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Abstract
Based on the MOL’s Free University 
Presentation that was held under the title 
Improvements in the automotive industry 
– effects on the petroleum market at 
24th of August 2008 by Máté Zöldy dr. 
an interdepartmental workgroup have 
been established to map the effect of 
main automotive developments and ten
dencies on fuel demand structures. 
Among others the workgroup focused 
on downsizing, dieselization, alternative 
combustion processes, electric vehicles, 
hybridization, car park grow/change 
trends and economical environment. 
Beyond the economic downturn, Euro
pean gasolinediesel demand imbalance 
will worsen due to the foreseeable 
automotive developments: automotive 
diesel demand will continue to rise, 

wher eas gasoline keeps on declining. 
Summarized our consequences diesel 
will play more and more important role in 
the near future extended with alternative 
combustion systems and alternative fuel 
resources. The petroleum industry and 
MOL Group have to pay lot of attention 
to these to strengthen it positions on the 
market. 

Összefoglalás
A MOL Szabadegyetemen 2008 ôszén 
Zöldy Máté dr. által “Improvements in 
the automotive industry – effects on the 
petroleum market” címmel tartott elôadás 
nyomán egy munkacsoport jött létre 
azért, hogy a jármûipari fej   lesztések és 
trendek hatását vizs gál   ja az üzemanyag 
keresletre. A mun   kacsoport többek 
között vizs gálta a dízelizációt, alternatív 
égés rendszereket, downsizingot, elek
tro mos jármûveket, hibridizációt, jár
mûpark mennyiségi növekedését és 
össze tételének változását és a gazdasági 
kör nyezetet. 
A gazdasági krízis korrekciós ha tá sa 
mellett az európai gázolajben zin egyensúly 
változásának ten den ciái megmaradnak 
a vizsgált té  nyezôk alapján, azaz a dízel 
iránti i gény várhatóan növekedni fog és 
a benzin iránti kereslet csökken. Össze
sítve a megállapításainkat, a gáz olaj 
egyre növekvô szerepet fog ját szani a 
közeli jövôben, kiegészítve az alter natív 
égési rendszerekkel illetve alternatív 
alapanyagokból készülô üzemanyagokkal. 
Az olajipar és a MOL csoport számára 
ezek figyelemmel kö vetése, illetve a 
felké szülés az elter je désükre elôsegíti a 
piaci pozíciók erô sítését. 

Máté Zöldy, Dr. 
Vehicle and ebgine technology specialist
MOL Group – MOL DSD Product Development
E-mail: mzoldy@mol.hu

Róbert Auer, Dr. 
Head of Analitics
MOL Group − MOL DSD Product Development
E-mail: rauer@mol.hu

János Hidi
Economist

Ádám Horváth
Economist Executive Assistant
MOL Refining
Email: adhorvath@mol.hu

industry developments 
on the future 

fuel demand structures
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Introduction
Economic output of the world and its fuel 
consumption has always been closely linked. 
Majority of the oil industry products is utilised by 
the automotive industry. The automotive industry 
technological and financial changes effecting the 
petroleum industry due vehicles are the main 
customers of oil products. Transportation fuels 
consumption is especially sensitive to economic 
cycles. The economic slowdown which started in 
2007 broke the previous trend of ever rising fuel 
consumption. Recent experience points toward 
a prolonged time period of economic weakness. 
From which a recovery is only expected from 2012 
and it is subject to the success of government 
and central bank interventions, as well as to the 
development of the financial system.

The magnitude of the economic turmoil is 
reflected by several indicators. While the global 
economic growth was relatively high in the last 
couple years, with a growth rate of as high as 
5.2% in 2007, this indicator dropped to around 
3% or lower in 2008, and based on data on 
industrial activity, financial performance, as well 
as consumer and business confidence indices, 
2009 is expected to bring a negative growth 
rate globally. Although 2010 can be a somewhat 
better year with positive growth, it is subject to 
major uncertainties. Given that the fiscal stimulus 
and monetary easing will be effective, the growth 
rate of the global economy is expected to recover 
to pre-crisis levels only from 2012.

Given this prospect, forecasts of technological 
advancements and consumption of transpor-
tation fuels that were prepared before the 
crisis should be shifted further by about four 
years. Moreover, the economic turmoil may 
bring such changes into the behaviour of 
governments, regulators, developers, producers 
and consumers which could cause structural 
changes in the development of technologies and 
transportation fuel mix. The relative price of fossil 
fuels is expected to increase again once global 
economic output recovers, while investments 
into alternative energy sources move into the 
focus of fiscal spending during the crisis. These 
in turn will have a significant impact on the choice 
of technology and fuel in the future.

However, supply and demand side adjustments 
have their technological limits. These issues are 
explored in the following analysis.

Gasoline – diesel 
balance: tradition 
versus new trend
The two sides of the Atlantic basin which covers 
app. 70% of world’s gasoline con sumption 
are characterized by very different motor fuel 
consumption structure. Europe is historically 
short on diesel and long on gas oline and on the 
other hand North America is extremely short 
on gasoline, thus according to the traditional 
product flow gasoline is transferred to the United 
States from Europe. Moreover, from 2008 a 
new tendency has been born: diesel flow has 
stabilized from US to Europe. 

This present imbalanced situation in the US-
European oil product supply-demand balances 
are the result of a different customers behaviour, 
tax regimes, environmental regulations and 
consequently the different development path of 
car manufacturing industry and reactions of oil 
refiners in the last decades.

With the recovery of the global economy the 
existing imbalanced situation could tighten fur-
ther. The future of this imbalanced situation will 
have great impact both on refining and on longer 
term on car manufacturing industry. 

This future depends on one hand from the 
additional consumption and from the structural 
change of the existing ones.

The biggest part of the additional motor fuel 
consumption will come from the emerging coun-
tries, especially from the Asian Pacific and the 
Middle East regions. The evolutionary way which 
is chosen by this region and the structure of 
the oil product consumption will have a huge 
impact not only on the regional, but the global 
oil industry. 

China outnumbered the US as the biggest new 
passenger car market in the first four months of 
2009 and expected to double its passenger car 
park, less than 5 years. This enormous new fleet 
will almost entirely dedicated to gasoline engine 
in China and most of other emerging countries, 
as it fits better to the main consumer needs: 
cheap (simpler technology) first family car with 
relative low consumption (small vehicles).

This will generate a massive increase in gasoline 
demand in the region. On the other hand the 
impressive economy growth in the recent years 
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generated an accelerating regional diesel de-
mand which was even bigger than the gasoline 
growth. This demand growth expected to re-gain 
after economic downturn. 

China, India and other Asian emerging markets 
answer for this growing oil product demand with 
impressive refinery building programs. One of 
the key questions from oil industry point of view 
is that how big portion could Asia cover from its 
emerging demand, or what is more threatening 
for Western refineries, how much oil product will 
be exported to the Atlantic basin. 

Thus as on one hand the impact of Asian oil 
markets on Atlantic basin expected to increase 
on the other hand the future development of 
existing motor fuel demand and its structure in 
Europe and US is also a crucial question for the 
industry. This future structure will mostly depend 
on the technological developments, which are 
discussed in more details in this analysis.

Car park – growth 
& composition 
trends
G L O B A L  P A S S E N G E R  C A R 
P R O D U C T I O N  T I L L  2 0 1 5 

Trend analyses show that car production in EU, 
US and Japan will go down continuously even 
after having recaptured the 2008 path. The other 
part of Asia is foreseen to grow by 10%  from the 
end of crisis to 2015-2020, reaching the same 
production mass as EU and US together. China 
is expected to see 30% increase compared to 
2008 level. (Figure 1.)

G L O B A L  P A S S E N G E R  C A R 
&  L I G H T  D U T y  E N G I N E 
P R O D U C T I O N

 
Gasoline engine will keep on dominating over 
diesel (68 › 75%), in which the following trends 
are forecasted:

•  increasing share of advanced gasoline 
engines with improved fuel economy

• flex fuel continuously represents approx 3%
•  hybrid to grow from 1,7% to 3.0% 

(Figure 2.)

Figure 1.  Vehicle production by manufacturers 1965-2015
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In the world’s personal vehicle market, diesel 
share is expected to decline from 30% to 23% 
by 2020, whereas CNG, LPG and alternative 
fuel propulsion will see a marginal share of 2.2%. 
The average power of both diesel and gasoline-
powered vehicles seem to flatten, stop-ping 
the decades-long mainstream development 
tendencies. All power classes will grow with the 
same intensity. (Figure 3, 5)

E U R O P E A N  P A S S E N G E R  C A R 
P R O D U C T I O N 

In Europe, basically, diesel and gasoline will 
dominate even by 2020. Projected share of full 
hybrid and flex-fuel together is less than 3%, 
whereas CNG, LPG and hydrogen are even 
more negligible. Dieselization of EU passenger 
car fleet is expected to continue beyond the 

crisis: diesel engine production will be on rise, 
while gasoline engine production decreases 
with, and then the ratio will be stabilized at 1/3 
gasoline, 2/3 diesel vehicles within 5-6 years.

The average power of both diesel and gasoline is 
expected to flatten. (Figure 4.)

European road 
transportation 
statistics
Based on recent Eurostat data on freight 
transport, analyzing the 1999-2005 period an 
average increase of 4.2 % in freight transport, 
expressed in million ton-km, took place in EU15, 

Figure 2. Global vehicle production by propulsion technology 
[AVLGlobal Insight, AVL]

Figure 3. Power distribution of PC engines worldwide [Global Insight, AVL]
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whereas in the period 2005/06 a 5% annual 
increase was observed in EU27. In the Central-
European region road transport increased much 
faster than that of the rail. (Table 1.)

In Europe 2004, passenger cars accounted for 
87% of passenger road transport, while coach, 
trolley and city buses represented approximately 
10% share in passenger km. Between 2002 and 

2004 the rate of road passenger transport in the 
EU-27 increased with moderate rate 0.5% p.a., in 
Hungary and Slovakia no increase and moderate 
decline could be observed. When projecting the 
past tendencies to the post-crisis period, one 
might foresee that passenger car transport will 
continuously increase in the EU with moderate 
rate and steeper worldwide.

Figure 5. Trends in the automotive industry [AVL, Global Insight]

Figure 4. Power distribution of PC engines Western Europe [AVL, Global Insight]

2010/1Challanges
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Vehicle technology 
developments and 
their effects on 
future fuel demand 
structure
T R E N D  –  S H I F T  I N 
C O N S U M E R  T R E N D  C H O I C E 
T O W A R D S  L O W E R  F U E L 
C O N S U M P T I O N

In Europe, next to the conventional customer 
expectations, like drivability, power and speed, 
a clear trend towards more fuel efficient cars 
can be observed. It is important to know, 
that carbon-dioxide emission and vehicle fuel 
consumption goes on hand to hand and one to 
one. Decreasing fuel consumption causes lower 
CO2 emission. 

 A shift was shown (see Figure 6.) in Germany 
already in 2006/07 when the sales of cars with 
low fuel consumption, less than 140 g/km CO2 
emission, increased while those of above 140g/
km decreased strongly. 

Figure 6. Consumers moving into the lower CO2 emission vehicles 
[AVL 2008]

Table 1. [Eurostat: Modal split in the inland transport of the EU - Freight and passenger transport up to 2006, 35/2008]

Challanges2010/1
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On the following picture another aspect of the 
decreasing CO2 emission is shown: in the UK 
the average new car carbon-dioxide emission is 
decreased yearly. It underprops the tendency 
shown in Germany that a shift could be recognised 
to the lower CO2-emitting thus lower fuel 
consuming passenger vehicles. Fuel economy 
/CO2 emission is one of the development key 
factor. (Figure 7.)

The EU increases the role of CO2 emission for 
automotive manufacturers with penalty system 
on CO2 emission. Mandatory EU vehicle CO2 
target 130 g/km by 2012 with penalties for non-
compliance could affect the end selling prices of 
the new vehicles in the EU.

•  Manufacturers in Europe will need to cut 
their average CO2 emissions between 
10% to 25% to hit their targets by 2012, 
otherwise they will have to pay penalty 
increasing on a year-to-year basis.

•  In case of non-compliance, if they do 
not improve at all, they have to charge 
consumers with an average extra-fee of 
2500 €/vehicle by 2015.

•  The likely scenario is that such a huge fuel 
economy improvement can be only partly 
achieved by 2012, this is especially difficult 
for manufacturers constructing heavier, more 
powerful vehicles, thus the consecutive 
penalty will be charged to the consumer [3].

 A U T O M O T I V E  I N D U S T R y 
R E S P O N S E S  –  D O W N S I Z I N G 
A N D  H y B R I D I Z A T I O N  O F 
G A S O L I N E  E N G I N E S

The mainstream development directions as 
downsizing (Turbocharged Homogeneous GDI) 
will expectedly bring about 10% decrease in 
fuel consumption. This, coupled with mild hy-
bridization has a potential to bring about 15% 
reduction by 2015. 

The figures on the Figure 8. are potential num-
bers, indicating that this could be achieved. 
The main trend shows that some technologies 
are used not for fuel saving but for increasing 
the vehicle power and driveability. Obviously it 
is not only for the fun, the stricter safety rules 
and increasing level of electricity require extra 
power. 

Figure 7. The average new car CO2 emissions since 1997 in the UK 
[Society of Motor Manufacturers and Traders]

Figure 8. The average new car CO2 emissions since 1997 in the UK [Society of Motor Manufacturers and Traders ]

2010/1Challanges
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The price difference between diesel and gas-
oline technologies will not increase. Hybrids 
will be less expensive; their extra cost could be 
halved according to the calculations. It means 
that the pricing differentiations will not result 
great changes on the vehicle pool [1].

Downsizing technology is under market intro-
duction by most of the car manufacturers. Volks-
wagen has introduced it first in its cars. The main 
characteristics and benefits are clearly show on 
Figure. 9.: increased fuel pressure for improved 
combustion efficiency and higher octane number 
request for better combustion control. The 
decrease of combustion chamber volume from 
1984 cm3 to 1390 cm3 has been accompanied 
by the implementation of a turbocharger and a 
compressor with a charge pressure of 2,5 bar. 
This technology with the direct injection gives a 
13% higher power output and app. 5% lower fuel 
consumption.

A U T O M O T I V E  I N D U S T R y 
R E S P O N S E S  –  D I E S E L 
V E H I C L E  F U E L  E C O N O M y 
P O T E N T I A L

Diesel passenger cars have a potential of 6% 
fuel economy improvement via downsizing, 
stop-start and mild hybridization to be attained 
by 2015. Hybridization is the most expensive 
solution to decease fuel consumption at both 
gasoline and diesel side. It has benefits in short 

distance and metropolitan utilisation of vehicles 
but it has great hindrances, mostly based on the 
extra weight added on long distance motorway 
runs (Figure 10). 

Diesel engines fuel efficiency improvement 
potential could be improved up to 2015 in 
the heavy duty vehicle category up to 6% via 
reduction of losses, improved EGR (Exhaust Gas 
Recycling) & EAS (Electronic Air Suspension) and 
use of kinetic energy of the exhaust gases. The 
main drivers of the engine development in this 
timescale are the Euro-6 emission limit values. 
The expected further increase of fuel prices and 
the CO2 challenge have opened a new dimension 
of system cost versus efficiency. On the basis 
of diesel price scenarios (conservative) seeing 
a price increase from 1.2€/ltr in 2008 to 2.6€/
ltr by 2020, there is a huge room for attractive 
technical solutions. 

In mid term, 2015-2020 hybridization and 
downsizing might bring a further 4%. For the 
total mid period saving potential (10%) there is 
an estimated 10.000 € additional cost, which 
has a pay-back time for a long-haul truck of 1 
year (at diesel price assumed increase 3.5-times 
compared to-date).

Figure 9. Consumers moving into the lower CO2 emission vehicles [AVL 2008]

Challanges2010/1
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Continuing improvement of injectors and increa-
sing of injection pressure will be the main 
technologies to reach these both goals. The main 
objective of the injection system development is 
to improve spray atomization and increase spray 
momentum to improve air/fuel mixing for more 
complete and controlled combustion. Table 2. 
shows the changes of the main parameters of 
diesel injectors.

Clean injectors are a must to maintain best emission 
and performance characteristics. It means for 
the fuel, that it should have good lubricity at high 
temperatures and pressures, high cetane number 
and keep good cleaning abilities and all these have 
to be maintained at increased temperatures and 
increased pressures. 

A U T O M O T I V E  I N D U S T R y 
R E S P O N S E  –  A D V A N C E D 
C O M B U S T I O N  S y S T E M S

There are more investigations to combine spark 
ignition and compression ignition en gines burning. 
In order to fulfil emission stan dards and even 
higher demands for low fuel con sump tion, some 
vehicle manufacturers recognised that they 

have to abandon conventional petrol and diesel 
engine in favour of a new type of energie. HCCI 
(Homogenous Charged Compression Ignition) and 
CCS (Combined Com bustion System) are different 
attempts to reach this goal. The main goal of the 
researches is to combine the low fuel consumption 
of compression ignition (diesel) and good emission 
characteristics of spark ignition (gasoline) engines 
(Figure 11.).

Engine tests investigation shows, that engine 
could run to a wide range of fuels, over a wide 
range of speed and load conditions. Positive 
changes in the engine emissions were detected: 
very low PM and NOx levels were observed at all 
test points. Increased HC and CO emission can 
be reduced by an oxidation catalyst to the level 
of the conventional engine-fuel combinations. 
Test results show up to 28% fuel consumption 
reduction potential in the advanced combustion 
methods based on the improved thermodynamic 
efficiency. 

Lot of investigation and test work has to be done 
to learn the behaviour of advanced combustion 
in the full operation range. Full-time HCCI 
engines are expected by 2015 at the earliest. 

   1gen.
  IDI CR 2.gen CR
  -1995 2000- 2005-
 Maximal injection pressure [bar] 350 1000 2000+
 Injections/min @ 3000 rpm  1500 1500 7500+
 fuel temperature [°C] <230 <250 <280
 Nr of nozzles on the injector 1 1-4 4-8+
 Nozzle diameter  [mm] <0,5 <0,25 <0,1
 maximal acceptable flow loss [%] >40 >10 >2

Figure 10. Utilisation benefits of hybrid vehicle versus conventional diesel

Table 2. Diesel injector parameters by generation [Infineum]

2010/1Challanges
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Partial  HCCI engines are expected to enter the 
market in the next few years. Daimler introduces 
its HCCI under the name of DiesOtto. These 
engines will run in HCCI mode in low loads, but 
revert to traditional operation mode at higher 
loads. It means that they will need similar fuels 
as the today’s engines. 

I S  E L E C T R I C  V E H I C L E  A 
R E A L  A L T E R N A T I V E ? 

The utilization of electricity often comes forward 
to replace fossil fuels and internal combustion 
engines. The major driving force is the 3,5-
times lower fuelling price: EU gas/diesel 0.42 
$/kWh (highly taxed) versus off-peak electricity 
price: 0.12 $/kWh. It can be predicted that 
increasing transportation use of electricity 
will be followed by a tax improvement to com-
pensate the governmental state losses. The 
major technological drawbacks include: long 
re-charging period, distance between two re-
fuelling is still short approx 200 km state-of-the 
art. Advanced battery technologies are available 
but at extreme high cost and durability max 5 yrs 
is still a strong issue. Global metal availability for 
advanced batteries is doubtful (see Figure 12.). 

Conclusions
At global scale gasoline fuelled vehicles will 
dominate the automotive market driven by North 
America. Sub-stantial fuel economy improvement 
is forecasted in Japan and the United State at 
a stable production quantity. In Asia growing 
vehicle use is expected but the fuel economy 
improvement will be sloxer than in Japan or the 
US since their people will buy their first low cost 
car. 

In Europe the total automotive diesel demand will 
be on rise, fuelled by freight transport. A slightly 
declining share of gasoline in vehicle fleet, with 
improved fuel economy vehicles phased in 
gradually is expected. The strongly increasing 
freight transport will only partly compensated by 
fuel economy development at heavy duty side 
with slower phase-in rate. High bio-blends ex-
pectedly play minor roles.

MOL Group´s diesel production should be 
intensified to strengthen the good posi-tions 
on the fuel market. Alternative fuels blending 
should be focussed on  diesel components over 
gasoline ones. Main focus could be first of all on 
syntetic fuel technologies and renewables other 
than biodiesel and 1st generation bioethanol. 
Advanced combustion engines would require 
wide range of gasoline-diesel blend, MOL has to 
be ready to offer HCCI compatible fuels at right 
time.

Figure 11. Combustion start in the three combustion types [Concawe]

Figure 12. Comparison of electic vehicle (EV) and internal combustion engine (ICE)

Challanges2010/1
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Abstract
On the General Information Meeting 
of EUROPIA, the representation of the 
European petroleum industry were 
discussed the events of 2008 most 
important from the point of view of the 
oil industry. The present article, based 
on the lectures held here, informs on 
the following topics in details:

• energy efficiency
• climate change
• security of energy supply
• air quality and environment
• fuel products.

Összefoglalás
A Z  E U R Ó P A I  K ô O L A J I P A R 
2 0 0 8 - B A N

Az európai olajipar érdekképviselete, 
az EUROPIA éves közgyûlésén átte
kin tették 2008. olajipar szempontjából 
legfontosabb eseményeit. Ez alapján 
a jelen összefoglalásban a kö vetkezô 
témákat nézzük részletesen:

• energiahatékonyság
• éghajlatváltozás
• energiabiztonság
•  levegôminôség és környezet
•  üzemanyagok.

The European Petroleum Industry Association 
(EUROPIA) covering about 80% of the European 
oil refining industry held the so-called “General 
Information Meeting” on May 27th, 2009. The 
information written bellow is based on the 
materials presented there.

Introduction
2008 continued to see concerns regarding 
energy prices, security of energy supply and 
climate change on top of the political agenda at 
European and international level. It was certainly 
one of the busiest but also most rewarding 
times for European Institutions. In particular, the 
adoption of the EU Climate Change and Energy 
Package in December laid the foundations 
for a balanced approach to addressing these 
challenges and gave a strong signal of European 
leadership in this area. Aiming to provide a 
follow-up to the Kyoto Protocol, the Copenhagen 
Conference on Climate Change in December 
2009 will lead to further reflection on the role 
and choice of energy sources for the 21st century 
at a global level. In this light, working with the 
European Institutions to ensure that oil refining 
remains part of the European solution to the 
world energy challenge will be at the forefront of 
priorities of the European petroleum industry.

Energy Efficiency 
(The “Save more than fuel” campaign)
Energy efficiency remains one of the EU’s 
top priorities as it is considered the most 
cost effective way to contribute to achieving 
climate change objectives, enhancing EU 
competitiveness, and reducing EU energy supply 
dependency. In 2008 EUROPIA, in partnership 
with the European Commission, launched a 
cross-industry campaign on efficient use or road 
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transport fuels, aimed at educating consumers 
on how to drive more efficiently and ‘save more 
than fuel’.

More than 40 of Europe’s leading oil companies 
joined forces with support from the National Oil 
Industry Associations, to run a pan-European 
consumer awareness campaign on the efficient 
use of transport fuels. It was for the first time that 
the European oil industry united and engaged with 
consumers in such a public initiative. The “Save 
more than fuel” campaign, championed by the 
European Energy Commissioner, was launched 
simultaneously in 29 European countries on 
the 27th May 2008. The campaign involved 
over 45,000 petrol stations across participating 
countries. Around 30 million leaflets in 24 
languages, offering 10 simple tips, for driving 
more efficiently, were distributed to road users 
at participating petrol stations. 

In addition, a website www.savemorethanfuel.
eu, brought the 10 tips to life with animated 
cartoons and explanations, also in 24 languages, 
about the benefits of efficient driving behaviour. 
Behavioral change cannot be achieved in one 
day. Repeating the message of efficient driving 
and its purpose is therefore fundamental to 
bringing about change. 

EUROPIA continued to promote the campaign 
and its messages via advertising in selected 
publications and via dedicated exhibitions at the 
European Commission’s Green Week in June in 
Brussels, at the World Petroleum Congress in 
July in Madrid, and at the UN Climate Change 
Conference in December in Poznan.

Climate change 
and energy policy 

C L I M A T E  C H A N G E  A N D 
E N E R G y  P A C K A G E

The European Commission started 2008 by 
issuing a set of legislative proposals to follow-up 
on the Climate Change and Energy policy adopted 
by the Council in 2007. This package confirmed 
the European Union’s ambition to deliver its 20-
20-20 targets: 20 % reduction of greenhouse 
gases (GHG) emissions, 20 % share of renewable 
energy and 20 % energy efficiency improvement 
by 2020. In the unprecedented effort, the EU 
Institutions concluded First Reading Agreement 
for all legislative proposals in December 2008. 

The oil industry actively engaged with the key 
institutional stakeholders throughout the co-
decision process and stressed the importance of 
a balanced approach that takes into account the 
three pillars of energy policy – competitiveness, 
sustainability and security of supply. 

In response to the package, it was stressed that 
the Refining Industry shares the EU’s concerns 
around GHG emissions, and acknowledges the 
need to take effective action to reduce them. The 
clear recognition in the Commission’s proposals 
of the need for a balanced approach – taking 
into account: competitiveness, sustainability and 
security of supply – was particularly welcomed. 
However, there was also highlighted a number of 
concerns with the Commission’s proposals.

After the Council had reached agreement, the 
European Parliament adopted by large majorities 
all six Directives on 17 December 2008. This 
First Reading in just under a year was a very 
strong signal of Europe’s commitment to its 
20:20:20 by 2020 climate goals. Achieving this 
agreement in 2008 was important in view of the 
timing of the United Nation Climate Conference 
of the Parties: COP14 and 15 talks in Poznan 
(December 2008) and Copenhagen (Decem-
ber 2009) respectively, and the elections in the 
European Parliament in mid 2009.

The oil industry focussed in particular on three 
dossiers: EU ETS (emissions trading scheme), 
Renewables and Fuel Quality Directives. In fact, 
Refining was unique as a sector in being strongly 
impacted by all three proposals. A number of 
significant changes in the original proposals 
were agreed in the adopted Directives. These 
include:

•  EU ETS: Recognition that Refining is 
an Energy Intensive Industry and not 
an “energy” sector such as the Power 
Industry, which faces full auctioning from 
2013. Therefore, Refining should be 
assessed for its exposure to the risks of 
carbon leakage against quantitative criteria, 
with realistic thresholds.

•  Renewable Energy Directive: A biofuels 
target of 10 % associated with a review 
clause in 2014. The legal basis for biofuels 
sustainability criteria confirmed as Article 95 
of the Treaty, which allows a pan-European 
sustainability certification system and avoids 
proliferation of national systems.

•  Fuel Quality Directive: Reduction of the 
binding target for GHG emission reduction 
from road fuels from 10 % to 6 % and the 
establishment of a review clause.
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E U  E M I S S I O N  T R A D I N G 
S C H E M E

The European Commission recognized the EU 
Emissions Trading Scheme (ETS) as one of the 
key tools in achieving Kyoto targets and reaching 
at least 20% reduction of GHG emissions by 
2020 compared to 1990. Initiated in 2007, the 
consultation process resulted in the Revision of 
the Directive proposed by the Commission in 
January 2008 as part of the CARE package. As 
a significant shift compared to initial proposals 
and as a result of extensive consultation, the 
Refining Industry is no longer subject to 100% 
auctioning with the power sector in 2013, but 
is now considered an Energy Intensive Industry 
exposed to international competition. Quantitative 
criteria and thresholds for assessing the risk of 
carbon leakage were included in the adopted 
Directive. Sectors that pass these thresholds 
will qualify for 100% free allowances, within a 
sector benchmark.

Coordinated contributions of EUROPIA, mem-
ber companies and the National Oil Industry 
Associations, to the co-decision process 
focussed on clear and consistent messages, 
seeking fairness – not special treatment. The 
main thrust of this advocacy was to demonstrate 
that Refining is energy intensive and exposed 
to international competition, and that EU-
only auctioning constitutes a risk to European 
competitiveness and security of energy supply.

Through EUROPIA’s engagement with 
other Energy Intensive Industries (Ells) and 
BusinessEurope it became clear that EUROPIA’s 
key concerns were shared by other Ells. 
EUROPIA played a leading role in agreeing a 
joint letter, co-signed by sector-members of the 
Alliance for a Competitive European Industry and 
the Alliance of Energy Intensive Industries. This 
letter stressed the need for fair and transparent 
assessment of these two quantitative criteria 
and was sent as the final trialogue negotiations 
reached their conclusions between the Council, 
the European Parliament and the Commission. 

These efforts were concluded in the final vers-
ion of the Directive adopted at First Reading in 
December. Specifically, the Refining Industry 
was recognized as “energy intensive” and not 
“energy”, separated from the power sector and 
therefore eligible for free allowances. The criteria 
promoted by EUROPIA were included and will be 
used to evaluate competitive risk to the sector 
rather than looking, as in the original proposals, 
at carbon costs from a consumer view point. The 

New Entrants definition was modified and should 
include major investments on existing refineries. 
This is of particular importance for the upgrading 
of refineries to meet new specifications and 
demands. Finally, despite the initial desire to wait 
until Copenhagen international negotiations, the 
dates for identifying exposed sectors and the 
appropriate measures have been advanced.

Security of energy 
supply
S E C O N D  S T R A T E G I C 
E N E R G y  R E V I E W  ( S E R  I I ) 

The European Commission continued to place 
high priority on security of energy supply in 2008 
and in November published the accompanying 
legislative proposal for a Revised Directive on 
Strategic Stocks. It also announced its plan to 
issue a “Communication on the contribution of 
EU Refining to EU security of supply” in 2009 – 
a clear indication that the EU Refining Industry is 
now recognized as integral to such security. 

Although SER II (Second Strategic Energy 
Review) – entitled “EU Energy Security and 
Solidarity Action Plan” – focussed mainly 
on upstream (crude oil exploration and 
production) and electricity together with their 
infrastructure, in timely engagement with the 
Commission EUROPIA identified the omission 
of any reference to EU Refining. In support of 
the Refining Industry’s view the oil industry 
organized a series of specialist workshops with 
the Commission to emphasiz  e that energy 
supply encompasses not only crude oil supply 
but also infrastructure to refine it, and that EU 
Refining is an integral and key part of the supply 
chain to deliver products to the consumer. The 
Commission’s final communication explicitly 
referred to EU Refining. The Commission also 
announced plans to issue a communication in 
2010 on Refining Capacity and EU Oil Demand 
in order to improve the level of transparency 
around refining capacity necessary to serve the 
EU’s needs, and taking account of concerns 
regarding the potential availability of diesel fuel 
in the future.

The 2008 rise in oil prices generated a number of 
communications from the European Institutions 
aimed at addressing the challenge of secure 
energy supply: the Commission Communication 
of “Facing the challenge of higher oil prices”; 
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the French Presidency Report on the “Situation 
on oil markets, and short- to medium-term 
measures in response to the surge in oil prices” 
submitted to the European Council; and the 
European Parliament’s own report on “Facing 
Oil Challenges”. 

The SER II and other related communications set 
out clear areas where more action is needed to 
secure sustainable energy supplies in Europe:

•  Make better use of Europe’s indigenous 
energy resources, both renewable and 
fossil.

•  More effective support for projects to build 
the required infrastructure. 

•  Focus on solidarity, including EU crisis 
mechanisms, oil stocks and a variety of 
mechanisms to respond to possible gas 
disruption.

•  Additional and more urgent efforts to 
improve energy efficiency.

•  Greater focus on energy in the EU’s 
international relations, including through 
establishment of relationships with supplier, 
transit and consumer countries based on 
interdependence. 

The SER II will ultimately lead to the adoption in 
March 2010 of a renewed Action Plan on Energy 
Policy for Europe, integrating 2050 in the picture. 
The Review therefore aimed to capture the first 
steps towards the definition of an EU response 
to the longer term challenges.

R E V I S E D  D I R E C T I V E  O N 
S T R A T E G I C  S T O C K S

The Second Strategic Energy Review was 
accompanied by a number of proposals, including 
revision of the Strategic Stocks Directive. Some 
provisions in this proposal are ambiguous and – 
depending on the interpretation – could be either 
detrimental to the Refining Industry or neutral. The 
oil industry supports the Commission’s efforts 
to maintain an effective system of emergency 
oil stocks but believes that this system should 
be fit-for-purpose and not lead to significant and 
unjustified costs.

Specifically, the Directive should allow the use 
of existing facilities, logistics networks and 
operational procedures of the economic ope-
rators. In particular, the following points in the 
Commission’s proposal have been identified as 
requiring further discussion. 

In our view there is no evidence that weekly 
reporting of commercial stocks by Member States 

would contribute to better security of supply or 
improve market transparency. On the contrary 
– it might have adverse effects, as experience 
has shown that weekly data are less accurate 
than the monthly data and this inaccuracy could 
in practice lead to increased volatility.  

Air quality end 
environment
I N T E G R A T E D  P O L L U T I O N 
P R E V E N T I O N  A N D  C O N T R O L 
D I R E C T I V E

The Commission published its proposal for a 
revised Integrated Pollution Prevention and 
Control Directive (IPPC-D) in December 2007. 
Subsequently, in 2008 the proposal entered a 
rigorous co-decision process and it is unlikely 
that First Reading Agreement will be achieved. 
Like most industrial sectors, the Refining Industry 
is very concerned by the Commission’s proposal 
by the binding limits for large combustion plants 
and inclusion of refineries in this category.

The EU has a set of common rules for permitting 
and controlling industrial installations in the 
IPPC-D. Operators of industrial installations 
covered by the Directive are required to obtain 
an authorization (environmental permit) from the 
relevant authorities. About 50,000 installations 
are covered by the IPPC-D in the EU.

They key concerns for the oil industry are the 
binding nature of Best Available Techniques 
(BATs) and the very low binding emission limit 
values for large combustion plants, together with 
the inclusion of refineries in the binding sections 
on large combustion plants (LCP). 

The oil industry is vigorously advocating against 
both these provisions, as they would compromise 
economic and technical operations of refineries. 
The proposed EU-wide emission limit values for 
large combustion plants will lead to substantial 
costs for many sectors, and these costs are not 
justified in terms of benefits to human health. 

Such EU-wide limits are in contradiction with the 
Commission’s goal based principles of Better 
Regulation, in particular in reducing air pollution. 
Moreover, if adopted the proposal would impose 
some very costly constraints on the Member 
States’ options for conducting their air quality 
policy. It would therefore give a wrong starting 
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point for a subsequent revision of the National 
Emissions Ceiling Directive (NECD).

For refineries, these limits are particularly 
troubling since they have been developed 
assuming the use of commercial fuels. As 
refineries typically do not use commercial 
fuels, but internal by-products, many refineries 
would not be able to comply without either very 
substantial investments in energy and CO2 
intensive conversion technology or by switching 
to natural gas as fuel, thereby increasing the EU 
dependence on imported gas. Either route would 
also lead to a deterioration of the competitive 
position of the European Refining Industry.

N A T I O N A L  E M I S S I O N 
C E I L I N G S  D I R E C T I V E  ( N E C D )

The NECD Revision was put on hold by the 
Commission in spring 2008. The oil industry has 
significant concerns with some of the provisions 
suggested to date including the desire to 
determine ceilings based on the new Climate 
and Energy (“C&E”) scenario and the potential 
inclusion of the revised IPPC Directive provisions 
in the baseline scenario.

During the preparation phase for the NECD 
revision, the European Commission collected 
individual Member State primary energy 
projections and consolidated the 27 submissions 
into the “National Energy Scenario”, 
characterized by an unexpected increase in coal. 
Additionally, a new scenario was developed 
by integrating measures targeted at achieving 
EU GHG emissions, energy efficiency and 
renewables targets, to align with the Climate 
Change and Energy Package. Designing ceilings 
on the basis of the C&E scenario carries the 
risk of either being not achievable or resulting 
in substantial increases in costs to meet the 
ceilings, if by 2020 Member States depart from 
the energy mix predicted in the C&E scenario. 
The oil industry remains in favour of the use of 
the National Scenario when determining ceilings 
for the NECD review. Ceilings based on this 
scenario have been demonstrated to be robust 
for a wide range of alternative “energy mixes”.

