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Abstract

Until about mid-July, the global oil 
market was characterized by a seemingly 
unstoppable bullish sentiment that 
pushed crude oil prices to record highs 
of just over $147 by July 2008. This 
price level was a peak of a continuous 
growth trend that started in 2003 
and accelerated sharply from the first 
quarter of 2008 when the psychological 
threshold of $100 was surpassed for the 
first time in history. This bullish period, 
however, was followed by a sharp 
bearish turn which ultimately led to the 
collapse of oil price reaching levels as 
low as $38 in December 2008. The oil 
price is currently hovering around the 
$40 mark, but there is no certainty about 
whether it already has hit the bottom. 
The dramatic shift in oil market trends 
followed the unfolding of the global 

financial crisis and the resulting shift 
of focus from short supply to falling 
demand.

Összefoglalás

Olajárak növekedése és csökkenése 
2008-ban
Az olajpiacot július közepéig 
megállíthatatlannak látszó áremelkedés 
jellemezte, ami nyár közepére 147 
dolláros magasságba repítette az 
árakat. A 2003 óta tartó folyamatos 
növekedési trend 2008 elsô 
negyedévében felgyorsult, mikor az 
olajár a történelemben elôször lépte át 
a 100 dolláros léletani határt. A júliusi 
csúcs ennek az 5 éves folyamatnak a 
tetôzése volt. Ezt a robosztus növekedést 
azonban egy éles korrekció követte, 
ami a harmadik negyedévtôl jelentôs 
árzuhanáshoz vezetett. Az olajár 
decemberre többéves, 38 dolláros 
mélypontra ért, jelenleg pedig a 40 
dolláros szint körül mozog; nem lehetünk 
azonban biztosak benne, hogy véget 
ért a csökkenô trend. Az olajpiacon 
végbemenô drámai fordulat a globális 
pénzügyi válság kibontakozásával 
párhuzamosan ment végbe, miközben 
a figyelem a szûkös kínálat felôl a 
csökkenô kereslet felé fordult.

Gergely Tóth (35) 
Economist
Derivative Trader
Trading Desk
Email: GToth@MOL.hu

Ákos Lósz (25) 
Economist
Strategy Analyst
Strategy Development
Email: ALosz@MOL.hu

The rise and fall of oil prices 
in 2008 

Figure 1. Price of Crude Oil in 2008, Source: Platts
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The build-up of an oil price bubble

Until mid-July, the oil market was driven by 
concerns related to a tightening supply-demand 
balance. These concerns were mainly supply-
focused; among them was the accelerating 
decline in oil production in non-OPEC countries, 
supply disruptions due to the eruption of 
violence in Nigeria, increasing risks of a military 
conflict in Iran and further growing difficulties of 
IOCs in places such as Venezuela or Russia. 

At the same time, expectations related to 
demand remained largely unchanged. This 
assumption was based on the theory of 
“decoupling”, a belief that the rest of the 
world, especially the fast-growing developing 
countries, such as China, India, Russia and 
Brazil (BRIC), can remain isolated from an 
economic downturn in the US, and that the 
impressive growth rates of the global economy 
seen in the previous years would sustain in the 
coming years.  

A third factor contributing to the build-up 
of the oil price bubble was more related to 
psychological factors than market fundamentals. 
Oil prices surpassed several psychological 
thresholds that previously seemed impossible. 
This robust growth in prices beyond any 

previous limits supported a sentiment that 
oil price can rise indefinitely, without causing 
any serious disruptions in the economy. This 
euphoria was further reinforced by reputable 
market analysts (e.g. at Goldman Sachs) as 
well as CEOs of major oil and gas companies 
(such as Gazprom) and government officials 
of major producing countries forecasting price 
levels of $200 or even $250 to be reached in 
the near future.  

These psychological factors as well as the 
relatively low return of various asset classes 
(fixed income; stocks, properties) significantly 
contributed to a massive investment inflow into 
commodities and particularly into oil futures 
resulting in similar bubbles in industrial metals  
as well as in crude prices. This, however, only 
affected the futures market, while the physical 
market remained intact from this inflow of 
capital. Nevertheless, it is the futures market 
that determines outright price levels in the 
physical market, and the spot price is only 
linked to this futures price through a differential 
(Contract for Difference also known as CFD).

Factors contributing to burst of the 
bubble

Towards the end of the period of 
booming oil prices, fundamentals 
began to erode. Record-high oil prices 
resulted in a destruction of demand 
(especially in OECD countries) while 
OPEC supply capacity increased 
substantially throughout 2008 
(primarily due to the Khursaniyah 
development in Saudi Arabia and the 
improving security in Northern Iraq). 
In addition to this, Saudi Arabia even 
increased the physical supply by 
500,000 bpd in June. This additional 
supply also shifted the attention to 
the fact that OPEC spare capacity had 
been constantly growing since 2005 
and was expected to reach highly 
comfortable levels of over 4 million 
barrels per day by 2009. This led to a 
continuously declining “call-on-OPEC” 
due to lower demand expectations.

It also turned out, that estimating oil 
demand in advance can be rather 
difficult. Graph 3 below shows that 
even data released by one of the 
world’s best statistical reporting 
system in the US can be highly 

Figure 2. Call-on-OPEC Expectations for 2008, Source: IEA

Figure 3. Change in US Oil Demand Growth and Revisions, Source: EIA
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inaccurate. This the result of the 2-month delay 
in the oil industry before exact data becomes 
available. Since January 2008, monthly data 
updates showed a substantial downward revision 
of over 500,000 barrels per day compared to 
weekly reviews. This margin of error represents 
roughly 4% of total US oil consumption.

Inventories also began to build up. In July, 
crude oil inventories in OECD surpassed 2007 
levels and remained significantly above it for the 
rest of 2008 primarily driven by the weak US 
demand. In the meantime, global inventories 
grew uninterruptedly starting from 2007, and 
this trend continued even in times of record-
high oil prices and a perceived risk of supply 
shortages (See Graph 4).

CFDs are regarded as good indicators of the 
relationship between the physical and the futures 
market. Graph 5 clearly shows that the physical 
oil market turned to an ever steepening contango 
from March on. CFDs comparing 1st week (spot) 
prices to 2nd month (futures) contracts suggest 
that the market was in fact sufficiently supplied 
during the period of the highest oil prices. This is 
the clearest indication of an oil price bubble, that 
was about to burst sooner or later. 

Drivers behind the collapse of 
oil prices

The weakening fundamentals 
completely evaporated in September, 
when the financial crisis entered a 
new phase with the fall of Lehman 
Brothers. From this time on, it became 
obvious that the financial crisis will 
neither remain isolated within the 
US, nor will its effects be limited 
to the financial sector. A deep cut 
into the real economy proved to be 
inevitable, thus economic growth 
prospects were suddenly revised 

and downgraded as recession fears quickly 
materialized as early as in Q3 growth rates. In 
parallel, oil price began to collapse as the focus 
rapidly shifted from supply-related concerns 
towards the prospect of falling demand which 
was already depressed by the previous record-
high oil prices. The deepening financial crisis 
impacted the oil markets in multiple ways, each 
reinforcing the subsequent fall from the $100-
120 to the $40-60 range within about 6 weeks. 
The market reflects the view that in the short-
term, recession fears dominates the pricing, 
meanwhile in the long-term, a severe supply 
crunch is still possible. Therefore, the st month 
vs. 10-year forward price spread in crude oil 
price increased substantially resulting in a steep 
contango of $30/bbl compared to the previous 
flat curve during the period of record-high prices 
in May-July.

As proof of the strong linkage between 
economic growth and oil consumption, the 
sharp decline in GDP growth prospects both in 
OECD and developing countries translated very 
quickly into expectations of falling oil demand. 
The already low demand caused by the oil price 
boom as well as comfortably high inventory 
levels suddenly appeared in a different light and 

the oil price fall became justified by the 
new fundamentals of the market. 

Just like the previous euphoria, the 
susequent panic also quickly spread 
from the financial markets to the 
commodities market. The speculative 
investments into oil futures that 
previously added to the bubbling 
oil prices themselves, suddenly 
fled the commodity market further 
contributing to the free fall of the oil 
price. This happened parallel with 
a rapid strenghtening of the dollar. 
This was a result of both growing 

Figure 4. Estimated Global Oil Inventories in Days of Sales, Source: PFC Energy

Figure 5. Brent 1st Week CFDs vs. 2nd Month Futures, Source: Platts
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demand for the leading reserve currency as 
capital was fleeing the financial markets and 
tightening supply of the USD as falling domestic 
consumption significantly improved the US trade 
balance compared to previous years. However, 
assumptions of a causal relationship between 
parallel trends of the strengthening dollar and 
the falling oil price remain to be unconvincing, as 
the USD exchange rate itself has no immediate 
effect on supply-demand balance of the oil 
market. The root causes were similar during 
this year’s rapid oil price declines, namely panic 
on the financial markets and falling consumer 
demand due to the economic downturn. This, 
however does not mean that the strong dollar 
contributed to falling oil prices whatsoever.

As a result of falling global oil demand, as 
well as production cuts of 500,000 bpd in 
September and another 1,500,000 bpd in 
October (in a failed attempt to prevent oil prices 
from collapsing), OPEC spare capacity widened 
inevitably thereby limiting the cartel’s influence 
on prices. The first two attempts of OPEC had 
little if no visible effect on oil price, as markets 
currently appear to be still oversupplied. 
Decisive will be the December meeting (in 
Oran, Algeria) where OPEC’s ability to establish 

a floor to oil prices will be tested. But 
as long as both crude oil and product 
markets remain in contango (providing 
an incentive to build inventories) and 
petrol cracks spreads in the negative, 
OPEC can do little as an increase in 
oil price would only result in lower oil 
demand. 

Developments on the product 
market
  
This year was also characterized 
by some unusual patterns on the 
product markets. The most important 
deviation from last years’ trend was 
the absence of a peak season for 
gasoline this summer reflected in petrol 
crack spreads (see Graph 6). This 
shows the negative effects of record-
high gas prices, increased biofuels 
use and the looming recession on 
US fuel demand, which is in turn had 
considerable consequences on world 
gasoline demand, since the US alone 
constitutes more than 40% of global 
gasoline consumption. The sudden 
spike in September was only a result 
of hurricanes Gustav and Ike causing 

severe disruptions in refining capacity 
along the Gulf of Mexico coast.
  
The weak gasoline high-season, however, did 
not translate into decreasing refining margins 
(see Graph 7), as diesel crack-spreads 
outperformed the weaker petrol and fuel oil 
crack spreads. As a combination of these 
trends, refining margins remained around the 
5-year average levels.  

At the same time, diesel crack spreads 
remained well above the average of the 
previous years indicating the continuing trend 
of dieselization. The combined effect can best 
be seen on Graph 8 showing the petrol-diesel 
spread, which has significantly widened in 2008 
as a result of the converse movements of petrol 
and diesel crack spreads. 

Conclusion

This year’s dramatic developments on the 
oil market have contradicted many previous 
conceptions, and reinforced some others. 
Most importantly, normal economic activity can 
continue, even in times when oil prices break 

Figure 6. Petrol Crack Spread in 2008 Compared to 5-year Average,  
Source: Platts

Figure 7. Ural Mediterranean Cracking Refinery Margin, Source: Reuters
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loose and reach levels previously believed to 
be impossible and highly destructive to the 
global economy. But peak oil theorists, who 
believed that the oil price boom from now on 
will continue endlessly proved to be wrong as 
well. Now it is obvious that cycles will continue 
to dominate the oil markets. This year, markets 
significantly overshoot in both directions, and 
neither $147 nor $45 refelected the long-term 
supply-demand fundamentals. This uncertainty 
about the oil price can be explained by the 
high short-term inelasticity of both supply and 
demand. As a result of these extremely steep 
supply and demand curves, and depending on 
the direction of capital flows in the commodity 
markets, a very wide range of new equilibrium 
prices can emerge in the short-term (9-12 
months). As a result of this, extreme-high 

volatility will continue to characterize 
the oil markets in the foreseeable 
future. Over the period of the current 
recession, it is more likely that oil 
will remain in the lower end of this 
equilibrium price range ($40-120 per 
barrel). But we can also be certain that 
this will shift towards the higher end 
again, once economic growth returns 
to pre-crisis levels. If this rebound is 
preceded by a relatively long period 
of recession (more than 2 years), and 
significant amounts of investent in 
supply capacity has to be cancelled 
or delayed, then another overshoot 
– potentially more severe than this 

year’s – can easily happen testing the world 
economy’s tolerance for high oil prices even 
further.

References

Platts Daily Market Reports (Crude Oil 
Marketwire, European Marketscan)
Product Supply Monthly and Weekly; EIA 2008
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Monthly Oil Market Report, IEA 2008

Revised by: Lajos Alács

Figure 8. Diesel-Petrol Spread (FOB Rott), Source: Platts
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Abstract

At present we are witnessing extreme 
stress on the financial markets. There 
are now no doubts that the financial 
collapse will significantly impact the 
global economy. As statistics indicate, 
consumer confidence is already 
strongly eroded. Unlike the economic 
downturns experienced in the last 4 
decades, current situation seems to be 
even more serious, since consumers 
are facing losses and there are new 
burdens arising on many fronts for 
them at the same time. More layoffs, 
dramatic falls on the stock markets and 
of the real estate investments, higher 
interest rates on loans, forced sales of 
houses, increased collaterals demanded 
by banks, losses of many pensioners 
on their individual retirement accounts 
and till recently also high energy 
and food prices. There is therefore 
understandable that everybody is 
seeking security – how not to loose. 
Reputable institutions predict that 
the global economy will grow only 
very moderately in the next quarters. 
Prospects for developed countries are 
even less optimistic – many of them 
will experience their first economic 
contraction since the World War II. 
There are neither unified opinions 
about the triggers of the current 
meltdown nor there is consensus about 
its expected length and deepness. It 
is not easy to predict how long the 
corrections in the housing markets can 
last. Equally it is difficult to estimate, 
whether massive fiscal and monetary 
stimulus coming from the states will 

play positive role in long run, whether 
the huge governmental interventions 
will not create new bubble. 
However majority of experts believe 
that nothing is only black and white 
and that there is not only the black 
side of the crisis. However, what is 
sure, every state, every company and 
even every houshold  should now do a 
deep inventarization in order to identify 
their reserves. There will be higher 
pressures on proper evaluation of 
everybody’s needs. There will be clear 
efforts to maximize own resources and 
not to waste with them.
Many observers are convicted that 
leading world economies on both sides 
of the Atlantic Ocean will come out 
stronger from the crisis, similarly as it 
happened during all previous economic 
shakes. They believe that developed 
countries will be able to find solutions, 
how to maintain their front running 
position and how to restore confidence 
among consumers so that high 
standards of living could be sustained. 

Origin of the financial crisis

Among experts, analysts and politicians there 
is no clear consensus what triggered this 
unprecedented financial crisis that we face 
these days. Some argue that governments 
failed when politically strongly supported 
construction activity and when they were not 
able to identify booming problems. Other argue 
that it was a result of inappropriate long lasting 
relaxed monetary policy of central banks, 
especially in US, that kept interest rates too 
low for too long period during first years of 
this millennium. This group of opinions is also 
blaming the central banks for not responding to 
the booming problems through stricter market 
regulations. Third group of opinions is saying 
that it was the principal mistake of the free 
– unregulated – market policy that was very 

Marek Senkovič  (35)
Istrobanka, Slovakia based investment bank – treasury
Slovnaft (MOL Group) – CEO advisor/Chief Economist
E-mail: marek.senkovic@slovnaft.sk

Seeking security – 
Origin and effects of the global 
financial crisis
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popular during the last 2-3 decades and which 
meant dramatic increase of international capital 
movements and exponential invention of new 
structured, complicated and globally traded 
financial products.

The mainstream of opinions is trying to combine 
elements of each rather extreme position 
into one more balanced explanation. The 
collapse of the financial system is a result of 
mistakes made by governments, central banks, 
regulators, international organizations, (like 
IMF) and last but not least by managements of 
private commercial banks performing too risky 
businesses.

Roots of the current financial meltdown can be 
found in the housing market. After blasting of 
the internet and high-technology bubble in 2000 
and terrorist attacks on New York in 2001, the 
developed world stood in front of recession. 
Central banks started cutting their refinancing 
rates which at the end resulted in lowering 
borrowing costs for investments and spending 
of businesses and households. US Federal 
Reserve key rate was lowered to 1% from over 
6%, and also key rate of ECB was slashed 
down to 2%. The cuts of rates by leading world 
central banks were accompanied by similar 
steps in other developed countries like UK, 
Canada, Switzerland, Japan, Sweden etc.

Low interest rates fueled strong demand for 
loans, from which big portion was absorbed 
by construction activity. The activity was 
supported by governments, when for instance 
in US, there was an official policy of increasing 
homeownership by Americans. This policy 
had been conducted even since Clinton´s 
administration in the 90s´. The policy was 
also supported by active approach of the US 
mortgage agencies Freddie Mac and Fannie 
Mae, which although, privately hold, were 
perceived as governmental entities. Their 
role in the real estate market was crucial, 
because they were involved in deals worth 
approximately 6 000 billions USD, representing 
half of the whole real estate market in USA 
(which is almost the equivalent of the US GDP). 
Demand for mortgage loans by households and 
developers was supported also by commercial 
banks, since they saw big profit potential and 
so applied less strict risk management policy. 
They were lending money also to subjects from 
that many, under normal conditions, would not 
score enough for getting a loan. Commercial 
banks moreover were luring customers by 
offering loans with postponed repayments. 

Strong appetite for purchasing of houses 
into ownership and cheap money from banks 
reflected in rising prices of houses, since the 
supply of homes was at the start insufficient. 
Later supported  construction activity generated 
enough houses, however lenders and 
borrowers underestimated the possibility that 
everything has its limits and did not assessed 
properly that that prices can reverse their 
trajectory.

Prices of houses rose during several years 
well above economically justified and historical 
levels. Skyrocketing prices reflected in positive 
mood among investors, households and also 
banks. Banks felt on safe side, since houses 
served as collaterals from granted mortgage 
loans. 

Everybody was satisfied till time, when the 
central banks started to raise their key interest 
rates. Due to the tightening of the monetary 
policy, lending by commercial banks became 
more expensive. Moreover households were 
requested to pay back loans that together 
with rising energy and food prices meant new 
additional burden. 

Demand for housing began to stagnate, 
oversupply of houses emerged. As a result 
house prices started to decline in absolute 
nominal value. Declining prices negatively 
affected financial statements of banks since 
the collaterals (houses) had to be devaluated 
to new, lower, market prices. Because of 
the decline in the market value of mortgage 
related assets, banks were forced to report 
more losses and were seeking capital aiming 
at increasing their capital adequacy. Banks 
tried to solve the unpleasant situation also by 
requesting mortgage debtors to increase or to 
add new collaterals, however debtors were not 
capable to satisfy these requests. As a result, 
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many houses got into ownership of banks. 
Houses were loosing on values also because 
banks were not able to physically patrol so 
many objects and they were often damaged by 
thieves and homeless.

Losses of banks are presently estimated at 700 
billions USD and according to IMF may even 
reach 1,4 trillion USD. Losses of US banks hit 
international dimension because initial capital for 
granting loans was often gained by the sale of 
mortgage related structured securities (usually 
issued by investment banks like Lehman 
Brothers, Morgan Stanley, Merril Lynch, 
Goldman Sachs, etc. or by special agencies like 
Freddie Mac and Fannie Mae) to international 
commercial banks or other financial institutions 
(insurance companies, central banks, pension 
funds, sovereign wealth funds, mutual funds...). 
In this respect according to many opinions, 
ratings agencies are to be blamed too. They 
rated complicated real estate securities often 
with high grade of AA or AAA, indicating low 
risk of such securities. 

In Europe similar development of the housing 
bubble like the US one occurred mainly in the 
UK, Ireland and Spain, but also in Italy, France, 
Netherland, Denmark or Sweden homes´ and 
flats´ prices rose over usual price and income 
tendencies. For instance, in the course of first 
years of new millennium in Spain more flats 
and houses were built than in Germany, France 
and UK altogether. This helped the Spanish 
economy to grow well above European level; 
however now it is one of the EU countries that 
is facing the most serious economic problems.

Signs of the crisis on the financial 
markets

Mounting losses of the banks and mass write-
downs of non-performing assets had (and still 
are) to be saturated by infusion of fresh capital. 
However in such a stressful situation, when 
banks´ ratings were put under reviews, when 
their share prices plummeted and when they 
started to hoard cash even at extraordinary 
high borrowing costs, it was very difficult to find 
new investors. Many of the potential investors 
(like special investment vehicles of countries 
with huge international reserves stemming from 
exports – China, Persian gulf states, Korea, 
etc.) already lost a lot of money from their 
previous years´ capital investments into US and 
European banks and therefore refused to lend 
new money at acceptable conditions. 

Stressed banks tried to refinance their liquidity 
needs from money markets in higher extent, 
however this reflected in significant increase 
of interbank lending rates, like Libor or Euribor. 
These benchmark interest rates tended to rise 
to levels that were unprecedentedly high over 
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key refinancing rates of central banks or above 
short term „safe“ governmental securities (like 
3 months US treasury bills). 

The lack of confidence among financial institu-
tions, cutting interbank credit lines, deficit of 
interbank liquidity significantly worsened in 
mid September 08, when one of the traditional 
pillars of the investment banking, 160 yrs old 
investment bank Lehman Brothers, collapsed. 
Also other financial institutions, especially 
investment banks having only small deposit 
base (the ratio between assets and deposits 
was often 30 or even 50 to 1, whereas at 
classic banks with “stone” branch network 
the deposit base covered often 40-80% of 
the assets) got into difficult situation, since 
they were heavily reliant on the borrowings 
from markets that however had been frozen. 
US government and Federal Reserve seeing 
the potential meltdown of the whole financial 
system intensified their attempts (by adding 
liquidity and guarantees) to keep the giants 
like Freddie Mac, Fannie Mae, AIG  and others 
alive, since those institution were simply “too 
big to fall”. Some banks that stood at the 

brink of the collapse found their possibility to 
“escape” in merger with other banks.

Due to heavy internationalized trading relation-
ships European banks were recording similar 
symptoms like their US counterparties. Some 
of them were dependent on capital help 
from governments; some of them were even 
nationalized. And for some of them, especially 
Islandic banks, no sufficient rescue infusion 
came on time – they became insolvent.

Huge troubles were not recorded only by banks, 
but also insurance companies experienced very 
critical times, like AIG, AMBAC, MBIA and 
others. These institutions were often active on 
the markets as companies offering products like 
credit default swaps, giving “default” protection 
(for fee) to investors, who invested into credits 
or bonds of various debtors – companies, 
banks or states. In many cases debtors became 
recently insolvent and the investors requested 
insurers to pay their obligations stemming from 
protections. These financial requests were so 
enormous (e.g. in case of AIG it represented 
over 100 bn USD) that without the help of 
US government some insurers would go 
bankruptcy with probable domino effect in the 
whole financial system.

The most apparent signs of difficulties 
were plunging global stocks markets, rising 
borrowing costs and increasing risk aversion. 
This reflected in significant depreciation of 
the currencies of many emerging markets, 
rising demand for first class governmental 
securities (even at expense of almost “zero” 
yields), sinking global bond issuance of private 
companies, rising corporate and countries´ risk 
spreads over benchmarks, growing requests of 
banks for new collaterals when granting loans 
and in case of Eurozone rising demands of 
commercial banks to deposit surpluses of their 
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liquidity (if they have) with the “safe” European 
Central Bank.

Actions and tools for curbing the 
negative effects

Central banks and governments across 
the globe started to understand the risks 
associated with the financial crisis. They 
understood that the possible chain collapses 
of banks would endanger the confidence of 
savers in the total financial system that is 
absolutely essential for the general economic 
development. 

Authorities became aware that credit crunch 
and non-confidence among banks, households 
and companies pose significant threats to 
private investments and spending. Lower 
households´ consumption would negatively 
affect production, price level and profitability 
of the companies. As a result more corporate 
ranking downgrades, bankruptcies and layoffs 
would emerge.  Public finances would suffer 
too, since their tax revenues would decrease 
and expenditures would increase.

Theoretically the whole downward cycle could 
result into a dangerous spiral with stagnating or 
even sinking GDP and wealth. Some of those 
countries, running rather big governmental 

deficits, having large trade gaps, inadequately 
low FX reserves, low presence of foreign 
direct investments or those, who are heavily 
indebted and so dependant on foreign financing 
could experience sharp depreciation of local 
currencies, rising inflation and even severe 
slump in standards of living.

Restoring confidence has become the key 
attribute for the central banks and governmental 
actions. Authorities started conducting steps 
that should unfreeze lending among banks on 
one side and between banks and the customers 
on the other side. Increase of money in 
circulation could support the investment and 
consumption activity. 

All major central banks in the world slashed 
their key refinancing rates. This has had up to 
now only limited impact on benchmark interbank 
interest rates like Libor, Euribor, because these 
reference rates are still quoted with very wide 
spread over central banks´ rates. However, 
small improvements in bank lending rates are on 
the way, especially after the governments have 
pledged that they would not let any significant 
bank to collapse and after the governments 
have increased protections of private deposits. 

Governments and central banks all over the 
world, unlike to traditional practice, have 
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started to pump liquidity to ailing banking sector 
also via accepting lower graded securities 
and assets in return. In US, Federal Reserve 
System even decided to refinance some 
important private production companies (e.g. 
car producers) via accepting their short term 
commercial papers as the collateral. 

Key milestone, however, have been direct 
capital injection of governments into banks so 
that their capital adequacy can reach required 
levels. Capital infusion has been conducted 
mostly on the basis of purchasing preferred 
stocks. These governmental investments 
do not dilute share holders´ structure, since 
they do not carry voting rights. On the other 
hand governments and other investors buying 
preferred stocks will receive every year fixed 
yield, mostly between 5-10% p.a. In some 
cases, governments directly have been lending 
money to undercapitalized financial institutions, 
for example 2 yrs loan to AIG at Libor + 8,5%.

Among other instruments in the rescue 
packages of countries there can be found: 
providing guarantees by some governments 
to investors, who will buy commercial bank 
bonds to be issued in the coming years, or 
proclamations of governments to guarantee 
also interbank lending (EU). Governments 
and regulatory bodies also decided to 
tighten market regulation, where for instance 
investment banks (e.g. Merril Lynch, Goldman 
Sachs, Morgan Stanley, etc.) will have to be 
turned into classical banks (i.e. they are forced 
to build typical deposit base or to merge 
with a “classical” bank). In addition there are 
other initiatives on the way in order to change 
accounting rules so that some bank assets will 
not need to be evaluated by current low market 
values, but by face values. This could prevent 
bank share prices and bookkeeping values from 
further declines.

Politicians and regulators also expressed their 
intention not to let repeat their own mistakes. 
They want to prevent creating super huge 
private globally operated financial institutions 
that would pose systemic risk, if collapsed. 
Moreover stricter regulations of transactions 
with derivative products and so far unregulated 
deals (over-the-counter markets) are also 
among priorities of the global leaders.

But not all market observers are applauding 
to the unprecedented moves of governments 
and central banks. They argue that dramatic 
slashing of key interest rates and flooding of 

markets with cheap money will create another 
bubble (like it happened after burst of internet 
bubble in 2000), that help to ailing banks and 
sectors is wasting of public money of all tax 
payers and that current measures will reflect 
in protracted period of economic stagnation 
and high inflation. This group of opinion-makers 
believes that markets would find its equilibrium 
sooner or later by their own, if the irresponsible 
financial institutions and companies were let 
to bankrupt. They believe the market and the 
economy after cleansing from „zombies“ 
would be much healthier, than it will be after 
governmental interventions.

Prospects for the world economy and 
oil industry 

Among experts there is consensus that the 
present stress in the financial sector will strongly 
affect the whole global economy. On the 
other hand experts differ in forecasting, how 
long and deep the world economic stagnation 
can be. Some institutions, like IMF, European 
commission, OECD and others predict that 
many economies of the developed world will 
contract during the next year. If materialized, it 
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would be the first time since World War II. 
Experts estimate that also emerging markets 
in all regions of the world will face significant 
downturn correction in their GDP growths. Very 
often it can be heard that the global recession 
can last even in 2010. Answering of question, 

whether we are entering period of longer eco-
nomic stagnation, or not, is therefore not easy.

One group of experts is arguing that huge 
monetary and fiscal stimulus will prevent long 
lasting recession another are saying that 
current measures will not restore confidence 
among consumers. Some of them are 
comparing current economic crisis to the 
crisis experienced during the 30s´ of the last 
century and are so forecasting that the shape 
of GDP slump and recovery will resemble rather 
to prolonged U than to V. Other pessimists 
even think that developed countries can fell 
into Japan style stagnation (Japan has been 
practically stagnating since the end of the 80s´ 
after local realty market collapse.). 

If we wanted to return back to basics and 
believe that first of all there must be stabilization 
in the housing markets and only after that we 
can expect positive development in the financial 
sector and broader economy, then we would 
come to conclusion that stabilization in the 
housing sector will not be reached soon. There 
are still many houses and flats already built, but 
not sold, what means that in coming months 
we can not count with balancing supply and 
demand on the realty markets. As a result we 
can calculate with further price reductions in 
the housing markets or with price stagnation 
till times, when general income level grows to 
levels where houses and flats get affordable. 
Some estimations point out that housing market 
correction could last till at least 2010.
 
Consumer confidence is extremely shaken at 
present times. Many people have lost and are 
loosing their jobs, many households lost on 
their investments into stocks markets, many 
pensioners lost a part of their personal savings 
on their pension accounts, all private debtors 
are facing increasing interest rates on their 
loans and many private bank depositors feel 
unsafe, since many banks were, are and will 
be releasing huge losses. Statistics have been 
already showing for months that sales of goods 
are stagnating or falling (like new cars sales in 
US and EU) and that there are much less orders 
and demand for services like holiday trips. 

As the economy cools down, the demand 
for oil products also stagnates or even falls. 
Hand in hand oil and oil products´ prices 
tend to stagnate or decline, as we could 
have experienced since summer of this 
year. Significantly lower prices makes return 
on investments into oil production and oil 
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processing very questionable. Moreover 
especially in Europe refineries are going to 
face even larger surplus of gasoline on the 
market than till now, since one of their key 
customer, USA, is witnessing sharp decline 
in gasoline and other oil products´ demand. 
Current oil products´ demand in US is by 2 mn 
bpd lower than a year ago and oscillates at 
levels recorded at the break of millenniums. The 
prospects for improvements are not rosy during 
the next quarters, as respectable predictions 
indicate. Similar pessimistic voices are 
resonating from the side of plastics producers, 
since they see clear declines of orders from 
ailing automobile industry, construction, 
household appliances industry and so on. 

Despite negative associations the crisis 
brings also positive aspects and challenges. 
Mainly that it will force all markets participants 

– private or public ones, even those who till 
now felt “untouchable” to look for and identify 
internal reserves in their activity, to rationalize 
their behavior, to properly evaluate and 
prioritize their needs. Economic tumbles also 
bring imbalances and unjustified expectations of 
easy profits into equilibrium. In the history there 
were more financial and economic shocks, 
however leading economies like US, Europe 
were always sooner or later able to find solution 
how to come out from them even stronger, how 
to maintain their global front-running positions. 
Majority of experts believes that these past 
positive stories will repeat also during and 
after the current global economic shakes and 
therefore it is unnecessary to overdramatize the 
present situation.

Revised by: Tibor Papp
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Abstract

Oil companies are allowed to 
operate legally on a given area only 
by possessing an exclusive license 
issued by a sovereign state or by a 
contract concluded with the national 
oil company or other state entity. 
The ultimate goal of the upstream 
agreements is to split the profit of 
hydrocarbon exploitation between the 
risk-taking contractor and the state. 
This goal can be achieved by several 
different legal structures, but as a 
common feature thereof, all costs are 
charged on the contractor in the first 
place, no matter if the exploration is 
successful or not. 

Összefoglalás

Nemzetközi upstream megállapodások
Az olajipari cégek egy adott 
területen jogszerû kutatás-termelési 
tevékenységet a szuverén állam által 
biztosított kutatási licenc, illetve 
az állami olajvállalattal vagy állami 
szervvel kötött szerzôdés keretében 
végezhetik. A kutatás-termelési 
megállapodások célja végsôsorban az, 
hogy a kitermelt szénhidrogén után 
járó nyereséget megossza a kockázatot 
vállaló szerzôdött olajvállalat és az 
állam között. Ezt a célt többféle jogi 
formában is el lehet érni, de mindezek 
közös jellemzôje, hogy a kutatási 
fázisban felmerült összes költség 
a szerzôdött olajvállalatot terheli, 
függetlenül attól, hogy a kutatás végül 
sikeres lesz-e vagy sem.  

This essay intends to review the legal conditi-
ons of the international upstream industry, 
particularly the concessions and the increasingly 
popular production sharing agreements (PSA). 
After an introduction to the international 
upstream arena, the legal environment of the 
international exploration and production activity 
will be detailed with primary focus on the 
exploration phase, where the international oil 
companies take the highest risk.

1. Introduction to the upstream 
industry

1 . 1  G E O L O G I C A L  A N D  P O L I T I C A L 
E N V I R O N M E N T

Today hundreds of bigger and smaller oil and 
gas companies are searching for hydrocarbons 
(crude oil and natural gas) around the world. As 
these precious mineral resources are scattered 
unevenly throughout the globe, dozens of 
countries had the chance to become from poor, 
undeveloped entities to wealthy states envied by 
others and inhabited by a legion of millionaires. 
The governments of the countries disposing 
of the most promising prospects are more and 
more aware of the power they possess in the 
worldwide race for recoverable resources even 
showing signs of resource nationalism. Thus 
they are gradually aggravating the financial 
conditions and the market players hunting for 
exploration and development opportunities have 
no choice but to accept them.

In the developed countries the capital, the 
legal environment and the expertise was 
already available in relatively earlier times, 
exploration has been going on for a long time 
now, therefore finding vast resources is highly 
unlikely. In the United States for instance, 
more than 3 million wells have been deepened 
so far and the two third of the still producing 
600.000 wells are pumping very little oil each 
(10 bbl/day)1 and are close to depletion. In the 
developing world, as a contrast, there are still 
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1 Johnston 2003, p. 55.
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significant areas to be explored, according to 
some estimates, these countries are still 20-402 
years behind the USA in this sense.

1 . 2  O I L  I N D U S T R Y  T E R M S

Oil and gas are commonly referred to as 
hydrocarbons. According to the most widely 
accepted theory, hydrocarbons have been 
generated in sedimentary basins during millions 
of years under high pressure and temperature 
conditions from tiny decayed plants, algae, 
and bacteria. In the place of generation, the 
so called source rock, they are to be found in 
minuscule particles but their low specific gravity 
and the pressure of water moves them upwards 
until a tight rock structure seals their way to 
accumulate in large volumes.

The portion of the rock charged by 
hydrocarbons is the reservoir, its vertical 
projection is the oil or gas field. In the reservoir 
the hydrocarbons and the water are positioned 
according to their specific gravity: gas on top, 
oil in between, underneath water. On high 
pressures gas is partly or entirely absorbed in 
oil, therefore a separate gas layer is formed 
only if there is more gas in the reservoir than 
the oil can take. The hydrocarbons are to be 
found in the tiny pores of the reservoir rock 
and they travel through the pores in minuscule 
channels. 

During exploration first the geology of the 
area (types and positioning of rock layers) has 
to be mapped from the surface with various 
tools, searching for signs of hydrocarbon 
accumulation and trapping. If the area seems to 
be prospective, a well is deepened in order to 
test the hypotheses about the geology of the 
area and the presence of hydrocarbons.

The hydrocarbon initially in place (OIIP, GIIP) 
is the total amount of oil or gas contained 
in a reservoir confirmed by exploration. The 
quantity which is anticipated to be commercially 
recovered from known accumulations from a 
given date forward is the reserve, which is the 
product of OIIP/GIIP and the recovery factor. 
The oil (as the gas) is not a homogenous 
material, but a blend of several hundred 
compounds, therefore these compounds are 
separated from each other during refining.
 

1 . 3  T H E  M A K I N G  O F  T H E 
I N T E R N A T I O N A L  O I L  I N D U S T R Y

The development of the international oil 
industry started around the mid 1800s, when 
the kerosene refined from crude oil began 
to replace the whale oil used originally for 
illumination. The oil spills in certain areas around 
the world have already enabled mankind from 
earlier times to use oil for illumination or as a 
medicine on several parts of the world. The 
oil came to the surface naturally or by digging 
shallower wells.  Initially oil was a by-product 
of salt mining or fountain drilling, but the 
entrepreneurs discovered soon that the black 
liquid believed to be worthless can be sold with 
profit as lamp oil after basic refining.

Around 1850 oil has been found by 
Rockefeller’s enterprise in Pennsylvania (within 
the framework of the Pennsylvania leases) 
and by the Nobel brothers in Russia, to the 
North of the Caucasus. After discovery, the 
transport and distribution networks have been 
constructed rapidly in both areas.    

Parallel to this, the invention of the internal 
combustion engine started a new era in the 
oil industry. As the new engine started to 
replace the steam engine, it revolutionized 
transportation, production and daily life, and at 
the same time expanded the market for crude 
oil products.
  
1 . 4  O I L  O R  G A S

The majority of oil and gas companies today still 
searches primarily for oil (and only secondarily 
for gas) and the agreements governing their 
activities are regulating mainly oil exploration 
and development. Initially the gas produced 
together with oil was flared immediately, 
because while oil was easy to transport, gas 
was difficult and expensive to bring to the 
markets. For now, a smoothly functioning oil 
distribution network has been built up with an 
extensive transport infrastructure (pipelines, 
tankers, trucks, etc.) and refineries.  
In contrast to this, in case of a gas discovery, 
a special gas purchase agreement has to be 
secured before development to ensure the 
marketing of the produced gas. To transport the 
gas, a high pressure pipeline system (pipes and 
compressor stations) has to be constructed or 
expensive technology has to be built to liquefy 
the gas, which can be so costly, to make the  
discovery uncommercial if the distance between 

2 Johnston 2003, p. 55.
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the market and the gas field is too long.
That is the reason why many upstream 
companies consider gas wells as dry wells and 
why the international upstream agreements 
concentrate on regulating oil exploration and 
production. Even today, approximately 10 
billion3 bcf (300 million m3) gas is flared every 
day and nearly a half4 of the explored gas in 
the world lies in fields so far from the possible 
markets, that it is uneconomic to develop and 
transport. This may change with the recent 
developments in the gas-to-liquids (GTL) 
technology which converts natural gas into 
longer-chain hydrocarbons (eg. diesel) at the 
place of the gas field. 

2. Legal framework

2 . 1  L A W

The legal system of a certain state includes 
all laws, regulations, rules and other norms 
(collectively “norms”) issued by the competent 
state authorities in their capacities as such 
with respect to the legal relations wished to 
be controlled by the state. Some of such legal 
relations require closer and stricter state control 
(for example those governed by criminal law), 
some others require only guidance from the 
lawmaker and allow for a larger freedom to 
its participants. For the purposes of upstream 
activities the two key branches of law are 
administrative law and private (civil) law.

Administrative law deals with the activities, 
usually acts, rights and obligations of central 
or local governmental authorities in their 
capacities as such vis-á-vis subjects of their 
jurisdiction, such as natural or legal persons in 
different administrative relations, e.g. licensing 
procedures.

Private law or, as called in certain jurisdictions, 
civil law is the set of rules and regulations 
in force and applicable in a given jurisdiction 
which regulate different kinds of relationship 
between formally equal partners, persons or 
entities and which are enforceable in a court 
of law or equivalent forum. One type of such 
relationship which is voluntarily undertaken and 
owed to a specific person or persons (including 
entities) is the contract, where two or more 
parties exchange promises to do or to refrain 

from doing certain acts or set of actions. The 
subjects of a contract are unequivocally defined 
and the parties deliver services of equal value. 

2 . 2  S T A T E  S O V E R E I G N T Y

The international law does not set which criteria 
shall be met in order to consider a territorial 
unit as a state and subject of international law, 
but the commonly accepted three features of 
statehood are administered territory, population 
and government.5

 
Sovereignty in the international arena means 
independence, while within the state it means 
supremacy. Within the state borders, no other 
entity exists to limit the power of the state in 
practicing its authority. The power of the state 
is universal, i.e. it extends to every object 
and person on its territory and it is full, i.e. it 
extends to everything, having no areas to be 
free of its rule. 

2 . 3  S T A T E  T E R R I T O R Y

State territory is a segment of the Earth’s 
surface where the sovereignty of the state 
prevails. This area is the arena of exercising 
state authority, but without implying any 

3 Johnston 2003, p. 115.
4 Johnston 2003, p. 116.
5 Bokorné Szegô 1998, p. 101.

Figure 1. Naval borders – www.wikipedia.org



21

MOL Scientific Magazine

Focus2009/1

proprietary rights. The core of every state 
territory is the mainland from which the naval 
and air borders can be set. The sovereignty 
extends to deeper zones of the territory as well, 
which is important in deciding the ownership of 
resources and caves.

The naval territory of the state is under state 
sovereignty similarly to the mainland. The 
waters adjacent to the mainland of other 
countries or to international waters need special 
international regulations, these naval borders 
were set by international conventions. Internal 
waters include waterways such as rivers and 
canals and the waters within small bays where 
the sovereignty of the state is similar to that on 
the mainland, and the territorial waters, where 
the sovereignty is slightly limited. According to 
the United Nations Convention on the Law of 
the Sea (UNCLOS), all nations have the right 
to set the borders of their territorial waters until 
it does not exceed 12 nautical miles (22.2 km) 
from the baseline of the mainland.

The definition of the contiguous zone and the 
continental shelf is significant in deciding the 
rights to the minerals in the soil of the sea. The 
contiguous zone cannot exceed 24 nautical 
miles (44.4 km). The state has some limited 
sovereignty over this area to control compliance 
to customs, immigration, finacial, and sanitary 
regulations. The continental shelf is a shallow 
water area adjoining the mainland where the 
exploitation of minerals is easier than from the 
subgrade of the deep seas. It can extend to 
200 nautical miles (370.4 km), but in special 
cases it might extend to as far as 350 nautical 

miles (648.2 km) from the baseline. It is not 
state territory, therefore the state has no right 
to block shipping and fishing, but it possesses 
exclusive right to exploit the minerals in the soil 
and the subgrade of the sea.

