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ABSTRACT
At first sight, 2013 was not an especially 
exciting year for the world economy or 
energy markets. But the underlying trends 
point to potentially far-reaching changes. 
On the one hand, slow oil demand growth 
and rising unconventional hydrocarbon 
supply are powerful market forces, whereas 
technological progress (i.e. in renewable 
power generation, electric cars, etc.) could 

also lead to a profound transformation of 
the global energy industry. In this article, we 
begin with a general global macroeconomic 
overview, as well as a more specific analysis of 
the economic outlook in Central and Eastern 
Europe. This is followed by an assessment of 
the major trends shaping the global energy 
industry today. Finally, we look at potentially 
disruptive technologies, such as solar panels 
and electric vehicles, which could rewrite the 
rules of the energy game.

MACROECONOMIC OUTLOOK

THE WORLD ECONOMY:  
AS GOOD AS IT GETS
Any assessment of the challenges facing the 
global energy industry must be underpinned by 
an analysis of demand / supply forces, and the 
underlying macroeconomic trends. We think 
that global economic growth is close to cyclical 
highs, but it is nothing like the cyclical highs 
before the crisis. The global financial crisis has 
ended, but scars remain... For a change, now it 
is emerging markets that are showing signs of 
strain. Over the past few quarters, even large 
emerging economies such as Brazil, Russia, 
India and South Africa, and, to some extent, 
China have been slowing down. Meanwhile, 
the OECD’s economic outlook has somewhat 
improved although fundamental problems 
such as the credit overhang still limit growth 
potential. The United States, in particular, is 
in a very competitive position, thanks to an 
abundance of cheap energy and a flexible 
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labour market. Overall, the medium-term 
prospects of global growth are more promising 
than they were in 2008 since major imbalances 
have been mitigated.

The Eurozone also exited its recession in 
2013, but the recovery is far from robust. The 
European credit and currency crisis has not 
been resolved, although the immediate risk 
of market turbulence has eased significantly. 
Nevertheless, the necessary political will to 
realise grandiose plans such as the fiscal union 
is still lacking, while the legacy of bad loans 
may hinder future growth. Unemployment 
has stabilised at a high level, reaching an 
average of around 11% for the EU as a whole. 
It remains the most pressing issue in southern 

periphery countries; for example, in both Spain 
and Greece it is above 25%. By comparison, 
Central and Eastern European (CEE) countries 
rank somewhere in the middle (although 
Croatia stands out with 18%). The Eurozone’s 
outlook is therefore clouded by uncertainty, 
sluggish growth and persisting internal political 
tensions.

CENTRAL AND EASTERN EUROPE: 
DIFFERING GROWTH TRAJECTORIES
Most CEE countries came out of recession in 
2013. However, there are distinct regional 
differences between dynamic markets (such 
as Slovakia, Poland as well as Romania) and 
relatively weak economies (such as Croatia) 
(see Figure 1). The problems of the European 

Fig. 1. GDP growth rates of three CEE countries, 2011-2014, % (Source: International Monetary Fund, World Economic 
Outlook, October 2013, http://www.imf.org/external/pubs/ft/weo/2013/02/weodata/index.aspx, viewed 15 March, 2014)

* Figures after 2012 are IMF estimates

Change in regional motor 
fuel demand
FY 2013 vs. FY 2012 in %

Market* MOL Group**

Gasoline Diesel Motor fuels Gasoline Diesel Motor fuels

Hungary 0 4 3 (2) 4 2
Slovakia (7) (1) (3) (6) 0 (2)
Croatia (4) (0) (1) 10 3 6
Other (5) (2) (3) 29 3 10
CEE 10 countries (5) (1) (2) 10 3 5

Table 1. Change in regional motor fuel demand (Source: MOL Group Downstream Division)

 * Company estimates
** Sales from own refinery production and purchased from external sources
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banking sector have hindered economic 
activity throughout the Eurozone. In the CEE 
region, this has been compounded by a high 
level of non-performing loans. 

Weak growth continues to weigh down 
regional motor fuel demand, which further 
declined in 2013 (see Table 1). The only 
notable exception was diesel demand in 
Hungary, which we believe was driven by 
the construction sector and infrastructural 
developments.

MAJOR ENERGY INDUSTRY TRENDS

ENERGY MARKETS:
CHANGING GLOBAL ENERGY MAP
Although global energy markets have seemed 
fairly stable over the past few years, the global 
energy map is changing fast. Its focal points 
are increasingly shifting towards emerging 
economies such as China and India, whereas 
countries once dependent on energy imports 
such as the United States may soon become 
self-sufficient. Meanwhile, the spread of the 
unconventional revolution from natural gas to 
crude oil is boosting oil supplies.

Relatively slow global economic growth and 
high oil prices depressed energy demand 
growth in 2013. Oil demand increased by 
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Fig. 2. Oil demand change, 2011–2014 (Source of data: 
International Energy Agency 2013, World Energy Outlook 
2013, OECD, Paris)
(Note: Chart based on data published by the IEA. Figures 
for 2014 are forecasts)

Fig. 3. Oil supply change in 2013 (Source of data: International Energy Agency 2013, World Energy Outlook 2013, OECD, Paris)
(Note: Chart based on data published by the IEA)
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about 1.3% in total (see Figure 2), reaching 
91.2 million barrels per day. The International 
Energy Agency (IEA) forecasts a slight 
acceleration in 2014 as the global economy 
picks up; as we noted above, we are rather 
sceptical about this acceleration. Consensus 
forecasts tended to overestimate both 
economic growth and oil demand growth in 
recent years, because they expected the pre-
crisis patterns to return. 

One area that was definitely going against the 
long-term trend in 2013 was US oil demand 
growth. Over the longer term a decline is 
more likely here as car penetration is complete 
and cars are getting more efficient, but US oil 
demand grew strongly in 2013, surpassing 
even that of China. There was healthy growth 
in Latin America and the Middle East as well. 
On the other hand, oil demand continued to 
decline in Europe and Japan, which is in line 
with what we expect in the longer run.

Despite not very strong global demand 
growth, an ample supply of unconventional 
hydrocarbons as well as the ramping up of 
non-OPEC production, oil prices remained 
high throughout the year. Brent crude has 
averaged USD 110 per barrel in real terms 
since 2011, primarily as a result of supply 
disruptions in Libya and Iran. Over the long-
run, rising unconventional output will exert 
downward pressure on oil prices, but short-
run market volatility may persist (i.e. due to 
supply disruptions) and a return to the cheap-
oil era (USD 20-30 per barrel) seems unlikely.

GLOBAL OIL MARKETS: 
TWO OPPOSITE FORCES BALANCING 
ONE ANOTHER OUT
In global oil markets, there are two large forces 
on the supply side, and they act in opposite 
directions. There is an increasing supply from 
US unconventional oil production. This has 
been increasing supply annually by about 1.2 
million barrels per day recently. This is roughly 
equivalent to recent global demand growth 
as well, which is driven by emerging markets 
(even if 2013 was relatively strong for the US, 
too) (see Figure 2).

On the negative side, supply has been 
affected by disruptions in various countries, 
including Libya and Iran (see Figure 3). The 
unconventional supply and some inventory 
draws prevented these supply disturbances 
from affecting prices to any significant extent.

In the next few years, the unconventional oil 
supply increase will continue from the US, and 
absent any further large supply disruption, is 
likely to put a downward pressure on oil prices. 
Demand growth will continue to be driven by 
emerging markets, but overall still historically 
high prices will act as a restraining force.

UNCONVENTIONAL OIL  
TO WEAKEN OPEC
In the US, the technological revolution 
(the spread of horizontal drilling and 
hydraulic fracturing) in the last few years 
has made available much more oil than 
previously thought recoverable. Due to 
this unconventional oil boom, non-OPEC 
producers are likely to continue raising oil 
output, making the long-standing OPEC 
hegemony considerably weaker. This 
means that OPEC will produce much less 
than previously expected.

Figure 4 compares the IEA’s most recent 
(2013) oil production forecasts with its 
predictions published the year before and 
in 2011. Three years ago (as the dotted line 
shows), they believed only OPEC countries 
could substantially increase their output 
over the coming decades, while non-OPEC 
production would pretty much stagnate 
until 2020, and then decline.

But then came the shale oil (or, more 
specifically, tight oil) boom: today, the 
IEA’s experts think (as the continuous lines 
indicate) that following in the US’ footsteps, 
oil output in non-OPEC countries could rise 
significantly until 2020. Non-OPEC sources 
would produce around 10% more than 
supposed in the 2011 outlook. This implies 
that OPEC output is likely to stagnate until 
2020, despite growing energy demand 
from China and other emerging economies.
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Figure 4 also shows that the IEA is 
simultaneously raising its oil demand 
forecast: this is particularly apparent 
in 2020, when the changes in OPEC’s 
production forecast are much smaller 
than in the case of non-OPEC countries.

The IEA thinks the story might change again 
from around 2020: tight oil production 
stalls, so non-OPEC production starts to 
decline. This gap is filled by an increase in 
OPEC’s output, as they still have vast and 
relatively low-cost reserves. It seems that 
the usual story (OPEC members’ growing 
role) still holds true according to the IEA, 
but is delayed by at least 10 years.

Figure 4 makes clear that if 2012’s Outlook 
was labelled ‘optimistic’ then the current 
one is even more optimistic (global oil 
production is higher).

For the OPEC members of course this is 
rather bad news: it might be advisable for 
them to take a ‘wait and see’ approach 
and not start investing heavily into new 
infrastructure. 2020 is still far ahead; 
in the meantime the world could still 
see some new twists and turns in the 
story. The events in the shale oil boom 
have so far seemed to closely follow 
the storyline of shale gas, with analysts 
revising production and reserves forecasts 
higher and higher again (this is not that 
surprising given a brand new and evolving 
technology). Moreover, Iran’s potential 
coming back from the cold could also 
narrow the playing field for the other 
OPEC members. So could Iraq boosting 
its production, though here the doubts 
have increased in 2013, as legal hurdles, 
general insecurity and other reasons have 
already led to serious project delays.

As we can see, both the unconventional 
oil boom and the slowing production 
growth of OPEC countries point toward 
the weakening of OPEC in the coming 
years. However, the future after 2020 is 
still rather uncertain.

DOWNSTREAM: 
OVERHANG, CONTINUED
In Downstream, 2013 was a year when hopes 
were shattered, again. Refinery margins 
were relatively good in 2012, due to one-off 
factors. But in 2013 fundamentals reasserted 
themselves. The refinery overhang is still 
massive, especially in the OECD, and more 
and more liquid fuels are bypassing refineries 
(i.e. biofuels). European Downstream is in 
an especially difficult position. It has neither 
the fast-growing local markets of Asia nor the 
cheap hydrocarbons the United States enjoys. 
In addition, Europe has an increasing gasoline 
surplus while its traditional customer, the US, 
scarcely needs gasoline imports anymore.

Refinery shutdowns in Europe continued 
throughout 2013 despite the fact that around 
10% of European capacity had already shut down 
between 2008 and 2012. According to the IEA, 
roughly a further quarter of European refining 
capacity may be at risk of closure by 2035. Overall, 
European refining looks like a sunset industry.

Fig. 4. Revision of IEA’s oil production forecast: non-OPEC 
up, OPEC down since 2011 (Source of data: International 
Energy Agency 2013, World Energy Outlook 2013, OECD, 
Paris. Previously published on the Barrelperday blog: 
http://barrelperday.com/2013/11/22/ieas-oil-story-in-a-
single-chart/)
(Note: Chart based on data published by the IEA. Forward-
looking figures are forecasts)

non-OPEC (2013 WEO)

non-OPEC (2012 WEO)

non-OPEC (2011 WEO)

OPEC (2013 WEO)

OPEC (2012 WEO)

OPEC (2011 WEO)

35

2012 (fact) 2020 2035

45

50

55

40

O
il 

pr
od

uc
tio

n,
 m

b/
d



9Scientific Magazine

GLOBAL GAS MARKETS:  
LOCAL MARKETS, DIFFERENT PRICING
Regarding global gas markets, we have to 
disappoint you: there is no such thing. There 
are local markets with very different local 
pricing. The largest of these local markets is 
the US one, where prices are low, due to ample 
unconventional supply. In oil equivalent terms, 
gas costs about USD 20–25 / barrel equivalent in 
the US. In Europe and Asia, prices are about twice 
and three times as much, respectively. The value 
of natural gas depends on the available transport 
infrastructure and also local regulations.

GAS MARKETS: 
US EXPORTS TO GET THE GREEN 
LIGHT?
One of the most important recent changes 
in the energy sector was definitely the 
‘shale gas revolution’ in the United States, 
which made the country the biggest 
gas producer in the world. American 
natural gas production has increased by 
more than 30% between 2009 and 2013. 
Prices fell during this period from USD  
8/million BTU to less than USD 4, increasing 
domestic demand for natural gas. Plans 

include building new petrochemical 
plants, natural gas vehicles and electric 
power export to Mexico.