The second major concern relates to the inclusion 
of the IPPC review provisions into the baseline of 
NECD. The fundamental changes in the suggested 
revised IPPC, specifically for Large Combustion 
Plants results in a move away from cost optimized, 
goal-based legislation to technology prescriptions. 
This will result in a significant cost increase in 
meeting the objectives of the Commission’s 
Thematic Strategy on Air Pollution.

The oil industry believes that the NECD drafted 
in 2008 has major gaps and is likely to meet 
with broad resistance from Member States and 
industry sectors. With the worsening economic 
environment in 2009 and the emerging challenge 
of ensuring security of energy supply, the 
publication of the delayed NECD directive would 
be detrimental.

S T A G E  I I  V A P O U R 
R E C O V E R y  D I R E C T I V E 

The European Commission proposal on “stage 
II petrol vapour recovery during refuelling of 
passenger cars at service stations” was adopted 
in early December 2008. The accompanying 
Impact Assessment provided evidence that the 
provisions were based on cost-effectiveness 
grounds. However, the European Parliament has 
subsequently issued a report departing from the 
cost-effectiveness approach and proposing more 
stringent requirements, which would penalize 
the early moving 17 Member States and require 
significant additional investments.

The oil industry acknowledged and welcomed 
the fact that most of the existing national 
specifications have been accounted for in the 
Commission’s proposal. It also supported 
the requirement to install Stage II systems on 
existing service stations only when a major 
refurbishment is undertaken. The recognition of 
the need for realistic timetables for the installation 
of Stage II on high throughput existing servi-
ce stations was welcomed. However, further 
tightening of the Stage II standards proposed by 
the European Parliament would be inconsistent 
with anticipated provisions of the forthcoming 
air quality regulation. Specifically, the work in 
preparation of the National Emissions Ceilings 
Directive Review concluded that no additional 
reductions of Volatile Organic Compounds 
(VOCs) would be required to meet the goals of 
the Thematic Strategy for Air Pollution.

 W A S T E

In mid 2008, the European Parliament adopted 
the revision of the Waste Framework Directive in 
Second Reading. All compromise amendments 
agreed upon by the Council were approved in 
plenary and the outcome is generally aligned 
with the oil industry’s positon on waste issues.

The oil industry’s concerns and the subject of 
its advocacy related to the use of the waste 
hierarchy, definition of by-products, waste oils 
issue and the classification of unexcavated 
contaminated soil. The Waste Framework 
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Directive process led to an outcome aligned with 
the oil industry positions on these key issues.
Waste hierarchy will be used as a priority order of 
what constitutes the best overall environmental 
option in waste legislation and policy, which is 
a satisfactory outcome. The explicit mention of 
precaution, technical feasibility and economic 
viability is also positive. 

The Directive will also contain a satisfactory 
definition of by-products that will give legal 
clarity for products such as petroleum coke.
The old Waste Oil Directive will be repealed 
as the management of waste oils should be 
conducted in accordance with the priority order 
of the waste hierarchy. Preference should also 
be given to options that deliver the best overall 
environmental outcome.

Unexcavated contaminated soil was excluded 
from the scope of the revised Directive, which 
means that such soil will not be considered 
waste and consequently subject to a treatment 
or disposal obligation. This result is also aligned 
with the oil industry position.

Fuel products
A U T O M O T I V E  F U E L S

The Fuel Quality Directive Revisions was adopted 
in First Reading in December 2008, along 
the CARE Package and the Directive on CO2 
emissions from cars. The two-year co-decision 
process resulted in a successful final agreement 
that is more aligned with the provisions of the 
Renewable Energy Directive (RES) proposal. The 
oil industry particularly welcomed the reduction of 
the mandatory Greenhouse Gas reduction target 
from 10 % to 6 %, which remains ambitious but 
is more in line with the RES target.

The concept of reducing GHG emissions from 
road fuels stipulated in the Directive’s Article 
7A was not part of the stakeholder consultation 
process and as a result suffered from the 
absence of necessary data and tools to assess 
its viability.

However, the final decision to reduce the GHG 
reduction target acknowledged both the fact that 
fossil fuel cannot contribute a net GHG emission 
reduction and the limited extent to which biofuels 
could contribute, which has been continually 
advocated by the US. The target should still be 
considered as ambitious, particularly if biofuels 

with the required minimum 50-60 % GHG 
reduction potential cannot be made available in 
sufficient volumes.

Moreover, EUROPIA also considers that even 
though now better aligned, the Renewable 
Energy, Fuel Quality and EU ETS Directives 
duplicate legislation aimed at reducing the CO2 
footprint, multiplying the burden on the Refining 
Industry. In his view, fossil fuels are already 
covered by the EU ETS regulation and biofuels 
could have been regulated through the RES 
Directive, with the scope of the Fuel Quality 
Directive remaining as originally intended – to 
regulate fuel parameters that have an impact on 
health and environment.

The Poly-Aromatic Hydrocarbon (PAH) limit in di-
esel stayed at maximum 8 % suggested by the 
Commission. Any further potential reduction – 
e.g. to 6 % as suggested earlier by the European 
Parliament – would not have led to any material 
reduction of diesel vehicles pollutant emissions, 
but would increase refinery CO2 emissions. 
Regarding petrol vapour pressure, EUROPIA 
would have preferred that the current maxi-
mum 60 kPa limit (and 70 kPa for artic grade 
countries) remains. The agreed derogations, 
where Member States may request a waiver if 
the ethanol used is a biofuel, may lead to the 
need to supply additional grades – putting at risk 
the high level of security of fuel supply (especially 
across borders).

R E N E W A B L E  E N E R G y

The Renewable Energy Directive, including 
biofuels in transport, was adopted in December 
2008 as part of the CARE Package. It confirmed 
the requirement of 20% share of renewable 
energy in the EU energy mix, and a 10 % target 
for transport by 2020. The approach taken in the 
final agreement was to replace the 10 % biofuels 
by a 10 % renewables target. While this offers 
more flexibility in meeting the target, the likely 
availability or renewables in the transport fuels 
market by 2020 remains unclear.

The oil industry believes that renewable hydrogen 
will not come to market in any significant volumes 
by 2020. Furthermore, remaining durability and 
cost issues of dedicated electric vehicles make it 
unlikely that they can be considered as a market 
option supplied by low CO2 power. 

The oil industry supports the use of biofuels that 
are sustainable and therefore by large welcomes 
the Renewables Directive provisions on biofuels 
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sustainability. The certification scheme should 
be pragmatic and should ideally only include 
criteria that can lead to measurable, verifiable 
indicators. 

Legal responsibility for sustainability certification 
should be clearly allocated between the producers 
of biofuels and the fuel suppliers in accordance 
with the principle of producers’ accountability. In 
view of the international nature of the biofuels 
market, the scheme should not discriminate 
between EU and non-EU sources.

Abbreviations
BAT Best Available Technique
CARE  Climate Change and Energy  
 Package
CCS Carbon Capture and Storage
C&E Climate and Energy
CONCAWE  Conservation of Clean Air and  
 Water for Europe
COP (United Nations) Conference of  
 the Parties
EIIs Energy Intensive Indusrties

ETS Emissions Trading Scheme
EUROPIA European Petroleum Industry  
 Association
FQD Fuel Quality Directive       
GHG Greenhouse Gas
IPPC-D Integrated Pollution Prevention  
 and Control Directive
LCP Large Combustion Plants
NECD National Emission Ceilings  
 Directive
MSs Member States
NGO National Government   
 Organization
NOIA National Oil Industry Association
RES Renewable Energy Directive
SER II Second Strategic Energy Review
TSAP  Thematic Strategy on Air   
 Pollution
VOCs Volatile Organic Compounds
WFD  Water Framework Directive

Reviewed by László Rácz dr.
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Abstract
The aim of the article is to give a 
short overview about the role of the 
petrochemicals performed at the value 
chain of the crude oil industry. Petro
chemical industry as a consumer of the 
oil products represents a significant 
part of the oil product portfolio. Not 
only the arbitrage activity among the 
regions and continents helps to smooth 
the regional supplydemand unbalances 
of fuels but the petrochemical industry 
is an integrated part of global balancing 
mechanism through the flexible feed
stock processing capability thanks to 
the technological ability. The changes of 
the fuel consumption in strategic term 
can be manageable easier way with the 
contribution of petrochemical industry.
Besides the transfer of steam cracker 
feedstocks the article higlights the role 
and importance of the other material 
streams also. The reader can get a more 
exact picture about strict integration 
of Downstream and Petrochemicals 
Division of MOL Group and dependence 
on each other by the analysing of co
products’ significance.

Összefoglalás
A  P E T R O L K é M I A  S Z E R E P E  A Z 
O L A J I P A R I  é R T é K L Á N C B A N

A cikk célja, hogy rövid áttekintést ad
jon a petrolkémia által a kôolajipari ér
tékláncban betöltött szerepérôl. A pet
rol kémia mint a kôolajipari termékek 
felhasználója jelentôs részt hasít ki a 
kô olajipari termékportfólióból. A re gi   o 
nális üzemanyag keresletkínálati egyen 
súlytalanságokat nemcsak az egyes ré
giók, kontinensek közti ar bit  rázs üzletek 
segítik kisimítani, ha nem a petrolkémia – 
tech nológiai adott  ságainak köszönhetô
en – a ru gal masan változtatható a lap
anyag struk   túráján keresztül szerves 
ré szét ké pezi a globális egyensúlyképzési 
me  chanizmusnak. Az üzemanyag fel
hasz  nálás struktúrájában stratégiai 
idô    távon bekövetkezô változások is 
könnyebben menedzselhetôk a petrol ké
mia hozzájárulásával.
A cikk kiemeli az olefingyári alapanyag 
átadáson túl az egyéb anyagáramok je
lentôségét, szerepét. A petrolkémiai 
melléktermékek súlyának elemzésével 
a MOLcsoport Downstream és Pet
rol kémiai Divíziójának szoros in teg
rált  ságáról, egymásra utaltságáról is 
pontosabb képet kaphat az olvasó. 

István Maráczi 
SCM Coordination manager, TVK Plc.
E-mal: imaraczi@tvk.hu
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Feedstocks
After the strong growth in crude oil demand 
has been a strong market pull for lighter refined 
products (motor gasoline, diesel, heating oil and 
kerosene) which account for around two third of 
world oil demand (Figure 1.).

Due to different demand structure of motor fuels 
in North America and Europe refineries tend to 
adjust their yield structure to regional demand 
ratio. High portion of motor gasoline in North 
America forced the refineries to increase motor 
gasoline production up to approximately 40% 
[1] meanwhile diesel demand oriented European 
refineries keep this motor gasoline ratio at the 
level of around 20% [1]. This difference on demand 
structure supports a strong motor gasoline ex-
port activity from Europe to North America (more 
than 10 Mt/year [2]). Meanwhile Europe suffers 
from lack of middle distillates (diesel, heating oil, 
kerosene) at the level of 20 Mt/year [2] mainly 
satisfied from Russia. European motor gasoline 
surplus and diesel shortage will strengthen in 

the next 10 years which will be supported by the 
biofuel effect also.

The increase of biofuel and bio-components  
content of motor fuels in US causes lower 
demand on European motor gasoline import. 
Biofuel use will reduce European gasoil/diesel im-
port needs, but will effectively increase refinery 
gasoline surplus. 

This change of demand structure is reflected 
on MOL Group (MOL+SLOVNAFT) production 
yields also (Table 1.). (The yields were calculated 
on net basis, final- and semi-finished products 
purchased from third party weren’t considered.) 

Increasing gasoil yields in 2013 at MOL side 
shows the effect of VGO HC implementation 
at Duna Refinery. Meanwhile mogas yield and 
absolute production figure will decrease at MOL 
side and Group level also. SLOVNAFT will reach 
higher motor gasoline yield.

P E T R O C H E M I C A L 
F E E D S T O C K  S T R U C T U R E

The market situation of motor fuels and regional 
potential feedstock sources affect together on 
the feedstock structure of the petrochemical 
industry (Table 2). 

In Europe and Far East the naphtha is the 
predominant feedstock. Due to available cheap 
ethane gas the Middle East ethylene production 
is very competitive. In North America ethylene 
is predominantly produced utilizing natural gas 
liquids feedstock (ethane, propane and butane).
Current feedstock structure of MOL Group 
shows the same picture as European average 
(Table 3). (SPC Slovnaft-technically can not use 
gasoil.)

Figure 1. Global refined product consumption 2008, The Feedstock 
Industry, chemsystems.com, 18.02.2009.

Table1. Production yield of MOL 
Group, own calculation on base of 
2009 BP and strategic plan 2013 
(23.02.2009).

  2009    2013   
 unit:% MOL SLOVnAFt MOL+Sn MOL SLOVnAFt MOL+Sn

mogas 18.3 24.8 21.2 11.7 26.4 17.7
gasoil 38.8 47.8 42.8 50.1 49.5 49.8
LPG 4.5 2.6 3.7 2.3 2.8 2.5
naphtha 12.6 8.3 10.7 14.4 6.0 10.9
kerosene 3.7 1.7 2.8 3.4 0.8 2.3
fuel oil+coke 4.5 2.4 3.6 4.7 8.0 6.0
chemicals 7.9 6.0 7.1 7.3 3.8 5.8
bitumen 5.1 1.5 3.5 4.4 0.5 2.8
others 4.5 4.8 4.7 1.7 2.3 1.9
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Analysing feedstock composition of TVK for 
2013, the higher naphtha ratio can be recognized 
as the response of Downstream for decreasing 
motor gasoline demand. Feed structure of SPC 
also reflects higher motor gasoline production of 
Slovnaft.

Importance of Petrochemicals in LPG product 
line is more essential (Table 4). At MOL side the 
lower weight of Petrochemicals from total sales 
is determined by the trading activity of MOL. 
The reason of the decreasing ratio is the higher 
proportion of naphtha of the total TVK feedstock 
in the planned period.

P R O P y L E N E

Worldwide propylene production of FCC units 
accounts for 28 per cent (Figure 2.) and this 
source will be more and more important because 
of the high ratio of additional ethane-based steam 
cracker capacity without essential propylene 
yield. 

Table 2. Feed structure of steam cracker 2007, data collected by Technology Development of TVK, based on CEFIC, GPC, Nexant, 
Oil&Gas Journal 

Table 3. Feedstock structure of MOL Petrochemicals Division, based on BP 2009 and strategic plan 2013 
(23.02.2009) 

Table 4. Proportion of MOL Petrochemicals from LPG production and sales, based on BP 2009 and 
strategic plan 2013 (23.02.2009)

 Ethylene     Feed structure %
 capacity  Ethane Propane Butane naphtha Gas oil other
EUROPE 32 300 3.5 3.3 4.2 82.8 5.2 1.0
MIDDLE EAST 10 959 41.0 9.2 2.8 44.5 0.0 2.5
FAR EAST 31 210 4.8 1.4 1.1 82.3 5.6 4.9
USA+CANADA 34 303 34.2 15.9 4.2 37.0 5.3 3.4
SOUTH+
MIDDLE AMERICA 

6 403 25.2 3.7 0.1 70.9 0.0 0.0

AFRICA 1 668 24.8 8.8 0.0 66.4 0.0 0.0
AUSTRALIA  532 85.1 8.6 6.3 0.0 0.0 0.0
tOtAL 117 375 15.6 6.3 2.9 67.8 4.6 2.8

  2009   2013   
 unit: % tVK SPC tVK+SPC tVK SPC tVK+SPC
naphtha 81.1 80.1 80.8 92.2 73.4 86.9
LPG 12.1 20.0 14.5 3.8 26.6 10.2
gasoil 6.9 0.0 4.7 4.0 0.0 2.9

   2009    2013  
 unit:% MOL SLOVnAFt MOL+Sn MOL SLOVnAFt MOL+Sn
Production 68.9 88.7 76.2 44.5 100.0 75.2
Sales 41.7 85.2 53.3 21.8 100.0 51.3
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Due to implementation of SPC PP3 the propylene 
production and processing is well-balanced. 
Production capacity of PP3 unit was determined 
to be sufficient for the using all sources inside 
MOL-Group (surplus of TVK, production of Duna 
and Slovnaft Refineries’ FCC units). Propylene 
transfer from Downstream to SPC PP3 is 
approximately 40-45% [3] of the total needs in 
the current and the strategic plan period also.

Petrochemical 
products
Sales structure of MOL Petrochemicals Division 
(Figure 3.) naturally shows the predominance 
of monomers and polymers but the role of co-
products has to be highlighted also.

P O L y M E R S 

MOL Group has a comprehensive product 
portfolio of polymers (Figure 4.). Polypropylene 
ratio is higher than global (40 % [4]) due to close 
integration of Downstream and Petchem.

CO-PRODUCT TRANSFERRED 
FROM PETCHEM TO DS IN MOL 
GROUP

Hydrogen has the lowest volume among the co-
products but perhaps this is the most important 
and valuable for Downstream. 

At Bratislava hydrogen delivered by SPC gives 
30% [3] of the hydrogen demand of Residue 
Hydrocracker unit (RHC) and means irreplaceable 
element of hydrotreating technologies. 

TVK supplies with fresh hydrogen demand 
of Tisza Refinery gas oil desulphurization unit 
contributing indirectly to 17% [3] of diesel 
production of MOL in 2009 (BP) and above 
10% [3] in the next period also (VGO HCK 
utilization).

C4-fraction has different composition at SPC 
and TVK.
 
SPC delivers all of C4-fraction to Slovnaft, 
because of not having C4-hydrogenation reactor 
to saturate the unsaturated C4 molecules 
(butadiene and other butenes). Slovnaft Refinery 
firstly saturates the butadiene then C4-fraction 
is processed in ETBE unit. ETBE recovers the 
isobutylene content of C4-fraction and the 
raffinate used as feedstock of Alkylation unit. 

Figure 2. Global propylene capacity 2007, Olefins via Enhanced FCC 
Processes, chemsystems.com, 09.04.2009

Figure 4. Sales distribution of polyolefins at MOL Petrochemicals, 
based on BP 2009

Figure 3. Sales structure of MOL Petrochemicals Division, based on 
BP 2009
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C4-fraction is totally applied for motor gasoline 
production. SPC source (from C4-fraction+pygas) 
of the total motor gasoline production of Slovnaft 
is more than 4% [3] in 2009 (BP) and will remain 
at such a level in the future.

TVK can process all the C4-fraction but due to 
technological connection between Tisza Refinery 
MTBE-unit and TVK Steam Cracker-1 C4-fraction 
is transferred for isobutylene extraction. MTBE-
raffinate is feedstock of Steam Cracker-1. TVK 
source from total motor gasoline production of 
MOL is 5% [3] in 2009 (BP) and because of the 
higher naphtha feed ratio in 2013 plan period will 
increase up to 7.5%[3].

Pyrolysis gasoline (pygas) is the 
highest volume co-product delivered to 
Downstream from Petchem. 

At Bratislava site (SPC) the pygas is fully 
transferred without any fractionation. 
Pygas is distilled in a pyronaphtha splitter 
into three streams at Slovnaft Refinery: C5-
hydrocarbons go to mogas pool (12% [3]), BTX-
fraction is processed at aromatic extraction unit 
(67% [3]) meanwhile the heavy part (20% [3]) 
is blended into diesel feed (1% [3] of the total 
diesel production).

TVK hydrogenates and separates the pygas 
and produces benzene-toluene (BT)-fraction, 
C8-fraction and C9+ fraction. BT-fraction is the 
feedstock of aromatic extraction unit besides 
reformate. C8-fraction is blended directly or after 
desulphurization into mogas pool. C9+-fraction 
is sold as heating oil by MOL to power plant in 
Tiszaújváros.

Aromatic Feedstocks 
Reformate and pygas are the main sources of 
the aromatics production. More than 70 % of the 
aromatics produced from reformate in 2008 in 
global level (Figure 5.). 

Production of aromatics is especially determined 
by petrochemicals co-products sources at MOL 
Group level. Pygas is the main source of the 
benzene production achieving more than 80 % 
(Table 5.) in 2009 (BP) and this high ratio will be 
kept in 2013 also (Duna Refinery shall process 
benzene rich cut stream of Sisak Refinery).

 

Pyrolitic oil (Quench oil) is blending component 
of fuel oil at Slovnaft refinery. Pyrolitic oil with 
low sulphur content and low viscosity is suitable 
to dilute fuel oil. TVK primary burns the own 
produced pyrolitic oil in the central steam boiler 
of steam cracker only the surplus quantity is sold 
to carbon black factory situated at TVK industrial 
area.

Opportunities
MOL Petrochemicals Division offers a wide range 
of flexibility on feedstock structure optimization 
for Downstream Division now and for the future 
also. Calculating of the best feedstock structure 
of steam crackers fuel production of Downstream 
is determined definitely at the same time through 
the co-product transfers. 

Flexibility of the Petrochemicals Division can 
help in such a situation when some of the key 
units of fuel production has technical problem 
at Downstream. These surplus refinery streams 
can be FCC-butane, ETBE C4-raffinate and 
isobutane.

Technological capability of steam crackers 
is beneficial for the managing of different 
seasonality and crack spread situation of motor 
gasoline, diesel and LPG products also.

Figure 5. Feedstock of global aromatics production, 
The Feedstock Industry, chemsystems.com,18.02.2009.

Table 5. Pygas ratio from MOL Group aromatics production, based 
on 2009 BP 2009 and strategic plan 2013 (23.02.2009)

                         2009                2013  
 unit:% MOL SLOVnAFt MOL SLOVnAFt
benzene 89,6 83,3 76,3 88,0
toluene 61,0 47,6 57,5 57,2
other 
aromatics 

22,4 6,7 24,3 9,5

2010/1Challanges



27

Challanges2009/2

1MOL GROUP

References
[1]  Product Market Service, Balancing the 

World, Wood Mackenzie, February 2009, 
slide 23

[2]  Structure of and challenges facing the 
European refining industry, GPMO material 
for discussion, Purvin&Gertz, 24.07.2008.

[3]  Own calculation on base of 2009 BP and 
strategic plan 2013 (23.02.2009)

[4]  Polyethylene and Polypropylene Markets 
under Immense pressure, chemsystems.
com, 19.03.2009. 

Reiewed by:  István Tehenics

  

Challanges2010/1



28

1MOL GROUP

2010/1Challenges

Abstract
Recent high energy prices resulted in 
an increasing number of downstream 
pro jects, leading to shortage and bottle
necks in labour, equipment and com
modities, delays in the downstream 
projects as well as increasing the costs 
of the projects.
The economic crisis causes many 
owners to consider the viability and 
timing of new investments. Instability 
in feedstock pricing makes it difficult 
for downstream businesses to make 
their business models work; therefore 
some projects are being scaled back or 
cancelled. A slowdown in investment is 
expected until prices recover, and/or 
costs and taxes also retreat.
Those investors will be in the position 
to make use of the current – relatively 
cooled down – commodity and E&C 
market position, which will be able to see 
the rock bottom, and prepare for as well 
as start investments by reactivating their 
project teams at the right moment as well 
as have the needed financial funds.

Összefoglalás
A FOLyÓ GAZDASÁGI VÁL-
SÁG HATÁSA A DOWNSTREAM 
BERUHÁZÁSOKRA AZ OLAJ- éS 
GÁZIPARBAN

A közelmúlt magas energiaárainak kö
szönhetôen megnôtt a downstream 
pro  jektek száma, mely szûk kereszt
met  szetekhez vezetett a munkaerô, gé
pek, berendezések, alapanyagok te
rén, valamint projektek csúszását és 
a megvalósítási költség növekedését 
ered   ményezte.
A gazdasági válság hatására a beru
házók újragondolják az új projektek 
meg  valósíthatóságát és idôzítését. A 
nyers  anyagok árának instabilitása ne
hezíti a downstream projektek gaz da
ságosságának alátámasztását, ezért 
né  hány projektet hátra kell sorolni 
vagy törölni. Az árak és költségek sta
bilizálódásáig a beruházások lassulá sa 
várható.
Azok a beruházók tudják maximálisan 
kihasználni a jelenlegi – relatíve le
hûtött – áru és E&C piaci helyzetet, 
akik képesek lesznek ráérezni a for
dulópontra és készen állnak a beru
házások megfelelô pillanatban történô 
indítására, rendelkeznek a szükséges 
anyagi forrásokkal, valamint szakértôi 
projektcsapattal.

State of the global 
economy
The world economy has been going through an 
increasingly difficult period since mid-2007. The 

János Schronk 
MOL CS Investment Dept.
E-mail: JSchronk@mol.hu

Impacts of the current 
economic crisis on downstream investments                  

in oil & gas industry
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lagged effect of cumulative monetary tightening 
finally dented the global housing boom, triggering 
a crisis in the sub prime sector of the US mortgage 
market and expanding into a widespread credit 
crunch affecting all of the world’s economies. The 
impact can be measured in terms of an increasingly 
heavy penalty on gross domestic product (GDP) 
and in rising unemployment. The crisis is also 
a central factor in the extreme volatility of oil 
prices since the late summer of 2007 – in both its 
dramatic rise and its equally dramatic fall.

Global GDP growth has slowed during the past 
12 months, from an annualized rate (calculated 
using market exchange rates) of 4.4 percent in 
third quarter 2007 to only 0.7 percent in third 
quarter 2008 – far below the global economy’s 
long-term annual trend growth rate of 3.4 per-
cent. Moreover, growth will most likely weaken 
further – or even turn into a contraction over the 
coming quarters as a result of the unprecedented 
credit freeze in the global banking system, the 
wider turbulence in financial markets, and the 
resulting impact on the “real economy.” The 
common impact is evident across the different 
segments of the global economy.

The Euro zone is now officially in recession, with 
GDP contracting in second quarter and third 
quarter 2008. The latest evidence suggests that 
the Euro zone downturn is deepening. Consumer 
and business confidence has fallen substantially 
across the zone and stood near a combined15-
year low in October 2008, thereby undermining 
prospects for investment, employment, and 
consumer spending. Retail sales are generally 
soft, and the manufacturing sector is struggling. 
Financial sector turmoil, very tight credit 
conditions, and sharply lower equity prices are 
hurting economic activity across the Euro zone. 
Modest Euro zone recovery is forecasted from 
2010, at 0.8 percent growth over the year. 

The United States is likely to experience its 
deepest – and longest – recession since 1982, 
if not worse. The economy will contract in 2009, 
to be followed, at least according to current 
expectations, by a modest recovery in late 2009 
or 2010.

Growth is slowing rapidly across most emerging 
markets, including in the economies of China and 
India, key locomotives of the global expansion in 
the past several years. As a result of globalization 
and China’s own export-led development 
strategy, China has become increasingly open 
to trade and therefore more exposed to external 
shocks. In 1997 (the start of the Asian financial 
crisis) exports accounted for 18.5 percent of 

China’s GDP, but this rose to 35.2 percent by 
2007. The risk for China is demonstrated in the 
distribution of its exports.  In 2007 the United 
States, European Union, and Japan represented 
half of China’s total export market. To avoid a 
hard landing for the economy, China’s domestic 
demand has to cushion the possible recession 
in exports. But expectations for Chinese growth 
continue to come down.

Japanese growth was healthy in late 2007 and 
early 2008, thanks to booming exports. But 
the economy has experienced weak to flat 
growth during the balance of 2008. In 2009 
the Japanese economy is expected to report 
a modest 0.5 percent contraction. A short-
lived return to deflation remains possible, with 
consumer prices decreasing in late 2008/early 
2009 before returning to a slow upward trend.

Evolution of the oil 
market: 2001 to 
date
Oil prices are a barometer of the world economy; 
therefore we try to understand how the current 
economic environment arose by analysing the oil 
market environment changes in the last decade. 
Oil prices grew five-fold between 2003 and 2008 
(Figure 1.); the reasons behind this tremendous 
growth were the following:

1.  Tight balance between supply and demand in 
2002-2008.
Global GDP and the distribution of GDP are 
key determinants for the oil market. The period 
2003 through 2007 yielded the best global 
economic growth for a generation, and this 
was the fundamental driver of oil prices over 
this period. The distribution of growth – the 
"emergence” of emerging markets – added 
further force to the growth, owing to the 
levels of development these countries were 
attaining. The result was a “demand shock” 
that contrasted with the supply shocks of the 
1970s.

2.  Supply disruptions in Venezuela and Nigeria, 
the effects of the Iraqi war: the cumulative effect 
of these three disruptions was to tighten the oil 
market significantly, by depriving it of around 
4 mbd of actual or expected production for 
much of 2003. Spare capacity in the oil market 
halved from 23 percent of the call on OPEC oil 
(5.3 mbd) in 2002 to 11 percent (2.9 mbd) 
in 2003. (Figure 2.) The price of Brent crude 

Challanges2010/1



30

1MOL GROUP

2010/1Challenges

averaged $25 per barrel in 2002 and $29 in 
2003 – a 20-year high. It was at this point that 
the impact of global economic growth came 
to be felt, particularly as economic growth 
in the emerging economies had become an 
increasing part of global oil demand. This was 
the beginning of the “demand shock.” In 2004 
global oil consumption registered its largest 
annual increase (more than 3 mbd) since the 
1970s. China was a main contributor: its oil 
demand increased by almost 1 mbd that year 
(partly because of economic growth, but also 
in response to delays in the availability of coal-
fired power generation). But China was only 
part of the picture, as demand was increasing 
elsewhere as well. Without this very strong 
demand growth, the level of spare capacity 

would have been higher, which would have 
eased supply concerns and the consequent 
price rise.

3.  Delays in setting up investments in new 
capacity resulting from 
•  scepticism about the durability of high and 

rising prices; 
•  some resource-holding governments securing 

a larger share of the economic rents through 
tax hikes and changes to the terms on which 
resources could be accessed; 

•  dramatic increase in the costs for upstream, 
downstream, and energy-related services to 
more than twice their level at the start of the 
decade. 

Figure 1.

Figure 2.
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In each subsequent year, oil demand grew, albeit 
more slowly than in 2004, and physical crude 
oil supply rose by a little more than demand, 
increasing inventory levels. But this did not 
stop prices from rising each year. There is no 
single explanation for this accelerating climb. 
By 2005 a significant tightness had developed 
in the availability of deep conversion refineries, 
resulting in intense competition for light, sweet 
crudes like Brent. 
 
4.  Increasingly unsustainable commodity boom.

As the financial crisis began, the dollar started 
to weaken on the basis of interest rate cuts and 
expectations of more cuts. Instead of the normal 

“flight to the dollar” during times of instability, 
there was a “flight to commodities” during a 
time of currency instability. The price of oil and 
other commodities increased dramatically. In 
the eyes of many investors, commodities had 
emerged as a new asset class, an alternative 
to equities and fixed income.

 
5.  Cost inflation for developing oil (and natural 

gas) supplies increased at extraordinary 
and unprecedented levels. The IHS/CERA 
Upstream Capital Costs Index demonstrated 
that these costs increased by 130 percent 
between 2000 and third quarter 2008. (Figure 
3.) This explosion of costs was the result of 

Average delays for the top 100 Projects (January 2005- April 2008)

Figure 4. 
Source: Bill Hall – President, WorleyParsons presentation at the 40th annual Engineering and Construction Contracting 2008 conference 
(http://www.ecc-conference.org/40/index.html); projects Goldman Sachs Research estimates.

Figure 2.
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shortages and bottlenecks in terms of people, 
equipment, skills, and inputs such as steel. 
These costs fed into the price environment. The 
shortfalls they reflected also led to delays and 
postponements in the entry of new supplies 
into the market. Similar, but slightly slower 
increase was visible in case of downstream 
costs. 

 
The index has been trending upward since 2003, 
driven by elevated demand, high energy prices and 
a weak US dollar. It recorded annual increases of 
16 percent in 2006 and 14 percent in 2007. 

The Index shows that costs were continuing their 
sharp rise in 2008, which was having a major 
impact on the timing of projects and the oil price. 
The latest cost increase has been driven by a high 
number of active projects, keeping downstream 
specific markets such as engineering and 
specialized equipment tight, combined with high 
energy prices and global inflation.

Surprisingly for the largest 100 projects Goldman 
Sachs Research estimate found an average delay 
of between 10 and 12 months and a significant 
number delayed out beyond 2 years. (Figure 4.)

Key Refining Construction Costs

Figure 5. 
Source: Rich Marcogliese – Executive VP and COO, Valero Energy Corporation presentation at the 40th annual Engineering and Construction 
Contracting 2008 conference (http://www.ecc-conference.org/40/index.html)

Figure 6.
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While the increases have started to slow 
investment in the petrochemical sector, the 
refining sector has so far maintained a long list 
of future project plans. (Figure 5.)
 
6.  A belief known as “decoupling” – conviction 

that the world economy evolved to the point 
where Europe and emerging markets are 
immune from the US economic downturn.

7.  An assumption that price did not matter; that 
both demand and supply would not budge as 
prices soared – meaning that price became 
irrelevant, which is not the case.

But oil was not the only commodity to experience 
price rises and a growth in derivative volumes – 
nor was it the commodity whose price rose most 
steeply. (Figure 7.)
 
The role of high oil prices in the financial and 
economic crisis: oil prices played what has been 
described as a “contributing role” by reducing 
consumer spending and confidence and placing 
burdens on many businesses, large and small. 
They hit particularly hard at certain industries, 
notably airlines and other transport industries 
and, crucially, the automobile industry.
 

Why oil prices 
collapsed in the 
second half of 
2008
There are four main reasons for the price drop:
1.  The price itself. Both supply and demand 

do respond to prices, albeit with lags. The 
delays can take time, especially on the supply 
side with its lead times and, in recent years, 
bottlenecks. Demand responds with lags as 
well, but those lags can be shorter. CERA’s 
Break Point scenario projected that prices 
above $100–$120 per barrel would set off major 
responses from governments, companies, and 
consumers. And this is clearly what happened. 
The United States hit peak gasoline demand 
in 2007, and US demand was going down in 
2008, well before the peak in oil prices. But 
these demand responses were discounted 
or ignored. This exclusion of contrary data is 
common during a boom market.

2.  The impact of the financial crisis on the 
global economy: as some countries move 
into recession and in all the rest GDP growth 
stalls, there is a corresponding weakness in 
oil demand. The “demand shock” of 2003–07 
has now given way to the “recession shock” 
of 2008–09. 

3.  “Deleveraging” – the sale of assets by non-
commercial investors in oil derivatives, to 
fund other obligations. After the freezing up 

Figure 7.
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in the credit markets, many institutions could 
no longer obtain short-term funding or roll 
over debt. They were also facing substantial 
redemptions. Thus, they were forced to raise 
cash by selling assets. Sellers disposed of the 
sellable – including their oil derivatives.

4.  Change in oil market psychology – from anxiety 
about supply to fear for demand, in the face of 
a global recession whose severity is as yet 
unknown. 

What will happen 
next?
This recession may well be the worst downturn 
since the Great Depression, exceeding that of 
the early 1980s. Although the steep decline in 
the price of oil and of other commodities since 
July 2008 is providing timely relief, these prices 
are still high compared with their long-term 
historical averages. Most countries are bracing 

Figure 8.

Figure 9.
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for tough economic times that are likely to last at 
the very least until the second half of 2009 but 
that might, under certain circumstances, extend 
into 2010 and beyond.

What will happen next to oil prices depends 
greatly on the pace of global economic growth. 
The question is how deep and long the recession 
will be and how big the hit on consumer spending. 
Even as demand recovers with economy, there 
may be continued downward pressure on demand 
as energy policies of countries around the world 
are likely to emphasise the greater energy 
efficiency and renewables. The justification will 
be not only for energy policy, but also because 
of climate change policies and concerns. A green 
stimulus program is already under development 
by the new US Administration, and other 
policymakers will also be looking closely at its 
elements.

Weak demand resulted in lower oil prices, what 
challenged the economics of new projects in 
various producing countries. CERA forecasts a 
slowdown in investment until prices recover, or 
costs and taxes also retreat; upstream costs may 
decline by as much as 40 per cent by 2011.

A key question is the extent to which national 
oil companies (NOCs) and smaller international 
oil companies (IOCs) will face funding difficulties 
in present circumstances, the former because 
of competing demands on their cash flows from 
their government owners and the latter because 
of questions about their continued access to 
capital markets. About 40 percent of the new 
capacity to come on-stream by 2015 would be 
expected to require an investment contribution 
from the relevant host country’s NOC. The 
significance of the NOCs is underlined by their 
control over 80 percent of the world’s reserves. 
(Figure 8.)