According to international conventions, the 
natural resources of the deep seabed are 
the common heritage of mankind, over which 
no nation can claim sovereignty. The mineral 
resource exploitation is beyond national 
jurisdiction and is controlled by the International 
Seabed Authority.

2 . 4  I N T E R N A T I O N A L  U P S T R E A M 
A G R E E M E N T S

The parties to an international upstream 
agreement are the foreign oil company and the 
state (represented by a government authority 
or the respective national oil company) where 
the hydrocarbon in question is situated. The 
contract regulates the hydrocarbon exploration 
and production activity and the entitlements and 
obligations of the parties.

Although international upstream agreements 
are meant to be contracts and as such con-
cluded between formally equal partners without 
any subordination as between them the state as 
a party to a private law contract is still viewed 
as and is in fact a party positioned better than 
its contracting partner. Even the fact that these 
contracts are enforceable in a court of law, 
embodying part of the state’s sovereign power, 
puts the state party in an uneven position. 
How ever, it should also be noted that an abuse 

Figure 2. The historic telegram – www.bp.com
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of such position might deter future investors, 
which, apart from specific cases, is not in the 
interest of the state itself. On the other hand, 
even if the state uses its pressure, practice 
shows that oil companies usually tolerate 
the adverse alteration of their contract terms 
to a certain extent (as it was the case in the 
nationalizations of the 1970-s in the Middle 
East).

2 . 5  T H E  F I R S T  I N T E R N A T I O N A L 
E X P L O R A T I O N  A G R E E M E N T S

The first international upstream agreement, 
being similar to the Pennsylvania leases, was 
entered into by the British William Knox D’Arcy 
and Mozaffar al-Din, Shah of Persia in 1901. 
The 60-year concession covered 480,000 
square miles (1,243,000 km²) in exchange for 
GBP 20,000 and 16% of the oil company's 
annual profits. The enterprise discovered 
the Masjid-i-Suleiman oil field in 1908, but 
the development of the field demanded huge 
investments, what the Anglo-Persian Company, 
set up to operate the production phase, could 
not afford. The British Navy, under support from 
Winston Churchill, gave financial support and 
thus gradually gained a majority shareholding in 
the company which was later renamed to Anglo-
Iranian Oil Company (AIOC), then in 1954, to 
British Petroleum. 

After the First World War the significance of 
the oil reserves increased enormously. By that 
time the US economy was heavily dependent 
on oil and in 1919, when there was a temporary 
shortage in the black gold, the oil companies 
turned to overseas for additional supplies. The 
Middle East seemed to be an area with high 
potential, however, the concessions were 
already reserved by an Armenian businessman, 
Calouste Gulbenkian, who passed them over to 
European companies with keeping a 5% share. 

In these early concession agreements the 
oil reserves in the ground belonged to the oil 
company, the sovereign state was entitled to 
only a set royalty and other taxes and fees. The 
oil company controlled the entire operation and 
owned the (predominantly imported) equipment. 
The concession agreement, as an evolution of 
the Pennsylvania lease agreements, was the first 
internationally used agreement type, and it is still 
in use in various forms (e.g. in the North Sea).

In 1910 oil was found on Mexico’s Gulf Coast 
and American and British companies started 
development, but the new Mexican constitution 

of 1917 stated that all mineral resources belong 
to the state. After this, the investments of 
foreign companies dropped and in 1938 Mexico 
nationalized the oil companies. The pressure 
on the concession agreement was mounting. 
In 1943 Venezuela passed a law which split all 
profits between the state and the oil company 
by 50-50%. As the US desperately needed 
to secure oil supplies and the oil companies 
wanted to avoid nationalization, the set ratio 
was soon accepted by the industry.  

The post WWII-Europe evidenced a shortage 
of oil supply: the Romanian oil fields were 
destroyed and the Russian supplies drained out, 
the only easily available source of oil was the 
Middle East. In the 1950-s Italian ENI started 
negotiations with Iran, the sole country ready to 
negotiate concessions.  ENI, in order to break 
the power of the ’Seven Sisters’ (Exxon, Mobil, 
Gulf, Socal, Texaco, BP, Shell), agreed to a 
more unfavorable ratio than the widely accepted 
50%-50%, that was the 75%-25% split.  The 
agreement was more like a service agreement 
where the entrepreneur was entitled to only 
a portion of the production, not the reserves 
themselves and booking of reserves was not 
allowed to ENI. Amoco, which was desperate 
to fight itself into the company of the ’Seven 
Sisters’ also came to an agreement in 1959 
with the Iranian government and accepted the 
75%-25% split.

The first Production Sharing Contract/
Agreement (PSA/PSC) was concluded by the 
Indonesian national oil company (Permina, today 
Pertamina) and the Independent Indonesian 
American Petroleum Company (IIAPCO) in 1966. 
The PSA regime was adopted as a replacement 
of the earlier license agreements which were 
terminated in 1960 by government decree. The 
decree also stated that the oil and gas resources 
are natural riches under state control, but the 
responsibility of exploration and exploitation can 
be delegated to national state enterprises.

2 . 6  G E N E R A L  F E A T U R E S  O F  O I L 
E X P L O R A T I O N  A G R E E M E N T S

The motive of the state is to maximize the 
value it can realize from its natural resources by 
securing a continuous and intensive exploration 
and development activity. To achieve this, the 
state intends to design and introduce a legal 
and fiscal system which:

•	 is	profitable	to	both	the	contractor	and	the	
state, while maximizing the share of the 
state
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•	 avoids	speculation	with	exploration	
licenses 

•	 limits	needless	administration	on	the	
government and the industry

•	 provides	flexibility	(primarily	to	the	state)
•	 creates	competition	to	increase	efficiency
•	 takes	into	account	the	geology	of	the	

area.

The governments usually differentiate between 
national, local, and foreign companies. The 
reason for this is the assumption that while a 
foreign company expatriates all or substantial 
part of the profit from the country, locals 
are believed to reinvest it locally. National 
companies usually undertake various social 
obligations and responsibilities, such as 
employing locals or constructing infrastructure. 

The ultimate goal of the upstream agreements 
is to split the profit of the upstream activity 
between the contractor and the state in a 
mutually agreed way. This goal can be achieved 
by several different legal structures, but as a 
common feature thereof, the state does not 
take any risk in the exploration phase, thus all 
exploration costs are charged on the contractor 
in the first place, no matter if the exploration is 
successful or not.

The government take can have several forms in 
the upstream agreements:

•	 profit-based	(profit	tax	or	profit	oil	split)
•	 volume	or	income	based	(royalty)
•	 fix	costs	(bonuses).

According to the profit-oil method, the 
produced oil is split into two portions, the cost 
oil is to cover the expenses incurred by the 
contractor during operation from exploration 
until the end of production and the remaining 
profit oil is divided between the state and 
the contractor. The agreements usually set 
the pricing mechanism for oil as it has great 
significance in determining the royalty and other 
taxes. The price is often set to a well-known 
marker crude (Brent, West Texas Intermediate, 
etc.) to avoid disputes. The bonus is a cash 
consideration, which has to be paid by the 
contractor at specific milestones (contract 
approval, discovery, a certain production level).

The various methods of awarding hydrocarbon 
exploration and production rights:

•	 bidding	–	the	highest	cash	offer	wins,
•	 direct	negotiation	individually	for	each	

block, where the terms can be different 
from block to block,

•	 lottery	with	fixed	terms	and	random	
allocation procedure,

•	 government	discretion	to	ensure	a	
diversified contractor pool.

The agreement is usually approved by a 
ministerial authority or the national oil company. 
It is common that the companies receive a draft 
agreement, where only the blank or designated 
parts are negotiable.

The risks taken by the oil companies:
•	 geological	risk	–	unsuccessful	exploration,	

no hydrocarbon discovery
•	 economic	risk	–	the	production	of	the	

resource is not profitable
•	 political	risk	–	interference	by	the	state	

due to political reasons, within the limits 
of the applicable legal framework

•	 risk	of	unilateral	amendment	by	the	state	
of the main terms in the contract (pricing, 
cost oil allowances, tax rates, etc.) either 
directly or by amending laws – to the 
extent allowed by the applicable legal 
framework

•	 risk	of	nationalization.

It should also be noted that political, legal 
and nationalization risks can be mitigated to a 
large extent by providing for stabilization of the 
agreed applicable regime.

2 . 7  L I C E N S I N G  R E G I M E S

Apart from a state entering into upstream 
agreements with international oil companies, 
the legal regime may provide for a licensing 
system, on the basis of which the right to 
explore and exploit an area stems from 
an administrative act of the competent 
governmental authority and is fully subject to 
applicable laws and regulations in force from 
time to time in a certain jurisdiction.

2 . 8  E X P L O R A T I O N  P H A S E

The three most important elements of an 
agreement governing exploration are the 
duration, minimum work program and the right 
to declare a commercial discovery. 

The host government would like to avoid having 
huge portions of its territory permanently 
blocked by a single company to exclude 
competitors. The solution for this can be to limit 
the length of exploratory activity or an obligation 
to relinquish a portion of the area after a given 
period of time to enable others to initiate 
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exploration. A gradually increasing annual fee 
can also be requested. 

The agreements usually specify a minimum 
work program that has to be implemented 
by the contractor. This is mainly a seismic 
program and an optional or committed well. If 
this obligation has not been met, the contractor 
needs to pay a penalty which has a magnitude 
similar to that of the work program originally 
undertaken by the contractor oil company.
 
The exploration phase terminates with the 
declaration of discovery, except for larger 
blocks, where further objects remain still to be 
explored. The discovery has to be evaluated by 
the operator (most often being the contractor 
under the upstream exploration agreement) 
in order to decide the production rate of the 
well and the reserve size of the field. Some 
agreements define a short test production, 
while others require a longer period, extending 
over a month. 

The declaration of commercial discovery 
separates the exploration phase from the 
development phase. This brings a change into 
the relationship between the contractor and 
the state entity. As risks regarding the success 
of exploration are no longer in place, usually 
the state joins to co-finance the development 
project and sometimes even takes over 
operation. The declaration of a discovery has a 
great significance for the contractor, because if 
the field is small, it can make the development 
unprofitable for him. 

3. Summary of possible legal basis for 
hydrocarbon exploitation activities

Oil companies are allowed to operate legally on 
a given area only by possessing an exclusive 
license issued by a sovereign state or by 
a contract concluded with the national oil 
company or other state entity. Negotiating of 
either a license or an upstream agreement to 
conduct exploration activity is restricted to 
companies qualified beforehand. 

Generally the oil companies cannot chose the 
legal form in which to operate, as the host 
government sets the conditions of all aspects 
of upstream activity. Although oil companies 
have no particular preferences about the form 
as each can be adjusted to fit the specific 
needs of the parties, they prefer contracts to 

general regulatory measures (licenses, royalties 
and taxes), because the latter are perceived to 
be less stable regulators. The oil exploitation 
agreements can be divided into two main types: 
Concession agreements and production sharing 
agreements/contracts (PSAs/PSCs).  

In a concession agreement the state delegates 
the right of exploration and development on a 
defined, limited area, for which the company 
pays cash bonus, royalty and taxes. The 
royalty is calculated from the total production 
and is requested in cash or in kind (in oil). 
Royalty has to be paid early from the start of 
production, while the income tax is due only 
if the operation becomes profitable. Today 
concession agreements regulate upstream 
activity in nearly 120 countries (in most 
American and European countries, in the latter 
often combined with a licensing regime). This 
type of agreement covers the most upstream 
projects, partly because earlier, typically 
concession agreements are still in force despite 
a jurisdiction’s generally switching onto a PSA 
regime.6

As seen earlier, PSA regimes were first 
adopted in Indonesia in 1966, but this type of 
agreement rapidly became popular in the era 
of high oil prices. Indonesia was followed by 
Egypt and Syria in 1970, then a dozen of other 
developing countries.(Peru, Philippines, Libya, 
Yemen, Tanzania, Burma, Vietnam). The PSA 
now has a history of over 40 years and is in use 
in approximately 50 countries. The popularity 
of this agreement type can be explained by the 
fact that the oil industry of the nation can be 
developed without using own resources, from 
investments by a foreign company, but at the 
same time retaining control over the industry.

The PSA agreement is a contractual relationship 
with the state entity (a ministry or a national 
oil company) on one side and the foreign oil 
company (or a consortium of companies) as 
the contractor on the other side. The state 
entity either has the right to explore in specific 
blocks or generally has the right to explore on 
the entire area of the country. The contractor 
finances and operates the exploration activity. 
To conduct operations, the contractor submits 
an annual work program and budget, which has 
to be approved by the state. The three most 
important elements of the PSA contract are the:

•	 cost	recovery	mechanism;	
•	 profit	oil	split;
•	 royalties	and	taxes.

6 Seba 2003, p. 462.
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After production, first the royalty is calculated, 
then the volume of the cost oil. The remaining 
production is the profit oil that is split between 
the state and the contractor. 

The differences between the licensing/
concession regimes and the PSA-s are basically 
philosophical, because, despite their different 
starting points both can offer similar rights to 
strategic investors in different tailoring.
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Abstract

CONCAWE the health, safety and envi-
ronmental organization of the European 
oil industry has held symposiums in the 
end of the year for six years. In 2007 
the main topics, which are discussed 
bellow, were: health, soil and ground-
water, the REACH program, fuels and 
emission as well as air quality.

Összefoglalás

Jelentés a 6. CONCAWE konferenciáról
A CONCAWE, az európai olajipar 
egészségügyi, biztonsági és környe-
zetvédelmi szervezete az elmúlt hat 
esztendôben szimpóziumokat tartott 
az év végén. 2007-ben a következô, a 
lentiekben részletezett, kérdéseket tár-
gyalták meg: egészségügy, talaj- és ta-
lajvíz, a REACH program, üzemanyagok 
és károsanyag kibocsátás, valamint a 
levegô minôsége.

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

CONCAWE regularly organizes symposia out 
of which the sixth one was held in Brussels on 
November 19th/20th, 2007.

The following topic were discussed:

1. Health

1.1.  ENVIRONMENT & HEALTH 
ACTIVITIES: an industry perspect ive 
(by Loredana Ghinea,  CEFIC)

Society’s reliance on chemicals has raised 
question about whether there are long-term 
health effects from the usage of everyday 
consumer chemical products. Questions being 
asked by scientists and also by policy and 
public opinion formulators such as complexity/
multi-causality of disease, uncertainty, long-
term exposure to low doses, combined effects, 
indoor air quality and critical windows of 
exposure need to be addressed.

The chemical industry is forward looking 
and works towards achieving a future with 
sustainable products that will continue to 
benefit future generations of users in a 
responsible manner.

The role of the chemical industry is to address 
societal concerns and take responsibility in 
understanding the impacts of its products and 
processes. To that end, the chemical industry 
continuously aims to:

•	 understand	the	impacts	of	environmental	
factors on human health;

•	 improve	products	and	processes	to	bring	
benefits not only to our lifestyle, but also 
to our health and the environment as a 
whole;

•	 innovate	to	provide	solutions	towards	
creating a more sustainable world, 
where societal requirements for 
economic, social, environment and health 
improvement are balanced; and 

•	 advance	by	taking	an	approach	that	
integrates these three actions and, 
through this, seek to build confidence with 
society.

György Wilde, Dr. (56)
Chemical engineer
Hungarian Petroleum Association
E-mail: hpa@t-online.hu

Report on the 6th CONCAWE 
Symposium
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1.2.  EUROPEAN ENVIRONMENT 
AND HEALTH ACTION PLAN: human 
biomonitor ing,  tug of  war (by Ovnair 
Sepai ,  UK Health Protect ion Agency)

2003 saw the launch of the Environment and 
Health Strategy (SCALE), followed in 2004 
by the Environment and Health Action Plan, to 
reduce diseases linked to environmental factors. 
Action 3 of this Action Plan looks at the feasibility 
of human biomonitoring (HBM) at European level, 
i.e. monitoring of blood, urine or hair samples to 
measure exposure to environmental pollutants. 
At that time the Commission promised to launch 
in the short term a feasibility assessment of 
HBM in Europe, together with Member States 
(MS) and stakeholders.

An Expert Group to Support Biomonitoring 
(ESBIO) have been developing protocols 
and guidance for the ‘Pan-European Pilot 
Study’. The aim of the pilot study is to test 
the feasibility of assessing uptake of key 
environmental chemicals across Europe using 
current capabilities in Member States.

This presentation described the current 
activities, the hurdles encountered and the way 
forward.

2. Soil and Groundwater

2.1.  ENVIRONMENTAL SENSITIVITY 
ASSESSMENT OF DOWNSTREAM OIL 
FACILITIES ACROSS EUROPE (BY 
KARL DANIELS, ARCADIS)

This study was in the process of assessing 
the environmental sensitivity of petrol filling 
station locations across Europe, with regard 
to proximity to groundwater, surface water 
and ecological receptors, using a GIS-based 
methodology. The principle aim of this study 
is to promote a risk-based approach to 
implementing the EU Groundwater Daughter 
Directive. In addition, the study aims to provide 
a tool for both individual oil companies and 
the oil industry as a whole to identify areas of 
higher environmental sensitivity; encouraging 
rational investment in preventative measures 
where it is most needed. 

The study has identified vanation in the 
distribution of environmental sensitivity at over 
85,000 petrol filling station locations across 
Europe.

The results of this work have found that:
•	 the	availability,	data	definitions,	quality	

and scale of environmental data across 
Europe is not consistent, limiting the 
potential to accurately compare data and 
results across national borders.

•	 Patterns	in	environmental	sensitivity	at	
petrol filling station locations can vary at a 
national, regional and local level.

•	 Environmental	sensitivity	of	petrol	filling	
station locations is not only a result 
of the distribution of environmental 
receptors, but is also influenced by 
external factors such as land cover 
patterns, and in the case of groundwater 
sensitivity, differences in the regulation of 
groundwater for drinking water supply at 
both a national and regional scale.

•	 Furthermore	the	study	has	highlighted	
the appropriateness of adopting a risk 
based approach to implementing the EU 
Groundwater Daughter Directive.

2.2.  LEGISLATIVE DEVELOPMENTS: 
CHALLENGES FOR THE INDUSTRY 
and CONCAWE’s ro le (by Graham 
Whale,  Shel l )

In the past year there have been a number of 
regulatory developments which could potentially 
impact CONCAWE member companies 
operations. For example, the EU has adopted 
the Water Framework Directive (WFD), the 
Groundwater Daughter Directive and is in 
the process of adopting a new Directive on 
Environmental Quality Standards (EQS). This 
new legislation will begin to provide detail on 
how the WFD will be implemented and treat 
hazardous substances from anthropogenic 
sources. Furthermore, waste legislation is 
currently under revision and new Soil Thematic 
Strategy and Directive are being developed 
which will dictate how Member States handle 
historically contaminated sites.

Water Quality Management Group (WQMG) 
has taken a number of steps to engage with the 
EU and is working with EUROPIA to advocate 
the views of the oil industry to legislators, 
NGOs and other industry associations to 
scientifically influence their thinking on the 
formulation of standards and regulations in 
regards to: discharges to surface and ground 
waters; waste handling, waste oils and waste 
disposal; and soil remediation.

WQMG will argue that such legislation should be 
based on the principles of sound science, risk 
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based assessments and cost/benefit analyses.
In addition to monitoring and challenging these 
regulatory developments, WQMG has been 
actively involved with the petroleum product 
risk assessments since many of the issues 
(notably kerosene and gas oils) relate to water, 
sediment and soils.

These issues need to be addressed because 
failure to provide data to reduce the predicted 
risks-to environmentally acceptable levels-
could lead to the introduction of risk reduction 
measures at refineries, retail stations and other 
downstream locations. 

An overview of the WQMG activities, project 
details, and information requirements to support 
the product risk assessments were presented. 

3. REACH

3.1.  CONCAWE’S RISK ASSESSMENT 
PROGRAMME: background chal lenges 
and accompl ishments to date (by Jean-
Phi l l ippe Gennart ,  Tota l )

Since its inception, CONCAWE has been 
involved in developing information regarding 
the hazards and control measures that are 
necessary for the safe use of petroleum 
products. REACH requires now to develop a 
systematic and comprehensive approach for 
assessing the risks of substances which pose 
considerable challenges for petroleum products 
that are complex substances and very widely 
used. 

Over the recent few years, significant progress 
has been made in developing the tools that are 
required for comprehensive risk assessments, 
particularly in the development of analytical 
techniques, enhancements to the hydrocarbon 
block method used for environmental risk 
assessment of petroleum substances and 
compilation of information required to identify 
and characterize all occupational exposure 
conditions.

3.2.  REACH COLLABORATION: 
benef i ts and the shar ing of  work 
between CONCAWE and i ts member 
companies (by Duncan King,  BP)

REACH, i.e. regulation 1907/2006 for the 
Registration, Evaluation and Authorisation of 
Chemicals, entered into force on 1 June 2007. 

The requirements of REACH apply to petroleum 
substances, which (assuming production in 
quantities greater than 1000 tones per year) 
will have to be registered by 30 November 
2010 latest. This is conditional on their pre-
registration by 1st December 2008 latest.

For registrations under REACH collaboration 
between registrants is mandatory for certain 
parts of the registration dossier. This mandatory 
collaboration between Manufacturers/Importers 
and Data Holders will take place in Substance 
Information Exchange Forums (SIEFs), a new 
(and untested) concept requiring new types of 
co-operation.
 
In addition REACH encourages collaboration 
beyond the mandatory minium. The CONCAWE 
Risk Assessment Programme provides a basis 
for such wider collaboration.

CONCAWE is taking the leading role for 
preparing registration dossiers to the extent 
practically and legally possible. Members 
will get access to the information through a 
licence agreement. The intention is to offer 
similar information to non-members under a 
different licence agreement. CONCAWE could 
therefore also play a role in the formation and 
management of the SIEFs.

However, REACH requires individual action 
by each registrant, no matter how extensive 
the collaboration is. Pre-registration and 
registration, as well as completion of key 
parts of the registration dossier (including 
company-specific information on manufacturing 
and uses), must be undertaken by Member 
Companies. Furthermore, the work on 
risk assessments, registration dossiers 
and Chemical Safety Reports underway in 
CONCAWE depends on the ongoing support of 
all of the Member Companies. 

4. Fuels and Emission – Biofuels

4.1. EU POLICY AND TARGETS FOR 
BIOFUELS (by Alexandra Langenheld, EU 
Commission DG Tren)

This presentation reviewed the EU policy and 
targets for biofuels and aims to answer the 
following questions:

1. What is the Commission proposing?
2. Why a specific target for biofuels?
3. How could the target be achieved?
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It also talked about the sustainability of biofuels, 
as this would be one of the key issues for the 
future.

4.2 SUITABILITY OF SYNTHETIC 
FUELS FOR ADVANCED 
POWERTRAINS 
(by Frank Seyfr ied,  Volkswagen)

The representative of Volkswagen informed 
on the prospect and plans of the company. 
As fuel they want to apply oil, natural gas 
and renewable and as powertrain besides 
the existing ones hybrid motor, combined 
combustion system and fuel all. The company 
has big hopes on CCS which is a combination 
of gasoline and diesel engines. (In 2005 Mer-
cedes declared to short the serial production of 
CCS engines in two years but the author of the 
present article has never seen a single one.)

4.3.  BIODIESEL PERFORMANCE 
(by Nigel  E l l iott ,  ExxonMobi l )

Biofuels are being rapidly introduced across 
Europe as a result of various incentives and 
mandates by member states as they move to 
comply with the indicative requirements set 
out in the Biofuels Directive. This rapid pace 
raises a number of important concerns. First, 
there is a risk that product quality incidents 
with these new fuels could undermine public 
support for biofuels. Second, European fuel 
quality standardization is under threat as 
some member states mandate fuel qualities 
outside the existing CEN specifications. These 
specifications were developed over many years 
in cooperation with the vehicle manufacturers 
in order to ensure consistent pan-European 
quality as well as trouble free operation and 
supply reliability. This presentation focuses on 
some of the key performance areas that need 
to be considered and managed in order to 
ensure a smooth and incident-free introduction 
of biodiesel blends into the marketplace. 
Some of the risks associated with boutique 
fuel specifications on the supply reliability of 
transport fuels will also be highlighted. 

4.4. PERSPECTIVES FROM THE 
EUROPEAN BIOFUELS TECHNOLOGY 
PLATFORM 
(by Harri Turpeinen, Neste Oil)

This presentation describes the ove-
rall technology platform concept and the 

background vision work done by the BIOFRAC 
expert team. In addition, the process of 
establishing the Biofuels TP, its mission, and 
process for creating the Strategic Research 
Agenda (SRA) and Strategy Deployment 
Document (SDD) will be described. 
The main conclusions of the SRA and SDD, 
which are still in draft version, will be presented, 
including the key R&D&D priorities and 
recommendations for biofuels deployment.

The other Technology Platforms connected 
to the Biofuels Technology Platform and the 
relevant contact data for the Biofuels Platform 
are available at www.biofuelstp.eu.

5. Air quality

5.1.  (BASELINE) DEVELOPMENTS FOR 
NEC DIRECTIVE REVISION 
(by Eduard Dame EU Commission – DG 
ENV)

The revision of the National Emission Ceilings 
Directive (2001/81/EC) is of the 10 measures 
following the Thematic Strategy on Air Pollution 
(TSAP). The new proposal will set emission 
ceilings to be respected by 2020 for the 
four already regulated substances and most 
probably for the primary emissions of PM2.5 as 
well. The revision will build upon the evaluation 
and review of the National Programmes 2002 
and 2006, the work performed under the 
Clean Air for Europe Programme (CAFÉ) and 
new scientific and technical work. The revision 
also takes into account (proposals for) the 
Community legislation for specific source 
categories, like Euro 5/6, EURO VI, the revision 
of the IPPC-directive and the decision of the 
European Council of March 2007 to reduce the 
greenhouse gas emissions by 20 % - 30 % and 
to have 20 % renewables by 2020 for which 
a Commission proposal is scheduled by 23 
January 2008. Shortly after this date the final 
model runs for the revision of the NECD will be 
made and thus the proposal for the revision of 
the NEC Directive is foreseen for spring 2008. 
Interesting fact is that abatement of greenhouse 
gases reduces the overall costs for air pollution 
abatement (current legislation and new 
legislation). However, it is up to the Member 
states to have full profit of the potential win-
win relation between climate change and air 
pollution. 
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5.2.  LATEST DEVELOPMENTS ON 
NECD: Concawe’s overv iew 
(by Eddy Van Bouwel,  ExxonMobi l )

The presentation reviewed the current sta-
tus of the NECD development, discuss the 
environmental drivers behind the emission 
targets and the all important energy scenarios 
used to determine baseline emissions. The 
importance of sensitivity analysis to arrive at 
a robust set of ceilings that will be achievable 
under various energy scenarios will be 
demonstrated. 

5.3.  IPPC: prepar ing for the ref inery 
BREF review 2008 update 
(by Georges De Caluwé, ExxonMobi l )

In 2008 the Refinery BREF is subject to review 
by the IPPCB.

In 2007 Concawe has committed itself to 
prepare for this review as it is expected that 
the organization will be involved in the Technical 
Working Group (TWG). Therefore Concawe has 
set up a Special Task Force (STF-70) dedicated 
to issue a technical report on proposed 
amendments to the Refinery BREF considered 
by Industry as high priority items.

STF-70 will mainly focus on proposing updated 
associated emission ranges quoted in the 
BREF for some key Best Available Techniques, 
primarily related to combustion plants and 
catalytic cracking. The proposed amendments 
will be supported by real plant data collected 
by member companies on dedicated facilities 
considered representative for a particular BAT. 
Special attention will be given to the description 
of the quantitative effect of key design and 
operating parameters on emission levels. The 
review will also include more information on the 
technical and operational applicability of certain 
BAT and provide real plant data on cross media 
effects. It is not intended to concentrate on 
reviewing BREF cost data. STF-70 expects to 
have its report finished 1 Q 2008.

5.4.  THE EURO-DELTA PROJECT: 
some important f indings for integrated 
assessment model ing in Europe 
(by Les White,  Les White Associates)

The Euro Delta project was initially designed 
as an inter-comparison exercise between five 
European Trans-boundary air pollution models/
modeling teams i.e., exploring the variability in 
results from the different models for the same 

emission scenarios. Included in the five models 
was the EMEP model which, up to the present 
time, has been the sole model used to support 
policy development at both the EU and wider 
UN-ECE level.

The second phase, sponsored by Concawe, 
focused on a large number of emission 
reduction scenarios. The majority of these 
were “terrestrial” scenarios, designed to 
explore the difference in “impact response” 
between sectors to a unit change in emissions. 
Current integrated assessment modeling (IAM) 
approaches in Europe utilise single source-
receptor relationships for a given country/
pollutant to inform policy development. 
The findings of this study suggest future 
IAM development will need to account for 
differences in sectoral impacts to support 
robust policy design. 

5.5.  SHIP EMISSIONS AND AIR 
QUALITY IN THE MEDITERRANEAN 
SEA (by Peter Roberts,  Shel l )

The contribution that ship emissions make to 
European Air Quality is of strategic interest to 
the development of the revised NECD.

Concawe has sponsored two programs of 
work to better understand and provide data on 
ship emission contributions to air quality in the 
Mediterranean region.

A detailed emissions inventory has been 
developed which allows future emission and 
control scenarios to be explored. A consortium 
modeling study has been carried out to assess 
the ship contribution to air pollution under the 
different scenarios. This presentation gives an 
overview of these projects and describes some 
results. 

Abbreviations used in the article

BAT Best Available Technique 
BIOFRAC  Biofuel Research Advisory Council
CAFE Clean Air for Europe
CCS Combined Combustion System
CEN European Committee for   
 Standardization
EQS Environmental Quality Standard
ESBIO Expert Group to Support   
 Biomonitoring
HBM Human Biomonitoring
GIS Geographic Information System
IAM Integrated Assessment Modeling
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IPPC Integrated Pollution Prevention and  
 Control
MS Member States
NEC National Emission Ceiling
NECD National Emission Ceiling Directive
NGO Non Governmental Organization
REACH Registration Evaluation and   
 Authorization of Chemicals
SIEF Substance Information Exchange  
 Forum
SDD Strategy Deployment Document
SRA Strategic Research Agenda

STF Special Task Force
TP Third Party
TSAP Thematic Strategy on Air Pollution
TWG Technical Working Group
UN-ECE United Nations Economic   
 Commission for Europe
WFD Water Framework Directive
WQMG Water Quality Management Group

Revised by: Dr. Rácz László 
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Abstract

Hungary’s import dependence in her 
gas consumption is approximately 
70%, i.e. this consumption is secured 
from domestically produced and 
imported natural gas. We had to 
implement a new natural gas storage 
facility, in addition to the existing 
facilities (Hajdúszoboszló, Zsana, 
Kardoskút, Pusztederics) firstly to 
enhance the capacity of strategic 
storage for improving the security of 
natural gas supply, and, secondly, 
for commercial storage operations. 
To fulfil the targets, a decision was 
approved for transforming the Szôreg 
gas reservoir onto an underground 
natural gas storage facility, and this 
project is under implementation. 

One of the most significant parameter 
of the operations of a storage facility 
is the rock stability of the given 
storage facility, this is why we have 
recently implemented certain analysis 
in cooperation with the experts of 
University of Miskolc, Research 
Institute of Applied Chemistry (ME 
AKKI) and MOL Plc EPD, as a joint 
effort, including the evaluation and 
interpretation of results. We decided 

to perform three (3) core drilling 
operations in wells SZGT-4, SZGT-19, 
SZGT-31 in order to better understand 
the reservoir, out of these the first two 
(2) cores were drilled in Q 1 2008, and 
the third is scheduled for 2008-end. 
We used the samples taken from the 
first two core drilling for performing 
the measurements aimed at analysing 
the rock stability. 

The primary purpose of the R+D 
activities was the elaboration of an 
analysis method and preparation of a 
forecast based on measurements. The 
most essential part of this work was 
to analyse the detrimental effects that 
emerge in the wells (to be implemented 
in the gas cap of the Szôreg reservoir) 
of the underground natural gas 
storage facility during the injection 
and withdrawal processes, and, as the 
continuation, to ensure the possibility 
for eliminating or mitigating such 
detrimental effects. 

Összefoglalás

Földalatti gáztárolók laboratóriumi 
modellezése
Magyarország a gázfogyasztást 
tekintve mintegy 70%-os mértékben 
importfüggô, vagyis a teljes ellátást a 
termelt hazai és az importált földgáz 
biztosítja. A jelenlegi földgáztárolók 
(Hajdúszoboszló, Zsana, Kardoskút, 
Pusztederics) mellé szükségessé vált 
egyrészt a biztonságos földgázellá-
táshoz szükséges, másrészt a kereske-
delmi ellátásra is képes új tároló 
létrehozása. A kitûzött célok elérése 
érdekében elhatározás született a 
Szôreg gáztelep földalatti gáztárolóvá 
történô kialakításáról, amely beruházás 
jelenleg is folyamatban van.  
A tároló mûködésének egyik leg fon -
tosabb jel lemzôje a tároló kô zet stabili-
tása, ezért került sor az elmúlt idôszak-
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ban a Miskolci Egyetem Alkalmazott 
Kémiai Kutatóintézet (ME AKKI) és a 
MOL Nyrt. KTD szakembereinek közös 
tevékenységeként e vizsgálatok elvég-
zésére, az eredmények értékelésére és 
elemzésére. A telep megismerése érde-
kében 3 magfúrás elvégzésérôl dön-
töttek, a SZGT-4, SZGT-19, SZGT-31 
számú kutakban, amibôl az elsô kettô 
magfúrás 2008 elsô negyedében meg-
történt, a harmadik pedig 2008-végén 
lesz. A kôzetstabilitást célzó mérések 
elvégzésénél az elsô két magfúrásból 
származó mintákat használtuk fel.

A K+F tevékenység elsôdleges célja 
egy vizsgálati módszer kidolgozása 
és mérésekkel történô elôrejelzése 
volt, aminek legfontosabb része a 
Szôreg telep gázsapkában létesítendô 
földalatti gáztároló kútjaiban a ki- 
és betározás folyamán kialakuló 
káros hatások kialakulásának 
vizsgálata, és ennek folytatásaként 
lehetôség biztosítása e káros hatások 
kiküszöbölésére, illetve csökkentésére.

Introduction 

The task was to elaborate the method of 
analysis, which can enable us to simulate the 
above-mentioned processes using a small-
size rock core and a series of withdrawal 
and injection cycles, and also to give a 
quantified forecast the expected time when 
the detrimental sand production or other 
rock deformation may arise (i.e. under what 
conditions and after how many cycles). In 
case of poorly consolidated sandstone or 
sandstone consolidated with shale cementing 
materials rocks sand production usually begins 
in the first years of gas storage operations. 
In case of relatively well-consolidated 
sandstone sand production begins after 8-12 
injection and withdrawal cycles. Experiences 
can demonstrate that we can not avoid the 
decrease in the matrix solidity but we can 
prepare for such sand production. If we know 
the changes emerging in the rock solidity 
during the gas storage operations can help us 
in adopting the appropriate actions. One of the 
sand production forecasting methods is that 
we pursue sufficient number of the injection 
and withdrawal processes using the rock core 
and simulating the reservoir conditions, i.e. we 
make gas flowing though the rock core with 
adequate velocity, then we reserve the flow 

direction and the gas flows backwards. During 
injection, we increase and during withdrawal 
we reduce the pressure in the pores, while we 
maintain the rock load pressure constant. We 
implemented the said series of measurements 
15, and in some samples 50 times, using the 
same core. 

We performed the following actions as part of 
our R+D activities:  

•	 We	prepared	the	analysis	method	
specifically designed for injection and 
withdrawal cycles. 

•	 We	planned	and	prepared	the	equipment	
applicable for modelling of injection and 
withdrawal cycles. 

•	 We	performed	sand	production	tests	
using rock samples from wells SzGT-4 
and SzGT-19, 120-180 bar pressure rate, 
250 bar rock load, 93 °C temperature. 

•	 We	analysed	the	measurement	results	
gained from this modelling. 

Measuring equipment and operations 

The measuring equipment was designed and 
prepared for the said specific measurements 
and it contained the following main units: 

•	 Rock	core	holding	cell	with	the	Hassler		
holder 

•	 Thermostat	
•	 High-pressure	storage	tanks	
•	 Electric	valves	
•	 Measuring	and	control	units	equipped	

with instruments 
•	 Computer	signal	processing	and	display	

unit. 

Figure 1 presents the schematic drawing of the 
equipment. 

The drilled rock core is placed in the core holding 
cell marked as ’CE’ in the Hassler holder. The 
pump marked as ’MP’ ensures the relevant 
mantel pressure required for the measurements. 
The high-pressure compressor, marked as ’HPC’ 
supplies the air with pressure higher than needed 
for the measurements, thus the adequate buffer 
by filling up the ’GT1’ tank. The reductor marked 
as ’HPR’ can adjust the air pressure for the 
measurements in tank marked as ’GT2’. Tank 
’GT3’ is modelling the storage facility. The flow 
direction can be set up with the magnetic valves 
marked as ’SV2, SV3’, and for the withdrawal 
process with ’SV4, SV5’. The flow regulation 
valve marked as ’FC2’ can maintain the exact 
flowrate required for the modelling. 
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Pressure depression can also be measured 
on the rock core, in addition to injection and 
withdrawal pressure. We set the pressure 
rates for the test between 120-180 bar so 
that modelling of injection and withdrawal can 
also be performed by setting the flowrate. A 
programmable control unit (PLC) is responsible 
for controlling the equipment (operation of 
magnetic valves, measurements, regulation) and 
it can also secure the configuration of operations. 
Data of the PLC are transferred to the computer 
through a communication interface, which is 

also connected to the network, thus remote 
access for measurements is secured through the 
internet surface, with adequate security. 

Figure 2 presents the surface displaying the 
man-machine connection for the measurement. 
The display surface presents the operating 
status of valves, values of the measured 
parameters (pressure, pressure differential, 
flowrate), and actual modelling section and 
the modelling cycle number, in addition to the 
complete hydraulic structure. 

Figure 1. Schematic drawing of the rock core analysing equipment 

Figure 2. Display surface for rock stability analysis
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Results of measurements
 
In the first step of the measurements we set 
the pressure rate according to the storage 
facility pressure (120 bar) in the entire system. 
Mantel pressure had to be set in line with 
the rising temperature, i.e. around 250 bar. 
Following stabilisation of the test values the 
automatic measurement started, first with 180 
bar (injection cycle), then reducing pressure to 
120 bar (withdrawal). We set the flow velocity 
for the measurements 5 nl/min and 10 nl/
min. The number of measurement cycles was 
with each rock core 15, but we also made 50 
cycle measurements with certain rock cores. 
The automatic measuring system permanently 
captured the results, thus they were analysed 
partly during and partly following the said 
measurements, in off-line mode. 

Photographs were also taken on every rock 
core before and after the measurements. As we 
measured the weight of the rock cores before 
and after the modelling, so we could capture 
information regarding the weight loss. 

Figure 3 presents a chart displaying together 
the pressure, pressure differential required for 
permeability calculations, mantel pressure and 
the flow velocity, which are very important for 
the performing the measurement. 

As the automatic measuring system 
permanently measures the pressure differential, 
the permeability figure can be continuously 
calculated using the following formulae:

[1]

[2]

[3]

Based on the measurement results we can 
display the relationship between the pressure 
values and the cycles, thus we can get 
answer to the question how the solidity and 
permeability of the rock cores change. Figure 
4 presents an example for a 3D display of the 
pressure differential in function of the inlet 
pressure.
 
As the 3D diagram presents the pressure 
difference does not change during the cycles, 
i.e. the rock core is not damaged during the 
several injection and withdrawal cycles. Results 
of the 50-cycle analysis are similar, i.e. the 
cycle number had no impact onto the rock 
stability. 

Conclusion

An automatic measurement equipment was 
prepared for analysing the rock cores and 
during the measurements it could prove that 
serial analysis of the drilled rock cores is 
efficient, and it can be interpreted in due time 
as a result of the objective documentation and 
the results can be structured into a database. 
The presented system and the measurements 
described as example can clearly demonstrate 

k[D]=
v[cm/s]·m[cP]·l[cm]

      dp[bar]

v[cm/s]=     
4000·q[ln/min]

      60·p[bar]·d[cm]2·π

90°C-on: m= 0,0218 cP

Figure 3. Presentation of measurement results 
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that the method can be applied on long 
term and we could develop an intelligent 
measurement system that provides effective 
support to reservoir engineering operations in 
the storage facility. 
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Abstract

In spite of abundant quantity of 
literature, the petrophysical modeling 
of reservoirs with intergranular 
porosity is not a simple task.
The porosity is determined by 
the volume of pores, while the 
movement of fluids (eg. permeability) 
is determined by the pore throats. 
The movable (recoverable) fluids 
are behind the larger pore throats 
and the bound fluids are behind 
the smaller ones. The pore throats 
can be characterized by the 
mercury injection capillary pressure 
measurements. The mercury injection 
capillary pressure curves can be 
approximated by compound lognormal 
distribution functions. The macro- and 
microporosity can be separated on 
the base of the density functions. The 
correlation between the macroporosity 
and permeability is much higher 
than the usual “total” porosity vs. 
permeability function. The separation 
of macro- and microporosity was made 
for Badenian limestones, sandstones 
and Lower Pannonian sandstones. 
The samples can be classified on the 
base of connection between macro/
microporosity vs. total porosity. The 
porosity vs. permeability regression 
lines for the different rock types are 
parallel with each other, so a multiplier 
can be determined by them.

The reservoir compartmentalization 
(rock type classifying) can be 
performed by joint evaluation of 
different scales of information 
(3D seismics, well test and log 
interpretation, core measurements).
This type of modeling was made for 
a Badenian limestone reservoir and a 
new model is under construction for 
Badenian sandstone reservoirs. The 
static model of the Badenian limestone 
reservoir was easily and quickly 
upscaled into a dynamic one without 
any further difficulties and it was also 
proved in case of new development 
wells.

