw attention to the 
unique possibilities offered by upgrading biogas to 
biomethane”. Biomethane is „estimated to represent 
about 3% of the European natural gas consumption 
and a minimum of 10% of the total gaseous vehicle 
fuel consumption by 2030” (October, 2014).

ENTSOG, the European Network of Transmission 
System Operators – Gas renewed its Transparency 
Platform. The service is available at https://
transparency.entsog.eu/ and provides comprehensive 
information on European transmission systems, 
capacities nd flow information at different network 
points and many more. The platform is subject to 
constant review and development (November 2014).

The work of Tariff Network Code (TAR NC) is still 
on. Initial Draft TAR NC, as well as results of pub-
lic consultation are availabe at http://www.entsog.
eu/publications/tariffs/2014#TAR-NC-CONSULTA-
TION-DOCUMENTATION (November 2014).

REFINING AND MARKETING
At https://www.fuelseurope.eu/dataroom

1 The Editorial Board thanks Messrs. László Szilágyi, Zoltán Gellényi (FGSZ) and György Wilde, PhD (secretary general of 
the Hungarian Petroleum Association) for their contributions to this article
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around 50 charts “cover a broad overview of ener-
gy, economy and environment related data about 
the refining sector”. The free to download charts are 
based on “up-to-dated statistical information” and 
promised to be produced regularly (October, 2014).

At https://www.fuelseurope.eu/newsroom/
publications ‘FuelsEurope Statistical Report 2014’ 
the available latest statistical report provides 
“high-quality data on energy market in general 
but also on refining industry specific issues”. Main 
chapters of the around 50-page report are: Oil and 
energy, Oil products, Prices and margins, Refining 
and Marketing infrastructures. All figures are ac-
companied by brief assessments (October, 2014).

At https://www.fuelseurope.eu/uploads/
Modules/Resources/fuelseurope_
annualreview_2013_web_updated.pdf
an illustrated analysis is provided on the refining 
competitiveness then challenges facing the European 
refining industry are listed with impact assessments. 
The key issues in the 72-page review cover refined 
products, climate and energy and environment and 
air quality related topics (October, 2014).

At https://www.concawe.eu/content/default.
asp?PageID=569
more than 240 Concawe reports on specific topics 
are available. The latest reports deal with ‘Hazard 
classification and labelling of petroleum substances 
in the European Economic Area‘ and ‘Review of 
recent health effect studies with nitrogen dioxide’ 
(October, 2014).

PETROCHEMICALS
At http://asp.zone-secure.net/v2/index.
jsp?id=598/765/42548
’The European chemical industry. Facts & figures’ 
broshure is available. The near 100-page Cefic 
publication delivers information on the European 
chemical industry profile, international trade of 
chemicals, energy consumption and intensity, 
capital spending, growth and competitiveness, 
employment, R & D activity and greenhouse gas 
emissions (October, 2014).

At http://www.cefic.org/Documents/IndustrySup-
port/Transport-and-Logistics/Intermodal-Trans-
port-Report-June%202014.pdf

a report on ’Intermodal transport network 
development’ makes recommendations how to shift 
30% of road transport of chemicals to intermodal in 
order to meet the European Union’s goal.

In OGP, the International Association of Oil & Gas 
Producers (OGP) members „share best practices to 
achieve improvements in every aspect of health, 
safety, the environment, security, social responsibility, 
engineering and operations”. „OGP encompasses 
most of the world's leading publicly-traded, private 
and state-owned oil & gas companies, industry 
associations and major upstream service companies” 
(incl. MOL Plc) with offices in London and Brussels. 
„OGP members produce more than half the world's 
oil and about one third of its gas. The Association was 
formed in 1974 to develop effective communications 
between the upstream industry and an increasingly 
complex network of international regulators. Originally 
called the E&P Forum, in 1999 the name International 
Association of Oil & Gas Producers (OGP) was adopted”.