If industry costs do not decline, the oil industry 
would need to spend over $150 billion annually 
on new oil supply in the upcoming years. 
Companies have already started to scale 
back their spendings and reduced production 
revenues as a response to lower oil prices. The 
long lead times for exploration and new oilfield 
developments will ensure that the impact on oil 
supplies of the current investment slowdown will 
be cumulative of the coming years. As demand 
growth resumes, the oil market will tighten 
again. The timing will depend on the speed and 
strength of recovery on the demand side and on 
the extent of investment cutbacks. The spare 

capacity marketing would start to erode after 
2013 and the market could gain be very tight 
in 2018. However, too deep an overcorrection 
could lead to a rebound in prices above the mid-
2008 levels, and measures to support the price 
in the short term could build up excess supply 
capacity to unsustainable levels and cause the 
next price collapse. (Figure 9.)

Challenges faced 
by the downstream 
processing 
industry in 2009
The recent economic crisis has resulted in an 
outlook for 2009 that is rapidly changing and 
difficult to predict. Current climate is causing 
many owners to consider the viability and timing 
of new investments. 

Instability in feedstock pricing since the summer 
2008 makes it difficult for downstream busines-
ses to make their business models work. The 
industry has entered into a down cycle after a 
solid four years of strong growth. Going forward, 
high complexity processors will be better 
positioned to ride this cycle.

The high price of transportation fuel shook 
consumers in the first half of 2008. Their reaction, 
reducing vehicle miles travelled by 3.7% from 
2008 and switching from SUVs and pickups to 
more fuel economical cars, has caused a sudden 
shift in fuel demand, particularly in the US. The 
economic meltdown that followed has caused 
capital to dry up, share prices to fall and owners 
to move towards preserving cash flow. While 
some projects are being scaled back and others 
are seeing their completion dates extended to 
delay expenditures, most projects have passed 
through their funding gate are continuing through 
the engineering and construction phases. The 
challenge for owners is to determine which new 
projects to undertake and at what pace.

As a result of the decreasing demand for oil 
and gas products which resulted in decreasing 
margins the postponed or rescheduled projects 
lead to the moderation of the former tension 
on the project market (overheated demand at 
the investment market) and seemingly cooled 
the Commodity, Equipment, Labour prices. 
Making use of the current situation is a realistic 
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opportunity for owners. It is practical to adapt 
such project-specific implementation techniques, 
which assure the appearance of the following 
advantages on the contractor’s side:

•  Price advantages in the commodity and 
equipment markets

•  Free fabrication, construction capacities
•  Competitive E&C markets as a result of 

excess supply of services
•  Decreasing proportion of contingencies in 

the price offers leading to competitive fixed 
price contracts, etc.

Interestingly, the sharp decline in crude oil 
prices has not greatly affected some technology 
licensors and E&C contractors to date. For 
example, the backlog of business at Fluor is 
because their clients have long-term expectations 
of a higher price for oil instead of today’s 
depressed price. Fluor derives half of its busi-
ness from both upstream and downstream oil 
and gas services. According to Fluor’s CEO Alan 
Boeckmann, these capital projects are based on 
long-term assumptions for crude to realise an 
average of $50-60 per barrel. There are areas 
where technology, engineering and equipment 

Figure 10.

Figure 11.
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suppliers will remain busy as the industry rides 
through the current down cycle, such as with 
increasing refinery distillate production, efficiency 
improvements and the major regulatory initiatives 
shaping the refining and petrochemical industry.

In the past, the petrochemical cycle, from peak-
to-peak, ran for 7-9 years, but this time the cycle 
had expanded to 11-12 years due to steadily 
rising crude oil prices up until Q3 2008 and strong 
Asian economies, especially China and India. 
China, now the world’s largest petrochemical 
importer, began importing significant quantities 
of basic petrochemicals after 2004, so much so 
that, like other products such as cement and 
steel, this resulted in significant increases in 
global petrochemical prices.

Equipment costs were rising for many equipment 
types (see Figure 10.). In addition, we have 
seen increases in equipment delivery times due 
to supplier capacity constraints.  What was a 
typical equipment order a few years ago may be 
considered a long lead equipment order today. 
In addition to the increase in equipment costs, 
installation costs were also increasing.

At the same time there was an increase in skilled 
labour costs since 1990 (see Figure 11.). From 
1990 to 2000, the year on year increase is 3%. 
From 2000 to 2008, the year on year increase 
is 4%.

Fluor Corporation believes that owners who 
proactively move their projects forward through 
FEED and then proceed to select their EPC 
contractor will position themselves very well 
to take advantage of favourable pricing for 
equipment, bulk materials and construction 
services in 2009-2010. At the present time, 
equipment and material supplies are experiencing 
strong backlog. A year ago, most would have 
predicted that this trend would continue for the 
foreseeable future, but it is apparent now that 
there will be a delay in new orders, reducing the 
impacts of escalation and resulting in reduced 
pricing for some equipment and materials. How 
long this window will be available is difficult to 
predict, as the long-term demand forecasts 
continue to suggest that the projects that have 
been recently delayed will be needed and when 
the economy again strengthens they will be 
reinstated.

So owners who put their projects into a position 
to place orders for equipment and materials 
during 2009 will be able to react when the market 

situation looks most advantageous to them. This 
means getting equipment clearly specified and 
completing engineering to a level that materials 
can be quantified, and ensuring execution plans 
for procurement, low-cost sourcing, fabrication 
and construction are developed with rigour by 
the EPC contractor who will implement them.

Definitely, the market has changed dramatically. 
While the future is never certain, the project 
teams that work now to position themselves 
to react to the opportunities that have been 
created by these changing condition will have 
the greatest level of success. Therefore it is 
important for investors to keep the project teams 
together during the hours of stand still, who are 
ready for rapid action and analyse the situation 
or perform tasks which make the activation of 
the initial project teams possible.
However the petrochemical cycle began its 
downward cycle earlier than expected due to 
the financial crisis and impending worldwide 
economic slowdown. Meanwhile, new 
petrochemical production capacity will be the key 
item pressuring petrochemical prices. Whether 
or not these prices will drop as much as in past 
downturns is difficult to predict.

Analysts say the oversupply and drop in 
petrochemical prices will be leveraged by the 
cost-advantaged ethane-based steam crackers 
in the Middle East to support high operating 
rates, while producers in other regions will be 
forced to cut back production. This has already 
been happening, with certain naphtha-based 
steam crackers in Europe and the US Gulf Coast 
shutting down or scaling back since 2008 No-
vember. The cost of ethylene production back 
in 2007 reached well over $700 per tonne in 
Western Europe and the US, while the cost of 
a typical gas-based producer in the Middle East 
remained under $100 per tonne. To compound 
this challenge for naphtha–based crackers, 
propylene demand, increasing by as much as 
5.5% per year, has begun decreasing to 4.5% or 
less since October 2008. Along with the capacity 
developments in the Middle East is acceleration 
in Asian capacity, primarily in China. Chinese 
cracker projects, developed in joint ventures 
with global downstream organizations such as 
BASF, Shell and BP, are highly integrated with 
refineries and exploit the advantages of lower 
fixed costs and proximity to market, relative to 
investment in the Middle East.

Earlier there were no problems with EPC LSTK 
offers, but following 1-2 crashes the contractors 
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either did not give LSTK offers or they included 
a contingency of 30 percent, which was 
unacceptable for the contracting parties. That 
was the time when the alternative, non-fixed-
priced offers, such as OBE, appeared.

Companies were not that CAPEX-sensitive pri-
or to the crisis and they had a big margin on 
their products, which was sufficient to pay for 
expensive implementation. Buyers’ decisions 
were not made by the high project prices offered, 
but the high product margins available at those 
times.

Future project 
decision factors
Most probably as a result of the expected 
global economic recovery, growing downstream 
product margins will drive willingness of owners 
to increase production capacities. As an outcome 
of the former investment boom majority of the 
owners is short of cash, therefore the current 
and future investments will only be possible with 
high financial institutional backing and their risk 
taking capacities and financing will.

Those investors will be in the position to make 
use of the current – relatively cooled down – 
commodity and E&C market position, which will 
be able to see the rock bottom, and prepare for 
as well as start investments by reactivating their 
project teams at the right moment. 

In summary, high complexity, lower fixed costs 
and market proximity will be keys to riding out 
this down cycle. However, it is too early to tell 
when we will see the trough in this cycle.
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Összefoglalás
E N E R G I A  M E G T A K A R í T Á S I 
L E H E T ô S é G E K  A  T Ö L T ô -
Á L L O M Á S I  ü Z E M E L T E T é S B E N
( M E G ú J U L Ó  E N E R G I A  F O R -
R Á S O K  A L K A L M A Z Á S A )

Környezetterhelésünk csökkentése ma 
már nem csak utópia, hanem kifizetôdô is. 
Az elszabaduló energia  árak és a forgalmi 
növekedésünk okozta üzemeltetési költ
ségnövekedés megállításának egyet len 
alternatívája fogyasztásunk át struk
tu rálása, és jelentôs csökkentése. A 
MOL Kiskereskedelem szervezete fel
is   merve ezt a helyzetet indította el kör
nyezetvédelmi programját, amelynek 
cél ja a meglévô töltôállomási hálózat 
fo gyasztásának energia racionalizálása, 
és végsô soron az energiafelhasználás 
20%al történô csökkentése. A program 
elsô lépéseként töltôállomási energia 
auditban vizsgáltuk fejlôdésünk, fejlesz
tésünk lehetôségeit, és határoztuk meg 
azon irányokat, amelyek a kitûzött cél 
elé réséhez vezethetnek.Továbbiakban 
az energia audit kapcsán feltérképeztük 
a piaci környezetet, és fejlôdési irá
n yokat fogalmaztunk meg mérnöki 
standartjaink, és üze mel  tetésünk ré
szére. A megtérülési szá  mítások során 

kapott eredmények azt bizonyítják, 
hogy nem csak ér de  mes, de kötelezô is 
a fejlesztéssel foglalkoznunk.

Introduction
World is changing, and the quality and quantity of 
the known fuels is changing as well.  However, 
the greatest change can be experienced in our 
surrounding, set in train and kept in development 
by our civilization.  Therefore, the climate of the 
earth is changing in an accelerating way, and 
we can only estimate to the best of our present 
knowledge what the near future will hold for us. 
Today the necessity of changing our habits is 
absolutely clear, otherwise these proceedings 
become irreversible, endangering our being. 

We shall approach the possible answers from 
two sides: on one hand the applied systems, 
materials must be changed by preferring the 
technologies of lower environment loading, on 
the other hand, we shall change our approach and 
habits; it means we shall live more environment 
consciously and instruct our children in this 
as well. These efforts shall be enforced in our 
everyday life too; they shall appear in our job and 
private decisions and in the decision supports.

Smong the efforts expressed in legalisation the 
2002/91/EC directive of the Europe Parliament 
and Council of Europe on the energy performance 
of buildings aims at reducing the energy intake 
of buildings from the actual 40% to 22% in the 
member states till 2010. The decree 7/2006 TNM 
on the definition of the energetic characteristics 
of buildings and the Governmental Decree 
176/2008 on the energy certification of buildings 
have been issued in Hungary upon this directive. 
The Kyoto Protocol shall be mentioned he as well, 
under which the affiliating states undertook to 
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reduce their greenhouse gas emissions between 
2008-2012 by 5 % compared to the 1990 level. 

MOL Retail has started the process to minimize 
environmental load by operating petrol stations. 
Our main intention is to reduce our present energy 
intake by min. 20%, and to reduce emissions by 
help of applied advanced technologies in the 
same extent. We intend to reform our operating 
approach, and to insert the formed complex 
systems in our engineering standards. 

Pursuing the formulation of the aims, as the first 
step in realization, we have conducted an energy 
certification by involving our contracted partners, 
with the specialists of CéH Inc. CéH Inc. is 
providing project management tasks of MOL Plc. 
Retail net since 2008 in frame of a general contract. 
The activity of the company, and its specialists 
have been repeatedly awarded by Construction 
Industry Award, Europa Nostra Award and 
Széchenyi Prize. The energy certification has been 
conducted at a petrol station (Budapest, Napfény 
street) type MOL 2000 representing 51% of our 
petrol station net due its characteristics (trade 
data, services, etc.) 

In course of the certification, as a completion of it, 
by taking a survey of the market, we were looking 
for new technologies, technical solutions both for 
construction and petrol station operation as well. 

Energy intake 
survey 
As a first step by starting the energy audit, we 
have taken a survey of the energy consumption 
habits of the petrol station, and we have defined 
our development opportunities. 

Continuous of energy consumptionand energy 
pices leads to a significant raise of operating 
costs. 

To define the focus on the required developments, 
we have mapped thermal loss distribution in the 
building. (1. Figure). As the figure shows the 
unregulated ventilation can be regarded as the 
cause of the most loss, due to the daily ~1000-
1500 openings of door, requiring ventilation 
engineering and  architectural solutions. The energy 
loss through the slabs and gates requires an 
architectural solution as well. 

On the basis of the thermal loss survey of the 
buildings, considering the energy intake extent 
and cost volume of the Hungarian petrol station 
net, the aimed saving should mean a cost save in 
an order of size of hundred million HUF for MOL. 
As a result of the required technology change by 
applying more advanced, more efficient and not 
least alternative, renewable energy sources, the 
cost cutting can be accompanied by a significant 
environmental load reduction. Additionally, these 
technologies give us opportunities to withdraw 
undesirable,  environment contaminating techno-
logies from our operating system ( e.g. gasoil 
heating). 

Market survey 
and certification
In course of the energy certification we have 
searched the development opportunities by 
branches (electro, HVAC*, architecture), and 
we have looked for advanced or just top-level 
technologies; we present some of the worthy 
solutions.

As an important point of view, we have surveyed 
the petrol station building in its entirety, included 
all its units (architecture, electro, HVAC). The 
survey of the electrical structure was the first 
step. The electrical system should be developed 
separately or in one. The first direction is to 
product electrical energy for own consumption 
and possibly net back feed. Enquiring for 
the market opportunities, considering the 
characteristics of the petrol station operation, 
it seems to be useful to define the way of the 
consumption by petrol stations and lands. 

Pursuing the law change in 2008, small power 
stations beneath 50 KVA assuring the power 

Figure 1.  Thermal loss distribution in the building

* HVAC – Heating, Ventilation and Air Conditioning
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provision of one petrol station can be built in 
a normal building permit process (e.g. wind 
turbine). On electrical side, to join the network, 
the registration and participation of the supplier 
is enough, a special Energy Office permit is 
not required. On side of the consumed, wired-
in energy, solar and wind energy exploiting 
systems may be applied.

Enquiring the solar energy, the favourable 
conditions of our country shall be mentioned. 
Solar cells, – solid body means transforming 
the light radiation energy directly into electric 
power energy – could play a great part in 
electric power production. Their price is – for 
instance in case of a MOL petrol station – is a 
significant encumbering factor of their spread, 
their economic applicability for relatively greater 
output. Solar cells as means of renewable energy 
production are greatly developing nowadays, 
bringing probably significant changes in their 
price and efficiency as well. Due to its especially 
bad return rate it cannot be proposed to apply.

To produce electric power energy, application 
of wind energy could be a promising energy 
producing solution.  More and more producers 
offer very efficient devices in the market, able 
to provide partly a petrol station with electric 
power by suitable wind circumstances. Enquiring 
their application, the selecting process of the 
installation spot, based on minimum one year 
measurement circle, to take a survey of the local 
wind conditions, is an important point. Not to 
forget that wind is not always available, therefore 
the wind energy shall be discharged in windless 

periods by switching back the consumers on the 
network, or by installing a further electric power 
producing unit. (e.g.: gas-driven generator). 
This means a significant problem by joining 
the network, resp. by its regulation, further on 
in case of additional power source, it carries 
surplus costs. 

Considering the quantity of the produced 
electric power, we distinguish power station and 
household devices. The wind turbine park next 
to our petrol station in Mosonmagyaróvár with 
horizontal axle wind turbines of 2,5 MW capacity 
is a good example for power station application. 
These are power station devices, better not to 
apply them at petrol stations. 

For petrol station application, 5-12 KW wind 
turbines, available in the market already (see 
picture enclosed) mean a good solution, 
suitable to produce an applicable quantity of 
electric power at a height of 25-40m, over 4-5 
m/s wind. Among the generators available 
in the market, we consider the most suitable 
generators with vertical axle; to be fit into the 
system by combining them as well with our 
disposable structures (2. figure). Assembled 
with so called receiver-transmitter change-over 
switch, pursuing a discussion with the local 
power supplier, they can be installed by a simple 
building permit process. In case of suitable 
wind conditions, it can produce 50-80% of the 
required electric power quantity as well. Due 
their favourable 3D form, making for instance a 
match with the price marking advertising column, 
they are suited to melt into our company image. 

Figure 2.  Vertical axle with generator system by Quietrevolution



42

1MOL GROUP

2010/1Focus

They are silent, and due to their vertical, spiral 
lined blading, they are insensitive to sudden wind 
changes. Considering the weak wind conditions 
in Hungary, they are to be limitedly installed, 
with weak efficiency. Because of their high cost 
of nearly 20M HUF and their low exploitation, 
their application in Hungary is only reasonable 
as experiment. However, it is another case in 
countries with better win conditions as Italy, 
Croatia, Austria, Serbia or Rumania. In our 
opinion, in these countries with better wind 
conditions lies better potential, therefore it is 
worthy to make here a separate feasibility study 
(wind conditions, background of law).

On electrical side, the other opportunity is to 
update the lighting technique, having been 
recently significantly developed. Considering the 
intern and extern lighting of the building, LED 
technology is the most efficient opportunity in the 
present – according to professional evaluations.  
These light-sources consume yearly 50-90% 
less energy, and their life span is 10-50 times 
longer than that of any other light-source, so are 
maintenance costs significantly lower. Applying 
them cautiously, they give their environment a top-
level appearance; therefore LED lighting surely 
means the development direction in the future. 
However, they are very expensive at the present; 
therefore we feel their wide-spread application 
at the present still too early. It shall be noticed 
that we use already LED technology to lighten 
the advertisement, involving the producers, we 
are inquiring the opportunity to apply technology 
in the petrol station construction/modernization 
practice as a separate project.

Considering the inner lighting, the second 
direction is to collect the natural light by help 
of an optic placed on the roof, and to get it in 
the inner rooms. Besides the traditional glazed 
façade doors and windows, an opportunity 
arises to install Solartube and Hybrid Solar 
Lighting systems on different principles. Their 
most important characteristic is, that a significant 
energy save can be reached in sunshine hours by 
using the natural light, however, their common 
disadvantage is the temporal absence of natural 
sunshine, therefore artificial sunshine shall be 
installed in the traditional way as well.

Solartube lighting system brings the light in the 
building by help of an optical “tube”. Examining 
the units, data sheets of the system it can be 
stated, that  considering the petrol station shop 
size (~100m2) 4 units are required (~30cm 
diameter), obtaining 4-500 lux luminous intensity 
value (4. figure).  To install the system costs 

~1.000.000 HUF+VAT, including the costs of 
the devices and auxiliary materials and their 
assembly as well. The device became recently 
30-40% cheaper, and the Hungarian dealer 
undertakes a guarantee as well, therefore we are 
planning to install it in our running reconstruction 
projects (3-4. figure). 

Hybrid Solar Lighting System is collecting the 
solar rays by aid of a parabolic mirror placed on the 
roof, controlled by automatic control electronics 
assuring optimal light utilization by following the 
move of the sun in the sky (“sunflower effect”). 
The collected light is led through optical cables 
to the spot to be lightened. Considering the 100 
m2 floor area of the shop, 3 units are required 
to provide 4-500 lux illumination, its estimated 
cost is at the present 8.000.000 HUF+VAT, 

Figure 3. Solartube in use

Figure 4. Solartube in structure
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including the costs of the devices and auxiliary 
materials and the fee of the assembly as well by 
this system (5. figure).

Applying the above solutions, we 
undertake further developments as 
elaborating a reasoned common lighting 
conception. Considering the costs of 
the above mentioned systems and their 
combinations, it can be stated, that 
the discharge of the present traditional 
light sources and light fittings means by 
50% investment surplus cost, yearly 
25-30 % energy saving related to them. 
This doesn’t assure a favourable return 
in case of existent buildings, but it does 
in case of new constructions.  

The building is significant not only 
considering the general   condition of 
the buyers and employees, but also 
regarding the operating costs. It is very 
important to examine the building as 
a whole, respiring unit. We have identified the 
structures as first step, and we have chosen 
composite auxiliary structures, e.g. insulation 
able “to live together” with them. The co-
operation of these structures shall be examined 
in all cases (e.g. stream running down, etc.), 
as we could realize cost-raising,  problematic 
structures regarding the operation in case of 
application of unadvisedly selected materials, 
successive layers.

Regarding the architectural side, our job was 
relatively easier, as there are not merely norms 
but also laws prescribing demands of those we 
have reflected at the beginning of our article to 
be kept.

To understand the further examinations a 

basic set point shall be cleared, an important 
thermal technique parameter of the structures 
influencing their quality class. This is the thermal 
transmittance factor, showing the thermal loss 
on a per-unit area of the structure due to a per-
unit temperature difference. Its mark is: U, its 
dimensional unit is: W/m2K. According to the 
building energetic regulation, we reckon the 
buildings in quality classes on base of this value 
and on base of the per-unit energy consumption 
calculated relying upon of the effect of the further 
building structures. The quality classes and 
their relating values are marked in the following 
picture:  

For the aim to be achieved relying to the 
classification enclosed picture, we have defined 
minimum “B” (better than the requirement), in 
case of a suiting return rate „A” (energy saving) 
category. 

The building having been examined in the energy 
audit, Bp., Napfény street, type MOL 2000 
belongs upon its characteristics in category „E„. 
So, the aimed quality raise means by existent 
buildings a leap of four classes, in this course 
we have to consider not to cause damages in 
the existent building structures with a change of 
this extent, resp. not to generate problems in the 
later running.

In our further developments, on base of the 
above mentioned, we have described for each 
element (e.g. slab, wall, doors and windows) of 
both the new and the existent building structures 
the characteristics in accordance with the laws, 
of the category ‘A” (energy-saving). Therefore, 

Figure 5. Hybrid Solar Lighing System
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we ask our suppliers to calculate and construct 
the structures according to this. To achieve the 
prescribed quality class, the solution for the 
existent buildings is the well-known and widely 
applied additional heat insulation and the change 
of the existent glazed structures. As this implies 
significant costs and traffic disturb, we are 
examining its feasibility.

On architectural side, the application of “green” 
buildings has been raised, requiring a way of 
thinking differing from the tradition as well as 
in planning, execution and operation. The new 
generation buildings are new opportunities, 
built by technologies of the future regarding the 
architectural conception as well as the applied 
materials. These structures have been planned 
as experiments by building reconstruction of 
petrol stations (e.g. hill-house). The green 
roofs and green facades can be considered 
besides the application of traditional and modern 
constructional components being ancient never-
theless up-to-date, alternative solutions. On the 
surface of the extensive green roofs, a plant 
cover serves as ecological protecting layer. The 
area is keeping back the most of the rainwater, 
improving the microclimate (warmer in winter, 
cooler in summer). To make maintenance easier, 
it is advisable to plant drought resistant plants 
with minimum care demand. 
The CO2 load of the environment is reduced by the 
plants. The structure protects the waterproofing 
against UV radiation, extreme warming up or 
cooling down and mechanical damages. Green 
roofs have a good acoustic proofing effect too. 
Extensive green roofs have a structural thickness 

of about 10-25 cm, so they are to be applied also 
on structures with low load bearing capacity, 
even on existent petrol stations! Besides their 
favourable thermal technical characteristics, 
green roofs are rather aesthetic; they transmit 
the closeness of the nature for the viewer. They 
present a sort of trade-mark of environment-
friendly attitude and has a clear-cut message 
too! The green roof structure, the possible 
successive layers are marked in the enclosed 
picture (6. figure). 

Green walls are constructed upon the same 
points of view. A most up-to-date technology 
has appeared recently, the plants are placed 
in a base structure having been assembled on 
the wall, nourishing them too.  Green roofs and 
green walls cost 50 000-120 000 HUF/m2 net 
depending on their forming. 

Several experimental buildings are in course of 
preparation at MOL Retail to build green roof 
and green walls.  

As a next step, examining the HVAC systems, 
solutions, they can be stated as the quickest 
developing and probably well-known field; who 
has not heard yet about heat pumps and solar 
systems!?

Heat pump systems are de vices to utilize 
the energy of the environment to heat, chill 
and produce warm water. The device doesn’t 
transform the energy having been used for its 
operation directly into heat, but it raises the 
heat by aid of the extern energy from a lower 

temperature to a higher one, 
mostly using solar energy 
stored by the earth, air and 
water. To understand the 
system one has to understand 
the operating system of the 
refrigerator, as it works like a 
reversed refrigerator. 

We distinguish soil – collector, 
soil-sampler, round-water and 
absorber, resp. extern air sys-
tems. According to soil sys-
tems, the temperature of the 
deeper soil layers is in winter 
and summer nearly constant 
/e.g. in 6m depth it is +12°C in 
the average/, so it is in winter 
warmer and in the summer 
cooler than the extern air 
temperature. Changing the 
transport direction we can heat Figure 6. Green roof with conventional and inverted roof insulation
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by drawing off heat from the soil in the winter, 
and we can chill the building by warming the soil, 
resp. we can produce warm water both in the 
summer and in the winter. As the temperature to 
be produced by warm pump doesn’t exceed 55 
°C, it is only suited for low temperature heating 
(especially surface-heating) or to pre-heat the 
domestic warm water.

We apply in cases of soil-heat-using chilling 
so-called passive chilling, to transmit the heat 
having been drawn off from the building directly 
to the soil without operating the heat pump by 
simultaneous operation of the heating circulating 
pump of the heating circuit and the pump of the 
collector circuit. 

Due to the narrow development of the petrol sta-
tions, soil-system can generally not be used in 
city areas with closed development and loaded 
by significant public utilities, in these cases air-
systems are to be applied; in case of green 
field projects next highways soil-systems are 
preferred. 

The circuit diagram of the realizable, proposed 
heat pump system in case of existent petrol 
stations for heating and chilling by heat pump (7. 
figure).

Concerning the sunshine in Hungary, we have 
good condition. In our country, the sunshine 
hours are nearly yearly 2100 hours. 1300-1400 
kWh energy arrives on one square meter surface 
of ideal /S-SW/ orientation and slope of /45o/ 
Solar collectors are suited not only in the summer 
but in the whole year for heat production. On 
one square meter solar collector surface, nearly 
550-700 kWh thermal energy can be utilized per 
year. The won energy can be produced without 
using notable traditional energy, clearly, without 
environment contamination. 

The thermal energy to be produced from the 
solar collectors can be used to produce domestic 
warm water and for heating. Considering the 
return domestic warm water production can be 
realized economically.  Heating helping up by 
solar collector can only be proposed in case 
of low-temperature warm water central-, wall-, 
ceiling or under floor heating. 

Figure 7. Heating system with outside air

Figure 8. Heating systems with solar

traditional heating by 
gas boiler traditional heating by 

electric heating cartridge
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Solar collectors (even collectors or vacuum 
pipe system) shall be placed on the roof of the 
petrol station, warm water tank heated by solar 
collectors inside the building, for instance in the 
boiler house. 

Solar collectors are not able to provide the 
building with warm water during the whole year, 
so the additional traditional heating of the warm 
water tank shall be assured too. This can be 
solved by the existent gas boiler, or in case of 
failure of gas, by an additional heating cartridge 
built in the tank (8. figure). 

Concerning existent gas heating reconstruction, 
the new generation of condensing boilers shall 
be mentioned, the secret of their favourable 
efficiency lays in regaining of the hidden heat 
of the water content of the boiler offgas by 
condensing the stream from stream phase into 
liquid phase. The won energy is assuring the 
efficiency of over „100%” of the boilers. The raise 
of the efficiency can be achieved by re-chilling 
the offgases to possibly low temperature. It can 
be ideally applied by low temperature heating as 
wall-, ceiling- or underfloor heating, however, it 
can’t be proposed to use it to produce domestic 
warm water directly.  It also can be connected 
to existent, traditionally calculated (90 oC/70 oC 
temperature grade) heating systems; however, 
in this case the boiler shall not operate in 
condensation way in about 6% of the heating 
season (under -10 oC), as the temperature of 
the returning water won’t sink beneath 55 oC. In 
course of the required changes of existent boilers 
due to natural deterioration or reconstruction of 
petrol stations, in MOL HU Retail net we already 
install condensation boilers.  

Related to the AHU systems, we focus on the 
optimization of the air quantities, and to regain 
the thermal loss occurred in course of the 
undesirable ventilation. Therefore, gravitation 
ven tilation, – to be hardly regulated, not regaining 
the heat – may be applied only in special cases. 
To minimize the heat loss and the unregulated 
air change, an air curtain or wind-break can be 
suggested. These practical experiences shall be 
taken into consideration in course of planning 
new petrol stations.
To reduce the filtration heat loss, we are planning 
the application of high heat regain degree re-
circulating systems or heat recuperators by air 
handling units to be applied in regulated petrol 
stations planned with fresh air supply, - specially 
by ones co-operating with  Marche.  These 
systems reduce the heating costs by 50-60 %, 

relating the AHU systems. The application of 
changing volume flow systems is proposable 
at places of significantly changing client’s traffic 
by time span and season. In kitchen air handling 
units, bracing radiated, inductive extract canopies 
can be suggested, the turned air volume and so 
the heating and chilling energy can be reduced 
by about 30%. 

For lack of common channel, or if it is too far 
away, biological sewage clarification and local 
clarifiers without long sewer are a reasonable 
alternative. By using a biological clarifier, after 
a sole investment, the petrol station can stay 
independent from the fluently pushing sewer 
supplier costs, often raising more than the 
inflation, moreover, from the raise of the common 
water fee, and even the significant utilities 
development charge is needless.  

By help of biological sewer clarifiers, pursuing 
the purification, the public waste-water can be 
locally recycled for several claims as e.g. drip 
irrigation of plants. In case the water will not be 
recycled, it can be drained in gravel bed or it can 
be lead into living waters in compliance with the 
legal approval of water rights. 

In order to utilize the rainwater, we are planning 
to collect it in the area of the petrol station, we 
lead it through desander and oil catcher, and use 
it to flush toilets or car-wash as “grey water”. We 
are planning the development of such a system, 
its adaptation for petrol stations in frame of a 
separate project. 

Energy audit of 
MOL petrol station 
in Napfény street 
P R E S E N T  S T A T E :

The petrol station is built in an urban environment 
in closed building development. It was built with 
traditional wall structure of 30 cm thick brick with 
1,5 cm plaster, “E” girder slab with hollow fillers. 
It has flat roof with 10.15 cm heat insulation 
(depending on the slope angel). The doors and 
windows have aluminium cases and are double-
glazed, insulated. 

The existent central heating system works by a 
gas wall heater, joint with a pumped, two-pipe 
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central  heating system with plate radiators, 
it is formed a it was usual in the years of its 
construction, with a temperature-scale of 90/70 
oC. The domestic warm water is produced by 
gas boiler with storage tank. The shop and one 
of the stores are individually chilled, provided by 
split air conditioning system. 

The lighting is provided by traditional light fittings, 
light sources. 

Relying on energy data of three years, and 
the data received in course of the survey, we 
have prepared building energetic calculations. 
An energy quality category of “E” /better than 
the average/ has been stated relying on the 
received data, meeting the requirements of the 
construction years. 

In order to achieve a better energetic category and 
t o use less energy, two ways can be followed. 
The first one is to change constructional units 
of the building, the second is to change, update 
resp. complete the HVAC system by using 
renewable energies.  

Changes in the structure shall include a min. 12 
cm thick insulating plaster and the change of the 
existing entrance doors, gates and windows to 
insulated units of max. U=1,1 W/m2K  value. 

The HVAC reconstructions shall include combined 
solar collector-condensing and eventually/or 
air-water heat pump system, suited for chilling-
heating, domestic warm water production. 

With the above technical solutions, in case of 
using only architectural solutions, merely a 
category „B” (better than required) can be 
achieved. If, over and above the insulation, we 
build in systems of renewable energies, the 
category can be raised to the excellent “A” 
(especially energy saving). The investment 
costs and the expected savings are marked in 
the picture below. 

Summary
On base of the received results and information 
we have defined the following development 
directions and phases: 
In the first phase, we prepare a PILOT –like test 
on the HVAC systems during one year. In the 
second phase, we start the reconstruction resp. 
change of the existing HVAC system in network 
level, pursuing the selection and fitting of the 
systems on base of the time schedule having been 
compiled relying to the optimal values, -weighted 
by the petrol station traffic-, and to the technical 
state of the existing systems. It is important to 
note that the PILOT-period means the test of 
the operating and maintenance system. In our 
point of view the risk is not whether the systems 
prove the calculated savings or not, but whether 
the maintaining and operating background 
(skill, devices, materials) is able to join up, to 
operate the units of the system professionally. 
Naturally, the test period will give an adequate 
picture from the life span of the selected types, 
operation conditions (usefulness, parameters, 
fittings supply, number of defects), therefore it 
will provide information on the future purchases 
and operating.

It has to be emphasized that the change of the 
HVAC system causes the less traffic disturb in the 
petrol station, and this is the main requirement of 
the retail. In addition to this, its investment costs 
are significantly less than the reconstruction or 
change of the constructional units. 

In the third phase, we intend to insulate the 
constructional units and to change the doors and 
windows. Considering that we mainly do extern 
works in course of the reconstruction, and that a 
RVI change program started in 2008 is in course, 
affecting 100% of the façade, we plan to connect 
the two operational processes. Therefore, two 
operational processes can be performed in one 
period, saving and minimizing traffic loss.

Pursuing the favourable experiences of the 
PILOT period, we shall fit the above mentioned 

 Suggestion:
 /technology/ 

Costs Energy saving Consumption reduce

 Updating of 
 constructional  units  9 000 000,- 30% 1 000 m3/gas
 (wall, doors and windows) 
 Solar collector 2 500 000,- 5-10% 7 000-14 000 kWh/current
 Condensing boiler 550 000,- 5-8% 150-200 m3/gas
 Provision by heat pump 3 000 000,- 20% 700 m3/gas
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technical solutions into our standards and into 
our operation and maintenance systems. 

Finally, it is important to point out that these are 
not future technologies, but already existing. The 
decline of the costs of these systems enables 
their daily application, their results affect on 
our environment and on our costs. However, 
to achieve these results, we have to form our 
operating, maintaining and not least the decision 
supporting processes, our attitude.
We would like to draw into the readers’ attention 
that the prices given in the presented systems 
were valid only in the first quarter of 2009.
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Abstract
The technological developments of the 
refineries were motivated primarily by 
the environmental legalisation in the 
last 10 years.
Fugitive emissions from process equip
ments such as valves, connectors, 
pumps, etc. can account for 30% of a 
pet roleum refinery’s total air emis sion. 
The European directives and recom men
dations, and the compliance with Best 
Available Techniques BATs inspire the 
refineries to implement a Leak Detection 
and Repair (LDAR) program to find VOC 
leaks and repair them.
MOL has been participating both 
directly and indirectly in VOC Emission 
Reduction Programs. It is necessary to 
identify the emission sources, to measure 
and evaluate the emission values and to 
apply appropriate techniques in order 
to reduce those emissions.
To address these issues, manufacturers 
have produced specific packing designs 
which provide proper packing loads 
and reduce the amount of maintenance 
required in comparison with the graphite 
packing systems.
Live Loading system is a “live” packing, 
in other words it is capable of adapting 
to changing operational circumstances 
and parameters, in this way preventing 
from the emissions and minimizing the 
losses and the load of the environment.