Összefoglalás

Makro- és mikroporozitás – újabb lépés 
a rezervoárgeológiai modellezésben
A szemcseközi porozitású tárolók mo-
dellezése – a bôséges irodalom ellené-
re – továbbra sem egyszerû feladat.
A porozitást a pórusok térfogata, a 
fluidumok mozgását (az áteresztô-
képességet) a pórustorkok mére-
te határozza meg. A mozgásképes 
(kitermelhetô) fluidumok a nagyobb 
pórustorok méretekhez, a kötöttek a 
kisebbekhez tartoznak. A póru storkok 
mérete a higanyos kapil lá ris nyomás-
görbékkel jellemez hetô. A higanyos 
kapilláris nyomás görbék összetett 
lognormális elosz lással közelíthetôek. 
A makro- és mikroporozitás a sû -
rûségfüggvények alapján különíthetô 
el. A makroporozitás és az áteresztô-
képesség közötti összefüggés sok-
kal szorosabb, mint az általánosan 
használt porozitás-permeabilitás 
függvények esetében. A mak-
ro- és mikroporozitás elkülönítését 
bádeni mészkövek, homokkövek és 
alsópannóniai homokkövek esetére 
is elvégeztem. A homokkô mintákat 
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a makro- és mikroporozitásnak a tel-
jes porozitáshoz való viszonyításá-
val lehetett osztályozni. A különbözô 
kôzettípusokra vonatkozó porozitás-
áteresztôképesség összefüggések 
regressziós egyenesei párhuzamosak, 
közöttük csak egy szorzótényezôben 
van különbség.
A tároló felosztásához (a kôzetípusok 
meghatározásához) a változatos mé-
rettartományhoz tartozó információkat 
(3D szeizmika, kapacitásmérések és 
lyukgeofizikai szelvények értelmezése, 
magminták kôzetfizikai mérései) együt-
tesen használtam fel.
Ezt a módszert azután már sikerrel 
alkalmaztuk egy bádeni mészkô táro-
lóra és folyamatban van egy hasonló 
korú homokkô összlet modellezése is. 
A bádeni mészkôre elkészített statikus 
modellt könnyen és gyorsan, továb-
bi peremfeltételek felállítása nélkül 
dinamikus modellé lehetett alakítani. 
Az eredményeket az utóbb lemélyített 
termelôfúrások is igazolták.

Introduction

In his classical work, ARCHIE, G.E.(1950) 
outlined the fundamentals of rock-type 
classification. According to him, any porous 
network is related to its host rock fabric, 
therefore petrophysical parameters, such as 
porosity (Φ), permeability (k) and saturation (S) 
are controlled by pore sizes, distribution, and 
interconnection for any given “type of rock”. 
The goal of reservoir characterization is to 
predict the spatial distribution of petrophysical 
parameters at a field scale. “The relations 
between rock characteristics should be thought 

of as trends. Actually, these may be expressed 
by mathematical formulae”. “However, the 
formulae can not be applied in a rigid manner 
(…). It must be kept in mind that appreciable 
deviations from the average trend may occur”.

It has been found that (TINKER, S. W.(2003)) 
in the ‘50s “development (or production) 
geology” was largely a one-dimensional (1-D) 
wellbore process. Development geologists 
largely served to support the engineers and 
helped to identify “good sands” based on 
spontaneous potential and resistivity logs from 
which to perforate. In the early ‘80s, when the 
EOR processes required the true volumetric 
reservoir understanding, development geology 
became known as reservoir geology, though 
reservoir work was still carried out using paper 
logs, seismic sections and hand-drawn maps. 
In the late ‘80s and ‘90s – with the explosion of 
computer technology – rock, log, seismic and 
production data began to be fully integrated into 
digital reservoir models, visualized in color and 
animated in 3-D space. At this time the term 
“flow units” (EBANKS, W.J. Jr[1987]) was 
introduced that means reservoirs function as 
volumes so the 3-D models were being scaled 
up and used in fluid flow simulation.

The pore space controls the amount of 
porosity 

The effective porosity has a great importance in 
considering the suitability of rocks as reservoir, 
but it lacks of a single or straightforward 
definition. The reservoir rocks are composed 
of two components, the solids (grains, matrix 
and cement) and the pore voids (pore space 
and pore throat). Based on ESLINGER, E. – 
PEVEAR, D.(1988) and KENNAIRD, T.(2006) 

Figure 1. Comparison of core, log and effective porosity deffinitions
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Fig.1 illustrates the core and log derivations of 
sandstone porosity and infers some different 
definitions of effective porosity.

According to JUHASZ, I.’s(1988) practical 
opinion: it does not matter how porosity is 
called – the important issue whether logs are 
calibrated to a parameter which is directly 
measured and accurate. In our practice porosity 
is interpreted from well logs and calibrated to 
core measurements.

In MOL Core Analysis Laboratory for 
conventional (routine) core analysis plugs of 
1” diameter are drilled from the core samples, 
then the plugs are cleaned (methanol, etc.). 
The temperature of drying after the plugging 
and cleaning does not exceed 105 oC (usually 
at 95 oC). The porosity is determined by the 
method of resaturation of the pore space 
with kerosene. This means that the calculated 
porosity contains the large and small pores, 
the micropores and maybe some part of the 
clay bound water, but it does not contain the 
isolated pore space. 

The pore throat network controls the 
amount of permeability

While the porosity can be interpreted fairly 
accurately from well logs, permeability can 
be measured only on cores and by well tests. 
In MOL laboratory the liquid permeability of 
both horizontal and vertical plugs is measured 
with kerosene. Nowadays the plugs are first 
measured by the air and extrapolated to infinite 
pressure (Klinkenberg permeability), but these 
data are missing from older samples. So in 
order to use common base for examinations, 
the liquid permeability measurements were 
applied.

Estimating permeability from well logs would be 
valuable where cores are unavailable. The two 
types of permeability prediction on the uncored 
intervals are empirical and theoretical ones. 
The first type is based on empirical correlations 
of permeability to well logs. The theoretical 
approaches are based on mathematical models 
of simplified porous systems (e.g. a bundle 
of capillary tubes, equivalent channel, grain 
size). These models usually contain adjustable 
variables that are difficult to get from laboratory 
measurements. The summary of these methods 
can be found in BÄCHLE, G.’s(1998) diploma 
thesis and in WU, T.’s(2004) dissertation. On 
the whole it is true that the larger the passages 

between pores, the higher the permeability 
values, that is highly weighted by the larger 
pore throats.

The capillary pressure curves and the 
pore throat distribution

The bundle of tube model describes the 
complex pore system with the help of the 
measurement of the capillary pressure in a 
simplistic way. As WASHBURN, E.W.(1921) 
first suggested, the pore aperture (pore throat 
size) distribution can be estimated from the 
mercury injection curves. Assuming the flow 
channels in the porous core sample may be 
represented by a bundle of straight capillary 
tubes in parallel, with the spaces between the 
tubes sealed by a cementing material and the 
WASHBURN equation can be expressed as 

Pc = -2σ cos Θ /r

where  
Pc = capillary pressure, 
σ = interfacial tension of air-mercury system, 
Θ = air-mercury-solid contact angle; and 
r = radius of aperture for a cylindrical pore throat. 

So the next figures show mercury saturation as 
the function of the pore throat radius and not of 
the capillary pressure.

In MOL laboratory the mercury injection into 
small samples is carried out with a Carlo Erba 
(Fisons) Mercury Porosimeter of 2000 WS type 
(and a Macropore Unit of 120 type belonging to 
it). The highest injection pressure applied with 
the mercury porosimeter is 1000 bar. So the 
result of this measurement is similar (maybe a 
bit lower) to the kerosene resaturation porosity.

These curves give only an apparent distribution 
(WARDLAW, N.C. – TAYLOR, R.P.[1976]) 
partly due to the fact that uneven mercury 
injection pressure steps were used at the time 
of measurement, so the cumulative function is 
defined only by points and not in an analytical 
way. Furthermore the incremental function is 
not a real density function. Upon handling the 
mercury injection capillary pressure (MICP) 
curves several techniques were introduced. 
Different points or cross-plots of the curves 
were used in order to characterize and/or sort 
the samples.

Fig. 2 shows the mercury injection capillary 
pressure curves (more than 300 samples) from 
the “A” Field (Lower Pannonian sandstone-
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siltstone-shale beds). As it can be seen, 
the classification of the samples would be a 
hopeless effort.

Figure 2. Mercury injection capillary pressure curves, “A” Field 

Figure 3. Porosity and permeability of different MICP samples

In Fig.3 the well-known problem of the 
contradiction among petrophysical parameters 
can be seen. However the two left-hand curves 
have very similar shape and permeability, 
there is ten percent difference between their 
porosities. At the same time the two curves 
in the middle have similar shape, but their 
porosities and permeabilities are very different. 
Finally the right-hand curves differ from each 
other regarding all the three parameters.

On the base of percolation theory ZINSZNER, 
B.(1986) tried to use the incremental curve 
(Fig.4) to determine a threshold and distinguish 
different parts of mercury injection capillary 
pressure curves. EL-SAYED, A.M.A. et 
al. (2006) used both the original mercury 
measurements and the incremental curves to 
distinguish the micro- and macroporosity for 
some facieses. On the one hand, as it was 
mentioned, the incremental curves are not real 
density functions, so their shape depends on 
the technical circumstances. On the other hand 
it is a too strict requirement to separate the 
samples at an exact pore throat size.

 

Figure 4. Incremental curve of different MICP samples

The capillary pressure curves can be 
described as functions

In the fundamental book of STEINER F.(1990) 
different distribution families (so called 
supermodels) are defined, based on the most 
frequent value theory. The general formula 
of the density function of the lognormal 
supermodel is

As it is impossible to find an antiderivative 
which is an elementary function, we have to 
use numerical integration for approximating 
distribution function. During this approximation 
the shape of the function depends on the 
“p” type parameter and the “T” and “S” 
parameters are calculated automatically.

Figure 5. Approximated density functions by parts of Fig.3 MICP 
curves

In order to approximate mercury injection ca-
pil lary pressure curves, they have to be parti-
tioned them by modes of incremental cur ves. 
Fig. 5 shows the partitioned curves that can 
be described with functions of very dif ferent 
type of kurtosis and skewness. During the 
approximation making a change in “p” also 
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results in a change in the shape of the function 
and the process is controlled by the quadratic 
difference. The approximations are verified 
by Smirnoff-, Kolmogoroff- and χ2-probes. 
After fitting the divided parts were joined to a 
compound lognormal distribution (Fig.6). 

Figure 6. Approximated distribution functions of Fig.3 MICP curves

Macro- and microporosity in 
sandstone-siltstone-shale systems

The derivatives of the distribution functions (the 
density functions) can be multiplied with the 
porosity of the samples. Fig.7 describes the 
amount of porosity as the function of the pore 
throat size. Let us consider the first modes 
(left hand part) as microporosity and the other 
modes (one or two modes in the right hand 
part) as macroporosity. The border between 
the two porosity types is not a well defined or 
accurate size, it is somewhere in the interval of 
tenth μm-s.

Describing the macro- and microporosity as the 
function of total mercury porosity it can be seen 
that different groups are separated (Fig.8A). 
The best samples have high macroporosity 
and 2-4 % microporosity. The worst samples 
are characterized by only 0-2 % macroporosity 
and by high content of microporosity. The third 
group consists of mixed amount of micro- and 

macroporosity. Separating the micro- and 
macroporosity a very clear classification of the 
same samples can be made which you can see 
in Fig.2.

Figure 8A. Macro- and microporosity vs. total porosity, Field A

Despite of the much lower porosity, very similar 
grouping can be seen in case of the Badenian 
sandstone-siltstone-shale system (more than 
800 samples) of Field B (Fig.8B).

Figure 8B. Macro- and microporosity vs. total porosity, Field B

The third investigated reservoir (Field C) 
developed in Badenian limestone from a reef 
environment. The mercury capillary pressure 
curves (more than 300 samples) can be 
approximated by lognormal functions, too. 
Three types of curves were among them, with 
one, two and three mode(s), respectively. But 
in this case there is not such a good possibility 
to group the samples (Fig.8C).

Figure 7. The amount of porosity vs. pore throat size for Fig.3 
samples
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Correlation between porosity and 
permeability 

As it was mentioned, the pore throat size 
influences permeability considerably, so 
the connection between macroporosity and 
permeability is close. Good evidence for that 
can be seen in Fig.9A and Fig.9B. On the 
macroporosity vs. permeability cross-plots the 
regression lines of type1 and type3 samples 
practically coincide with each other in both 
fields.

Figure 9A. Macroporosity vs. permeability, Field A

 

Figure 9B. Macroporosity vs. permeability, Field B

Taken into account the influence of pore 
throat size on permeability, Fig.9C shows the 
porosity-permeability cross-plot by modes for 
the Badenian limestone. It can be seen that the 
permeability of unimodal samples is lover than 
1*10-3μm2, even if the porosity is higher than 
20%. If the sample has second or third modes, 
the permeability is higher with order(s) of 
magnitude (while the porosity of that mode can 
be fairly low).

Figure 9C. Porosity by modes vs. permeability, Field C

Unfortunately separating macroporosity (or 
determining the porosity by modes) can only 
be done by mercury injection capillary pressure 
curves. But the core measurements are 
generally very few and give scarce data for 
the reservoir modeling. On the other hand the 
log-based interpretations provide us continuous 
information only about the “total” porosity.

Figure 8C. Macro- and microporosity vs. total porosity, Field C
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Returning to the “total” porosity-permeability 
cross-plots interesting phenomena can be 
found. The regression lines move away from 
each other and they are more or less parallel 
(Fig.10A and 10B). This parallelism is also valid 
for the unimodal and polymodal samples of the 
Badenien limestone (Fig.10C). Permeability is in 
logarithmic scale, so the parallel moving means 
that there is a multiplier between the lines.

Figure 10A. Total mercury porosity vs. permeability, Field A

 

Figure 10B. Total mercury porosity vs. permeability, Field B

 

Figure 10C. Total mercury porosity vs. permeability, Field C

Case study for Field C

The 3D reservoir modeling requires determining 
and/or calculating the base reservoir properties 
(e.g. rock type, porosity, permeability, 
saturation) for every cells of the grid. A 3D 
seismic was acquired in this field, which was 
very useful to get more accurate structural 
and tectonical settings. The attribute analysis 
of the seismic data can be used for extending 
the parameter pattern to the space, matching 
them with the well data. The continuous 
porosity data can be originated from well logs. 
The saturation values can also be calculated 
from logs, but the deep infiltration zone and 
in this case the depletion of the reservoir 
may disturb the measurement, so another 
method has to be found to evaluate the original 
conditions. Regarding to the permeability there 
are two sources of data. One of them is core 
measurements which are only concerned with 
some cm3 of the rock. The other one, well test 
interpretation provides permeability values 
through the tested intervals from a bigger 
volume of the reservoir (even thousands of m3). 
Previous studies emphasized the contradiction 
between the permeability values derived from 
cores and testings.

The modeling based on the log porosity 
measurements which were calibrated to core 
data, was given by every ten centimeters. For 
estimating the permeability (Fig.11) the total 
mercury porosity vs. permeability cross-plot 
(red line on the Fig.10C) was used. Then the 
permeability-capacity was calculated for the 
tested intervals. Comparing that value with the 
measured permeability-capacity during testing, 
a “C” parameter could be calculated:
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Determining that type of “C” for every wells, the 
estimated permeabilities could be transformed 
to the calculated ones, which were built into 
the model. Putting these “C” parameters on 
the map, the values mirrored the shape of the 
different parts of the reef. The bigger numbers 
belong to the core and the smaller ones to the 
flanks. The determination of rock types were 
based on the permeability because the fluid flow 
is regulated by that parameter. In this case the 
six rock types belongs to the log permeability 
intervals (-2 to 4).

For every rock units the concerning water 
saturation functions could be determined 
(Fig.12) which were built into the model, too.

Figure 12. Water saturation by rock types above FWL, Field C

Conclusions

The mercury injection capillary pressure curves 
can be approximated by compound lognormal 
distribution functions. On the base of these 
functions the macro- and microporosity can be 
isolated and stricter porosity vs. permeability 
correlation can be attained. Making consistent 
the information of different scale (from plugs of 
cores to 3D seismic), a more accurate static 
model could be reached for Field C, where 
the natural gas accumulated in a Badenian 
limestone reservoir. After upscaling the dynamic 
model was initialized and the simulation was 
executed without any other presumption. Since 
then the model was also proved in case of new 
development wells.

Nowadays a new model is under construction 
for Field B, which developed in Badenian 
sandstone-siltstone-shale sediments.
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Abstract

In our paper, a description is provided 
of the relationship between mechanical 
availability and best maintenance 
practice at Refining. Reliability 
assessments are used to highlight 
the development opportunities of 
maintenance that can be leveraged 
to achieve the 98% mechanical 
availability defined in the MOL strategy. 
Professional action programs are also 
taken into account which contribute to 
achieving the objectives set forth within 
the strategy. These, amongst others, 
include the development of an optimal 
“maintenance mix”, the collection 
of equipment reliability data, the 
presentation of reliability calculations 
on the PSA unit, error tree analysis, and 
the asset policy. It has been determined 
that the reliability of the selected PSA 
technological unit (that is the reliability 
% to which error free operation is 
ensured during the assumed period in 
time) is a very low value. The practical 
implementation of the action programs 
recommended may result in increased 
reliability and availability, which can 
only be achieved by the efficient sharing 
of information and knowledge between 
stakeholder areas.

Összefoglalás

Megbízhatóság fejlesztése a MOL Nyrt. 
Finomításnál 
Cikkünkben ismertetjük, a Finomítás-
nál a mechanikai rendelkezésre állás 
és a legjobb karbantartási gyakorlat 
kapcsolatát. Megbízhatósági elemzése-
ken keresztül rámutatunk a karbantar-
tás fejlôdési lehetôségeire, amelyekkel 
a MOL stratégiájában meghatározott 
98%-os mechanikai rendelkezésre állás 
elérhetôvé válik. Azokat a szakmai 
akcióprogramokat is számba vesszük, 
amelyek hozzájárulnak a stratégiá-
ban kitûzött célok eléréséhez, többek 
között az optimális „karbantartási 
mix” kialakítása, berendezés megbíz-
hatósági adatok gyûjtése és a meg-
bízhatóság számítások bemutatása a 
PSA egységen, hibafa elemzés, eszköz 
politika. Megállapítottuk, hogy a ki-
választott PSA technológiai egység 
megbízhatósága (vagyis a feltételezett 
idôintervallum alatt hány %-os megbíz-
hatósággal biztosítják a meghibásodás 
nélküli üzemelést) nagyon alacsony 
érték. Az általunk javasolt akcióprogra-
mok gyakorlati megvalósítása biztosít-
hatja a megbízhatóság és rendelkezés-
re állás növekedését, amelyet csak az 
érintett szakterületek közötti hatékony 
információ és tudás megosztásával 
lehet elérni.

Introduction

“We choose to go to the moon in this decade 
and do the other things not because they are 
easy, but because they are hard, because that 
goal will serve to organize and measure the 
best of our energies and skills, because that 
challenge is one that we are willing to accept, 
one we are unwilling to postpone...”,  said John 
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F. Kennedy in 1961 when launching one of the 
greatest enterprises in the history of the USA, 
the Apollo program.

Achieving a high level of mechanical availability 
[1] set forth within the maintenance strategy 
regarding Refining and performing relevant 
stabilizations while efficiently managing 
costs represents an equally great 
challenge.

The aim of this paper is to provide 
a description of the relationship 
between mechanical availability and 
best maintenance practice at Refining. 
Reliability analyses serve the purpose of 
highlighting development opportunities 
that may make it possible to achieve 
these objectives. 

Availability analysis at Refining

As illustrated by our Maintenance strategy, 
ensuring the availability of plants and optimizing 
the budget available are important objectives 
for the Refining organization. Figure 1 provides 
an illustration of the mechanical availability 
calculated by Solomon (Solomon Associates, 
a technical and economic consulting company) 
as a function of unadjusted maintenance 
costs. The company places the best Refineries 
into the flat quarter seen on the chart, where 
those applying best maintenance practice are 
characterized by a high degree of availability 
as well as low costs. The red arrows indicate 
the part that Refining HU has played during the 
past decade. It is apparent that from a position 
of high costs and relatively high availability in 
2002, we have moved in the direction of best 
practice in 2004. Following 2004, this favorable 

trend has moved away from 97.1%, and our 
availability dropped to 95.1% by 2006. 
Maintenance costs have not changed 

significantly since 2004. However, mechanical 
availability has in spite of this dropped. Based 
on the current state of affairs, the best 
maintenance practice could be achieved if the 
optimal “maintenance mix” [2] was applied at 
current cost levels or below in order to achieve 
higher availability. 

Figure 2. Optimal maintenance mix

The implementation of this requires a change in 
the maintenance and operation culture, which 
includes organizational reforms, strengthened 
ownership awareness, decreased production 
losses, centralization of and focus on 
professionalism.

The following contains those professional action 
programs which contribute to achieving the 
objective set forth within the strategy.

Development of optimal “maintenance 
mix”

It is advisable to apply maintenance processes 
so as to establish a mix of failure repair, time 
based, usage based, condition monitoring 
based, risk and reliability based maintenance. In 
addition to acceptable risk, this should take into 
account the costs that can maximize mechanical 
availability (see Figure 3). According to “best 
practice”, 90 to 95% of all maintenance work 
is predictive and preventive, and only 5 to 
10% is comprised of corrective maintenance. 
(Please note that this is naturally profession 
specific, depends on the composition of assets, 
expected availability, technology, etc.)

The most frequently applied maintenance 
processes are as follows:

•	 Redesign  
Identification of the causes triggering the 
failure, development of possible repair 
approaches, review of current situation 
and possible repair.

Figure 1. Changes in mechanical availability at Refining
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•	 Time Based Maintenance (TBM) 
Specification of Mean Time Before 
Replacement (MTBR), development of 
part and component replacement plan.

•	 Condition Based Maintenance (CBM) 
Specification of measurement method for 
part and component state assessment, 
specification of condition deterioration 
level prior to replacement, development of 
part/component replacement plan.

•	 Usage Based Maintenance (UBM) 
Specification of cycles required prior 
to replacement, monitoring of cycle 
numbers, development of replacement 
plan for parts and components.

•	 Break Down Maintenance (BDM) 
Review of minimum/maximum level, 
re-order of BDM parts, definition of 
parts stock for frequent replacements, 
development of plan for part/component 
replacement.

Gathering of equipment reliability data

It is in the best interest of the management 
of Refining to ensure availability on the 
highest level possible in order to provide for 

productivity and avoid losses while 
maintaining asset functions. In order 
to achieve this, the data of failures 
occurring during operation must be 
gathered and prioritized appropriately 
[3]. Asset level data sources are 
the Refining Information Systems 
(Hungarian acronym: FIR), static and 
rotary machine, control technology 
expert and diagnostic systems, as 
well as SAP PM (see Figure 4). In the 
current mode of operation, only the 
original cause of plant shutdowns are 
investigated. However, the specification 
of shortfalls based on reliability data is 
necessary. This presumes a forward 
looking approach.

The possibilities of using reliability 
data gathered during operation cover 

a wide range. The time and technical content 
of renewals can be defined more accurately, 
maintenance methods and benchmarking 
systems fine tuned. Another important area 
of the data generated during the analysis of 
information gathered is decision preparation in 
critical situations, reducing HSE (Health, Safety, 
Environment) risks. In the case of investments 
and development, the data gathered during 
operation and appropriately analyzed also plays 
a key role. The database and assessment 
system, if established with due care, makes 
it possible to integrate the data of complete 
industrial areas and even segments, thereby 
gaining a wider range of data.

Data gathering is a time consuming and costly 
process, and in addition requires consistent 
circumspection during the complete lifecycle of 
the equipment, which is not always a popular 
task amongst staff. However, based on best 
maintenance practice, it is apparent that the 
time and additional costs invested will more 
than yield appropriate returns during future 
operation and maintenance activities. This 
results in increased profits on the operation and 
decreased costs on the maintenance side.

Reliability data of selected equipment

This section describes failures 
characteristic of the Duna Refinery 
Hydrogen Production PSA (PSA = 
Pressure Swing Adsorption, a process 
to break industrial gases down into 
homogeneous gases using adsorbents) 
plants, conditions statistics, and the 
conclusions derived from these. Based 

Figure 3. Process of selecting maintenance processes

Figure 4. Levels of gathering equipment reliability data



49

MOL Scientific Magazine

Development2009/1

on the analysis of reliability data, a group of 
equipment was selected for performing detailed 
reliability calculations.

Failure frequency of PSAs

As seen on Figure 5, PSA malfunctions are 
divided between the two plants – together with 
the hydrogen produced. Starting with 2005, 
failures have also become persistent in F DHG2 
(Hydrogen Production Plant 2) [4].

An investigation of malfunctions reveals that 
malfunctions occurring at the PSA primarily 
cause processing losses and reduced work-in 
at partner plants:

The following is a brief review of the key prob-
lems faced during PSA malfunctions:

•	 Due	to	a	valve	failure	in	a	PSA	unit,	
the quantity of hydrogen produced 
drops, the pressure becomes unstable, 
leading to lost production primarily in F 
DGK3 (Diesel Desulphurization Plant 3) 
responsible for the production of diesel 
blending component K7. 

•	 Component	K7	comprises	nearly	90%	
of diesel engine fuel. In critical cases, 
such as when a PSA malfunction is 
accompanied by a reformer furnace 
outage, hydrogen production stops 
completely. However, the steam 
generated by the reformer furnace 
may present a problem at the F DDCU 
(Delayed Coker Unit, which processes 
vacuum residue in order to increase white 
products’ yield of the refinery) plant, 
which is one of the major consumers of 
the steam produced here.

•	 The	other	key	plant	that	the	hydrogen	
plant has a direct effect on is the F DHDS 
(HDS plant) plant, which has an impact on 

approximately 50% of petrol production 
via the F DFCC (FCC plant, Fluid Catalytic 
Cracker, creates more valuable fuels from 
heavier condensates using a catalyst) plant.

As seen on Figure 4, while the number of mal-
functions moves between 10 and 20 on an an-
nual level, losses show a decreasing trend from 
one year to the next. This is due to quick and 
efficient reaction on behalf of the operators.

Specification of the reliability and 
availability of equipment

The availability of equipment can be 
best measured using MTBF (Mean Time 
Between Failure). The average time 
elapsed between consecutive repairs 
is called MTTR (Mean Time To Repair). 
Following this, availability calculation is 
performed for the F DGH2 PSA unit. 
Figure 6 shows the relationship between 
operating and repair times. Operating 
time was taken into account from the 
time of commissioning.

Figure 6. Average times between two failures and repair

The specification of the reliability of a position 
requires an analysis of the relationship between 
components in the position examined. Reliability 
of the position in case of components with a se-
rial connection (see Figure 7):

Figure 7. Components with a serial connection

Figure 5: PSA failures of hydrogen production plants and the ratio of 
those with lost production.
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Reliability of the position in case of components 
with a parallel connection (see Figure 8):

 
 

Figure 8. Components with a parallel connection

Specification of the reliability of the 
PSA plant section

The reliability of the system depends on the 
failure ratio (λ) observed during a specific period 
of operation of components (adsorber towers). 
Reliability calculations have been performed 
for all (10) adsorbers of the F DHG2 plant 
during the period examined (2005 to 2007) 
[5]. Calculations yielded the following results 
without intermediate results when performed 
according to the formulas below for operating 
periods of a week, a month, and a year:

The reliability of a component can be calculated 
as follows:

Where “λ” a is the failure ratio and “t” is the 
period examined.

The specification of the reliability of a position 
requires an analysis of the relationship between 
components in the position examined. PSA 
adsorbers are linked with a serial connection, 
and therefore the reliability of the system must 
be calculated using the following formula:

Based on an operational period of 1 week, the 
reliability is:

%.

Based on an operational period of 1 month, the 
reliability of the system is:

%.

Based on an operational period of 1 year, the 
reliability of the system is:

%.

It is apparent that the reliability of the selected 
technological unit (that is the reliability % to 
which error free operation is ensured during the 
assumed period in time) is a very low value. The 
probability of at least one malfunction occurring 
once a year on the F DHG2 operational PSA 
is zero, and furthermore a malfunction must be 
expected at least once each month. Calculations 
regretfully correspond to the figures derived 
from experience. As a higher amount of more 
accurate data is available, availability of units can 
be specified more precisely.

Failure tree analysis

The actual causes behind inappropriate 
reliability specified in the section above have 
been investigated using a failure tree analysis. 
During the analysis, the potentials for failure of 
components that led to the given incident were 
gradually revealed. The failure tree is depicted 
as a tree graph. Failure tree analysis makes it 
possible to:

•	 quickly	specify	original	failures,
•	 identify	all	failures	and	combinations	of	

failures leading to the main incident, as 
well as their causes;

•	 highlight	key	critical	incidents	and/or	
chains of incidents;

•	 document	failure	mechanisms	in	a	clear	
and transparent manner.

The baseline state is a system the sate of which 
is described using the main incident. The failure 
tree model is used to identify the component 
failure which has led to the state of the system 
as it is. In line with the above, Figure 9 illustrates 
an analysis of the outage of one of the adsorber 
towers of the F DHG2 plant PSA system. The 
top of the failure tree contains incidents that 
require a specification of root causes, and the 
bottom contains the causes which have been 
proven to be the root causes. In this case, 
deficient design and a lack of asset policy have 
caused the regular outage of the adsorber tower.
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Asset policy

In this section, a method is presented for 
establishing an asset policy, one of the root 
causes uncovered during the failure tree 
analysis.

The aim of the asset policy is to achieve 
optimum balance (optimal maintenance mix) 
between corrective, preventive, and predictive 
maintenance, which is used to achieve the 
business objectives defined in terms of cost, 
availability, and HSE performance with a 
combination of risk analysis and professional 
skills achieved by the specific description of an 
equipment. 

The asset policy (see Table 1) contains the 
following for the given equipment or equipment 
group:

•	 equipment	specific	information	(type,	
criticality, disconnectibility, etc.)

•	 business	drivers	(availability,	time	of	plan	-
ned shutdowns, quality requirements, etc.)

•	 failure	mechanisms	and	their	risks	(parts	
with most probable failure, identification of 
failure mechanism, consequences, risks, 
etc.)

•	 mitigation	measures	(maintenance	
strategy, follow-up risk, etc.)

The application of usage based maintenance 
has been prescribed in the asset policy created 
for the PSA valve, that is the valve seats must 
be replaced when a specific number of open/
close cycles has been reached.

Figure 9. Failure tree analysis of an adsorber tower of the F DHG2 plant PSA system

Table 1. PSA valve asset policy
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Conclusion

The roundtable (see Image 1) represents 
brotherhood between the knights, commitment 
to similar affairs, equality around the table, 
ability and willingness to share wisdom and best 
practice. The round table represents the tasks 
of participants which have been shaped into a 
mission, and reinforces it. 

Similarly to the spirit of the round table, incre-
ased reliability can only be ensured by an effi-
cient sharing of information and knowledge 
between stakeholder areas. In order to raise 
the commitment to reliability to a higher level, 
requirements in addition to financial and moral 
recognition of experts include the practical 
application of methods demonstrated in 
the paper, the correct attitude, and in close 
relationship with this, a change in working culture.

Image 1. Knights of the round table (Morte D'Arthur, Malory, 1460)

The primary purpose of this paper was to 
provide an overview of the strategic methods 
of maintenance and to present procedures 
using which reliability can be quantified and 
measured. Furthermore, it has drawn attention 
to the fact that Solomon Q1 can only be 
achieved regarding mechanical availability and 
maintenance costs if procedures related to 
increased reliability are applied.

This paper presented a calculation of the 
reliability of PSA equipment connected serially. 
Typical failures of this type of equipment were 
described. The following is recommended in 
order to increase mechanical availability:
1. Preparation of the SAP system to receive 

the asset policy (measurement of repeated 
maintenance, measurement of maintenance 
times, creation of technical database, and 
continuous change monitoring),

2. Consistent gathering, assessment, and 
feedback of reliability data,

3. Accurate population of technical databases,
4. introduction of MTBF, MTTR, reliability, and 

availability calculation for critical groups of 
assets,

5. Introduction of asset policy for individual 
machines an machine types as well as 
equipment,

6. Increased ratio of predictive and pre ventive 
maintenance to an optimal level as opposed 
to corrective maintenance,

7. A Total Cost of Ownership (TCO) approach 
must be implemented which spans the 
complete lifecycle as opposed to local 
optimums formerly existing for development, 
investment, operation, and maintenance,

8. Higher level utilization and integration of 
condition monitoring systems,

9. The SSC (Single Service Company 
performing maintenance for Refining) 
must be made sensitive to reliability and 
availability.

It is advisable that the above also be extended 
to other members of MOL Group in order to 
achieve the highest level of availability and 
reliability possible. 

Those aiming for a successful and prolonged 
maintenance program must keep in mind that 
improvement and development is a “journey” 
as opposed to “arrival” or a “destination”.
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Abstract

This paper provides an overview of the 
past 3 years of the development of the 
SAP PM module functional location1 
structure, current development, and 
future opportunities in the field of 
Logistic maintenance. 
A description of the structure of the 
current functional database, as well as 
the opportunity to use the DMS system 
is provided. 
A description is provided of the 
structure of maintenance norms, 
the migration of planning and 
implementation data into the SAP 
system, the management of operational 
contingency stocks, and relationship 
with explosion proof documents.
An overview is provided regarding 
the development currently carried 
out in the industry in this field, 
future prospects, and how intelligent 
templates and 3D digital models can 
be applied for various maintenance 
purposes.

Összefoglalás

A Logisztika SAP PM mûszaki 
adatbázis struktúrájának fejlesztési 
lehetôségei 
A publikáció röviden áttekinti az SAP 
PM modul mûszaki hely struktúrájának 

elmúlt 3 éves fejlô dését, a jelenlegi fej-
lesztéseket és a jövôbeni lehetôségeket 
a Logisztika karbantartás területén. 
Bemutatásra kerül a jelenlegi mûszaki 
adatbázis felépítése, valamint a DMS 
rendszer használatának lehetôsége. 
Ismertetjük a karbantartási normák 
kialakításának felépítését, tervezési, 
kivitelezési adatok átvételét az SAP 
rendszerbe, az üzembiztonsági kész-
letek kezelését és az Rb-s dokumentu-
mokkal való kapcsolatát.
Áttekintést adunk a jelenleg az ipar ágban 
ezen a területen folyó fejlesztésekrôl, 
elképzelésekrôl, hogyan lehet intelligens 
sémákat, 3D-s digitális modelleket a kar-
bantartás különféle céljaira alkalmazni.

Introduction

The development of information technology 
systems was similar in all industries and 
all fields of activity. During the sixties and 
seventies, companies selected a hardware 
manufacturer together with the software 
development program language delivered by 
it, and started developing their own business 
application. At the start, companies focused 
on key well defined areas, such as accounting 
and finance. Later, they also started developing 
applications in more complex areas, such as 
production. Development was always performed 
using a previously selected hardware and 
programming language. Platform dependency 
(hardware & software) as well as continuous 
monitoring of standards represented a problem 
for development of this kind. A number of 
companies recognized the significance of 
developing a business software used by 
different companies, one that can be sold to 
several companies. Companies such as this 
included SAP AG2.

The idea of an ERP1 software arose during the 
seventies, aimed at creating computer solutions 
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for the integration and automation of business 
processes between various units of the 
company (finance, logistics, human resources). 
The fundamental idea was to reduce costs and 
increase efficiency in accessing and processing 
information. Several implementations of the 
idea were born during the eighties and nineties, 
following which enterprises started applying 
revolutionary new methods during their normal 
course of business. With the introduction of 
SAP R/3 during the nineties, SAP AG became 
a market leading provider of ERP solutions. [1]

During the few years following introduction, the 
number of R/3 users increased exponentially, 
with the number of customers exceeding 
20,000 in more than 100 countries. As a result, 
SAP AG strengthened sufficiently to believe 
that the development and sales of specific 
industrial solutions can also become quite 
lucrative.

Classic R/3 solutions are typically divided into 
three main functional groups: financial, human 
resource management, and logistics. Main 
groups are applying hundreds of business 
processes to comply with the demands set 
by modern business applications to the fullest 
extent possible.

Logistics is the field of SAP applications which 
is growing the most dynamically. This contains 
the largest number of modules. Countless 
business processes make production more 
flexible and a large amount of tools for support 
decisions. These are seamlessly integrated into 
with virtually all SAP applications. Main logistical 
modules are as follows:
LO: General Logistics
MM: Materials Management
PM: Plant Maintenance
PP: Production Planning
PS: Project System
QM: Quality Management
SD: Sales and Distribution
AM: Asset Management

The PM module is responsible for the overall 
maintenance of plant units. This module 
supports the management of problems 
when providing for operation, as well as the 
satisfaction of asset and purchasing demands. 
The module comprises an expandable 
information system which enables users to 
recognize weak points, and furthermore to plan 
maintenance preventively.

Story of the development of the functional 
location structure with the cooperation of 
Olajterv Ltd.

The PM module was introduced at the MOL 
Plc. RMD Logistics organization in 2003. As a 
result of testing and early use, several business 
specific enhancements were performed. Some 
of the master data, such as the functional 
location structure, was in its initial default state. 
Organizational changes and the support of 
management decisions called for a development 
of the structure. It also became important to 
keep record of the objects to be maintained, 
as well as the analysis and reporting of 
maintenance costs, and providing support for 
maintenance planning. 

In 2004, the Logistics Maintenance organization 
selected Olajterv Ltd. from a number of expert 
companies to perform the work, since this is 
where the most appropriate staff of experts 
is available.  The start of work was preceded 
by several discussions and the definition of 
the basic principles. The task at hand, which is 
currently being performed, can be broken down 
into three work phases. The first is the so-called 
field work, comprised of local surveys and the 
collection of data and information. The second 
was the organization of data into an appropriate 
IT structure, and the third the verification and 
loading of data.

Existing functional systems and the functional 
tools applied (e.g. control equipment, 
measurement equipment) are kept track of 
in the PM module related to the functional 
location and equipment. The functional 
location comprises a functional unit within 
the functional system, thereby mapping the 
location of functional tasks, while the equipment 
represents the object required for performing 
the task.

The structure was defined on six levels, 
the lowest levels of which is related to the 
equipment. The coding of functional locations 
is fixed, with a specific number of alphabetic or 
numeric characters with a separator character. 
Table 1 contains the coding of the structure and 
its theoretical layout.

The first three levels map actual functional 
locations, while the fourth to the sixths contain 
various groupings. Equipment is related to the 
last level.  The loading of the first equipment 
was performed in 2006.
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2003 – part of 
structure established 
during introduction

2006 – extended 
structure part

2007 – Finalization of 
current structure

FL, level one

FL, level two

FL, level three

FL, level four

FL, level five

FL, level six

Equipment

Typical data of 
equipment

Meaning: Business unit
Value, example: L – Logistics
Coding: one character, the letter “L”
Meaning: Organization / depot
Value, example: KOMA – Komárom Base 
Depot
Coding: four characters, alphabetic only
Meaning: Functionalities, facilities
Value, example: TA – Tanker truck loader
Coding: two characters, alphabetic only
Meaning: Main functional unit
Value, example: Loading bay 01 – 1
Coding: two characters, numeric only
Meaning: Functional breakdown, assignment 
of object code
Value, example: 001 – Engineering 
(object code L_G01)
Coding: three characters, numeric only
Meaning: Standardization of equipment, 
assignment of class code.
Value, example: 001 – Loading boom (class 
code L_G01)
Coding: three characters, numeric only
Meaning: Specific equipment according to 
level 5 and 6 according to object code and 
class code grouping.
Value, example: 31000001 – Tank housing 
(Techn. no.: 502, which must be unique on the 
given level 6)
Coding: serial number starting with 31000000
Meaning: Functional data of the given 
equipment. The classification code defines the 
data to be stored of each equipment.
Value, example: L_G02455 – TELJESITMENY 
[kW]
Coding: Start with “L”, typically followed by 6 
characters (1 alphabetic + 5 numeric)

Figure 1. Logical structure of the functional location database

Table 1. Coding and theoretical structure of functional locations
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The variety and large number of equipment called 
for this grouping, referred to as classification. This 
method makes it simple to manage equipment 
within the system. In practice, classification 
represents the assignment of equipment to 
an object and class. Objects are branches 
representing asset groups, to which classes are 
assigned. The relationship between objects and 
classes is one to many. There are currently 17 
objects and 225 classes used. Figure 1 provides 
an illustration of the database logical structure of 
functional locations. These are identified using 
fixed codes within the system.

The classification system of equipment 
was used on levels five and six during the 
implementation of the functional location 
structure. Objects are interpreted on the fifth 
level, and classification on the sixth level of the 
functional location structure.

Equipment receive an automatic serial 
number within the system, such as 31023856 
Centrifugal Pump.

One requirement was to display characteristic 
attributes of the equipment within the system. 
Attributes were assigned to the classes, 
identified by codes, and the data content 
(format, length, decimal) was specified in detail. 
185 attributes were defined within the system. 
Figure 2 provides a practical overview of the 
functional location structure.
 
The system currently contains more than 
24,000 functional locations and more than 

60,000 pieces of equipment. 550,000 attribute 
values are assigned to equipment. The 
development and maintenance of the structure 
is currently also underway. We are planning to 
display Operational Contingency Stocks within 
the structure as described in the chapter below.

Management of Operational 
Contingency Stocks in the functional 
location structure

The current development of the functional 
location structure offers further opportunities 
for rationalizing the values and number of 
Operational Contingency Stocks (ÜBK). There 
are no indicators that could be used to decide 
what the value of ÜBK stocks should be, but 
best practices exist to decide in a very well 
regulated form whether a part should become 
part of the ÜBK or not. 

During the development of the functional 
location structure, we will gain information that 
can be used to decide in a more simple and well 
founded manner whether a given part should be 
part of the stock due to participation in the safe 
product supply or service chain. 

Within the functional location, the plant receives 
a strategic classification in all cases, which has 
the aim to represent the significance within the 
product supply or service chain. This classification 
may be assigned one of three values: very 
important, important, or less important.

Figure 2. Practical structure of the functional location structure
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In addition to this, the functional location also 
receives a strategic classification depending on 
what shutdown or loss of capacity it represents 
if absent due to a failure. This common property 
of classifications will define whether the 
equipment itself is part of the stocking strategy 
of operational contingency stocks, that is 
whether parts need to be stocked for it.