The US shale gas revolution has two main 
effects on natural gas markets: gas that 
has previously been imported to the US 
has to find new markets – this has already 
happened. In a later phase, starting in 2015, 
cheap US liquefied gas is about to appear 
on international markets (putting a further 
downward pressure on LNG prices). 

Due to its low price, there is already a 
growing international demand for US gas 
exports. The most enthusiastic buyers are 
East Asian countries (most importantly 
Japan and South Korea), since regional 
prices there are high enough so that 
exports remain very competitive even 
after the costs of liquefaction, transport, 
regasification and trading margins are 
factored in (see Figure 5). European 
natural gas prices are between those of the 
US and Japan, which means that potential 
profit margins are a lot lower here. But the 
reduced dependency on Russian pipeline 

Fig. 5. Ratio of industrial energy prices relative to the United States (Source: International Energy Agency, World Energy 
Outlook 2013, http://www.iea.org/newsroomandevents/speeches/131112_WEO2013_Presentation.pdf, viewed 15 
March, 2014)
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imports is seen as an additional advantage, 
so there is also a growing interest in US 
imports in this region.

Exporting gas and oil from the US has been 
restricted since the 1970s, but the gas export 
regime has been gradually liberalised in 
recent years. Today, export activity is allowed 
automatically towards countries that have 
free trade agreements (FTAs) with the US. 
However, towards non-FTA countries the US 
Department of Energy (DOE) has to decide 
whether the export is ‘in the public interest’ 
(which currently is usually presumed) in 
order to grant the license.

Strong political pressure both for and against 
the elimination of licensing has been piling 
on in the last years. Chemical companies say 
that exports are going to increase domestic 
prices, leading to a loss of competitiveness 
in the petrochemical industry, which in 
turn is going to lead to layoffs. It would 
also mean that the nation’s dream of 
energy independence is farther away. 
Environmentalists are arguing that exports 
are against the interest of households 
and that additional shale gas production 
would be increasing the harm done to the 
environment. In turn, energy companies 
are arguing that the country should benefit 

from its comparative advantage that would 
lead to a reduction in the trade deficit and 
greenhouse gases as well as the creation of 
new jobs. Regarding these issues, both the 
Energy Information Administration and NERA 
Consulting have concluded that the export 
of American LNG would lead to a modest 
rise in domestic prices; however, NERA also 
stated that the overall economic benefits of 
exports (pointed out by energy companies) 
will outweigh costs (argued by petrochemical 
companies).

Over the last years, more than 30 LNG export 
license applications were made to the DOE; 
but only a fraction have been approved to 
date (see Figure 6). It is obvious that not all 
of the proposed LNG terminals are going to 
be built, as huge capital expenditure needs, 
the 20-year return horizons on capital and 
the difficulties in financing are making only 
the most profitable projects viable. 

It will still take a couple of years for the first 
generation of new LNG export terminals to be 
built, and even more for the second generation. 
In the meantime, global demand and supply 
might shift, and also US gas prices might 
increase. Therefore, even though US natural 
gas exports are on the way, huge changes on 
the global markets are still some years off.

Import Terminal
APPROVED - NOT UNDER CONSTRUCTION
U.S. - FERG
1. Freeport, TX: 2.5 Bcfd (Cheniere/Freeport LNG Dev. - Expansion)* 

(CP05-361)
U.S. - MARAD/Coast Guard
2. Gulf of Mexico: 1.0 Bcfd (Main Pass McMoRan Exp.)
3. Offshore Florida: 1.2 Bcfd (TORP Technology-Bienville LNG)
Canada
5. Riviére-du- Loup, QC: 0.5 Bcfd 

(Caoouna Energy - TransCanada/PetroCanada)
6. Quebec City, QC: 0.5 Bcfd 

(Project Rabaska - Enbridge/Gaz Met/Gaz de France)
Mexico
7. Baja California, MX: 1.5 Bcfd (Sempra - Energia costa Azul - Expansion)
Export Terminal
APPROVED - UNDER CONSTRUCTION
U.S. - FERC
8. Sabine, LA: 2.76 Bcfd (Cheniere/Sabine Pass LNG) 

(CP11-72 & CP14-12)
As of March 26, 2014
* Expansion of an existing facility

Fig. 6. Approved North American LNG import / export terminals as of March 2014. (Source: FERC – US Federal Energy 
Regulatory Commission, https://www.ferc.gov/industries/gas/indus-act/lng.asp, viewed 8 April, 2014)
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POTENTIAL GAME-CHANGING 
TECHNOLOGIES

Now let’s take a look at potentially disruptive 
technologies, to assess whether there is anything 
that might upset the ‘business as usual’ scenario 
outlined above. Although several technological 
developments could be mentioned, we will 
focus below on two major innovations, namely 
solar panels and electric cars. 

SOLAR PANELS: 
SOON NO SUBSIDY WILL BE NEEDED

An important game-changer on the energy 
market could be the increasing cost 
effectiveness of solar panels, and we have seen 
continuing price declines there in 2013. This 
is in line with the trend in the past few years, 
when solar photovoltaic (PV) prices have been 
decreasing, making this technology more and 
more competitive. We expect the future decline 
in prices to be slower than recent experience, as 
more than half of the price now is not the solar 
cell itself. Ancillary costs like converters and 
labour (for household installations especially) 
are an important part of the costs and these 

factors cannot be expected to follow the solar 
cell’s price decline. Therefore, wholesale 
solar power (where these ancillary costs are 
a smaller proportion of the total costs) has a 
better chance for price declines. But we also 
have to remember that wholesale electricity 
prices are typically less than one third of retail 
prices, which include distribution costs and 
taxes, so solar electricity must be a lot cheaper 
to be competitive in this segment, in spite of its 
less competitive starting position compared to 
wholesale prices.

In our analysis we considered three places in 
Europe, to determine the cost effectiveness of 
solar power for households. The three cities 
are Seville (Spain), Budapest (Hungary) and 
Munich (Germany). Seville seems to be the 
ideal place with lots of sun, and then Budapest 
and Munich with fairly equal capabilities of 
producing electricity (see Figure 7).

In order to determine the effectiveness of the 
technology, we compared current retail prices 
with two scenarios for the instalment costs of 
solar power: a relatively low, 5% capital rate and 
a higher, 10% rate. As Figure 8 shows Seville is an 
ideal place for PV technology, where we are close 
to break-even even with high capital costs. This 
is due to lots of sunshine hours and relatively 
high retail prices. In Munich, high current retail 
prices make PV technology profitable for the low 
capital costs scenario. For Budapest, low retail 
prices make household solar uneconomical in 
both scenarios. Moreover, we do not expect a 
break-even in this position before 2030 (but of 
course that depends on future retail prices).

0
Seville Budapest Munich

Solar @5%
capital costs

Solar @10%
capital costs

Current retail price

150

250

350

Fig. 7. Electricity retail prices and solar costs at different 
instalment cost levels (Source: own calculations)

EUR/MWh

Fig. 8. Utility scale solar break-even dates at 5% and 10% 
discount rate assumptions (Source: own calculations)

2021–2030

Budapest, Hungary

2026–2033

Munich, Germany

2015–2021

Seville, Spain
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For utility scale break-even, we assumed 
EUR 50 / MWh electricity prices (somewhat 
higher than current baseload prices), and the 
best expert guess for the future cost declines. 
This latter is highly uncertain though (we 
assumed a slower pace of price decline than 
in the past few years, due to the increasing 
non-solar PV content of the price). Southern 
Europe will have a commercial break-even 
soon and Central Europe by the 2030s, 
depending on capital costs. Even with all 
these uncertainties, there is a good chance 
that by the 2030s utility scale solar will pay 
off in a large part of Europe.

ELECTRIC CARS: COST DECLINE 
NOT FAST ENOUGH FOR AN EARLY 
BREAKTHROUGH
The other potential game-changing 
technological innovation could be profitable 
electric cars, and for oil consumption actually 
this would be a lot more important than solar 
energy. Here, we are a lot more pessimistic 
than in the case of solar energy and do not 
expect a breakthrough before the 2030s. 
Pure electric cars have made advances in the 
high-end segment by 2013 (such as Tesla or 
BMW’s iSeries), but sales in other segments 
are struggling. A good example for that is 
the Nissan Leaf (‘the world's best-selling 
highway-capable all-electric car’): 23 000 

Nissan Leafs were sold in the US in 2013, up 
from 10 000 in 2012. Even though this 130% 
increase may sound huge, consider that total 
US car and light truck sales amount to around 
16 million per year.

There are still several unresolved issues 
with electric cars: they are expensive, 
infrastructure is still lacking, driving ranges 
remain relatively short and recharging times 
are still long. However, the most important 
concern is battery costs: they would need 
to be lower, or fuel prices would need to 
be significantly higher, for electric cars to 
become worthwhile.

Due to high battery costs, plug-in hybrids 
are a likely interim solution. They have small 
batteries (which are fairly cheap) plus an 
internal combustion engine that charges the 
battery if it is depleted. Therefore, plug-in 
hybrids have the possibility of using electricity 
for commuting, and gasoline or diesel fuel for 
longer trips, with no range anxiety. And indeed 
a lot of new plug-in models came to the market 
in 2013, but they are not selling huge quantities 
yet either.

In our own calculations, we assumed a consensus 
10% annual cost decline for a 500 km-range 
battery pack that is built into an electric car  

2013 2015 2017 2019 2021 2023 2025 2027 2029
0

40 000

5 000
10 000
15 000
20 000
25 000
30 000
35 000

USD
per
car

Fig. 9. Cost of a 500 km-range battery pack (Source: own calculations. Previously published on the Barrelperday blog: http://
barrelperday.com/2014/04/02/will-age-oil-end/)
(Note: Figures reflect a consensus 10% annual cost decline)
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(see Figure 9). Official battery costs are not 
available, but estimates regarding current 
costs range from USD 250–500 / kWh (the 
higher numbers are actually more likely, using a 
backward deduction from list prices of all electric 
cars such as the Nissan Leaf). We think that 
battery prices would need to decline to around 
USD 100 / kWh for it to be a breakthrough 
technology. At this price, batteries would cost 
USD 7 500 for a 500 km-range car or USD 750 
for a 50 km-range plug-in hybrid. Keep in mind 
that the former price is still almost as expensive 
as some small cars at the moment. The total 
cost of ownership becomes favourable at higher 
battery prices (in Europe, this may be as high 
as USD 300 / kWh), but in our view that is not 
enough to tip the scales if the initial car price is 
very high. For a rapid spread of electric cars they 
need to have a sizeable total cost advantage, 
and a relatively low selling price.

Our analysis estimated a roughly 15% annual 
decline in battery costs over the past few 
years. Going forward, this is likely to decrease 
by around 10% each year. It would mean that 

electric cars become competitive around 
2030, but not before. However, supporting 
infrastructure may not be ready by that time 
for a rapid roll-out, so 2030 is probably just 
the earliest date for the start of a large-scale 
replacement of internal combustion engine 
cars. Replacement itself can take 15−20 years 
globally, and would probably happen earlier in 
environmentally-conscious rich countries. This 
is still far away, but it is gradually creeping onto 
the planning horizon of energy companies.

CONCLUSIONS
Overall, while 2013 did not bring any apparent 
breakthroughs in global energy markets, major 
changes are already on the horizon. They 
include both technological developments (i.e. 
solar PV panels, electric car batteries), as well 
as market shifts (i.e. potential US hydrocarbon 
exports, the spread of the unconventional oil 
boom). It seems the energy market will never 
be the same as before…

Keywords: macroeconomics, oil markets, OPEC, LNG, 
solar / renewables, electric cars

Unconventional exploration in Hungary: 
Surface equipment of well stimulation on MOL Beru-4 
wellsite during activity
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ABSTRACT
The Upstream merger and acquisition (M&A) 
market has remained active during 2013, despite 
that the transaction volumes decreased to USD 
182 billion in 2013 from USD 320 billion in 2012 
and the deal count also decreased by more than 
15%. Several factors influenced the activity and 
based on the individual transaction data, some 
general trends can be observed in connection 
with the deal types, geographical locations, key 
players and reported segments (conventional / 
unconventional). Understanding the trends in 
2013 can help us in the projection and planning 
for 2014, and find those possibilities which can 
make the companies more successful on the 
merger and acquisition market.

The decrease of the conventional resources and 
the continuous development of the techniques 
in the oil and gas industry brought on the surface 
the importance of the unconventional resources, 
which exceed the volume of the conventional 
resources, but there are technical problems 
recovering these resources. This article also 
tries to give an overview about these resources 
and the problems which the unconventional 
exploration and production has to face with.