Összefoglalás
A finomítók technológiai fejlesztéseit az elmúlt tíz 
évben a környezetvédelmi törekvések motiválták.
A finomítói készülékekbôl – szelepek, csatlakozók, 
szivattyúk, stb. – származó szivárgó emisszió a 
finomító összes légszennyezôanyag kibocsátásának 
30-60%-át teszi ki. Európai direktívák és ajánlások, 
valamint a Legjobb Elérhetô Technikának (BAT) 
való megfelelés arra ösztönzi a finomítókat, hogy 
szivárgás felderítô és javító rendszert létesítsenek 
(LDAR) a szivárgó pontok meghatározására és 
felszámolására.
A MOL Nyrt. közvetve és közvetlenül is részt 
vesz VOC emisszió csökkentési programokban. 
Mivel kész adatok nem állnak rendelkezésre, 
elsô lépésként szükség van az emissziós pontok 
meghatározására, a kibocsátott mennyiség 
mérésére, becslésére és a megfelelô technika 
alkalmazásával a szivárgás megszûntetésére.
Erre a kihívásra reagálva a gyártók számos 
különleges tömítést fejlesztettek ki, amelyek 
biztosítják a megfelelô tömítô nyomást és csökkentik 
a karbantartási igényt a grafittömítésekhez képest.
A Live Loading rendszer egy „élô” tömítés, amely 
képes alkalmazkodni a változó üzemeltetési 
körülményekhez, megakadályozva a szivárgást, 
ezáltal biztosítva a veszteség csökkenését és a 
környezet védelmét.

Why is 
environment 
protection important?
Because – unfortunately – we have the ozone 
hole, the greenhouse gas effect, global warming, 
acid rain, desertification, and we feel the smog-
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ridden air of major cities every day; in fortunate 
cases, on the other hand, one can find selective 
waste collection containers, and after accession 
to the European Union, we hear more and more 
about sustainable development, integrated 
pollution prevention and control (IPPC), carbon-
dioxide emissions trading, best available 
techniques (BAT) and national climate change 
strategies.

The European 
crude oil refining 
industry
The crude oil and gas refining industry is an im-
portant, strategic branch. Oil refineries provide 
42% of the EU’s energy demand, and 95% of 
transportation motor fuels. Approximately 100 
refineries operate in the EU, Switzerland and 
Norway, processing a total of approximately 700 
million tons of crude oil every year. 

As a consequence, the environmental burden 
of the European Refineries is not negligible, 
emission reduction measures shall be defined 
and implemented, taking into consideration the 
achievable environmental benefits and also the 
reasonable implementation costs. 

Refinery 
procedures and 
the most important 
environmental 
issues associated 
with them
Refinery equipments are typically large and 
completely integrated. Refineries are such 
industrial sites that handle huge volumes of 
feedstock and products, and consume energy 
and water intensively. In course of their storage 
and refining procedures, refineries generate 
air polluting, water polluting, and soil polluting 
emissions, therefore environmental management 
has become a key activity for them. Generally the 
types and quantities of refinery’s emissions are 
well known. Carbon, nitrogen and sulphur oxides, 
particles and volatile organic carbon compounds 

are the most common air pollutants. An oil refinery 
uses water intensively both as technological 
water and as cooling water. This usage results in 
water pollution by crude oil products. The main 
water pollutants are hydrocarbons, sulphides, 
ammonia, and a couple of metals. Contrary to the 
vast amount of raw materials and feedstock that 
they process, refineries usually do not generate 
significant quantities of waste. Currently the main 
type of refiner’s waste is sludge, non-refinery 
specific (municipal solid or construction) waste 
and spent chemicals (acids, amines, catalysts). 
The prime source of pollution, that oil refineries 
and – to a much lesser degree – natural gas 
processing plants release, is the emission of air 
pollutants, whether considering the number of 
emitting points, the amount in tons of releases 
or the number of developed BATs.

In relation to one million tons of processed crude 
oil (the capacity of European refineries ranges 
from 0.5 to more than 20 million tons/year) oil 
refineries release:

• 20 000-820 000 tons of carbon dioxide, 
• 60-700 tons of nitrogen oxide, 
• 10-3 000 tons of particles,
• 30-6 000 tons of sulphur oxide and
• 50-6 000 tons of volatile organic compounds.

Furthermore, in relation to each 1 million tons of 
processed crude oil 0.1-1.5 million tons of waste 
water, as well as 10-2 000 tons of solid waste is 
generated. 

These large differences reflected in emissions 
can be explained partially by the fact that 
refineries are of different types, and their level of 
integration also varies. 

Taking into consideration the advances that oil 
refineries have achieved in reducing sulphur 
emissions the focus has shifted towards VOCs, 
particles, and NOx. Refineries’ waste water 
purification procedures are mature technologies, 
and the emphasis has moved towards reducing 
waste water volumes, as well as preventing its 
generation. The reduction of water use and/
or the increasing concentration of pollutants in 
water, however, should not influence the ultimate 
reduction of pollutant emissions.

IPPC (Integrated 
Pollution 
Prevention and 
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Control)
The European Directive 96/61/EC concerning 
integrated pollution prevention and control (IPPC) 
is a European Union environment protection 
statute of critical importance. This Directive is 
Europe’s answer to the previously arisen demand 
that environment protection regulations should 
examine the environmental impact of a given 
process as a whole in an integrated manner. It 
puts the emphasis on industrial activities and 
others that are conducted in industrial systems 
(e.g. agricultural ones) where the chance of 
environment pollution is the greatest.

An integrated approach is one of the basic 
principles of modern environment protection, 
which means that the load and pollution of various 
environmental elements has to be considered 
uniformly, rather than one-by-one. Managing 
emissions to the air, water or soil in a segregated 
way may encourage transmitting pollution from 
one environmental element to another instead of 
protecting the whole environment.

Applying the best available technology (BAT) 
prescribed by legislation guarantees the 
presence of this integrated approach, which 
means in practice that efforts must be made to 
reduce emissions at their source, and use natural 
resources efficiently in the course of processes 
such as design, licensing, implementation, 
operation and discontinuing activity.

Similarly to the previous system of environment 
protection IPPC regulates also the emissions 
but goes even further and deals with energy 
efficiency, the minimising of generated waste, 
accidents with environmental consequences, 
as well as the recultivation of the environment 
after an activity is discontinued. It investigates 
the polluting effects in a broader sense, and 
the subject of the regulation is not only the 
environmental impact of a discrete technological 
process or activity but the effect of the entire 
facilities.

In Hungary it was the Government Decree no. 
314/2005 (XII. 25.) (The environmental impact 
assessment and standard authorisation pro-
cedure of environmental use) that transferred the 
Directive’s elements into national regulation.

Compliance with BAT requirements is an 
ongoing requirement for operational facilities 

that are objects of the current IPPC*. MOL 
Duna Refinery’s IPPC authorisation is valid until 
October 16, 2016.

BAT (Best 
Available 
Techniques)
Best Available Techniques (so called BATs) are 
defined in the original IPPC Directive as the most 
effective techniques to achieve a high level of 
environmental protection, taking into account 
the costs and benefits. BATs do not only refer 
to the technology used at an installation, but 
also to the way the installation is designed, built, 
operated and maintained.

Reducing emissions right where they are gene-
rated is the basic principle of the integrated 
pollution prevention and control system, along 
with the application of the principle of BATs in 
decisions related to authorisation in order to 
reduce impacts on the whole environment.

The application of BAT aims at preventing and - 
if it is not possible – considerably reducing the 
negative impact on the environment. 

In terms of interpreting the aforementioned:
•  best is anything that is most effective in the 

interest of high standard protection of the 
environment as a whole;

•  available technique is which development level 
allows the application for involved branches 
of industry with acceptable technical and 
financial conditions, considering costs and 
benefits, and regardless of whether or not 
the technique is used or produced in the 
country, if it is reasonably available to the 
operators;

•  the concept of technique is to include the 
applied technology and method on which 
basis the equipment (technology, facility) is 
designed, built, maintained, operated, and 
discarded.

Best available technique (BAT): any and all 
techniques, including technology, engineering, 
design, maintenance, operation, and elimination, 
which can be applied in practice with acceptable 
technical and financial conditions, and are most 

* Presently, IPPC directive is under review. See p.18.
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effective from the perspective of protecting the 
environment as a whole at a high standard.

BATs relating 
to crude oil 
and natural gas 
refineries
BREF (the Best Available Techniques Reference 
document) collects BATs according to activities. 
There is a separate BREF referring to the crude 
oil refining industry (REF BREF). The original 
REF BREF document was prepared in 2003. 
Close to 600 techniques have been considered 
in the determination of BAT in this document. 
The techniques have been analysed following 
a consistent scheme. That analysis is reported 
for each technique with a brief description, the 
en vironmental benefits, the cross-media effects, 
the operational data, the applicability and eco-
nomics. 

To sum up, the document provides an updated 
picture of the technical and environmental 
situation of the sector. 

There are also a couple of activities which can 
be found in oil refineries, but the document does 
not deal with them because they are discussed 
in another BREF*. 

BAT’s for VOC
Emission Reduction 
in Refineries
The VOC emissions of refineries should be 
identified rather as a global problem than as 
relating to discrete procedures, because VOC 
emissions originate in evaporation losses and 
cannot be managed as point sources. 

However the BAT documents notice some 
procedures and activity which involve especially 
high risk of VOC emissions. For the difficulty 
of the VOC emitting sources’ determination 
the BAT documents are extremely important in 
qualification and quantification of the emissions.

A  C O U P L E  O F  N O T E W O R T H y 
T E C H N I C A L  S O L U T I O N S

•  Entering refinery’s substances, which tend to 
leak, in an inventory. This includes sample-
taking, measurements, environmental 
monitoring, dispersion modelling, as well as 
evaluating of emission factors.

•  Surveying potential VOC sources on the 
basis of drawings (P& I).

•  The quantification of VOC values on the 
basis of the composition and volume data of 
flowing substances. 

•  The use of appropriate dispersion modelling 
procedures.

•  The application of environment monitoring 
methods and the comparison of evaluated 
and measured values.

•  Identifying processes that involve greater 
leaking emissions.

* Presently, REF BREF is under reiew.

Figure 1. Figure 2.
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•  VOC emissions must be reduced to 
a minimum also among the refineries 
offsite systems and auxiliary plants during 
maintenance and cleaning work (hydrocarbon 
gases should be led to the flare during the 
removal of gas from the columns and tanks, 
and the remaining liquids should be sent to 
the oil slop plant, instead of releasing them 
into the environment).

•  The use of a chemicals vapour and steam 
recovery/burner unit.

•  A DIAL LIDAR method could support the 
implementation of the strategy focusing 
on VOC emission’ reduction (TVA 1000 B 
portable noxious gas analyser, the double 
PID/FID detection is capable of detecting 
complex vapours, thereby screening of low 
ppm levels are possible).

•  Emissions from pressure release valves 
have to be sent to the flare or a separate 
burn-off system.

•  Using double sealing solutions for pumps, 
compressors and mixers could play a major 
role in the reduction of VOC emissions.

•  The use of low emission valve shaft packing 
(< 500ppm). Emissions appearing at valve 
shafts may constitute up to even 40-65% of 
a plant’s combined emission.

•  The use of alternative, proven, quarter turn 
valves and sliding bucket valves wherever 
the use of gate valves is not all that crucial. 
Both types are equipped with independent 
packing.

•  The use of balanced, expansion type 
pressure release valves in order to minimise 

valve leakage outside the design elevation 
range, and leadking released gas to the 
refinery fuel gas system or to the flare.

•  Keeping the flanged coupling of pipes at a 
minimum, and using coupling elements with 
good technical data. As for flanges belonging 
to critical locations, heat exchangers for 
example where cyclic motion or vibration 
arising due to thermal reasons must be taken 
into consideration, flat-spring washers have 
to be placed under the connecting screws.

•  The use of clad pumps or double gaskets on 
conventional pumps. It is worth considering 
the usage of non-leaking type pumps 
(membrane pumps, expansion pumps, clad 
rotor pumps or pumps with electromagnetic 
coupling).

•  The connection of compressor packing, 
openings and drain pipes to the refinery fuel 
gas or the flare system.

•  The use of end caps or plugs at the open 
ends of pipes, in sampling locations, and 
analysers.

•  The elimination of permanently open 
discharge openings.

•  The use of automatic samplers that operate 
in a completely closed loop.

The distribution of 
VOC emissions
  
Most VOC compounds leak through to the 
environment at valves, flanges, the pump’s 
sealing and the apparatus’ cracks (Figure 3.). 
Even in case of a smaller refinery there are 
more than 10 000 possible sources. In case of 
emissions that leak at technological equipments 
a permanent Leak Detection and Repair Program 
(LDAR) means the sole reasonable solution.

In general terms 32 assemblies, 135 flanges, 
1 safety valve, and 1.5 open-ended pipe 
sections may be found for every single pump 
in any average plant. The leakage rate used 
for calculations was greater than 80% taking 

 Applications “0” release ratio Fixed emission ratio Correlation calculation
   10,000ppmv  100,000ppmv 
Gas assemblies 6.6E-07 0.024 0.11 Leak ratio = 1.87E-06x (SV)0.873
Light liquid assemblies 4.9E-07 0.036 0.15 Leak ratio = 6.41E- 06x (SV)0.797
Light liquid pumps 7.5E-06 0.14 0.62 Leak ratio = 1.90E- 06x (SV)0.824
Flanges 6.1E-07 0.044 0.22 Leak ratio = 3.05E- 06x (SV)0.885
Table 1. (SV: screened value, ppm)

Figure 3.
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all VOC emissions into consideration in some 
Dutch technologies [InfoMil, 2000#83].

That is why it is important to have operational 
schemes that find out leakage locations, and 
encourage us to prevent future losses.
 
LDAR is built from the following elements:

•  The types of measurements (e.g. a threshold 
value of 500 ppm measured at valves and 
flange connections).

•  Frequency (e.g. initially measurements are 
taken twice a year, and then measurement 
frequency may be varied according to defect 
indicators).

•  The types of components to be measured 
(pumps, regulating valves, heat exchangers, 
connectors, flanges, etc.)

•  The type of pipes to be monitored (e.g. piping 
that delivers liquids with steam pressure 
exceeding 13 kPa can be ruled out).

•  What kind of leakage needs to be repaired, 
and how quickly should be carried out. 
(Prevention of fires, as well as forced 
shutdowns).

The following table (Table 1.) (SOCMI method) 
shows values determined on the basis of 
measurements.

Annual loss can be calculated based on this 
table (>100,000ppm). 
MOL – as one of the biggest hydrocarbon 

emitters – have been participating both directly 
and indirectly in VOC Emission Reduction 

Programs. It is necessary to identify 
the emission sources, to measure and 
evaluate the emission values and to 
apply appropriate techniques in order 
to reduce those emissions. Presently 
we have been dealing with VOC 
Emission reduction in several projects: 
the fixed roof tanks are upgraded by 

floating roofs; sealless pumps were acquired; 
the replacement of single mechanical seals by 
safer double mechanical seals is considered 
in the next two years in the Duna Refinery and 
the Tisza Refinery, respectively, so besides the 
VOC emission reduction both the availability 
and the reliability shall be improved. The survey 
of safety valves has been done, a first part of 
them were connected to the flair system and the 
connection of the rest might be planned for the 
next shut down.

As a further step we conduct calculations and 
planning for regaining of CH.

The problem of 
conventional valve 
stems packing
In case of conventional packing, tensioning force 
drops drastically after the 4-5th ring, while the 
first rings are compressed due to the effects of 
the force, start expanding sideways, therefore 
greater friction works on them. Since cords 
6-8th only have a space filling role, they are not 
in a compressed state and the lubricating and 
inhibiting substances in them are removed very 
easily, thus they become thinner and they allow 
room for the first 5 rings to move, which leads to 
leaking and flows (Figure 4.). 

For this reason, sandwich packing should be 
used instead of the conventional rings. The 
hard “closing rings” prevent the soft “packing 
rings” from being pushed out.  The integration 
of a rigid bushing is recommended for the space 
at the bottom of the stuffing box, beneath the 
five rings, which fills up the remaining space, 
moreover guides and supports the valve stem 
much like a sleeve bearing.

 Applications Calculated  Annual loss
  emission value (kg/h) (kg/year*)
Gas assemblies 0.11 964
Light liquid assemblies 0.15 1314
Light liquid pumps 0.62 5431
flanges 0.22 1927

VOC: Volatile Organic Compounds, mostly hydrocarbons, except 
methane. The most severe compounds are benzene, toluene and 
xylenes.

Figure 4.
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Live Loading (LL) 
system 
This is a “live” packing, in other words it is 
capable of adapting to changing operational 
circumstances and parameters. It is possible to 
install it on existing assemblies subsequently, 
without dismantling them. Basic operational 
data have to be specified for the selection 
and dimensioning of appropriate Live Loading 
elements (pressure, medium, and temperature). 
It is also necessary to specify the dimensions 
of the stuffing box chamber, and the location 
where the spring can be integrated. Taking these 
parameters into consideration the dimensions 
and the number of springs further the necessary 
torque can be determined, along with their 
arrangement form required during assembly.

We can distinguish between two types of Live 
Loading systems:
•  Valve Live Loading
•  Flange (heat exchanger) Live Loading

V A L V E  L I V E  L O A D I N G

Packing rings become deformed and lose some 
of their mass in the stuffing box as a result of 
pressure and temperature cycling and stem 
movement, in addition continuous inspection 
and resetting is necessary in order to maintain a 
proper sealing, to compensate the tension loss 
due to wash out and removal of lubricants and 
inhibitor substances from the packing material.
We can use a “flexible energy storage” system 
for eliminating the previous things: this is Live 
Loading.

In the early the 80’s several hundred packed 
valves were analysed during operation from 
leakage point of view. Operational parameters, 
like number of actuations, change of pressure 
and temperature, etc. were observed and 
correlations were searched.

It was clearly stated that leakage appeared as 
a consequence of pressure and temperature 
cycling. In order to keep the leak free status a 
sufficient minimum force has to be maintained 
on the packing rings continuously, so that 
the packing remain seal. By installing the first 
spring sets the determination of the torque 
caused main concerns. Either overstressed 
packing rings created too high friction on the 
stem and the stem couldn’t move at all or only 
with considerable hysteresis, the same time 
the stem’s movement under the packing rings 
cracked the stem itself. Leakage and drops 
appeared within short time. Or the too loosely 
torqued packing caused immediate leakage and 
damages. To avoid this Live Loading System 
was invented, which is not simply packing or 
spring, but a sealing system.

Through the usage of a dedicated calculation 
method the LL defines for each individual valve 
the right spring material, spring geometry, 
number of springs and the applicable torque, in 
line with the prevailing operational conditions of 
the particular valve.

The elements of the system are shown on Figure 
5.: The Belleville springs (5150) are made of 
special heat-resistant, stainless material (17-7 
PH), thereby guaranteeing constant compressive 
force among the extreme circumstances.

T H E  C A L C U L A T I O N  B A S I S  O F 
T H E  A P P L I C A B L E  T O R Q U E

Required stud torque to provide appropriate 
pre-tensioning can be determined with the help 
of a program which takes into consideration the 
physical dimensions of the packing box housing, 
the system pressure, screw sizes, friction 
coefficients and the flexibility of the packing 
cord. Calculated shifting specifies the number 
of spring-pairs. The spring equipped system 
automatically resets the packing on the basis of 
adjusted torque.    

The valve survey sheet – which is used to record 
a valve’s physical dimensions – contains the 
depth and internal diameter of the packing box 
housing, the diameter of the valve stem, screw 

Figure 5. Elements of Live Loading System
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sizes, the temperature and pressure of the 
medium to be sealed, etc.

It is the data of a preliminarily surveyed valve that 
is entered in the calculation program whereby 
we are given required torque, the appropriate 
number of spring pairs, and the necessary 
screw length. 

F L A N G E  ( H E A T  E X C H A N G E R ) 
L I V E  L O A D I N G

Flange components (screws, the material of the 
flange) expand and become deformed as the 
result of pressure and temperature changes, so 
the contact pressure appearing at the flat gasket 
varies. Contact pressure can change in smaller 
range for the proper operation of gaskets. 

We can use a “flexible energy storage” sys tem 
for eliminating the previous things: Live Loading.

Similarly to the valves a spring selection and 
torque calculation method was developed also 
for the flanges and the heat-exchangers. By 
traditional flanges the most failures are caused 
by not applying the necessary bolting force. 
Sealing material  suppliers usually define the 
necessary bolting torque values, however the 
maintenance operators do not apply those, 
further the torquing tools (e.g. torque wrenches) 
might represent extra costs for the maintenance 
budget.
The elements of the system are shown on 
Figure 6.:

The Belleville spring set selected has to be in 
line with different temperature ranges, forces, 

and environmental effects, in accordance with 
the place of utilisation. Spring materials include 
5500 (Stainless Steel), 5500I (Inconel), 5505L 
(Stainless Steel), 5505H (Carbon Steel).  The 
seal is selected on the basis of the medium, 
temperature, and pressure (flat gasket, spiral 
gasket, lip seal, Steel Trap).

T H E  B A S I S  F O R  S T U D 
T O R Q U E  C A L C U L A T I O N

The ideal stressing force of seals is 40-60  
N/mm2 for proper “operation”. The system’s 
pressure works against this pressure in relation 
to the stressing force generated by screws. 

Therefore operating pressure must be taken 
into consideration when specifying torque. The 
required torque is determined using a program, 
with the help of number of screws, screw size, 
actual surface of seal, pressure, the friction 
coefficient, and the quality of screw material.
                                                                                                              
In the United States conventional wisdom is 
that Live-Loading is an MACT (Maximum Achie-
vable Control Technology) system whose 
applicability corresponds to that of membrane 
valves. Impressive long term results (lower than 
500 ppm permeation over 3-5 years) can be 
achieved in the reduction of permeability loss 
for frequently actuated stem valves (the most 
problematic application).

Incorporated LL 
technologies at 
Duna Refinery 
We recently installed LL spring sets in several 
places at the refinery, but at the time we were 
not as yet familiar with the regulations that now 
apply to us, so we specified installation locations 
on the basis of two alternatives:
•  volatile organic compounds leaking with visible 

substance
•  invisible, but easy to determine on the basis 

of many years’ experience. (e.g. fires, near-
miss fires, places where it can be sensed with 
sensory organs).

The first functionally traced installations were 
carried out for the FCC (catalytic cracking) 
plant’s assemblies in 1996, for trial operation 
purposes, since we experienced continuous 
leaking at the old assemblies. Smaller fires 
occurred frequently, assemblies were replaced 

Figure 6. Elements of flange live loading
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every 2-3 years. LL solutions were installed on 
further assemblies based on the experiences, 
taking into consideration temperature, pressure, 
and the medium. We installed LL in additional 
places at critical spots.

On the basis of the good experiences we 
achieved at these assemblies, we installed LL 
on chillers as well (heat exchanger equipped 
with scrape). Chillers operate at a low rotary 
speed (20-30 revs/min), their shaft seal showed 
defects on a continuous basis, we saw leaks 
developing the 2nd to 3rd week after cords were 
installed. We installed LL (5150 material quality 
spring, 477-1 harder carbon fibre sealing cord, 
1400R softer graphite sealing cord) on the input 
shafts of chiller marked 110-3 at the PGy (vax 
production) plant in 2003. After installation, 
we experienced the non-recurrence of leaks 
and dripping. After this we installed LL on 22 
additional chillers at the PGy, and the MEK 
(solvent dewaxing) plants. (Figure 7., 8.)

As a result of installation, the more than 900  
t/year volume of solvent loss at the MEK plants 
went below 750 t/year by 2007, while feedstock 

quantity increased from 196 thousand tons to 
210 thousand tons. 

We installed LL on two heat exchangers at 
the catalytic cracking plant in order to prevent 
constant fires and leaks. No leakage has 
occurred at these devices since then. 

Malfunctions and dripping recurred constantly 
along the DC (delayed coking) plant’s feedstock 
pipeline, since temperature changes from 
around 500ºC to ambient every 20 hours at 
this pipe. LL was installed on 14 flange pairs 
and 5 heat exchangers in 2007 (type 5505H), 
no dripping or leaks have been detected since 
then. One of the flanges in another part of the 
plant malfunctioned among similar conditions 
in 2008, a fire and substantial material damage 
resulted exceeding 45 MHUF damage value. LL 
installation is planned to take place for that area 
this year.

Figure 7. Visible solvent sweating

Figure 9. Melted flange Figure 10. After fire   Figure 11. Flange with LL

Figure 8. LL equipped chiller
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LL istallations 
within MOL Plc.
[1]    Depentanization plant: 147 assembly units, 

5150+477-1+1400R
[2]   Aromatic plants 1-2.: 148 assembly units, 

5150+477-1+1400R
[3]   Atmospheric vacuum distillation 3: 163 

assembly units, 5150+477-1+1400R
[4]   Atmospheric vacuum distillation 2: 42 

assembly units, 5150+477-1+1400R
[5]   Hydrogen treatment plant: 10 assembly 

units, 5150+477-1+1400R
[6]    Solvent dewaxing 1, 2; Paraffin factory: LL 

for 23 chiller units, 5150+477-1+1400R 
[7]   HF Alkylation plant: Heat exchanger 500 E2  

A/B, M 20 32 units LL 5500  
[8]  Catalytic cracker plant:

46 assembly units, 5150+477-1+1400R
400E4 heat exchanger M 20  32 units LL 
5500   
400E11 heat exchanger M 20  32 units LL 
5500   

[9]  Hydrodesulfurization: E101/3, 4 reactors 
[10]  Light naphtha isomerisation plant: 26 

assembly units, 5150+477-1+1400R
[11]  Coking plant: Feedstock pipe LL, 1-3/8”, 

60 units, M 36, 80 units, M 30 120 units, 
5505H (14 flange pair units)

[12]  E 110 heat exchanger LL, M 27, 52 units, 
550 E 107 / A, B, C heat exchanger LL, M 
27, 60 units, 5500 E 109 heat exchanger 
LL, M 20, 64 units, 5500H
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Abstract 
Who has never heard the phrase ’this 
shutdown loop is SIL3’, but do we 
actually know what that phrase means? 
What does such a statement entail to 
MOL that an instrumented safety tasks 
should be compliant with SIL1, SIL2 
or SIL3? What are the advantages and 
drawbacks of each of those categories, 
and how much does each of them cost? 
To what extend do our processing units, 
built long ago and recently, meet the 
latest standards and requirements?
This article intends to answer those 
questions, relying on the experiences 
gained from a process safety review 
completed at Refining.

Összefoglalás
S I L  P R O J E K T  T A P A S Z T A L A T A

Ki ne hallott volna már arról, hogy valamely 
reteszkör SIL3-as, de tudjuk valójában, mit 
is jelent ez? Mivel jár a MOL számára egy 
olyan kijelentés, hogy legyen egy mûszerezett 
biztonsági feladat SIL1, SIL2 vagy SIL3-nak 
megfelelô, milyen elônyei-hátrányai vannak egy 
ilyen kialakításnak, és mennyibe kerül? Mennyire 
felelnek meg a régebbi és az új építésû üzemeink 
az új szabványoknak, elôírásoknak?

Rövid cikkünkben erre szeretnénk választ adni 
egy, a Finomításnál lezajlott folyamatbiztonsági 
felülvizsgálat tapasztalatai alapján.

Background
A feature of shutdown systems is that they 
are not involved in the control of technological 
processes; instead, they oversee them and, 
when some critical limit value is reached, trigger 
some eliminating action or preventive intervention 
(shutdown, unload, or flood something etc.). In 
the disaster prevention and elimination hierarchy 
that is the last level that exerts its preventive 
action in a controlled and directed manner, which 
makes their reliability more and more important.

As early as on the reinsurers’ audit in 2000, the 
insurance companies’ representative asked for 
information about the application of standard 
IEC 61508 in the area of MOL Plc Refining. 
That standard was also announced as Hungarian 
Standard MSZ EN 61508 in autumn 2002. The 
Act LXXIV of 1999 and the related Government 
Decree 2/2001 on the protection against serious 
accidents related to hazardous substances 
require hazards and risks to be identified and 
assessed. As a first step, a safety report was 
prepared, and risk analyses, using HAZOP 
method, were also completed for new and 
certain existing processing units and equipment 
items. The following steps in that process 
included a fully-fledged technological HAZOP 
analysis and the SIL categorisation of process 
control safety elements, safety alarm, shutdown 
and emergency shutdown systems.

In 2002 Honeywell Ltd submitted an offer the SIL 
review of the Duna Refinery’s existing shutdown 
systems as per the standard, but that effort was 
suspended then due to the termination of the 
relevant MOL organisation.
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Reinsurers’ audit report in 2004 made a 
recommendation on the completion of such 
review:
„IEC 61508 about the critical systems for safety 
requires a safety integrity level to be set for 
each new shutdown system. The maintenance 
organisation has proposed on completing a 
project to assign a safety integrity level to every 
existing system. We find it a project worth 
implementing and recommend it completing as 
soon as possible.”

The recently built units such as DGK3, DBK5 
and DHG2 were implemented in consideration of 
the standards. Besides, individual reviews were 
also made to categorise from SIL viewpoint the 
furnace no. 101 at DBFR unit, the compressors 
no. 320/I-II. and 321/I-II-III-IV at DKOH and DMIH 
and DMPH units, the firewater engine station no. 
203, and the compressors PRS, 410C1, 430C1-
C2 at the DFCC unit.

Project launching, 
tendering 
Prepared by Refining Maintenance Department, 
the project appeared with title ’compliance with 
regulatory requirements and technical safety 
requirements’ in R&M Refining business plan for 
years 2005 to 2007, the proposal was approved 
on 28th June 2005.

The technical scope of the project was divided 
into two subprojects; and the subproject Review 
and renewal of safety shutdown systems that later 
became simply known as the „SIL project”.

The project goal was to review all the process 
control safety shutdown systems at Refining 
HU, to renew the systems selected under the 
review documentation in preparation and under 
the process control safety strategy, to replace 
non-compliant elements, and to cause regulatory 
and technical safety requirements to be met and 
to improve processing units’ operational safety 
and availability.

Accordingly, the implementation was split up into 
two phases:

Phase 1: Review
Set up the refineries’ safety systems in a 
standardised manner in line with the requirements 
of Government Decree 2/2001. (I.17.). SIL 

categorisation of shutdown systems, their 
review under the categorisation and updating 
documentation.

Phase 2: Implementation
Converting the selected systems, and thus 
preventing systems from running unjustifiably 
(which results in unit slowdowns or shutdowns), 
or at least reducing it to a large extent.

This article sums up the story of the expedition 
of, and results from, phase 1.

The project team was set up in September 
2005, and the invitation to tender was sent out 
to several companies. 

As the technical scope was rather complex, 
and the time and MOL’s resources available to 
expedite the project were very limited, all bidders 
were requested to detail their bids in view of the 
aforesaid:

•  The methods intended to be used,
•  Project expedition and scheduling,
•  The data supply requested, and the extent of 

MOL’s participation,
•  Specialist qualification and references of the 

experts to be used.

After the interviews and the request for the 
last bids, the bid evaluation was completed by 
20th December. After approval, the design type 
contract was concluded with ProCoPlan Kft. 
(HU) on 24th January 2006. 

In view of the nature and size of the work, SIL4S 
the first company in Hungary to be engaged in 
the subject, and specialists from the Process 
Engineering Faculty of Pannon University, Vesz-
prém were involved as a subcontractor and 
as technological experts, respectively, in the 
implementation of the project.

Training 
As the relevant pieces of legislation were new 
even to us, and the nature of the work required 
MOL to be heavily involved, the training events 
related to the project were not held after the 
project completion but before the commencement 
of work.

First, we were to earn the managers’ buy-in, 
and the presentation held at the refining site 
managers’ meeting on 13th February 2006 was 
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aimed at informing the responsible managers of 
Refining and, in particular, of processing units 
about the goals, background, current status of 
the project, the project implementation schedule 
and the training events connected to the 
project as well as about the MOL’s requested 
involvement and its schedule.

The professional training was split up into three 
levels.

One general training series was held in March 
2006 to all the professionals whom we expected 
to contribute to the review: HSE specialists, 
operative heads of units, plant technologists, 
maintenance mechanic and instrumentation 
engineers assigned to unit. The one-day training 
events were delivered out of work, in Hotel 
Oktán at Százhalombatta; instead of the initially 
planned four groups, six training events were 
delivered to 129 people in total to familiarize 
them with the basic concepts. 

For the colleagues involved in the project team, 
we ordered TüV Rheinland’s Functional Safety 
training program, involving the HIMA company. 
Ten professionals from MOL took part in the 
3-day training event held in English language 
at Veszprém in April; and having passed the 
4-hour long written test in English language, 
Bernadett Biri, Árpád Csóka, Dr. Ákos Fürcht, 
Ágnes Jancsicsné Kun and László Nagy were 
granted a TüV Functional Safety Engineer 
certificate.

At last, a one-day workshop as the third level was 
delivered to the managers of Refining, Investment 
and Project Development organisations at 
Veszprém on 16th May 2006, covering the 
following topics:

• MOL Plc’s safety policy (Safety Policy)
•  The impact of standards IEC 61508 and IEC 

61511 on the industrial safety practices
•  Anticipated impact of using the „lifecycle" 

concept  on the organisations’ activities.

Hazard and risk 
analysis 
In parallel with the training, the effective work was 
also commenced, but it is high time to clarify and 
enlighten what the ’SIL project’ actually means.
The last ten to 15 years have brought along a new 
approach to the planning of functional safety of 

processing units. The basic concept is extremely 
simple. Let us look at the table below to have a 
better understanding (Table 1.).

The variable on the axis is the increasing risk. 
Unlike Hungarian language, the English makes a 
distinction between Risk and Hazard. Hazard is a 
potential danger while risk is the likelihood of the 
occurrence of an event causing damage or loss. 

We determine the risk associated with the 
hazardous event as a combination of:

The severity of consequences (C)
The frequency of occurrence (F)

RISK = C x F

When it comes to designing a new unit, we 
take into account possible sources of hazard 
and identify, separately from the viewpoints of 
human life, environmental damage and economic 
loss, which hazard source means what level of 
risk. That is certainly a time-consuming process, 
and a possible method of such process can be 
what is called the hazard and operability studies 
or HAZOP. 

At a HAZOP meeting, five to ten professional 
representing various specializations looks at 
every point in a P&I, to learn how frequently a 
deviation from the normal operating parameters 
may occur, and when a parameter incidentally 
deviates, what consequences it may have 
on human life, environment and the business 
operations.

Naturally, the results received can only be 
evaluated if there is pre-defined, recorded and 
acceptable risk level available for every unit or 
facility. It is very difficult to quantify the acceptable 
frequency of a catastrophic situation of a unit 
causing multiple fatalities or even of a minor 

Table 1. Risk reduction’s concept
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accident. At Duna Refinery the following values 
are accepted with regards to the protection of 
human life (Table 2.):

Similar tables have been prepared for environ-
ment protection and business losses. 

It is really unfortunate to call it an „acceptable” 
value. In reality the residual risk is in general 
much lower on the one hand, and the point is on 
the other hand that the system prepared needs 
to be rated on probability and statistical basis to 
assess and clearly define whether it meets the 
requirements.  

Now the first question is whether the risk 
assessed in HAZOP is higher than the acceptable 
level. If it is, that imposes another task on us that 
we can resolve by using the method called the 
Layer Of Protection Analysis (LOPA). A HAZOP 
does and should not take into account the tools 
and solutions that can reduce the consequence 
of damage, e.g. high pressure may cause an 
explosion but the existence of a safety valve to 
blow-off will certainly mitigate the risk to a much 
lower level.

That is exactly what needs to be done during 
a LOPA. Potential mitigation layers should be 
quantified and looked at, and the extent to which 
hazard drops should also be quantified. A safety 
valve with a failure rate of 1% (Probability of 

Failure on Demand – PFD) means that whenever 
blow-off may be required, the operating valve is 
likely to effectively reduce consequences in 99 
cases out of a hundred. The result of a LOPA will 
be the anticipated risk of a real operating system. 
Now the question is whether the risk gained as 
a result of a HAZOP and a LOPA is higher than 
acceptable, and if it is, by how much. The size of 
that difference will determine what is called the 
SIL (Safety Integrity Level) value as shown in the 
table below (Table 3.):

Processing units have been using shutdown 
systems to prevent emergencies.

A SIL value refers to the reliability and availability 
of a shutdown system, i.e. an ESD system in 
category SIL1 will safety put the unit to halt 
in 99 cases out of a 100, whenever the value 
measured at the source of hazard in question 
exceeds the permissible level.

Under the current standards, in designing 
and constructing a shutdown system such a 
requirement attention should be paid to that the 
availability of each element of the entire safety 
loop, i.e. sensors, detectors, the logic and the 
final element, shall be verified in a quantified 
way, and could by audited during the entire 
lifecycle.   