Following the enhancement, it will be possible 
to display the ÜBK parts list for the equipment. 
In order to achieve this, an operational 
contingency material unit quantity list will be 
created for the relevant procurements of SAP 
MM, to be assigned to the article number 
of the part/material within the MM material 
management module. This enhancement yields 
further benefits by combining identical parts of 
identical equipment, and all parts stored in ÜBK 
appearing together. In case of a failure, we will 
know which parts are available for repair. 

The first step of development is to create 
the dataset and perform classifications. The 
volume of the work covers the classification of 
150 to 200 plants and 35 thousand pieces of 
equipment. During the second step, the dataset 
is verified an loaded.

As a result, the enhancement will yield 
economic benefits in the form of reducing 
committed resources. Another benefit worthy 
of note is that processes are simplified, and 
access to information is made easier.

Possible connection between explosion 
proof digital maps and the functional 
location infrastructure

Further opportunities are offered by the inter-
connection of the functional location structure and 
digital maps containing explosion proof zones. 
During the development and renewal of the 
facilities of the Logistics organization performed 
in recent years, digital implementation maps 
were created of the facilities. These maps have 
a uniform slide distribution and a specific legend 
depiction. Although the updating of the current 
set of maps is lagging behind to a certain extent 
due to the continuously implemented project, 
it is safe to state that we are in possession of 
a relatively reliable, functionally correct digital 
implementation map system which comprises all 
objects of Logistics.

The maps established have been created using 
a drawing technique and the AutoCAD program 

which contains special drawing blocks. Special 
drawing blocks are comprised of several 
parts. Objects are on one hand identified using 
symbols of the map legend, and on the other 
hand contain a unique identifier which provides 
connection to external databases. The maps 
contain all emission and ignition sources 
significant for the purpose of being explosion 
proof within the area of the facility, and their 
main parameters.

The functional location structure and related 
equipment are in essence identical to the 
emission and ignition sources on explosion proof 
maps. One common property of explosion proof 
maps and functional locations is that both identify 
the object physically located within the area of 
facilities, but approaches these from two separate 
perspectives. While the primary purpose of maps 
is to gain information regarding the physical 
locations of objects, the functional location and 
equipment structure created has the purpose 
of keeping record of the functional parameters 
of equipment and facilitating the performance 
of maintenance tasks. It seems advisable for all 
of the objects within the records of functional 
locations and the equipment structure to be also 
indicated on the digital implementation maps – in 
addition to the prescribed content of the design 
map – and to be identifiable.

In order to achieve this goal, the contents 
of digital implementation maps containing 
explosion proof objects already available and 
the data tables of emission and ignition sources 
must be supplemented by the unique ID of the 
equipment applied in the functional location 
and equipment structure. During the process, 
each component of the functional location 
and equipment structure must be taken in 
turn, and identified on the maps. The result of 
identification is stored in the dataset closely 
integrated with the maps by storing the ID in 
one of the columns.

In order to provide later cooperation with 
the SAP system, the current uniform system 
of slides and legends must be made even 
stricter in parallel with the updating of maps in 
their current state. It is very important for the 
implementation maps available to be up to date 
– with respect to continuous investments –, as 
this is the only way that seamless alignment 
with functional location structure data can be 
implemented. 

The unambiguous mapping of the existing digital 
implementation map and the functional location 
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structure, as well as equipment as objects 
automatically results in the possibility of visual 
depiction and indication on digital maps in the 
appropriate software environment.

DMS introduction

SAP is continuously developing software 
packages for special industries under the name 
SAP Solutions for Industries. The modules 
have a special cross-application (CA) subset, 
positioned between the functional and technical 
areas of the system. It covers areas such as 
the SAP Business Workflow, CAD integration, 
and DMS (Document Management System).
Management has recognized the opportunities 
inherent in DMS, and as a result, it was 
introduced in order to provide support for the 
following main three functional areas:

•	 Management	of	invoice	attachments	
describing the functional performance of 
maintenance activities

•	 Management	of	documentations	assigned	
to functional objects

•	 Display	of	price	quotes

In order to manage documentations belonging 
to functional location objects, Logistics has 
established a general base site infrastructure, 
regarding the components of which the 
document types to be attached have been 
specified. Based on this, Olajterv Ltd. has 
created the sample dataset of documents that 
can be loaded into the Szajol base site by the 
end of 2007. This makes it simple to publish 
and store documents related to specific objects 
within an easily accessed central system. 
It would be advisable to achieve that these 
documents replace hard copy based information 
storage in the future.

Definition of maintenance norms

Maintenance is defined as a repair or mainte-
nance activity serving the aim of continuous, 
uninterrupted, and safe operation of existing 
and used material assets, planned preventive 
maintenance, overhauls performed at larger 
inter vals but on a regular basis, which are to be 
performed in order to provide for proper use and 
which result in the correction of continuous wear 
and tear. The functional content and cycle time of 
maintenance is defined by the following factors: 

•	 official	requirements
•	 standards
•	 statutory	provisions

•	 manufacturing	prescriptions
•	 diagnostic	tests
•	 other	corporate	maintenance	provisions

The PM module provides countless 
opportunities to define the structure of a 
functional location, arrange equipment in a 
structure, process and store functional data 
entries in a data format during the organization 
and operation of maintenance activities.

With the unambiguous identification and 
collection of makes, types, and technical 
specifications essential for maintenance, 
OLAJTERV Ltd. has generated a database that 
can be used as a basis for the clear issuing of 
maintenance orders. 

The system indicates where equipment with 
identical type is in operation. The specification 
of related maintenance norms, maintenance 
prescriptions, and maintenance cycle times 
make it possible to organize regularly recurring 
(so-called cyclic) maintenance or overhaul 
activities. During development, the maintenance 
activity has been implemented on top of the 
existing functional location (FL) infrastructure. 
Level 7 of the FL structure has been 
supplemented with the following:

•	 Maintenance	code
•	 Cycle	time	of	regularly	recurring	

maintenance activities
•	 Maintenance	base	(in	some	cases,	a	

maintenance path station)
•	 Maintenance	location	(where	maintenance	

is performed)
•	 The	maintenance	organization	(based	on	a	

maintenance contract)

The following auxiliary databases were 
implemented for the management of 
maintenance norms and operation of the 
system:
 

Figure 3. Structure of maintenance codes
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FL structure: 

The Logistical level of the functional location 
structure contains equipment broken 
down by organizations, functional objects, 
subordinate units, main asset groups, and asset 
components, as well as the main technical 
specifications required for maintenance.
Maintenance code table: 

Connects the FL structure with maintenance 
norms and the cycle time. The dataset specifies 
the maintenance activity assigned to the given 
equipment, and the frequency at which the 
given maintenance activity is to be performed.

Maintenance norms: 

The periodic maintenance time demands 
have been defined by product groups and 
equipment types. The preliminary recording of 
norm times for regularly occurring maintenance 
activities makes it possible to plan ahead when 

determining costs. During the determination 
of norms, the following activities were taken 
into account for engineering, instrumental, and 
electric works:

•	 Checking	and	inspection	(this	activity	is	
fundamentally performed by the operator, 
but can also be performed by an external 
organization)

•	 Local	maintenance
•	 Overhaul	performed	in	workshop	(on	site)

Regarding the part of maintenance of a 
construction industry nature (e.g. paintjob), or in 
the case of landscape maintenance, the activity 
performed is related to a specific quantity. In 
these cases, the time values specified are related 
to units of measurement (e.g. h/m2, h/m, etc.).

Instruction code table: 

The instruction table contains the activities and 
workflows performed during maintenance by 
equipment types.

Figure 4. Relations between the tables
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Cycle time:

Figure 6. Cycle time

The specification of maintenance cycle times 
is not uniform, since it depends on the location 
of installation as well as the circumstances of 
operation to a significant extent. As a result, the 
cycle time has been mapped to the functional 
location, and treated as data which can be 
modified in line with the specifics of the location.

The system developed is capable of making the 
maintenance time demand expected by to be 
queried cycle time on the level of any functional 
location (1 to 6) and listed in an itemized form 
by equipment. The aggregation of these can 
even define the regularly repeating maintenance 
activity time on the level of Logistics, and 
thereby the work cost. 

Figure 5. Working instructions’ list

GATE (SLIDE) VALVES

On-site check and inspection of gate valves
On-site status survey, operating test

On-site maintenance of gate valves
The tasks to be performed on fittings with different 
structures are as follows:

1.  Setting, adjustment, replacement, greasing 
and repair of transmission/gear

2. Lubrication of gate valve body
3. Replacement of lubricating nipple
4. Lubrication of bearing box
5. Operating test (shutoff-release)

Type and pressure grade of fittings
Domestic and imported, from DN 50 size, 
in the PN 0.6 MPa – 35 MPa pressure range

Workshop maintenance of gate valves
The following mnadatory work steps need to be 
executed:

 1.  Disassembly (handwheel, fitting body break-
down, actuating spindle dismounting, seat 
removal, lubricating nipple dismounting, 
thread repair, bearing removal)

 2.  Cleaning (steam blasting, manual chemical 
wash and rinsing)

 3. Defect listing and recording
 4. Disassembly of valve faces
 5. Repair, seat and part replacement
 6.  Valve face repair (gate catch spring weld-

on, levelling, milling, grinding, machine 
metalworking)

 7. Stuffing box structural element replacement
 8. Gate valve spindle surface polishing
 9. Fitting body sealing replacement, sealant refill
 10. Gate spanner spring + cock replacement
 11. Guide plate replacement
 12. Gate valve spindle cap + bearing replacement
 13. Guide plate alignment
 14. Assembly, lubrication
 15. Operating test (shutoff-release)
 16. Hydraulical pressure test
 17.  Anti-corrosion protection (surface dressing, 

coating, painting)
 18. Documentation
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Figure 7. Assign cycle time to equipment

Transfer of planning/implementation 
data into the SAP system

The uploading of data (FL structure and equipment 
attributes) into the SAP PM system can be 
performed according to two methodologies:

•	 Assessment	of	existing	facilities	–	local	
walkthroughs, and the processing of 
existing functional and plan documents.  
Up until now, this was the basic method 
applied by Olajterv.

•	 Migration	of	data	related	to	
new facilities – conversion 
of planning databases, 
“intelligent designs”, and 
electronic documents into 
the appropriate SAP PM 
structures.

This latter methodology presents 
countless benefits to MOL, from 
amongst which the most important 
are:

•	 Up	to	date	starting	master	
data

•	 Databases	that	can	be	
procured / loaded quickly

•	 Complete	functional	
breakdown  
pertaining to the given 
investment

For these, MOL, as the customer may 
prescribe the interface structure to entre-
preneurs, and demand that it be completed and 
delivered from all of its partners. It is obvious
that more successful entrepreneurs will be the 

ones that are able to comply with standardized 
expectations in a cost efficient manner.

In the case of a specific piece of equipment, 
e.g. a centrifugal pump, the equipment data 
sheet (attributes of the equipment) can be 
gathered from various planning and purchasing 
databases:

Figure 8. The data sheet of an element

A further area of use may be the definition of 
starting spare part sets. In this case, the facility 
list and MTO (material list) of mass products 
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can be used to derive maintenance 
stocks automatically or at least semi-
automatically, based on the relevant 
system of rules pertaining to Operational 
Contingency Stocks (ÜBK) at MOL.

Use of intelligent templates

Logical connection designs have 
been generally used in petrochemical, 
chemical, and power plant practice for 
decades. These templates depict the 
components comprising plants and the 
relationships between components 
with symbols. Templates provide an 
overview of plant technologies that 
are in some cases quite complicated, 
the measurement data collection of 
equipment, and their operation. Template types 
used in the gas and oil industry by professions:

•	 Process	Flow	Diagram	(PFD)
•	 Engineering	Piping	and	Instrumentation	

Diagram (P&ID)
•	 Instrument	circle	template	drawings
•	 Heavy	current	connection	diagrams

Most computer assisted design systems have 
been equipped with a template design module 
since the ’80s. The most frequently used 
ones are AutoCAD based template designers 
(e.g. the CADPIPE PID module), and the most 
sophisticated solutions are offered by major 
Plant Design software development companies 
specialized for industry level requirements 
such as AVEVA [2], Intergraph [3], and 
Bentley. Autodesk, the developer of AutoCAD 
is currently developing and testing its own 
intelligent template designer and 3D operation 
planning program. [4]

Templates are not only documentations 
facilitating implementation. Completed plans 
are also used by the operating and maintenance 
organizations of facilities. The following figure 
provides a summary of typical areas of usage 
for each template type.

The maintenance organization uses the 
templates to unambiguously identify the 
technological and control technology system of 
connections of the equipment to be repaired/
reviewed.

Designs created using CAD tools may contain 
significantly more information than provided 
by an “electronic drawing board” which only 
contains drawing information. Standard code 

systems and structured databases may reside 
behind the graphics. Intelligent drawings 
created using various methodologies and a 
CAD program can be assigned to categories 
depending on the levels of “intelligence” 
implemented.

•	 Level	1:	All	objects	are	assigned	an	
unambiguous technological ID, a Tag 
Number. Drawings do not contain other 
character based information, but the 
IDs of components can be assigned to 
another external database.

•	 Level	2:	Objects	have	unambiguous	IDs	
and functional data (attributes) typical 
of the given component type. Attributes 
appear on the drawings, and can be listed 
in any breakdown. Attribute data is stored 
either in the drawing file (blocks and/
or layers), or in generally used relational 
databases (e.g. Oracle, MS Access)

•	 Level	3:	Object	data	is	stored	in	a	database.	
The selection of attributes related to various 
component types can be modified flexibly. 
The relationships between objects are also 
stored. Such template designs are in reality 
directed graphs.

If at least the unambiguous ID of components 
can be fully identified on the template drawing 
(technological ID, disposition number, etc.) – 
this corresponds to “intelligence level 1” –, it 
is possible to connect the drawings to external 
databases. The engineering template of the 
Pipeline Product Transmission (TTSZ) is a good 
example of this.

 In 2006, within the framework of a study 
project, Olajterv experts connected one 
engineering template of the TTSZ system to a 

Figure 9. Source: Intergraph SmartPlant P&ID Benefits for 
Engineering, Procurement and Construction contractors
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Functional Location structure implemented in 
the SAP PM module. Steps of the work:

•	 Importing	of	AutoCAD	drawings	into	the	
VNET Internet data publication system 
developed by AVEVA. (see next section 
of a brief description of VNET.)

•	 Conversion	of	the	FL	structure	into	XML	
format, and loading into VNET.

•	 Loading	of	equipment	data	(attributes)	in	
the SAP PM module.

•	 Creation	and	publication	of	references	
between data

Users can access the VNET system using 
Internet Explorer, analyze the graph (drawing) 
and the database content using an on-screen 
interface. In the specific case illustrated on 
the figure, ball valve 114 of functional location 
L-TTSZ-SP-04-001-003 (Székesfehérvár 
receiving station – Engineering – Fixture) has 
been selected on the drawing. The left side of 
the screen indicates the master data of this 
component stored in the SAP PM system. 

Benefits of the system:
•	 Bi-directional	associativity	between	

SAP master data and the objects of the 
technological template

•	 P&ID	can	be	used	to	directly	display	the	
data sheets of equipment/fixtures directly 
by selecting technological numbers

•	 The	relevant	drawings	are	located	
automatically for the components 
selected within the database

•	 Items	without	technological	numbers	
but listed at the time of taking a site 
data survey and  numbered by Olajterv 
performing the work can be identified

•	 In	case	of	later	modifications,	changes	
can be performed in the database (data 
sheet) based on the template.

If a 3D model is available, this can be the 
focus point of the graphical display. The 
reconstruction planning of the MOL DF 
Claus-4 plant was performed using PDMS. The 
opportunities offered by VNET were also tested 
in this case. The next figure illustrates how 
column T-1 in the model was connected to SAP 
PM attributes as well as parts of two different 
design documents.
 
The other example demonstrates the most 
complex method of value added use also 
storing the system of interconnections 
between components in the database (“level 3 
intelligence”). The template was created using 
the Intergraph Smart Plant PID program.
 
If the Piping and Instrumentation Design 
(PID) is created using an intelligent program 
with a database background, the accuracy of 
workflows is increased and the time invested 
is reduced in virtually all phases of design and 
implementation. One area of usage for PID 
drawings is the support of HAZOP analysis. In 
this case, the interaction between specific parts 
of the technology applied is investigated, with 
the main aim of eliminating operational risks and 
potential sources of errors.

Figure 10. VNET portal based on P&ID
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The HAZOP meeting is traditionally a series 
of discussions involving several stakeholders 
and spanning several days. The application 
developed by the English Hazid Technologies 
Ltd. [5] relies on the intelligent PID program by 
Intergraph to automatically generate HAZOP 
reports based on the integrated rule system. 
The meeting itself covers the review and 
approval of this completed material.

International outlook covering the most up to 
date solutions today

Leading companies developing Plant 
Design programs

•	 AVEVA	PDMS	(UK)
•	 Intergraph	PDS	/	SmartPlant	Family	(US)

Most large Western EPC companies are using 
one of these. In Hungary, Olajterv has been 
using these for design for more than 15 years. 
All new plant blocks of the Duna Refinery and 
Slovnaft created during the past 5-10 years 
have been designed with these programs. 
In INA, the design systems of AVEVA or 
Intergraph are also behind investments currently 
underway.

Figure 11. VNET portal based on 3D model

Figure 12. The output list of the Smart Plant Process Safety program. Source: Hazid Ltd presentation at the Intergraph conference
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The targeted fields for the applications of 
programs originally developed for design 
support only have been widened continuously:

Table 2. Design systems of major investments performed at member companies of the MOL Group
 

1970-1985:   Concentrated chiefly on complex design tasks

Since the 1990’s: Complemented by the support of complete EPC activities

Since 2000:  Objectives also include the delivery of information generated during  
   the implementation of EPC projects to Owners/Operators (O/O)
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Main fields of O/O support:
•	 Delivery	of	information	generated	during	

construction/assembly
•	 Delivery	of	data	required	for	operation
•	 Delivery	of	data	required	for	maintenance
•	 Connection	to	major	ERP	systems	of	the	

customer (primarily to SAP)

For example, the company Intergraph has 
created programs to provide support for the 
work of the following areas:

The program has a modular structure. Each 
module, the so-called “business packages”, 
provide modern IT support for the complete 
lifecycle of the facility and most tasks of 
operation/maintenance. A comparison 
of program features with the topics also 
described within this paper reveals the 
modules corresponding to current and 
planned enhancements of MOL Logistics and 
Maintenance. An incomplete list of this logical 
relationship is as follows:

Integration of the system with large corporate 
ERP systems is quite tight. In the majority of 
cases, the ERP system, SAP, and interfaces are 
comprised of the processes certified by SAP.

The use of a 3D model has become widespread 
at EPC companies with a serious background. 
This is also well illustrated by the example of 
Olajterv – 15 years ago, 3D facility modeling 
was specifically only used for designing highly 
complex chemical and petrochemical blocks. 

During recent years, 
a large amount of 
practice in the use of 
standardized PDMS 
has resulted in the 
cost efficient creation 
of compressor 
stations, remote line 
disconnectors, and 
lanker truck loader 
detailed designs 
based on a 3D 
electronic model. 
As a result, the 
3D model of new 
equipment can also 
help maintenance 
activities in the area 
of Logistics or any 
other areas of MOL. 

The next example illustrates one such area of 
use, that is how the functional database and 
the events occurring during its operation can be 
displayed at the same time using a 3D model of 
a pair of pumps in operation at a base site. This 
information supports maintenance planning, 
reliability analysis, as well as operation at the 
same time.
 

	 Business Package Topic managed by MOL Logistics

1.	 Plant	Breakdown		 Functional	Location	Structure
	 Structure	and	Tag		 level	7	equipment	ID
	 Management	 	 	
2.	 Engineering	Document		 Collection	of	functional	documents
	 Management	 of	sites	and	loading	into	SAP
3.	 Engineering	Assistant		 Maintenance	planning	–	
	 for	Maintenance	 creation	of	work	packages	in	SAP
4.	 Engineering	Assistant		 Process	Safety	Management
	 for	Safety	 features	(HOZOP	analysis)

 Figure 13. Source: SmartPlant Enterprise for Owner Operators – White paper
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Conclusion

The functional location structure of Logistics 
has undergone tremendous development 
compared to the state of introduction. This 
development is still underway currently. It 
covers the development of the initial 100 to 
200 functional locations into 550,000 typical 
values. Geographically, the database covers the 
complete Hungarian area of Logistics to a depth 
of equipment and related typical values. This 
development took 3 years of work on behalf of 
Logistics.

It is clearly apparent that maintenance must be 
performed on this database from time to time 
so that it can provide reliable support to our 
business processes.

It is important to recognize that these 3 
years were only sufficient for establishing 
the foundations. As it is well known, an 
implemented ERP system may evolve into a 
decision support system using relevant future 
enhancement, statistics, and reports based 
on these. The development trends listed in 
previous chapters that are in progress and/
or are potential development trends cannot be 
implemented without the 3 year data loading 
process.

The future possibilities of the enhancements 
outlined are sector and business specific 
solutions. This publication provides a wide 
overview of potential development trends from 
the rationalization of ÜBK stock to forward 
looking 3D modeling. 

Investment returns constitute important 
arguments in selecting the development to be 
implemented. However, it must not be forgotten 
that the returns of the development of a given 
system cannot be quantified in all cases, since 
decision support in many cases represents 
priceless value.

References

[1]  José A. Hernández, Jim Keogh, Franklin F. 
Martinez: SAP R/3 manual

[2]  AVEVA Group plc: www.aveva.com
[3] Intergraph Corporation: www.intergraph.com
[4] Autodesk Inc.: www.autodesk.com
[5] Hazid Technologies Ltd www.hazid.com

Revised by: Csaba Gyôrffy 

Figure 14. Source: SmartPlant Enterprise for Owner Operators – White paper



68
1MOL GROUP

2009/1Development

Production of bimodal 
polyethylene

Abstract

High density polyethylene (HDPE) 
with broad bimodal molecular weight 
distribution (MWD) is a material with 
continuously increasing popularity and 
consumption. The bimodal HDPE has 
replaced several conventional materials 
in blow moulding, film and extrusion 
applications due to its better mechanical 
properties. This material consists of 
relatively low molecular weight (LMW) 
fraction, which gives good processability, 
and high molecular weight (HMW) 
fraction, which guarantees excellent 
mechanical properties.
Bimodal resins are based on essentially 
the combination of two polymers, a high 
molecular weight (HMW) polymer and a 
low molecular weight (LMW) polymer.
Normally, these resins are produced 
using two polymerization reactors in 
series (LMW and HMW), each operated 
under separate process conditions. This 
process allows all of the comonomer to 
be incorporated into the high molecular 
weight fraction, where it is most needed 
to influence properties. The result of 
this technology is a substantial leap 
in physical properties at a given resin 
density.
Bimodal resin technology delivers a 
substantial improvement in critical blow 
moulding performance properties, to 
include:

•	 Increased	environmental	stress	
crack resistance (ESCR)

•	 Increased	top	load	resistance	for	
higher stacking requirements

•	 Ability	to	lightweight	containers	
while maintaining drop impact 
resistance

Ultimately, this range of improved 
performance equals longer duration 
and increased confidence that the 
product will maintain its integrity 
through even the most demanding 
environments.
As the largest CEE producer of polyethyl-
ene and polypropylene, the TVK-SPC pair, 
as the Petchem Division of Mol Group, 
are able to offer customers a wide range 
of polyolefin grades – LDPE, HDPE uni-
modal or bimodal, PP homo, random and 
impact copolymers – all of which clearly 
constitute a competitive advantage. In line 
with Mol Group Petchem strategy, meet-
ing customer requirements by providing 
a full service is a commercial approach 
designed to maintain customer loyalty.

Összefoglalás

Bimodális polietilén gyártása
A világ polietilén igénye hosszabb 
távon folyamatosan növekszik egy-
részt a gazdasági növekedésnek 
köszönhetôen, másrészt pedig a ha-
gyományos anyagok, mint például 
papír, üveg és fa fokozatos cseréje 
nyomán, valamint a PVC és más ma-
gasabb költségû polimerek rovására. 
A kereslet növekedésével párhuzamo-
san csökkennek a költségei az újabb 
polietilének kifejlesztéseinek, ami 
ismételten megerôsíti a növekedést. 
A polietilének iránti növekvô kereslet 
ezzel egy idôben növeli a modernebb, 
jobb minôségû anyagok kifejlesztésé-
nek szükségességét és az igényeket az 
elérhetô legkorszerûbb technológiai 
licenszek iránt. Ilyen anyagnak számít 
a széles molekulatömeg eloszlással 
(MWD) rendelkezô HDPE is, melynek 
alacsonyabb molekulatömegû frakciója 
a könnyebb feldolgozhatóságot segí-
ti, míg a magasabb molekulatömegû 
részek biztosítják a kiemelkedô fizikai 
tulajdonságokat.

Tibor Fekete (36)
Chemical engineer
TVK Plc., Petrochemistry, Production
HDPE product line manager
E-mail: feketet@tvk.hu
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Különféle eljárások vannak széles mole-
kulatömeg-eloszlású bimodális HDPE 
elôállítására: az egyik az ömledékfázis-
ban (extrudálás során) két eltérô polimer 
összekeverése, a másik a két sorbakap-
csolt reaktor, a harmadik az egy reaktor-
ban való gyártás kétkomponensû kevert 
(metallocénes) katalizátorral. Mindegyik 
eljárásnak vannak erôsségei a verseny-
képes árat, a termékszerkezetet és egyéb 
paramétereket illetôen.
HDPE gyártás tekintetében 4 vezetô tech-
nológia rendelkezik az összes gyártóka-
pacitás kb. 70 %-ával, azaz mintegy 20 
millió tonna éves termeléssel. A 4 vezetô 
technológia eljárásai a követezôk:

•	 Chevron	Phillips:	zagyfázisú	hurok	
reaktor

•	 Basell:	kevert	tankreaktor	
(HOSTALEN)

•	 Mitsui:	kevert	tankreaktor	(CX)
•	 Univation:	gázfázisú	(UNIPOL)

A Petrolkémiai Termelés két HDPE gyár ral 
rendelkezik. Az idôsebb, 22 éve termelô 
üzem Chevron Phillips technológia, míg 
az újabb, 2004-ben beüzemelt technoló-
gia Mitsui licensz szerint üzemel. Mindkét 
üzem névleges kapacitása 200.000 t/év.
A következô cikkben bemutatásra kerül-
nek a vezetô bimodális polietilént gyártó 
technológiák, valamint az általuk gyár-
tott termékek fôbb alkalmazási területei 
és elônyei.

The history of polyethylene production 
(PE)

The functional location structure of Logistics has 
undergone tremendous development compared 
to the state of introduction. This development is 
still underway currently. It covers the development 
of the initial 100 to 200 functional locations into 
550,000 typical values. Geographically, the 
database covers the complete Hungarian area 
of Logistics to a depth of equipment and related 
typical values. This development took 3 years of 
work on behalf of Logistics.

Polyolefins originated with the invention of 
low polyethylene (LDPE) in 1933, and its 
subsequent commercialization in 1938 using 
the ICI autoclave process. In the mid 1950s, 
the first catalytic low pressure polyolefins 
were produced following the award winning 
work of Karl Ziegler and Guido Natta. In 1953, 
Professor Karl Ziegler and his colleagues 

discovered and produced the first linear 
polyethylene chain in low temperature and 
low-pressure process by using a transition 
metal catalyst in conjunction with an organo-
aluminum as cocatalyst. The first discontinuous 
production plant was constructed in 1955 by 
using BC catalyst, the first Ziegler catalyst 
for the industrial production of polyethylene. 
Since then, process and catalyst technologies 
have evolved considerably. The step change 
in commercial low pressure polyethylene 
technology came with the development of 
the chromium catalysed Phillips loop process 
in the mid 1960s which led the production of 
HDPE. The commercialization of the phase 
process by Union Carbide Corporation heralded 
a decade of new technology developments 
throughout the 1970s, which saw the 
introduction of a number of solutions, slurry 
and gas phase process. In this period of rapid 
new developments, there were new bimodal 
technologies introductions, which resulted in 
improvement of existing technologies such 
as Basell’s HOSTALEN and Mitsui’s CX, 
high density process and in the 1990s, the 
introduction of competing new 6 bimodal 
technologies including Borealis BORSTAR 
and Basell SPHERILENE and Mitsui EVOLUE 
process as well as metallocene/single-site 
catalyst (for LLDPE production).

The Ziegler slurry technologies employ dual 
reactors (two in series) to produce a bimodal 
product. The control of branching (comonomer) 
distribution by modifying a catalyst is quite 
difficult, and while single-site catalysts can 
change the distribution dramatically, the 
technology to produce fully functional bimodal 
resin from a single reactor has just recently 
been commercialized. High performance 
polymers require a resin with very few branches 
in the lower molecular weight fractions and 
high concentration in higher molecular weight 
fractions. Thus, sequential polymerization is 
employed to control comonomer distribution, 
which is important for resin grades such as pipe 
applications that require excellent environmental 
stress crack resistance (ESCR). For this 
reason, the so called Ziegler slurry HDPE 
processes remain a class of dedicated HDPE 
processes that serve a high value end-use 
market not fully served by the swing plants.

Historically, the polyethylene slurry process 
based on a loop reactor was developed and 
dedicated to the production of MDPE and 
HDPE resins with densities at 0.938 g/cc and 
above. As such, these processes dominated 
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globally, especially with respect to quality and 
performance of broad MWD resins for blow 
moulding and pipe applications. The process is 
also known for its high quality medium MWD 
film resins. From a technical perspective, the 
principal process advantage is its reactor 
control and efficiency owing to the liquid filled 
loop reactor with high flow circulation velocities 
and heat transfer, giving excellent reactor 
stability and rapid product transition times.
The continuous improvement of the catalytic 
low-pressure slurry process leads into the 
manufacturing of HDPE with bimodal molecular 
weight distribution.

Depending on product needs, the Ziegler slurry  
processes are able to run different set-ups of the 
two reactors, depending on the product needs. 
For unimodal HDPE, the reactors are operated 
in parallel, for bimodal HDPE they are operated 
in series (cascade). Both modes can achieve the 
same capacity and can be switched from one 
to the other in a short transition time. There is a 
third method to produce so-called ‘quasi bimodal’ 
product grades , when the different properties 
slurries are mixed before drying and pelletising 
(e.g. CX process) or using the different powder 

grades melted simultaneously in the extruder 
(e.g. Chevron Phillips process) as a so-called 
‘hot melt’ product.

The extrusion technology has also developed 
accordingly, optimising homogenisation 
performance for bimodal product requirements. 
To improve the product quality and increase the 
mechanical properties of film, blow moulding 
and pipe HDPE resin, the extrusion process 
was developed continuously and, at the end of 
the 1980s resulted in the installation of the first 
modern extrusion line with gear pump.

Major PE technologies and the bimodal 
improvements

The focus of the Technology Assessment 
section is on the Ziegler slurry, slurry loop, 
gas phase, and solution processes that are 
well-established, commercially practiced 
technologies for the production of HDPE resin 
and are generally available for license. The 
recent developments, background, and process 
description for each technology are covered in 
this section.

A discussion of the latest developments for 
the various technologies is presented in this 
section:

•			Ziegler	Slurry	Processes	(dedicated	
HDPE) – There were four principal Ziegler 
slurry technologies available for license: 
LyondellBasell (Hostalen and Equistar-
Maruzen), Mitsui Chemical (CX), and 
Nippon Nisseki. The processes are able 
to produce a full range of HDPE products 
including unimodal material by operating the 
two reactors under similar conditions or in a 
parallel mode. These technologies are also 
suitable for the production of single-site-
based HDPE, MDPE, and LLDPE and are in 
a semi-commercial stage of development by 
some of the technology holders.

Figure 1. Ziegler slurry  process

Figure 2. Dedicated HDPE technology competition by process type
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•			Slurry	Loop	Processes	(dedicated	HDPE	
and swing LLDPE/HDPE) – The dominant 
slurry loop process is the Chevron Phillips 
technology. A number of other producers, 
including Equistar, Showa Denko, and Solvay 
(now INEOS through Innovene and BP), 
developed and operated slurry loop-based 
HDPE processes, both unimodal and staged 
reactor bimodal, but had not actively licensed 
them. However, the Solvay loop slurry 
process has recently been made available for 
license through INEOS as the INNOVENE 
S process. Also, Borealis developed its 
BORSTAR polyethylene process that is a 
hybrid of slurry loop and fluidized gas phase 
reactor technology but is no longer available 
for license. 

•			Gas	Phase	Processes	(dedicated	HDPE	
and swing LLDPE/HDPE) – The gas phase 
process has dominated plant capacity 
additions since its development over 
thirty years ago. It offers the capability of 
producing both LLDPE and HDPE resins. 

 

The slurry loop and Ziegler slurry processes 
continue to dominate HDPE production, 
accounting for 65 percent of installed capacity 
in 2007, as shown in Figure 5. Gas phase 

plants that produce predominantly HDPE, 
account for an additional 28 percent of capacity.

A small number of technologies dominate 
the HDPE market, as shown in Figure 6. Four 
technologies (Chevron Phillips, UNIPOL, Mitsui, 
and Hostalen) accounted for almost 70 percent 
of installed capacity in 2007. With the addition 
of three more technologies (INNOVENE G, 
INNOVENE S, and Equistar-Maruzen), 83 
percent of global capacity is accounted for.

While the Ziegler slurry process is capable of 
producing a full range of high quality HDPE 
resins, the high value resins that they are 
oriented towards are the high molecular weight 
(HMW) film, pipe, large part blow moulding, 
and fiber end-use applications based on their 
capability to produce resins with a bimodal 

Figue 3. Hostalen process

Figure 4. Univation process

Figure 5. Installed HDPE capacity by process in 2007

 Figure 6. Installed HDPE capacity by technology in 2007
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molecular weight distribution (MWD). Where 
bimodal distribution resins are not required, 
one of the reactors can be bypassed or the two 
reactors operated in parallel. Note that this dual 
reactor configuration is practiced not only by 
the CSTR (continue stirred tank reactor) slurry 
process, but also liquid loop, gas phase, and 
solution reactors in series to produce medium 
MW bimodal resin. Another advantage of the 
CSTR Ziegler slurry processes continues to 
be their ability to produce very high molecular 
weight (MI down to 0.025) bimodal resins.

The Ziegler slurry processes allow the selective 
incorporation of comonomers into the high-
molecular weight phase and an extreme splitting 
of the two reaction stages, which assure 
the customer the melt flow rate (MFR) to be 
tailored to the needs of its requirements. All 
HDPE grades ranging from low molecular mass 
injection moulding products to high molecular 
mass film, pipe, and blow moulding grades 
can be produced with molecular mass related 
densities between 0.940-0.965 g/cm3.

One of the main advantages of the bimodal 
product is the easy operability with a broad 
range of HDPE resins for all HDPE applications.
The optimised balance of properties for 
a grade can be achieved by selecting the 
suitable process conditions in polymerisation 
(temperature, pressure, blend ratio, H2/C2 ratio, 

comonomer ratio, etc.). This gives the licensee 
opportunities to follow the market requirements 
and challenges in the future.

Mol Group’s Petchem Division operates two 
HDPE plants, both of which are on site of 
TVK Plc, each of them have 200 kt/y nominal 
capacity. The older technology, licensed by 
Chevron Phillips, started in 1986. The other 
plant was commissioned in 2004 and running 
under the licence of Mitsui CX process.

The future challenge to the dual reactor HDPE 
technologies, where the molecular weights of 
the resins produced in the two reactors are 
controlled by use of very low and very high 
concentrations of hydrogen and comonomers 
in the separate reactors, is the potential to 
produce equivalent resins in a single reactor 
using a mixed catalyst system.

HDPE market and its applications

Global demand for polyethylene (PE) has grown 
quickly over many decades. There are three 
major reasons for this: 

•	 As	a	well-established	plastic	resin	with	
a broad application range, PE usage has 
grown in line with the overall economy.

•	 During	their	transition	phase,	developing	
countries typically experience rapid 
growth in per capita PE consumption.

•	 There	is	huge	untapped	technical	potential	
in PE resins, which continues to extend 
their usage into market segments of 
traditional materials like glass, wood, 
paper and metal.

The HDPE global capacity was 31.4 million tons 
per year in 2005. Over the forecast period, 
capacity is forecast to grow at an average of 
5.5 percent year, including speculative capacity 
that will be required to account for supply and 
demand issues. The HDPE production capacity 
profile will change significantly over the forecast 

period. North America and 
Western Europe are forecast 
to lose share in the global 
market, while Asia Pacific and 
Middle East will increase their 
shares. The market for bimodal 
HDPE is expected to grow by 
approximately 6 million tons 
between 2005 and 2015. Nearly 
50 % of the growth in HDPE will 
require bimodal products.

Figure 7. Mitsui CX process

Figure 8. Scheme of bimodal MWD
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Main general applications of the 
bimodal HDPE grades

Currently, most commercial bimodal polyethylene 
is produced in multiple reactor configurations, 
particularly dual reactor processes, which 
are optimal for the tailoring of resin structure. 
There is an increasing trend to bimodal product, 
where the combination of better processability 
without the loss of mechanical strength, permits 
downgauging, a reduction product profile or 
thickness. A major development thrust for 
HDPE has been into bimodal grades for high 
performance film, pressure pipe, and to a lesser 
extent blow moulding applications.

The properties of PE are primarily determined 
by density, molecular weight and molecular 
weight distribution.

With increasing density (higher crystallinity), the 
following properties also increase:

•	 yield	stress	(tensile	strength)
•	 elastic	modulus	(rigidity)
•	 hardness
•	 solvent	resistance
•	 impermeability	to	gases	and	vapours

Increasing molecular weight gives rise to higher:
•	 impact	strength
•	 notched	impact	strength
•	 tensile	strength
•	 elongation	at	break
•	 stress	cracking	resistance

For unimodal HDPE with increasing density 
the impact strength, transparency and stress 
cracking resistance will decrease. The 
mechanical properties of bimodal grades are 
significantly improved as compared to the 
unimodal ones, e.g. the relation between 
stiffness and stress crack resistance.

PE molecules are branched. The degree of 
branching in the molecular chains and the length 
of the side chains has an important effect on 
the properties of polyethylene. The HDPE 
grades produced in the process have a low 
degree of branching with only short side chains.

Outstanding resin and final part properties 
can be achieved with bimodal HDPE. The 
molecular mass distribution of such a grade 
shows two peaks, with the low molecular 
weight part mainly forming the crystalline, and 
the high molecular weight polyethylene mainly 
the amorphous part with high numbers of tie 
molecules per volume between the crystalline 
lamellae. If the comonomer (e.g. 1-butene or 
1-hexene) is mainly incorporated in the long 
chains, the bimodal material has a higher 
density than the unimodal HDPE.

Figure 10. Comparison of bimodal film grade with competitor’s grade

These intrinsic polymer alloys or reactor blends 
feature a very high stiffness combined with an 
unprecedented toughness because of the very 
efficient comonomer incorporation in the long 
chains. The level of stress cracking resistance 
increases by several orders of magnitude 
compared to the unimodal grades. Products can 
be developed jointly with the customers according 
to local market demands and requirements.

Film application

Films are getting thinner and thinner and it is 
very important that easy processability should be 
combined with excellent mechanical properties, 
which is a basic requirement nowadays. Owing 
to this, producers of packaging materials are 
always on the lookout for newer and newer 
raw materials and they use them extensively. 
Bimodal HDPE resins are widely used to 
produce thin, stiff and paper-like films. They 
have a very low melt flow rate (MFR), high 
average molecular mass, broad bimodal 
molecular mass distribution and nearly linear 
polymer chains with only a few short chain 

Figure 9. Global HDPE demand by end user, 2005
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branches. The HDPE film thickness is less than 
half of the LDPE film for the same application.

The HDPE resins are typically converted 
into thin films by the blowing process. After 
extruding the polymer melt through a ring die, 
the tube is stretched and blown up to form 
the film. Whereas inside the extruder shear 
properties are most important, behaviour under 
strain is crucial after passing the die.

To achieve high throughput and acceptable 
backpressure in the extruder, both shear 
viscosity and elasticity must be low under 
processing conditions. This favourable 
rheological profile can be achieved and tailored 
by the bimodal molecular design.

In addition to favourable mechanics, bimodal film 
resins offer converters processing advantages 
such as bubble stability or extreme downgauging. 
At higher pressures the throughput increases 
by appr. 20 %. At the same output level the 
machine pressure may be significantly reduced 
compared to unimodal film grades.

One of the characteristic mechanical film 
properties is the dart drop (DD) value. Although 
it depends on surface roughness and other 
parameters, the DD value indicates the optimal 
processing window in terms of blow-up ratio, 
throughput or neck length. Market-leader HDPE 
film grades are characterised by excellent 
bubble-stability, the drawability of films with a 
thickness below 6 µm combines with a low gel-
content (low fish eyes).

Blow moulding grade applications

The application of HDPE blow-moulding grades 
varies greatly from making small (0.1-0.5 litre) 
containers for packaging toiletries to 0.5-3.5 
litre bottles for household detergents, 5-25 
litre cans for distributing industrial chemicals, 
50-200 litre drums and big-sized (200-2,000 
litre) containers. Blow moulded products are 
increasingly used for technical applications. One 
of the best-known examples in this respect is 
the petrol tank of cars. Blow moulding grades 
have been successfully applied over decades 
from small bottles to jerry cans, drums and 
IBCs or heating oil storage tanks. In many 
dangerous goods packaging materials, bimodal 
grades were tested superior with respect 
to cold impact strength, ESCR or chemical 
resistance to filling agents.

General requirements for a suitable HPDE 
grade reflect the two principal steps of the 
blow-moulding process: parison extrusion and 
blowing/welding. The first step needs excellent 
processability under shear and stress as well 
as a high melt-strength; good extensibility and 
good ability to weld are important in the second.

In other applications, the molecular weight 
distribution (MWD) is a key element in tailoring 
blow-moulding grades. For smaller bottles it 
may be almost unimodal. However, for larger 
containers, a second mode – that can be related to 
a particular catalyst/co-catalyst system – is shown 
to be relevant. Systematic trials in a cascade 
operation lead to significant improvements in the 
stress cracking resistance measured by the full 
notch creep test (FNCT), whereas most of the 
other parameters can be kept almost unchanged.