INTRODUCTION
Every year there are several exciting 
developments on the field of M&A activities. 
In this study we tried to introduce the 
M&A situation in 2013 compared it to the 
previous years. In the below figures and 
tables only those transactions were taken 
into consideration, where the value of the 
given deal was published and its value has 
exceeded USD 10 million. In 2013 the so 
called volumetric production payment (VPP) 
type transactions were overrepresented in 
value compared to the previous years. The 
main buyers were Chinese companies, while 
the main seller was the Russian Rosneft. 
Because this type of deal is quite different 
from the conventional M&A activity, these 
transactions had been excluded from the 
study, as due to their 2013 volume (8 deals 
with almost USD 162 billion which is more 
than the sum of other type deals), they 
would distort the results.

Oil and gas is a technology intensive industry 
and this technology is developing faster and 
faster. New technologies are coming which 
help to maintain or increase the oil and gas 
production and the level of the reserves. This 
is a big challenge to the experts who try to 
develop new techniques and increase the oil 
and gas reserves and production sometimes in 
relatively hostile circumstances.
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UPSTREAM MERGER  
AND ACQUISITION TRENDS

SITUATION AT DEAL COUNTS  
AND M&A SPENDING
In 2013 the total spending on M&A was much 
lower than in the previous year. The volume 
was close to the 2008−2009 years when the 
worldwide recession influenced the whole oil 
and gas industry. The situation was the same 
if we have a look at the deal counts, where the 
figure decreased by 15% compared to 2012 
(IHS Herold 2014) (see Figure 1).

As it can be seen on Figure 1, in 2013 the 
capital spending on M&A deals dropped 
dramatically with more than 40% compared 
to 2012. The reason can be that the energy 
companies cut back on new acquisitions, 
opting instead to develop recently acquired 
assets. According to the estimations the 
total global upstream capital investment 
increased by approximately 10%, which 
means that the companies spent mainly 
on exploration and development projects 
instead of M&A activity.

The largest change can be seen at the corporate 
deals (see Figure 2). In 2013 the number of the 
corporate deals decreased by 34% and if we 
have a look at the value, the change is even 
more, 60%. The reason is the same as it was 

mentioned before; the companies took a more 
conservative approach with developing their 
existing assets, instead of acquiring new ones.

KEY PLAYERS ON THE M&A FIELD
In 2013 the Chinese companies have remained 
the most active buyers on the M&A market. 
They realised 10 transactions only, but the 
value of these transactions was USD 29.5 
billion. So the 2% of the transactions gave the 
16% in value. Table 1 shows the 10 largest 
transactions in 2013 (IHS Herold & Ferguson, 
BP 2014).

What is interesting in 2013, is the role of 
the national oil companies (NOCs), because 
they became more active compared to the 
independent oil companies (IOCs). The reason 
can be that the shareholders put under pressure 
the independent oil companies to take a more 
conservative approach, focus on their existing 
portfolio, while the lot of excess cash at the 
NOCs gave them much more opportunities 
with less control (Ernst & Young 2014).

ACTIVITY BY REGIONS
Deal volume was down in all reported regions 
in 2013. The North American M&A market was 
the busiest region as usual in 2013, but the 
volume was much lower. Almost 60% of the 
deals were realised here (see Table 2). And if 
we consider the value, it was more than 40% 
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Fig. 1. Deal count and M&A spending during the last 5 years (IHS Herold 2014)
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of the total M&A expenditure. This is quite 
obvious, because the regulation framework of 
these deals is clear, the political, business and 
other type of risks are very low, and the values 
can be calculated relatively easily using similar 
transactions.

Some really large deals were realised in South 
America and Africa, therefore the average deal 
value is quite high in these regions.

The other active area was Russia. The 14% of 
the global total transaction value was spent in 
Russia, mainly because of Rosneft and Russneft, 
which realised some top values transactions.

CONVENTIONAL / UNCONVENTIONAL
The focus in North America was put on the 
unconventional resources. From the 292 deals 
(indicated in Table 2) 149 was on unconventional 
resources. However, if we have a look at the 
figures in general (Table 3), we cannot find 
any significance in them. The number of the 
deals of the unconventional project has been 
increased a little bit in 2013 – by 10%, but the 
value of them decreased even more – by 34 
percent. It shows that the average value of 
the unconventional project deals decreased 
heavily.

OUTLOOK FOR 2014
The market will remain active in 2014 too. 
During the first two months the total transaction 

value was nearly USD 24 billion, so based on 
this the year 2014 can be very similar to 2013 
which means that the conservative approach 
of the companies will continue. However, 
according to a survey polled by international 
law firm Hogan Lovells (Lehane, B 2014) the 
merger and acquisition activities shall increase 
in the energy sector, including the oil and gas 
sector in the next two years. According to the 
industry projections the oil prices will remain 
flat or decreasing, the expenditures will 
increase therefore the companies will behave 
more carefully; they will focus on their existing 
assets in 2014 too. North America will remain 
the most active region but the unconventional 
exploration will radically develop in Europe and 
Asia.

UPSTREAM KEY TECHNICAL  
AND REGULATORY DEVELOPMENTS

OVERVIEW OF THE UNCONVENTIONAL 
RESOURCES
In 2013 happened what nobody expected 
before, the United States produced more oil than 
it imported for the first time in nearly twenty 
years, which is the result of the unconventional 
revolution (Webster, J 2014). It will become 
more and more important not only in the US, 
but every area of the world, as the volume 
of the unconventional hydrocarbons is much 
larger than the volume of the conventional 
resources (Holoda, A 2013). There are several 
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Table 1. Significant transactions in 2013 (IHS Herold & Ferguson, BP 2014)

BUYERS SELLERS KEY ASSETS
TOTAL 

TRANSACTION 
VALUE, USDMM

China National Offshore Oil 
Corporation; China National 
Petroleum Corporation; 
Petroleo Brasileiro SA; Royal 
Dutch Shell plc; Total S.A.

Government of 
Brazil

PSC for Brazil presalt Libra 
oilfield 6 911

Devon Energy Corporation

GeoSouthern 
Energy Corporation; 

The Blackstone 
Group L.P.

Oil / liquids weighted Texas 
Eagle Ford Shale producing 

assets
6 000

China National Petroleum 
Corporation

KazMunaiGas 
National Company

8.33% stake in Kashagan 
offshore oil development 

project in Kazakhstan zone of 
north Caspian Sea

5 400

KazMunaiGas National 
Company ConocoPhillips

8.39% stake in Kashagan 
development in Kazakhstan 

North Caspian Sea
5 400

Linn Energy, LLC; LinnCo, LLC Berry Petroleum 
Company

Oil weighted reserves and 
production; California heavy 

oil assets, Texas Permian, and 
Utah Uintah Basin properties

4 999

China National Petroleum 
Corporation Eni S.p.A.

20% interest in Rovuma 
Basin's Offshore Area 4 in 

Mozambique
4 210

Fieldwood Energy, LLC Apache Corporation Oil weighted GOM shelf 
producing assets 3 750

Bradinor Holdings Limited; 
Cromeld Management 
Limited

RussNeft; Sistema 49% stake in Russian E&P 
RussNeft 3 665

China Petrochemical 
Corporation; Sinopec 
International Petroleum 
Exploration & Production 
Corporation

Apache Corporation 33.33% interest in Apache's 
Egypt oil and gas assets 3 100

China Petroleum & Chemical 
Corporation; Sinopec 
International Petroleum 
E&P Hong Kong Overseas 
Limited

China 
Petrochemical 
Corporation

Oil producing assets in 
Russia, Kazakhstan and 

Colombia
3 003
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types of unconventional hydrocarbons such as 
coal bed methane, shale gas, tight gas sands, 
tar sands, heavy oil reservoirs, so there are 
different definitions for the unconventional 
resources (comment: the US articles define 
shale gas mostly as unconventional). Generally 
we can say that unconventional resources 
those, where advanced techniques necessary 
to produce them. The situation is usually 
described by the resource triangle (Figure 3).

As we go down, the volume of the resources 
is increasing, however, the quality of them is 
getting lower and as special techniques are 
needed, the cost of the production is also 
growing dramatically. There are some elements 
of the pyramid which cannot be produced with 
the existing technologies, maybe later as the 
technologies develop; these will be the energy 
sources of the future.

Based on the estimation of the International 
Energy Agency, the United States will be 
able to supply its energy needs (in energy 
equivalent terms) from domestic resources 
by 2035. During this period the conventional 
crude oil production falls from 80% to 66% 
and the remaining will be unconventional oil 
(International Energy Agency 2013).

ENVIRONMENTAL PROTECTION ISSUES
These are not really the question of the 
environmental protection, much more the 
believes and disbelieves of the people. For 
example there is a big protest against the 
hydraulic fracturing. The main arguments 
against it are the followings:

› New technique, we do not have any 
experiences about its consequences

REGION DEAL COUNT TOTAL TRANSACTION VALUE, USDMM

North America 292 76 026

South America 40 22 213

Africa 39 21 869

Europe 34 8 633

Russia 28 25 559

Asia 22 18 405

Australia 16 1 361

Other 8 8 050

Middle-East 2 247

2013 2012 2011 2010 2009

Conventional deal count 291 387 307 259 227

Conventional value, MMUSD 121 442 174 046 79 915 139 350 57 699

Unconventional deal count 168 152 150 181 143

Unconventional value, MMUSD 43 806 77 708 82 302 95 448 94 173

Diversified deal count 23 38 31 31 23

Diversified value, MMUSD 21 573 68 345 48 633 37 192 22 370

Middle-East 2 247 247 247 247

Table 2. M&A activity by regions (IHS Herold 2014)

Table 3. Deal count and value of the different type of projects (IHS Herold 2014)
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› It requires tremendous amount of water 
which will be contaminated and cannot be 
used again

› The used chemicals will contaminate the 
existing water reserves and through this the 
people who drink the water

› It will increase the possibility and the 
frequency of the earthquakes.

All of these arguments were denied by 
the experts. The truth is that the hydraulic 
fracturing is not a new technology it has been 
used during the last decades. There is no 
exact proof, that the above disadvantages are 
really valid (e.g. ratio of water reuse is around 
80−90% in the US shale gas plays), and the 
experts during the exploration and production 
phase very carefully take into consideration 
the environmental issues.

Unfortunately, it is very difficult to change the 
people’s way of thinking. 

On 22nd of January 2014, the European 
Commission issued a recommendation on 
minimum principles for shale gas (European 
Commission 2014). The Commission is 
responding to calls for action with minimum 
principles that Member States are invited 
to follow in order to address environmental 
and health concerns and give operators and 
investors the predictability they need.

Building on existing EU legislation and 
complementing it where necessary, the 
recommendation invites Member States in 
particular to:

› Plan ahead of developments and evaluate 
possible cumulative effects before granting 
licences

› Carefully assess environmental impacts and 
risks

› Ensure that the integrity of the well is up to 
best practice standards

› Check the quality of the local water, air, soil 
before operations start, in order to monitor 
any changes and deal with emerging risks

› Control air emissions, including greenhouse 
gas emissions, by capturing the gases

› Inform the public about chemicals used in 
individual wells, and

› Ensure that operators apply best practices 
throughout the project (European 
Commission 2014).

Examples of the difficulties in connection with 
unconventional resources:

› The emergency regulations recently published 
by California's Division of Oil, Gas, and 
Geothermal Resources (DOGGR) to implement 
California Senate Bill 4, legislation designed to 
bring additional regulation and oversight to oil 
and gas operations involving ‘well stimulation 
treatments’, such as hydraulic fracturing. It 
requires several extra steps from the operator 
before starting the activity on the fields (Shaw, 
K & Furlow, JD 2014) 

› Chevron abandoned its Romanian drilling 
activities due to public protests, and pulled out 
of its bid for Lithuanian shale licenses citing 
legislative concerns  (Ernst & Young 2014)

› In Poland the dominant energy source 
is coal, which should be replaced by 
environmentally friendly resources. 
According to the latest estimations the 
recoverable shale gas resources are 
probably in the range of 346−768 bcm. 
Several local protests were recorded against 
attempts at shale gas exploration. To solve 
this problem a research report was ordered 
by the government on an area where a 
company called Lane Energy carried out 
the first full-scale hydraulic fracturing 
in a horizontal section in Poland. The 
report which was published by the Polish 
Geological Institute in March, 2012, is the 
first fully scientific publication concerning 
the effects of fracturing in the environment 
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in Europe. The research did not identify 
any deviations from the norm, except for 
sound levels which slightly exceeded the 
permissible level during fracturing fluid 
injection into the borehole (Rutkowski, M 
2013).

› In Hungary there were three main 
unconventional exploration zones (Makó, 
Derecske, Békés) with CH inflow, but the 
volume of the water inflow was also large. 
According to the present situation, the 
presence of unconventional CH is proved 
but based on the current technologies the 
economics of them cannot be justified. The 
developing technologies can make these 
reserves economical in the future.

› There are very serious public protests 
in connection with MOL’s (Panfora Ltd.) 
exploration plans in Romania and the local 
municipal authorities try ban the activities 
with local regulations, even if these are 
in contradiction with the legislation of 
Romania. What is strange in this case, that 
Romanian people are protesting against the 
unconventional activity there, where only 
conventional exploration planned.