Table 3.  SIL values

Figure 1.  Breakdown of the studied SIF’s by the task

Table 2. Risk limits accepted by MOL
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Results of risk 
assessments 
40 processing units were studied at Duna 
Refinery, 3 units at Tisza Refinery and 2 units 
at Zala Refinery during the project. The study 
covered 47 heating equipment items and 
42 major rotating equipment items (mainly 
compressors). The study discovered 2820 SIFs 
(Safety Instrumented Functions). Unlike former 
approaches, the current safety standards do 
not only look at the logic of shutdown but all the 
elements belonging to a given safety function, 
from the transmitter/ switching instrument up 
to the intervening valve. A breakdown of the 
received SIFs by technological task is shown in 
Figure 1. 

Based on risk assessments, in setting target SIL 
values, we found for half of the SIF’s that there 
is no need for major risk reduction or for special 
safety requirements, i.e. they did not reach the 
SIL1 value. (Figure 2.)  Nearly half of the remaining 
SIF’s rated per SIL belong to category SIL1 that 
imposes the least strict requirements, and less 
than one third of them belong to the strictest 
category SIL3. Please, note that although the 
SIL scale sets SIL requirements up to category 
4 as per the standard, the category SIL4 in not 
intelligible in normal operating conditions at a 
refinery. It would be so difficult and costly to 
realise it that if such major risk mitigation were 
to be required, then some alternative solution 
should be sought for, and an additional layer 
of protection should be included. I.e. another 
instrumented safety function or some mechanical 
solution (e.g. safety valve) should be applied.

The number of SIF’s discovered as a result of the 
review and the magnitude of required SIL values 
show a wide variety at the various processing 
units. In certain technologies we found only a few 
SIF’s and their requirement level did not exceed 
SIL1, e.g. DMK1-2, DMKO, DPGy, DPMH, 
DGFR, DPBK, DMTB, DKOT, KTRT, DPBT. In 
other locations, however, we faced a long list of 

SIF’s: at units DDCU, DRF4, DHGy, DAV-1,-
2,-3, DOKF, DGK1, DARO and DXIL.  

For each SIF at each unit an individual SRS 
(Safety Requirement Specification) sheet was 
prepared, including all the requirements for the 
given SIF, and such sheets will provide the basis 
for the future planning of SIS.

Validation results 
and learnings 
Process safety documents issued: the first one 
for DHFA on 02.10.2006.

In the validation process we calculated the 
achieved SIL values for the functions of an existing 
safety system, and compared them the required 
SIL values. The calculations were made with the 
help of the software EXIDA exSILEntia. Reliability 
data about every component were retrieved from 
the EXIDA and OREDA databases. In the proof 
test interval we started from the cycle-times 
of checking shutdown systems, which is done 
once every year but on a different date, which 
in an extreme case means that a test in January 
in one year may be followed only by a test in – 
December in the following year, and therefore we 
defined the time interval as two years. 

According to the validation and certification, three 
quarter of our systems are satisfactory, including 
22% that exactly meets the requirements and 50% 
that are oversafed, i.e. they have been designed 
in accordance with stricter safety requirements 
than necessary. What cause the trouble is the 
27% undersafed safety loops that will need to be 
redesigned and continuously renewed. (Figure 
3.)

Figure 4. below shows an analysis of the results 
broken down by SIL level, displayed in illustrative 
colour columns. The horizontal axis indicated the 
required or target SIL levels while the heights of 
vertical columns are proportionate to the number 

Figure 2. Distribution of SIF’s per target SIL values Figure 3. Distribution of SIF’s validation
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of SIF’s belonging to a given SIL value. In line with 
the SIL values that the existing SIF’s achieved 
during the validation, the different colours in the 
columns show the extent to which they met the 
requirements. Immediately, we can see in column 
1 that a vast majority of the shutdown loops in 
SIL0 (where no special requirements are needed) 
meets SIL1 requirements, and some of them is 
compliant even with SIL2. At the same time, not all 
the SIF’s in category SIL1 meet the requirements 
of this category, and even among the most critical 
safety loops that belong to category SIL3 include 
some loops that comply with SIL1 or even with 
SIL0 requirements only. It is also striking that 
most of the reviewed shutdown loops achieved 
SIL1 validation results. The explanation is that 
while the traditional shutdown logic with relays 
cannot achieve any higher value than SIL1, an 
up-to-date safety PLC is much more reliable, 
which causes the belonging shutdown loops to 
immediately meet SIL1 requirements. In many 
cases the reliability of SIFs could be enhanced 
to the required level by reducing the time interval 
between tests (operation test once every 6 
months), but the continuous operation of units 
and the need to assure their continual availability 
make that idea unfeasible.

How to proceed?
The assessment or phase 1 of the ‘SIL Project’ 
brought along two important results:
•  The conclusion that Duna Refinery’s units are 

fundamentally safe even in view of the most 
recent design principle and currently effective 
standards.

•  It unveiled the weak points in the  technological 
process and the protection systems, and 
supplemented with a cost estimate it grounded 
the project definition for the implementation 
phase 2, as our goal is to ensure that our units 
are equally safe. In general it can be stated 
that most problems in meeting the safety 
requirements arose at firing equipment. 

We dare say that the refinery engineers working 
in the project have become experts in functional 
safety. Based on standards IEC 61508 and 
61511, they elaborated the Refinery’s Functional 
Safety Quality Assurance (FSQA) manual – 
issued work instruction no. REF_5.2.3_W1 
–, in connection to which 4 Guides set the 
requirements and recommendations for the 
entire lifecycle (construction, operation, demo-
lition). The prepared FSQA along with the 
supplementary guides have been binding to all 
construction, refurbishment and maintenance 
work in the Refinery since 1st January 2008.

In phase 2 of the ‘SIL project’ in year 2009 we 
set the major goal that the AV2 unit will achieve 
SIL compliance. The design is done, the Factory 
Acceptance Test (FAT) of safety PLC’s have 
been completed successfully. The construction 
will be completed by August 2009.

In the longer term, we wish to raise the function 
safety of units KBI, AV3 and HDS to the required 
level. For the next 3 to 4 years we plan, in line 
with shutdown schedules, to complete and close 
the ‘SIL project’.

Figure 4. Distribution of SIF’s validation

2010/1Challanges
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Abstract
Polypropylene (PP) is one of the most 
important polymers of our time, produced 
at the highest volumes all over the world. 
The converting techniques of its are 
very versatile, from extrusion through 
cast and blownfilm, blow moulding till 
injection moulding, so as to satisfy the 
demand of the different applications 
such as the buildingtrade, packaging, 
household articles, automotive industry, 
etc. Of course, for all applications the 
customers (converters) need more 
and more advanced properties that 
can make the converting process 
smoother, faster, cheaper and the final 
product better. These demands can be 
fulfilled with special base properties 
of the polypropylene, gained along 
the polymerization process, or with 
special additives. One special additive 
family is the so called nucleator/
clarifier additive that can improve the 
mechanical, thermal, optical properties 
of the products and also has positive 
effect on the dimensional stability and 
on the speed of converting. In our article 
we introduce the family of nucleators 
in general on basis of the connecting 
scientific literature, and present some 
of our results based on our laboratory 
experiments in case of TVK Plc.’s R 659 
random PP grade.

Összefoglalás
G Ó C K é P Z ô K  H A T Á S A I 
P O L I P R O P I L é N B E N

A polipropilén (PP) jelenleg az egyik 
leg fontosabb, legnagyobb mennyiség  
ben gyártott polimer a világon. A 
hoz zá kapcsolódó feldolgozási tech
nikák igen változatosak, kezdve az ex
trúziótól, a filmfúváson és öntésen, 
egyéb üreges testek fúvási eljárásain 
keresztül egészen a fröccsöntésig stb. 
A végtermékek, felhasználás szerint, 
szintén nagyon széles skálán mozognak, 
hiszen alapanyagai mind az építô, cso
magolóiparnak, készülnek belôlük 
ház tartási cikkek, autóalkatrészek és 
sorolhatnánk még hosszan az alkalma
zási területeket. Természetesen a ve
vôk (feldolgozók) egyre inkább olyan 
ter mékeket keresnek, melyek jobb és 
jobb tulajdonságokkal rendelkeznek 
és amikkel a feldolgozás is egy sze
rûbb, gyorsabb, olcsóbb. Ezeknek a 
követelményeknek vagy úgy lehet meg
felelni, hogy már a gyártott alap polimer 
is rendelkezik vala mi féle elô nyösebb 
tulajdonsággal (a po limerizációs tech
nológiának köszönhe tô en), vagy speci
ális adalékok al   kal  mazásával. Az egyik 
nagyon fontos ada lékcsalád a góc
képzôk csoportja, mely javíthatja a 
végtermék mechanikai, hôtani, optikai 
tulajdonságait és e mellett pozitív ha
tása van annak mérettartására és a fel
dolgozhatóság sebességére is. Cik künk
ben általánosan bemutatjuk a góc  képzôk 
jellemzôit szakirodalmi in formációk 
alapján, valamint ismertetjük azon 
eredményeinket, melyeket a TVK Nyrt. 
R 659 márkajelû random PP tí pu sával 
elvégzett kísérleteinkben nyer tünk. 

Péter Suba Chemical engineer
Product- and Application Development manager, TVK Plc.
Email: subap@tvk.hu

2010/1Workshop
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Introduction
The importance of polypropylene started to 
grow after Karl Ziegler and Giulio Natta could 
successfully produce isotactic polypropylene 
in 1956. Their process was based on a special 
catalyst system (since then known as Ziegler-
Natta catalyst), that helped to improve the 
tacticity of PP, so the final product gained 
advanced properties. Since that time the 
original catalyst system has been developed 
continuously; nowadays the state-of-the-art 
catalysts are referred as 5th generation Ziegler-
Natta catalysts. Basically, because of the 
asymmetry of the monomer (propylene), along 
polymerization, macromolecules with different 
structure can be built-up (Figure 1.).

As in case of the isotactic PP, the methyl ligand 
is always on the same side of the polymer chain, 
at syndiotactic it is alternating, and at atactic 
it is totally random. The regularity of the chain 
determines the crystallinity of the material, and 
through this, all of its properties. Isotactic and 
syndiotactic PP are crystalline polymers with 
high melting point and relatively high crystallinity, 
which results in good stiffness. Atactic PP is an 
amorphous elastomer, which is not applicable 
for general technical purposes. With a general 
Ziegler-Natta catalyst, a very high percentage 
of isotactic PP is produced, with minor atactic 
part (also varying based on the application it is 
produced for). Syndiotactic PP can be produced 
only with special systems.

Another very important classification method 
for PP is based on its ethylene content. We 
can distinguish three types from this point of 
view. Homopolymers contain only one monomer 
(propylene), random copolymers contain also 
some percent of ethylene as comonomer 
distributed randomly along the polymer chain. 
Block (or impact) copolymers contain a higher 
amount of ethylene-propylene rubber blocks. 
In case of Spheripol technology (e.g. at TVK 
Plc.), homopolymers and random copolymers are 
produced in the plant’s loop reactors in bulk phase, 
where the liquid phase is propylene itself. In case 
of the impact copolymers a rigid homopolymer 
matrix is produced in the loop reactors and after 
that in a gas-phase reactor, the ethylene-propylene 
rubber is copolymerized into the porous matrix 

for improved elasticity, impact strength. All 
three types can be beneficial if they contain 
nucleators or clarifiers. In case of homo- 
and impact PP they can mainly improve 
mechanical (such as flexural modulus) and 
ther mal (such as heat distortion temperature-
HDT) properties, while at random copolymers 
an additional “bonus” can be the achieved – 
higher transparency.

Plastic science started to deeply study 
the nucleation of crystalline polymers, its 
mechanics and the effects of nucleators 
from the sixties. More and more publications 
were reported, but they mainly summarized 
the results with some particular materials 
and only a minority of them focused on the 
deep mechanism itself.

Theoretical 
overview

C O N D I T I O N S  O F 
C R y S T A L L I Z A T I O N

In crystalline polymers there is a strict order 
within the coordination of the segments of the 
polymer chain compared to each other so there 
is a real, long term three dimensional order. 
Not all of the polymers can be crystalline, and 
in case of crystalline polymers the crystalline 
structure can only be achieved under certain 
circumstances and in a much lower degree as 
in case of the “traditional” crystalline materials. 
The required main structural conditions  are: 
the linear polymer chain, the regular connection 
of the monomer units and same orientation of 
substitutes along the chain (stereo regularity 

Figure 1. The structure of the atactic (a), isotactic (b) and syndiotactic 
(c) PP
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of asymmetric atoms). Irregular connections 
lead to stereo defects and the increase of the 
chain failures generates the decrease of the 
crystallization ability.

If the thermo-dynamical and kinetic conditions 
are assured the polymers (that are able to) 
can be converted to crystallized phase. The 
thermodynamic condition is assured in case of 
polymers – in the same way as for low molecular 
weight materials – below the equilibrium melting 
point  (Tm

0)  because below this point the free-
enthalpy is lower in the regular crystalline state 
than it is in the irregular amorphous one. Above 
this the role of kinetic conditions are also 
paramount. Polymer chains and its segments have 
to have the necessary mobility to be organized 
into the crystal lattice. Because the crystallization 
ability and molecular mobility of polymers are 
much lower than for materials with low molecular 
weight, polymer melts are very much capable 
to overcooling and their metastable state can 
be quite constant. Depending on the degree 
of overcooling (ΔT) polymer can gain different 
physical states in which the molecular mobility 
and the thermal mobility forms can also differ. The 
most important parameter that can be mentioned 
is the glass transition temperature (Tg), below 
this all the segment movements are frozen, and 
crystallization becomes impossible. Taking into 
consideration both the thermodynamic and kinetic 
conditions we can state that polymer crystalliza-
tion can be achieved between Tm

0  and Tg.

Crystallization can be initialized by different 
nuclei. Based on their formation we can differ 
homogenous, heterogeneous, and self nuclei. 
Homogenous ones are formed via fluctuations 
in the material randomly, heterogeneous 
ones are caused by heterogenities (such as 
contaminations, additives, fillers or nucleating 
agents) or boundary surface causing the decrease 
of the energetic gap of crystallization, while self 
nuclei are partially ordered clusters remained 
after the melting or dissolving of the polymer. 
The homogeneous and self nuclei are different 
of the heterogeneous, because in this case their 
chemical and physical structure is the same as 
of the crystallized material. From the industrial 
point of view, the most important type is the 
heterogeneous group. It is also worth to mention 
that PP has three known crystal-modification (α, 
β, and γ), but at traditional processing conditions 
the α-modification is formed. With special 
selective and highly efficient nucleators also the 
β-modification can be produced. The production 

of the third, γ-type that can be seen at certain 
copolymer crystallizations, but it does not have 
any industrial importance.

T y P E S  O F  H E T E R O G E N E O U S 
N U C L E A T I N G  A G E N T S

The most known scientists of this field are 
Binsbergen and Beck. Their work established 
the foundation of this area. Based on Beck [1, 2] 
a good nucleator has to fulfil the next demands:

•  It has to decrease the surface free 
enthalpy,

•  Along crystallization, it has to be in hete ro-
geneous phase as the polymer melt is,

•  It has to be a higher melting point than of the 
polymer,

•  In the interval of PP converting it has to be 
chemically stable,

•  It must be crystalline itself.

Binsbergen [3, 4]  tested more than 2000 materials 
as nucleator in PP. His major conclusions were:

•  The nucleators of polyolefins have crystalline 
structure. The majority of them are insoluble in 
the polymer melt, and the soluble ones along 
cooling crystallize before the polymer melt 
does.

•  The nucleators (with exceptions) contain 
hydrocarbon groups,

•  The orientation of the nucleator in the 
melt causes oriented crystallization of the 
polymer,

•  The efficiency of a nucleator depends highly 
on the dispersing technique,

•  The effect of metal-salt type nucleators is 
weakened by the use of stearates, while in 
other cases there is no effect.

These statements were not all proved to be 
true in time, but most of them still can be 
trusted. Based on the current knowledge, the 
most suitable definition can be that a good 
nucleator has anisotropic structure, and they 
have a necessary amount of active sites with 
accurate size. Theoretically, these active sites 
(edges, cracks on the surface of the nucleator, 
joint points of layers) can initialize the process. 
The simplest sorting of the different types can 
be: inorganic materials (such as talc or metal-
hydroxides), organic materials (e.g. sorbitols, 
organic-acids and their salts), and polymers (e.g. 
PET, polycarbonates).

Basically, every heterogeneous additive has 
a kind of nucleation effect, but the efficiency 
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can vary along a very wide scale. In an earlier 
work Beck [1] tested numerous materials and 
categorized with DTA (differencial thermal 
analysis) depending on the increase in the 
crystallization peak temperature. In case of 
PP calcium-carbonate and talc are widespread 
fillers, but they have also nucleator effect [5, 
6]. Along the experiments organic nucleators 
gave better results than inorganic ones [1-4], 
these tests carry the most of the knowledge 
about the whole process. E.g. Beck [1] tried 21 
types of salts of benzoic-acid, Rybnikar [7] tried 
six different materials (ftalic-acid, benzoic-acid, 
aluminium-phtalate, etc.) in 1% concentration in 
eight different isotactic PP types, and all of them 
increased the start of the crystallization over 
130 °C. In the last decades the importance of 
different sorbitols grew continuously. Generally, 
they are differed form the other types because 
their main advantage is that they improve the 
transparency of the PP.

E F F E C T S  O F 
H E T E R O G E N E O U S 
N U C L E A T I N G  A G E N T S

Isotactic PP crystallizes in a so-called spherulitic 
structure, the speed of the process is intermediate 
and it is lower than that of polyethylene but 
is faster than in case of polycarbonates. The 
properties of crystalline polymers depend on 
crystalline structure, morphology to a great 
extent. The main factors that can be modified 
with a nucleator in case of PP are:

•  Increased speed of crystallization (improves 
the processing efficiency),

•  Increased crystallization temperature,
•  Increased crystallization rate (improving 

certain physical properties),
•  Decreased spherulite size,
•  The microspherulitic structure improves the 

optical properties,
•  Lower after-crystallization 

(better dimensional stability).

The majority of these effects can be measured very 
well with DSC (differential scanning calorimetry). 
The characteristic values of a certain curve are: 
ΔHc (crystallization enthalpy), Tc0 (crystallization 
onset temperature), Tcp (crystallization peak 
tem perature) and Tcf (crystallization end 
temperature). These parameters can be seen on 
the figure below (in red without nucleator, in blue 
with nucleator) (Figure 2.):

Figure 2. Characteristic values of crystallization
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The process of crystallization takes place through 
the oriented adsorbtion of the polymer chain on 
the surface of the nucleator (Figure 3.).

If there is no nucleator in the polymer only a little 
amount of nucleuses arises so the number of 
spherulites will be also low, while in the presence 
of a nucleating agent the number of crystal 
centres increase [4] and there will be smaller 
spherulites in a higher number. Also because the 
crystallization starts at a higher temperature, in 
more centres, the speed of the process will be 
higher. The next picture shows the difference of 
spherulite sizes between the un-nucleated and 
nucleated PP sample (Figure 4.):

To classify the nucleating agents, a usual method 
is to measure the increase of the characteristic 
DSC values. From the literature [1, 6, 7] it is 
obvious that these values are increasing with the 
concentration of the nucleating agent (Figure 5.). 
Usually, the tendency of the change is similar, but 
there are exceptions. In case of the mechanism 
of sorbitols a step-like change was experienced 
[8]. The cause of this is that these materials 
built-up a network and the whole effect is shown 
only if the built-up is complete. For this a critical 
concentration is required.

In the everyday life, of course, the main aim to 
make a product that is perfect for the application 
it is chosen for. The most paramount properties 

based on this are the mechanical properties 
(and of course thermal and optical ones). These 

properties are mainly affected by the next 
parameters by Fujiyama and Wakino [9]:
•  Size of the spherulites,
•  Crystal-modification,
•  Degree of crystallinity,
•  Lamellar thickness.

While nucleating agents change the size of 
the spherulites, the degree of crystallinity 
and the temperature of crystallization (and 
this affects the lamellar thickness), obviously 
have a positive impact on the mechanical 
properties [1]. These statements were 
supported by several scientists and their 
conclusions were based mainly on tensile 
and impact measurements [3, 10, 11].

Regarding to the transparency improvement, the 
nucleating agent has also effects via the decrease 
of the spherulite size. The ones that are soluble 
in the polymer melt give exceptionally good 
solutions, because the achieved microcrystalline 
structure gives a so low spherulite size that it is 
no longer able to scatter the visible light.

Experimental part
In our experiments we have tested five different 
nucleating/clarifying agents in wide concentration 
interval in TVK Plc.’s R 659 random copolymer 
(the used PP powder was R 605, with the 
standard additivation recipe-antioxidants, acid-
scavengers – in all cases). The main aim was 

Figure 3. Orientation of the polymer chain

Figure 5. Change of the characteristic values with the concentration 
(%) of the nucleating agent

Figure 4. Polarisation optical microscopy picture of crystallized PP 
(upper part nucleated)
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to set up an efficiency sequence between them 
from technical point of view. The materials were 
the followings (Table 1.).

The powders were mixed with the additives for 
5 minutes at 700 1/min in a Thysen Henschel 
Unitronics M-210 type mixer. The converting of 
the mixtures took place on a Brabender DSK 
24/7 type twin-screw extruder with 190, 200, 
220, 220 °C zone temperatures. The material 
was cooled in water bath and then pelletized.

Specimen production for measurements:
•  For optical measurements, sheets were 

injection moulded (1 mm thickness, 60x60 
mm) with a DEMAG IntElect 50/330-100 
type injection moulding machine with 190, 
210, 230 230 °C zone temperatures,

•  For mechanical measurements, specimens 
based on the ISO 527-2 1A  standard were 
injection moulded (same temperatures as 
previously).

Measurements:
•  SEM (scanning electron microscopy) tests 

of the nucleating agents with a JEOL JSM 
6380 LA equipment,

•  DSC (differential scanning calorimetry) 
measurements of the nucleated PP samples 
with a Perkin Elmer DSC-7 equipment,

•  Mechanical measurements with an Instron 
5566 tensile tester,

•  Haze measurements of the injection moulded 
specimens with a Hunterlab ColorQuest 
45/0 equipment were based on the ASTM 
1003-95 standard,

•  Impact strength measurements with a 
CEAST Resil 5.5 type impact-tester (not 
detailed in the report),

•  HDT measurements (not detailed in the 
report).

M O R P H O L O G y  O F  T H E 
N U C L E A T I N G  A G E N T S

The SEM pictures of the nucleating agents are 
shown on Figure 6. As it can be seen, their 
structure is very versatile. Except NA4, all of 
them have tiny grained structure, while NA4 has 
thin needle-like one.

E F F I C I E N C y  O F  T H E 
N U C L E A T I N G  A G E N T S

The efficiency of the chosen nucleating agents 
was measured by DSC. We characterized the 
efficiency with the change of the Tcp value. As 
it can be seen on Figure 7., Tcp changes along 

Table 1. List of the tested nucleating agents

Figure 6. SEM pictures of the nucleating agents NA1 (a), NA2 (b), 
NA3 (c), NA4 (d), NA5 (e)

 number type/active component Concentration interval (ppm)
NA1 Organic phosphate lithium salt 200-2000
NA2 Calcium salt of dicarboxilic acid derivates 200-2000
NA3 Disodium salt of dicarboxilic acid derivates 200-2000
NA4 Triamino-benzol derivate 20-200
NA5 Sorbitol derivate 200-2000



72

1MOL GROUP

2010/1Workshop

a saturation curve at all cases. The efficiency is 
the highest with NA3, NA1 and NA5 follows, and 
NA2 has only a moderate effect. From the curves 
it is also clear, that in case of NA5, the efficiency 
reaches its “normal” value only if its concentration 
exceeds 1000 ppm (melt-soluble). Although it 
seems that NA4 has the lowest efficiency, it is 
important to remark that this one was used in a 
much lower concentration than the others (based 
on the recommendation of the manufacturer), so 
all in all it has also a convenient effect.

E F F E C T  O F  T H E  N U C L E A T I N G 
A G E N T S  O N  T H E 
M E C H A N I C A L  P R O P E R T I E S

The stiffness of the samples containing the diffe rent 
amount of nucleating agents can be seen on Figure 
8. Stiffness reaches the highest value in case of 
NA5, but the results also prove the disadvantage 
of the sorbitol type, while mo dulus starts to 
increase only above 1000 ppm con centration. 
NA1 also improves modulus very much, but the 
higher efficiency of NA3 (seen from the DSC 
results) on stiffness is lower. With NA4, in spite of 
its moderate efficiency, the increase of modulus is 
quite good. There is an interesting tendency with 
the use of NA2, where one can see a maximum of 
modulus at 1000 ppm concentration.

 

E F F E C T  O F  T H E  N U C L E A T I N G 
A G E N T S  O N  T R A N S P A R E N C y

Optical properties are characterized by the value 
of haze. Our results are shown on Figure 9. The 
best performance in case of injection moulded 
sheets with 1 mm thickness was detected at 
NA1 and NA5. In spite of its minor content, NA4 
improves transparency also at a high rate. NA2 
and NA3 have only a moderate effect.

Optical properties depend on the efficiency of the 
nucleating agent, but the correlation is complex. 
With melt-soluble nucleating agents, once again 
it can be seen that at low concentration the 
advantageous microcrystalline structure cannot 
be built up, but above 1000 ppm, there is a 
qualitative leap. In case of heterogeneous agents 
with the increase of the concentration the density 
of the nuclei has monotonous increase, as well 
as of the decrease of the spherulite size.

Summary
In the article we have made a basic introduction to 
the area of nucleation of polypropylene, the main 
types and effects of nucleating/clarifying agents. 
We have shown the way how these additives can 
be characterized, what the different properties 
are, they can affect and what the advantages 
are, one can see in the everyday life, and what 
the real causes are behind them. We have also 
presented a part of our laboratory efforts to test 
some of these additives in a certain grade of 
TVK Plc. that is a good starting point for further 
optimization of product properties.
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Abstract 
This paper depicts the challenges that 
Slovnaft Refinery had to face during 
the “gas crisis” (natural gas shortage) 
in Europe. Natural gas is one of the 
most important utility used in Refinery. 
It is used as feed for steam reformers 
(approx. 60% of the supply) to produce   
hydrogen, for burning in furnaces and as 
the blanketing medium in storage tanks. 
Natural gas supply forced reduction had 
a serious impact on Refinery operation.

Összefoglalás
A  S L O V N A F T  F I N O M í T Ó  M û -
K Ö  D é S E  A  G Á Z K R í Z I S  A L A T T 

A közlemény azokat a kihívásokat vá
zolja, amelyekkel a Slovnaft Finomító 
szembesült az európai gázkrízis során. 
A földgáz a finomító egyik leg fontosabb 
forrása, használják a hidro géngyártásban 
(mintegy 60%át), a csôkemencék fûtô
anyagaként és a tárolótartályok gázpár
náiban. A földgázellátás csök ken tése 
komoly hatást gyakorolt a finomító 
mûködésére.

Technical 
background
Slovnaft a.s. located in Bratislava, Slovak 
Republic is  amember of the MOL Group, 
engaged in oil refining and petrochemical industry 
with all the versatility of related activities. 
Refinery is very complex and integrated. Crude 
oil conversion factor is 86 %. Sulfur content 
in gasoline and diesel is under 10 ppm which 
corresponds to standards STN EN 228 and STN 
EN 590. Achieving these targets requires deep 
desulphurization processes, using large volumes 
of hydrogen.

About 60 % of natural gas is used for hydrogen 
production. Hydrogen comes from the following 
sources:

•  two steam reformers (feed is natural gas)
•  Heavy naphtha reformer
•  Steam cracker

Main hydrogen consumers are: Resid Hydro-
cracker, VGO Hydrocracker, VGO Hydrotreater, 
Diesel hydrotreater, Kero hydrotreater, Pyro-
naphta hydrotreater.

Hydrocrackers prefer pure hydrogen (99.9% 
mol) coming only from steam reformers what 
represents approximately 60% of total hydrogen 
production. Hydrotreaters primarily use 95%mol 
hydrogen from Reformer and Steam cracker. 

The furnaces consume about 40% of the natural 
gas supply.

Based on abovementioned facts it is clear that 
for standard refinery operation it is necessary to 
have stable and reliable natural gas supply. 

Pavol Valent
Head of Area 2
Slovnaft Refinery
E-mail: pavol.valent@slovnaft.sk

tibor Margetiny
Head of Energy and Ecology Area 
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Natural gas supply
Natural gas for refinery operation is purchased 
from market. In Slovakia the only supplier is SPP 
a.s., who controls natural gas transit across 
Slovakia to Western Europe and natural gas 
distribution and supply in Slovakia as well. 

Slovakia is fully dependent on natural gas import 
from Russia. The ratio of domestic production 
is low and historically built natural gas pipeline 
system in region predicts only natural gas supply 
deliveries from Russia with no back-up from 
other sources.

Gas crisis 
Gas crisis in Slovakia started in early January 
2009. Natural gas supply at transmission station 
Kapušany, take-in point from Ukraine was 
dropped to 30% of expected daily amount on 
January 6th. As a result of the critical situation, 
Slovak gas distribution company SPP declared 
on January 6th a state of emergency. Natural 
gas supply for all customers in Slovakia has 
been in the first phase without restrictions. 
SPP managed the situation by using own 
sources from gas storages. As a result of the 
continuing Russian-Ukrainian economic and 
political dispute, on January 7th the supply of 
natural gas to Slovakia was completely stopped. 
SPP informed that the state of emergency 
(announced on January 6th) is still valid. The 
distribution network operator has declared the 
restrictive offtake level no. 8 effective from 6 a.m. 
This restrictive level means that the industrial 
customers with the contractually agreed volume 
of natural gas exceeding 633 MWh/year (more 
than 60,000 m³/year) must limit their daily gas 
consumption to the safety minimum level defined 
in their contracts within the next 24 hours. The 
main reason to restrict natural gas in industry 
was the insufficient pumping capacity from 
storage tanks in Slovakia. In the rest of the EU 
the local distribution companies were able fully 
supply their consumers or even help to countries 
suffering by the gas crisis (i.e.  Hungary).

To express the severity of restrictions the valid 
numbers for Slovnaft for this case are the follows. 
During normal operation day Slovnaft Refinery and 
its subsidiaries (Slovnaft Petrochemicals s.r.o. – 
petrochemical division and CM European Power 
s.r.o. – power plant division)  are allowed based on 
contract to consume 1 350 000 Nm3/day of natural 
gas. Consumption of natural gas in January before 

restrictions was 1 100 000 Nm3/day. To adopt 8th 
regulation degree from January 7th till January 19th, 
2009 meant to decrease consumption to max. 850 
000 Nm3/day (Figure 1.).

Refinery operation 
Regulation degree announcement was followed 
by many changes in production which are 
described in next paragraphs.

The priorities during the crisis were:
•  safe operation
•  products quality specification compliance 
•  crude processing on planned level
•  not any dramatic changes.

The biggest challenge was to avoid forced unit 
shutdown and consequent problematic start-up 
due to winter period. Refinery decided to take 
several systematic steps to consume natural 
gas on required level and ensure smooth and 
stable units operation.

The following steps had been executed within the 
frame of hydrogen (i.e. natural gas) consumption 
decrease:

•  VGO Hydrocracker throughput was reduced 
by 20%.

•  Resid Hydrocracker throughput was reduced 
by 10%.

•  Reformer throughput and octane number 
had been maximized to support hydrogen 
yields increase.

The following steps had been executed within 
the frame of natural gas as heating medium 
decrease:

•  Slovnaft subsidiaries were informed to de-
crease their daily consumption to their de-
fined 8th regulation level. In practice it meant:
–  No Natural Gas usage at Power plant 

for heating purposes was allowed in CM 
European Power s.r.o. 

–  No heater decoking at Steam cracker was 
allowed at Slovnaft Petrochemicals. s.r.o.

•  C4 fraction at Slovnaft Petrochemicals s.r.o. 
Steam Cracker was utilized for heating 
instead of Natural Gas.

•  Refinery fuel gas consumption was increased 
at each unit at expense of natural gas.

•  Saturation of  Fuel gas network was  maxi-
mized by gases coming from following units: 
1.  FCC throughput was maximized and 

olefin mode set up. C3+ fraction was 
redirected to fuel gas network
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2.  High pressure gases were rerouted from 
Gas desulphurization unit to fuel gas 
network

3.  Part of C3 fraction from LPG tank farm had 
been  evaporated to fuel gas network

4.  Ethane fraction from Gas separation unit 
was rerouted to fuel gas network.

5.  Off gases from stabilizer at Residual 
Hydrocracker had been rerouted to fuel 
gas network

6.  Fuel oil burning at Aromatics extraction 
unit furnace instead of fuel gas.

All above the mentioned measures ensured 
Refinery operation during gas crisis with full 

crude oil processing and legislation requirements 
fulfillment. During gas crisis from 150 000 to 
200 000 Nm3 of natural gas was in daily rate 
replaced by alternative fuels, with approximately 
cumulative amount 1 720 000 Nm3 of natural gas 
during gas crisis. 

The gas crisis from the Refinery viewpoint can be 
divided into two periods. The first one started from 
the first day of gas consumption decrease, when 
unplanned RHC shutdown occurred with 3 days 
duration. Due to lower hydrogen requirements  
the decreased daily consumption limit (850 000 
Nm3/day) was not problematic. The second 
period started with RHC unit start up on January 

Figure 1. Natural gas consumption during January 

Figure 2. Natural gas to technology in January
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10th. Due to RHC startup, the consumption of 
natural gas to technology significantly increased 
(Figure 2). During this time, the consumption of 
alternative fuels was maximized in order to fulfill 
restriction level. 

No any impact to product quality was recorded. 
Operation was safe and not any dramatic 
changes related from gas crisis occurred. 

Learning points
Slovnaft Refinery offers possibilities to mitigate 
natural gas supply shortage. Cracking units, 
especially FCC are able significantly increase 
gas production and replace natural gas.  (This 
option could be attractive even during normal 
operation. PIMS calculation could prove whether 
this option is attractive for certain periods of the 
year). 

Fuel gas sources have to be connected to fuel 
gas network directly, especially gases in LPG 
tank farm. The usage of this source is only 
indirect up to now and is a bottleneck due to 
compressors off gas capacity.  

In respect of hydrogen production increase, 
Reformer throughput maximum has to be 
tested and the feed from external sources with 
appropriate quality parameters has to be verified 
as well. 

Separation of hydrogen from fuel gas is  attractive 
option and not only during gas crisis. 

All these options how to improve hydrogen 
balance and decrease NG supply will be 
debottlenecked in the near future by refinery 
staff based on CAPEX availability.

Conclusion 
Slovnaft operation was considerably affected 
by natural gas supply shortage during January 
gas crisis. All Slovnaft members particularly 
Refinery and Petchem managed gas crisis 
professionally, while keeping operation safe 
and with no dramatic changes.  Slovnaft was 
able to supply all markets with contracted and 
planned volumes of goods. This situation verified 
preparedness of Slovnaft staff to react promptly 
and in manageable manner. It is very important 
to be prepared for similar type of situation in 
future as well. Slovnaft worked out emergency 
procedure for natural gas supply shortage based 
on knowledge gained in January 2009 and will 
investigate the possibilities to be prepared for 
even worse development of the gas crisis.

Reviewd by: Miroslav Svatarák
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Abstract
This paper is focused on the diesel 
yield increasing at the MOL Slovnaft 
VGH unit by the WABT temperature 
increasing with 2,4 and 5°C. The yield 
changes were monitored, while the unit 
operation parameters and the products 
qualities were kept. The best results 
were observed at 4°C where the VGH 
unit can make 58 MTPD more diesel 
in this mode. Of course, the hydrogen 
consumption is increased and the 
catalyst cycle life is getting shorter, but 
according to the present situation it is 
quite profitable. 