For example in North America most HDPE 
blow moulding resins are based on unimodal 
(single reactor) process technologies and have 
performed well for many decades. However, 
the emergence of new applications with more 
severe operating requirements (lighter weight 
containers, improved environmental stress 
crack resistance, i.e. ESCR) have pushed 
the performance demands on blow moulding 
resins to new levels. Although today’s class 
of unimodal HDPE blow moulding resins 
generally perform very well in terms of top 
load, ESCR and drop impact strength, bimodal 
blow moulding resins represent a significant 
improvement in all of these properties.

Unimodal HDPE blow moulding resins are 
produced using one catalyst in one reactor. 
The result of this process is a polymer with a 
reasonably broad molecular weight distribution.
This broad range of polymer chain sizes 
includes both smaller molecules, which affect 
processability (e.g. extrusion flow rates) 
and much larger molecules, which influence 
physical properties such as top load strength, 
environmental stress crack resistance (e.g. 
ESCR) and drop impact strength.

Density (or crystallinity) is a critical attribute 
for PE blow moulding resins. For a given 
polyethylene material, reducing density 
improves many important physical properties 
related to ductility (or lack of brittleness), such 
as ESCR and impact strength.

Density is controlled by the incorporation of 
comonomers into the polymer at relatively 
small levels during polymerization. These 
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comonomers create short side chain branches, 
which act to disrupt the crystalline structure 
and lower density. However, this process is not 
completely efficient, because the comonomer 
preferentially goes into the smaller, lower 
molecular weight chains, which are less 
effective (than the longer polymer chains) at 
influencing physical properties.

Figure 11. Comonomer incorporation

This tendency for comonomer incorporation into 
shorter polymer chains limits the environmental 
stress crack resistance (ESCR) and drop 
impact properties for a unimodal resin at a given 
density. This limitation is particularly important 
for blow moulding, where top load strength 
(favoured by higher density) must be balanced 
with ESCR (favoured by lower density) and 
drop impact resistance.

There is an increasing market-demand for high 
molecular weight (HMW) raw materials, out of 
which cans and drums with high stiffness can 
be made. From among HDPE blow-moulding 
grades bimodal products are considered to be 
market leaders

Pipe application

Until the early 1990s the second-generation 
(PE 80) pipe grades were widely used for the 
production of gas- and drinking water pipes. TVK 
also produces pipe grades, which correspond 
to this category. Solvay was the first polyolefin 
producer in the world to develop and distribute 
bimodal, so-called third-generation (PE 100) pipe 
grades on the market at the end of the1980s. PE 
100 grades are characterised by higher pressure 
resistance and an excellent resistance to quick-
cracking. After Solvay, the other big polyolefin 
producers (Basell, Borealis, AtoFina) followed 
this trend and started marketing their own PE 100 
pipe grades. Today producers are concentrating 
on developing pipe grades which have an even 
higher (PE 120) pressure resistance than PE 100.

Figure 12. PE 100 pipe grade comparison

Bimodal grades are used extensively in pipe 
production as pipes produced out of them are 
characterised by better stiffness and they are 
also much tougher (better pressure resistance) 
than pipes extruded from PE 80 raw materials. 
In certain countries they intend to increase 
the maximum pressure allowed in gas-pipes 
extruded from PE 100 grades from 4-5 bar to 
10 bar. Pipes with a diameter of 1600 mm are 
also produced from PE 100 raw materials.

Pressure pipe producers are now pursuing the 
next pressure rating standard of PE125, with a 
number of producers well established in the PE 
100 category. For film, the same area of film can 
be made with fewer polymers, while for pressure 
pipes, reduced wall thickness reduces raw 
material requirements and makes more flexible 
pipe. However, conventional unimodal HDPE 
will maintain a significant market share. Bimodal 
HDPE is expected to maintain some price 
premium in the market, based upon a genuine 
performance advantage over unimodal material.

There are many opportunities to improve pipe 
performance by using bimodal PE100 instead 
of unimodal PE grades. PE 100 enables the 
minimum wall thickness possible which gives 
a greater internal diameter. The result is 
increased volumetric flow for the same outside 
diameter and a higher linear pipe output for the 
extruder. PE100 pipes are also used to replace 
conventional materials (such as ductile iron 
for gas distribution and concrete for water). 
Greater safety for gas and reduced water 
losses are key drivers for suppliers.

References
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Abstract

Primarily methanol is used all over 
the world for preventing the formation 
of hydrate plugs as it can hinder gas 
production, preparation, transmission 
and distribution. MOL has been 
applying methanol, as indispensable 
for trouble-free operations in MOL 
gas producing fields since the field 
development operations started. As a 
consequence of increasingly rigorous 
environmental protection regulations 
and in order to reduce operating costs 
we had to find a new solution for 
inhibiting the formation of gas hydrates. 
To this effect MOL Plc. Exploration and 
Production Division has launched a 
multi-year project aiming at the develop-
ment of an original gas hydrate inhibitor. 

Összefoglalás

Originális hidrátképzôdést gátló 
kinetikus inhibitor kifejlesztése K+F 
kísérleti fejlesztés bemutatása
A gáztermelést, elôkészítést, szál-
lítást, elosztást akadályozó hid-
rátdugók kialakulásának megaka-
dályozására a világon mindenütt 
elsôsorban a metanolt használják. A 
zavartalan üzemelés biztosításához 

nélkülözhetetlen a metanol alkal ma-
zása, így a MOL Nyrt. gáztermelô 
me zôiben a felhasználása egyidôs a 
mezôk termelésbe állításával. A szigo-
ro dó környezetvédelmi elôírások követ-
keztében, és a mûködtetési költ ségek 
csökkentése érdekében azonban új 
megoldást kell találni a gázhidrátok 
kialakulásának gátlására. 
Ennek érdekében a MOL Nyrt. Kutatás-
termelés Divíziója több éves projectet 
indított egy originális gázhidrát 
inhibitor kifejlesztésére.

Significance of gas hydrates 

(Figure 1.) Sir Humphry Davy, a British chemist 
discovered the crystal gas hydrates in 1810 
(see: Figure 1.), but the world became more 
interested in identifying its qualities and 
properties when production of the key energy 
carriers, i.e. crude oil and natural started. Its 
definition: gas hydrates are crystal materials 
with two or more components, where molecules 
of one component (water) form a structure 
containing relatively large cavities and molecules 
of the other components occupy such cavities. 
 

Árpád Vágó (54)
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MOL Group, US – Integrated Field Application 
– New Technologies and R&D 
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Béla Hrivnák (35)
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Development of kinetic 
inhibitor for original hydrate 
formation – presentation of R+D 
experimental development 

Figure 1. Photograph of gas hydrate separated in an experimental 
modelling unit
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Their general formulae:  
 M * nH2O ,  where: 
 M = hydrate generating molecule, 
 n ≥ 5,67 the number of water   
 molecules in the compound. 

Formation of crystal gas hydrate requires, 
in addition to the presence of the basic 
components, appropriate temperature and 
pressure conditions, which are already secured 
during the hydrocarbon production process 
and can fully accompany the total processing, 
transmission and distribution process. Hydrate 
crystals in solid state that are forming and 
agglomerating in the production can cause 
operational and safety problems, therefore we 
have to take actions to prevent its formation. 

Structural properties of gas hydrates 

Hydrates can be thus formed only in the 
presence of liquid water or ice in such a way 
that the water molecules tied to hydrogen form 
a so-called host lattice structure around one or 
more species of the guest molecules. There is 
a physical surrounding process going on but 
only with weak interaction between the host 
and guest components. The guest molecules 
are located in the host lattice cavities, and 
can be released from the cavity only under 
appropriate circumstances, i.e. when the host 
lattice is disintegrated. 

The water molecules are inter-connected in 
such a way that each molecule is approximately 
located in the central point of a tetrahedron 
comprising of four neighbouring water 
molecules, thus cavities with various sizes can 
be formed (0,168; 0,23; 0,26; 0,29 nm3). 

Among these the simplest is an ordinary penta-
gondodekahedron, which is then distorted and 
thus the next three structures are formed, then 
these structures are combined and form the 
other structures on a common plane. Oxygen 
atoms can be found at the peaks, while O - H ··· 
O hydrogen bridge bondages form the edges. 

Host lattices are formed by combination of units 
that are formed from a given number of water 
molecules and containing cavities with certain 
dimension. The options for the said combination 
are as it follows: 

•	 Combination	of	peaks	in	three	
dimensions. 

•	 Combination	of	planes	that	have	two	
common dimensions, and peaks in the 

third dimension. 
•	 Common	planes	in	three	dimensions.	
•	 Common	plane	and	peak	combinations.	

Based on the said interaction options gas 
hydrates have three basic types. Each of the 
three shows cubic elemental lattice structure. 

1. HI crystal lattice type: 
 This is a crystal lattice type characteristic for 

gas hydrates with relatively small mole cule, 
and it can be typically found in deep seas and 
in biogenic gases. The lattice constant of the 
unit cell that contains 46 water molecules 
is 1,2 nm. The two penta gondodekahedron 
cavities are ball-shaped, and 20 water 
molecules surround it at 0,42 nm distance 
from the central point of the cavity. 

Figure 2. The first hydrate crystal lattice type (HI) 

2. HII crystal lattice type: 
 This crystal lattice type can be primarily 

found in natural gas pipelines, where we can 
find, in addition to water, all the hydrocarbon 
gas molecules that are required for its 
formation (propane and/or butane). The unit 
cell contains 138 water molecules, and the 
lattice constant is approximately 1,73 nm. 

 

Figure 3. Second hydrate crystal type (HII) 
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3. sH crystal lattice type: 
 Until 1987 molecules larger than n-butane 

were supposed that they do not form 
hydrates or they form HII hydrate. 
Ripmeester discovered the sH hydrates, 
which are able to bond also large molecules 
(methyl cyclo-penthane, methyl cyclo-
hexane). This structure can include even 
molecules with larger diameters (<0,9 nm). 

The sH crystal lattice type can be found as a 
dual hydrate, because two guest molecules with 
different dimensions are needed for stabilising 
the new hydrate. Guest molecules with 
small dimension occupy the smaller cavities, 
while medium molecules occupy the large 
cavities. Most of the medium-size molecules 
are component of petroleum, therefore the 
emerging sH hydrates can be presumably found 
in natural or man-made crude oil storages. 
 

Figure 4. Third hydrate crystal lattice type (sH) 

Stability conditions of gas hydrates 

The following schematic diagram presents 
the heterogeneous phase balance conditions 
related to hydrate formation. 
 

Figure 5. Heterogeneous phase balance conditions related to 
hydrate formation 

Explanation of curves shown in the status 
diagram: 

•	 I		temperature	dependence	of	water-
saturated hydrate formation gas 
pressure

•	 II		hydrate	tension	curve	of	hydrate	at	T	>	
0 °C 

•	 II′  hydrate tension curve of hydrate at T < 
0 °C 

•	 III	melting	curve	of	hydrate	
•	 IV		a	decrease	of	water	freezing	point	due	

to effect of hydrate formation. 

As clearly demonstrated in the diagram, gas 
hydrate can exist only with p-T value pairs 
belonging to the area located left to curves II, 
II', III that meet at points marked with pk. The 
upper quadruple pk,1 can evolve, subject to 
the material quality of hydrate formation, at 
points where the tension of hydrate and hydrate 
formation are equal. If the pressure of the 
system is lower than the pressure that belongs 
to this point, then, due to effect of rising 
temperature, the newly formed gas hydrate will 
be decomposed to water and hydrate forming 
agent at the temperature that belongs to pk,1 
point. The molar spec conditions (primarily 
subject to material quality) will determine the 
angle of inclination for the hydrate melting curve 
based	on	the	non-uniformity	dT/dp<>0,	but	the	
evolving structure type also has effects onto 
this angle. 

The greater the stability, i.e. the higher the 
temperature when the hydrate tension reaches 
the atmospheric pressure or the lower the 
disassociated pressure belonging to 0°C, the 
higher the probability for hydrate formation is. 

In case the pressure and temperature 
parameters are satisfactory and the system 
contains also hydrate forming agent, in addition 
to water, hydrate formation process can begin. 
In the initial status there is no gas dissolved in 
the water. In this case the system contains only 
a few freely-moving water molecules and an 
association containing some water molecules. 
If gas is added, it gets dissolved into the water, 
and cluster formation begins. These clusters are 
instable both in structure and composition, and 
the formation is a very fast process. Elemental 
crystals generated through this process are 
agglomerated inter-connected through their 
planes. The emerging agglomerates are then 
behave as crystal clusters, and embrace 
new and new clusters or interconnected and 
continue growing. This growth leads to a 
situation, where the emerging hydrate crystal 
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becomes large enough as a result of several 
inter-connecting surfaces, and the gas hydrate 
starts a rapid growth process. 

If we turn the process back, we receive gas 
hydrates dissociation, where the large size 
hydrate crystals disintegrate and fall apart to 
instable structures. These clusters can remain 
in place until conditions of hydrate formation are 
ensured. However, if we change the conditions 
of pressure or temperature, the clusters are 
disintegrated and we reach the initial status 
of the formation process. As the described 
model (Figure 5.) clearly demonstrate there 
are always instable clusters evolving during the 
hydrate formation process, and mass formation 
of hydrates depends on the agglomeration 
opportunities of these clusters. Because we 
can not prevent the quick hydrate formation 
process following the agglomeration. 

Formation of gas hydrates and 
prevention of their formation 

Gas hydrates formation is a spontaneous 
process driven by effort for energy 
minimisation. The process is implemented 
through evolving water molecules structure. 
Once the structure is in place, it leads to 
growing entropy, and this increases the energy 
in the system. But the l / G interfacial free 
energy is high at the contact surface of the 
polar water micro phase and the apolar gas 
phase, and this will be specifically reduced 
by the evolving structure. Once the solid gas 
hydrate clusters are in place, the increasing 
energy content emerging at the S / G interfacial 
surface will further accelerate the process, 
which will then lead to aggregation, re-
structuring and crystal growth. 

So the driving force of hydrate formation is a 
process under the force of natural law, and 
we can face this only with another but more 
preferred natural law. 

Hydrate formation can be prevented by 
applying gas hydrate inhibitors, in addition to 
changes the phase balance. These inhibitors 
can be classified in three (3) groups, namely 
thermodynamic, kinetic and anti-agglomeration 
inhibitors.

In case of thermodynamic inhibitors (methanol, 
ethylene-glycol) the inhibitor enters into a 
strong interaction with the water, and thus 
it changes the thermodynamic balance 
of the gas/water system, and reduce the 
hydrate formation temperature. The degree 
of such reduction is subject to the inhibitor 
concentration in water. 

The kinetic inhibitors are in most cases 
polymers, and they have to be added to the 
system only in low concentration (<1 mass 
%). These compounds can increase the length 
of the separation period for the micro grains 
that are characteristic to the initial phase of 
the gas hydrate formation process, as they are 
absorbed on the gas hydrate surface. Their 
effects can be derived firstly from the spatial 
inhibition caused by the polymer chain, and, 
secondly, from inhibition of diffusion of gas 
molecules to the surface of crystals that take 
part in the crystal formation. Their affectivity 
ceases to exist together with the inhibition 
effect, as this is the time when a quick auto-
catalytic hydrate formation begins, and it leads 
to the agglomeration of hydrates. 

The anti-agglomerant inhibitors do not connect 
to the hydrate formation mechanism. They 
inhibit further growth of gas hydrate particles 
that are already formed in a way that they 
disperse the crystals already formed in the 

Figure 6. Gas hydrate formation mechanism 
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water/hydrocarbon system (and perhaps, 
decompose them to smaller size) and thus 
prevents their combination or merger, and their 
growth to a size enabling them to agglomerate 
and cause plugs in the system. 

Development of an original hydrate 
inhibitor 

Hungary is also using thermodynamic inhibitors 
for mitigating the hydrate risk in accordance 
with international practice. This application 
is simply indispensable for securing and 
maintaining trouble-free operations, so this 
inhibitor has been in use in production areas 
since the fields were developed, and we 
use approximately 10.000 ton per annum. 
This quantity is liquidated at the end of the 
technology processes together with the water 
associating production. 

The Mining Authority now involves the competent 
environmental authority into the licensing process 
of the Technical Operation Plan (TOP) pursuant to 
the relevant provisions of Law Decree 33/2000. 
(III.17.) and it issues its position paper setting 
out limits to the parameters of the reservoir 
waters that are liquidated, including inter alia the 
methyl alcohol content, and these limits may vary 
fields by fields. The authority simply rejected to 
issue license or permit for liquidating reservoir 
water with methanol content when new several 
production units applied for operating license. 
Therefore we had to identify a new solution to 
eliminate or mitigate the hydrate risk in order that 
produceability in the relevant reservoirs can be 
ensured. 

MOL Plc. Exploration and Production Division 
has launched a multi-year project aiming at 
the development of an original gas hydrate 
inhibitor in order to reduce high costs and to 
ensure full compliance with the environmental 
requirements. We have involved the Technical 
Research Institute of Chemical Sciences of 
Veszprém University of Chemical Sciences 
(MÜKKI) and Research Institute of Applied 
Chemistry of Miskolc University (AKKI) into the 
research and development activities. 

The following key conditions should be basically 
secured for the successful research leading 
to the development of a new marketable gas 
hydrate inhibitor: 

•	 Carefully	planned	research	strategy,	well-
prepared and selected working hypothesis 
and research direction.  

•	 Compounds	selected	fully	in	line	with	
application technology, environmental 
protection and financial considerations 
and aspects. 

•	 Test	system	that	supports	the	agent	
research. 

•	 Agent	qualification	and	development	
system. 

•	 Profitable	production	technology	and	
production capacity. 

Experimental test system 

The most essential elements of the research 
for original agent – let it be a medicine, 
pesticide, paint, corrosion inhibitor, etc. – is the 
appropriate test system. This is also applicable 
onto the research of original gas hydrate 
inhibitor. 

We synthesised several compounds and 
the fast tests were performed using the test 
equipment developed by experts of Pannon 
University MÜKKI. The measuring cell of the 
equipment is a pressure vessel with 100 cm3 
volume, and it is rotating at 45 degree angle 
in a thermostated water pool. There is a point 
of elevation on the bottom of the internal coat 
of the measuring cell, on which the steel ball 
located in the measuring cell jumps up and 
gives a characteristic bell-like sound. The sonic 
evaluation unit detects this sound, and this unit 
controls a time keeper device. When hydrate 
is formed in the measuring cell the movement 
of the steel ball, and, simultaneously the sound 
effect will cease, and the time keeper device 
stops and shows the time that elapsed from 
the measurement starting time, which can be 
deemed as „protection time”. This protection 
time is characteristic to the efficiency of the gas 
hydrate inhibitor in the given chemical structure 
under the given pressure, temperature and 
sample concentration parameters. 

The measurements qualifying the compounds 
pre-selected in the above mentioned test 
equipment were implemented in the modelling 
unit that can simulate the dynamic conditions 
and was developed by experts of Miskolc 
University AKKI. There was a gas cylinder 
built into the equipment and it played the role 
of the gas well, and the cylinder is loaded 
with the gas obtained from the relevant 
production area to be investigated, and the 
pressure rate is 80 – 100 bar. The gas is 
fed from the cylinder at a pressure set by 
the pressure regulator valve into a capillary 
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pipeline, which is in fact representing the 
in-field gas pipeline. The capillary pipeline is 
made of iron, internal diameter 2 mm and 
length 18 – 20 m. A monitoring cell was built 
into the capillary pipeline (nearly at 1/3rd 
length), so hydrate separation can be visually 
followed, and monitored and recorded with 
a camera. Reservoir water, field condensate 
and hydrate inhibitor can be fed into the raw 
gas flow (to be simulated) with the help of 
the pressure regulator valve and the pumps 
installed between the capillary pipelines. The 
gas flow velocity can be set with the help of 
the regulatory valve installed after the capillary 
pipeline. The gas flows through the regulatory 
valve then a separator, and then goes to the 
flowmeter, and then to the torch. Measuring 
instruments were installed at the adequate 
measuring points of the equipment, including 
an absolute pressure meter, two pressure 
differential meters, two thermometers and one 
flowmeter. The plug caused in the pipeline by 
the hydrate is very sensitively detected and 
accurately measured by the pressure differential 
meters. Signals of the electronic measuring 
instruments are archived on computers, 
according to the program. There is a thermostat 
unit for cooling the capillary pipeline. 

The final test for the pre-tested and qualified 
compounds is the live-test in the production 
area. To this effect an in situ test system was 
implemented in the En-É-13 gas production 
well in Endrôd – North field. We had to secure 
a chemical feeding pump for feeding small 
quantities of inhibitors. This is a pneumatic 
pump. We off-take the gas for operating this 
pump from the well in-flow line. A scrubber was 
installed onto the pipeline and the gas is fed 
into a tank through this scrubber then a high-
pressure flexible hose. We inject the methanol 
into the tank, and we bubble the gas through the 
methanol. The gas flow, treated with the inhibitor 
is sent to the measuring separator through the 
regulatory choke of the manifold at Endrôd – 
North gathering station, so we can separately 
measure and achieve the well flow parameters. 

Measurement results 

GAS HYDRATE INHIBITOR PRODUCTS 
AVAILABLE IN THE MARKET 

When we started the research we purchased 
the hydrate inhibitors available on the market 
(B. J. Unichem, Ondeo Nalco, Baker Petrolite, 
Lang Chemie, Servo Champion) in order to 

analyse the applicability and efficiency of such 
inhibitors under the local circumstances. Based 
on the analysis of measurements performed in 
the test system we could easily select the most 
efficient among the said hydrate inhibitors. Then 
we used this selected inhibitor as standard 
for investigating efficiency of compounds 
developed in our own research project. We 
have to highlight two experiences obtained from 
the live tests using the inhibitors available on 
the market, and both can be derived from the 
same reasons: 

•	 In	some	cases	we	detected	foam	
formation on the water side of the 
measuring separator 

•	 In	other	cases	the	condensate	vanished	
from the production (the measuring 
separator did not empty it). 

In these cases the inhibitor contained surfactant 
as anti-agglomerate additive, and this formed an 
„oil in the water” type emulsion in the relevant 
dosage. Analysis of samples taken from the 
foams also support this concept. 

Self-developed hydrate inhibitors 

The selection was based on results of 
qualification measurements performed in the 
laboratory test system, complexity of the 
inhibitor production technology, material needs 
for the agent, duration of the hydrate inhibition 
effect, applicable concentration, and reservoir 
water and condensate emulging capacity, then 
MOL LUB Kft. Almásfüzitô site produced the 
inhibitor, following the formulae prepared by 
experts of Pannon University MÜKKI. 

As a result of the development process we 
produced the original inhibitor and during the 
live tests it reached the level of efficiency of 
gas hydrate inhibitors available on the market. 
It could prove the applicability of our synthesis 
strategy based on molecule planning. 

During the next phase of the synthesis we 
could produce an inhibitor with 30 % agent 
content (GHI-XXX), and using ~0,1 l/h dosage 
we detected safe operations. The protection of 
the flowrate regulatory choke ceased to exist 
below -5 °C. Thus we could surpass the level of 
efficiency of gas hydrate inhibitors available on 
the market. 

When we added the same quantity of field 
condensate to the inhibitor the quantity of 
dosage of pure inhibitor required for safe 
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operations dropped to ~0,05 l/h, while the flow 
regulation choke of the manifold was protected 
until -10 °C. 
We fed 1 : 1 mixture of the GHI-XXX compound 
and the condensate in 0,1 l/h quantity before 
the choke in order to prevent freezing in the 
flow regulation choke that usually occur during 
overnight operations. The process proved to be 
successful. 

Based on the realised results we implemented 
a duration test covering the entire field. The 
tartamkísérlet took ~50 days and during this 
period we fed 1 : 1 mixture of the GHI-XXX 
compound and condensate in 0,2 l/h quantity. 
We added a further 0,1 l/h quantity before the 
chokes in order to prevent freezing in the choke 
during overnight operations. 

Conclusion 

Tests and pilot operations with the compounds 
developed by the research works verified the 
accuracy of our work hypothesis. With the help 
of the developed and applied test system we 
could discover and identify the effect-structure 
relationships, which enabled us to identify the 
most effective member of the compound family. 

The selected compound is more effective 
than the gas hydrate inhibitors available on 
the market, it can be easily adjusted into the 
application technology of natural gas production, 
can be produced applying an ordinary chemical 
technology, and can be safely used as a result 
of very low application dosage. The patent 
process of the compound family is in progress. 
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Abstract

Reservoir connectivity and compart-
mentalization are vital tasks to be 
solved before the start of hydrocarbon 
exploitation. In conjunction with geo-
logical and engineering methods 
the thermodynamic examination of 
reservoir fluids offers an additional 
technique. An example of this 
approach is presented here.
Tó-D-2/Tó-D-3 and Szmk 1/Tó-D-3  
reservoir fluid samples were experi-
mentally contacted in PVT cell. The 
tests proved that Tó-D-2 fluid is 
compartmentalized from Tó-D-3 oil 
reservoir, while Szmk-1 is connected to 
Tó-D-3 oil field.

Összefoglalás

Tárolókapcsolat Igazolása PVT 
Kísérletekkel
A szénhidrogén tároló lehatárolását 
ge ológiai és rezervoármérnöki mód-
sze rek mellett a rétegfluidumok ter-
modinamikai vizsgálatával is lehetséges 
tanulmányozni. Jelen közleményünk 
példát mutat erre a módszerre.
Tó-D-2/Tó-D-3 valamint Szmk-1/ 

Tó-D-3 rétegfluidumokat PVT cellában 
érintkeztettük egymással. A kísérletek 
igazolták, hogy a Tó-D-2 gázcsapadék 
nem gázsapkája a Tó-D-3 olajtelepnek, 
az Szmk-1 gázcsapadék viszont gáz-
sapkája a Tó-D-3 olajtelepnek. 

Introduction

Understanding reservoir compartmentalization 
is important in reducing field development costs 
and optimizing reservoir management strategies 
[1, 2]. The primary tools that have been used in 
oil industry to identify compartments in reservoirs 
include pressure, seismic, stratigraphic and 
log data. Each of these techniques provides 
information on a different aspect of reservoir 
compartmentalization and the best studies are 
those that integrate multiple sources of data [3].

Integration of reservoir fluid composition into 
compartmentalization studies has already 
been demonstrated. Variation of asphaltene 
concentration served for identifying reservoir 
compartments [4]. Suitable conditions were 
defined for geochemical fingerprinting of 
condensates which technique also served for 
reservoir compartmentalization [3]. The opposite 
term of compartmentalization, connectivity is 
sometimes called as continuity [5].

A novel technique of utilizing compositional data 
for reservoir compartmentalization is introduced 
in this report. Reservoir connectivity between 
gas cap and oil reservoir is investigated by 
examining vapor/liquid equilibrium ratios of volatile 
components as nitrogen, carbon dioxide, methane 
and ethane in line with phase PVT properties.

Four different reservoir samples, originated in 
the vicinity of Tóalmás and Szentmártonkáta 
(Figure 1), were included in the tests: Tó-D-1, 
Tó-D-2, Tó D-3 and Szmk-1. Tó D-1 and Tó D-3 
subsurface samples were found to be saturated 
oil while Tó-D-2 and Szmk-1 were recombined 
from separator gas and condensate samples 
and also found to be saturated. A common 
feature of all four samples was that carbon 
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dioxide concentration in their separated gases 
amounted to about 60%. Tó-D-1 and Tó-D-3 
oil samples were very similar to each other 
suggesting they originated from one reservoir 
compartment. Tó-D-2 had been assumed to 
be the gas cap of Tó-D-1 oil which was later 
counterindicated by an interference test.

Figure 1. Geological top map, Tóalmás vicinity

Composition of adjacent Szmk-1 sample 
allowed again the assumption of reservoir 
connectivity between gas cap and oil bank. 
PVT tests were conducted to reveal reservoir 
connectivity by phase equilibrium studies.

Vapor-liquid equilibrium calculations

Vapor-liquid equilibrium ratios had been 
exclusively applied for calculating phase 
compositions before equation-of-state 
computations became widespread. Ki 
equilibrium ratio is defined as 

[1]

where 
yi is the concentration of the i-th component in the vapor phase and
xi is the concentration of the i-th component in the liquid (oil) phase

Equilibrium ratio charts are available for the oil 
industry referring to system characterization 
parameters, convergence pressures [6]. If 
wellstream compositions of oil and suspected 
gas cap gas condensate reservoirs have already 
been determined Ki equilibrium constants are 
easily obtained as the quotient of the respective 

concentrations. xi concentrations of 
volatile components in the oil phase 
can be calculated from the quantity and 
composition of dissolved gas as well. 
Our systems’ reference parameter 
convergence pressure is estimated to be 
about 10000 PSIA.

Ki constants for methane, ethane, 
carbon dioxide and nitrogen components, 
calculated from Tó-D-2/Tó-D-3 and 
Szmk-1/Tó-D-3 wellstream compositions 
are presented in Table 1, in line with the 
corresponding Ki constants taken from 
the literature charts. Ki constants for Tó D 
2/Tó D 3 seem to be in contradiction with 
the literature data while those for Szmk 
1/Tó D 3 are in compliance with them.

Equilibrium data charts had been const-
ruc ted through decades on wide experi mental 
data base and can be treated with utmost 
confidence. However, they are validated 
for hydrocarbon systems in contrast to our 
situation where the presence of about 60% 
carbon dioxide strongly impacts on the solubility 
conditions, consequently on the Ki constants 
as well. Tó-D reservoir conditions are outside 
the application range of KCO2

 charts, therefore 
another formula: 

was used, which is only a practical approxi-
mation. KN2 

charts are available up to 40 °C only, 
the value of KN2

=3 was obtained by extrapolation. 
Equation of state computation is not applicable 
either due to the lack of published binary 
interaction parameters [7-8]. These drawbacks 
prevent us to come to an unambiguous 
conclusions based on the Ki ratios.

 Components K1, reference Tó-D-2   Szmk-1
  K1 from wellstreams K1 from wellstreams
	Methane	 ~1.8 	 1.45	 1.76
	Ethane	 1.03	 0.64	 1.08
	Carbon	dioxide	 1.4 	 1.53	 1.47
	Nitrogen	 ~3 	 3.7 	 2.7

Table 1. Ki ratios calculated from wellstreams
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Vapor-liquid equilibrium tests

Experimental determination of Ki ratios became 
feasible with Tó-D-3 oil and Tó-D-2 and Szmk-1 
gas condensate PVT samples.

Phase contact tests should answer the question 
whether contacting phases had been in 
equilibrium or not. It is obvious that if equilibrium 
phases are separated then contacted again 
no phase parameter should change. If phases 
had not been in equilibrium before, component 
transfer starts upon contact and PVT parameters 
like Rs, Bo (gas solubility, formation volume 
factor) are going to be altered as well.

First series of tests were made with Tó-D-3 oil 
and Tó-D-2 gas condensate samples. Contact 
tests were performed with two different vapor/

liquid ratios: 60 and 240 standard cubic meter 
(scum) vapor to one cubic meter (cum) of 
reservoir oil. At 60 scum/cum ratio vapor 
composition while at 240 scum/cum ratio 
oil phase composition would change more 
considerably if contacting phases had not been 
in equilibrium earlier. These vapor/liquid ratios 
represent 1:2 and 2:1 ratios of respective 
reservoir phase volumes.
 
Test results are collected in Tables 2–4, PVT 
data in Table 2. About half of the vapor phase 
condensate content drops into the oil phase. 
Little change is observed in the oil phase 
properties, some swelling and increase in Rs 
if any. Density of stock tank oil appears to 
decrease, related to the mixing with condensate 
components from the vapor phase. Vapor 
phase compositions are shown in Table 3. Each 
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 Properties Tó-D-3 Tó-D-3 oil contacted with Tó-D-2 Tó-D-2
  60 scum/cum 240 scum/cum
  reservoir oil reservoir oil
	Density,	kg/cum	 -	 316	 329	 347
	z	 -	 0.857	 0.842	 0.820
	Bg*,	cum/scum	 -	 0.00507	 0.00500	 0.00496
	Condensate	
	content,	g/scum	

-	 98	 102	 199

	Separated		 	 8	 8	 8
	at	p,	bar;	t,	oC	

-
	 20	 21	 23

	Density,	kg/cum	 733	 730.5	 729.5	 -
	Rs,	scum/scum	 155	 153	 158	 -
	Bo,	cum/scum	 1.514	 1.512	 1.524	 -
	Sw/Sh	 1.000	 0.998	 1.010	 -

Table 2. Tó-D-3/Tó-D-2 contact tests, T=134,5 oC p=247 bar

	Components Tó-D-3 oil contacted with Tó-D-2 Tó-D-2
	 60	scum/cum	 240	scum/cum	
	Methane	 24.96	 22.46	 21.63
	Ethane	 1.73	 1.37	 1.15
	Propane	 1.14	 0.89	 0.65
	i-Butane	 0.25	 0.21	 0.18
	n-Butane	 0.67	 0.62	 0.55
	i-Pentanes	 0.26	 0.22	 0.17
	n-Pentane	 0.40	 0.40	 0.38
	i-Hexanes	 0.32	 0.31	 0.33
	n-Hexane	 0.34	 0.34	 0.37
	Heptane+	 2.07	 2.15	 3.29
	Carbon	dioxide	 56.13	 58.85	 58.59
	Nitrogen	 11.73	 12.18	 12.71
MC7+,(g/mol)	 126	 129	 136

Table 3. Tó-D-3/Tó-D-2 contact tests, vapor compositions, mol%
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component undergoes variation verifying that 
contacting phases had not been in equilibrium 
before. Concentration differences are greater at 
60 scum/cum contact test as expected. Table 
4 contains oil phase solution gas compositions. 
Concentrations of CO2 and N2 are increasing 
on the expenses of hydrocarbon concentrations 
with the growing mixing ratio of Tó-D-2 vapor. 
Each of the experimental results suggests that 
Tó-D-2 vapor had never been in equilibrium 
with Tó-D-3 oil, in agreement with the negative 
outcome of Tó-D-1/Tó-D-2 interference test.

Dissolved gas concentrations in Table 4 allow 
the calculation of liquid phase concentrations of 
volatile components. Quotients produced with 
respective vapor phase concentrations (Table 3) 
provide Ki equilibrium ratios (Table 5). These are 
different by all means from those ones calculated 
from wellstream compositions (Table 1).

Second set of contact tests were conducted 
on Tó-D-3 oil and Szmk-1 gas condensate 
samples. Results are given in Tables 6-8. As 
subsurface sample of Tó-D-3 was consumed 

in previous tests reservoir oil was recombined 
from separator oil and separator gas. Slightly 
excess amount of separator gas was used 
which resulted in the option of determining 
vapor properties before contacting with Szmk-1 
gas condensate (“mixing with zero vapor 
phase”, Tables 6-7, first columns). PVT data of 
contact tests are collected in Table 6. Neither 
vapor phase nor oil phase properties undergo 
any considerable change on the contacts. 
Vapor phase compositions are found in Table 
7. These compositions can be considered as 
identical, likewise those of liberated gases from 
oil phases (Table 8). It is then obvious that Ki 
ratios determined by contact tests are in good 
correlation with either those ones calculated 
from the relevant wellstreams or those ones 
taken from the Ki charts (Table 5).

It is noted that the composition of the dissolved 
gas liberated from Tó-D-3 recombined oil (Table 
8) is in very good agreement with that of the 
subsurface sample (Table 4), providing proof that 
recombined Tó-D-3 oil sample can be considered 
as identical with the subsurface sample.

 Components Tó-D-3 Tó-D-3 oil contacted with Tó-D-2
	 	 60	scum/cum	 240	scum/cum
 Methane 23.79 22.15 19.86
 Ethane 2.88 2.54 2.05
 Propane 2.51 2.25 1.73
 i-Butane 0.56 0.53 0.45
 n-Butane 1.54 1.51 1.35
 i-Pentanes 0.56 0.55 0.45
 n-Pentane 0.76 0.80 0.74
 i-Hexanes 0.38 0.42 0.38
 n-Hexane 0.33 0.39 0.35
 i-Heptanes 0.21 0.28 0.24
 n-Heptane 0.07 0.09 0.08
 Octanes 0.02 0.03 0.02
 Nonanes 0.11 0.17 0.11
 Decane + 0.02 0.02 0.01
 Carbon dioxide 60.85 62.02 65.62
 Nitrogen 5.41 6.25 6.56

Table 4. Tó-D-3/Tó-D-2 contact tests, liberated gas compositions, v/v%

 Components K1, reference Tó-D-3 / Tó-D-2   Tó-D-3 / Szmk-1
 Relative quantity of the contacted vapor phase,
 scum vapor/cum reservoir oil
  60 240 60 240
	Methane	 ~1.8	 1.81	 1.83	 1.85	 1.80
	Ethane	 1.03	 1.09	 1.06		 1.09	 1.06
	Carbon	dioxide	 1.4	 1.46	 1.44	 1.44	 1.43
	Nitrogen	 ~3	 3.0	 3.0	 3.15	 3.23

Table 5. Ki ratios from Tó-D-3 contact tests
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 Properties Tó-D-3 Tó-D-3 oil contacted with Szmk-1 Szmk-1
  60 scum/cum 240 scum/cum
	Density,	kg/cum	 -	 319	 323	 327
	z	 -	 0.857	 0.842	 0.820
	Bg*,	cum/scum	 0,00509	 0,00507	 0,00504	 0,00503
	Condensate	
	content,	g/scum	

-	 125	 129	 150
	

Separated		 	 8	 8	 8
	at	p,	bar;	t,	oC	

-
	 20	 22	 21

	Density,	kg/cum	 729.5	 725	 726	 -
	Rs,	scum/scum	 152	 153	 155	 -
	Bo,	cum/scum	 1.508	 1.513	 1.518	 -
	Sw/Sh	 1.000	 0.998	 1.010	 -
Density	of	STO	 857	 856	 857	 -
(20oC),	kg/cum

Table 6. Tó-D-3/Szmk-1 contact tests, T=134,5 oC p=246.5 bar

 Components Tó-D-3 Tó-D-3 oil contacted with Szmk-1 Szmk-1
	 gas cap	 60	scum/cum	 240	scum/cum
 Methane 27.68 26.57 26.45 26.38
 Ethane 2.00 2.00 1.97 1.95
 Propane 1.30 1.27 1.22 1.14
 i-Butane 0.28 0.28 0.30 0.30
 n-Butane 0.72 0.67 0.63 0.56
 i-Pentanes 0.30 0.28 0.28 0.27
 n-Pentane 0.45 0.40 0.38 0.30
 i-Hexanes 0.35 0.33 0.34 0.39
 n-Hexane 0.39 0.33 0.33 0.35
 i-Heptanes 0.46 0.44 0.46 0.43
 n-Heptane 0.18 0.17 0.18 0.23
 Octane + (0.88) 1.83 1.81 2.35
 Carbon dioxide 54.61 55.62 56.03 56.07
 Nitrogen 10.40 9.81 9.62 9.28
 MC8+,(g/mol) without separation 139 139 134

Table 7. Tó-D-3/Szmk-1 contact tests, vapor compositions, mol%

	Components Tó-D-3  Tó-D-3 oil contacted with Szmk-1
	 	 60	scum/cum	 240	scum/
	Methane	 24.27	 23.28	 23.58
	Ethane	 2.95	 2.91	 2.94
	Propane	 2.46	 2.40	 2.36
	i-Butane	 0.55	 0.54	 0.55
	n-Butane	 1.45	 1.41	 1.34
	i-Pentanes	 0.52	 0.55	 0.45
	n-Pentane	 0.69	 0.70	 0.66
	i-Hexanes	 0.35	 0.37	 0.37
	n-Hexane	 0.30	 0.32	 0.31
	i-Heptanes	 0.19	 0.22	 0.22
	n-Heptane	 0.06	 0.07	 0.07
	Octanes	 0.01	 0.02	 0.02
	Nonanes	 0.04	 0.11	 0.12
	Decane	+	 0.05	 0.01	 0.02
	Carbon	dioxide	 60.44	 62.03	 61.92
	Nitrogen	 5.67	 5.04	 4.92

Table 8. Tó-D-3/Szmk-1 contact tests, liberated gas compositions, v/v%



88

1MOL GROUP

2009/1Workshop

Figure 2 shows the change in ethane and 
propane concentrations brought about by the 
contact tests. Variations in the concentrations 
related to the equilibria with Tó-D-2 vapor 
crucially exceeds those ones with Szmk-1, 
illustrating the connectivity for Tó-D-3/Szmk-1 
and the compartmentalization for Tó-D-3/Tó-D-2.

Conclusion

Vapor/liquid equilibrium contact test was 
proven to be a powerful tool for verifying 
reservoir connectivity and compartmentalization. 
Application of this novel method can positively 
contribute to hydrocarbon exploration both 
at estimating reserves as well as at defining 
locations for new wells.
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Possibility for investigation of 
light hydrocarbon content in 
soil samples: 
environmental approach

Abstract

Natural attenuation of hydrocarbons 
has been reported by many previous 
studies, but most of them have focused 
on biodegradation, abiotic chemical 
reactions (e.g. oxidation/reduction, 
hydrolysis), or other chemical 
processes (e.g. ionisation, sorption). 
Less researches measured physical 
attenuation processes, including 
volatilization or molecular diffusion. 
In a long-time laboratory experiment 
we would like to follow closely 
the volatility of light hydrocarbon 
components and to measure the 
sorption characteristics of dry soils. 
Later we have complemented the 
experimental results with data of 
field samples collected from light 
hydrocarbon contaminated site. 
Results of model and field samples 
indicate, that analysis of light 
hydrocarbon compounds in free gas 
phases can be a useful method of site 
investigations. Analysis of sorbed 
phase can also be a useful tool, but it 
has some limiting factor.

Összefoglalás

Talaj minták könnyû szénhidrogén 
tartalmának környezeti szempontú 
vizsgálati lehetôségei
Szénhidrogének természetes kon-
centrációcsökkenésével számos 
korábbi tanulmány foglalkozott, de 
többségük figyelme a biodegradációra, 
abiotikus kémiai reakciókra (például 
oxidációra/redukcióra, hidrolízisre) 
vagy egyéb kémiai folyamatokra 
(ionizációra, szorpcióra) irányult. 
Kevesebb kutató vizsgálta a fizikai 
csökkenési folyamatokat, beleértve 
az illékonyságot, vagy a molekuláris 
diffúziót. Egy hosszú idôtartamú 
laboratóriumi kísérletben követtük 
nyomon a könnyû szénhidrogén 
komponensek illékonyságát és 
mértük szorpciós tulajdonságaikat 
száraz talajokon. Késôbb a kísérleti 
eredményeket terepi minták adataival 
egészítettük ki, melyek könnyû 
szénhidrogénnel szennyezett területrôl 
származtak. A modellkísérlet és terepi 
minták eredményei alapján a szabad 
gázfázisban lévô könnyû szénhidrogén 
vegyületek elemzése hasznos módszer 
lehet környezeti állapotfelmérésekkor. 
A szorbeált fázis vizsgálata szintén 
hasznos eszköz lehet, bár ennek van 
néhány korlátozó tényezôje.