THE FUTURE
It is true that hard to change the way of 
thinking of the people in connection with the 
unconventional exploration and production, 
but it has to be changed. Without using these 
advanced techniques the local resources will 
exhaust and the dependency on the traditional 
oil and gas producing countries will increase. 
Using the existing techniques and those one 
which will be invented in the near future, a lot 
of country can become self-supplier in the field 
of the oil and gas demand.

It will influence the prices also, as the self-
supplying countries will not purchase natural gas 
on the market which will depress the domestic 
and international prices. We can see this in the 
USA where the natural gas is getting less and 
less expensive. For example between 2006 and 
2014 the residential gas price decreased from 
14.92 to 9.24 dollars per thousand cubic feet. 
The cheaper natural gas prices can cause the 
delay or cancel the building of planned North 
American liquefied natural gas (LNG) plants 
which can have serious impact on the economy 
of the concerned exporting countries.

Keywords: cogeneration, thermal energy, electrical energy
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Fig. 3. Resource triangle (Centre for Energy 2014)

Source of image: Canadian Society for Unconventional Gas. Submission to the Council of Energy Ministers, September 2003 
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ABSTRACT
The article reviews the European challenges, 
the possible answers, the role of innovation and 
some future focal points in the downstream 
oil industry. A selected overview of the future 
technical trends, some developments and 
innovative solutions is presented.

INTRODUCTION
If we analyse the oil industry in Europe, we 
can conclude that European refineries are in 
trouble and will face with turbulent situation 
and several challenges in the forthcoming 
years, too (Cooper, S 2013; Bangert, J 2013; 
Otabek, K 2013; European Commission 2012):

› Downstream suffers from weak margins and 
decreasing regional demand 

› The European fuel market needs more diesels 
and less gasoline and the European refineries 
are not able to meet the required diesel / 
gasoline ratio

› The EU climate package and its revision 
further erode the demand of conventional 
gasoline and diesel requiring more bio-
component or alternative fuel utilisation 

› EU plans to decarbonise transport reducing 
GHG (greenhouse gas) emissions by 80−95% 
by 2050 compared to 1990 levels. Thus OEMs 
(original equipment manufacturers) are 
forced to decrease CO2 emissions of new cars 
which means among others further decrease 
in fuel consumption 

› European downstream is being heavily 
impacted by high crude oil price and the shale 
revolution in the USA, resulting in much higher 
energy prices in Europe than in the USA  

› Political uncertainties endanger safe crude 
supply of Central-Eastern European countries 

› The European refineries have been also hit 
hard by competition from fuel producers 
in the USA, Russia, Middle East and India 
exporting low sulphur fuels to Europe. 

These trends predict not a shiny future for the 
European downstream. What could be the 
solution? Is it possible to survive? Experts say 
yes, however, conventional and unorthodox 
solutions, innovative answers are needed to be 
in the top quartile of profitability.

MOTIVATED,
TALENTED

STAFF

INNOVATION

EFFICIENCY

FLEXIBILITY

SYNERGY

VALUE CHAIN  
EXTENSION

 NON- 
 EUROPEAN 
BUSINESSES

Fig. 1. Technical and geographical success factors in the 
European downstream (Holló, A 2014)
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MOL DSD Product Development recently 
summarised the proposed success factors, 
solutions for European downstream (Holló, 
A 2014). Of course one can collect many 
other aspects regarding the location, market 
dynamics, role of marketing, brand respect, 
customer loyalty, etc., however, the key 
technical and geographical factors could be 
clustered into the groups of Figure 1.

Innovation is a key parameter to grow and 
survive. Efficiency means mainly energy 
efficiency, decreasing the used energies' 
costs. Additionally, it requires improvement 
of reliability of the refining units and their 
performance through e.g. more effective 
technological solutions, catalysts. Flexibility 
covers mainly production flexibility, and 
needs to produce the right product portfolio 
according to the market demand at lowest 
possible costs, in parallel with minimising 
stock levels. Synergy could be utilised among 
different production units (e.g. refineries, 
petrochemical plants) of one geographical 
region by close cooperation in supply and 
exchange of finished and intermediate 
products. Value chain extension means 
integration of technologies, products, 
services backward to suppliers and towards to 
customers. Non-European businesses would 
be important for a European downstream 
company. A PwC study (Hurley, M & Hunter, 
R 2013) pointed at the importance of talent 
management too. MOL has already launched 
different programmes (Growww, Freshhh, 
post gradual educations, etc.) and established 
MOL Hydrocarbon and Coal Processing 
Department at University of Pannonia 
(Veszprém, Hungary) to improve tailor-made 
knowledge of young professionals.

INNOVATION
A last year’s study of PricewaterhouseCooper 
(PwC) (Hurley, M & Hunter, R 2013) “found 
a clear correlation between innovation and 
success” in many industries, especially in oil 
and gas sector (including both upstream and 
downstream). Interviewing 66 oil and gas 
executives from 18 countries PwC concluded 
that actual decisions on development and 

innovation could have a big impact on results 
in the future. As critical factors the authors 
highlighted the followings:

› “Innovation leadership drives growth:”...in 
the space of only five years, the top innovators 
forecast that their rate of growth will further 
increase to almost double the global average, 
and over three times higher than the least 
innovative.” “Innovation in the oil and gas 
industry isn’t only centered around increasing 
production. Making sure that operations run 
safely is another top priority.”

› “A solid innovation strategy separates the 
best from the rest”: “Less than half of oil and 
gas executives say they have a well-defined 
innovation strategy, compared to 79% of the 
top innovators across industries.”

› “Balancing your innovation portfolio”:  
“...one of the keys to driving growth is to focus 
on a balanced innovation portfolio.”

› “Focusing on talent and culture”: “Nearly 
every company ... found some aspects of 
innovation challenging. For the oil and 
gas sector, three are at the top of the list: 
measurement, talent, and finding the right 
partners.” “Strong leadership and a healthy 
risk tolerance are top priorities”. “Nearly 
three-quarters of oil and gas executives 
(74%) say that senior executive participation 
in innovation projects is important.” “Strong 
innovators recognise and reward their 
peoples’ efforts.” “Taking risks is especially 
important when it comes to ideas that may 
lead to breakthrough or radical change.”

› “Enhancing collaboration”: “across all 
sectors, the most innovative companies 
collaborate far more often than the least 
innovative.”

› “Strengthening innovation processes”: 
“Almost seven in ten (69%) of the oil and 
gas executives in our study believe that 
having well-defined innovation processes 
is important for establishing an innovative 
culture.”
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› “Measuring success”: “Clearly, tracking 
success is critical. But what aspects of 
innovation need to be measured? ...the 
true measure of innovation success cannot 
only be seen through a financial lens. 
Leading companies define measurements 
that go well beyond the traditional ROI. In 
oil and gas, tracking patents is one standard 
metric. Other qualitative approaches 
can be valuable too.” (ROI – return on 
investment.)

As conclusions and learning points PwC 
summarised what can an oil company does to 
make sure that the enterprise will be a leader 
and survivor and not a laggard (Hurley, M & 
Hunter, R 2013):

› “Know where you want to go and how you’ll 
get there”

› “Look beyond R&D”

› “Focus on people”

› “Work together with the right partners, 
across industries”

› “Carefully measure success”.

A recent Hungarian study also pointed out 
the importance of innovation in competition 
among companies and economies (Duronelly, 
P 2014). Innovation may have potential for 
future growth of companies and countries. 
In downstream, continuous improvement 
in product quality and technology, and 
development of new products are needed 
in order to compete with alternative fuel 
technology routes.

INNOVATION AND TECHNICAL TRENDS
Though oil downstream is in a mature state, 
it is more than necessary to innovate as we 
have seen above. Thus not only the ‘classic’ 
suppliers (catalyst, equipment and technology 
providers) strengthened their innovation, but 
the oil and gas companies themselves, and the 
alternative and biofuel suppliers also focused 
their activities on development. 

In the following sections some new 
developments and technical trends of 2013 
are outlined in the field of downstream oil 
industry. Information is based mainly on 
the presentations of the 4th ERTC Energy 
Efficiency Conference, 18th European Refinery 
Technology Conference and Axens Marketing 
and Refining Technology Seminar.

SOFTWARE FOR IMPROVEMENT OF 
RELIABILITY AND ENERGY EFFICIENCY
IHS Downstream Research presented (Pugh, 
S & Ishiyama, E 2013) the new SmartPM 
software allowing their customers to 
simulate refinery fouling issues thus to 
improve economics. The thermo-hydraulic 
simulation software is based on a 4 years 
long development project with different 
universities. The main characteristics of the 
software are the followings:

› Full exchanger modelling

› Advanced data reconciliation

› Dynamic fouling models

› Simulation and cleaning scheduling

› Retrofit and revamps

› Models for crude boiling, overheads 
condensation.

ProSim and Total highlighted (Joly, F & 
Baudet, P & Dechelotte, S 2013) that by using 
Ariane® software for the optimisation of the 
utilities production in refineries utility costs 
can be significantly reduced. Total’s annual 
savings was up to Euro 1700 thousand in the 
Normandy Refinery as an example. At least 
2.5% of steam and electricity cost reduction 
has been reached. According to Solomon 
Associates methodology, over 1.2 of Energy 
Intensity Index (EEI®) improvement was 
realised. They pointed out the followings:

› The real time optimisation of a full site utility 
system is not a minor issue due to its large 
complexity
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› At the early stage of implementation, 
convergence problems may occur

› Software adaptations must be required to 
face a particular context

› Involvement of operating team is required

› Data collection and understanding of site 
constraints steps are usually underestimated

› Model's reliability is a key success factor

› Collateral benefits are also highly valuable

› Awareness of the utility cost (as part of the 
total production costs) should be raised; 
when the project is well managed, the ROI 
is very short (some months and not some 
years).

NON-CONVENTIONAL EQUIPMENT
HeatMatrix Group presented their innovative 
plastic high efficiency heat exchangers. Their 
focus is on waste heat recovery. The advantages 
of the new equipment are summarised in 
Figure 2 (van den Berg, B 2013).

Typical application fields are air preheating with 
flue gas from combustion processes, air preheating 
in dryers and refinery boilers. HeatMatrix 
application can reduce stack temperatures, it 
recovers over 50% of the lost heat and it has an 
average payback period of 1.5 year.

Alfa Laval also demonstrated the advantages 
of their compact heat exchangers offered 
for refinery applications in Compabloc and 
Spiral solutions (see Figure 3) (Matsufugi, M 
2013). The advantages of these equipments 
are energy savings, less maintenance cost 
(due to higher shear stress, less sensitivities 
to fouling and corrosion at Compabloc and 
less sensitivity to fouling, self-cleaning effect 
at Spiral), lower investment cost and lower 
space requirement.

HEAVY CRUDE PROCESSING
The declining supplies of light sweet crude 
oils, their high prices, and the ever-growing 
demand for petroleum products increased 
the necessity of heavy oil processing. Refiners 
have to face and tackle the serious feedstock 
quality change challenges, including (Leitner, 
E 2013):

› High organic metals content

› High total acid number (TAN)

› High solid content

› Emulsion problems

› Presence of higher amines and drilling 
chemicals

› Presence of ammonia and amines in process 
water, pH anomalies.

	Corrosive resistant

	Low Weight
Plastic

	Compact (~215 m2/m3)
	Thin Wall
	Strong Honeycomb Structure
	100% Counter Flow
	Fouling resistant

Design

Durable
+

Cost Effective
+

Excellent Heat 
Transfer Properties

=

Outstanding 
Efficiency

Fig. 2. HeatMatrix heat exchangers advantages (van den Berg, B 2013)
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Dorf Ketal, an Indian chemical company offers 
a process chemical portfolio and demonstrated 
its utilisation advantages in many refinery units 
(Leitner, E 2013). Utilisation of the ‘opportunity’ 
crudes having undesirable properties plus 
the innovative additive solutions can result in 
significant profit increase. However, processing 
of these new heavy crudes requires cautious 
approach, including detailed risk analysis and 
handling of all quality changes in crude and 
intermediate products. 

RESIDUE UPGRADING
Foster Wheeler (Beeston, S 2013) detailed the 
new innovation in the field of residue upgrading 
(coking, solvent deasphalting). Innovative, new 
solutions were summarised and the followings 
were concluded:

› Increased liquid yields, reduced coke make, 
higher refinery margins are reached over 
selective yield delayed coking (SYDECSM) 
process alone

› Solvent deasphalting with resin treating can 
increase high quality deasphalted oil yield

› Integration of solvent deasphalting (including 
resin treating) with coking approaches residue 
hydrocracking performance at significantly 
lower cost, and no residual heavy liquid product

› On site production of power and steam from 
pet coke can further improve margins.