Összefoglalás
A közleménya Slovnaft Finomító vá
kum gázolaj hidrogénezô üzemének 
ho zam növelését mutatja be az átlagos 
katalizátorágyhômérséklet 2,45˚Cszal 
történt növelésekor.  legjobb eredményt 
4˚Cos növelésnél érték el, amikor az üzem 
napi 58 tonnával több diesel gázolajat 
termelt. Emellett a hidrogénfogyasztás 
növekedett és a lketelizátor élettartalma 
rövidült, de a jelen helyzetben a megoldás 
nyereséges.

Introduction to the 
VGH unit
The VGH unit processes vacuum distillates using 
reforming H2 (95 vol. %). It removes the sulphur 
and nitrogen from the feed for a proper level and 
saturates the aromatics. However, it is a typical 
FCC unit pretreater, it produces significant 
amount of diesel. 

The unit is operating since 1999 without any 
revamp. Its feed capacity was increased from 
135 MTPH to 170 MTPH in 2005 without any 
significant modification. 

The unit consists of high pressure (HP) and low 
pressure (LP) section. The HP section contains 
the reactors and the LP section contains the 
separation columns. We have 2 reactors, one 
guard and one main reactor. See pic no, 1 for the 
reactor picture and fig.1 for the simplified PFD.

The simulation
The catalyst life and the catalyst activity belong 
to the most important part of this unit and 
therefore there is continuous catalyst activity 
decline monitoring. For this purpose, we use 
kinetic based rigorous simulation model. In 
generally the advantages of this model are that it 
rigorously simulates the reactor section including 
the catalyst beds, high-pressure separator, 
and make up gas system, recycle quench and 
vent gas system. The reaction section of the 
models includes the reaction kinetics. There are 
formulas for different type of reaction as hyd-
rodesulphurisation, hydrodenitrification, crack ing, 
naphthenic ring opening and aromatic and olefin 
saturation. The further big advantage is that we 

Judit Fekete
Head of the PA Group, 

Zoltán Dániel
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Chief Technologist Dept,
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do not need any special analyses. The simulation 
model can be prepared by using the common 
available laboratory data. It means specific 
gravity, distillation curve, nitrogen, sulphur 
content, olefins (Bromine number), nickel, and 
vanadium content.  The model breaks down the 
feedstock into pseudo components. According 
to distribution rules, pseudo components are 
divided into aromatic, naphthenic and paraffinic 
carbon fractions. It includes also the distribution 
of impurities as sulphur, nitrogen and olefins. 
Distribution rules depend on type of processed 
feed. It means that it is different in case of naphtha, 
distillate and vacuum gasoil hydrotreaters. 

This type of simulation also helps to create general 
“what if” process studies to evaluate catalyst 
use for different severities or to evaluate the 
influence of different type of process parameters 
on yields, hydrogen consumption and catalyst 
life. These possibilities increase the flexibility of 
refinery and provide troubleshooting.

At VGH unit high pressure drop occurred on the 
second reactor and there was found no particular 
reason for it. See fig. no. 2 for details.

Our questions were, can we increase the 
pressure?  Is there any other way how 
to protect the catalyst or do we need 
to exchange it? This situation gave us a 
reason to prepare “what if” study for VGH 
unit.

The simulation models were run in 
September, 2008. By using simulation 
model we increased the make up H2 purity 
from 96 vol. % to 99.9 %. It protects the 
catalyst, increases the catalyst life and 
allows decreasing the make up H2 flowrate. 
Lower H2 flowrate means lower pressure 
drops. On the other hand, higher make up 
H2 purity allows increasing WABT.

hydrotreater unit

Pic 1. VGH unit reactors, guard & main reactor (main is the big one) Fig. 2. Pressure drops at VGH reactors – R101, R102

Fig. 1. Simplified PFD of the VGH unit

Table 1. Operational conditions vs. WABT
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The simulation conditions and results were:
1.  Base case – actual make up purity 96 vol. 

% H2, WABT, make up flowrate and catalyst 
remaining life.

2.  Increased make up H2 purity to 99.5 vol. 
%, WABT is kept as in base case. The 
catalyst remaining life increases from 36 to 
41 months, because the lower deactivation 
rate. Decreased make up H2 flowrate in 
comparison to base case.

3.  Make up Hv purity as in 2nd case and increased 
flowrate in comparison to 2. case. 

4.  Make up H2 purity as in 2nd & 3rd case, 
increased make up flowrate in comparison 
to 2nd & 3rd case. Catalyst life kept as in base 
case. These factors allowed increasing the 
WABT that means higher conversion and 
increased gasoil yield. 

After this we focused on the yields. There was 
increased WABT by 4-5 °C, while the purity of the 
make up H2 remained 99.9 vol. %. The simulation 
result said that if we increase the WABT by 4-5 
°C and by this way increase the conversion we 
decrease the catalyst life by about 10 month. We 
can expect higher H2 demand, higher naphtha and 
gasoil yield and lower FCC feed yield. (Tables 2., 
3.)

The simulation was followed by a test run and 
PIMS evaluation.

Test run and PIMS 
evaluation 

Table 2.  Simulation conditions and results of “Make up purity 
increasing – What-if study” – The 4 cases

Table 3. Simulation conditions and results of ”WABT increasing – 
What-if study” 

Pic. 2. VGH unit photo, the two highest equipments are the main 
reactor (on the right), the main fractionator 
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M A I N  P U R P O S E

During November 10-23, 2008 TR was carried 
out at BR VGH unit. The main purpose of the TR 
was to increase the VGH unit feed conversion 
by operation temperature increase and increase 
the diesel yield. The WABT was increased by 2, 
4 and 5 °C. For details see fig. no. 3.

T E S T  R U N  C O N D I T I O N S

•   Feed rate – 160 t/h; average feed density: 923 
kg/m3 at 15 °C; (feed volume: 173.3 m3/h).

•  Pressure: design 12R101: 10.63 MPa (g). 
•  Pressure design: 12R102: 10.51 MPa (g).
•  Operation mode: HDT mode with increased 

WABT (increased conversion mode).
•  Make-up H2 99.5 %: 1871 – 2047 kg/h, 

average: 1973.1 kg/h.
•  Treat gas (total) (1) – 19.5 – 22.0 MTPH, 

average: 21.0 MTPH.
•  treat gas* H2 content: average: 90.8 vol. %, 

min: 90.0 vol. %, max: 91.8 vol. %
(*) - treat gas (total) = make-up H2 + quench gas + recycle gas

The pressure drop in the main reactor was 
increased since June, 2008. Therefore moni to-
ring it was necessary during the test run time. 

Results: Compared to the normal HDT mode 
the pressure drop was higher because of higher 
H2 consumption, therefore lower H2 purity in the 
treat gas and increased treat gas volume.

y I E L D  S T R U C T U R E

During the TR the feed and products parameters 
have been analyzed every day and the product 
yields were monitored. The WABT was increased 
in 3 steps: on the1st day with 2 °C, on the 4th day 
with another 2 °C, on the 7th day with 1 more 
°C (Fig. no. 3.) After stabilizing the temperatures 
of 5 °C, preliminary calculations were made. It 
showed the 4 °C WABT increase was the most 
effective on the diesel yield. At 5 °C WABT 
increasing the diesel yield started to decrease 
and the gas and naphtha yields increased. See 
fig. 5 for details. 

The material balance changes are showen in the 
tables 4, 5; it shows also the yield increasing rate 
in percentage. It clearly shows the 4 °C WABT 
increasing had the highest diesel yield increase: 
9.9 wt %.

Fig. 3: The increased WABT temperatures

Table 4. Material Balance Change

    HDt +2 °C WABt  HDt +4 °C WABt HDt +5 °C WABt
    11.12 – 12.11  14.11 – 15.11 17.11 – 19.11
   Before tR
 Parameter  unit Only HDt mode Amount Increase/ Amount Increase/ Amount Increase/
   6.11 – 10.11  decrease % decrease % decrease %
Mixed Feed t/h or % 160.9 160.9 - 160.9 - 160.9 -
H2  Kg/h or % 1891 1948 3.4  1992 5.8 1996 6.0
Offgas Kg/h or % 1348 1420 5.3  1477 9.6 1513 12
Naphtha Fraction t/h or % 2.4 2.7 12.4 2.85 19.4 2.97 24.6
Diesel Fraction t/h or % 24.3 26.1 7.2 26.7 9.9 26.4 8.6
Raffinate t/h or % 129.8 127.7 -1.63 126.8 -2.3 126.75 -2.4
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TR assessment
At the 4 °C WABT increase the volume of diesel 
fraction has increased by 9.9 wt. %. It means 
around 58 MTPD and approx. 22 kT per annum. 
It was necessary to calculate the catalyst life 
cycle at the higher conversion mode. The shorter 
catalyst life cycle was calculated by the PA group 
using the VGO HTR SIM. According to the data 
up to now the EOR expected time is approx. the 
summer-autumn in 2010. The whole catalyst 
lifetime in this case will be 28-34 months. It 
means from 224.000 to 560.000 Euro catalyst 
addition cost. For details see fig. no. 4. 

Another additional cost is the increased hydrogen 
consumption. Consumption is higher by 3-6 wt 
% (at 160 MTPH: 55-105 kg/h).

The benefit was also calculated by the Supply 
Chain Management Department (SCM). 

Their results are showen in the table no. 6: PIMS 
evaluation.  

PIMS evaluation shows that at such parameters 
(160 MTPH capacity, 4°C WABT increase) we 
are able to improve the profit with 4.4 MUSD 
(~ 95-100 MSKK) per annum. From this income 
is necessary to subtract the additional catalyst 

 Date  Mixed Feed t/h Raffinate t/h Diesel t/h naphtha t/h Feed  Raffinate net
      365 °C+ t/h 365°C+ t/h conversion*
 6.11.08 161176 130417 23807 2351 139813 123485 11.7
 7.11.08 161169 130067 24177 2313 139826 123071 12.0
 8.11.08 160978 129543 24400 2403 139663 122561 12.2
 9.11.08 161023 129148 24855 2473 139699 122175 12.5
 10.11.08 161207 128194 25660 2577 139695 121429 13.1
 11.11.08 161222 127754 25984 2704 139848 120185 14.1
 12.11.08 161231 127606 26144 2662 139843 120104 14.1
 13.11.08 161263 127196 26384 2775 139851 120266 14.0
 14.11.08 161345 126636 26827 2872 141014 118912 15.7
 15.11.08 161357 127004 26610 2821 140988 119245 15.4
 16.11.08 161390 127458 26116 2879 140941 119831 15.0
 17.11.08 161400 126871 26475 2964 141018 119213 15.5
 18.11.08 161366 126776 26340 2971 140995 119177 15.5
 19.11.08 161378 126598 26360 2987 141180 121207 14.1
 20.11.08 161351 126782 26209 2957 141661 121464 14.3

Table 5. yields and the net conversion

Fig. 4: Prediction of the EOR
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cost, which is 5.6 MSKK per annum. After 
summarizing the incomings and expenses, the 
yearly profit is ~ 90-95 MSKK (~ 2.97-3.15 M 
€).

Conclusion
During the TR the feed and the product 
parameters have been analyzed every day and 
the product yields were monitored. The WABT 
was increased in 3 steps: on the 1st  day with 2 
°C, on the 4th day with another 2 °C and on the 
7th day with 1 more °C. After WABT increasing 
with 5 °C preliminary calculations were made. 
The results showed the 4 °C WABT increase was 
the most effective, because the highest volume 
of diesel fraction. At 5 °C WABT increase the 
gas and naphtha yields increased and the diesel 
yield started to decrease. 

At the 4 °C WABT increase the volume of diesel 
fraction has increased of 9.9 wt. %. It means 
around 58 MTPD and yearly approx. 22 kT more 
diesel. 

After summarizing the incomings and expenses, 
the yearly profit could be ~ 90-95 MSKK (~ 2.97-
3.15 M €). 

Abbreviations
BR VGH  Bratislava Refinery Vacuum Gas Oil  
 Hydrotreater
TR  Test Run
HDT mode  Hydrotreating mode
MCRT  Micro Carbon Residue Tester
IBP  Initial Boiling Point
FBP  Final Boiling Point
WABT  Weighted Average Bed   
 Temperature
FCC  Fluid Catalytic Cracking 
MTPD  metric ton per day
MTPH metric ton per hour
HP HEX  High Pressure Heat Exchanger 
MW Molecule Weight
LHSV Liquid Hourly Space Velocity
PA  Process Automation
PIMS  Process Industry Modeling System
PFD  Process Flow Diagram
MUSD Million United States $
MSKK  Million Slovakian Korunas
EOR  End of Run 
VGO HTR  Vacuum Gasoil Hydrotreater
SIM  Simulation

Reviewd by: Jenô Baladincz

Table 6. PIMS evaluation

 Case C0 C1 C2 C3 C1-C0 C2-C0 C3-C0
 Before tR  + 2 ºC  + 4 ºC  + 5 ºC      
Objective 
Function, 
MUSD 2 130 2 132 2 134 2 134 2,7 4,4 3,8
Crude 
Processing, kt 5 777 5 796 5 809 5 809 19,5 32,6 31,9
Production, kt              
MOGAS 1570 1575 1577 1577 4,9 6,7 6,5
Diesel 3035 3049 3059 3056 14,8 24,3 21,7
JET 121 121 121 121 0,0 0,0 0,0
HFO 169 171 171 171 1,5 2,1 2,0

Fig. 5. yield plus vs. WABT Increase 
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Abstract
Rapid and reliable chemical analysis is 
often required in order to solve formation 
damage problems, and identify conditions 
that may cause or promote equipment 
failure in exploration and production 
(E&P) field practice. Fourier Transform 
Infrared (FTIR) spectroscopy can provide 
valuable information on the composition 
of amorphous organic and inorganic 
components in a relatively fast and simple 
way. It is essential in the evaluation of 
damaging material such as sticky, oily, 
colloidal precipitates. This paper will 
describe the characteristic features of 
the FTIR method and will illustrate how 
it can be applied to chemical problem 
solving related to natural gas and brine 
injection or unknown’s identification. 

Összefoglalás
P R O B L é M A  M E G O L D Á S 
F T I R  S P E K T R O S Z K Ó P I A 
S E G í T S é G é V E L  A  M O L - K T D 
T E R ü L E T é N

A szénhidrogén kutatás és termelés 
gya  korlatában sokszor van szükség 
gyors és megbízható kémiai analízisre 
formációkárosítási problémák megol
dása, valamint készülékek és eszköz 
meghibásodások okának felderítése 

céljából. A Fourier Transzformációs In
fravörös (FTIR) spektroszkópia segít
ségével – viszonylag egyszerû módon, 
és gyor san – értékes információt kap
hatunk a károsító anyagok szerves és 
szervetlen összetevôirôl. 
A cikk ismerteti az FTIR módszer jel
lemzô vonásait és alkalmazhatóságát 
földgáz és rétegvíz besajtolással, il
letve ismeretlen anyag azonosításával 
kapcsolatos kémiai problémák megol
dásában.

Introduction
In the routine E&P field practice a rapid 
identification and quantification of unknown 
material are often demanded in the following 
areas: 

•  determination of the existence and the extent 
of formation damage,

•  analysis of downhole and surface equipment 
failures,

•  prompt geochemical measurements on 
drilled cuttings, cores and well test fluids, 

•  rapid identity and quality check of E&P 
chemicals,

•  evaluation of environmental problems.

Diagnosing formation damage problem, as well 
as its location, and the composition of damaging 
material are the most important among the above 
mentioned. 

In the E&P industry many activities can create 
formation damage, which can be recognized by 
lower than expected performance of the well, and 
can occur at any time throughout the productive 
life of the formation. Other consequences of 
damage are: cost of remedial stimulation and 
workover, early use of secondary recovery 
methods, abandonment of potentially productive 
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zone, cost of additional well(s) to maintain 
equivalent production/injection. 

Well tests, pressure buildup and drawdown 
tests, comparison with offset wells, and analysis 
of production history might indicate well or 
reservoir problems. Downhole video can be used 
to observe the wellbore plugging and perforation 
restrictions. Analysis of downhole liquids and 
solids can provide valuable information for 
identifying or confirming the type of impairment 
[1]. 

The damaging material can be: formation fines, 
corrosion products, scale deposits, solids 
from mud, cement and workover fluid, paraffin 
or asphaltene deposits, pipe dope, bacterial 
plugging, chemical or mineral precipitates, 
water insoluble polymer fragments, acid 
sludge, emulsions etc. Chemical analysis of 
these materials can clarify the problem. By 
combining analytical test methods, engineering 
and geological skills, it is not only possible to 
examine the damage itself but technical support 
can also be given to find the best treatment 
procedure [2]. 

In this paper the chemical, analytical aspects of 
damaging material will be emphasized.

Chemical and 
instrumentation 
methods for 
damaging material
Diagnosing the cause of declined well 
performance is not a simple task because of the 
lack of sufficiently detailed information on the 
composition of the damaging material.

A careful study of the well documentation 
– taking the liberty of reading between the 
lines – combined with the visual examination 
of equipment and solids recovered from the 
damaged well can aid in solving problem. When 
analyzing the sample is not feasible, the well 
history, investigative surveys and field experience 
are examined to guess at „probable identity”. 
This paper describes the stimulation strategies 
rather than the analytical techniques used [3].

Application of polarized microscope was 
suggested in return fluid analysis for 
determination of specific damage mechanisms 

such as organic deposits, silt, clay, iron problems 
(corrosion products) and emulsions [4]. X-ray 
diffraction (XRD) and Scanning Electron 
Microscopy (SEM) with an Energy dispersive 
X-ray spectrometry (EDS) were applied to 
identify pore plugging materials [5,6]. Pyrolytic 
Gas Chromatography and FTIR technique are 
used for the analysis of the organic part of 
damaging substance [7].

Separation of a complex sample was applied 
and various analytical techniques were used in 
[8]. Samples were dewatered and extracted with 
pentane, toluene and finally acetone/methanol. 
The extracts were analyzed by FTIR. The mineral 
composition of extracted samples were quantified 
by XRD. The ionic composition of acid digested 
samples were determined by Inductively Coupled 
Plasma (ICP) spectrometry. The quantity of 
bacterial debris was measured by ashing.

FTIR method for the analysis of the major 
components in the damaging material is outlined 
in the rest of this paper.

Features of the 
FTIR method
FTIR spectroscopy is a rapid, economical and 
non-destructive physical method, and universally 
applicable to structural and quantitative 
analysis. It is one of the oldest techniques in 
the oil industry. Some characteristic industrial 
applications are: (1) structural group analysis 
of complex CH mixtures, (2) evaluation of used 
engine oil and lubricants, (3) characterization of 
bitumens, (4) oil shale and kerogene analysis, 
(5) optimization of oil-base mud composition, 
(6) chemical monitoring of mud additives on 
drilled cuttings, (7) quantitative mineral analysis, 
geochemical logging.

IR spectroscopy is based on the interaction 
of matter and electromagnetic radiation of the 
wavelength range 2,5-25 µm (or 4000-400cm-1). 
The IR spectrum is a plot of transmittance 
(%T) or absorbance (A) versus wavenumber 
(cm-1) of the radiation. Since the spectrum is a 
fundamental characteristic of the substance, it 
can be used for both qualitative characterization 
of the sample and its quantitative analysis. IR 
spectrum can be recorded from almost any 
material (solid, liquid, gas). The IR spectrometers 
commonly in use are basically of two types: 
dispersive and Fourier transform (FT). FTIR 
instruments are interferometers and they have 
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an internal computer to transform their output – 
an interferogram – into absorption spectrum.
The measurement of component concentration 
from IR spectrum of sample enables a number 
of components to be quantified simultaneously. 
The FTIR method gives optimum results if the 
following conditions are met: amount of sample: 
> 0,01mg, particle size of solids are all <2-3 µm, 
good control over weighing and sample transfer, 
uniform mixing with KBr powder, at least one 
isolated absorption band in the FTIR spectrum 
and the availability of an appropriate standard.
Spectra of substances can be stored on disk 
and recalled, processed, compared at any time. 
As a result of the last 15 years’ FTIR method 
development and practical jobs a spectrum 
library is available that contains 800 standards 
(additives for drilling, cementing, completion, 
workover and stimulation fluids, organic and 
inorganic precipitates, scales, corrosion 
products, minerals etc.). Although the spectrum 
searching procedure sounds tedious, it is quickly 
performed by the internal FTIR computer.
An infrared spectrometer, that is available in most 
laboratories, is fairly easy to use and the spectra 
of unknown samples obtained can provide 
valuable information about the amorphous 
organic and inorganic phases. It has proved to 
be essential in the study of damaging material 
such as sticky, oily, colloidal precipitates. 

Results and 
discussion
The following case histories present a wide range 
of applications of the FTIR technique for problem 
solving. They are selected from the hundreds 
of cases that were investigated at the Applied 
Technologies and Development Laboratory and 
its predecessors over the past fifteen years.

Damage 
mechanism in gas 
storage wells
To investigate the damage mechanism present in 
underground gas storage (UGS) wells, samples 
were taken after withdrawal season from well, 
screen, surface equipment and gas flowlines. 
Various solids were found plugging the retrieved 
screen and coating the steel surface. During 
the screen washing and reservoir stimulation, 
backflow samples were collected, solids were 
separated and analyzed (see pictures below).

Solid and water phases of Hsz-116 sediment. Clay rich sediment from HE-35. 

Plugged gas filter from Psz-57. Pipe solids from gas flowline, Hsz-190.                     
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Certain corrosion products (e.g. black „flying 
powders”) were pyrophoric and it caught fire 
upon contact with air. This is not only a safety 
problem but it can cause a dramatic change in 
the chemical composition of structural materials. 
Separation is not always necessary, although 
it is useful in processing complex samples. A 
spectrum of the solvent (CHCl3) soluble fraction 
- viscous oil - is obtained by placing a drop of 
it on the NaCl window. KBr pellet or diffuse 
reflectance techniques were used to obtain the 
spectrum of the oil-free solid. 

The following observation was made: the solvent 
soluble part of plugging material recovered from 
gas storage wells was identified as a mixture of 
long chain alkanes+aliphatic esters+carboxylic 
acids. The alkanes and esters originated from 
compressor oil and pipe dope. Combining 
techniques such as FTIR and AAS (Atomic 
Absorption Spectroscopy) is advantageous if 
pipe dope is present in the samples.

The analytical scheme for separation and analysis 
is shown by Fig. 1.

The oil-free portion of plugging material consisted 
of FeCO3, FeSx and migrated formation fines. 
The source of iron compounds is the steel 
surface: the iron and iron oxides reacted with 
CO2, H2S and these particulates coated with 
compressor oil and/or pipe-dope are carried by 
injected gas, and then deposited on screen or 
at the formation surface. The major components 
of plugging material recovered from home UGS 
wells are: migrated fines (quartz, clay, calcite), 
iron compounds (carbonate, sulfides, oxides), 
compressor oil, pipe dope and elemental sulfur 
(Table 1.). Other rarely found components are: 
water insoluble polymer fragments, KCl, NaCl, 
gravel particles, silica gel and fluorosilicate 
precipitates, di- and triethylene glycol, corrosion 
inhibitor, CaCO3 scale.

Fig. 1. The flowchart for separation and analysis
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Damaging 
materials in water 
injection well 
The FTIR technique can be used as a reliable 
method to characterize damaging material 
recovered from water injection wells (see 
pictures below). Backflow samples were taken 
during mechanical cleanout operation which was 
accomplished with coiled tubing fitted with jetting 
nozzle, before and after well treatment.

Normally the survey spectrum of the total 
material is obtained first. This spectrum generally 
tells something about the major components 
and it will aid in defining the next steps which 
may be applied to the successful analysis of the 
damaging material. In a few instances, the dried 
samples were extracted and the solvent was 
distilled. When an extracted sample contains a 
high amount of scale or corrosion product, acid 
digestion might be advantageous to minimize the 
complications in FTIR spectrum. All three types 
of samples: the dried, the extracted and the acid 
digested ones were analyzed by FTIR. 

The characteristic band frequencies listed in Table 
2. were used in the qualitative and quantitative 
analyses of the unknown species. 

In many cases multiple damage mechanisms 
were identified in water injection wells. FTIR 
data indicated that mineral oil, CaCO3 scale, iron 
compounds, rock particulates and bacterial debris 
(biomass) were the significant factors in declining 
water injectivity in Algyô-field. The biomass, rock 
particulates and corrosion products are often 
found in mineral oil matrix in the form of emulsion 
or sludge. These conglomerates are too big to 
enter the pore throats and usually an external 
filter cake is formed at the formation face. It is 
a shallow damage which is easily accessible by 
stimulation fluids.

FTIR can give valuable information on the 
existence and the composition of biomass. It 
generally occurs in water injection systems: both 

CaCO3  scale from injection pump (Nagykáta).

Oil sludge from Alg-915 injection well.             Plugging material from Mcs-Ny-2 well.                

Oily sediment from injection well Alg-318.
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in the surface equipment and the injection zone 
adhering mainly to mineral oil droplets, clay and 
iron oxide particles. 

Minerals coming from unconsolidated rocks or 
dirty fluids can cause blocking in flow paths. 
They are small (<50 µm) crystalline, colloidal 
or amorphous particles. Table 2. shows that 
the FTIR spectra of quartz, calcite, dolomite, 
siderite, feldspar are quite different and there is 
at least one isolated band for their quantitative 
determination. FTIR can provide good results 
for kaolinite and total clay content without the 
fractionation of samples. 

Ca-, CaFe-, Fe-carbonates are the common 
scales in Algyô-field, CaSO4 or silica scale 

is rarely found. Table 3. demonstrates the 
advantage of FTIR technique: the possibility of 
distinguishing very similar substance.

Iron oxides and sulfides are often found in 
flowback samples. Studies showed, that the 
best strategy in their FTIR analysis is either use 
separation or apply a spectral substraction. Other 
methods such as AAS or X-ray fluorescence 
spectroscopy very well complement to the FTIR 
data. 

Fig 2. shows the steps that are followed in 
formation damage diagnosis and optimization of 
well treatment.

Fig 2. FTIR data can help to determine all possible damage types and optimize well treatment
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When unexpected 
components are 
present
One of the most important features of the FTIR 
technique is the revelation of an unexpected 
component in a damaging material (see pictures 
below).

FTIR technique has been used for widely different 
problems such as (1) identification of barite in a 
backflow sample after acid treatment (barite has 
never been used in that field before acidizing),(2) 
determination of barite content in gasoline filter, 
(3) identification of various precipitates in brine 
filter (water analysis has not indicated gypsum 
scale tendencies), (4) rapid evaluation of 
incompatibility, solubility and identity problems, 
etc. 

In all cases FTIR spectrum is used as a 
fingerprint of the material for its identification. 
The sample spectrum is compared with the 
standard spectra by the computer’s software: 
correlation coefficient is computed in each case 
and several spectra picked out by the software 
having the best match with the sample spectrum 
are displayed.

Conclusions
1.  The Fourier Transform Infrared (FTIR) spectro-

scopy is found to be a fast and successfully 
applicable technique for chemical problem 
solving in E&P practice. It can be used for 
characterization of organic and inorganic 
materials as well as crystalline and non-
crystalline phases. FTIR spectroscopy allows 
determination of clays and submicron fines, 
non-stoichiometric carbonates, colloidal 
preci pitates, lubricating greases, organic 
polymer fragments and components of the 
unexpected.

2.  The FTIR technique can provide direct 
information on the composition of a damaging 
material in a relatively simple way and can help 
to properly determine the nature and extent of 
damage.

Zinc carbonate deposit                      Plugging material containing sand and barite                   

Cement, polyamide and silicon cuttings                                             Pipe dope from gas flowline
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Abstract
As the subject of the Pakistan hydro
carbon project, there several exploring 
and producing wells have been drilled 
since 1999 by MOL Plc. and Partners. 
Geological study of the material of these 
drillings was mainly fulfilled by the 
geologist team of the Exploration and 
Production Division at Békásmegyer 
(HU). Our work is to examine the cuttings 
and core samples from petrographic and 
palaeontological point of view. Based on 
these investigations, the determination 
of the mineralogical composition, the 
age and the depositional conditions 
is possible. On the one hand, these 
results established the reconstruction 
of the JurassicPalaeocene evolution of 
the Tal block as a sedimentary basin. 
On the other hand, the simultaneous 
observation of lithological columns of 
more wells made possible to trace the 
lateral and vertical facies changes in 
more details as it was known from the 
previous literature. This new knowledge 
is an essential help in the planning 
of the exploring and producing wells 
and the classifying of the rocks in the 
hydrocarbon system (source rock, re
servoir rock or caprock).

Összefoglalás
A GEOLÓGIAI ANyAGVIZSGÁ-
LAT SZEREPE A KTD PAKISZ-
TÁNI CH KUTATÁSAIBAN

A MOL Nyrt. pakisztáni kutatási projektje 
keretében 1999 óta számos kutató és 
termelôfúrás mélyült, melyek anyagának 
geológiai szempontú feldolgozását elsô
sor ban a KTD békásmegyeri geoló
gus csapata végzi. Munkánk a fu
ra dékok és a magok petrográfiai és 
mikropaleontológiai vizsgálata, melyek 
a képzôdmény ásványos összetételének, 
korának és képzôdési körülményeinek 
azonosítását teszik lehetôvé. Vizsgá
lataink egyrészrôl a Tal kutatási blokk, 
mint üledékgyûjtô medence jurapale
océn fejlôdéstörténetét tárták fel. 
Másrészrôl több fúrás anyagát vizs
gálva lehetôség nyílt a laterális és 
vertikális fáciesváltozásoknak az ed
dig rendelkezésre álló irodalmi ada
toknál részletesebb megismerésére. 
Ezen ismereteknek a kutató és ter
melôfúrások tervezésénél, valamint a 
vizsgált kôzet CH ipari jelentôségének 
(anyakôzet, tároló kôzet vagy záró 
kôzet) megállapításánál van szerepe. 
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Introduction
One of the most successful external research 
projects of the MOL Plc. is the partly worked 
Tal block gas field in NW Pakistan. There 
several exploring and producing wells have 
been drilled since 1999 whose materials were 
geologically investigated basically by the 
geologist team of MOL New Technologies and 
R&D at Békásmegyer. Gradual investigation 
of cuttings and rarely core samples produced 
by the drilling establishes the differentiation of 
geological formations in the lithological column. 
Depending on the quality and quantity of the 
investigated material, the basic methods are 
petrographic and palaeontological observations. 
Due to these observations, the mineralogical 
composition, the age and the circumstances 
of the development (facies) of the geological 
formations can be determined. These data help 
to model the formation and trapping processes 
of the hydrocarbon.

Primary facies characteristics of the geological 
formation determine the role (source rock, 
reservoir rock or caprock) of the investigated 
sample in the hydrocarbon system. To create 
the final correct conclusion on the investigated 
lithological column, the geochemical and 
petrophysical core analyses are essential. 
The analytical results are combined with the 
knowledge on the geological setting of the 
territory and the geophysical (seismic, borehole 
logging) measurements. This way, essential 
basic data are provided for both modeling and 
the planning of the following (research and 
producing) wells. This planning is based on the 
theoretical lithological column which is presumed 
from the changing and developing of facies of the 
geological formations in time. By extrapolating the 
results summarized in the theoretical lithological 
column, the most probable location (depth) and 
thickness of the drilled geological units can be 
evaluated.

This paper summarizes the results of 
geological (petrographic and palaeontological) 
investigations and the facies estimations of 
borehole materials of the Tal block (Upper Indus 
Basin) by MOL Pakistan and Partners (OGDC, 
PPL, POL). Our interest concentrated on the 
geological formations of hydrocarbon industrial 
importance.

Material and 
methods
In the Pakistan project, the task of our geologist 
team was the processing/reprocessing of 
Manzalai wells (Manz-1, Manz-2, Manz-3, 
Manz-4, Manz-5 St-1, Manz-6) of the Tal block 
[1–5]. As a routine, the subject (both cuttings and 
core samples) of the investigations is transported 
by air mail directly from the drilling site to the 
laboratory at Békásmegyer. Since each well is 
more than 4000 m deep and continuous sampling 
is done, detailed investigations can be fulfilled 
only on a selected sample set which contains the 
most representative ~150-200 samples. After 
the selection, the next step is the cleaning of 
the samples. Samples technically contaminated 
by drilling mud (sometimes oil based mud) are 
washed in running water or extracted to separate 
them from the drilling additives. Cleaned materials 
are observed macroscopically (core samples) 
and under the stereomicroscope, described 
both petrographically and palaeontologically. A 
limited part of this sample set is investigated 
in thin sections which are ~40 µm thick 
preparations suitable for observations under 
polarizing (petrographic) microscope. When 
it is necessary, instrumental mineralogical 
(X-ray powder diffraction) analysis or carbonate 
content measurements are done. Data provided 
by petrographic investigations inform about the 
mineralogical composition, fabric and diagenetic 
conditions of the samples. By the palaeontological 
investigations, e.g. the identification of different 
marine fossils – especially the foraminifera 
(microscopic scale, calcareous tested protists 
suitable for fossilization) – in the sample, the 
age of the sedimentation can be determined 
which is equivalent with the age of the rock. 
Foraminifera and other fossil content (Ostracoda, 
Echinodermata, Mollusca, Algae, Cadosina…) 
and texture of the sedimentary rock samples 
inform about the (palaeo)environment in which 
the sediments were deposited. Based on the 
petrographic and palaeontological characteristics, 
the observed rock (lithological) column can be 
divided into different units (so called formations) 
and each unit can be characterized with its own 
palaeoenvironment (e.g. depositional environ-
ment or facies).
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Geological setting
Manzalai wells are located in the Tal Block, 
Pakistan. Lithostratigraphic columns of these 
drillings contain eight geological formations of the 
Jurassic to Paleocene depositional system. Units 
of this sedimentation cycle follow each other 
with continuous transition or – in some cases 
– erosional discordance (sedimentation hiatus), 
as a result of more transgressive/regressive 
cycles (+/- relative sea level changes). All of 
the formations have marine sedimentary facies 
although significant influence of terrestrial fluvial 
detritus input (from delta environments) could be 
detected in many cases, sometimes overturning 
the normal marine sedimentation.

In the palaeogeographic maps (Fig. 1), the Tal 
block is located on the NW rim of the Indian 
Plate. The lowermost (oldest) formations of the 
Manzalai wells formed during the Jurassic (~200 
million years ago) when the Indian Plate was 
connected to the African Plate. Later on, during 
the Late Jurassic-Early Cretaceous (~130–
150 million years ago), the Indian Plate was 
segmented from the African Plate by rifting and 
its northward moving started. During the Eocene 
(~50 million years ago) this movement resulted 
in the collision with the Eurasian Plates (this 
northward plate movement is still in progress). 
The history of this large scale plate tectonism 
(e.g. rifting, moving and collision of the Indian 
Plate) can be traced in the fossil containing 
sedimentary rocks of the Manzalai wells.

Litho-, Bio-, 
chronostratigraphic 
interpretation 
and paleofacies 
conclusion
E V O L U T I O N  O F  T H E 
J U R A S S I C  T O  P A L E O C E N E 
D E P O S I T I O N A L  S y S T E M

As it was mentioned above, the lithological 
columns of the Manzalai wells of the Tal block 
represent a complete sedimentary depositional 
history from the Jurassic to the Palaeocene 
(200–55 million years). The eight geological units 
(e.g. formations) can be observed with the same 
names and palaeofacies but sometimes with 
a bit different petrographic and sedimentary, 
palaeontological appearance and in differing 
order in the Manzalai wells. 

The lowermost Datta Formation was drilled in 
Manzalai-1, -2 and -3, the series was not totally 
penetrated, and usually the drillings stopped in 
this formation. The Datta Formation is the first 
member of the Datta-Shinawari-Samana Suk 
transgressive cycle. Based on the less typical 
fossil content (spores, pollens), the Formation of 
sandstone/siltstone/claystone/shale lithology 
(see its thin section photo in Fig. 2) most possibly 
developed in a neritic (sublitoral, 0–200 m water 
depth), low energy region on arid climate. In 
addition to the absence of the sublitoral fauna, 
typical carbonatic sediments of this shallow 
marine environment are also missing. These 
features and the lithology indicate shallow marine 
region with a close terrestrial contact (coastal 
area) and large quantity of clastic terrigenous 
input (delta). Combining the neritic (sublitoral) 
environment and the deltaic region, it is probable 
that Datta Formation was sedimented on a delta 
plain. As detailed parts of this formation area, the 
pure and free quartz sand bodies possibly could 
derive from the higher energy delta channel(?) 
region, while pelitic (siltstone, claystone/shale) 
layers sedimented in the low energy flood 
plain(?) areas among the delta channels. The 
sedimentation of the Datta Formation happened 
during the Early Jurassic.