Environmental pollution is one of nowadays 
frequently presented topic. Contaminated areas 
are connected to numerous human activities. 
One of the most important factors is the 
remnant environmental damage from former 
contaminating activities, for example at military 
sites, former spoil-banks or chemical plants. 
Harmful effects can be caused by the disposal 
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of waste, sludge lagoons, slag-hills, oil product 
logistic activity, refineries, filling stations, 
railway-stations (e.g. liquid storage tanks), 
airports, and so on.  

The development of the oil industry has numerous 
effects, which can be related to environmental 
issues. During the first decades of the almost 
100 years old oil industrial activity, environmental 
risk from hydrocarbon pollutions was not in 
focus. Recently the attention has increased for 
oil pollution investigation and the demand for 
diverse type of hydrocarbon derivatives requires 
oil industrial companies to regular update their 
transportation and storage systems.

Site investigations at the MOL Group

Hydrocarbon contamination within the 
subsurface is very complex and in the 
environment it undergoes various physical, 
chemical and biological alterations (e.g. 
biodegradation, volatilization, adsorption, 
photolysis, hydrolysis and oxidation). The 
high mobility of light hydrocarbon explains 
why gasolines are the most serious risks for 
groundwater contaminations (Tóth and Knapp 
2007). 

The current 850 km long internal crude oil 
pipeline system of the MOL Group had been 
settled by 1978. The pipeline network was built 
mainly in the 70s, connected to 20 modern 
distribution depots, many of the smaller 
ones being closed down. Today, the weekly 
deliveries amounts to 200 to 240 thousand 
tons, and dozens of products types (engine 
petrols, diesel fuels, chemical feedstocks, 
power plant fuel oil, JET-A1 aircraft fuel and 
semi-finished products) are distributed by 
pipeline (MOL 2008). 

Mechanical effects of solid phase of product 
flow, chemical influence of transported matters, 
changes of pressure during shipping and 
blemish of pipe wall can be ranked among 
main inducing forces of pipe damages, which 
can be rise to pipe-holes. Other frequently 
mentioned factors are groundwater, which 
can cause external corrosion, and technical 
reasons. In great proportion of hydrocarbon 
pollutions gasoline type contaminations can be 
recognized, mainly along pipelines. 

Different types of pipe-damages can cause 
significant environmental contaminations and 
economic loss for the company. Pipeline system 

of the MOL Group was frequently drilled by 
product thieves in the previous decades. 

In order to increase security, MOL Group 
introduced a crude oil and product pipeline 
monitoring system. The system performs four 
basic functions: process supervision, product 
monitoring, leakage and breakage detection, 
excise accounting (the product pipeline 
system functions as a bonded storage facility). 
The system provides a very low rate of oil 
loss of leaks, spills and illegal siphoning can 
immediately be detected in the logistic dispatch 
center, together with an accurate determination 
of the precise threat point, along the pipeline 
(MOL 2008).

In spite of the present operating effectively 
monitoring system, damages can occur. 
Detailed site investigation and remediation of 
contaminated areas are very time-consuming in 
most cases. Aim of our research has been to 
develop a method, merely for the purpose of 
accelerate the processes of site investigations.

Previous modeling of light hydrocarbon 
contamination 

Natural attenuation of hydrocarbons has been 
reported by many previous studies, but most of 
them have focused on biodegradation, abiotic 
chemical reactions (e.g. oxidation/reduction, 
hydrolysis), or other chemical processes (e.g. 
ionisation, sorption). Less researches measured 
physical attenuation processes, including 
volatilization or molecular diffusion. 

In a long-time laboratory experiment we would 
like to follow closely the volatility of light 
hydrocarbon components and to measure 
the sorption characteristics of dry soils. Our 
previous articles described details of the 
laboratory model for hydrocarbon contamination 
modeling (e.g. Tóth and Knapp 2007, Tóth and 
Török 2006).

The volatilized compounds get out to the 
atmosphere after getting into air of pores. 
Numerous factor affect volatility of given 
components, derive from property of 
compounds (e.g constant of Henry, diffusion 
constant) or attribute of contaminated area 
(depth of groundwater, effective porosity, 
temperature, etc.). Consequently we have 
endeavored to preclude most of the other 
influence factors during the experiment.
For laboratory modeling purpose special glass 
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tubes were constructed for monitoring the 
volatility of hydrocarbon components possible 
and to observe their sorption on different 
geologic samples at the same time. Altogether 
eight tubes were used for modeling. Pairs of 
tubes of 50, 100, 150 and 200 cm in height 
were filled with homogeneous sand. A clay layer 
covered one tube from each pair additionally. 
The tubes were opened from above. We put 
1413 cm3 liquid gasoline into the bottom of 
tubes, without points of direct contact between 
the solid and fluid phases. By this arrangement 
we could investigate the properties of 
exclusively volatilized compounds, precluding 
the possibility of hydrocarbon contamination 
originating from other phases. Volatilization 
and sorption features of 39 hydrocarbon 
components have measured during the long-
time (lasted 663 days) experiment. 

Results of the previous modeling

The liquid gasoline, used during the modeling, 
consists of compounds up to C19 at initial period. 
Heavier hydrocarbons enriched in the liquid phase, 
due to volatilization of hydrocarbons having 
less carbon number. Depending on the mineral 
composition of geologic samples, 6,6-11,6% 
of the starting quantity of liquid hydrocarbon 
volatilized during the first three weeks. After 
half a year and one year 27,7-37,2% and 37,7-
51,1% of the liquid fraction were volatilized, 
respectively. Quantity of volatilized hydrocarbon 
compounds reached 50,0-65,0% at the end of 
the experiment (Tóth 2008). Quantity of total 
volatilized compound can be seen in Figure 1. It 
can be recognized that volatilization can be an 
effective natural attenuation process in case of 
light hydrocarbon contamination.

The volatilization was very effective during the 
first year, particularly in the course of the fourth 
quarter. Length of the tubes (in other words the 

depth of contamination in field) is very important 
in terms of clear volatilization process. 
Quality properties of filling materials proved 
to be less determinative factor. According 
to Cañipa-Morales et al. (2003), evaporation 
processes are directed by volatility of individual 
compounds, which can be verify by compare 
those with their boiling point. Our results 
confirm their assumption. 

Considering the large number of measured 
compound, in present work we give three 
aromatic components (namely benzene, toluene 
and xylenes – hereafter abbreviated as BTX) as 
examples. In order to show comparable data 
with site samples, here we present data of 200 
cm height tubes.

Initial composition of the hydrocarbon contains 
9% of BTX compounds, proportion of BTX 
was the following: 18% of benzene, 35% of 
toluene and 47% of xylenes. Behaviour of 
investigated aromatic compounds was different 
from the volatilization point of view. On grounds 
of observed properties, benzene can be rank 
among highly volatile, while toluene and xylenes 
can be place into less volatile components. In 
case of 200 cm length tubes benzene showed 
total lost of 46,31%, while toluene and xylenes 
were relatively enriched. At the end of the 
modeling relative concentration increasing was 
8,67 percentile for toluene and 35,96 percentile 
for xylenes.

Morrissey and Grismer (1999) reported that 
because adsorption rate depends on diffusion, 
a thin sample will, (in real time) adsorb a 
greater percentage of material by weight than 
a system with a larger path lenght. Our results 
confirm their assumption. Figure 2. shows BTX 
compounds sorbed by top layers of different 
length tubes. It can be seen that tubes having 
the shortest migration pathways (namely the 50 
cm height tubes) sorbed the largest quantities, 
while the most length retained the smallest 
amounts. This tendency is observable instance 
of every component. 

In spite of similar results of air samples, diffe-
rences can be observed between qualitative and 
quantitative characteristics of the sorbed phase. 
Substantial distinction appears in composition 
of retained materials comparison with liquid 
samples. Clay samples sorbed certain range 
of compounds. Tubes with clay cap contain 
from three to six times larger amounts of 
hydrocarbons than tubes with pure sand filling 
(Figure 3.). In clay caps (0-8 cm) high quantity 

Figure 1. Quantity of volatilized compounds
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of sorbed hydrocarbons can be found, the same 
layer of sand tube does not show significant 
hydrocarbon content. It can also be recognized 
that quantity of sorbed compounds increases 
towards to fluid phase especially in clay-capped 
tube. This can be an effect of sealing of the clay.

In Figure 4. the free hydrocarbons of the same 
tubes can be seen, as a function of depth. 
It is observable that in free gas form lower 
quantity of hydrocarbon occurs in clay-capped 
tube, while in sand fillings higher amount 
of free gases can be measured towards to 
liquid phase. Cross-checks on data of sorbed 
and free hydrocarbons (Figure 3. and 4.) 
contradictory tendencies are present. According 
to the results significant consequences cannot 
be drawn from the quantitative proportion of 
the same components measured in different 
phases. In spite of high volatility of benzene 
(mainly its quantity decreased in the fluid 
phase), only very small amount of benzene 
could be measured in soil and air samples. 

Xylenes could be determined preferably in 
sorbed phase, while larger amount of toluene 
appeared as free hydrocarbon.

Although merely some results are presented 
here from numerous ones of contamination 
modeling, they also suggest the proving of 
the method in soil and air samples collected 
from polluted area. We have used the same 
analytical methods (thermal desorption 
gas chromatography, X-Ray diffraction and 
additionally pyrolysis) for field samples. 

Applied thermal desorption gas 
chromatographic method

T H E R M A L  D E S O R P T I O N

The thermal desorption method is one of 
the techniques which is contain one or more 
steps during analysis process include heating, 
which transport analytes into the carrier-gas 

Figure 2. Amount of sorbed and free BTX compounds. Diagrams show different types of geologic 
materials and measured phases, from the same sampling points

Figure 3. Amount of sorbed BTX compounds by different layers in 200 cm height tubes
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stream from an adsorbent. The analytes are 
concentrated by adsorption-desorption steps. 
These steps can decrease bandwiths in order to 
be suitable for column injection requirements.

The emerging gas is conducted directly to a GC 
column. After a short delay to flush out residual 
air, the tube is heated to desorb analytes or to 
thermally extract them directly from a sample. 
Carrier flow conducts the released volatile 
compounds into the column. After desorption 
is completed, the tube cools down and normal 
carrier-gas flow is restored (Hinshaw 2000). 
This simple scheme is not used in practice 
without enhancements. 

As desorption is not snapshot, after the heating 
refocusing of the volatilized materials is a 
requirement, in order to avoid peak-widening. 
This problem can be solved in different ways. 
For peaks that are significantly retained at the 
initial column temperature, it is enough to keep 
the head of the column at standard temperature 
during desorption process. Trapping in the 
stationary phase will focus these peaks. In 
the cases of those analytes which can not be 

retained significantly in the column at the initial 
temperature, cooling of the fore-part of column, 
or using cooled trap (which is formed for these 
purpose) is required. Cryofocusing zone can be 
cooled by liquid nitrogen or carbon dioxide in 
order to decrease temperature less than 0ºC. 
Consequently in the case of volatile matter, 
cryofocusing of the preheated components is 
necessary. 

Figure 5. present a thermal desorption system 
with cryofocusing. On the figure the transport 
way of the carrier gas can be seen, during 
(Figure 5/a), and after desorption (Figure 5/b).

Analytical methods

The air and soil samples were analyzed with 
Gerstel TDS A2 autosampling system, Gerstel 
TDS 3 heating system, and CIS 4 (Cooled 
Injection System) with Agilent 7890N GC-
FID (Flame Ionization Detector). The technical 
data of the automatic thermodesorber-gas 
chromatograph were following: Gerstel 
TDS oven was programmed from 60ºC (0 
mins) with 120°C/min ramp rate to 310°C 
(10 mins), split mode, delay time of 0.5 min, 
transfer temperature of 300°C, CIS 4 liquid 
N2 cooling, Carbotrap B adsorbent bed, oven 
was programmed from -150°C (5 min) with 
12°C/min heat up rate to 300°C (5 mins). The 
gas chromatograph part was operated using 
the following: CIS split ratio set to 20:1, split= 
8,7ml/min, pressure of 100 kPa, He, total flow 
of 12,1 ml/min with constant flow measuring 
method, HP-1 column (50m length, 0,32 mm i.d., 
1,05 µm film thickness, 100% dimetil-siloxan), 
the gas chromatograph oven was programmed 
from 40ºC (4 mins) with 10°C/min ramp rate to 
260°C (10 min). During contamination modeling 
we have used mass spectrometry detectation. 
Other analytical methods (XRD, Rock Eval 
pyrolysis, carbonate content analysis) are not 
described detailed here.

Figure 4. Free BTX compounds in different layers of the 200 cm height tubes. 

Figure 5. Thermal desorption system with cryofocusing 
(HINSHAW 2000)
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Sampling

We have used pumping technique for air 
sampling, because it does not need long 
time. Air samples were taken with sampling 
pump into a three layered graphitized carbon 
adsorbent like the material of cooled trap. Soil 
and air samples have collected from every half 
meter along a well. Before analysis we have 
storage sample in refrigerator.

Sample preparation

As the gas phase collected into adsorbent 
tubes, no sample preparation was required. 
Wet soil samples were dried under room 
temperature before analysis. The same tubes 
were used for soil samples as for air samples, 
but without preplaced adsorbent. Soil samples 
were inserted between two glass wool caps. 

Analytical results on samples collected 
from contaminated field

Contaminated soil samples were collected from 
a field where composition of the hydrocarbon 
contamination was similar to the laboratory 
model. Consequently we could investigate 
same compounds. BTX compounds as 
examples are presented here. Soil samples are 

medium grain sized sands, with the following 
mineral composition (based on XRD analysis): 
every layer of the well contain large amount 
of quartz (70-76%), medium feldspar (5-6% of 
albite and 2-3% of orthoclase), little chlorite 
(2-4%), little-medium calcite and dolomite 
(~5-12% and ~3-10%, respectively), very little 
quantity of muscovite (0.2-1%). Carbonate 
content varies from 7.1 to 21.7%. In the light of 
mineral composition of field samples, the given 
results can be comparable to modeling results 
of sand tubes (without clay-caps).

It can be observable on Figure 6., that the 
collected soil samples are contaminated by 
gasoline type hydrocarbon having high aromatic 
content. The same tendency can be seen as 
mentioned earlier, that is quantity of free gases 
increases towards to depth, in direct ratio.

In spite of high volatility of benzene, only very 
small amount of benzene could be measured in 
air samples (Figure 7). Quantity of toluene was 
the highest among the aromatic compounds, 
both in model and field data. Distribution of 
aromatic components is also the same in 
the collected samples as in the experimental 
material. 

In order to present differences between soil 
and gas samples, two chromatograms from the 
same depth are reported here. It is well visible 
that in free gas (Figure 8) more components can 
be detected than in sorbed phase (Figure 9). 
Small quantity of sorbed phase can be derived 
from two reasons. As mineral composition does 
not contain significant amount of clay minerals, 
which can sorbed volatilized hydrocarbon 
compound more than others, the sorption 
capacity of the investigated soil is reduced. 
In other respects, different moisture content 
required variable drying time, which can resulted 
unfollowable quantitative loss of volatile 
hydrocarbons. Pyrolysis method has also the 
same problem, drying of the samples resulted 
in reduced measurable quantity. Pyrolysis data 
vary, for example values of S1 range from 
0.00 to 0.28, while values of S2 vary from 
0.00 to 1.29. Results of TOC (Total Organic 
Compounds) content measurements scatter as 
well. These vary from 0.03 to 0.45%, highest 
TOC values are connecting to root zone. 

Results of model and field samples indicate, 
that analysis of light hydrocarbon compounds 
in free gas phases, collected from near surface 
can be a useful method of site investigations. 
In a contaminated area data of free light 

Figure 6. Free hydrocarbon compounds in different depths of soil

Figure 7. Free BTX compounds in different depths of soil
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hydrocarbons can draw a conclusion from 
origin of spillage and from composition of the 
spilled hydrocarbon type. Analysis of sorbed 
phase can also be a useful tool, but it has some 
limiting factor. An ideal sample has medium or 
high sorption capacity for hydrocarbons (e.g. 
containing some clay mineral), without large 
amount of smectite type of clays. It is also 
preferable that samples have very low moisture 
content or being dry.

According to our results, monitoring of air 
samples of environment and pore space can 
be requirement in case of volatile organic 
compounds pollution, during site investigations 
and remediations. This can be verified by 
quantity of volatilized compounds during natural 
attenuation processes, quantity and quality of 
sorbed components, finally results of free gas 
analysis.

Duchscherer (oral report, 1981) presented that 
leakage can be detected above minimum 89% 
of known oil/gas fields. Surface detection of 
volatile compounds can be indicated subsurface 
hydrocarbon accumulation (Richers et al. 
1982). The presented thermal desorption 
system can give very good possibility for 
organic geochemists, in order to detect light 
hydrocarbons from surface/subsurface samples 
both from soil, rock and air samples. 

Further direction of the research can be working 
out limit values for contaminant concentration 
in soil air, because nowadays that type of limit 
values are neither in Hungary nor in international 
experience reported.
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Abstract

After having gathered and evaluated 
the experiences from the first year 
we felt it necessary to write our 
experiences with the OTS application 
as a user. After a short presentation 
of the simulator project we will cover 
both the structure of the already 
functioning OTS systems, and the 
introduction to their functionality.
As soon as the system functions are 
known the expectations relating to 
the efficiency of the trainings can be 
established. The improvement in the 
skills of the trainees can be measured 
with the reduced response times, the 
increasing self confidence and self 
assurance. Of course, the efficient 
functions and operations lead to the 
execution of basic goals, which in 
turn influences the production and 
productivity, such as an increasing 
commitment to the process technology, 
a rising work performance, or a 
reduction in the number of hours lost 
in the production.
Next we deemed it important to 
introduce the persons who are 
operating the OTS and are in charge of 
its operations.
The proper operation of OTS can 
be presented objectively through a 

carefully developed evaluation systems 
only. Its presentation forms the next 
major part of our article. Once the 
beginnings have been mentioned and 
the present has been addressed the 
future must also be talked about not 
incidentally. Its discussion closes our 
paper, which we hope will extend the 
knowledge of those interested, will 
give an answer to some questions 
raised, and will launch thoughts, which 
could be constructive in respect of the 
OTS systems at a later date.

Összefoglalás

Az OTS (Operator Training Simulator) 
rendszerek mûködésének tapasztalatai 
a Dunai Finomítóban
Az elsô éves tapasztalatok össze gyûj-
tése, értékelése után szükségét  éreztük 
megírni felhasználói tapasz ta latainkat 
az OTS alkalmazásáról. Tipikus 
szimulátor projekt rövid ismertetése 
után, kitérünk a már funkcionáló 
OTS rendszerek felépítettségére és 
mûködésük bemutatására. 
A rendszer funkcióinak ismeretében 
már megfogalmazhatók azok az elvárá-
sok, melyek a tréningek hatékony-
ságával  kapcsolatosak. A tréningezôk 
képességeinek javulása lemérhetô a 
csökkenô reakcióidôvel, a növekvô 
önbiza lommal, magabiztossággal. 
Természetesen a hatékony mûkö-
dés és mûködtetés elvezet azok hoz 
az alapvetô, a termelést, a terme-
lékenységet befolyásoló célok vég re-
hajtásához, mint a fokozódó technoló-
gia iránti elkötelezettség, az emelkedô 
munkateljesítmény, vagy a termeléskie-
sés óraszámainak csökkenése.  
A következôkben fontosnak éreztük 
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bemutatni azokat a személyeket, 
akik mûködtetik és felelnek az OTS 
mûködéséért. 
Az OTS megfelelô mûködését, csak 
egy gondosan kidolgozott értékelô 
rendszer képes objektíven bemutatni. 
Ennek ismertetése képezi cikkünk 
következô fontos részét.
Ha már megemlítettük a kezdeteket, 
és szót ejtettünk a jelenrôl, nem 
mellékesen beszélnünk kell a jövôrôl 
is. Ennek taglalásával zárjuk írásunkat, 
mely reményeink szerint tágítani fogja 
az érdeklôdôk ismereteit, választ ad 
néhány felmerült kérdésre és elindít 
olyan gondolatokat, melyek a késôb-
biekben építô jellegûek lehetnek az 
OTS rendszerek tekintetében.

I. Background

In today’s modern computer technological 
and process controlling environments the 
application of state-of-the-art technologies and 
developments, which can raise a company into 
a high ranking position amongst the competitors 
in the international market, is essential also 
within the field of crude oil refining as in any 
other segments of the industry. A suitable tool 
of providing the highly qualified expert staff and 
the continuity of the knowledge transfer is the 
Operator Training Simulator (OTS). The reason 
for the existence of these systems and the 
necessity of their introduction are justified also 
by the following disadvantageous trends:

•	 global	ageing	of	the	expert	staff	in	recent	
years

•	 difficulties	in	educating	the	replacements

Following that philosophy a decision had been 
made in 2005 that the installation of OTS 
systems would commence in DanubeRefinery 
in accordance with a master plan prepared in 
advance. 

The basic objectives had been established:
To get the experts employed in production pre-
pared better, to maintain and check their knowl-
edge, and to train the new employees through 
examinations in a documented manner.

A few basic questions to be answered had 
been raised in connection with the decision, 
which required making a decision prior to 
implementing the project. 

•	 Training	site.	Options	available	were:	a	
central training base or a training room 

located in a control room. The latter has 
been the selection. Regarding the costs this 
is the more expensive solution, however, 
a central training base would not allow the 
possibility of continuous practicing and the 
instructors also would have to leave their 
respective process units for the duration of 
the training sessions. 

•	 Model	selection.	Options	were:	generic	
model or a so called custom made model 
describing the reality in the most accurate 
way possible and operating within the 
widest range.

•	 Plant	coverage.	The	model	should	
be made for the total process unit in 
general rather than for dedicated process 
sections.

•	 Emulation	or	simulation	environment.	
The goal was a perfect copy of the 
process unit environment, through which 
maintenance would be easier and the 
future changes could simply be copied to 
the model. The simulation environment 
is based on the software and hardware 
elements of the DCS (Distributed Control 
System) in place in the process unit.

In MOL’s Scientific Magazine No. 2/2008 these 
issues are addressed in a paper from István 
Rabi, Ákos Fürcht and Tibor Kovács.

II. Phases of the OTS Project

Before presenting the functions and operations 
of the training system it is important to put in 
a few words to present the procedure, during 
which the OTS progresses from the concept 
phase to the implementation phase.

At the time of launching the project the basic 
goals have to be set. When that has been done 
what follows is the selection of the sections 
in the process unit that will be simulated and 
clearly marked with colour coding on the  
relevant P&IDs. The next task is collecting the 
updated data sheets and current specifications. 
This is followed by the establishment of the 
critical parameters, the compliance of which is 
essential from operations point of view. Their 
accuracy is of an exceptionally high importance 
in the modelling because their deviation from 
reality must not be grated than 1%.

When the functional design and data 
acquisitions are completed the implementation 
phase may follow. During this the process 
technology model is prepared, which will 
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represent the real process conditions through 
a series of mathematical computations. In 
the next step the human/machine interface is 
established and the communication device is 
also connected hereto. After integrating the 
systems the purchaser makes sure during a 
factory acceptance test (FAT) that the system 
functions to the specifications.

After a successful inspection the final site 
installation of the system takes place, followed 
by the test run. In case the outcome of the full 
inspection is positive trainings and education 
may commence.

The completed OTS is a training simulator based 
on the technology and process control system 
model of the specific process unit, and having 
a wide functionality that is the implemented 
model system is describing the real process unit 
conditions in the most accurate way possible, 
and is simulating an identical environment and 
operation. The training simulator includes in full 
all properties, which the real process control 
systems do. The DCS configuration is identical, 
all the display figures, interlock screens, alarm 
handling and shutdown consoles are the same. 
The operator panels located in the filed, the 
major field valves, the equipment (heaters, 
compressors etc.) with a critical operation, the 
start-up, shutdown operator tables are also part 
of the simulator.

The structure of the system is of a modular 
design, which makes scaling easier.

III. The FCC-BEK5-HFA-ETBE System

In the foregoing we were following through 
the implementation of a general OTS system, 
and now we are going to address a somewhat 
special complex model system of operating 
process units.

This model system is partly typical since it 
includes all components of a general system, 
however, is partly special for the complete 
model includes simulation of four process units 
at the same time. 

But how does this look like in details? 
To take a closer look we will have to recourse 
to the figure below, in which DanubeRefinery’s 
combined model group of process units 
FCC-BEK5-ETBE-HFA is shown. This system 
includes the complex simulation of four process 
units at the same time.

For understanding the system a more detailed 
introduction to the individual components is 
necessary.

From trainee point of view the most important 
part of the system is the Experion PKS ope-
rator station. This operator station consists of 
two operator consoles, each with 4 monitors, 
exactly copying the real process environment. 
These are the workstations where the process 
unit personnel practices and is tested. The 
operation of the workstations is ensured by the 
Experion PKS Server.

The next major unit includes the programs of 
the process unit models. This is provided by a 
UniSim Design Simulator for the FCC Unit on 
the one hand, and for the BEK5 Unit, the HFA 
Unit and the ETBE Unit on the other.

Additionally an important component is the 
operator station and the program associated 
with it on Shadow Plant Instructor Workstation, 
which allows not only a switchover amongst the 
models, but as regards its function it also plays 
the part of a most important control console. 
For this is the station the instructor work is 
made from. This is here the training supervisor 
directs the exercises and examinations from. 
Here is where the supervisor loads into the 
system the scenario and exercise prepared 
by him, and then evaluates the performances 
through here. 

Over and above all this an element of the 
system is yet a PC, which includes the field 
operations devices. These in reality are the gate 
valves, valves and other devices, which allow 
the isolation of pipeline sections and are moved 
by the instructor on an instruction from the 
trainee during the simulation training, or should 
he ask for it, the trainee can move them. 

IV. The REF4-HGY2 System

The other complete system is the common 
simulator for process units REF4 and HGY2.
The characteristics of the model described in 
the previous chapter are the combined nature 
and complexity.

The speciality of this system is that the 
simulation part and the DCS are products from 
different developers, that is, the OTS system 
has been implemented with a joint contribution 
from Yokogava and Honeywell.
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V. Functions, expectations and goals

A detailed understanding of the OTS structure 
does not give an answer to the simple and 
trivial question why OTS is an extremely 
efficient tool for education, and what are the 
services that allow this to happen.

OTS is, of course, suitable for the operator 
to control (to play around) the process unit 
according to his own fancy, and develop his 
own experiences, but the training system 
also offers a possibility to get the trainee 
learn and control certain operation situations 
and emergencies during exercises written 
in advance, then loaded and run, to practice 
normal start-up, shutdown and to respond 
to various emergencies without endangering 
human health, safety or the environment.
In order to be able to provide that function 
some programmed tasks and exercises are 
required. They may be written in advance, or 
can be prepared based on the operations of the 
completed system, and are classified into three 
types: malfunctions, scenarios and exercises.

•	 	Malfunction:	It	is	a	pre-programmed	fault	
in the operation, which forms a part of 
the commissioned system. By type it can 
be two: standard malfunction on the one 
hand, which simulates a fault phenomenon 
defined in general (such as pump stop due 
to bearing overheating). On the other hand 
a custom malfunction, which models failures 
and abnormal operations defined as special 
requirements (such as overspeeding).

•	 	Scenario:	Its	writing	becomes	feasible	when	
the commissioned model is operational. It 
is a set of prompts occurring automatically 
and fitted with time parameters and value 
parameters, which the trainees must 
respond to, and as a result an electronic 
numerical assessment is provided on the 
exercise performed.

•	 	Exercise:	Scenario	associated	with	a	steady	
state.

The difference between a scenario and an 
exercise is that the exercise is a scenario, 
which is fixed and initiates from a steady state 
to be loaded together with that of the exercise.

The system is illustrated in the figure below:
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The use of the electronic assessment system 
is implemented through the joint use of several 
methods. It can monitor the ability of the trainee 
to see within what limits he can keep specified 
parameters of the process unit. In a start-up 
exercise monitoring a heating cycle can be 
included in the control and additionally it is 
capable of supervising through an evaluation 
method and of assessing the compliance 
with an expected limit or time cycle during an 
exercise performed.  In addition to all this an 
evaluation of the examiner in writing is also 
necessary, which assesses the communication 
ability, problem solving, firmness and ability to 
intervene efficiently.

After having described the functions of OTS 
we can go on to discussing the expectations, 
which are defined in general for an OTS 
system. First of all it is important to note 
that the OTSs within MOL Plc are part of the 
education and training strategy, therefore the 
requirement of examination to be performed on 
OTS is already included in the ON-THE-JOB 
trainings compulsory annually, under which the 
process unit operators and shift foremen are to 
demonstrate their knowledge through solving a 
specific exercise.

Training is on multi level. On the one hand it 
creates a possibility for newly hired employees 
to know their respective process unit, to 
learn the basic knowledge, while gives an 
opportunity to the operators and shift foremen 
to drill situations with a process upset, to 
obtain special knowledge and to get an 
objective realistic assessment of their own job 
performed, to allow practicing rarely occurring 
operation situations and last but not least to 
get an assistance in freeing those who have 
been performing their jobs for decades from 
the pressure of a routine working, together with 
the kind of automatism developing in respect of 
specific process upset situation.

After having established the expectations we 
should progress on to defining the objectives, 
the compliance with which serves the purpose 
of justifying the reason for OTS existence.
One of the most important short term 
objectives is to reduce the process training 
time. This relates in the first place to the training 
of the newly hired employees who need the 
basic knowledge and a special training, which 
can be presented via a model only. Shortening 
the training time is advantageous for the 
future operators and shift foremen for whom 
the handling of a process upset situation, the 

minimized response time, the advanced level of 
problem solving ability, the good communication 
ability and the firm and accurate work will be 
basic conditions in their future job. It is an 
additional requirement to widen the knowledge 
of the employees concerned and to extend the 
possibility for obtaining experiences under the 
ever varying market conditions and the technical 
developments changing from day to day. OTS 
assists also that, through which the rising work 
performance can be measured on medium term, 
the self confidence of the operator staff will 
be greater, the self assurance will grow, the 
response ability will be faster, more efficient 
and more appropriate, and through all that the 
commitment to the process and the efficiency 
will improve. 

 
VI. OTS connections

It is important to mention below the persons 
who on the one hand are in charge of operating 
the simulator, and are the users of the system 
on the other.

In MOL’s DanubeRefinery the operations of 
the OTS systems are supervised and their 
maintenance is provided for by an expert staff 
consisting basically of five tiers.

1)  The system administrator is at the top of 
the hierarchy. He is the person responsible 
primarily for the operable state of the OTS 
systems. Additionally he participates in the 
upgrading and supervises the maintenance of 
the systems. He monitors the functions and 
operations of the OTS on a continuous basis. 
Provides partnership for the process unit 
instructors in developing specific scenarios, 
exercises and assessment reports

2)  OTS system developer is an engineer at the 
company that has been the supplier of the 
given simulation system. His most important 
function is to build and upgrade the data 
bases and operator interfaces of the OTS 
systems. His priority task is to carry out the 
system software modifications occurring 
during operations, and to document potential 
changes. Maintaining the systems and 
performing regular savings fro data bases are 
also his responsibilities.

3)  The trainees and test takers are to carry 
out their exercises on DCSs similar to the 
real conditions of the process units. Their 
maintenance is a responsibility of the DCS 
supplier company’s engineer. The most 
important expectation from the supplier 
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engineer is to integrate the changes made 
in the DCS process control system into the 
DCS of the OTS.  Additionally documenting 
the changes and saving and maintaining 
the data bases of the specific area are also 
amongst his responsibilities.

4)  The job of the process unit instructor covers a 
wide spectrum. On the one hand he maintains 
relations with the trainees, educates and 
examines them. Prepares scenarios for 
them, and tests and maintains the scenarios. 
On the other hand he maintains relations 
with the process unit management, trains 
the dedicated personnel on the basis of 
instructions given by the management, and 
prepares reports and statistics for both the 
process unit management and the Process 
Chief Engineer Office.

5)  The trainees are process unit operators, shift 
foremen and process unit employees. They 
are responsible for both executing what is 
specified by the process unit management, 
and fully comply with the provisions of 
the safety instructions, operating and 
maintenance instructions. They are to train 
under the supervision of the instructor, on 
the OTS in accordance with the regulations 
by the process unit management, and to take 
periodic tests.

VII. Evaluation and KPI

When the system is ready for operation and the 
goals and expectations have been established, 
an evaluation system needs developing, a 
structure, which allows evaluating in general 
all the process unit OTSs and the associated 
exercises performed, along with the work 
by the instructor and the developers. These 
complex evaluation criteria, the KPIs (Key 
Performance Indicators) must be filled with 
contents at the end of each year. Developing 
the evaluation criteria requires a very careful 
work due to the system being complex and 
complicated.

When developing the criteria and when esta b-
lish ing the evaluation system a definition must 
be made as to what is the most important goal.

In our case it is to make both the increase in the 
trainees’ knowledge and the improvement of 
their skills measureable. However, to make that 
feasible many different kinds of data, opinions, 
and criteria have to be considered. We have 
to examine not only the rate of elaboration, 
the advancement, the complicatedness, the 

actuality and the complexity of the scenarios 
developed by the instructors, but also the 
opinion of the process unit management about 
the specific model.

The KPIs mentioned above are indicators, which 
may make the evaluation more expressed and 
more objective. These definitions can give 
excellent numerical feedback from areas such 
as the classification of activities performed in 
order to increase safety, the quantification of 
characteristics relating to system maintenance, 
or the comparison of parameters relating to the 
upgrading and engineering activities.
These KPI parameters define and quantify 
properties, which demonstrate the reason 
for existence of the given OTS through the 
improvement of the trainees. 

For example such KPI criteria may be:
•	 	The	quantified	average	of	the	tests
•	 	Shortening	in	the	training	time	compared	to	

the traditional training
•	 	Is	the	accuracy	of	the	critical	measuring	

loops within 1%?
•	 	Life-likeness	of	the	model	dynamic	

behaviour 
•	 	Life-likeness	of	the	emergencies	

programmed
•	 	Number	of	scenarios
•	 	Number	of	documented	heater	start-up	

exercises
•	 	Qualification	of	competency	and	fastness
•	 	How	many	times	is	it	used	for	testing	the	

upgrades of controls?
•	 	Qualification	of	applicability

VIII. A widening field of application

In addition to the operations of the existing 
OTSs the Process Chief Engineer Office is 
paying special attention to maximizing not only 
the current utilisation and efficient function, but 
to applications in new fields not yet involved.

One of them is the area of HAZOP/LOPA 
(methodology for risk assessment) related to 
the functional safety system in place within 
DanubeRefinery.  By means of this method 
the survey of the process upset frequencies 
and severity of consequences is made, along 
with outlining the possibilities of prevention and 
avoidance that is the risk assessment of the 
procedure. The first OTS application for making 
the risk analyses arising during the HAZOP 
more accurate, and for modelling the situations 
difficult to grasp in theories has already been 
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made, which has yielded promising results. 
We have found some deviations from those 
described initially in the HAZOP at some critical 
points selected in advance in the FCC unit.

Regarding its function the OTS is also suitable 
for the competent experts to carry out the post 
evaluation and post analysis of an unexpected 
process incident. The occurred incident can 
be made in the model exactly in the form of a 
scenario, and can then be tested and run in a 
state of operation pre-loaded.

The system ability that the effects of new 
process equipment, device and the associated 
control to be installed in a specific process unit 
can be modelled that is the future effects can 
be defined in advance. 

Due to the high accuracy simulation another 
important possibility hidden in OTS is to 
highlight a not necessarily dynamic section of 
the model from the complete system, which 
may offer help for the operation management 
and process engineers in the following:
•	 	efficiency	analysis
•	 	plant	test	runs
•	 	change	management

•	 	problem	solving	in	operations
•	 	material	composition	analysis

IX.	The	present

In addition to the systems currently in service 
within DanubeRefinery the OTS projects in 
progress are as follows:

OTS revamp in DC Unit:
•	 	Under	the	first	phase	the	handover	of	the	

revamped model for the coker section will 
be completed in February 2009

•	 	The	model	revamp	for	the	rest	of	the	
process unit will be carried out together with 
the intensification of the Unit next year.

The simulation of AV2 Unit has commenced 
and progressed into the model building phase. 
The handover will take place in second half of 
2009.

We hope that the future operators of the 
Hydrocracker Unit will also be supported by an 
OTS in their trainings.

Revised by: Klára Kubovics, Dr 
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Abstract

Besides the manufacture of the 
targeted ethylene and propylene 
monomer products, the recovery of the 
butadiene, styrene, butane-1, etc. can 
be a viable option to add more value 
to the by-product streams in the steam 
crackers at Tisza Chemical Group Plc. 
These by-product streams contain the 
components in economies of scale 
quantity for processing in commercial 
recovery process units.

Összefoglalás

Olefingyári melléktermékek értékének 
növelése komponenseinek kinyerésével 
és tovább feldolgozásával
A Tiszai Vegyi Kombinát Nyrt. 
olefingyáraiban, a céltermék etilén és 
propilén monomer gyártása mellett, 
a mellék termék anyag áramokból 
történô butadién, sztirol, butén-1, stb. 
termékek kinyerése lehetséges opció. 
A melléktermék anyagáramokban 
lévô kinyerhetô komponensek 
mennyisége elegendô gazdaságos 
kapacitású kinyerô üzem létesítéséhez. 
A kinyert componensek magasabb 
áron értékesíthetôk, magasabb értékû 
termékekké dolgozhatók fel, növelve 
ezzel a vállalati jövedelmet.

By the time Tisza Chemical Group Plc. (TVK 
Nyrt.) put steam cracker Olefin-2 in commercial 
operation the scale of the ethylene production 
capacity had reached the capacity of a world-
scale naphtha cracker. The manufacture of 
ethylene by thermal pyrolysis yields several 
co-product petrochemicals.

The leader standard naphtha crackers in Europe 
have process units for co-product recovery.

Introduction to the by-product 
fractions in the Stream Crackers

P Y R O L Y S I S  G A S O L I N E  F R A C T I O N

Pyrolysis gasoline processing units for di-olefin, 
olefin hydrogenation, hydrodesulfurisation and 
benzene/toluene cut, C8 cut, C9+ cut recovery 
are integrated in steam cracker Olefin-1 and 
Olefin-2.

For the time being the benzene/toluene cut is 
separated to benzene and toluene components 
in Százhalombatta Refinery, the C8 cut is 
sent to the motor gasoline pool as blending 
component, the C9+ cut is sold as fuel oil to an 
electric power station.

One of the main source of aromatics is the raw 
pyrolysis gasoline (pygas), formed as a co-

János Szalóki (61)
chemical industry technician
process development technologist
Tisza Chemical Group Plc.
Process and Project Development 
Department
E-mail:szalokij@tvk.hu

Adding value to steam cracker 
by-product streams
by component recovery and 
processing

Figure 1. Economies of Scale for Co-Product Recovery
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product in steam crackers producing ethylene, 
propylene and different associated by-products. 
Pygas is rich in benzene, toluene, xylenes and 
contains 5-7 wt % styrene.

In addition to this, more benzene and xylenes 
could also be produced from the toluene and C9+ 
components of the pygas by disproportionation 
and transalkylation. Benzene is usually 
commanding the highest value and toluene 
defining the lower end of the pricing spectrum. It 
is an option to hydrotreat C9-C11 components 
and blend them into the motor fuel pool.

R A W  C 4 / C 5  F R A C T I O N

C4/C5 co-products are generated during the 
manufacture of ethylene by steam cracking 
naphtha or heavier feeds. Raw C4/C5 cuts 
are available from Olefin-1 and Olefin-2. At the 

present, these streams are total hydrogenated, 
recycled and co-cracked in the cracking 
furnaces to extinction.

The quantity of the by-products from Olefin-1 
and Olefin-2 are sufficient for economies of 
scale component recovery (Table 1). Co-
product valuations assume optimal disposal 
strategy. There are several options to generate 
revenue from additional co-product recovery. 
Investigation of pooling certain raw C4 and 
pygas streams for component recovery from 
Slovnaft Petrochemical Company is also 
an option finding synergies at MOL Group 
companies.

Maximizing the value of the steam cracker 
based mixed C4 stream is a major objective 
for most cracker operators in order to increase 
ethylene production margins.

Figure 2. Steam Cracker Simplified Process Block Diagram
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Figure 3. The Derivative Chain of C4s.

	 Benzene Toluene C8 cut C9-C11  Isobutylene Butene-1
O-1	 97	600	 49	920	 45	000	 28	000	 27	000	 12	500
O-2	 65	360	 30	400	 25	000	 17	000	 21	000	 11	500
O-1	+	O-2	 162	960	 80	320	 70	000	 45	000	 48	000	 24	000

 1,3 Butadiene Izoprene Dicyclopentadiene Styrene Piperylene
O-1	 64	000	 6	664	 12	000	 11	800		 6	500
O-2	 40	000	 8	000	 10	400	 		8	600	 4	000
O-1	+	O-2	 104	000	 14	664	 22	400	 20	400		 10		500

Table 1. Co-Products Available from the Steam Crackers, TCG Plc. (TVK) Olefin-1 and Olefin-2 (t/a)
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A variety of options exist to upgrade the C4 
stream by separation of the components and 
conversion of low value materials to higher 
value products.

The components contained in the raw C4 
fraction composition (wt- %):

When Olefin-1 and Olefin-2 are running on 
naphtha feed the composition of the raw C4 cut 
is similar to the above values. It changes with 
the feed composition and cracking severity. 

Raw C4/5 fraction composition from Olefin-2, 
AGO feed case (wt- %), (No separated C4 and 
C5 cuts are available from this unit):

The ratio of these components also changes 
with cracking severity.