EBA, the European Biogas Association founded in 
2009 aims “to promote the deployment of sustainable 
biogas production and use in Europe… EBA’s 
membership comprises national biogas associations, 
institutes and companies from over 20 countries all 
across Europe. The member associations cover the 
majority of producers, companies, consultants and 
researchers in the field of biogas within Europe”.

FuelsEurope is the new name of the former Europia as 
effective from 1 June, 2014. Europia was established 
in 1989 to represent the interests of the EU refining 
companies. FuelsEurope is one of the two divisions 
of the European Petroleum Refiners Association 
with Brussels office (in the same building as OGP). 
The other division of the Association is Concawe, 
researching environmental issues relevant to the 
European refining industry (established in 1963). All 
43 companies operating petroleum refineries in the 
European Economic Area in 2013 (including INA and 
MOL) are members of the Association.

Cefic, the European chemical industry council “is 
the forum and the voice of the chemical industry in 
Europe”, “based in Brussels since ... founding in 1971”. 
It has 640 members and affiliates (incl. 60 corporate 
members, among them TVK). Cefic is a member of 
International Council of Chemical Associations.



148 Important people in the oil and gas industry

PROF. dR. hAbIL 
ISTváN béRCZI, CSC,  
Phd 

The 70-year-old István Bérczi, Dr. is known by 
many people as an ‘ambassador-at-large’ of the 
Hungarian petroleum industry’, others know him 
as a university professor of several generations 
of experts. In addition he has worked for many 
decades – in full-time activity – as an industry 
manager, then as an advisor to the CEO. In 2014 
professor Bérczi received American Association 
of Petroleum Geologists' (AAPG) Honorary 
Member Award (for his accomplishments and 
“service to the profession of petroleum geology 
and to AAPG”) and Outstanding Achievement 
Award of the World Petroleum Council for 
serving three terms (Madrid 2008, Doha 2011, 
Moscow 2014) as member of the Congress 
Programme Committee.

He graduated from Eötvös Loránd University 
(Budapest), Department of Geology, Faculty of 
Natural Sciences as geologist in 1967. From an 
early age he has been interested in technical 
and natural sciences. He said that also 
childhood reading had played a decisive role 
in choosing this professional career: namely 
the adventurous, globe-trotting nature and 
the exotic traits of a geologist’s life. However, 
there was another influencing factor: this 
was the period of rise in the Hungarian 
petroleum industry, to which the necessary 
funds were available, and there was a high 
level of demand for graduates in petroleum-
related sciences. In 1964, István Bérczi spent 
his summer internship at the Alföld Oil Drilling 
Company (familiar to colleagues from Drilling 
and Petroleum Engineering departments), at 
the exploration wells in Nagykörű (Hungary). 
He really liked the work, which confirmed him 
in the path selection. "That time, in addition to 
the professional sport, it was the oil industry, 
which offered a view to the world, which 
otherwise was difficult to open for ‘mere 
mortals’. Adequate professional knowledge 
and proficiency in foreign languages gave 
the chance to break out" – he said in a 
conversation.

After graduation, István Bérczi found a job as 
a geologist at the same Oil Drilling Company. 
However, he moved away fairly soon from the 
classical geology. In 1970 he was appointed 
reservoir geologist at OKGT’s (Hungarian Oil 
and Gas Trust) Oil and Gas Industry Research 
Laboratory (OGIL), then between 1977 and 
1980 he was head of Reservoir Geology 
Department at OGIL. Between 1980 and 1986 
he worked as chief geologist and head of the 
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Geology Department at OKGT’s Hungarian 
Hydrocarbon Research and Development 
Institute (SzKFI). From 1986 until 1988, he was 
the deputy director for mining at the same 
Institute.

Later, between 1993 and 1995, he acted as 
director of Exploration and Field Development 
at MOL Plc From 1995 until the end of 1999 
he was the director of the Exploration and 
Production Engineering Office (KUMMI). 
Between 2000 and 2013 he worked as advisor 
to the CEO of MOL Plc.