ENI launched its proprietary residue upgrading 
hydrocracking unit in Sannazzaro Refinery in 
2013 (Rispoli, G 2013). ENI slurry technology 
(EST) is a hydrocracking process based on 
two unique features: nanodispersed (slurry) 
non ageing catalyst and homogeneous, 
isothermal slurry bubble column reactor. The 
recycle of unconverted heavy ends allows 
the total conversion of the vacuum residue 
to good quality middle distillates. The new 
technology allows ENI a more effective use 
of unconventional oil resources. On the other 

Fig. 3. Alfa Laval special heat exchangers (Matsufugi, M 2013)

Fig. 4. Improved promotion of HDS catalyst (Fournier, 
A 2013)

Fig. 5. Improved dispersion of HDS catalyst (Fournier, 
A 2013)
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hand sour, high sulphur, low-cost feedstocks 
can be processed, taking advantage of low-cost 
shale gas, too.

CATALYST DEVELOPMENTS
Axens summarised their recent developments 
and experiences on diesel hydrotreating 
catalyst (Fournier, A 2013). ImpulseTM 
technology maximises the number of active 
(mixed Mo-Co) sites per surface area by two 
mechanisms:

Improved promotion (see Figure 4)

› Metal atoms are mobilised and incorporated 
into MoS2,

› Occurrence of MoO3, Co9S8, AlCoOy 
compounds is minimised

Improved dispersion (see Figure 5)

› Large MoS2 slabs are split into smaller slabs,

› With the same number of atoms, smaller 
slabs have more mixed sites.

With the selection of the right catalyst 
combination a mix of 70% straight run gas oil 
(SR) with 30% light cycle oil (LCO) having total 
sulphur content of 0.4-0.6% or a mix of SR + LCO 
+ Coker gas oil + (co-processed) palm oil can be 
refined to achieve ultra low sulphur level of 10 
ppm (i.e. ULSD quality).

Haldor Topsøe also presented its innovations 
in the field of hydrodesulphurisation / 
hydrocracking (HDS/HC) catalysts (Zeuthen, P 
2013). With the application of new generation 
of HyBRIMTM catalysts (Figure 6), refineries 
can run longer cycles, operate at higher feed 
rates, process cheaper feeds and improve yield 
structure in hydrocarbons.

In 2013 UOP announced the market introduction 
of their new reforming catalyst R-334 (van Donk, 
S 2013). The new formula favours cyclisation 
vs. cracking, thus aromatics, hydrogen and C5+ 
yields are significantly higher compared to the 
previous series of UOP reforming catalysts. 
Switching from an older type of catalyst to 
the new one would result in significant profit 
improvement (Figure 7).

Fig. 6. Development in HDS catalysts (Zeuthen, P 2013)
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BETTER PRODUCT SLATE
GTC Technologies reported their new GT-BTX 
PluS® technology recovering aromatics from 
fluid catalytic cracking (FCC) gasoline (Maglalang, 
RP 2013). For this purpose, medium cracked 
naphtha of FCC plant could be processed and 
aromatics can be extracted (Figure 8). Since 
demand for gasoline is decreasing in Europe, 
and on the other hand utilisation of aromatics is 
increasing and additionally their relative value is 
1.3–1.6 times higher than of gasoline, it is worth 
extracting aromatic components. According to 
the licensor, the technically advanced extraction 
process enables production of low (<10 ppm) 
sulphur gasoline with zero octane loss, and 
reduction of benzene content of the cracked 
gasoline to <0.5% benzene level, while FCC 
olefins are preserved for further processing (to 
aromatics or propylene).

BIOFUELS
In the field of biofuel production many 
companies presented their targets, projects 
and new results. Development and production 
of advanced biofuels seem to be the most 
popular research topic.

Cepsa Research Centre has four strategic 
projects connected to the production of 
advanced biofuels: vegetable oil conversion 
to biofuels; microalgae: high energy content 

liqids production; biokerosene: manufacturing 
process development; acetals: diesel additive 
from acetone and glycerine (Fe Elía, M & 
Frontela, J & Lázaro, J & Larraz, R 2013). Biofuel 
consumption has grown steadily during the last 
years. In order to meet the very ambitious EU 
targets the European refineries would need 
to blend large volumes of advanced biofuels, 
which are still not on the market or their 
availability is limited and their price is very 
high.

Beta Renewables and Novozymes opened 
their first commercial scale cellulosic ethanol 
plant in Crescentino, northern Italy last 
year (Novozymes 2013). The unit processes 
agricultural waste like wheat and rice straw, or 
energy corps like arundo donax (giant cane). 
These feedstocks are converted to ethanol. 
With a unique combination of the leading 
production technology and the most efficient 
enzymes, they are able to release the valuable 
sugars from cellulose and hemicellulose. 
In fermentation sugars are converted into 
ethanol. The yearly feedstock capacity of the 
unit is 270 thousand tonnes and the product is 
75 million litres of ethanol/year. The biomass 
supply radius is 70 km.

In 2013 Forest BTL Oy (Finland) selected Axens’ 
Gasel® Fischer-Tropsch technology to build a 
BTL plant by 2017-18 on Ajos island (Finland) 
(Kara, M & Fedou, S 2013). The European 
Commission awarded the Ajos BTL project 
a NER300 subsidy of Euro 88.5 million in 
December, 2012 ranked as the best project in 
2nd generation biodiesel category. (This subsidy 
scheme is financed by the sale of 300 million 
allowances from new entrants reserve under 
the EU emissions trading scheme.) The plant 
will produce 146 thousand tonnes per year 
advanced renewable diesel and bio naphtha. 
Potentially it will be the first production facility 
in this scale producing winter-grade biodiesel 
via advanced gasification (Linde Engineering, 
Dresden - Carbon-V® process) and Fischer-
Tropsch synthesis from lignocellulosic (woody) 
biomass (i.e. forest residues). Annual input 
will be 1.7 million solid m3 of wood based raw 
material. The  procurement radius is 200 km.
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SUMMARY
Processing (extra) heavy crudes, declining 
demand of gasoline, increasing consumption 
of middle distillates, legislative drivers to blend 
advanced biofuels into gasoline and diesel, high 
energy prices, new automotive technologies 
with less fuel consumption, alternative 
drivetrains, overcapacities in European refining 
industry, new competitors on the market, 
etc. require operational excellence and non-
routine, advanced solutions to be even more 
competitive on the European refining market. 

Some possible solutions, technical trends are 
outlined in this paper. With these solutions it is 
possible to improve the operational excellence 
and profitability. The key areas we would focus 
on to improve downstream performance are 
innovation, efficiency, flexibility, synergy, value 
chain extension, non-European businesses and 
last but not least people / talent management.

Keywords: downstream challenges, innovation, 
development, technical trends, answers
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ABSTRACT
Earlier, in course of the Business Education 
Programme − together with my colleague, Erika 
Csiki (Competency Development & Strategic 
HR expert, MOL Group) − we have suggested 
IT solutions that contribute to meeting the 
key strategic challenges of MOL Group: the 
international working environment and big 
crew change (see below definitions). This article 
reviews current trends of big data and advanced 
analytics, cloud computing, and social matrix. 
Then it discusses some challenges related to 
the highlighted IT tools, virtual collaboration 
and learning & development / knowledge 
management. It is not in our intention to 
exhaustively elaborate on neither all possible 
challenges nor IT solutions, but we surely 
think that these key aspects could be useful 
consideration points in decision making.

INTRODUCTION
The success of each and every company is led 
by its strategy. The starting point for defining 
the strategy are the vision and values that give 
core guidance on where and how we want to 
get. “MOL Group keeps people moving ahead 
by discovering new ways of serving their energy 
needs better and creating value for generations 
to come” (MOL Group 2012). Information 
Technology (hereinafter IT) contributes as well 
to the vision and strategy of the company by 
supporting the key value sets such as success 
and growth, teamwork and partnership.

Anyone could easily enumerate IT applications 
that we already have and are essential for our 
daily operations. Many of us could as well 
raise the attention upon still not implemented 
IT systems that would be really beneficial for 
MOL Group and have added value. But do we 
see the challenges behind any IT solution? 
It is relatively easy to bring up best practices 
without having a deep understanding on their 
implications.

INTERNATIONAL WORKING ENVIRONMENT
Our Upstream segment is positioned as a strong growth pillar of MOL Group. We are 
present in 12 countries and we have an exploration-led strategy which is CAPEX, data and 
human capital intensive. With our Downstream segment we are present in 11 countries, 
having 7 production units in 4 countries. (MOL Group Investor Relations 2013). We 
have intentionally highlighted our international presence, additionally we have recently 
reorganised our operation. With the foreseen depletion of Central European Upstream 
resources, expansion is needed into new territories. 
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BIG CREW CHANGE DEFINITION
“The retirement of the workforce in the industry is normally referred to as “the big crew 
change”. Since the average age of an employee working at a major oil company or service 
company is 46 to 49 years old, there will be a huge change in personnel in the coming 
ten years, hence the “big crew change”. This age distribution is a result of the oil crises in 
‘70s and ‘80s... The rising oil price led to a significant increase in the inflow of petroleum 
geology students which waned as prices decreased” (The Oil Drum: Europe 2007). 

NOWADAYS CORPORATE IT SOLUTIONS
The way we use technology and IT solutions 
in our life has changed dramatically in the 
past five years. Presently (December, 2013), 
Facebook is having over 1.1 billion users 
around the globe, and already in November, 
2012 around 4.5 billion people in the world 
were using cell phones, and a growing ratio of 
that − around half billion − was using the Web 
on these mobile devices.

This rapidly changing environment in 
technology has further implications for 
managers as well, as they do not want to miss 
the opportunities to help their companies to 
benefit from this transformation happening 
right in front of them.

Here, in this article we just name two 
important trends that may have the most 
relevant implications on MOL Group’s internal 
IT usage habits.

One trend can be gathered under the name Big 
data and advanced analytics − according the 
McKinsey’s categorisation (Bughin, J & Chui, M 
& Manyika, J 2013) − meaning a new level of 
technology how companies can capture and 
analyse information. Cloud computing can be 
classified under this area: “accessing computer 
resources provided through networks rather 
than running software or storing data on local 
computer” (Bughin, J & Chui, M & Manyika, 
J 2010). The main advantage of the ‘cloud’ 
is the low cost by small increments; it is not 
only changing the profile of corporate IT 
departments, but also encouraging companies 

to apply more the ‘rent business model’ versus 
‘buy’. It is more beneficial to purchase just 
parts of a service than sacrifice themselves 
to large capital investments. Accordingly, 
many companies have started to use this 
business model to utilise their assets more 
effectively (see Figure 1). This new method 
has backsides as well. IT security risk is the 
main reason why sometimes managers are 
against (fast) adaption of the model: the data 
that is placed in the cloud exits the company 
firewalls by default. This means that switching 
to this new method of data storage needs a 
quite thorough planning before execution 
(MuleSoft 2011).

The other trend is the so called social 
matrix, based upon ever more powerful 
social technology solutions − a new form of 
organisational infrastructure that links and 
engages employees, (and also customers, 
suppliers) as never before − linked with the 
proven benefit of improved productivity of 
employees. Based on McKinsey’s research, the 
usage of social technologies in collaboration and 
communication (e.g. searching for information 
and responding to e-mails which could take up 
around 60% of a typical ‘knowledge’ workers 
daily routine) can result in 25% improvement 
of productivity. The change occurs due to 
the switch of the one-to-one communication 
channels, like e-mail and phone calls to social 
channels of many-to-many communication. For 
instance a searchable store of social messages 
could dramatically reduce the employees time 
spent on gathering information (J Bughin, J & 
Chui, M & Manyika, J 2012).
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These social technologies are mainly also 
well known as Web 2.0 − and they cover 
a range of technologies like blogs, wikis, 
information tagging or social networks. The 
main characteristic of them is the high degree 
of participation needed to be effective: they 
are interactive and they require users to 
generate new information (content) and 
to ‘edit’ other participant’s contribution. 
It is also important to highlight that even 
though they are inherently disruptive − so 
this way they challenge the company culture 
many times − they do not necessarily need 
complex, and costly technology integration, 
they can be easily ‘laid upon’ the existing IT 
infrastructure. Nevertheless, some certain 
factors have to be present; otherwise Web 
2.0 efforts often fail to deliver the dream 
results. There can be risks of the usage for 

the company, and also, most of the times 
managers do not know how to encourage the 
usage to reach the desired participation level 
(Chui, M & Miller, A & Roberts, RP 2009).

Benefits that Web 2.0 − if applied properly 
− definitely has is the increased willingness 
to participate in projects or to share ideas, 
faster and better access to knowledge, 
knowledge generation. It also reduces costs 
of communication, travelling and general 
operation; that is highly important nowadays 
when companies are operating around the 
globe (see Figure 2) (McKinsey&Company 
2009).