For a naphtha based steam cracker the 
major use for the C4/C5 stream are the 1,3 
butadiene, styrene, butane-1, isoprene and 
other C5 components recovery.

At TCG Plc. the raw mixed C4 stream from 
the steam crackers is recycled to the cracking 
furnaces to extinction with upstream total 
hydrogenation to mono-olefins, for ethylene 
and propylene production. The ethylene and 
propylene combined yield is around 55 wt % 
from this total hydrogenated mixed C4 stream.

In case of butadiene recovery the missing 
recycled C4 feedstock can be replaced by C4 
LPG and/or naphtha with no modification to 
the original process unit design and without 
loss of revenue. The hydrogen balance of the 
steam crackers improves and this increases the 
availability of transferable hydrogen for gasoil 
hydro-treatment at MOL site TIFO.

C4 and pygas streams disposal choices are 
made depending on downstream integration 
and relative economics. The expected amount 
of butadiene, styrene, butenes, butane, 
isobutylene co-products from the steam 
crackers Olefin-1 and Olefin-2 is sufficient for 
the operation of commercial scale recovery 
process units (Table 1). 

The amount of the recoverable butadiene and 
styrene is sufficient for local polybutadiene and 
styrene-butadiene synthetic rubber production.

Figure 3 shows the derivative chain of the mixed 
C4 fraction from a naphtha stream cracker.

Butadiene

Butadiene is mainly produced by its extraction 
from the mixed C4 stream using the principle 
of extractive distillation, since the relative 
volatilities of the various C4 isomers are such 
that they can not be separated by conventional 
distillation.

The processes are identified by the licensor 
and the type of extraction solvent. Several 
solvents have been used as a basis for the 
extractive distillation processes. Three of 
the major leading solvents are: acetonitrile 
(ACN), N-methylpyrrolidone (NMP), dimethyl 
formamide (DMF). The process with NMP 
solvent is representing the most recent 
technology. It is shown in Figure 4.

Regardless of recovery process and the 
solvent, final purification of the butadiene 
requires removal of any butane, butane or 
acetylene impurities.

Propadiene	 0,2270
Methyl	acetylene	 0,1963
Ethyl	acetylene	 0,1340
Vinil	acetylene	 0,7961
C3,	total	 0.0168
C4,	total	 98.56
C5,	total	 0.0587
1,2-Butadiene	 0.15
1,3-Butadiene	 41.81
i-Butene	 20.23
1-Buténe	 10.72
cis-2-Buténe	 	2.98
tr-2-Buténe	 	4.00
Butane	 18.68

Acetylenics,	total		 0.80
1,2-Butadiene	 0.19
1,3-Butadiene	 33.69	
i-Butene	 16.23	
1-Buténe	 7.72	
cis-2-Buténe	 2.98	
tr-2-Buténe	 4.00	
n-Butane	 10.68	
i-Butane	 1,76	
2M-2-Buténe	 1,35	
Pentene	 		2,54	
Cyclopentane	 1,36	
1,3	Cyclopentadiene	 3,45	
Cyclopentene	 1,92
Izoprene	 3,23
Benzene	 4,16	
Cyclohexane	 	0,04	
Toluene	 0,07	
Balance	 0,47	
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Butadiene can be processed locally, traded 
or sold to polymers and chemical derivatives 
manufacturers. The current major butadiene 
producers are not expected to add new 
capacity in the near future in Europe, mainly due 
to the lack of raw C4 available. A recovery unit 
replacement with minor expansion is expected 
in Central-Europe until 2010.

Butadiene product can be homopolymerized 
or copolymerized with a number of monomers. 
Major butadiene polymer derivatives are 
styrene-butadiene rubber, polybutadiene rubber 
acrylonitrile-butadiene-styrene rubber, nitrile 
rubber. Tyre production is being the single most 
important end use of butadiene synthetic rubbers.

The manufacture of tyres and other rubber 
goods has tended to migrate to lower labour-
cost areas like Central-Europe, including 
Hungary. It is almost for sure that this industry 
can adsorb additional raw material.

I - B U T E N E / I S O B U T Y L E N E

Isobutylene is mainly consumed in the 
production of MTBE or ETBE which is used 
as an octane booster and supply of contained 
oxygen for unleaded gasoline. This versatile 
molecule can also be used as a pure stream 
for the manufacture of polymers and specialty 
chemicals.

B U T E N E - 1

Once the isobutylene is reduced to trace 
levels in the C4 raffinate stream from the MOL 
MTBE Unit in Tiszaújváros, butane-1 could be 
fractionated from the other C4s present.

Table 2. Raffinate-2 feed to the Butene-1 recovery unit

The butane-1 recovery from the raffinate-2 is 
a feasible option. Several licensors, namely 
UOP LLC, Nippon Zeon, SINOPEC, China 
Petrochemical Technology.,Ltd, LurgiAG., 
CB+I,Lummus Technology, Axens, Technimont, 
Japan Sythetic Rubber Corporation offer 
technology for this purpose.

The separation of the butene-1 from different 
C4 components by fractionation is fairly 
difficult. In the process a two-column approach 
is used. The first column removes n-butane and 
butene-2 in the bottom and sends the butene-1 
and light end overhead. The butene-1 is taken 
as the bottom product in the next column. 
These columns are rather large, containing 

Component wt- % Kg/h
n-Butane	 28.70	 3274
i-Butane	 22.32	 2547
Butene-1	 29.64	 3383
cis-2-Butene	 7.89	 900
trans-2-Butene	 11.15	 1273
1,3	Butadiene	 0.28	 32
i-Butene	 0.02	 2
Total	 100	 11411.0

Figure 4. 1,3 Butadiene Extraction Technology Block Diagram
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approximately 200 trays. Each column has to 
be built with two shells because of their height. 
With an improved tray design it is possible to fit 
into one shell.

Butene-1 is a co-monomer in the production of 
LLDPE and HDPE. Butene-1 is also consumed 
in the production of polybutene-1 and various 
specialties.

n-Butenes can be reacted in the presence of 
butanes to produce  product as the solvents 
sec butyl alcohol and subsequently MEK. 
Other chemical uses include feedstocks 
for dimerization and oligomerization in 
the production of higher oxo-alcohols for 
the manufacture of plasticizers. The bulk 
of normal butenes are, however, mainly 
consumed in alkylation units in a refinery. 
Butenes and isobutene can be reacted in the 
presence of strong acid catalysts to produce 
trimethylpentanes known as C4 alkylate. TMPs 
are highly branched and exihibit high RON and 
MON values.

n-Butene streams can be treated to maximize 
the butene-2 component via isomerization. This 
can be fed to an alkylation unit or be extracted 
and reacted with ethylene in a metathesis unit 
to produce propylene. However, C4 stream 
must be essentially free of butadiene and low in 
isobutylene. The MTBE production is a good and 
only way of isobutylene removal from C4 streams.

Transalkylation process

Transalkylation processes convert low value 
toluene and C9-C11 heavy aromatics originating  
from hydrotreated pygas cut into value-added 
mixed xylenes. An advanced transalkylation 
catalyst was developed by a Korean company 
to produce xylenes from the transalkylation of 
C9+ aromatics. 

During the process of xylene production a 
number of reactions such as disproportionation, 
transalkylation and dealkylation take place. The 
methyl groups are shifted from one benzene 

ring to the other via disproportonation and 
transalkylation to produce mixed xylenes. During 
dealkylation, the ethyl, propyl and butyl groups 
attached to benzene and methylbenzenes 
are removed to produce benzene and methyl 
benzene. Undesirable polynuclear aromatics are 
removed from the process.

Mixed xylenes product consists of three 
isomers namely: para-xylene, ortho-xylene and 
meta-xylene. The ortho-xylene and meta-xylene 
can be processed further by isomerization 
reaction to produce para-xylene, which is used 
for the production of PTA, polyester fibers, 
resins and films.

Mixed xylenes from C9-C11 transalkylation can 
be blending component in motor gasoline as a 
secondary option.

The C9+ and C7 fractions of the pygas 
are good candidates to be feedstock to a 
transalkylation unit.

Styrene 

Essentially, all styrene is produced from 
ethylbenzene. The precursor ethylbenzene 
is obtained mainly by alkylation of benzene 
with ethylene via a vapor-phase or liquid 
–phase process using either a zeolite or an 
aluminium chloride catalyst. The styrene from 
the ethylbenzene is produced by isothermal or 
adiabatic dehydrogenation process.

The styrene is one of the by-products 
components formed in TVK’s (Tisza Chemical 

Component wt- %
Butane	 max.	0.05
i-Butene	 max.	0.15
Butene-1	 min.	99.60
Butene-2	 max.	0.20
1,3	Butadiene	 max.	0.01

Table 3. Butene-1 product composition

Figure 5. Chemical reactions of the C7 and C9+ components
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Group Plc.) steam crackers Olefin-1 and 
Olefin-2 by steam cracking of naphtha, gas oil 
and LPG. This styrene is normally found in the 
pyrolysis gasoline (pygas) fraction. Styrene can 
also be produced directly from this fraction by 
recovery, if the economics are attractive.

Although styrene has a high value when purified, 
this component is considered a nuisance in the 
pygas, because its tendency to form gums and 
polymers. Consequently, normal process steps 
downstream require the pygas to be hydrotreated 
to reduce the gum formation potential.
In the pygas hydrotreating unit, styrene is 
converted into ethylbenzene. This creates the 
C8 fraction which has a disproportionately high 
concentration of ethylbenzene, making it an 
undesirable feedstock for p-xylene production. 
Therefore, at present, the entire C8 aromatics 
cut is used as a motor fuel blend stock.

Styrene in the pygas also creates further 
problems:
•	 Fouling	the	hydrogenation	catalyst.
•	 	Consume	hydrogen	to	convert	styrene	into	

ethylbenzene.
•	 	Increases	processing	cost	and	it	can	

present hydraulic capacity bottlenecks.

It is impossible to separate and purify styrene 
from pyrolysis gasoline by conventional 

distillation, because of the close boiling 
hydrocarbons in this stream. The normal boiling 
point of o-xylene and styrene differs by less 
than 1°C. 

A new technology has been developed, which 
makes possible to recover styrene directly from 
raw pyrolysis gasoline before hydrotreatment. 
This process uses a selective co-solvent 
formulation to enhance the volatility difference 
between styrene and the close boiling aromatics, 
so that high purity styrene can be produced 
from pyrolysis gasoline by extractive distillation. 
A styrene recovery process block diagram is 
shown in Figure 6.

From the steam crackers light and heavy or 
mixed pygas streams are available. In the heavy 
cut the styrene concentration is around 25 to 
29 wt-%, in the mixed and the light cuts the 
styrene concentrations are 6 – 8 wt-% and 1.5 
to 2.0 wt-%, respectively.

The main chemical use of styrene is in the 
production of polystyrene (PS), a commodity 
polymer with a broad range of end-uses 
in different types like general purpose PS, 
high impact PS, expandable PS, acrylonitrile 
butadiene styrene polymer, styrene butadiene 
rubber, styrene butadiene latex, etc.

Figure 6. The Styrene Recovery Process Block Diagram
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C 5  H Y D R O C A R B O N S

Beside the above mentioned components 
several useful C5 hydrocarbons are 
formed as co-products in the steam 
cracking of naphtha and gasoil. These 
C5 hydrocarbons are found in the 
pyrolysis gasoline and/or in the C4/
C5 fraction. They can be separated by 
distillation. Very often the destination of 
the C5 stream is the gasoline pool or the 
recycle feedstock stream to the cracking 
furnaces. For this purpose, the C5 stream 
is usually partly or total hydrogenated to 
remove diolefin components. Before the 
pyrolysis gasoline is sent to the aromatics 
extraction unit, the olefin components are 
to be total hydrogenated and polished. 

However, contained in C5 stream there 
are some highly desirable components 
that can be extracted and converted into 
high value derivatives.

The molecular structures of the 
more desirable C5 components are 
shown in Figure 6. The steam cracker 
derived C5 stream contains isoprene 
(2-methyl-butadiene), cyclopentadiene 
(usually extracted as its dimmer 
dicyclopentadiene, DCPD), piperylene 
(trans- and cis 1,3 pentadiene, and 
2-methyl-butene-2. Pentene-1 is also 
available from this stream in limited 
quantities. 

The isolation of the individual C5 
components is by no means facile and 
requires considerable investment.

Extracting C5 stream 
components from a 
steam cracker C5 stream 
can be complex, involving 
number of steps. The 
boiling points of the C5 
components a very close 
together in the 30 °C to 
45°C.range which means 
that distillation alone can 
not be used as a means 
of C5 separation.

First, the CPD is removed. The CPD is 
dimerised to DCPD. Distillation is used to 
separate the remaining C5 stream from the 
higher boiling DCPD.

 Component Olefin-1 and SPC Heavy
 Olefin-2 mixed
Butane 0 0.088
2-M-Butene 0 0.06
TPND 0.234 0.115
Cyclopentane 0.179 0
n-Hexane 0 0.103
3-M-Pentane 0.958 0
M-Cyclo-Pentane 0.756 0
2-4-M-Pentane 1.569 0
M-Cyclo-Hexane 0.735 0.177
Benzene 42.231 2.488
Heptane 0.282 0
Toluene 20.041 27.054
3-M-Heptane 0.422 0.46
2-2-4-M-Pentane 1.834 0.076
Ethyl-Cyclo-Hexane 0 0.466
Octane 0.247 0.345
Ethyl-Benzene 1.962 4.038
P-Xylene 1.175 3.1357
M-Xylene 3.3515 9.4053
O-Xylene 1.706 4.817
Styrene 7.689 29.524
Phenyl-Acetylene 0.059 0.084
Pr-Benzene 0.376 0.29
Cumene 0 0.802
Indane 1.855 3.169
1-2-4-M-Benzene 3.97 0.307
M3EZ 0.56 1.031
M4EZ 0.221 0.363
CIPRBENZ 0.213 0.527
AMST 0.684  1.44
1-3-5-M-Benzene 3.581 7.552
1-2-3-M-Benzene 0.33 0.218
MMStyrene 0.564 1.039
1-4-EZ 2.101 0.466
Naphtalene 0.172 0
Total 100 100

 Components Catalytic Steam Cracker C8 cut, from 
 reformate pygas styrene recovery 
Etilbenzene	 16	 51	 18
p-Xylene	 22	 12	 21
m-Xylene	 44	 25	 43
o-Xylene	 18	 12	 18

Table 4. Typical pygas stream compositions from steam crackers, wt- % 

C8 aromatics isomer ratio comparison, w-%
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If more components are to be extracted, the 
C5 stream, now depleted in CPD, is sent to 
an isoprene unit. In the isoprene complex an 
isoprene-piperylene stream is removed from the 
remaining C5 olefins and parafins by extractive 
distillation similar to the butadiene extraction. 
For this purpose, dimethyl formamid and 
acetonitrile solvents are used. 

The next step is to remove any acetylenes 
contained in the C5 stream. For example, 
2-butyne can be used in the production  of fine 
chemicals.

Isoprene is separated from piperylene by 
superfractionation.

The co-product C5 raffinate contains olefins 
and paraffins. It is also possible to extract these 
components for specialty chemical use.

Isoprene

The derivatives of isoprene include 
polyisoprene (isoprene rubber), a synthetic 
equivalent of natural rubber. Isoprene is also 
used in the production of a family of styrene-
isoprene block copolymers (SBCs) These 
thermoplastic elastomers are used mainly in 
the production of adhesives (pressure sensitive 
tapes). Isoprene is also used as a co-monomer 
with isobutylene in butyl rubber (IIR) production. 
Isoprene performs two functions in butyl rubber 
production. Isoprene cross links the C4 polymer 
chains whilst providing sites for halogenation 
to improve the barrier properties of the rubber, 
and also is used in fine chemical synthesis.

C Y C L O P E N T A D I E N E /
D I C Y C L O P E N T A D I E N E

DCPD concentrates are used in the production 
of aliphatic hydrocarbon resins. These are 

tackifier resins and are used in tyre production 
and hot melt adhesives. Resins based on 
DCPD are usually hydrogenated to improve 
thermal stability and clarity. These grades find 
use in non-wowen fabrics and feminie hygiene 
goods.

DCPD in higher concentrations are used in the 
production of thermoset unsaturated polyester 
resins  (UPR) for multiple purpose.

High purity DCPD is used for the production 
of ethylidene norbornene. This is used in the 
production of EP rubber and provides the cross 
linking agent for vulcanization. High purity 
DCPD is also used in the production of in fine 
chemical synthesis particularly in the production 
of flavour and fragnance intermediates.

The latest development in DCPD use is the 
production of cyclic olefin copolymers. Here, 
DCPD is used to produce monomers such as 
norbornene and tetracyclododecene. These 
monomers are copolymerized with ethylene 
to produce transparent resins with properties 
similar to methyl methacrilate and polycarbonate. 
The target market for these polymers is the 
information storage media sector, specifically 
compact discs, CD ROMs, etc.

Ultra pure DCPD is used for poly-DCPD 
for reaction injection moulding of very large 
moulded structures.

Piperylene

Piperylene (1,3-Pentadiene) find most use 
in the production of premium grade aliphatic 
hydrocarbon resins for hot melt adhesives. 
A small quantity is used in the production 
of epoxy resin hardening agents and fine 
chemicals.

Figure 7. C5 component molecule structures
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C5 markets

Only a few producers are involved in the 
C5 derivatives business. Integration is the 
key feature of a successful C5 hydrcarbon 
business. In order to be economic, for the 
extraction of C5 components, there has to 
be a sufficiently large quantity of unsaturated 
C5 stream available. This can be either from a 
world scale steam cracker complex processing 
naphtha, or unsaturated C5 streams can be 
pooled and processed at a properly selected 
location. There will need to be sufficient local or 
regional demand to adsorb the majority of the 
C5 products.

Summary

The by-product recovery options investigated 
in this article have been evaluated in terms of 
technical and commercial feasibility for scouting 
purpose since steam cracker Olefin-2 was 

put on-stream. Despite of the recent volatile 
investment environment NPV, ROI calculations 
show positive results, especially for butadiene, 
styrene, butane-1 recovery and synthetic 
rubber projects. Licensors, contractors have 
expressed their interest in bidding for projects. 
The required plot is available in abundance 
and utilities demand can be met with certain 
capacity expansions at TCG Plc. 

Literature

The information contained in this article has 
been collected during scouting investigation 
of possible new investments in steam cracker 
co-product recovery and processing. The 
article does not contain confidential information 
obtained during preliminary negotiation with 
licensors and contactors.

Revised by: Gábor Nagy, Dr. 
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Abstract

The Advanced Process Control 
application with multivariable 
predictive control software provides 
superior control performance, 
execution efficiency and excellent 
constraint handling to maximize asset 
utilization. The major benefits are 
realized through reduced variability, 
more accurate quality control, 
increased throughput and increased 
yields of more valuable products in 
the Tisza Chemical Group Plc’s (TVK) 
production units. Their performance 
highly depends on the good process 
condition of the process equipment 
and the proper tuning of the process 
model to the changing process 
dynamic and the changing control 
targets.

Összefoglalás

Az APC alkalmazások üzemeltetési 
tapasztalatai a TVK-nál
A többváltozós, prediktív folyamat-
szabályozás (APC) a magas szintû 
szabályozási technikával, a hatékony 
beavatkozási módszerekkel és a 
technológiai korlátok megfelelô 
kezelésével, a termelési eszközökben 
lévô kapacitások maximális kihasz-
nálását segíti elô a Tiszai Vegyi 
Kombinát Nyrt. termelô üzemeiben. 
A technológiai paraméterek és a 
termék-minôség stabilabban tartásával 
növekszik az értékesebb termékek 
kihozatali aránya és mennyisége. 
Az APC alkalmazások eredményes 
mûködésének feltétele a technológiai 
berendezések jó kondíciója és a 
kontrollerekben lévô technológiai 
modellek megfelelô hangolása.

Introduction

The Advanced Process Control (APC) 
applications are implemented in six production 
units at Tisza Chemical Group Plc. (TVK) 
Tiszaújváros, Hungary. Three of them are 
operated in Steam Cracker Olefin-1, Olefin-2 
and Polyethylene Unit HDPE-2. These 
applications are from different vendors, 
nevertheless they operate with the same 
assumption, on the same principle for very 
similar benefit targets

The advanced control application gives support 
to operating the production units closer to 
the optimum operating target. The new PID 
control setpoints defined by the model based 
predictive controllers are closer to the process 
constrains. This is what the operators are 
unable to maintain continuously because of 
the complexity of the required simultaneous 
actions.
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APC in the Steam Crackers

The controllers, on selected process unit or 
process unit groups of the steam crackers 
(Table 1), run in real time, collecting process 
information and sending set-points to the PID 
controllers used as MVs. Data exchange is 
achieved through OLE for Process Control 
connectivity to the DCS. 

The controllers run on server workstation in 
Olefin-1 and on the operator work stations 
in Olefin-2. The operator calls up controller 
graphics on the operator PC work stations 
located in the central control room. 

The controllers use controlled variables (CV), 
manipulated variables (MV) and feed-forward/
disturbance variables (FFV/DV).  Different 
tuning factors are applied to the controllers.

Benefits of the APC

Benefits experienced with 
the APC application are 
capacity increase, increased 
product recovery, more stable 
operation and reduction in 
utility consumption. The primary 
target was the augmentation 
of ethylene and propylene 
production capacity to 2.1 % 
in Olefin-1 and 8 % in Olefin-2. 
Priority was given to ethylene 
and propylene production 
capacity increase. This increase 
is implemented by an MVPC 
production controller which 

maximizes and optimizes the feed allocation to 
and between the cracking furnaces depending 
on the expected run length, run status, product 
yield and process unit constrains.

In both steam crackers before the 
implementation of the APC application base 
line production runs were established for the 
calculation of the expected benefits.

APC Technology

In 2001 in Olefin-1 and in Olefin 2 in 2007, 
after a successful commissioning, benefit 
demonstration runs were implemented. The 
contracted improvements over the base line 
rate production were achieved with some 
excess and could be maintained for the full 
length of the run period and from that time on 
when the plant operation were within the design 
range of the operability of the APC application.

Figure 1. Process Control Hierarchy Showing Differences in Timing Requirements

Olefin-1 Number of Controllers Olefin-2 Number of Controllers
Cracking Furnace 11 Cracking Furnace 4

Primary Fractionator,   Primary fractionator, 

Water Wash Column, 1 Water wash Column,  1

Cracked Gas Compressor  Cracked Gas Compressor,  (4 sub-controllers)

  Dilution Steam Generation
C2/C3 Separation 1 Pre-cooling, C2/C3,  
  Separation,
  Deep-cooling and Demethanizer,  1
  Refrigerant (6 sub-controllers)

  Compressors, C2 Separation 
Demethanizer 1 C3/C4 Separation 1
C2 Separation 1 C3 Hydrogenation 1
C3/C4 Separation 1 C3 Separation 1
Production Controller 1 Feedmax controller 1

Table 1. MVPC Controllers in the Steam Crackers
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The advanced control technologies applied 
in the steam crackers are the block based 
advanced regulatory control, which is 
implemented in the DCS, and the model based 
multivariable predictive control. The model 
based predictive controllers have multi-input, 
multi-output and can be predictive because 
they contain the model of the processes in the 
steam crackers they are trying to control.

The model based control uses the dynamic first-
principle model of the processes. The dynamic 
model predicts behavior of the controlled 
variables, where CVs are going to move, based 
on previous MV and FFV moves. It takes control 
actions based on the prediction. An inverted 
model used to calculate the MV moves required 
to eliminate the predicted errors in the CVs.
Using matrix algebra techniques, the MVPC 

software can solve the prediction 
model in reverse. Given the 
desired CV values, the reverse 
prediction model can calculate the 
changes in MVs, which minimize 
the error between the actual and 
desired CVs. MV’s movement 
are defined in configurable control 
function blocks.

For this, data was collected 
during the response test. The 
MVPC software makes possible 
to create a response curve for 
each meaningful MV/CV pair. 
The MV/CV response curves 
are combined to form a matrix 
of response coefficients to 
describe the change of every 
CV for a change in one or more 
MVs. This is the prediction 
model of the process.

This integrated  matrix 
approach can control all targets 
simultaneously in both the 
steady state and transient states 
by adjusting the manipulated  
variables, monitoring and 
respecting process constrains, 
and incorporating the effect of 
measured process disturbances.

Each MV move is configured 
with different cost. The objective 
function minimizes the cost of 
the sum of weighted CV errors, 
the sum of weighted incremental 
MV moves, the sum of weighted 

MV deviations at each scan interval squared 
over time horizon.

Severity and Conversion Control on 
the Cracking Furnaces

In steam crackers Olefin-1 and Olefin-2 the 
cracking severity control of the furnaces are 
included in the APC application.

The control strategy of the severity control 
is to control the furnace at a desired severity 
ratio for liquid feeds like naphtha and AGO 
or conversion for gas feeds. This strategy is 
achieved by the HTR off-line full-scale furnace 
model of ABB in Olefin-1 and the SPYRO on-
line furnace model of TECHNIP in Olefin-2.

	Date Production Increase Production Increase 
 over Baseline (t) over Baseline (%)
09.24.2007	 93,4	 8,03%
09.25.2007	 118,4	 10,18%
09.26.2007	 118,5	 10,20%
09.27.2007	 101,1	 8,70%
09.28.2007	 100,9	 8,68%
Average 106,5 9,16%

Table 2. Demonstration of the Production Capacity Increase in Olefin-2 
during the Performance Test

Figure 2. Demonstration of the Production Capacity Increase in Olefin-2 in 2007

Figure 3. MVPC Model Matrix
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The systems collect data from DCS instru-
ments and use values input by the operator. 
The program then predict the required operating 
conditions to run the furnaces for the required 
objective (maximize ethylene, maximize 
propylene, maximize total olefins yields, etc). 
The system monitors the furnace run lengths 
and predicts when decoking will be required.

The furnace model evaluates, validates the 
current process condition of the furnace and 
convert it coil outlet temperature set-point 
targets, consistent with the severity defined 
by the operator in Olefin-1 or the real time 
optimization model in Olefin-2. The coil outlet 
temperature set-point (COT SP) targets are 
sent to, and implemented by, the individual 
furnace controllers.

In Olefin-1 the severity control is modeled 
off-line and this model is calibrated, by furnace 
effluent on-line analyzer component data, 
pyrometer readings and transfer-line exchanger 
conditions on a regular scanning basis. The 
model runs real-time. 

In Olefin-2 the severity control uses an integrated 
on-line SPYRO model to define the furnace 
cracking parameters to the desired severity or 
conversion. The model uses real time process 
data feedback and feed analysis, radiant coil tube 
skin metal temperatures entered by the operator 
on a predefined regular basis.

Severity control objectives:
•	 	Maintain	the	cracking	severity	in	the	

furnaces at the target severity or target 
conversion rate set-point as determined 
by the operator or the plant real time 
optimization.

•	 	Predict	the	remaining	days	of	furnace	run	
length based on operator entered tube 
metal temperatures, feedstock analysis and 
current operating conditions.

Benefits of the severity control application:
•	 	Constant	on-line	optimization	of	furnace	

operation.
•	 	A	more	rapid	response	to	system	

disturbances and changes in feedstock or 
process objective.

•	 	Reduced	operator	involvement.
•	 	Reduction	in	feedstock	consumption	for	the	

same production due to higher severity and 
conversion.

•	 	Increase	in	downstream	process	unit	
throughput subject to process equipment 
constraints in the recovery units.

Experience

M V P C  C O N T R O L L E R  M O D E L S

The APC application in steam crackers Olefin-1 
and Olefin-2 are in service and ON control, with 
the exception of C3 Splitter (STARC3) and 
Compressor and Wash Columns (STARCOMP) 
in Olefin-1 which are down for different reasons.

The controllers are reliable, working fine and are 
being used by the operators. They have never 
contributed to any plant or process unit upset.

In both steam crackers the models in the 
controllers have been degraded with time 
mainly due to the changing operation strategy 
and depending on the physical condition of the 
process equipment. Some adjustments have 
been made to the models to certain extent, 
adapting them to the changing condition of 
the process environment. The number of 
the engineers and technicians available and 
their capabilities in this very specific skill are 
limited. In case of certain difficult issues we 
must depend on the services provided by the 
vendors only.

In the design of the current STARC3 controller 
in Olefin-1, the control strategy assumption 
has proven not to be correct due to operation 
choice to keep propane recycle flow as stable 
as possible. The problem can be resolved, but 
requires modification to the controller as well as 
the DCS configuration.

An important function in STARCOMP controller 
in Olefin-1 has not been working ever since 
the commissioning of the application due 
to mechanical problem of the cracked gas 
compressor speed controller. This mal-
operation has been fixed. This issue shall be 
addressed during the next upgrade, redesign 
and commissioned afterwards.

The C2 Splitter (STARC2) in Olefin-1 controller 
needs to be up-graded  to the latest version to 
take the advantage of the improved tuning and 
better use of optimization functions present 
in the new version should improve the overall 
performance of the controller.

The current MVPC controllers are designed 
Windows NT compatible and out-dated. They 
will be migrated into Windows XP operating 
system.
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S E V E R I T Y  C O N T R O L

In Olefin-1 the on-stream factor of the on-
line furnace effluent analyzers is less than 
expected. The sample conditioning requires 
frequent maintenance. There is an idea of using 
laboratory effluent component analysis instead 
of on-line furnace effluent analyzers. The 
advantages and disadvantages of this solution 
are under investigation.

The severity control software in Olefin-1 is 
a proprietary one. Any up-grade would need 
to be done by the original vendor. To the 
best of our knowledge the original vendor no 
longer continuing development of this severity 
control software product for purposes of APC 
and support of this software no longer exists 
or appears to be limited to one remaining 
individual. The support to the hardware is no 
longer available.

There is an option to migrate Olefin-1 severity 
control model to a new version of controller 
which is Windows 2000 and Widows XP 
compatible. This would require access to a 
compatible OPC server capable of running on 
the new operating systems from Microsoft. 
The original vendor of the DCS can provide this 
server.

All furnace controllers would have to be 
modified to control the severity from the 
furnace models (SPYRO on-line for example) 
instead of to a COT target currently provided by 
the existing severity control application.

It is important to note that certain SPYRO on-
line applications have limited capability, do not 
cover all the sections of the cracking furnaces.

The severity control application in Olefin-2 is 
integrated in the real time optimization. It can 
work in the original feedstock scenario range 
well. The current new feedstock scenarios do 
not always fit into the original furnace model. 
The access to and the knowledge of model 
software is limited. The application would 
require maintenance support from the vendor 
under a service agreement.

P R O D U C T I O N  C O N T R O L L E R

Olefin-1 and Olefin-2 have their own production 
controller embedded in the APC application.

The objective of the production controller 
programs is to maximize plant feed rate or 

maintain a desired throughput. The production 
controllers monitor specific constraints in the 
process units and increase or decrease furnace 
feed rates in response.

By upgrading the new version of the Production 
Controller in Olefin-1 in the future optimization 
can be added to the controller in order to better 
handle the constraints in the recovery process 
units and the feed distribution constraints at 
the cracking furnaces. The existing Production 
Controller could be enhanced to include new 
CVs such as steam-to-oil ratio and target 
severity ratios and MVs severity ratios for 
better handling constraint conditions in the 
future instead of simply cutting feed. A new 
version of the controller can be retuned to allow 
the individual controllers to have opportunity 
to resolve constraints before the production 
controller starts cutting feed to the plant. This 
new controller from the same vendor would run 
on Microsoft 2000 and XP operating systems.

Once this is done, new opportunities can be 
evaluated for improvement to optimize severity 
under constraint conditions to avoid cutting 
feed.

In the Olefin-2 Unit the production controller is 
called Feedmax controller. The model of this 
controller is more detailed than the production 
controller in Olefin-1. It balances the feed 
(naphtha, AGO and LPG) to the furnaces well. It 
makes the up-loads and down-loads smoother.  

APC in the HDPE-2 Unit

This new production facility was put on-stream 
in 2005 and has been commercially operated 
since that time. The unit produces high density 
polyethylene grades. The APC application was 
implemented from 2006 and commissioned in 
2007.

In the HDPE Unit frequently changes 
the production rate and switches among 
significantly different grades. The transitional 
operation is frequent. Sustaining optimal 
control of product parameters during grade-
change transitions reduces transition material 
generation. The unit produces bimodal high 
density polyethylene in two reactors in series. 
The number of the simultaneously controlled 
process parameters is high. This fact requires 
a non-linear approach to solve the control 
problem in the APC operating region.
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The control system is divided in two parts.

The process recipe and transition manager 
module includes the polymerization 
specification, the product change strategy and 
the real-time and historical data base (Figure 4).

The second module contains the quality 
controller, the reactor concentration controller 
and the block which generates inferred 
properties.

Both systems are connected to the DCS by 
standard OPC communication.

The first module takes control of the APC 
initiation and the production change. The 
second one takes control of the continuous 
quality control and the production rate change 
control.

Experience with the APC 
application in the HDPE Unit

The tuning of the PID control loops, 
the control valves, the dynamic 
modeling of the process behavior, 
to select the manipulated variables 
and the disturbance variables, the 
creation of the model matrix were a 
success story.

When the APC is ON the operation 
is fairly stable.

The model can handle the gas 
concentration in a very effective 
way despite of the introduction of a 
new catalyst with different reaction 
kinetics in 2008. In Figure 5, right 

side, the damping effect of the APC operation 
can be seen.

It is an inconvenience, that when the system 
requires fast action, the best for the operator 
is to switch the MV in question to DV which 
makes it disabled in action but its move is used 
for calculation in the model. The MV actuation 
is implemented by the operator in the DCS PID 
control loop. It is necessary because of the 
limited low scanning rate of the model.

The key issue is the proper identification of the 
process dynamics for the quality controller in 
the model. It means that the accuracy of the 
quality control measurements starting from the 
reactors towards to the final product samples is 
improving step by step. The deadtime between 
the MV change and the visible CV change 
is also increasing step by step. An inverted 
quadratic model with several tuning parameters  
are used to solve this control task in the 

Figure 5. Variations in the Process Parameters Before and 
After the APC is Turned ON

Figure 5. Variations in the Process Parameters Before and 
After the APC is Turned ON
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controller. The powder quality as a golden mean 
was selected as critical controlled variable. In 
this way, the controlled variable overshoots, 
resulting from measurement inaccuracy, can be 
eliminated. 

The best point in the process recipe and 
transition manager module, compared with 
other applications, the data retrieval and display 
block connected to the database. The process 
recipe and transition manager module requires 
frequent maintenance and calibration because 
of the continuous product development and 
product introduction in order to meet the 
challenging demand of the market.

It is essential to keep the product change 
strategy, the polymerization and tuning 
parameters up-to-date. In case of improper 
maintenance the advantage of the non-linear 
programmed (QP) model is lost.

Benefits of the APC Application

1.  High quality products in the APC operating 
region while the production rate is over the 
baseline by 5 % at least.

2.  Physical characteristics of the products in a 
narrower range than it was specified earlier.

3.  Reduction in the quantity of the transitional 
off-grade product during product grade 
change.

4.  Reduction in the quantity of the transitional 
off-grade product during production rate 
change.

The target benefits have been met over 
expectation (Table 3).

CDGV (Capacity DGV): the guaranteed plant 
production increase measured in percentage. 
SODGV (Steady state prime off-spec reduction 
DGV): To demonstrate the improvements 
during steady state operation as a smoother 
MFR (melt flow rate) variation against the target 
value.

TODGV (Transition state prime off-spec 
reduction DGV): the guaranteed prime off-
spec production reduction during the product 
transition operation.
RCODGV (Off-spec reduction during Feed 
Rate Change DGV): To demonstrate the 
improvements during feed rate change 
operation as a smoother MFR variation against 
the target value.

It can be stated that the APC is a precious tool 
in our hands which can keep the product quality 
in a very narrow range with maximum production 
capacity to the best operator practice with all 
polymer grades over and over again.

Revised by: Gábor Nagy, Dr.

Table 3. Performance Test Evaluation Report Data from HDPE-2 Unit
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Abstract

The aim of this study is to summarize 
the results and experiences of 
introduction of an aluminum hot-rolling 
emulsion in a new system and to give 
an overview for the readers about the 
procedure of new metal-working fluid 
introduction and some fundamental 
information about water based metal-
working fluid formulations.
The tested emulsion was used for 
aluminum coarse-wire production 
by Properzi technology, which is 
the most modern technology in this 
field at the present. In Hungary, 
there are two Properzi rolling mills 
working; one of them in Eural Ltd. 
Tatabánya, where this case study took 
place. The Eural Ltd. used another 
product of MOL-LUB Ltd. since 2002 
for this purpose, but the change of 
technological circumstances (forming 
of alloyed aluminum in higher rate, 
higher emulsion temperature) induced 
the introduction of a new product, 
because the performance level of the 
previously used product - mainly the 
cleaning properties and the lifetime - 
was not adequate. Based on the same 
experiences in MAL Zrt., a new metal-
working fluid was recommended for 
Eural Ltd. to eliminate the problems 
mentioned above.
After the introduction of the new 
fluid, the emulsion condition was 
continuously monitored to follow up 
the changes in the emulsion and to 
ensure the suitability of the fluid. The 
status was checked by measuring 

stability, concentration and tramp oil 
content. Among the so called “critical 
characteristics” the Fe content of 
the emulsion decreased, the free 
oil content was stabilized in higher 
level, but the quantity of dissolved Al 
content did not change. The droplet 
size distribution of the emulsion 
shifted to lower values, referring to the 
improvement of washing ability.
Based on the laboratory test results, 
the problems of the plant were 
partly solved by the introduction of 
the new product, however further 
improvements might be needed in the 
formulations of the fluid to fulfill all the 
requirements.

Összefoglalás

Hengerlési emulzió teljesítményének 
illesztése ötvözött alumíniumhuzal 
gyártáshoz 
A cikkben egy alumínium meleghen ger-
lô emulzió bevezetésével kapcsolatos 
eredmények és tapasztalatok kerülnek 
összefoglalásra, egyúttal bemutatva 
az olvasó számára egy új megmunká-
ló folyadék bevezetésének folyamatát 
illetve néhány alapkövét a fémmegmun-
kálási segédanyag fejlesztésnek.
A vizsgált emulziót a Properzi 
öntvehengerlô huzalgyártás során al-
kalmazzák, amely technológia az alumí-
nium durvahuzal gyártásának ma is a 
legkorszerûbb módja. Magyarországon 
két ilyen hengersor mûködik, közülük 
az egyik a tatabányai Eural Kft.-ben, 
ahol a vizsgálatok is zajlottak. Az Eural 
Kft. 2002 óta használta megelégedés-
sel a MOL-LUB Kft. egyik alumínium 
meleghengerlési segédanyagát. Az 
üzem technológiai körülményeinek 
megváltozásával (nagyobb arányú öt-
vözött alumínium megmunkálás, ma-
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gasabb emulzió hômérséklet) azonban 
új termék bevezetése vált szükségessé, 
mivel a régebbi emulzió teljesítménye, 
elsôsorban a mosóképessége és az 
élet tartama nem volt kielégítô. Az üzemi 
paraméterek felmérése után javasoltuk, 
a korábban az Inotai Alumínium Kft.-nél 
hasonló problémák kiküszöbölésére 
kifejlesztett termékünk bevezetését.
Az új termék bevezetését követôen 
az emulzió állapotát folyamatosan 
ellenôriztük, hogy meggyôzôdjünk 
arról, hogy a problémák megoldódtak. 
Követtük a mûködési paramétere-
ket, úgymint stabilitás, koncentráció 
és idegenolaj tartalom, az emulzió 
megfelelôségét leginkább leíró paramé-
tereknél pedig változásokat tapasztal-
tunk. Csökkent az emulzió vastartalma, 
a szabad olajsav tartalom magasabb 
értéken stabilizálódott, de az oldott 
alumínium mennyisége nem változott. 
Az emulzió olajcseppméret-eloszlása 
alacsonyabb értékek felé tolódott, ami 
a mosóképesség javulására utal.
A fent felsorolt tapasztalatok alapján 
elmondható, hogy a fellépô problémák 
kiküszöbölése részben sikerült az új 
termék bevezetésével, azonban lehet-
séges, hogy a teljes sikerhez a formula 
további módosítására lesz szükség.

1. Introduction

Nowadays, the aluminum and its alloys are 
popular technical base material. It has a 
pleasant appearance, easy workability, low 
density and outstanding stability coefficient 
compared to its weight, which makes this 
material widely useable.

Historically, the development of the aluminum 
semi-finished production technologies was 
separated into two different directions. One 

of them – similarly to the steel industry – is 
hot rolling from a high weight cast ingot. 
The other way includes the different cast-
rolling technologies, for example the Properzi 
technology. The Properzi technology is the 
most recent cast-rolling technology of aluminum 
rough wire production. This process was born in 
the early 1950s and since the middle of 1960s 
lots of plants have used this process.

2. Technical overview

2 . 1  D E S C R I P T I O N  O F  H O T - R O L L -
I N G  A N D  P R O P E R Z I  T E C H N O L O G Y

Rolling is one of the most important and the 
most widespread method of metal forming. 
Rolling means a shaping operation when the 
metal moves between two rolls turning round 
the opposite directions and as the result of 
shaping the cross-section of the piece is 
reduced while its length increases. The rolling 
techniques can be classified according to the 
rolling temperature as hot and cold rolling. 
Plastic deformation is always accompanied 
by hardening. During hot working the material 
cools, therefore the hot working operation has 
to be stopped before the workpiece cools down 
below the re-crystallization temperature. In case 
aluminum and its alloys the range of hot-forming 
temperature is 450-520 ºC.

The Properzi equipment contains trains of rolls 
which can be used for the cast-rolling of rough 
aluminum wire. The common characteristics of 
cast rolling technologies are: the production 
is based on fuse, after casting the work piece 
goes through hot and sometimes cold shaping, 
the technology is continuous.

In a Properzi cast-rolling plant there are four 
aggregates: furnace, casting machine, rolling 
stands and coilers (Figure 1.).

Figure 1. Schematic figure of the Properzi apparatus
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The quality of the product is mainly influenced 
by the metal structure, which is formed 
during the production. In rough aluminum wire 
production, the goal is to achieve fine metal 
structure, where the granule size is less than 
1 mm. It depends on the casting temperature, 
the speed of congelation and the presence 
of special elements. To make fine structure, 
alloying metals (Ti, B, Cr, P) are added into the 
liquid aluminum in the furnace.