During his 47-year professional career major 
changes happened in the hydrocarbon 
exploration and production sector both 
globally and domestically. In 1965, the Algyő 
oil field was discovered and by the year 
of 1972 the Algyő production plant was 
completed. This gave a great impetus to the 
development of the oil and gas sector in 
Hungary. Characteristic figures: by the mid-
1980s OKGT upstream companies had to drill 
200 thousand metres per year. To do this, 35 
rigs were available, and 1967, when he started 
to work, the Alföld Oil Drilling Company alone 
contracted 19 freshly graduated geologists 
and petroleum engineers. The peak of the 
domestic oil and gas production was reached 
in the late 70-ties−early 80-ies with 14 
MMbbls oil and 200 Bcf gas p.a. respectively. 
Since then the annual production has been 
declining although its rate is reduced by time 
to time with new discoveries, application of 
new production technologies with special 
regards to improved and enhanced oil recovery 
methods. However, the activity of domestic 
professionals slowly extended beyond the 
borders of Hungary, first in service activities 
(drilling, seismic survey, well logging services), 
then since 1991 for full scale exploration and 
production concessions.

István Bérczi, Dr. began his teaching activities in 
1978 as a lecturer at the Technical University of 
Heavy Industry in Miskolc, later he taught also 
abroad. Between 1988−1990 he was a visiting 
professor at the Mining University of Leoben. 
Between 1985 and 2010 he was instructor at 

a number of international training courses (in 
Austria, Czech Republic, Iran, Libya and Oman). 
In 1997, he was a visiting professor at Cairo 
University. From 1998 he teaches again at the 
University of Miskolc.

Petroleum geology students at the latter 
university described him as follows: "He is doing 
his best for his students. He gives excellent 
lectures, with lots of practical examples”. "He 
is extremely prepared and helpful. Practical, 
realistic, uses no lecture notes for teaching. 
‘Blood professional’!!! "

In his teaching activities he is motivated by a 
number of things. It is necessary to organise 
and document the professional ideas for the 
preparation of lesson plans and – in case of 
international courses – of manuals, which can 
be used in MOL in-house trainings as well. 
Other motivational factor is that usually every 
year has some students who could be employed 
in demanding jobs at home or at international 
level. Over the time, some of his best students 
were hired for high executive positions.

During his professional career, István Bérczi, 
Dr. based his widening tasks on his expertise 
and experience, language skills and last but 
not least on his personality suitable to provide 
high standard tasks. These are: high-level 
working capacity, good interpersonal skills and 
diplomacy. He said that he had never applied 
for an executive position at any professional 
organisation, but he had been invited or 
had been elected to fill leading positions 
and to make a certain job. Considered as a 
‘gold standard’, he never rejected a request 
merely by ‘convenience’, but he undertook 
the extra work. Then this practice became 
‘self-propelled’: good performance of the 
task generated another request to follow. 
Meanwhile, in several cases the involvement 
of other Hungarian colleagues working at MOL 
or their recommendation to international 
work became possible.

In recognition of his work, István Bérczi, Dr. is 
owner of many professional awards, including: 
but not limited to:
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› MTESZ (Association of Technical and Scientific 
Societies) Award, 2000;

› The Hungarian Geological Society (MFT) 
Honorary Member, 2000;

› AAPG (American Association of Petroleum 
Geologists) Distinguished Service Award, 
2009;

› MOL Plc. Lifetime Achievement Award, 2013;

› AAPG Honorary Member Award, 2014;

› World Petroleum Council, Outstanding 
Achievement Award, 2014;

› ‘For Miskolc University’ Order of Merit, 2014.

Dr. István Bérczi’s wife (Anikó Makk, Dr.) also 
retired from MOL. They have a chemical 
engineer daughter and five grandchildren, who 
are 17, 15, 12, 8 and 1 years old. The oldest 
(a young man) has firm technical interests. 
The next in line (a young lady) is strong in the 
natural sciences, and regularly participates in 
academic competitions. "It is not a lukewarm 
environment in which I live," – Dr. Bérczi says, 
when his family is discussed.