Reflecting to these trends, in MOL Group’s 
present situation we considered two main 
categories to be analysed IT-wise: virtual 

Fig. 1. The Cloud plays main role in current IT trends 
(Source: http://www.pocketlistsapp.com/wa-data/public/site/img/pocketlists/roadmap/roadmap-2012-nov-large.jpg)
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collaboration − relating to the international 
working environment − and learning & 
development / knowledge management – 
relating to the challenge of accelerating time 
to autonomy in course of the big crew change. 
Both areas will be covered by IT tools based 
on Web 2.0 solutions, but we would like to 
highlight some considerations regarding ‘big 
data’ trends as well.

As a summary, let us see how the above 
mentioned company benefits can be grouped 
by these two categories (see Table 1).

CHALLENGES RELATED TO IT 
SOLUTIONS IN MOL GROUP
With specific IT application examples we will 
demonstrate the main challenges concerning 
each solution.

VIRTUAL COLLABORATION

COMMUNICATION / COLLABORATION 
SOFTWARE (E.G. SKYPE, JABBER, OFFICE 
COMMUNICATOR)
The usage and the availability of these softwares 
across MOL Group would greatly contribute to 
the daily work of many employees, especially 
for ones participating in remote / virtual 
teams. The more widespread presence of 
them would widen the range of tools used 
for communication and collaboration. At least 
partly they could also replace e-mails and 
mobile telephone usage.

Topics to consider
In some cases there can be technical 
barriers of implementing the same software 
everywhere. In some of MOL Group’ countries 

Fig. 2. Measurable gains from using Web 2.0 for given purpose, includes respondents who are using at least one Web 2.0 
technology, even if on trial basis (McKinsey&Company 2009)
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(for example Oman) legal restrictions exist 
against the usage of such programmes; 
other countries have general information 
transfer banning (Russia) that disables the 
elaboration of the process. The operation 
and maintenance questions of such software 
have to be considered prior to execution as 
well. The general aim of such solutions would 
be the harmonisation / integration of IT 
systems − as we see it now, the question is 
more about how to manage it, is it possible 
at all.

INTERNAL COMMUNICATION  
AND PAGES
In MOL Group internal announcements were 
used for a long time. For the storage of all 
employee-relevant internal information the 
intranet system (CIP) is the referring surface. 
Collaboration, knowledge-storing and -sharing 
is mainly managed by the SharePoint based 
MOS (Microsoft Office Specialist) site collection 
at the moment.

Topics to consider
A recent change regarding internal 
communication is the introduction of  
ePanorama − replacing internal 

announcements. This functions as a site 
collection for the news. The content (topics) 
can be searched which is an important 
criteria fulfilled that way. We do not have 
relevant feedback about this new initiative 
yet, and whether the usage will burn into 
daily usage or are there any weak points of 
this system (low awareness and visibility, 
slow operation).

Challenges related to the adequate usage 
of MOS sites are numerous. Starting from 
the supporting browser type, continuing 
with the problem of integrated MOS usage: 
not everywhere in MOL Group is SharePoint 
implemented. Some IT security questions are 
raised as well before the ‘show starts’ pilot 
has to be carried out. Where to store the 
data? Shall cloud computing be used? What 
is the confidentiality level of the content? 
Operatorship and maintenance has to be 
clarified and regulated here as well.

SOCIAL NETWORK / DATABASE
Web 2.0 based tools can contribute to 
corporate processes as well − they fit quite 
well to a company’s knowledge management 
policy. Why would the case be different at 

Table 1. Company benefits grouped by virtual collaboration and learning & development / knowledge management

STAKEHOLDER VIRTUAL COLLABORATION LEARNING & DEVELOPMENT / 
KNOWLEDGE MANAGEMENT

Company
Organisational efficiency increase, 
though the increased efficiency of 

the individual daily work

› Capability increase
› Competent workforce
› Storage of tacit and explicit knowledge

Employee Fast & easy remote / virtual 
communication and collaboration

› More professional development
› Eased advancement in company  

carrier path

HR More efficient utilisation of 
working hours

Efficient development and knowledge 
management methods

Potential employee Eased integration and daily work Professional development outlook
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MOL Group? Through forums our corporate 
knowledge base can grow day by day and that 
is highly important in today’s world. There is 
a huge need to transform tacit knowledge 
into explicit knowledge to assure knowledge 
transfer between colleagues (also between 
different generations referring to the ‘big 
crew change’).

Topics to consider
A well-working social network at the corporate 
world, and any other Web 2.0 based IT tool 
requires a few things to be able to create value 
for the business.

Firstly, it should be designed carefully, so it 
covers real business needs. What would be really 
beneficial for MOL Group is having a complex 
employee database with professional profiles 
(internal social network). This database would 
not only provide basic business information 
on each and every employee, by proving links 
to other IT tools as well − meaning that there 
should be a direct way to get into contact with 
everybody via online communication tools (e.g. 
Jabber) − it should also give links to previous 
projects executed by the employee. Thus there 
should be another backing database (we can 
call it MOL Wikipedia) where all the business 
relevant information can be stored about 
projects. This way a lot of energy can be spared 
spent on searching who to contact regarding 
certain topic, and what was already done 
before. This requires a whole new umbrella 
approach linking our IT tools.

Secondly, there should be managerial support 
for these knowledge sharing and management 
solutions − just as an example, usage and 
contribution ratio of different corporate forums 
rely a lot on trust. Trust, that employees can 
dedicate some time from their daily work to 
use them, and trust, that they are free to raise 
questions there without being professionally 
disadvantaged.

Additionally there is the need for resource 
allocation from the company − at least there 
should be a moderator and a maintenance 
function of the social network as well.

LEARNING & DEVELOPMENT / 
KNOWLEDGE MANAGEMENT

E-LEARNING
Dynamism and convenience gives a boost to 
the traditional way of e-learning. Our current 
e-learning system, ‘Tannet’ has much more 
potential inside than and how it is currently 
used for.

Topics to consider
It is always a crucial question whether any 
system should be replaced entirely with a brand 
new ‘box’ product or we just have to improve 
our way of using the tool. The main problem 
has to be addressed correctly; if we have too 
much unnecessary or bad content, then a 
comprehensive clean-up and better regulated 
usage and maintenance is needed in the future.

On the other hand, if there are numerous 
drawbacks of the current system, a total 
replacement would be a better solution.

VIRTUAL CLASSROOM
Virtual classrooms have become more and 
more widespread; they bring learning and 
development to a higher stage. Their real 
benefit is knowledge transfer in a cost-efficient 
way (e.g. WizIQ).

Topics to consider
Is MOL Group’s IT / company culture ready for 
this − will there be a user ratio high enough so 
that the investment will pay off? Testing and 
education of tool usage should be an essential 
part of this project.

LEARNING AND DEVELOPMENT (L&D) 
MANAGEMENT SOFTWARE
An interface that entirely connects and manages 
the learning & development function, including 
e-learning system and virtual classroom, etc. from 
the user and administrator side, would provide a 
suitable and clear framework for L&D function.

Topics to consider
It should be possible to integrate it with the 
enterprise resource planning system. In MOL’s 
case it should be SAP-based but with a user 
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friendly interface. Current challenge is that 
SAP is not implemented yet across the Group. 
Regarding the cost aspect TCO (Total cost of 
ownership) should be considered. TCO means 
“The purchase price of an asset plus the costs of 
operation. When choosing among alternatives 
in a purchasing decision, buyers should look not 
just at an item's short-term price, which is its 
purchase price, but also at its long-term price, 
which is its total cost of ownership. The item 
with the lower total cost of ownership will be the 
better value in the long run” (Investopedia).

LEVEL ZERO REQUIREMENTS FOR  
IT SOLUTIONS IN MOL GROUP
In the last sections we gave a broader view 
in our two selected topics about the present 
situation, some improvement suggestions 
and challenges as well. There are a few 
general considerations that have to be applied 
generally for all the sub-areas, or to say the 
whole IT system at MOL Group.

It cannot be emphasised enough that being 
up-to-date is a must speaking about IT. Being 
just at the level of the current trends, and 
not lagging behind would provide companies 
evident competitive advantage.

Our IT system should formulate an umbrella 
approach as mentioned previously as well. 
Connecting all the systems would be a huge 

project, but would surely have benefits enough 
to pay off. This is how ideally the system 
should work: it would provide the possibility 
to search by keywords for instance or business 
areas. That also emphasises the preliminary 
requirement of the system as being designed 
upon real, everyday business needs.

The general availability of the tools is also a 
zero level requirement. This might have some 
limitations, but we have to reach the maximum 
level possible in that. The same applies for 
being user friendly.

SPECIAL HIGHLIGHT ON MANAGERIAL 
SUPPORT AND COMPANY CULTURE
Even though these two aspects were 
emphasised even before, we would like to 
dedicate a special section for them, based on 
our own opinion and a McKinsey study (Chui, 
M & Miller, A & Roberts, RP 2009).

The IT tools we have just described are mostly 
operating so that they need contribution from 
the user, we can call them interactive also. This 
way they require an entirely different company 
culture than we are used to: it is not common 
that the average employee manages his / her 
time so that a certain time for creating some 
‘knowledge-sharing’ content could fit into the 
daily routine. That is why the most important 
thing is to apply IT tools, so that they can be 

Fig. 3. Most important practices for succesfully using Web 2.0 technologies, % of respondents reporting at least one 
measurable benefit from using Web 2.0 tools − includes respondents who are using at least one Web 2.0 technology, 
even if on trial basis (McKinsey&Company 2009)

Integrating use of Web 2.0 into 
employees' day-to-day work activities 75 

Senior leaders role modelling/
championing use of technology 56

Providing informal incentives 43

Allowing nonwork issues 17

Providing formal incentives 14

Internal purposes, n= 1,032

Use of technologies
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easily incorporated in the user’s daily workflow. 
This may require some rearrangements on how 
we work, and deleting overlapping functions 
from similar programmes.

In some cases it is not clearly classified which 
information can be made available company- 
wide, or it requires special effort to separate 
these from the confidential ones.

These are good reasons why a lot stronger 
managerial support is needed, actually across 
the company, with different approaches 
managerial-level wise. 

According to the McKinsey study (see Figure 3) 
good results are obtained when managers act 
like role models for the employees in usage, 
even though setting rules or dictating how to 
use such a tool, sometimes does not initiate 
contribution. Rather an awareness campaign 
on the tool could be more helpful.

About how to motivate the users, the biggest 
success ratio is coming from such initiatives 
where usage, e.g. number of posting, was not 
set as a benchmark − this way targets can be 
met, but quality will surely drop. Better to bolster 
the reputation of the participants by rewarding 
the quality and usefulness of their contribution. 
Finally, sometimes these new kind of participatory 
initiatives were stalled due to HR and legal 
concerns; some contents shared might have 
negative effect on companies’ reputation or the 
problem is the fear of the self-organising nature 

and power of dissent. These are reasonable 
concerns, though a balance between freedom 
and control can be reached by reasonable policies 
of usage, e.g. forcing out everyday social norms, 
and also by prohibiting anonymous posting.

CONCLUSIONS
We have not discussed the fanciest solutions 
just because they exist (for example touch 
screens) but we have emphasised the 
ones (virtual collaboration and learning & 
development / knowledge management) 
which seem to be valuable for the present 
business needs. Whenever suggesting new IT 
tools it is important to analyse these needs, 
identify key processes, and see where IT can 
have a contribution to efficiency increase in 
the value chain.

In development or introduction of new systems, 
business and IT need to be strongly connected 
and work hand-in-hand. As discussed in 
the article there are lots of challenges that 
need to be considered with regards to IT 
tools. Neglecting any of them might lead to 
unsuccessful IT projects at the early stage of 
implementation or on midterm.

It is important to select those IT tools that have 
business value. This is not enough, suitable 
company culture and managerial support are 
crucial.

Keywords: information technology, virtual collaboration, 
learning and development, knowledge management
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ABSTRACT
The thermal power plant (TPP) has been part 
of SLOVNAFT, a.s. Bratislava Refinery since the 
early 1960s. It runs on MPR (mixed petroleum 
residue – heavy fuel oil) supplied from the 
Refinery. TPP generates electricity and heat (in 
the form of overheated steam, for technological 
and heating purposes) for all production units 
and non-production departments at SLOVNAFT. 
It meets about half of electricity demand (while 
the rest is covered from the public network) 
and full heat demand of the enterprise. 

TPP was modernised over the last five years in 
the frame of the ‘TPP revamp’ in order to

› Comply with new environmental require-
ments for combustion plants

› Increase the burning capacity of mixed 
petroleum residue in TPP up to 500 thousand 
tonnes per year and

› Increase the reliability of power supply to 
SLOVNAFT.

HISTORY OF TPP
Construction of TPP started in year 1959 along 
with the erection of the first petrochemical 
production units. In three phases eight boilers and 
four turbines were installed and put into operation. 
Production units of TPP were constructed with 
block configuration; each of the four blocks 
consists of two boilers and one turbo generator.