The main part of the casting machine is the 
casting wheel (d= 1.5 m) cooled internally 
by water, and covered by a steel belt. In this 
casting die continuous casting is possible, 
because the fully frozen metal strand deviate 
from the rotation plane and is continuously 
removable. The revolution number of casting 
wheel, the cooling effect and finally the strength 
of rolled wire depends on the temperature of 
liquid alloy. 

The mill train consists of 9-17 individual stands. 
There are four grooving of rolls (hexagonal, 
smoother trigonal, stretcher trigonal, ring 
shaped). In the rolling stands the space of rolls 
is sealed from the space of gears. The rolling 
emulsion circulates in the first part while the 
second part is lubricated by gear oil. The mixing 
of these fluids is unfavorable, occurring in case 
of breakdown or inadequate sealing.

The rough wire leaving the rolling stands is 
wound by a twin coiler producing 0.5-2 t of 
coils. The coiler works automatically without 
stopping the casting-rolling procedure or 
formation bow.

2 . 2  T E C H N O L O G I C A L  F L U I D S  O F 
A L U M I N U M  H O T - R O L L I N G

During the procedure of rolling process, the 
rolls and the rolled material are heated by the 
high temperature of formed metal, the shaping 
and friction work. This heat deforms the shape 
of rolls and decreases the quality of product and 
may cause wire brake. To avoid these problems 
the rolls and the work-piece have to be cooled 
to dissipate the heat, and have to be lubricated 
to reduce the friction and inhibit the adhesion. 
In case aluminum, cast-rolling oil-in-the-water 
emulsions are the most suitable, containing 
15-25 % of concentrates. These are two-phase 
fluids; the aqueous phase which operates 
as coolant and the oily phase operates as 
lubricant. Generally, the water-miscible metal-
working fluids are very complicated, containing 
high number of different chemical components. 

The function of the emulsion -besides the 
characteristics of the components- is affected 
by the manner of its preparation, the quality of 
used water, the maintenance and structure of 
the emulsion supply system. That is why the 
operation quality of an emulsion product can be 
very different in different plants.

The general requirements of the concentrate 
are as follows:
1.  viscosity (for emulsions the viscosity of the 

oil segregate in the roll gap)
2.  lubricity ( the strength of the lubrication 

film created by adsorption /sometimes 
chemisorptions/ layers under rolling 
condition)

3. rinsing-washing ability
4.  adequate emulsion stability during the 

period of use
5. ease of cleaning and filtering
6. low foaming

To ensure the proper quality of the product, 
the emulsion has to meet the following 
requirements:
1.  The rolled surface has to be homogenous 

and anti-coating.
2.  The rolled surface cannot be contaminated 

or spotted.
3.  The rolls must have controlled heat 

extraction.
4. The lubricant film must be disruption –free.
5.  Uniformly distributed, optimum friction has 

to be ensured. This should simultaneously 
provide correct grip and forwarding, and 
prevent potential coating.

3. Case study

The system sensitivity is a typical feature of 
the technological fluids for plastic deformation, 
especially in case aluminium hot rolling. To 
solve any kind of problem, it is important to 
know the circumstances and cooperate with 
local technology experts.

The Eural Ltd. bought the Properzi stand in 
1989, which, at that time was the most modern 
model. There is the possibility to produce wire 
with different diameter (9,53-33,63 mm) altering 
the number of stands (11-1). The parameters of 
the equipment are summarized in 1. table.

With the introduced technology a lot of types 
of aluminum alloys are formed in Eural Ltd. 
The adjustment of the equipment is fitted to 
the quality of metal and the expected surface 
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quality of the end-product. The rolling of 
high purity (99.7% Al) aluminum is done at 
lower temperature; the emulsion temperature 
is typically 50-55 ºC. The products with 
higher alloying metal content (e.g. Ni, Ti) are 
manufactured at higher temperature and the 
emulsion can be 65-67 ºC.

In the last years for the production of rough 
aluminum wire at Eural Ltd., one of our products 
(under mentioned PRODUCT 1) was used 
as a technical fluid without any problems. 
Approximately a year ago, some unusual 
deposits appeared on the stands and high 
amount of aluminum-soap was filtered in the 
cleaning system of the emulsion (see Picture 1.).

Based on the test results the following changes 
were identified in emulsion properties since the 
introduction of PRODUCT 1:
•	 	The	Fe	and	Al	content	in	connection	with	

metal soap formation. The Al content 
increased significantly while the Fe content 
remained more or less at the previous level.

•	 	The	free	oleic-acid	content	decreased	fast	
in both cases. At the introduction phase its 
level was close to the 20 relative percent 
while in case the problems occured it was 
below the 10 relative percent. Beside the 
soap formation this value is in connection 
with the chemical stability of emulsion.

•	 	The	oil	droplet	size	distribution	was	uniform	
in both periods. The average drop size in the 
last two cycles was at the top border of the 

Property Unit EURAL Ltd. Tatabánya
Temperature of °C 484-510
hot rolling
Productivity tons/hour 2,7-3,2
Rolling speed m/min 271-430
Number of stands Pieces 11
Initial rope strand mm2 1265
Lowest ready diameter mm 9,53
Current drain A 220-400
Tank-capacity m3 8
Emulsion charge m3 3-5
Number of emulsion  

2
pumps
Pump pressure Bar 1,6-2
Pump capacity m3/hour 39
Nozzles Material Steel
 inner diameter, mm 12
Hot rolling Emulsion 

min. 40
of DEZOX wire temperature, °C
 Oil content (v/v)% 15-18
Hot-rolling of
aluminium wire 

Emulsion

with medium 
temperature, °C 50-58

 
tensile strength 

Oil content (v/v)% 15-18

(Rm=100-115N/mm2)
Hot-rolling of Emulsion max. 67
high alloyed  temperature, °C  25-28
aluminum wire Oil content (v/v)%

Water quality  Ion exchanged,
  Hardness = 3-4 dH°
Emulsion preparation  Water is heated to 50°C, 
  than the concentrate 
  is pumped to the tank 
  through an aspirator pump. 
Emulsion lifetime tons/charge 5000 tons/fill
Filter-paper pore size Micron 10
 thickness, mm 1

Table 1. Parameters of Properzi stand in Eural Ltd.
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optimum range which partially caused the 
formation of deposits.

The following technology parameters were 
modified:

•	 	The	working	temperature	of	the	emulsion	
was in the higher range more frequently.

•	 Higher	work	pressures	were	used.
•	 	In	one	cycle	the		volume	of	the	rolled	

metal reduced significantly.

Wires with low tensile strength or alloyed wires 
were manufactured in higher proportions than 
before. This led to higher thermal and pressure 
loads on the rolling emulsion. Beside the new 
technological demands the PRODUCT 1 had not 
suitable washing capacity and stability; finally its 
lifetime became too short. For this reason the 
formerly used PRODUCT 1 had to be replaced.

4. Introduction of new product

The problems of Eural Ltd. were not an individual 
case. Similar problems have been found with 
PRODUCT 1 in the past in MAL Nyrt. Inota. 
At that time some reformulation was made to 
improve the thermal stability of the product 
(hereunder PRODUCT 2). To decrease the 
metal soap formation, the oleic-acid content was 
decreased to the minimum level. In addition, to 
increase the stability of the emulsion, the fatty-
acid-polyglycol-ester content was replaced by 
an emulsifier with higher thermal and hydrolytic 
stability. To stabilize the emulsion droplet size 
polyalkylene-glycol was built into the formula.
During the product development period of 
PRODUCT 2 the following differences were 
realized in MAL Nyrt. Inota, between the old and 
new formula:

Picture 1. High amount of aluminum soap and deposits appeared

 Examination Method Information 
 From the emulsion	 		
Appearance	 Visual	

Characterize	the	general	
	 	 status	of	the	emulsionpH	 DIN	51	369	
Stability,	cm3	cream	/	cm3	oil	 MSZ	11790-1	
Concentration,	%	(V/V)	 MSZ	11790-3	
Iron	content	(ICP,	mg/kg	 MSZ	1484-3:2006	 Emulsion	contaminations	/	
Aluminum	content	(ICP),	mg/kg	 MSZ	1484-3:2006	 Characterize	the	metal	soap	content
Phosphorus	content	(ICP)*,	mg/kg	 MSZ	1484-3:2006	 Emulsion	contaminations	/
Sulphur	content	(ICP)*,	mg/kg	 MSZ	1484-3:2006	 Determine	the	tramp	oil	content
Oil	drop	size	distribution	 MOL-LUB	M-16:2006	

Characterize	the	average	
	 	 status	of	the	emulsion
	-	average	drop	size,	D	(v	,0.5,	µm	 		
	-	d	<	0,91	µm	quantity	of	drops,	%	 		
	-	d	>	1,95	µm	quantity	of	drops,	%	 		
	-	d	>	10,48	µm	quantity	of	drops,	%	 		
 From the vacuum distillation 
 residue of the emulsion 		 	
Ester	content**,	relative	%	 MOL-LUB	M-19:2006	 Change	of	the	emulsion	composition/
	 	 	soap	formation,	chemical	alteration,	
Free	oleic	acid	content,	relative	%	 MOL-LUB	M-20:2006	 elimination	of	compounds

* only from PRODUCT 2 
** only from PRODUCT 1  

Table 2. Emulsion testing program 



125

MOL Scientific Magazine

Workshop2009/1

•	 	In	case	the	use	of	PRODUCT	2	the	
Fe and Al content of the emulsion 
was significantly lower. The change of 
metal content with the new formula had 
saturation characteristics, while in case 
PRODUCT 1 the growth of metal content 
was continuous.

•	 	Using	PRODUCT	2	the	free	oleic-
acid content did not decrease below 
60 relative %, while this value in case  
PRODUCT 1 approached the 20 relative 
%.

•	 	The	droplet	size	distribution	of	both	
products was uniform, but the average 
drop size was smaller and changed less 
within a cycle in case PRODUCT 2.

•	 	During	the	application	of	PRODUCT	2	
less refill of the concentrate was needed 
to keep the suitable concentration level.

•	 	There	were	less	deposited	aluminum	
particles in the machinery with new the 
formula.

•	 	The	volume	of	rolled	aluminum	in	one	
cycle was 20-25% higher with the 
application of PRODUCT 2.

Based on these results it was probable, that the 
problems in Eural Ltd. could be eliminated by 
using the new, more stabile ashless product.

After the introduction of the new product in 
Eural Ltd. the parameters of the emulsion were 
monitored continuously, by using the after-sales 
service system of MOL-LUB Ltd., to ensure the 
suitability of the new fluid and to determine the 
possible directions in the development of this 
metal-working fluid.

The results of emulsion testing are summarized 
in graphs. In the graphs are the results of 
introduction of PRODUCT 1 (marked: P1 2002) 
the last two cycles with PRODUCT 1 before 
product change (signed: P1/1 and P1/2) and 
two cycles results with PRODUCT 2 (signed: 
P2/1 and P2/2).

During the emulsion preparation the deminerali-
sed water is heated to 50°C, then the concent-
rate is pumped to the tank through an aspirator 
pump. The circulation is continued by pump 

for 2 hours. Refilling of the system is made by 
emulsion of the adequate concentration. The 
required concentration is determined by the 
quality of the processed metal. In case soft 
metal 14-16 V/V% emulsion is used, while in 
case harder alloy the concentration can be 23-
25 V/V%. The concentration of the operating 
emulsion is determined by measuring the total oil 
content using the acid split method according to 
MSZ 11790-3, but by this method the tramp oil 
is measured into the concentration (Figure 2.)

The quantity of tramp oil can be determined 
based on the phosphorus content of the 
emulsion. It originates mainly from the gear oil 
and can be measured by ICP. During the use 
of the rolling emulsion the tramp oil ratio was 
growing continuously, which partially responsible 
for the damage of the fill. The tramp oil tolerance 
of the emulsion can be determined by a simple 
compatibility test (Table 3.). 65 ml 15 V/V% 
emulsion is mixed with 15 ml gear oil in a 100 ml 
cylinder. The mixture is kept at 54 °C. After one 
hour and after one day the oil, cream, emulsion 
quantities are noted.

According to the results there is some difference 
between the tramp oil tolerances of products. 
The PRODUCT 2 emulsified higher gear oil 
volume, which can make the emulsion cleaning 
technologies less efficient. 

Figure 2. The used emulsion concentrations and the tramp 
oil content expressed in percent of total oil content

 Compatibility 
PRODUCT 1

 
PRODUCT 2 test 

	 oil	 cream	 emulsion	 oil	 cream	 emulsion
After	1	h	 15	 0	 65	 12	 4	 64
After	24	h	 15	 0	 65	 10	 5	 65

Table 3. Results of compatibility tests
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During rolling the emulsion has a double role. 
One of them is the cooling, ensured by water. 
The other one is lubricating film formation in the 
roll gap. To fulfill this role, in the roll gap – under 
the rolling pressure and temperature – the 
emulsion has to break and after leaving the 
machining zone it has to rearrange.

The emulsion stability is measured by the MSZ 
11790-1 method. The emulsion is kept in a 100 
ml cylinder at room temperature for 24 hours 
and the separating cream and oil volumes are 
noted in cm3 (Figure 3.) The quantity of cream is 
affected by the tramp oil quantity. In the rolling 
stands the space of rolls, where the emulsion 
is circulated, is separated from the space of 
gears by sealing. The sealing is made of silicon 
rubber, which can break down faster at the 
increasing operation temperature.

The aluminum rolling emulsion has four critical 
parameters in close connection with adequacy. 
These are the aluminum and iron content, 
free oleic-acid content and the droplet size 
distribution.

The aluminum content was growing continuously 
with both emulsions. When PRODUCT 1 was 
introduced the aluminum content after rolling 
5000 t metal was much lower, around 350 mg/
kg, while when the problems started this value 
was 700 mg/kg after rolling the same volume. 
With PRODUCT 2 we received the same results. 
On the other hand the iron content reduced 
significantly with the new product (Figure 4.).

The free oleic-acid content of the changed 
product was stabilized on a low level. This signed 
low additive content and was in connection 
with the high aluminum content. The aluminum 
soap content of the emulsion was detectable 
(by IR) after rolling of 800 tons of metal. In 
case of PRODUCT 2 the relative free oleic-
acid reduction occurred much slower, and did 
not fall below the 40 relative % (Figure 5). This 
signed lower soap formation and higher emulsion 
stability.

The average droplet size of the used emulsions 
after a short initial time were stabilized in 
the range of 1,5-2 µm. The droplet sizes of 
PRODUCT 1 have increased significantly 
since 2002, stabilized on the top of the ideal 

Figure 3. Stability of emulsion – cream separation

Figure 4. Iron content of the emulsion

Figure 5. The change of free oleic acid content

Figure 6. The average droplet size of emulsions
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drop size range. With PRODUCT 2 the results 
were better; expect the end of the second 
cycle (Figure 6.). The measured oil droplet 
size is influenced by the presence of aluminum 
metalparticles. The size of aluminum particles 
are in the range of the upper part of oil droplets, 
which explains that the measured average 
droplet size is growing as affected by the higher 
aluminum content.

After the introduction of the new product in the 
Eural Ltd. the volume of deposits reduced and 
its consistence changed. The lifetime remained 
at the previous level. It may be caused by 
the different tramp oil handling capacity, the 
PRODUCT 2 can emulsify bigger amount of gear 
oil.  The cooling system in Eural Ltd. can be on 
the border of its efficiency. It is smaller than the 
one in MAL Nyrt. and its capacity can not be 
suitable for the new technological requirements.

 
5. Conclusion

The system sensitivity is a typical feature of 
the technological fluids for plastic deformation, 
especially in case the aluminium hot rolling. This 
means that changing the working technology 
and/or the corresponding system elements often 
requires the alteration, further development, or, if 
justified, replacement of the technological fluid. 
MOL-LUB Ltd. with its comprehensive 
development background was able to give 
solution for the problems of the customers. 
The tested emulsion was used for aluminum 
coarse-wire production by Properzi technology, 
which is the most modern technology in this 
field at the present. In Hungary, there are two 
Properzi rolling mills working; one of them in 
Eural Ltd. Tatabánya, where this case study 
took place. Eural Ltd. has used another product 
of MOL-LUB Ltd. since 2002 for this purpose, 
but the change of technological circumstances 
(forming of alloyed aluminum in higher rate, 
higher emulsion temperature) induced the 
introduction of a new product, because the 
performance level of the previously used 
product – mainly the cleaning properties and 

the lifetime – was not adequate. Based on the 
same experiences in MAL Zrt., a new metal-
working fluid was recommended for Eural Ltd. to 
eliminate the problems mentioned above.

After the introduction of a new product in Eural 
Ltd. the parameters of the emulsion were 
monitored continuously to ensure the suitability 
of the new fluid. The stability, concentration and 
tramp oil content were measured beside the 
critical characteristics. The Fe content of the 
emulsion decreased, the free oil content was 
stabilized at a higher level, but the quantity of 
dissolved Al did not change. The droplet size 
distribution of emulsion was shifted to lower 
values, which improved the washing ability. The 
lifetime remained at the previous level. It may 
be caused by the different tramp oil handling 
capacity of the old and new products. 

Based on the laboratory test results the 
problems of the plant were partially solved 
by introduction of the new product, however 
further improvements may be needed in the 
formulations of the fluid to fulfill all requirements.
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Abstract

The Zala Refinery has been operating 
an Environmental Management 
System since 1999 and was the first 
to have its system certified in MOL 
Nyrt. according to the new standard 
(Environmental Management System 
(EMS), ISO 14001:2004). The basic 
condition for operating the system is 
the environmental commitment.
In addition to upgrading the 
technology and technical equipment 
of bitumen production carried out as 
the primary activity of the refinery, 
significant environmental protection 
investments have taken place in the 
refinery for years; the Zala Refinery 
has achieved significant reduction of 
the environmental load through its 
extremely consistent, well-thought-
out and conscious development 
policy. The refinery has implemented 
investments which had impact on all 
the elements of the environment, so 
the load of all these elements (air, soil, 
groundwater, waters) was reduced. 
Thanks to the environmental protection 
measures executed, all the emissions 
of air pollutants exceeding the limit 
have been eliminated, and in practice, 
almost all unpleasant stenches, 
with the exception of operating 

breakdowns, has terminated. The 
requirements of the residents living in 
the proximity of the refinery are met 
to an increasing extent, as a result of 
which a production in line with the 
public expectations can be realised 
in the near future. The environmental 
protection investments conducted 
are the results of consistent work of 
many years, justifying the intention 
of the staff working in the refinery 
to apply technological and technical 
solutions which put as little load on the 
environment as possible. 

Összefoglalás

Környezettudatosság és fejlesztések a 
Zalai Finomítóban
A Zalai Finomító 1999 óta mûködtet 
Környezetközpontú Irányítási Rend-
szert, és a MOL Nyrt-ben elsôként 
tanúsíttatta rendszerét az új KIR szab-
vány (ISO 14001:2004) szerint. A 
rendszer mûködtetésének alapfeltétele 
a környezetvédelmi elkötelezettség.
A bitumengyártás technológiá-
jának, mûszaki berendezéseinek 
korszerûsítése mellett évek óta jelentôs 
környezetvédelmi beruházások történ-
tek a finomítóban. Rendkívül sziszte-
matikus, jól átgondolt, tudatos fejlesz-
tés-politikával a Zalai Finomító nagyon 
jelentôs környezetterhelés csökkenést 
ért el. Olyan beruházások valósultak 
meg a finomítóban, amelyek a környe-
zet minden elemére hatással voltak, így 
minden környezeti elem (levegô, talaj, 
talajvíz, élôvizek) terhelése csökkent. 
A végrehajtott környezetvédelmi intéz-
kedéseknek köszönhetôen megszûnt 
minden határérték feletti légszennyezô 
anyag kibocsátás, és gyakorlatilag 
– az üzemzavaros állapotot kivéve – 
megszûnt csaknem minden kellemetlen 
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szaghatás. A finomító környezetében 
élô lakosság elvárásait is egyre na-
gyobb mértékben sikerül teljesíteni, így 
a közeljövôben megvalósulhat a lakos-
sági elvárásokkal harmóniában történô 
termelés. A végrehajtott környezetvé-
delmi beruházások több éves követ-
kezetes munka eredményei, amelyek 
igazolják a finomítóban dolgozó szak-
emberek azon szándékát, hogy olyan 
technológiai-mûszaki megoldásokat al-
kalmazzanak, amelyekkel minél kisebb 
mértékben terhelik a környezetüket.

1. Developments reducing the load on 
the environment in the Zala Refinery

1.1. TREAT INDUSTRIAL WASTE WATER

The refinery adopted a comprehensive 
programme in 2002 to reduce the environmental 
load caused by the waste water and to treat the 
waste waters generated in the Zala Refinery, 
with some of its components being implemented 
in 2002 and additional components in 2003.

The construction of a new biological waste 
water facility started in 2002 whose pilot 
operation commenced in May 2003 and was 
successfully completed in January 2004. 
The operation of the biological waste water 
treatment facility enabled the refinery to emit 
treated water of a quality to be discharged in the 
water. The environmental load was caused in 
part by the system to treat the waste water and 
a 5.2 km long completely open operating water 
canal with the permanent stench emanating 
from them. 

In the first step the sludge removal from all the 
elements (oil trap, rainwater reservoir, 1,000 
m3 and 10,000 m3 reservoir) of the waste water 
treatment system was completed, which has 
significantly reduced the stench load in the 
summer period. 

The efforts to replace the open operating 
water canal and thereby to fully eliminate 
the environmental load such as stench, soil 
and ground water load, as well as for a more 
efficient solution of waste water treatment 
have led to the decisions whereby the following 
developments have been put in place:

•	 	A	biological	cleaning	unit,	in	addition	to	
the existing cleaning equipment, was 
established to treat the industrial waste 

waters of the Zala Refinery, whose pilot 
operation was started by the refinery 
early May 2003, and it has been operating 
since the January of the following year.

•	 	Concurrently	with	this	development,	
the internal water system was also 
overhauled, as a result of which the 
industrial waste waters discharged from 
the local oil traps in the plant areas do not 
enter directly the industrial waste water 
cleaning facility, but after being collected 
and stored in a tank temporarily, they will 
pass through a floating unit in a regulated 
way with the cleaning water from the 
bitumen blowing unit and they will be 
subjected to treatment and airing, and this 
pre-treated water will only then enter the 
industrial waste water treatment unit. 

•	 	To	lead	the	waste	water	and	the	treated	
water from the refinery to the reservoirs 
near the Felô-Válicka brook or directly into 
this brook, new closed pipelines have been 
built, and so the function of the 5.2 km 
operating water canal has terminated. In the 
spring of 2004 the cleaning of this canal was 
concluded, which resulted in the elimination 
of a significant source of stench, in addition 
to the protection of the soil and ground 
water. The company transferred the canal to 
the local government, which is now used for 
collecting the run-off and ground waters and 
leading them into the Felsô-Válicka brook.

•	 	Zala	Refinery	was	forced	to	completely	
refurbish the water system by the need 
to use less amounts of water, as well as 
to reduce the environmental load, whose 
condition was to install and operate an up-
to-date biological cleaning unit because 
this was a pre-requisite for any water 
emission.

•	 	The	lime	technology	generating	the	boiler	
feed water was replaced by an up-to-
date system operating on the principle of 
reverse osmosis (RO) in 2004 (which has 
been in operational use by the refinery 
since early 2005), and so no additional 
lime sludge has been generated since 
then. Owing to this, the closing of the 
lime sludge storage facility has been 
made possible, which was successfully 
concluded in 2005 with the transport of 
14 thousand tonnes lime sludge for reuse, 
and MOL Plc.. transferred the site to the 
owners free of any environmental damage. 

•	 	The	decommissioning	of	the	earlier	
communal waste water treatment plant and 
the connection of the waste water to the 
city sewage water network was realised 
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in 2004, as a result of an agreement with 
the city water works (Zalavíz Zrt). This 
made the demolition of the waste water 
treatment structure possible.

1.2.  ELIMINATE SOIL 
CONTAMINATIONS, PREVENT ANY 
ADDITIONAL CONTAMINATIONS

The key environmental objectives of the refinery 
have included the elimination of environmental 
contaminations caused by the past activities of 
the refinery. The following measures have been 
adopted to this end, and the following works 
have been implemented:

•	 	In	2002	the	insulation	of	the	so-called	rain	
water reservoir (4,000 m3 waste water 
and rainwater storage reservoir) which is 
supposed to prevent the contamination of 
the soil and ground water. 

•	 	In	2005	the	termination	of	the	so-called	
hazardous waste reservoir under Géva 
Hill has taken place, which entailed the 
extraction and transportation of 8,500 
tonnes hazardous waste to a disposal 
site. 

•	 	In	2006	a	10,000	m3 open waste water 
reservoir without any technical protection 
near the Felsô-Válicka brook was 
terminated, from where 10,305 tonnes 
hazardous waste was transported to a 
disposal site. Following extraction, the 
whole area was fully re-mediated. With 
the elimination of the reservoir, not only 
the potential contamination of ground and 
groundwater hazard has been terminated, 
but also a significant source of stench 
was removed similar to the operating 
water canal. To replace the functions of 
the reservoir, a closed cooling water cycle 
was installed in plant A1V processing 
used oil, operated independently of the 
refinery fresh industrial water network, as 
well as two 5,000 m3 tanks were included 
in the industrial water system for the buffer 
storage of waste water. 

To prevent the contamination of soil and ground 
water, compliance with the provisions of decree 
11/1994 (III. 25.) IKM on ‘the storage tanks of 
flammable liquids and fusions’ was realised in 
the refinery areas, and in the case of light fuel 
oil, flux oil, and the so-called overhead product 
of used oil the storage tanks were refurbished 
in 2004, so they now completely satisfy the 
regulatory requirements. Thanks to the double 
bottom installed as well the insulation of the 

tank yards, there is no longer a possibility for 
contaminating the ground and ground water. 
This programme was continued from 2005 
onwards with the tanks managed by Logistics, 
under which the tanks storing crude oil and 
used oil were supplied with double bottom 
plates, and the insulation of the tank yards 
was also carried out. Thus the refurbishment 
programme has now been fully implemented 
with the tanks in use. 

1.3.  REDUCE AIR POLLUTION

Besides reducing air pollution, eliminating 
the concentration of pollutants over the limit 
values and thereby establishing compliance 
with regulatory requirements, the refinery’s 
most important task included the prevention of 
compounds causing unpleasant stench from be-
ing emitted in the air. The residents living near 
the refinery have made complaints because 
of the unpleasant stench a number of times, 
so in order to ensure peaceful co-existence, 
the amount of compounds released in the air 
and causing foul stench had to be drastically 
reduced. 

1.3.1. Establish a closed system of tanks 

Various size (300, 500, 1000 and 5000 m3 
nominal volume) upright cylinder tanks are 
used in the Zala Refinery to store the raw 
materials for bitumen production and the 
bitumen products prepared. The refinery 
also uses 40, 50, 60 and 100 m3 upright and 
horizontal cylinder technology tanks for the 
interim storage of semi-finished goods. Earlier 
low pressure steam was led into these tanks 
to prevent the occurrence of any fires, which in 
turn resulted in these tanks ventilating into the 
air, i.e. they were open and so the air – steam 
mixture contaminated with bitumen vapours 
was discharged into the air, and depending on 
the direction of the winds, it caused unpleasant 
stenches throughout the various points of 
the city. To eliminate this source of stench, a 
closed nitrogen cushion system of the tanks 
was installed to ensure inert atmosphere in the 
air space of the tanks – and thereby protection 
against the flushing of the vapours of the stored 
material – by connecting the tanks into a single 
closed system, where the desired pressure can 
be maintained by feeding in fresh nitrogen and 
ensuring an atmosphere poor in oxygen.

The installation and commissioning of a nitrogen 
cushion closed system of tanks for the storage 
of industrial bitumens, and the incineration of 
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the gases blown as well as of the gases and 
vapours blown from the tanker truck loaders 
in incinerators was implemented in 2003 and 
2004, respectively, and the inclusion of the 
tanks containing modified and road construction 
bitumens in the closed system was started 
in 2005 and concluded in 2006. Through this 
solution the emission of hydrocarbons causing 
stenches into the environment has been further 
reduced and practically eliminated. Today, 
pollutants causing stench can be emitted only 
from the used oil tanks into the air; however, a 
project proposal has been prepared to resolve 
this issue i.e. to build a system for combusting 
the contaminated air in an incinerator. 

Through the implementation of this closed system 
with the storage tanks of the raw materials and bi-
tumen products, a solution was adopted where the 
hydrocarbon vapours previously emitted into the 
air during the loading, emptying and filling of tanker 
trucks can be passed to a furnace in a closed 
system, where the combustible components will 
be combusted to carbon dioxide and water. At the 
same time any spontaneous ignition due to the 
high temperatures in the tanks can be prevented 
by inert gas cushion instead of feeding in steam 
(nitrogen atmosphere in the ‘air space’ of the 
tanks).

A new piece of legislation entered into force as of 
2002 regulating the emission limit values of point 
sources associated with a location. The earlier 
system of limit values based on the height of 
chimneys was replaced by a system establishing 
general technology, as well as procedure specific 
technology emission limits. The unit of measure 
has also changed; the limit value is provided in 
concentration unit (mg/Nm3), subject to mass 
stream, instead of the earlier kg/hour. Thanks to 
the changes to the legal regulations, the refinery 
had to face a significant emission exceeding the 
limit from one day to the next.

As a result of the air cleanness protection 
developments referred to, the following figure 
indicates the development of pollutants from 
Zala Refinery point sources. 

Crude oil refining had been stopped in the 
refinery at the end of 2001 and as a direct 
consequence, environmental load significantly 
dropped in years 2002–2003, and the emission 
of certain pollutants have indicated a steady 
decline since then. The reduction of the amount 
of sulphur-dioxide emitted was, on one hand, 
the result of the use of low sulphur content 
heating oil, and on the other hand, the large 
scale decrease of steam use in the refinery 
required less heating fuel. The new natural gas 
operated thermo-furnace built as part of the 
heating oil system replacing the earlier heating 
oil fired furnace also resulted in the reduction of 
sulphur-dioxide emissions. 

The legal regulation provided a grace period for 
eliminating emissions exceeding the limit values 
by 30 October 2007; however, the supervisory 
authorities could set a more stringent deadline 
than this. Doing so, the Western Transdanubia 
Environmental Protection, Nature Conservation 
and Water Affairs Supervisory Authority 
obliged the Zala Refinery to eliminate emissions 
exceeding the limit values by 31 December 
2005. To this end significant air cleanliness 
protection investments have been realised in the 
bitumen production plant.

1.3.2. Treat blowing gases

Following scrubbing, the blowing gases 
generated in the bitumen blowing plant will 
be incinerated in a combustion device where 
the carbon-monoxide and all the hydrocarbon 
contents of the gases causing unpleasant 
stench will be destroyed.
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In 2004 and 2005 numerous experiments were 
conducted to treat the blowing gases prior 
to incineration in the furnaces thus ensuring 
compliance with the emission limit values 
relating to sulphur dioxide. It was proven during 
the experiments that only flue gas scrubbing 
can provide a real solution. The flue gas 
scrubbing system installed in 2006 serves both 
technology lines.

The blowing gas with a temperature of 120–140 
oC discharged from the reactors and the gas 
tanks contains in addition to the blowing air, 
steam, hydrocarbons, sulphur and nitrogen 
containing compounds of unpleasant stench. 
The blowing gas can be emitted into the air only 
after appropriate treatment and scrubbing in 
order to avoid the emission of any pollutants 
and stench. The technology steps of treating 
the blowing gas are the following after the 
developments completed:

•	 	water	scrubbing,	drop	separation,	
dewatering,

•	 	conversion	of	combustible	contaminating	
components (hydrocarbons, CO) of end 
gas through incineration,

•	 	scrubbing	SO2	contents	with	NaOH	
solution from flue gas, emission of treated 
flue gas through the stack.

The flue gas scrubbing unit installed operates 
with adequate efficiency according to the 
measurements conducted. It turned out, 
however, during the pilot operation that 
the temperature of the flue gas exiting 
the scrubbing unit is lower than expected; 
therefore, in order to avoid any corrosion 
problems in the masonry chimney, a new one 
had to be established for the scrubbing unit, 
which was erected and commissioned in the 
middle of 2007. 

The emission of all the air pollutants from 
the Zala Refinery has indicated a significant 
decline over the past years. It is due mostly 
to the completion of environmental protection 
investments, presented above, taking place 
in the bitumen blowing unit for a number of 
years. The incinerator units for incinerating the 
blowing gases have been operating reliably on 
both technology lines throughout the year, just 
as the new flue scrubbing unit serving both 
technology lines.

Through these solutions the biggest volume 
air pollution sources have been eliminated, 
but at the same time an air pollution source 
although small in volume but significant in its 

impact has prevailed which is the so-called 
decanter gas. Initially, the light hydrocarbon 
gases were released into the air space not 
condensed during condensation and generated 
in the processing of used oil causing unpleasant 
stench in the environment. Previously the 
refinery led these gases into the A1V plant 
furnace for destruction after having one of 
the burners converted to incinerating gases. 
Although this solution has terminated the 
unpleasant smell, but occasionally it resulted 
in an excess limit value in terms of the sulphur 
dioxide contents of flue gases emitted through 
the chimney of the furnace. This has led to 
a solution whereby the decanter gases were 
passed into the blowing furnace for incinerating 
the tank gases in 2007, and from this year on 
the flue gases are passed into the scrubbing 
unit following combustion where the sulphur 
dioxide content can be reduced below the 
permitted limit. 

Thanks to the conscious developments 
conducted over the years, the refinery has 
minimised the volume of pollutants emitted 
during the production of bitumen. It can be 
stated today that owing to the blowing unit gas 
treatment system, the closed nitrogen system 
of the bitumen tanks and the closed system 
bitumen loaders, the amount of air pollutants 
originating from bitumen production puts only a 
minimum load on ambient air. The measurement 

The flue gas scrubbing equipment in the blowing unit
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results for 2007 have proven that emission 
below the limit has been achieved for all point 
sources. 

By building the flue gas scrubbing facility the 
process was completed as a result of which 
at the end of 2006 the Zala Refinery reached 
the condition to meet all the limits for every 
environmental element required in the Integrated 
Pollution Prevention Control (IPPC) permit. 

1.3.3. Reduction of fuel utilization

In addition to reducing the emission of 
pollutants, the endeavour of the Zala Refinery 
is of key importance to further reduce the 
load on the environment by using less fuel. 
On one hand, it implies the continual reduction 
of specific energy use, and on the other hand 
refurbishments, developments whereby the 
energy used can deliver higher efficiency. As a 
first step the outdated, low efficiency heating 
oil furnaces were replaced by up-to-date, high 
efficiency thermo-furnaces, and then the heating 
of the bitumen pipelines were started to be 
converted from steam heating to hot oil heating. 
This programme may conclude next year when 
the trace heating of all the bitumen pipelines will 
be converted to hot oil system. This programme 
may result in energy savings because the 
heating system to be put installed will require 
only half the energy than the replaced system. 
Another endeavour to reduce steam use can 
be associated with this programme where the 
steam-driven piston pumps will be exchanged 
by electrical power driven pumps. The electrical 
driving requires much less energy and on top of 
it less fuel consumption, and thereby it results in 
lower emissions of pollutants and a lower load 
on the environment. 

1 . 4 .  W A S T E  M A N A G E M E N T

In the technology process hazardous waste is 
generated during the following activities:

•	 waste	water	treatment,
•	 tank	cleaning,
•	 maintenance,
•	 used	oil	processing,
•	 laboratory	tests.

During its operation, the Zala Refinery aspires 
to minimize the hazardous waste generated and 
fully comply with the legal regulations during 
the collection and disposal. The refinery has 
the licence from the Western Transdanubia 
Environmental Protection, Nature Conservation 

and Water Affairs Supervisory Authority to 
receive hazardous waste for treatment, which is 
contained in the Integrated Pollution, Prevention 
and Control Permit issued under number 
3281/3/2005. Accordingly, the Zala Refinery 
can reuse annually approximately 20,000 t 
hazardous waste from the following types of 
waste:

13 02 05*   motor oils, gear and 
lubricating oils of mineral oil 
base not containing chlorine 
compounds,

13 02 08*   other motor-, gear- and 
lubricating oils,

13 03 07*   sealing and heat transmission 
oils of mineral oil base 
not containing chlorine 
compounds,

13 02 06*  synthetic motor-, gear- and 
lubricating oils.

The refinery has also resolved the temporary 
storage of hazardous waste in addition to used 
oils.

Hazardous waste storage facility no. I. was 
terminated whose layout did not comply with the 
legal regulations in effect and also hazardous 
waste storage facility no. II., which is located 
in the South-West corner of the refinery in the 
industrial waste water treatment unit and is a 
facility made of reinforced concrete, split into 
three parts, recessed in the ground, insulated 
and supplied with a mobile cover locked with a 
padlock, was refurbished so that it fully complies 
with the legal regulations. Under the insulation 
layer drain pipes laid down in the gravel bed are 
led into a monitoring well. This way any leakage 
from the siphon can be observed immediately. 
Its direct environment is also covered with 
concrete and draining the run-off moisture water 
is resolved. 

As a result of applying the container selective 
waste collection system put in place in 2004 
and operating successfully already in 2005, 
the volume of waste transported for reuse has 
grown compared to the waste for disposal. 
Simultaneously with the development of the 
selective waste collection system, hazardous 
waste collection storage point no. III. was 
constructed pursuant to the provisions of 
appendix 3 of Government Decree 98/2001 
(VI.15.), fully complying with the strict legal 
regulations.
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1 . 5 .  A B O L I T I O N  O F  T H E  H A R M F U L 
I N H E R I T A N C E  O F  T H E  P A S T

The Zala Refinery has used lime water dilution 
for the generation of boiler feed water since 
1987. During water treatment, lime sludge not 
qualifying as hazardous waste was generated, 
which was located in the reservoir established 
near the Felsô-Válicka brook. The facility used 
for disposing of the lime sludge was a pit in the 
ground without any technical protection whose 
design no longer complied with the regulations 
in effect in 2004.

The feed water preparation system was 
replaced by a modern water treatment unit 
operating on the principle of reverse osmosis 
(RO), and so the opportunity arose to eliminate 
the lime sludge storage facility. 

In the understanding of the contents of Decree 
16/2001 (XII.18) KÖM on ‘The list of waste’, 
and the properties of the deposited materials, 
as well as based on the examinations completed 
it could be established that the lime sludge 
did not cause any contamination regarding 
geological and sub-surface waters, so following 
the extraction, transport of the waste and 
remediation of the area no regulatory measures 
were required. The termination works were 
concluded in February 2005 and the closing 
documentation on the elimination was accepted 
by the Western Transdanubia Environmental 
Protection, Nature Conservation and Water 
Affairs Supervisory Authority.

In accordance with a report filed with the 
environmental protection and supervisory 
authority, there were 75 pieces of 625 dm3 
PCB oil filled phase repair condensers in the 
area of the Zala Refinery, whose exchange and 

transport to a disposal site took place in 2004. 
The sampling of the oil of eight transformers in 
the refinery was conducted in 2003 and 2004, 
and according to the examination minutes they 
proved free of PCB and PCT.

The temporary hazardous waste storage site 
(open pit) operated since 1981 was buried by 
the refinery at the end of 1992 and the area was 
marked with a sign. The Western Transdanubia 
Environmental Protection, Nature Conservation 
and Water Affairs Supervisory Authority 
compelled the Zala Refinery to perform a full 
scale environmental protection review in 2004, 
in the course of which this area was also 
assessed. In the Integrated Pollution Prevention 
and Control Permit issued in March 2005, the 
Supervisory Authority obliged the refinery to 
eliminate the waste storage site, which was 
implemented in accordance with the approved 
plans in 2005.

2. Liaison with the stakeholders

While each of the investments described above 
aimed at reducing the load on the environment, 
the developments were accompanied with 
major technology upgrades, and by now the 
bitumen plant of the Zala Refinery has become 
one of the most up-to-date bitumen production 
facilities in the region (including the refineries 
across the borders), which meets every 
requirement for emissions. The refinery does 
not violate the regulations in terms of any of 
the emission values set out in the IPPC permit, 
and the authorities did not find any breaches or 
emissions exceeding the limit in any inspections. 
This has been the result of a conscious 
development policy, which has been followed 
consistently by the management of the refinery 

since 2002 with the approval and support 
of Refining.

Despite all these efforts, the residents 
in the vicinity of the refinery make and 
have made reports or sent text messages 
to the city’s daily paper where they 
object to the unpleasant stench emitted 
from the refinery. Many times it is very 
difficult to persuade the callers or the 
persons sending the messages that 
the refinery is not doing its business to 
explicitly annoy them, but production 
inevitably causes some environmental 
load. It is very painful if our good 
intentions, responsible and environmental 
conscious conduct are challenged. Elimination of Géva Hill hazardous waste storage facility
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To dismiss this misunderstanding, to raise 
environmentally aware behaviour in a wide circle 
and make operations transparent has driven 
the management of the refinery – in complete 
agreement with the management of Refining at 
that time – to organise public hearings every 
year. 

These forums seemed suitable for the refinery to 
explain the developments already implemented, 
or planned or still in progress to those 
interested and show them where and under 
what conditions production takes place. The 
residents participating in the hearings have left 
with satisfaction every time. It was reassuring 
for them what they saw. They could see it for 
themselves that the developments made public 
have actually been implemented and using and 
operating them is in the elementary interest 
of both the refinery and its environment. They 
could also verify that the senior managers of 
the refinery are not interested in covering up the 
irregularities, but in engaging in a fair and open 
dialogue with every stakeholder: the residents, 
the local government and the authorities alike. 

One of its key elements has been the regular 
publication of the so-called Environmental 
Protection Report by the refinery since 2004, 
which assesses the environmental activities 
of the previous year for every environmental 
element. It gives an account of the environmental 
targets and the planned action to achieve them 
and their fulfilment. The reports are public, 
with access open to all, but the refinery always 
circulates them to the stakeholders without a 
special request. 

The dialogue is extremely important to better 
explain the business of the refinery and justify 
environmentally aware behaviour. Through this 
pledge of openness, the refinery will be able to 
operate in harmony with the environment in the 
long run, never losing sight of its most important 
task of production to be achieved with the best 
possible available technology by continually 
reducing the load on the environment. 

Revised by: Attila Csala 