Figure 1. Palaeogeographic maps from the Middle Jurassic to 
Middle Eocene [6]. The red circle shows the investigated territory.
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The Datta Formation continuously turns into 
the Shinawari Formation which is the following 
member of the Lower Jurassic transgressive 
system. Facies of the two formations are similar, 
although the Shinawari Formation has more 
expressed marine character. In all drillings, this 
feature is presented by the terrigeneous material 
rich marl in the lower part of the column which 
then gradually turned into an entirely carbonatic 
sedimentation in the upper part. The mineralogical 
composition of the terrigeneous grains is similar 
to that of the Datta Formation and proves a 
similar provenance area. It is quite probable that 
these terrestrial components derived from a 
deltaic structure, and these had predominance in 
the lower part of the Formation. The carbonatic 
facies (oolitic grainstone limestone, see its thin 
section photo in Fig. 3) of the upper part has 
litho- and biofacies characteristics which indicate 
typical high energy, shallow marine (near shore) 
environment.

As the following step of the transgressive 
cycle, the Samana Suk Formation deposited 
with continuous transition from the Shinawari 
Formation. In contrast to the former units, the 
marine influence gets stronger and the terrestrial 
input weakens during this sedimentation 

process. The Formation is often dolomitic and 
the (upward) gradual lithological change can be 
characterized with the increasing percentage of 
the allochemical components (peloids, ooids, 
bioclasts) and the decreasing clay content. 
Significant fauna content could be observed in 
section of the peloidal/ooidal grainstone facies 
(see its thin section photos in Figs. 4 and 5) 
which is the most typical facies of the Formation. 
Based on the composition of the benthic fauna 
(living on the surface or in the sub-surface layer 
of the seabed sediment) (Miliolina, Valvulina, 
Nautiloculina, Glomospira, Trocholina, see its thin 
section photo in Fig. 6), the sedimentology and 
the lithology, the formation happened in shallow 
marine shelf (platform) depositional environment 
with high water energy. The fauna determines 
Middle Jurassic, Bathonian-Callovian age.

The Chichali Formation overlies the Samana Suk 
Formation with sharp boundary. The contact of 
the two units probably is erosional discordance. 
In spite of that, it is probable that this unit 
is the last member of the Datta-Shinawari-
Samana Suk transgressive cycle (deepening 
process). The different wells penetrated the 
Formation with similar siliciclastic character, but 
occasionally minor differences can be detected 

Figure 2. Sandstone and shale particles. Manzalai-3). (2N)

Figure 3. Ooid, peloid grains in grainstone limestone (Manzalai-4) (2N)

Figure 4. Oolitic grainstone textured limestone (Manzalai-3). (2N)

Figure 5. Quartz nucleus in concentrically built oolite (Manzalai-3). (2N)
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in the lithology. The beds are built up of fine 
grained oligomictic-polimictic sandstone. The 
original mineral components are dominantly 
characterized by rounded and well sorted grains, 
which support the idea of a far metamorphic/
igneous oligomictic provenance area. The 
main lateral change is the eastward increasing 
clay and organic matter content and slightly 
increasing carbonate content. Fossil content is 
poor and fragmented due to the transportation 
together with large amount of siliciclastic 
material. Showing a direct relationship with the 
lithology, the appearance of fauna is connected 
to the claystones, siltstones and sandstones 
with glauconitic-siliciclastic facies (see their thin 
section photo in Fig. 7). Concerning the five 
wells, Manzalai-1, -2 and -6 have very scant, 
hardly identifiable fauna, while Manzalai-3 and -4 
contain characteristic forms of this Formation. 
The fauna is dominated by foraminifers and 
Cadosinids (see their thin section photo in Fig. 
8). The planktonic foraminifera (living and be-
ing suspended above the sediment surface in 
the sea water) (Favusella, Hedbergella) indicate 
Lower Cretaceous (?Barremian/Aptian?) age, 
and the Cadosinids determine Upper Jurassic 
– Lower Cretaceous (Tithonian–Valanginian, 
?Hauterivian) age. The fauna assemblage 
(planktic foraminfera, Cadosinids and the 
radiolaria) indicates a pelagic (hemipelagic, e.g. 
open-sea, deep water not close to the seabed), 
open marine environment. The large amount of 
siliciclasts (quartz grains) suggests terrestrial 
inflow. The possible metamorphic/igneous 
provenance area is far from the depositional 
basin. The lithology of the formation suggests 
prodeltaic sedimentary rocks (connected to 
distal turbidite zone in the deep water basin). 
Typical pyrite, glauconite and organic matter 
content of the Formation most probably indicate 
an environment with weak oxygen supply. The 
lithology of the Formation supports the idea of 

a fluvial dominated pelagic-hemipelagic, open 
marine environment with eastward increasing 
closeness.

Lithological characteristics determine a continuous 
transition from Chichali to Lumshiwal Formation. 
The Formation is generally characterized by 
upward increasing carbonate content, and the 
alternation of sandy marl, silty marl, marl and 
siltstone layers in the uppermost section. The 
sand grain size decreases eastwards to the 
Manzalai-2 well. The vertical lithological changes 
of the Formation often show cyclic alternation, 
and the lateral changes seem to be gradual. 
The fine to medium grained sandstone (often 
massive quartz arenite) alternates with marly, 
pelitic, finer grained rock types. The lithological 
classification and the stratigraphical position of 
this quartz arenite (see its thin section photo in 
Fig. 9) support the idea of the sedimentation in 
the prodelta environment in a prograding deltaic 
system and the eastern part seems to be located 
closer to the fluvial (terrestrial) provenance area. 
The fossil content of the Lumshiwal Formation 
is poor and fragmented which is in correlation 

Figure 6. Trocholina cf. palastiniensis HENSON  – benthic foramin-
ifera in the oolitic grainstone textured limestone (Manzalai-3). (1N)

Figure 8. Argillaceous marl (pelagic) with Calcisphaeres (Cadosina 
fusca WANNER; Cadosina cf. fibrata NAGy) (Manzalai-4).  (1N)

Figure 7. Fine grained sandstone with very abundant, well rounded 
glauconite (Manzalai-3). (2N)
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with the lithology. The fossils can be clearly 
connected to the siltstone, claystone facies. 
The foraminifera assemblage is represented 
dominantly by planktic forms which outlined 
hemipelagic (pelagic) depositional environment. 
Comparing this statement to the sedimentological 
and lithological data, it can be concluded that 
the Lumshiwal Formation was sedimented in 
hemipelagic (pelagic) nearshore (slope) with 
terrestrial inflow (prodelta) environment.

The overlying Kawagarh Limestone Formation 
significantly differs from the Lumshiwal 
Formation concerning its lithology. The most 
probable contact of the two units is a short 
discordance. Considering all drillings, lower 
part of the Kawagarh Formation is sandy marl, 
silty marl and sandy limestone. The carbonate 
content increases, the amount of the siliciclastic 
grains decreases upward in the Formation. The 
transitional section is thinner in the west and 
become thicker and sharper in the east. The 
Manzalai-2 and Manzalai-4 wells penetrated 
the Formation in thick sandy beds and only a 
thin limestone, marl bed on the top. According 
to this lateral lithological change, the possible 
direction of the terrestrial inflow could be from 
the east to the west. This stream could transport 
lots of detrital grains to the deep water basin. 
The appearance of fauna is connected to 
the pelitic limestone (mudstone/wackstone, 
rarely packstone). This feature is common for 
all drillings. The easternmost Manzalai-2 well 
forms an exception since neither limestone 
facies nor fauna enrichment can be observed. 
Planktonic forms (Whiteinella, Globotruncana, 
Hedbergella, Heterohelix, Marginotruncana, 
see their thin section photos in Figs. 10  and  
11) clearly indicate Cretaceous, Senonian 
(Coniacian–Campanian) age of the deposition. 
The paleoenvironment suggested by the fauna is 
in agreement with the results of the microfacies 
investigations. The formation happened in a 

pelagic (infrequently hemipelagic), open marine 
and low-energy depositional environment, and in 
the first part of the process (in the lower part of 
the unit) this sedimentation was completed with 
terrestrial inflow from the east.

Upper Cretaceous units are overlapped by the 
Paleocene Hangu Formation with significant 
erosional discordance and facies change. 
Generally, the Formation is very thin and built up 
of clastic rock types. The vertical built-up is very 
varied in the different well columns with usual 
alternation of fine grained sandstone and pelitic 
rock types. The cyclic alternation of these layers 
supports the idea of the changes of sea level and 
stream energy. Most of the strata contain thick, 
massive quartz sandstone beds with upward 
increasing grain size and some thin coaly layers 
(see their thin section photo in Fig. 12). The ce-
ment material varies from fresh dolomitic and/
or calcitic cement material to marly, calcareous 
marly. The sedimentation environment most 
possibly proved to be a deltaic plain and/or 
deltaic front (because of the significant presence 
of the carbonate) in a prograding deltaic system. 
The deltaic front characteristics support the 

Figure 9. Mature quartz arenite (Manzalai-4). (2N)

Figure 10. Heterohelix moremani (CUSHMAN) and Heterohelix 
reussi (CUSHMAN) in biomicritic packstone textured limestone 
(Manzalai-5 St-1). (1N)

Figure 11. Marginotruncana pseudolinneiana PESSAGNO in biomi-
critic packstone textured limestone (Manzalai-5 St-1). (1N) 
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idea of a shallow front, low angle slope where 
the dense facies alternation can be caused by 
minor changes of the sea level. Palaeontological 
data about the Hangu Formation could only be 
gained from Manzalai-4 and Manzalai-6 wells. 
This was due to the meters of core drilling of the 
Manzalai-4 well, which sampling increases the 
possibility to find even small quantity of fossils. 
Microfauna of the above mentioned two wells are 
dominated by benthic foraminifers (Nummulites, 
Miscellanea, Cibicides, Lockhartia, see their thin 
section photos in Figs. 13 and 14) although some 
planktic forms (Morozovella, Planorotalites) 
are also present. Sedimentation of the Hangu 
Formation is dominated by terrigenous clastic 
input in all of the cases. Purely carbonatic 
marine sedimentation is absent. Fossils of 
wells No. Manzalai-4 and -6 appear in the rare 
pelitic, carbonatic matrix of the basically clastic, 
silty-sandy rock. The above-mentioned fossils 
indicate shallow marine environment with open 
marine influence. Comparing this result with the 
lithological features, the reconstruction of the 
sedimentation’s area can be refined as a shallow 
marine delta plain environment with occasional 
and large volume organic material (terrestrial 
coal?) input (Manzalai-4) or with the moderation 
of the clastic input and strengthening of marine 
carbonatic sedimentation. 

Lockhart Limestone Formation is the next 
member of the lithological column as a part of 
a continuous sedimentation but with sudden 
lithological change (disappearing of the 
siliciclastic inflow). This formation is the first, 
purely carbonatic member of the Paleocene 
Hangu-Lockhart-Patala transgressive cycle. Its 
fossil content is significant and diversified, the fa-
una elements are well preserved. Marine fauna is 
dominated by foraminifers and other fragmented 
forms. Both planktic and benthic forms are 
present. Planktic foraminifera (Morozovella, 
Planorotalites, Subbotina) are subordinate. 
The lower part of the Lockhart Formation is a 
relatively pure carbonatic, micritic, microsparitic 
packstone, grainstone textured limestone which 
becomes more argillaceous limestone upward. 
This facies contains mainly benthic microfauna 
(Archaeolithothamnium, Alveolina, Assilina, 
Asterigerina, Cibicides, Daviesina, Miscellanea, 
Miliolina, Operculina, Sakesaria, Lockhartia, 
Nummulites, see their thin section photos in Figs. 
15-17). Palaeontology and sedimentology of this 
section suggest inner/middle neritic shallow 
shelf depositional environment. Fragmented 
appearance of benthic forms (especially 
the larger foraminifers) indicates short path 
resedimentation. This process can be assumed 
on the shallow shelf outer platform, upper slope 
depositional environment. The subordinate 
presence of planktic foraminifers evidences the 
open marine influence. Based on the planktonic 
and the larger forams, the age of the Lockhart 
Formation is Late Paleocene. 

Figure 12. Thin layered quartz sandstone with organic matter lami-
nae (Manzalai-4). (2N)

Figure 13. Spathic matrix sandstone with larger forams (Miscellanea 
cf. miscella (D'ARCHIAC AND HAIME)) (Manzalai-4). (2N)

Figure 14. Spathic matrix sandstone with Cibicides sp.  
(Manzalai-4). (1N)
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Summary
The geological formations of hydrocarbon 
industrial importance of the Tal block (Upper 
Indus Basin) – worked by MOL Pakistan and 
Partners (OGDC, PPL, POL) – were  investigated 
petrographically and palaeontologically from 
borehole materials and the facies estimations 
were created by our research team. In addition 
to the modelling of the evolution of the Jurassic 
to Paleocene depositional system (Fig. 18), 
petrographic, palaeontological and microfacies 

investigations of more wells penetrating the 
same area provided information also on the 
lateral and vertical facies changes. This way, a 
more detailed knowledge on the geology of the 
Tal block could be gained than it was accessible 
in the previous literature.

Oldest sedimentary formations under inves-
tigation could be connected to the earliest 
step of the rifting of the Indian Plate. The initial 
members (Datta F.–Shinawari F.–Samana Suk F.) 
of the Late Triassic-Jurassic transgressive cycle 
are characterized with sublitoral delta (channel 
system?) environment (with reduced fauna) 
which was dominated by an intensive terrestrial 
inflow. Later on, this sedimentary system turned 
to a purely carbonatic shallow marine (platform) 
environment by the emphasizing of the marine 
influence. As the transgression (relative sea 
level growth) continued, the Chichali Formation 
started to develop in the pelagic, hemipelagic 
prodelta environment and closed the sequence 
in the Late Jurassic-Early Cretaceous (Tithonian–
Valanginian, ?Hauterivian). The next sedimentary 
unit is the continuously deposited, hemipelagic 
prodeltaic Lumshival Formation in the Early 
Cretaceous. After an erosional event, the Late 
Cretaceous (Coniacian-Santonian), pelagic 
Kawagarh Limestone Formation closed the 
Mesozoic sedimentary cycle.

Following a larger scale erosional process, the 
members Palaeocene-Eocene transgressive-
regressive cycle (beginning with Hangu F.–
Lockhart F.) deposited in the territory as the 
closing event of the collision of the Indian Plate 
with the Eurasian Plates. The delta plain facies 
Hangu Sandstone Formation indicated open 
marine contact of the shallow marine environment. 
By continuous reducing of the terrestrial input, 
the shallow marine platform edge (upper slope) 
facies Lockhart Limestone Formation formed in 
the Late Palaeocene (Thanetian) and recorded a 
connection of the shallow marine region to the 
open sea.

The above-detailed facies changes of the 
investigated sedimentary formations are 
generated by the large scale plate tectonic 
events of the Indian Plate. Simultaneously, these 
formations took part in the generation of the 
hydrocarbon reservoir system (as source rocks, 
reservoir rocks or caprocks) of the Tal block. 
Detailed knowledge provided by our research 
acts as a fundamental help during the locating 
of the exploring-producing wells and modeling of 
the hydrocarbon reservoir system.

Figure 15. Abundant biogenic fragments (Nummulites, Miliolina, 
Archaeolithothamnium) in the limestone matrix (Manzalai-2). (1N)

Figure 16. Biogenic, packstone textured limestone with Lockhartia 
conditi (DAVIES). (Manzalai-2).(1N)

Figure 17. Larger forams (Nummulites sp.) in biogenic limestone 
(Manzalai-2). (2N)
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Abstract
The paper presents a useful application 
extension based on programmability of 
Hysys process simulations software, 
during which we create a mutual and 
clear automatic interface between the 
MS Excel and Hysys process simulator 
softwares. Using this interface we will 
be able to perform a series of automatic 
si mulation calculation controlled from 
MS Excel and display the series of 
result appearing in the simulator in 
MS Excel, using its sophisticated func 
tionalities. As part of results of such 
calculation series we can in fact ge
nerate a structured set of data, actually 
a database, for the analysed sp ecific, 
simple or complex technology equip
ments. The resulting database will 
enable us to define / analyse the optimum 
and unfavourable operating range of 
the targeted technology system. 
We present the applicability of this 
method through actual examples. 

Összefoglalás
A dolgozat bemutat egy a Hysys pro
cessz szimulációs szoftver programoz
hatóságán alapuló, hasznos alkalmazás 
kiterjesztést, amelynek során a MS 
Excel és a Hysys processz szimulátor 
szoftverek között kölcsönös és egyér
telmû automatikus kapcsolatot terem
tünk. E kapcsolat felhasználásával az MS 
Excelbôl vezérelt, automatikus szimu
lációs számítássorozatot végezhetünk 
és a szimulátorban  megjelenô ered
ménysorozatot az MS Excelben je
lenít hetjük meg felhasználva annak 
kifinomult lehetôségeit. Az ilyen szá
mítássorozat eredményeként a vizsgált 
konkrét, egyszerû vagy össze tett tech
nológiai berendezésre vonatkozóan 
egy rendezett adathalmazt, lényegében 
adat bázist állíthatunk elô. A kapott 
adatbázis lehetôvé teszi a célzott  tech
nológiai rendszer optimális és kedve
zôtlen mûködési  tartományainak meg
ha tározását/elemzését.
A módszer használhatóságát alkalmazá
si példákon keresztül mutatjuk be.

Introduction
Design of surface conditioning  and processing 
technology of fluids from crude oil and natural gas 
production requires large volume of calculations. 
Aspen Hysys process simulation software is 
a fantastic tool supporting such technology 
calculations. With the help of the said software 
practically all simple and complex technology 
systems of crude oil and natural gas production 
can be easily and comfortably analysed and 
planned.  

2010/1Workshop
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In case of a simulation calculation we can regard 
the base case if we define the technology 
equipments, and link them to one another, then 
enter the base data and if the system contains 
no contradiction, the program can run and we 
can get a so-called convergent line of data. In 
the event we change one single input parameter, 
the simulator will deliver a variable line of data. 
We can visually study the results by opening 
the relevant windows of the simulator. This can 
be sufficient in simple cases, but may cause 
difficulties in complex simulations. The simulator 
has installed tools for managing and following 
up result data that arise, eventually in large 
number, due to changes in parameters, like e.g. 
the so-called Spreadsheet or Process Flow Di-
agram displaying the data, but these tools can 
not be regarded as sufficient, maximum when 
technology equipments are analysed. 

In several cases we need to resolve tasks, where 
we want to analyse and evaluate high number 
of result parameters received through changing 
one specific parameter of a complex technology 
system within a certain range. In such case we 
can not simply rely on human memory or on 
tiresome manual data retrieval, but we have 
to implement a strict system of data entry into 
the simulator. We should enter the results of 
calculations performed with input data flowing 
in a strict system into the reception and display 
system using a rigorous process. 

To accomplish these goals, developers of Hysys 
software, exploiting the programmability of Hysys 
and MS Excel, prepared an interface software 
enabling two-way data transmission between MS 
Excel and Hysys software, and supply this soft-
ware free-of-charge for users of Hysys. This soft-
ware is the so-called HysysBrowser. Following 
the software installation, it will be incorporated 
into Excel, as an Excel macro, thus ensuring 
the required commands and comfortable user 
surface. 

HysysBrowser is a professionally developed 
interface software, but users can, exploiting 
the programmability of Hysys and MS Excel, 
themselves write special interface programs, 
which will enter data into Hysys and bring back 
the results a structured data set into Excel.  
 
The study will present such a calculation option 
based on the programmability of Hysys process 
simulation software. During the calculation 
process we establish a mutual and clear-cut 
automatic interface between MS Excel and a 

Hysys software regarding the data flow, making 
use of the HysysBrowser interface software 
as mentioned above. Using this interface we 
can generate a series of automatic simulations 
calculation controlled from MS Excel and display 
the result series showing up in the simulator in 
MS Excel, exploiting the sophisticated options 
available in this system. As a result of this 
calculation series we can generate a structured 
set of data, in fact a database for the analysed 
specific simple or complex technology equipment. 
The resulting database will allow us to define/
analyse the optimum and unfavourable operational 
ranges of the given technology system. 

We now present the applicability of the method 
through various examples. 

Presentation of 
Aspen Hysys 
process simulator 
The paper is primarily focusing on issues related 
to automated calculation, therefore we present 
the simulator only as a marginal issue [9,10,11]. 
The Hysys software represents a process 
simulation environment, which is dominantly used 
for modelling technologies applied in the oil and 
gas sector as well as in refinery technologies. 
Using the software we can implement rigorous, 
so-called steady state and dynamic model 
calculations or designing operating technologies 
and evaluating their performance. We can apply 
it for identifying solutions for various technology 
problems, training of operators of the technology 
and also in business planning. 

Variables of the process can be easily changed 
through the interactive user surface and also 
simulation parameters and simulation topology. 
Hysys simulator has a modular structure. We 
can upgrade the basic software with several 
supplementary modules. Each of them can 
significantly enhance the applicability of the basic 
software. The most important modules are as it 
follows: 

•   Dynamic module: for modelling transient 
phenomena 

•   Amine module: for modelling gas treatment 
technologies 

•   Upstream module: for combined modelling of 
well-pipeline-surface systems 

•   Oil module: for modelling systems also 
including crude oils 



104

1MOL GROUP

2010/1Workshop

•   Oil module: for modelling water-containing 
systems. 

Hysys software is part of a larger, multiple software 
program system, the so-called Aspen Engineering 
Suite system. It is compatible with its programs. 
We must mention Aspen Icarus Process Evaluator 
software among them, which operates as a quasi 
Hysys module and we can reach conclusions also 
for the costs of technology corresponding with a 
Hysys simulation and can evaluate a project also 
for economic aspects [13]. 

As the software is accessible also for applications 
in IT networks it helps its better applicability. 

Every simple and complex crude oil and natural 
gas technology system production interface can 
in fact be comfortably analysed and planned with 
the help of Aspen Hysys process simulations 
software. The main application groups are as it 
follows:  

a. Hydraulic calculations 
b. Flash calculations 
c. Column operations 
d. Heat technology calculations 
e. Rotation machines 
f.  Hysys programming 

Implementation 
of automatic 
calculation 
F U N C T I O N A L I T y  O F 
A U T O M A T E D  C A L C U L A T I O N S 
C O N T R O L L E D  F R O M  M S 
E X C E L 

The automatic calculation controlled from 
MS Excel can be implemented as it is 
programmable in both software Visual Basic 
programming languages. There are two options 
for implementing such calculations. The first is 
when we apply the professional interface soft-
ware developed by Hysys programmers, the so-
called HysysBrowser. In this case the use will 
need no preliminary programming qualification or 
skills for implementing an automated calculation.  
The other option is when the user himself writes 
and applies such software. In this case the user 
will need programming skills for preparing the 
interface software. 

In this paper we are dealing with the second 
case, i.e. application of a HysysBrowser interface 
program [11,12]. 

I N T E R F A C E  S O F T W A R E 
B E T W E E N  M S  E X C E L  A N D 
H y S y S  ( H y S y S B R O W S E R ) 

The HysysBrowser interface software simplifies 
the VBA-Hysys interface. Following the simple 
installation of the software the Excel spreadsheet 
will be supplemented with two icons. If we click 
on the first icon we will trigger the main managing 
surface. 

1. Diagram: following the installation of 
HysysBrowser two new icons will appear in the 
MS Excel menu line 
On the left: to start the managing surface 
On the right: to start the re-calculation 
(updating). 

2.   Diagram: the main managing surface of the Hysys-Excel interface

The second icon is for updating the calculation 
(dataexport/dataimport). As a result of setting 
up this functionality, we will have a built-in set 
of functions enabling access to any data in the 
Hysys simulation and reverse, transfer of the 
figure of a given cell in MS Excel to a variable 
in the simulation. These functions have another 
useful feature, i.e. data can be copied, inserted 
and manipulated without demanding any VB 
(Visual Basic) programming skill of the user. 
These functions can then be written into a 
spreadsheet cell or into a VBA application. 

Built-in functions [12] 

Functions built-in with the said installation will 
become integral parts of the MS Excel program, 
and their application will be very similar to the 
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other available functions. The seven (7) functions 
to be built in will be as it follows [12]: 

1.  GetHySyS function With the help of the 
GetHysys function we will be able to import 
a variable value from Hysys Hysys simulation 
into a VBA application, which is in this case 
the MS Excel. 

2.  GetSpreadsheet function   The GetSpread sheet 
function will import a variable value from a Hysys-
Spreadsheet. 

3.  GetSpreadsheetValue function The Get Spread-
sheet function will import a value from a Hysys-
Spreadsheet. 

4.  SetAutoupdate function This function will 
update a special cell (UpdateCell) whenever 
the Hysys simulation (CaseFileName) again 
becomes convergent. 

5.  SetHySyS function The SetHysys function 
exports a value of a variable from Hysys 
simulation into a VBA application, which is in 
our case the MS Excel. 

6.  SetSpreadsheet function  The SetSpreadsheet 
function exports a variable into a Hysys-
Spreadsheet. 

7.  SetSpreadsheetValue function The Set Spread-
sheetValue function exports a value into a Hysys-
Spreadsheet. 

Parameters of the built-in functions:

P R E P A R A T I O N  O F 
A U T O M A T E D  C A L C U L A T I O N 

2.3.1. Preparation of process simulation 
If we want to prepare the series of calculations 
described above we have first to prepare the 
simulation of the technology selected for the 
analysis. This is fully in conformity with the 
preparation of a common simulation calculation 

with the difference that this simulation calculation 
should also meet the demands of the automatic 
series calculation. This will imply that the regular 
data export and the import of result data may be 
blocked due to some kind of inconsistency and 
the automatic calculation may stop prior to its 
completion. E.g. this may happen in cases when 
the discharge side pressure of a pump all of a 
sudden becomes lower than the sucking side 
pressure due to changes in the parameters. In 
such events the internal error message of the 
Hysys system enjoys a kind of priority and the 
series calculation will come to a halt. This needs 
intervention. If we wish to avoid such errors or 
defaults, we should prepare a simulation in such 
a way that no so-called „Pressure Reverse” 
default may occur. Emerging unrealistic results 
may also cause similar running errors or defaults. 
Every simulation error or default that causes 
inconsistency will stop the series calculation. 

Stepping schedule of parameters 
We can prepare the stepping schedule of 
parameters in a structured manner in an MS 
Excel table, which will determine the data entry. 
This stepping schedule is a fully standard MS 
Excel table, where the variable parameters are 
located in a pre-defined order or system. 

Data export into the Hysys 
We will enter, using the same 
structure, the functions (commands) 
into the cells of the MS Excel table 
next to the stepping schedule of 
the parameters adding the relevant 
cell references, which will export 
the data of the given cell of the 
stepping schedule, as input data, 
into the simulator. 

Data import from Hysys 
We enter the functions (commands) 
into the MS Excel table, next to the 
export data, which will retrieve the 
values calculated by the simulator 

based on the input data into the relevant cell of 
the MS Excel spreadsheet. 
 
One-one data line will in this structure mean a 
simulation relevant to a set of parameters. Using 
only one variable input data at a time we can 
retrieve any number of result data into the same 
line of the Excel spreadsheet. 

CaseFileName Name and availability/accessibility of the 
  simulation file 
FlowsheetName  Name of the simulation flow sheet 
SpreadsheetName  Name of the spreadsheet 
CellAddress  Cell reference of the spreadsheet 
Solver Mode  Switching in and out of the solver 
ObjectName  Name of the object 
ObjectType  Type of the object 
VariableName  Name of the variable 
Units  Unit of the retrieved variable 
ItemIndex  Name of mass element 
  (spreadsheet cell, column specification) 
NewValue  The value, which is exported 
  into the HySyS 
Update  Central data update 
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Using the repeat function of the MS Excel cell 
content it is sufficient to write the function 
ensuring export and import of data only into the 
cells in the first line. As we click onto the first 
line and „pulling it down” to the last line of the 
stepping schedule the calculation will start. Data 
will be transferred into the Hysys automatically in 
accordance with the stepping schedule and the 
results will be flowing the opposite direction. 

Using this method we can get a structured set 
of the modified parameters and results for a 
specific technology system. In fact stepping the 
input parameters of a technology system we will 
get result data for the entire operational range. 
We may also say that this mode of calculation 
presents the scanning of an operational range of 
a technology system. 

These tables may be extremely large in case 
of complex technology systems. Quite often 
we may encounter with result tables containing 
several thousands of lines. 

These tables are rigorously structured, therefore 
we can regard them as databases. It is however 
not too difficult to find our way in these tables as 
a result of this structure and the management 
functionality of the MS Excel database despite 
such huge size. 

A table with cca. 1000 lines presenting a glycol-
type dehydration technology can be typically 
prepared within app. six (6) minutes. 
The calculation can be supplemented with the 
graphical display of the main results. 
In addition, the calculation can be divided for 
several spreadsheets. 

Examples for 
application 
C A L C U L A T I O N  O F  S I M P L E 
T E C H N O L O G y  S y S T E M S 

Flash calculation [3,4]
In this simple case we separate a gas flow. We 
look for the H2S content distribution between the 
separated contacts at temperature between 0 and 
100 C. Diagram no. 3. presents the simulation 
PFD, the stepping schedule recorded into the 
Excel table (the column with black colour), the 
data export (the column with blue colour) and 
the data import (the columns with red colour) 
as well as the diagram graphically displaying the 
calculation results. 

Diagram no. 3: Flash calculation, distribution of H2S content among separated contacts 

The following function entered into the cell (3,1) of the Diagram 
=SetHysys("D:\FlashCalculation\Flash.hsc";"Main";"FeedGas";"Stream";"Temperature";"C";"";B7) 
will implement the data export. 
The following function entered into the cell (4;1) of the Diagram
=GetHysys("D:\ 
FlashCalculation\Flash.hsc";"Main";"Flash gas";"Stream";"StdGasFlow";"STD_m3/h";"")

will implement the data import. 
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Calculation of the absorber column 
The next example for application is the natural 
gas dehydration analysis using TEG (triethylene 
glycol) a fairly standard process in natural gas 
processing [1,2]. This example is more complex 
than the previous. Though the subject of the 
analysis is again an equipment, but we have to 
implement more input parameter stepping, i.e. 
more data export and import. 

We analysed in this example how the water dew 
point and water content of the dehydrated gas 
looks like in case of variable parameters. 

Variable parameters:  
•   feed gas pressure (between 40 – 90 bar) 
•   feed gas temperature (between 40 – 10 º C) 
•   TEG volume (between 1000 – 3000 kg/h) 
•   TEG concentration (between 99,5 – 98 m/m 

%). 

Diagram no. 4. presents the simulation. 

The parameter stepping schedule was prepared 
in accordance with the principles as described 
above and it contained 12 columns and 535 lines. 
As the table is so large, we can not present the 
entire table due to limitations in space, therefore 
we hereby present only the first 22 lines. Table 
1. presents these lines.

Diagram no. 4.: analysis of TEG dehydration with automated process simulation, PFD 

 

Table no. 1.:  TEG absorber column calculation, parameter stepping schedule 1.-22. lines 
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Table no. 2. presents the data export related to 
the above stepping schedule section, whereas 
Table no. 3. introduces the data import. 

2. Table: TEG absorber column calculation, and data export related to 
lines 1-22. of the stepping schedule

Table no.3.: TEG Absorber column calculation, data import related to lines 1.-22. of the stepping schedule data import
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We can process the database that contains 
the calculation results using the standard Ex-
cel processes and diagrams. We prepared 70 
diagrams in the above example in order to offer 
a better visual display for the results. Diagram 
no. 5. presents four (4) among these diagrams. 

We marked the stepping schedule using ordinary 
letters, data export with blue and data import 
with red letters for better differentiation. 

At the end of the day we could prepare a table 
having 534 lines within a few minutes, and it 
presents all the results calculated within the 
defined parameter ranges. 

The upper two diagrams present changes in 
water dew point in function of TEG concentration 
and TEG volume, whereas the lower two explains 
the change in water content expressed in mg/m3 
unit in function of TEG concentration and TEG 
volume. 

We can perform the totally same calculation for 
DEG (diethylene glycol) dehydration medium. All 
we have to replace in the simulator is the TEG 
solvent for DEG solvent. The scanning calculation 
system is totally identical, thus we do not have 

to re-build this system, only we have to re-write 
the limits of DEG concentration stepping onto 
new limits typical for DEG solvent. In this manner 
we will have two comparable databases, and 
using them we can perform extensive system 
analysis. 

It will not be very difficult or tiresome to prepare 
the set of diagrams using the Excel repetitive 
operations. When we visually overview the set 
of diagrams we can implement a kind of control 
over the program runs. This will be indeed quite 
significant, because such a huge data mass is 
fully automatically prepared in the background. 
However, control or check-up will be possible 
only after the program run is over. Review of 
the tendencies of the diagrams will allow us to 
identify, then eliminate or correct any defaults or 
errors and inconsistencies in program runs. 

C A L C U L A T I O N  O F  C O M P L E X 
T E C H N O L O G y  S y S T E M S 

Calculation of complex technology systems 
will be performed fully the same way. The sole 
difference is that more parameters may change 
and we need to implement a more extensive 
data export and data import. The scope of the 

Diagram no.5.: TEG Absorber column calculation, graphical process of results 
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calculation will be defined by the number of 
variables and the range fineness as well as the 
number of the import data we wish to evaluate. 
We present two examples for analysing more 
complex technology systems. The first is the 
combined analysis of TEG dehydration and 
regeneration [5,6,7,8] 

Glycol-type dehydration using tEG medium 
and tEG regeneration 
In this example the TEG absorber (described 
above) will be supplemented with the analysis 
of regeneration, i.e. the calculation is applied 
onto the inter-cooperating technologies of the 
absorption and the regenerator. The series of 
calculations will also be more extensive than 
before. In this example we analyse how water 

dew point and water content of the dehydrated 
gas are developing in case of variable parameters, 
but the analysis also covers the heat demand 
and temperature of the reboiler unit of the 
regenerator. Furthermore, we will also analyse 
the regenerator and the TEG content of the 
waste gas leaving the V-100 separator. 

Variable parameters: 
• feed gas pressure (between 40 -90 bar) 
• feed gas temperature (between 40 – 10 º C) 
• TEG volume (between 1000 – 3000 kg/h) 
•  TEG concentration (between 99,5 – 98 m/m 

%). 

Diagram no. 6. presents the simulation.

Diagram no. 6.: TEG dehydration and regeneration, PFD 
 

Table no.4.: TEG dehydration and regeneration, stepping schedule, lines 1-24. 
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The parameter stepping schedule prepared in 
accordance with the guidelines explained above 
contains 13 columns and 288 lines. As the table 
is so large, we can not present the entire table 
due to limitations in space, therefore we hereby 
present only the first 24 lines. Table no. 4. 
presents as it follows.

Table no. 5. presents the above data export 
(presented in Table no.4.) relevant to the stepping 
schedule, whereas Table no. 6. introduces the 
data import.
 

We can process the data base presenting the 
calculation results using the standard application 
and diagrams of Excel operations. We have 
prepared 48 diagrams in the example presented 
in order to offer a better visual display for the 
results. Diagram no. 7. presents four (4) among 
these diagrams. 

Table no. 5.: TEG dehydration and regeneration, data export relevant to the stepping schedule, lines 1-24. 

Table no.6.: TEG dehydration and regeneration, data import relevant to the stepping schedule, lines 1-24. 
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The upper two diagrams present changes in 
the water dew point in function with the TEG 
concentration and TEG volume, whereas the 
lower shows the changes in the water content 
expressed in mg/m3 unit in function with the TEG 
concentration and TEG volume. 
The result of this calculation is a database table 
containing 288 lines and 48 diagrams. 

Summary
The paper describes a useful application 
expansion based on the programmability of the 
Hysys process simulation software, during which 
we set up a mutual and unambiguous automatic 
interface (from data flow aspects) between MS 
Excel and Hysys software with the help of the 
so-called HysysBrowser professional interface 
software. Using this interface we will be able 
to perform a series of automatic simulation 
calculation controlled from MS Excel. We will 
display the series of results presented in the 
simulator in MS Excel, automatically exploiting 
the fine-tuned functionalities of the system. 
We may also say that we supplement the 
fairly moderate display and data management 
capacities of the process simulator with the 
professional functionalities of MS Excel. 