"Deal with diplomatic missions impossible" – 
István Bérczi was given this recommendation 
in 1967, at receiving his diploma during the 
farewell evening held with grade peers. During 
nearly half a century of professional career, 
this certainly came true. Many difficult tasks 
requiring delicate, diplomatic skills put him to 
the test deployment. He also taught his students 
never to look at, why you cannot do something, 
but how to do it. "Never give up" – told first 
several decades ago to his students in Libya, and 
since then to many others, several times. 

He has resigned from all executive positions in 
the international professional organisations, 
but continues his work as an adviser at MOL 
Group, and his teaching activities as professor 
emeritus at the University of Miskolc (Hungary).

Márta Krámer, Dr.
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152 Obituary

PéTER FECSER, dR. 
(1939−2014)

On the day of 29th 

of June, 2014, at the 
age of 75 years, Péter 
Fecser, Dr., chartered 
petroleum engineer 
passed away. His 
professional career 
was distinguished by 
several large oil and 
gas related industrial 
projects but many 

knew him, first of all, as the organiser of the 
Hungarian publication MOL Panoráma.

Mr. Fecser was born in 1939, in the village of 
Nagymajtény, Hungary. In 1964 he graduated at 
Miskolc Heavy Industrial Technical University as a 
chartered petroleum engineer and was admitted 
to the Hungarian Petroleum Pipeline Company 
(‘Kőolajvezeték-építő Vállalat’). After completing 
his internship he was appointed plant manager 
at the Company’s Vecsés Unit. During the years 
from 1967 to 1978 he served as deputy to the 
Company’s technical director (chief engineer).

In the years 1978 to 1983 he worked as assistant 
director of contracting at OLAJTERV, between 1983 
and 1995 he was general manager of CHEMIMAS 
Co. Under his management period several large oil 
and gas investment projects of special importance 
were implemented, for example the Friendship 
II, Algyő-Százhalombatta and Adria crude oil 
pipelines as well as the Brotherhood gas pipeline, 
the Transdanubian main gas pipeline, the Eastern 
product pipeline and the Ethylene pipeline. The 
companies OLAJTERV and CHEMIMAS also won 
important contracts from abroad.

Mr. Fecser joined MOL in 1995, as director of the 
Process Supervising Department. Although he 
retired in 2000, he continued working tirelessly. 

With his wide professional knowledge, excellent 
communications skills and his intra-company 
relationships he organised the publication of MOL 
Panorama monthly newsletter, contributed to 
the edition of the Hungarian magazine ‘Kőolaj és 
Földgáz’ (Petroleum and Natural Gas) and organised 
professional forums for his retired colleagues. 
For him it was very important to learn about 
new achievements in the hydrocarbon industry 
and to acquaint younger generations with their 
predecessors. He was always happy to supply 
information and advice to those who turned to him.

In addition to his work Péter Fecser, Dr. constantly 
paid special attention to his own education. In 
1974 he won an economic engineering diploma at 
Budapest Technical University and in 1984 a diploma 
in economics with specialisation in contracting 
at Budapest University of Economics, where the 
university conferred a Doctorate on him in 1987. 

He was very active also in the social side of his 
profession. In the life of the city of Siófok he 
played a proactive role in several directions. At 
his initiative local groups of existing associations 
in the natural sciences were formed. Between 
1971 and 1975 he was MP representing Siófok and 
its neighbourhood. In the period of 1980−1995 
he acted as board member of the Hungarian 
Organisation and Management Science Society 
(Szervezési és Vezetési Tudományos Egyesület). He 
served two terms as President of the International 
Organisation General Council INTERATOMENERGO. 

He found it hard to cope with the deterioration of 
his health. In spite of this, he continued to work with 
unchanged enthusiasm up to the last days of his life.

The professional career, commitment, helpfulness 
and humanity of Péter Fecser, Dr. will serve as an 
example to all of us. He remains in our memory.
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