The first two blocks, boilers K1, K2 with turbo 
generator TG1 and boilers K3, K4 with turbo 
generator TG2 were put into operation in 1961. 
Steam capacity each of the boilers was 125 
t/h. Condensing turbine with two controlled 
extraction flows (for technological purposes) 
provided nominal capacity of 25 MW. Each of 
the steam pressure levels as well as feed water 
lines of the blocks was interconnected by 
common headers.

The third block, boilers K5, K6 with turbo 
generator TG3 was tested in 1965. The back 
pressure (non-condensing) type turbine at TG3 
provided nominal capacity of 25 MW.

The fourth block, boilers K7, K8 and turbo 
generator TG4 was commissioned in 1972. 
Its back pressure (non-condensing) type of 
turbine was installed with nominal capacity  
of 32 MW.

By 1972 the total installed production 
capacity of TPP reached 1000 t/h of steam 
with temperature of 535°C and pressure of 
9.41 MPa, and 107 MW of electricity. Boilers 
were able to burn heavy fuel oil only.
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TPP was operated in such configuration till 
1987 when the first reconstruction began. 
Boilers K1, K2 and turbo generators TG1, TG2 
were completely demolished and on the same 
basement new equipment was built. Boiler K1 
was put into operation in 1990 and boiler K2 
in 1992. The new turbo generator TG1 was 
put into operation in 1994, TG2 in 1996.

The new boilers had increased steam 
production capacity to 140 t/h. The new 
turbo generator TG1 represented the same 
type as the old one, but new turbo generator 
TG2 had an increased capacity of 32 MW in 
full condensing or full extraction mode.

The second reconstruction of TPP had been 
executed from 1995 to 2000. The simplified 

post-reconstruction technological scheme 
of TPP is shown in Figure 1. Two boilers K3, 
K4 were replaced by one new boiler (called 
K3) with nameplate steam capacity of 250 
t/h. In order to decrease NOx emissions of 
the boilers production blocks one (K1+K2), 
two (K3) and four (K7+K8) were equipped 
with electrostatic precipitators (ESPs) and 
combustion systems of the boilers on these 
blocks were completely refurbished with 
additional SNCR (selective non-catalytic 
reduction) system based on ammonia-
water injection. Combustion systems of 
all boilers (except to boilers K7 and K8) 
were installed as dual to be able to burn 
besides heavy fuel oil also natural gas with 
additional ability of refinery gas partial 
burning.
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140 t/h

K5
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Fig. 1. Simplified technological scheme of TPP in 2001
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MODERNISATION OF TPP – 
BACKGROUND
Life-limited power plant equipments and the 
stricter environmental regulations raised the 
questions about how to meet reliably and in 
long-term the increased electricity and steam 
demand of the Refinery.

FEASIBILITY STUDY
In 2006 Steinmüller Engineering GmbH (today 
a Siemens company) carried out a feasibility 
study for the power plant of SLOVNAFT 
including the comparison and evaluation 
of various flue gas desulphurisation (FGD) 
technologies and different alternatives of 
production technology modification.

The scope of study was to determine 
if the power station units at SLOVNAFT 
particularly the earlier manufactured ones, 
are fit to supply the refinery predominantly 
with process steam and electricity, for the 
coming 10 years, under strict environmental 
regulations. In the frame of the study the 
following tasks were assigned:

› Survey of the status of the power plant to 
consider whether it could be kept operational 
for another 10 years

› Conditions for burning of 500 kt/year of 1% 
sulphur content LFO (light fuel oil) using FGD 
technology, the necessary revamp of the 
power plant.

As TPP is the only steam supplier of SLOVNAFT 
Bratislava Refinery, any failure of the old 
equipment of TPP endangers the continuous 
and stable operation of the Refinery. Boilers K7 
and K8 for steam production are near to the 
end of their expected lifetime and the turbo 
generator TG3 is already over its expected 
lifetime (see Figure 1). Their failures can cause 
an interruption of steam supply for SLOVNAFT 
and subsequently stop the production at some 
parts of the Refinery.

At that time approximately 320 kt/year of 
heavy fuel oil (HFO) with 1% sulphur content 
coming from Refinery was burnt in the power 
plant of SLOVNAFT. The rest of the produced 

50% 50%

100%100%51%24,5%24,5%

SLOVNAFT CEZ, a.s.

CM European Power International B.V.
The Netherlands - HOLDCO

CM European Power  
International s.r.o.

Slovakia - SK CCGT OPCO

SLOVNAFT
CCGT investment

TPP operation
TPP Revamp investment

Boiler farm
HU CCGT investment

MOL-CEZ European 
Power Hungary Kft.
Hungary - HU OPCO

CM European Power Slovakia s.r.o.
Slovakia - SK TPP OPCO

MOL Plc.

Fig. 2. Ownership structure of CM European Power Slovakia s.r.o.
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HFO was marketed (approximately 150  
kt/year, blended with smaller amounts of 
gas oil from refinery units). However, the 
new, stricter environmental regulations (SO2 
emissions limits according to the 2001/80/EC 
‘large combustion plant directive’) disallowed 
simple burning of this fuel in SLOVNAFT TPP 
and in external power plants from 1st of January 
2008 unless they are equipped with flue gas 
desulphurisation (FGD) units.

Several options for either the current or the 
changed power plant capacity were taken into 
consideration. One of these was the upgrade 
of the power plant with the implementation of 
FGD and burning of HFO. Burning of natural gas 
without the need of FGD implementation was 
also included.

The feasibility study contained beside the 
survey of the status of the power plant and 
a check of its suitability to secure the steam 
demand of the refinery during the next 10 
years, five different options of power plant 
modification including revamp measures and 
FGD implementation.

In all of cases full steam demand of the Refinery 
was satisfied, while retaining the earlier used 
steam properties after 1st of January 2008.

MOL-ČEZ STRATEGIC PARTNERSHIP

BUSINESS STRATEGY
Based on MOL Group strategic decision to 
enter the power market, MOL and ČEZ have 
concluded a joint venture agreement on 
20th December 2007. According to this, the 
thermal power plant of SLOVNAFT should be 
transferred to the joint venture and MOL had 
to be responsible for the revamp of the TPP. 
The thermal power plant was acquired by CM 
European Power Slovakia, s.r.o. (CMEPS) jointly 
owned by MOL, ČEZ and SLOVNAFT as of 1 
April 2009 (see Figure 2). From the acquisition 
date TPP has been operated by CMEPS.

According to the agreement
› TPP will be modernised and its power 

generation capacity will be increased from 

114 MWe to at least 160 MWe. Combustion 
capacity of boilers will be 500 kt/year of fuel 
oil in order to produce the required amount 
of power and steam. Installation of flue gas 
desulphurisation unit (FGD) is required to 
meet the SO2 emissions limits. Units older 
than their expected lifetime will be replaced 
in the frame of the TPP revamp

› The role of TPP to provide steam and security 
of power supply for the Refinery must be 
safeguarded also in the new operating 
company

› MOL shall be responsible for completing 
SLOVNAFT TPP retrofit by 1st January, 2013.

TPP REVAMP

BASIC DATA, REQUIREMENTS
Initial CAPEX: Euro 150 million. Deadline of the 
revamp: 31st December, 2012. Main targets:

› Compliance with Slovak and EU environmental 
regulations (FGD installation)

› Ability to burn all of the heavy fuel oil output 
of SLOVNAFT (500 kt/year)

› Ensure reliable steam supply for SLOVNAFT 
Bratislava Refinery

› Increase the installed power from 114 MW 
to 174 MW.

PROJECT SCOPE
Based on the feasibility study prepared by 
Steinmüller Engineering GmbH in 2008 and next 
analysis the scope of TPP revamp was defined. 
The approved project had two main parts: flue 
gas desulphurisation and TPP revamp.

FLUE GAS DESULPHURISATION
Based on the evaluation, the wet FGD process 
was selected as the best suitable technology 
for SLOVNAFT Bratislava Refinery and was 
applied for TPP revamp. The wet FGD-system 
uses limestone as absorbent and produces 
marketable gypsum of natural quality.
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Flue gas desulphurisation unit eliminates 
more than 80% of SO2 emissions from the 
reconstructed TPP thus meeting the prevailing 
emissions regulations.

TPP REVAMP
The modernisation of production equipment 
enables to increase reliability of steam and 
electricity supply to the Refinery and makes 
possible to burn 500 kt heavy fuel oil (mixed 
petroleum residue – MPR) per year.

CONTRACTUAL STRUCTURE
According to the joint venture agreement, 
MOL had to guarantee the implementation 
of the project. It was decided that MOL will 
be a main contractor for the whole project on 
the base of EPC (engineering, procurement, 
construction) contract. The EPC contract 
between MOL and CMEPS was signed on 31st 
November, 2009.

The main subcontractors for project 
implementation were selected prior to the 
tender processes:

› FGD: Austrian Energy and Environment AG & 
Co KG, and Andritz Energy and Environment 
GmbH

› TPP revamp: SLOVENSKÉ ENERGETICKÉ 
STROJÁRNE a. s. Tlmače (SES, a.s.).

A project management team was appointed 
according to MOL regulations. Based on a 
SLA (service-level agreement) contract with 
MOL, SLOVNAFT Project Implementation 
Department managed the project execution 
and subcontractors on site.

FLUE GAS DESULPHURISATION
By the elimination of more than 80% of SO2 
emissions from the reconstructed TPP, fuel 
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gas desulphurisation (FGD) unit meets the 
prevailing SO2 emissions limit of 200 mg/Nm3 
for new boilers with power output more than 
100 MW.

FGD unit desulphurises the outgoing flue gases 
from old boilers K1, K2, K3, K7 and K8, and also 
from new boilers K4 and K5 in order to meet the 
given legislation requirements (see Figure 3). 
The design of FGD unit ensures enough capacity 
to clean flue gases from the thermal power 
plant for burning 500 kt/year of heavy fuel oil 
(HFO) with sulphur content up to 1.5% during 
normal operation.

Flue gas (max. about 1 million Nm3/h) flows 
from electrostatic precipitators (ESPs, placed 
behind the boilers) to the bottoms of two 
absorbers (each designed for approximately 
55% of total thermal power plant capacity) 
through the ducts by using flue gas booster 
fans. In the absorbers limestone and water 
slurry from spray nozzles is sprayed into the 
stream of gas that flows from the bottom to 
the top of the absorber. The saturated and 
cleaned flue gas leaves the absorber at the top 
and goes via the clean gas ducts through the 
steam-gas heater to the stuck. The absorbers 
are made of concrete with PP lining protection 
of internal surfaces against chemical impacts 
and against possible abrasion. Drops of the 
limestone slurry react with flue gas components 
SO2, SO3, HF, and HCl. Physically, there is 
counterflow of gas and slurry streams. The 
absorber consists of three zones: absorption 
zone, gas zone and recirculation vessel zone. In 
the absorption zone acidic sulphur compounds 
like SO2, SO3 are absorbed into water and react 
with limestone. In the gas zone at the top of 
the absorber, the gas goes through demisters 
and eliminators in order to catch droplets. In 
the recirculation vessel (storage tank) zone, at 
the bottom of the absorber, limestone breaks 
down, oxidises, and gypsum (CaSO4 x 2 H2O) 
is created with its crystals. Blowers supply the 
air necessary for oxidation; air flows under the 
water level, agitators installed at the vessel 
casing increase effectiveness. The content 
of the absorber vessel is recirculated using 
recirculation pumps.

Ground limestone is stored in a silo in quantity 
sufficient for nine days of uninterrupted 
operation under full plant capacity and at 
sulphur content of HFO (1.5%). Limestone 
is dosed into the silo through standard tank 
truck connection by truck compressor. Silo is 
equipped by blowing of the bottom cone part 
in order to eliminate occurrence of domes. 
Limestone from the silo will be continuously 
dosed into limestone slurry mixing tank(s). 
Slurry is pumped from the mixing tank to the 
absorber to the suction side of the circulation 
pumps. Water is taken from the network to the 
process water storage tank(s). This water is 
then, using process water pumps, used for the 
slurry preparation in limestone slurry mixing 
tanks(s) and also in process. Limestone slurry 
is then pumped to absorber using limestone 
slurry pumps. Transformer station, limestone 
silo, gypsum silo and absorbers of FGD are 
shown on Figure 4.

Gypsum slurry is pumped by gypsum slurry 
pumps from the absorber into a hydrocyclone 
station, where it is thickened to 50% water 
content. The thickened slurry flows out from the 
hydrocyclone bottoms to the centrifugal filters, 
where another part of the water separates and 
a filter cake with the moisture content of 10% 
falls out. The gypsum filter cake that comes out 
of the centrifuge is transported directly or by 
belt conveyor(s) to the gypsum silo. There are 
two silos with capacity for nine days of gypsum 
production during normal operations. A part of 
the gypsum silo is the loading and unloading 

Fig. 4. Transformer station, limestone silo, gypsum silo 
and absorbers of FGD
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equipment located at the silo axis that enables 
storage of gypsum during emptying of the 
silo. The silo unloading equipment measures 
gypsum to tanker trucks.