As the result of such calculation series we can 
set up a very large set of structured data, in fact 
often a real data base for the specific simple or 

complex technology equipment under analysis. 
The referred database will allow the definition/
analysis of the optimum and unfavourable 
operational ranges of the given technology 
system. This mass of data can be very valuable 
for the operator of the given system. 

The presented calculation process is mainly a 
communication method between HySyS and 
Excel, the limits of its use is only the imagination 
of the users. It can be used successfully in the 
following applications:

• Material and Energy Balance Tables
• Equipment Data Sheets
• Case Studies
• Excel/HySyS inter-calculations
• Optimization using Excel tools
•  Communication with other applications 

through Excel
• Simplified model interfaces
• What-if Scenarios.

Implementation of the calculation performed 
in accordance with the above guidelines will 
require significant considerations specifically in 
case of analysing extremely complex systems. 
The automatic simulation may run into unrealistic 
ranges and may get stuck. It is very essential 
that the calculation will run practically without 
operator’s control primarily due to automated 
runs. As a consequence particular care should be 
taken for evaluation and control of results. This 
may lead to a serious challenge during the control 

Diagram no.7.: TEG Absorber column calculation, graphical processing of results 
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if the database contains several thousands of 
lines. Control is one of the good methods, when 
we generate a large set of diagrams in addition 
to the data shown in the tables. Analysing the 
tendencies arising from the diagrams we can 
get a quick overview regarding the quality of the 
program runs. However, the most critical thing is 
the control of the result data with hard measured 
data. 

We presented the applicability of the method 
through examples of application. 
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Abstract
Oil production practically is the reali
sation of the (extra) profit captured 
through exploration. Geological explo
ration secures the higher than average 
profitability for the upstream oil com
panies. Geological exploration is a high
risk highreward operation. 
Exploration is a process with phases 
strictly built on one another starting from 
the block acquisition until production 
startup. The exploring company finds 
itself in a decisionmaking position prior 
to every step, and such step always 
require further costs: it either allows all 
past costs to lose and abandon further 
exploration in the block, or, hoping 
for the final success, carries on with 
exploration assuming the subsequent 
costs. Decisions are supported with 
economic calculations. 
Costs of further and risky exploration 
(that can be moreorless precisely 
predicted) are put into one of the 
scales, whereas the financial result, in 
case of success, into the other. Almost 
every dominant element of the second 
scale is no more than estimate based on 
subjective (less reliable) factors. Half of 
the elements are specifically connected 
to exploration, like probability of 
discovery, type of the reservoir fluid, 

and site of the reserve. In case of 
geological success the revenue size is 
uncertain; as we do and can not know 
the future costs of field development, 
and production can be forecasted only 
with a significant degree of uncertainty, 
moreover, there is practically no way 
to predict the future oil and gas prices 
for the next 1525 years. The final result 
of the economic calculations used for 
supporting the decisions is the net 
present value of the given portfolio 
elements (weighted with probability). 
As we have no more precise method the 
world has no choice but applying this 
methodology for supporting exploration 
decisions. According to international 
practice decision are however adopted 
not exclusively on the basis of this 
single figure, as it primarily has an 
orientate role, typical parameters of the 
given exploration object and how it can 
fit into the company’s portfolio are also 
taken into account prior to decisions. 
The article will introduce the speci
fi cations some inconsistencies and 
disputable theoretical approaches of the 
currently applied method, as the existing 
„best practice”. We will also present an 
approach focusing on the geological 
exploration process and its results, 
which we think can facilitate removing 
the subjective factors and enable us 
reducing the role of uncertainties not 
related directly to exploration (e.g. oil 
price forecast), thus giving support 
and help to the efforts of the decision
makers. 

tamás Vincze, Dr.
Advisor of Field Development and Production, MOL E&P
US, Middle East, Africa and Caspian Region
E-mail: tavincze@mol.hu
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Introduction
It seems that oil companies can make their ext-
ra, higher than average profit from oil production. 
Significant results can indeed be realised 
through production optimisation, development 
and application of new methods, and adaptation 
of EOR and IOR methods. We can turn certain 
reserves that were deemed as unprofitable by 
applying technical solutions, along with the 
traditional methods (and at low oil prices) still 
profitable. We can secure higher recovery ratios 
and increase recoverable reserves. 

The said solutions allowing additional pro-
fit can however be applied only onto fields 
already discovered. The basis for the entire and 
profitable process is the oil (or gas) field already 
discovered. Exploration of oil reservoirs is a high 
risk operation, and if we look at global statistics 
we can see that every discovery is accompanies, 
as average, with 3-6 unsuccessful wells. It is a 
global tendency that all large fields have been 
discovered in the oil provinces offering favourable 
circumstances for exploration, so we have left 
with chances to discover only less attractive 
fields. Larger fields can only be discovered under 
significantly less favourable conditions, and this 
might arise from the following: 

•   exploration uncertainties (e.g. we should 
„look” into a reservoir located under several 
thousand meter wide salt layer with the help 
of seismic), 

•   technical difficulties or extra high costs (e.g. 
great depth combined with more than 1500 
meter deep water), 

•   production difficulties (e.g. minimum 
permeability, ultra heavy crude oil), 

•   limited opportunities for selling the produced 
oil (e.g. lack of infrastructure). 

Unfavourable parameters usually appear together 
in package, e.g. one of the most significant recent 
discoveries [1] is 5-8 billion barrel recoverable 
oil, located in the Brazilian offshore, water depth: 
2200 m, below a salt formation with thicker than 
2000 m, reservoir depth: 5500 m, containing 
large saturated gas with CO2 content. 

Evaluation of 
hydrocarbon 
exploration 
opportunities 
Exploration of hydrocarbon reservoirs is a high 
risk operation. The process usually begins with 
the selection of the exploration area and ends 
with the completion of the appraisal phase. After 
each step there is a chance for losing all the works 
(and money) invested until then, with no tangible 
result. Before we enter into the next phase, we 
always face a decision-making situation. We 
must decide whether to continue financing the 
exploration with further expenditures, or it is 
more reasonable to abandon exploration, and 
writing off the past costs as loss. Oil companies 
now support such decisions not with geo-
scientific arguments, but they try to determine 
perceptivity of the given exploration using with 
economic calculations. The basis for such 
economic calculations is the estimates prepared 
for the exploration costs (eventually as loss), 
probability of successful exploration, and these 
are compared with the income potentially earned 
from the exploitation of a successfully discovered 
reserve. Major companies are widely applying 
the following complex evaluation method, with 
elements based on one another: 

1. Experts of geology 
a.  estimate the chance of success for disco-

ve ring oil or gas in an object that is selected 
and deemed promising based on this or that 
approach 

b.  determine, through Monte Carlo simulation – 
as rough estimate, usually using parameters 
defined on the basis of distant analogues – 
the recoverable reserve in each range (P10, 
P50, P90)

c.   prepare and time an exploration program that 
can verify the existence of hydrocarbons. 

2.  the reservoir engineering experts 
(petroleum engineers) 
a.  estimate the parameters of the reservoir 

fluids, 
b.  prepare a production line based on the 

recoverable reserve, and 
c.  determines the underground and surface 

facilities and works that are required for 
production, based on an assumed well 
capacity. 
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3. The technology and procurement experts 
a.  prepare a price list for the exploration prog-

ram based on the local standard prices, 
b.  time and prepare a cost estimate for the 

eventual production project. 

4.  The production experts will prepare a fore-
cast for the operation costs (OPEX) for the 
next 15-25 years. 

5.  The economist will start from the data re-
ceived and apply the taxation and fiscal 
system in effect in the given country/
region and the 20-25 year oil/gas price 
and yield forecast of his company, and will 
thus calculate the key economic indicators 
of the eventually implemented exploration-
production project (e.g. NPV, IRR, etc.) 

  
6.  The risk analyst will apply the exploration 

costs, probability of success of exploration 
and the production project NPV and thus 
calculate (in accuracy of several decimals) 
the total (exploration-production) project 
ENPV and other parameters. Sometimes 
a limited sensitivity analysis is also part of 
such calculations. 

7.  The decision-maker will dominantly start 
from the ENPV and the company’s financial 
position and strategy, and will either give 
green light to or reject the exploration pro-
ject. 

The key of the generally applied methodology is 
that only the first step (supplemented with the 
definition of the exploration costs) is focusing 
on the exploration itself, all subsequent steps 
form a multiple-step process based on a fairly 
uncertain assumption. 

Details 
presentation and 
critic of the applied 
method 
H O W  T O  D E T E R M I N E  T H E 
P R O B A B I L I T y  O F  S U C C E S S 
( P O S )  I N  E X P L O R A T I O N 

Several events should occur parallel or in a 
proper sequence in order that a crude oil/gas 
reservoir can develop: 

•   Rocks with high organic material content 
have to be evolved in sizeable mass. 

•   These rocks had to be during the pre-historic 
ages under pressure and temperature 
condition, which enabled the oil/gas 
generation. 

•   Once crude oil/natural gas is generated it 
had (dominantly) to migrate into a poorhouse 
layer, driven by gravitation, where the 
geometry enabled the evolution of the 
„critical hydrocarbon density”. 

•   This reservoir had to be „capped or locked” 
by a cap rock, which prevented further 
migration of hydrocarbon, and enabled the 
accumulation of hydrocarbon. 

•   The generated/accumulated hydrocarbon 
had to remain in the trap in its original form, 
i.e. it did not migrate further following the 
accumulation. 

When exploring hydrocarbon reservoirs we 
analyse how the said conditions can be satisfied, 
more precisely, what the probability is to pa-
rallel satisfy these conditions. According to 
international practice, we can define the 
probability of success that first we define the 
probability of the existence of these conditions, 
and the product of multiplication of the individual 
probabilities is the probability of success for 
the exploration. (In case of frontier exploration 
some companies follow the practice that they 
separately analyse the probability of evolution 
of the play (hydrocarbon system and within the 
play the probability of evolution of the reservoir 
(prospect)); and in this case the product of 
multiplication of the two probability figures is 
the probability of success of the exploration). 
As a first approach, the definition of probability 
of success seems as an objective method, 

 a. Possibility of Success
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applicable for judging the probability of success 
in specific exploration projects and prioritising 
various exploration possibilities. Unfortunately, 
the method contains also too many subjective 
elements. Almost every company is (more-or-
less) applying different methodology. 

The required conditions as enlisted above are 
put into 3-5 main categories. 

The following definitions can be found in every 
analysis: 
•   trap – it usually assumes the existence of geo-

metry, but there are regulations where even 
cap rock has some probability in this category 
(there are analysis that time is also allocated to 
the trap – i.e. trap might contain hydrocarbon 
even today), and 

•   reservoir – it usually means the existence of a 
rock with some porosity, but sometimes the 
conductivity of the rock is also included into 
this concept. 

Categorisation of the other conditions shows a 
much less consistent picture. 

•   For example, the Norwegian Petroleum 
Directory (NPD [2]) treats source rock, 
kitchen, migration and timing aggregated 
into one single parameter. Regulations in 
other companies these form in two or three 
separate conditions or concepts. 

•   In some companies cap rock is an 
independent condition, but referred to not 
as cap rock, but as seal (e.g. BP Exploration, 
Saudi Aramco, Oriel Petroleum). 

•   There are regulations also describing the 
chance for the current existence of a hydro-
carbon reservoir that had evolved long ago 
(preservation), i.e. that the accumulated 
hydrocarbon has not migrated through a 
new fault that emerged much later, or it was 
not flushed off by sweet water, or it did not 
become the victim of a bio-degradation (e.g. 
PETRONAS, TPA, INA). 

•   Recommendation of CCOP (Coordinating 
Committee for Coastal and Offshore Geo-
science Programmes) [3] in 2000 combined 
the conditions above Trap and Reservoir into 
two (2) parameters (hydrocarbon charge and 
retention after accumulation). 

Companies most often apply the 5-parameter 
method (Trap, Reservoir, Seal, Migration, Timing) 
e.g. the REP® program [4] widely applied in the 
oil sector, where the existence of the Play also 
ought to be investigated, as a supplement or step 
one, using the 3 parameters (Reservoir, Source, 

Regional seal). This includes the Source – which 
is missing from the prospect evaluation. 

Probability of existence of various parameters can 
not be exactly defined, the subjective judgment 
of the geologist-geophysicist who prepares the 
estimation has an enormous role. This is how it 
can easily happen that one company identifies 
15% another 7% probability of success for 
the very same exploration object, using the 
same database, and having very similar level of 
information (similar variances in probability of 
success can easily occur in case of explorations 
with higher risk factors). Significant deviations in 
the evaluation results can make the comparability 
of results and applicability of conclusions onto 
economic calculations questionable. 

The main issue is that quantification and manage-
ment of the probability is quite far away from our 
day-to-day mentality. It is indeed fairly difficult 
to explain and justify what the real meaning and 
message of is when we say 60% probability of the 
existence of a trap. This is why companies often 
apply other forms of support for quantifying the 
probability of certain parameters. The essence of 
one of such methods is that the existence of a given 
parameter (e.g. Reservoir) is put into a category 
(e.g. Sure, Excellent, Very good, Good, Unreliable, 
Bad, Very bad, Not perspective). INA [5] is applying 
percentage figures for quantifying the probability of 
success in various categories (100, 90, 79, 63, 50, 
40, 32, 25, 5). In other solutions a table is used that 
contains a situation associated with a percentage 
figure. For example, CCOP’s definition [6] is 70-
80% as the probability of success: „Condition is 
most probable. Data control and quality is good. 
Most likely interpretation.” This approach however 
includes one more usual problem, the probability of 
success should also contain the level of information, 
the quality of existing data and the reliability of 
evaluation. 

An (eventually) different level of information 
implies further uncertainty. For example, 60% 
probability of timing has a totally different 
meaning if we estimate it based on two former 
2D seismic lines versus if we define it using a 
precisely processed 3D. The first case contains 
the chance for a higher/lower probability, 
whereas in the second case we have exhausted 
all (pre-drilling) possibilities, and still there is a 
very critical element of uncertainty. In case of 
identical POS (if other parameters so require) 
it is worthwhile drilling, or implement a 3D 
measurement while in the second case finding 
another drillable object seems more reasonable. 
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The presented method was further developed, 
and this upgraded version was introduced by 
Robert K Merill [7]. They applied a 5-factor model, 
and determined the probability interval for every 
factor using a triangular standard deviation. The 
result showed a nearly standard deviation for 
the probability of success. The following table 
presents the initial data and the result of the 
calculated POS standard deviation: 

The method in fact does not provide more 
accurate and more reliable results for POS, 
but it informs us that POS calculation is in itself 
carrying a high level of uncertainty; and it can be 
clearly seen that changes of certain factors within 
the range deemed potentially feasible can cause 
significant deviations in the final POS values. 

There is also another but less „scientific” 
approach, this is what we heard from Thamir 
Ghadhban, the senior oil advisor of the Iraqi 
president at the official lunch of SPE 2007 
Congress: 530 structures were identified in 
Iraq using surface mapping methods, among 
these 155 have so far been drilled and in 115 
cases we have made discovery of commercially 
recoverable oil/gas, and this means 74% 
probability of success. As far as the future is 
concerned we can also calculate with this 74 % 
success rate. Thamir Ghadhban proposed this 
method in the conference of CERA in Istanbul 
2006 [8].  A similar approach was recommended 
in the farm-out bid in a Nigerian offshore block, 
where the proposal was to apply the probability 
of success calculated from the results of wells 
drilled in the vicinity of the block. 

Based on the above we can come to the conclusion 
that there is no objective and generally applied 
methodology, which can help us in arriving a fair 
and qualified judgement regarding the probability 
of any exploration object – as the final outcome 
of such analysis. 

Recoverable reserve. Experts usually determine 
the geological or initial reserve in place using the 
Monte Carlo method, based on volumetric reserve 
calculation. The initial formula for oil is as it follows: 

We can get the Vrock rock volume, if possible, 
from planimetry, if not, from ground area and 
average thickness. Following the estimate on the 
„spill point” depth and the spilling rate we get 
an interval, and the probable trap volume can be 
defined within this interval.

Experts estimate the range for porosity (φ), 
affectivity (heff/h) and water saturation (Sw) based 
on analogue. 

The formation volume factor (Bo, Bg) is phase 
and pressure/temperature dependent. First we 
should estimate the type of the reservoir fluid 
(gas or oil, saturated or unsaturated), then we can 
draw conclusions for the pressure/temperature 
from the depth and then we arrive at the three 
applicable parameters (Bo, Bg, Rs). As we have 
no or very little information, we can only assign 
again only certain intervals.b 

Very often we can not forecast the type of the 
reservoir fluid, i.e. oil or gas. In this case we 
should perform the Monte Carlo simulation 
also for oil and gas, then we should calculate 
probability for the existence of oil and gas 
(e.g. in case of discovery, the chance for oil is 
70%, and for gas 30%), and then we should 
run calculations all the way with two potential 
outcomes. In most cases reserves with 10, 50, 
and 90 % probability are announced (P10, P50, 
P90), and in subsequent steps P50 reserves are 
generally used for calculations. The triple result 
can well demonstrate the uncertainty in reserve 
calculation, as the P10 reserve is quite often 
more than ten times more than P90. 

According to general practice Monte Carlo 
simulation, used for calculating the geological 
reserve in place, is added with another parameter, 
recovery ratio. The interval is usually defined with 
the generally used value, without any special 
calculation. This practice is bad also theoretically 
– the geological reserve is the projection of an 
object that exists independently from us. Recovery 
is however always technology-dependent. For 
example recovery from an oil reservoir can be even 
doubled depending whether water injection method 
can be applied or not. In case of gas reservoir the 
initial reservoir and minimum well head pressure 
can usually have the dominant role. 

 Trap Reservoir Seal Timing Source POS
Minimum (P90) 65 67 95 85 95 42
Mean (P50) 79 72 97 90 98 51
Maximum (P10) 98 98 100 95 100 66

Multiplying the adequate (minimum, mean maximum) values we get 
33, 49, 91 % POS values.

 b.  The present article does not address the types of distribution functions proposed for defining various parameters; firstly the topic is larger 
than the limited scope of this article, and secondly, the types of distribution will have no effect onto the final conclusions laid down in this 
article
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P R E P A R A T I O N  O F  T H E 
E X P L O  R A T I O N  P R O G R A M 
A N D  B U D G E T 

Exploration costs usually tend to increase as time 
during the exploration program elapses; when the 
blocks are selected we in most cases can access 
to public or relatively inexpensive databases and 
in-house studies. Once the exploration block is 
acquired, direct cost emerge; in many places a 
so-called signature bonus should be paid, branch 
office opened, and obligation assumed for 
implementing a minimum exploration work prog-
ram. Such minimum program – which is not always 
enough to determine the potentials of the block  
– generally implies studies, precisely defined 2D 
and 3D seismic measurements, and drilling a 
wild cat to a specific depth. It is reasonable to 
assume, instead of the minimum program (as it 
is always laid down in the agreement), another 
program, which is indeed applicable for reaching 
a clear-cut conclusion regarding the exploration 
potentials of the given block. The exploration time 
schedule is prepared by the party implements the 
exploration (it might need to be adjusted to some 
extent due to lack or shortage of capacity), and 
the emerging exploration costs can be relatively 
precisely forecasted (at least compared to the 
other two factors, namely the probability of 
success and eventually discovered reserve), 
however it is fairly difficult these days to secure 
rigs and seismic measurements teams under 
the recent circumstances due to the global lack 
of rig capacity, or prices are often significantly 
higher than any conservative estimate. Anyway, 
prognosis for time schedule and costs can be 
relatively precisely prepared. 

H y P O T H E T I C  F I E L D 
P R O D U C T I O N  P R O G N O S I S 

A production/field development strategy should 
be prepared for the field that has the reserve 
„calculated” by the exploration experts, using 
the Monte Carlo simulation. We should decide 
the development methods to be applied, and 
what recovery ratio we assume. 

We can calculate a production line arising from the 
field development strategy using programs based 
on material balances with various complexity (or 
perhaps on reservoir simulation) (E.g. PETEX®[9]), 
but the results are uncertain due to high number of 
unknown factors (e.g. initial pressure and tem pe-
rature, size of the water body, pressure correlation 
with the PVT parameters, etc.), and if only one 
single estimate is wrong we may easily arrive at 
a totally useless outcome. This is why production 

lines are usually generated using the rule of thumb 
– thus we can avoid the chance of orbital mistakes 
or errors. The QUA$TOR® [10]  program is widely 
applied in the oil business and it has the following 
data determining production line: 

•   the annual peak capacity of the field (8-12 % 
of the initial recoverable reserve) 

•   time from the first production until reaching 
the peak production (1-3 years) 

•   duration of the production plateau (4-7 
years) 

•   duration of production (15-20 years). 

The above four parameters can unambiguously 
determine the field production. If there is any 
specific circumstance, it is wise to use an 
EXCEL® program for forecasting. So we can 
consider also other parameters in addition to 
the above conditions (e.g. abandonment yield, 
annual decline in the recovery ratio, etc.). The 
best example for another approach is the input 
data and output results of the Crystal Ball® [11]  
frame program, usually used for estimates. 
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The next task after the preparation of the field-level 
production line is the calculation of investments 
that are required for implementing the production 
line. We should identify the exploitation strategy, 
the production/injection well ratio for the oil 
reservoirs, the surface facilities arising from the 
peak capacity and the key parameters of the 
infrastructure that is required for sending the 
production to the market (pipeline, roads, railway 
track, etc.). Among these parameters we can 
prepare the less reliable estimate for the number 
of wells. We may also estimate the initial well 
flowrate based on questionable presumptions, 
and from this we can estimate the volume of the 
oil/gas that can be recovered from the well during 
the total production period. (The QUA$TOR® 
can define the number of wells required for the 
production from this volume). The final outcome 
of such estimates will be the description of the 
production line, the number of wells, capacity 
needs, and other required investments, and, 
in addition, the detailed presentation of other 
circumstances (e.g. H2S content, inlet pressure 
of the transmission pipeline, etc.).

C A P E X  A N D  O P E X  N E E D  O F 
F I E L D  D E V E L O P M E N T  A N D 
P R O D U C T I O N

Once we know the peak capacity and the 
number of required wells we should calculate 
the costs for the field development, including 
the wells, implementation of surface facilities 
and infrastructure and pipelines and roads for 
sending the production to markets - broken down 
to years. We should estimate the time period 
required between the date of the decision on field 
development and the date of the first production. 
We can easily think that the investment market 
in the oil sector is a global market, but there are 
significant price differences between 
the countries and regions within them. 
The database of the QUA$TOR® prog-
ram (to be updated every year) enables 
us to prepare estimates for such project 
costs. Experiences demonstrate that the 
QUA$TOR® can present the costs of a 
company with average quality and safety 
parameters. If a company spends more 
than average for quality assurance and 
safety can easily be 25-30% higher than 
the predicted budget. Drilling costs of 
wells can often be even ± 20% different 
to the figure estimated by QUESTOR® 
due to the apparent lack of capacity 
prevailing in the given region. 

Forecasting the production costs is indeed a 
challenge, as we have no reliable solution to 
this problem. We try to predict the production 
costs for 5 – 7 years starting from the date of 
estimations and for an additional 15 – 20 years, 
based on local specifications. Oil provinces 
are typically located at „hot” spots regarding 
security and official and in-official costs of 
defence or protection can vary depending on the 
then prevailing situation, and though local labour 
is as today relatively inexpensive, but escalation 
in this area has higher than usual chances. 
We can never know the level of ’sponsorship’ 
expected from the state in this respect in order 
that security can be guaranteed. All predicted 
costs can be accepted only with the said factors 
of uncertainties. 

C A L C U L A T I O N S  O F  T H E 
P R O J E C T  R E V E N U E S 

We can calculate the revenues earned from 
marketing of the produced hydrocarbon on the 
basis of the long term oil/gas price prognosis. 
Every company prepares the oil/gas prognosis, 
starting from various assumptions, and they all 
keep such data as strictly confidential. I am sure 
that no company had in 1996 December – when 
the crude oil price was at 27 USD/bbl level – 
prognosis predicting the 11 USD/bbl price by 
the end of 1998, and neither was any forecast 
foreseeing this price would be nearly 15 times 
higher not longer than within 10 years (145 
USD/bbl). All forecasts are in this respect fairly 
uncertain, as it is clearly demonstrated by the 
relevant figures shown in the annual forecasts 
and the actual annual prices presented in the 
report prepared by the analysts team (EIA 
Energy Information Administration) of DOE (US 
Department of Energy) (see picture below).
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It can be easily seen that the institute has been 
practically unable to come out with any forecast 
that could be deemed as acceptable for a period 
longer than three (3) years, though it has far the 
largest database and analyst background. Bill 
Hudson published [12] this chart March 7, 2008. 
At that time the WTI oil grade price wich was 
88 USD. (The chart shows 72 USD/bbl price is 
the product of discounting of the 88 USD/bbl 
price for early 2006). When I started to collect 
the information for this publication in July 2009, 
the oil price was as high as 145 USD/bbl – with 
discounting it is 118 USD, and this is already 
higher than the maximum figure we can display on 
the chart. What is typical for the referred situation 
is that half of the analysts expect the blow-out of 
the oil price bubble – and oil price will stabilise 
at around 100 USD/bbl, whereas the other half 
can easily imagine oil price at even 300 USD/bbl 
level. What is for sure, all companies are applying 
some kind of oil price prognosis and calculated its 
revenue on its basis broken down to every year. 
None of the concepts became true later in real 
life. The following diagram presents changes in 
Brent prices between 2005 and 2009 May. [13].

Neither could be changes exceeding all-time 
growth rate starting February 2007 nor “nose-
diving” between July and December 2008 be 
predicted. Despite this obvious “unpredictability” 
every oil company is applying some kind of oil 
price prognosis for calculating the eventual 
future income form the exploration program 
broken down to years. 

H O W  T O  D E F I N E  T H E 
P R O F I T A B I L I T y  F O R  T H E 
E N T I R E  E X P L O R A T I O N 
P R O J E C T

The basis for calculating the company’s annual 
net (after taxes and other payables) cash flow 
is the total expenditures and revenues, in 
accordance with the taxation regime in effect 
in the given country for long term (?). Taxation 
regimes are quite different country-to-country. 
These regimes can be categorised into two 
major groups: the extra profit is taken away 
from production companies either following the 
production sharing method or the general rules 
of taxation. It is typical for the production sharing 
agreements (PSA) that costs can be written-off 
from the price of production (cost oil), and the 
state and the contractor will share the rest of 
the oil or the income gained form such oil (pro-
fit). In the other solution the state takes away 
its share in the form of mining royalty and taxes. 
The state’s share from the produced oil can be 
quite sizeable; and the following chart presents 
such shares that can be regarded as typical in 
certain countries: 

Source: Lambert Energy Advisory  200814
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The chart is, of course, not absolutely correct, 
as the rate of taxation and other payables may 
change project-by-project and also in time, and it is 
primarily subject to the key project parameters, but 
other factors can also have impacts, like the size of 
the project, the applied production technology, the 
rate of return (pay-out) indicator of the exploration-
production project in the given year, production 
levels and long term oil prices, etc. 

According to general evaluation practice, a 
company’s annual net cash-flow is determined 
on the basis of the standard conditions in effect 
in the given country or the agreement signed 
for the given block. Calculating expenditures 
and revenues and using these figures the NPV 
is then determined applying the discount factor 
relevant for the given country and typical to the 
company’s expected rate of return. Then ENPV 
(Expected Net Present Value) is calculated from 
this NPV, and the success ratio of the exploration 
and its costs. This figure is the essential output 
of this total process. There is, of course, a whole 
set of additional economic indicators (discounted 
pay-out time, highest exposure, internal rate of 
interest), and we can also prepare sensitivity 
calculations, but the final decision is (usually) 
based on the ENPV, and geological and technical 
considerations are only taken into account with 
a limited extent. 

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

As it can be clearly seen from the presentation 
of this method we prepare calculations with high 
level of accuracy and for 15 years (or longer) 
using inherently uncertain basic data. Perhaps 
geologists are the closest to reality, as they 
develop the geological model and the play 
concept from the available basic information, 
and define the parameters for the Monte Carlo 
reserve calculation and the arising reserve size. 
Any estimate for the probability of success in 
percentage is nothing more than illusion but as far 
as its character is concerned, it can be deemed a 
correct effort – assuming fair geological analysis. 
Steps following this work phase are based on 
increasingly more uncertain assumptions – start-
ing with the definition of the production line, 
then implementation and cost schedule, oil price 
forecast, etc. Following this work we have many 
calculations, looking as exact results, and they 
cover the key point of the processing, namely the 
key questions of an exploration project. This is 
why the two critical assumptions that define the 
success of exploration, the probability of success 
and the reserve site – do not play dominant roles, 

and ENPV will become the determining factor, 
though it is calculated through a long chain of 
exercises based on uncertainties.

The proposed 
method 
As the proposed method describes, I would 
recommend investigating three (3) complex 
parameters instead of one, though this one gives 
us the illusion of accuracy, when a decision is 
adopted for acquiring an exploration block. The 
said three parameters: 

•   Type of exploration 
•   Cost of exploration 
•   Expected real share from the produced 

hydrocarbons. 

Type of exploration: we know the exploration 
area and we are aware of the chance of success 
provided by the exploration in the given block. We 
have presented that no figure can be accepted 
as a so-called exact value with 2-3 decimals 
for the probability of success calculated from 
the multiplication of probability of 4-6 factors 
or conditions (not unambiguously defined). It is 
for sure that definition of the probability factor 
of every condition contains several subjective 
elements, and the POS as the product of the 
multiplication of such probability values does 
not necessarily describe the genuine risk of 
exploration. It is quite probable that several 
evaluation experts would arrive at significantly 
different POS figures despite they evaluate the 
exploration as a whole quite similarly. The best 
is to start from the assumption that geologists 
in most cases have very similar judgement on a 
given exploration, and they are able to relatively 
unambiguously categorise the exploration into 
any of the following five (5) groups. 

•   Frontier (e.g. a block, where no oil has so 
far been discovered in the vicinity, but 
generation/accumulation of oil can be quite 
possible based on geological analysis); 

•   High risk (e.g. a block, where existence 1-2 
conditions (kitchen, trap, timing, reservoir, 
migration) is quite doubtful, but can no way 
be excluded either); 

•   Risky (e.g. a block, where some kind of 
exploration has already been conducted 
in the vicinity, but no discovery has been 
reached, but there are some wells with 
traces, oil leakage, and existence of the 
source rock can also be assumed); 

•   Low risk (e.g. a block, where there are 
discoveries in the vicinity, and the un-drilled 
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structure can be reliably identified using 
seismic); 

•   Almost risk-free (e.g. a block, where there 
is a well (with oil traces) crossing a seismic 
confirmed structure at flange position). 

These categories should in the future, of course, 
be defined in more details than explained 
before, and the set of criteria should be more 
unambiguous. The descriptive-type (analogue) 
probability of success is better than the digital, 
as it enables us to more easily get results that 
are acceptable and defendable for every party 
(for categorisation) – contrary e.g. to the 83 or 
92 % assumed probability of a trap, however this 
can not be disputed and defended. 

The need of exploration cost (x km 2D, y km2 3D, 
z wells, n G&G study) is arising from the required 
exploration program, and these costs can be 
fairly well defined, and no sudden escalation 
in the contractor fees can be expected within 
a few years, so cost estimates can be quite 
reliable. The issue here might be the minimum 
work program (and expenditure) assumed in the 
contract is usually insufficient to make a clear 
and reliable decision regarding the success or 
failure of an exploration. Total exploration costs 
may be relevant information that can support the 
decision-making process. 
 
E X P E C T E D  R E A L  S H A R E 
F R O M  T H E  P R O D U C E D 
H y D R O C A R B O N S 

The taxation regime can be calculated, as 
a first approach, from the chart presented 

previously. We can get a more accurate (or 
seemingly more accurate) result, of we take the 
recoverable reserve into account, estimate the 
unit CAPEX and OPEX using analogue examples 
and include the company concept about future 
oil price movements into our calculations. We 
may obtain enough information for preparing a 
specific economic calculation with a fairly rough 
approximation: 

•   we can fairly easily define production (e.g. the 
annual peak is 10% of the initial recoverable 
reserve, 2 years for the running-up, 5 years 
for the plateau and 8 years for the depletion 
cycle). 

•   we can calculate the costs broken down 
to years using the unit CAPEX and OPEX 
figures (these figures can be more-or-less 
accurately estimated using the local specific 
circumstances) applying simple assumptions. 
For example: CAPEX will fully emerge prior 
to the production start-up date, and its lead 
time will be 2 years, and we allocate the 
OPEX in equal portions for a total 15 years 
as the forecast period. The abandonment 
cost will be 15% of the CAPEX. We can not 
commit a major mistake with huge effect 
onto the results with such estimates (the 
unit CAPEX and OPEX is usually within the 
range of 5 and 20 USD/bbl), if we take the 
potential sales price, well over 100 USD/
bbl, into consideration. 

Now we present a simplified production and cost 
line as explained above (base data are marked 
with red colour). 
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This production and cost line can be fully 
automatically prepared and it can supply sufficient 
information (with adequate accuracy) for defining 
our expected share from the production. This 
volume or our share from the recoverable 
reserve can be estimated at least with the same 
accuracy, as the reserve itself. 

The company’s real share from the produced 
hydrocarbons is a more useful information than 
•   recoverable reserve, because the exploration/

production company can have net income 
only from the oil profit as a consequence 
of the receiving country’s taxation regime. 
There are examples where the host country 
takes away more than 90% of the produced 
oil (consequently the exploration/production 
company’s share from the production is lower 
than 10 %), and where only mining royalty 
and profit tax should be paid – which might be 
lower than even 40% (here the exploration/
production company’s share is as high as 
60%). As far as the final result is concerned, 
the company can get in the latter case six times 
more oil from the same recoverable reserve – 
i.e. six times higher income; 

•   discounted cash flow, though it contains the 
company’s profit expectation, it is seriously 
downgraded due to its low reliability and is 
under the influence of the crude oil price, which 
is never predictable at acceptable accuracy – 
so we may state that the then prevailing oil 
price forecast has in fact the greatest impact 
onto the profitability of exploration. 

The proposed method has the benefit that it is 
transparent and focusing onto the essentials of 
the exploration project. As a result of this focus 
the concepts can be seen and understood, 
conclusions discussed, and opinions and 
proposals defended. 

According to the proposed evaluation system an 
exploration opportunity would be best presented 
for the decision-makers as it follows: 

We can acquire a low risk exploration opportunity 
at Cameroon offshore, the exploration cost would 
be 50 million USD, the company’s estimated 
share from the recoverable reserve would be 
within the range of 15-40 million bbl [P90-P10]. 

It would, of course, be reasonable to provide 
details and explanation to the proposal 
(exploration cost broken down to years, partners, 
operatorship, in case of success starting date of 
production, market opportunities, special risks, 

etc.), but the said three parameters are suitable 
for giving support to higher-level (primarily 
not professional) decisions – in line with the 
company’s strategic concepts, risk-embracing 
capacities and financial situation. 

During the past 15 years I have been involved 
into the evaluation of more than 100 exploration 
opportunities and it has helped me a lot in 
preparing this presentation. As I have prepared 
the production lines and the CAPEX and OPEX 
forecasts, I have been a kind of interface between 
the geologist/geophysicist colleagues and the 
experts who prepared the economic and financial 
analysis. I could also participate, sometimes as a 
mediator, in developing a common language and 
mentality between the two areas with typically 
different mindset and highlighting different focus 
points. During the professional consultations I 
have received for this article several inspirations 
from both sides, and I would wish to take 
this opportunity to express my thanks to my 
colleagues for their help, on one hand to Mrs. 
Gizella Bagoly Argyelán and Mr. Elek Turtegin, 
and, on the other hand, to Messrs József Grill, 
Messrs Tamás Papp and Messrs Viktor Sverla. 
I own special thanks for Károly Szengyörgyi, Dr. 
as he checked the article form a professional 
aspect and his comments incorporated into the 
wording. 
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