Main milestones of FGD implementation 
can be summarised as follows. The EPC 
contract between MOL and Austrian Energy 
and Environment AG & Co KG was signed 
on 26th August, 2009. The engineering 
design was prepared and the application 
for building permit was submitted to Slovak 
Environmental Inspection on 6th February, 
2010. The building permit in the form of 
integrated permit was issued on 29th July, 
2010. Temporary operation permit for trial 
operation was issued on 7th March, 2012. 
CMEPS operates FGD from 4th May 2012. 
Finally, on 17th December, 2013 the operation 
permit for permanent operation was issued. 

TPP REVAMP
For TPP revamp various options were 
evaluated. The final solution (see Figure 3) 
includes installation of two new boilers (K4 
and K5) with capacity of 2x160 t/h steam 
production, installation of the new 60 MWe 
turbo generator (TG5) with 100 t/h 3.5 MPa 
steam extraction and building of a new 
cooling centre for the new turbine.

BOILERS K4, K5
The old K5 and K6 boilers had been taken out 
of operation and were dismounted. The new 
boilers, with such accessories as electrostatic 
precipitator, fly ash pneumatic transport 
equipment, Ljungstrom regenerative air 
preheaters, fans, transformer station and 
substation, etc. were installed in the same 
area instead of the old ones. Table 1 lists 
some technical data and Figure 5 shows the 
installation of the new boilers.

TURBOGENERATOR TG5
The new condensing turbine generator 
TG5 and relevant accessories with 60 MWe 
nominal power increase the electricity 
power output of TPP. The new turbine TG5 
is connected to the existing steam admission 
system. The condenser is integrated into the 
recirculating cooling water system CC8. New 
low pressure / and high-pressure heaters are 
installed at turbine TG5. 

The new turbine generator with its accessories 
has been installed in the new building as 
an annex building to the old turbine hall  
(see Figures 6 and 7).

The power output from TG5 is connected to 
the existing SLOVNAFT 110 kV switchgear 
through transformer 75 MVA, 110/10.5kV 
(see Figure 8).

Fig. 5. Installation of the new boilers K4, K5 (designer, 
manufacturer and supplier: SES, a.s. Tlmače, Slovakia)

Fig. 6. Installation of turbine (designer, manufacturer 
and supplier: Doosan Škoda Power, Czech Republic)
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Refinery demand for three different steam 
pressure levels determines configuration of the 
turbine from extraction condition configuration 
point of view. Technical parameters of turbines 
are summarised in Table 2.

COOLING CENTRE CC8
Cooling centre CC8 ensures required supply 
and quality of cooling water necessary for new 
turbine TG5, and boilers K4, K5 (Figure 9). 

Power plant remains connected also to cooling 
water for turbines TG1 and TG2. Actually, it is 
just only mechanically treated (Danube) river 
water that is after the cooling cycle in plant 
returns back to SLOVNAFT pump station (in 
winter) or to the river. 

Water treatment unit (as part of the Cooling 
Centre) supplies water for the first circuit 
feeding and then the circulated water is treated 
in order to reach the necessary parameters 
required by cooling equipment itself and by 
equipments installed in the cooling system.

TPP implementation milestones can be 
summarised as follows. EPC contract between 
MOL and SES Tlmače was signed on 15th 

December, 2009. Engineering design was 
prepared and the application for building 
permit was submitted to Slovak Environmental 
Inspection on 6th February, 2010. Building 
permit in the form of integrated permit was 
issued on 29th July, 2010. Temporary operation 
permit for trial operation was issued on 
13th November, 2012. Commissioning and 
guarantee measuring has been executed for 
boilers K4 and K5 during December 2012. 
K4 and K5 are operated by CMEPS since 
May 2013. Turbine during commissioning in 
December 2012 did not reach the required 
parameters and subsequent modification 
including reparation in the production factory 

Table 1. Technical data of new boilers
MPR – mixed petroleum residue; NG – natural gas; RF – 
refinery gas

K4 K5

Nominal capacity, t/h 160 160

Live steam 
temperature, °C 535 (+5;-10) 535 (+5;-10)

Live steam pressure, 
MPa 9.41 9.41

Fuel, %
MPR-100
NG – 50
RG – 30

MPR–100
NG – 50
RG – 30

Nominal efficiency, % 93.7 – 94 93.7 – 94

Feed water 
temperature, °C 220 220

Heat power, MWt 112 112

Fig. 7. Final view to the new turbine hall

Fig. 8. Transformer 75 MVA for TG5 output
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became necessary. Guaranteed parameters for 
TG5 were achieved during performance test 
in December 2013. On 17th December, 2013 
operation permit for permanent operation 
was issued for the whole TPP.

CONCLUSIONS
Modernisation of thermal power plant in 
SLOVNAFT Refinery was one of the biggest 
investments of MOL and SLOVNAFT during last 
years. 

Following the revamp, thermal power plant in 
SLOVNAFT meets environmental requirements 
for SO2 emissions limits valid from 1st January, 

2016. Modernisation of TPP production 
equipment improved the reliability of power 
supply to SLOVNAFT Bratislava Refinery. Plant 
has the capacity to burn increased amount of 
mixed petrol residue up to 500 kt per year.

Keywords: energy supply to refinery, mixed petroleum 
residue burning, strategic partnership, flue gas 
desulphurisation, reliable steam supply, modernisation 
of production equipment

Reviewed by Ladislav Szemet 

Table 2. Technical parameters of the CMEPS turbines (including TG5)

TG 1 TG 2 TG 3 TG 4 TG 5

Nominal power, MW 25 32 25 32 60

Condensing power, MW 16 32 n/a n/a 60

Nominal inlet steam temperature, °C 535 535 535 535 535

Nominal inlet steam pressure, MPa 8.83 8.83 8.83 8.83 8.83

Nominal inlet steam flow, t/h 200 270 230 230 290

Controlled extraction capacity

3.5 MPa, t/h n/a 100 n/a n/a 100

1.0 MPa, t/h 100 / 75 100 150 n/a n/a

0.4 MPa, t/h 75 / 100 n/a n/a 160 n/a

Controlled backpressure capacity

0.4 MPa, t/h n/a n/a 80 n/a n/a

0.05 MPa, t/h n/a n/a n/a 70 n/a
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Fig. 9. Cooling centre (designer, manufacturer and supplier of CC8: FANS, a.s., Czech Republic) and new turbine hall for TG5
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ABSTRACT
This paper gives a summary of our current 
knowledge about the depositional systems of 
the host rocks in which the oil deposits in the 
Akri-Bijeel area, Iraqi Kurdistan, accumulated. 
The reservoirs are carbonate rocks formed on the 
wide shelf of Gondwana in Upper Triassic-Jurassic 
time. Local depressions or intrashelf basins 
formed in the Jurassic on the shelf by extensional 
tectonics. These depressions became occasionally 
restricted or confined when the sea-level fell, 
indicated by evaporite deposits. The restricted 
environments were favourable to develop anoxic 
conditions when abundant organic matter could 
be preserved and transformed to hydrocarbons. 
Several smaller scale and a few large-scale sea-
level fluctuations variegated the history. A major 
lowering occurred in Upper Jurassic when the 
Barsarin evaporites precipitated. The sea-level 
recovered and rose higher than earlier in the 
latest Jurassic-earliest Cretaceous.

Seismic and bio-litho facies studies identified four 
main facies:  (1) shelf carbonate sheet characterised 
by continuous, parallel seismic reflectors; (2) shelf 
sheet transition to progradation; (3) prograding 
clinoforms from carbonate platforms to deep 
water  and (4) carbonate mound at a locality in 
the middle of the exploration area. These facies 
units have been mapped in a 3D seismic survey. 
The results will constitute the basis for further 
exploration activities and reservoir modelling.
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INTRODUCTION
Kalegran Ltd. (a subsidiary of MOL, Plc.) and 
Gulf Keystone Petroleum International started 
operations in the Akri-Bijeel block on Novem-
ber 6, 2007. Five wells have been completed 
(Bakrman-1, Bekhme-1, Gulak-1, Bijell-1, -7) and 
two more, Bijell-2 and -4 are currently being 
drilled. The available seismic data sets include 
a 2D network of 440 km and a 3D survey on a 
423 km2 area in the block. MOL announced 
a commercial oil discovery in 2013. The 
prospective formations are carbonate rocks in 
the Upper Triassic and Jurassic age intervals.

As the exploration activities progress, new 
geological information may elaborate on the 
current models and contribute to developing 
more sophisticated geological concepts. 
All the available geological data need to be 
compiled and integrated, from regional studies 
through seismic and well log interpretations 
to minute information extracted from core 
samples, in order to establish a viable concept 
for exploration and production. It is necessary 
to understand how and in what type of 
environment the rocks formed, and how they 
were altered structurally, petrographically 

Fig. 1. Paleogeographic reconstruction after Al-Husseini (Al-Husseini, MI 1997). A. Upper Triassic; B. Lower Jurassic;  
C. Middle Jurassic; D. Late Jurassic.
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after their deposition. This paper overviews 
our current knowledge on the stratigraphy 
and depositional systems in the Upper 
Triassic-Jurassic section based on seismic 
interpretations and bio-, lithofacies analysis on 
core samples.

PALEOGEOGRAPHY  
AND SEA-LEVEL CYCLES
The Arabian Peninsula and Gulf region 
were located close to the Equator in late 
Triassic time and were part of the Gondwana 
supercontinent. The Tethys ocean floor was 
being created by an oceanic spreading system 
to the north. A bifurcation of the oceanic rift 

was positioned between 
the Arabian land and India 
(Figure 1A).

The Akri-Bijeel Block 
area was located in the 
northern shelf zone 
of Gondwana where 
carbonate sedimentation 
was dominant. Clastic 
sediments are predicted 
to have deposited on the 
shelf south of the Bijeel 
region (Al-Husseini, MI 
1997). The late Triassic 
period corresponds with 
the deposition of the Kurra 
Chine and Baluti Formations 
in Iraqi Kurdistan.

The global sea-level 
was relatively low in the 
early Jurassic (Haq, BU & 
Hardenbol, J & Vail, PR 
1988), which resulted in 
non-deposition in much 
of the Arabian plate. A 
transgression occurred in 
lower Jurassic, Toarcian 
time that shifted the 
coastal zones southward 
toward the centre of 
the continent. Some 
oscillations variegated the 
sea-level history, when 

confined evaporitic basins formed within the 
shelf signalling temporal lowstand phases. 
The Bijeel area was still on the carbonate 
shelf, probably close to the continental slope 
(see Figure 1B). This time period corresponds 
approximately to the Butmah (Sarki) 
Formation in the Akri-Bijeel area.

The Toarcian transgression was followed 
by a sea-level fall of nearly 50 m in around 
Aalenian time that is manifested by a 
regional hiatus and the Alan conglomerate / 
anhydrite formation in the Kurdistan region. 
A new transgression succeeded in Middle 
Jurassic (Bajocian-Bathonian) when huge 

Fig. 2. Upper Triassic-Jurassic formations and sea-level history in the Akri-Bijeel 
region. AP6–8 are megasequences of Sharland et al. (2001); information from 
Aqrawi et al. (2010) is also included (* − few hundred metres or more)
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shelf carbonate sheets deposited again on 
most of the Arabian Peninsula. Clastic input 
took place far south of the Bijeel area from 
the territory of Africa that could not reach 
the North Iraq region (see Figure 1C). This 
transgressive period is equivalent with the 
Sehkaniyan-Sargelu deposition in the Akri-
Bijeel region.

Extensional tectonics as part of the regional 
sea floor spreading of the Tethys, started to 
create some intra-shelf depressions on the 
northern shelf partly with rejuvenation of 
older structures in the Middle Jurassic. These 
basins were filled with Sargelu carbonates. 
Parts of these basins later became consumed 
under the Zagros collision. Isolation from 
Neo-Tethyan circulation patterns caused 

the deposition of organic-rich limestones 
and shales in a restricted environment 
that later became source rocks. The upper 
Sargelu formation was deposited in the late 
middle- and early upper Jurassic (Bathonian-
Oxfordian) in northern Iraq.

During the Upper Jurassic, an intra-shelf 
basin, the Gotnia in Iraq and Kuwait and 
the Rub’ al Khali basin in Saudi Arabia 
developed, which became depositional sites 
of future source rocks and also reservoirs. 
Four smaller scale sea-level cycles were 
identified in Kimmeridgian-Tithonian time. 
The transgressions produced carbonate shelf 
platforms, which are the ‘Arab A-D’ carbonate 
reservoirs in Saudi Arabia. Coeval with these 
sea-level cycles, the restricted Gotnia and Rub’ 

Fig. 3. Location of the Akri-Bijeel exploration area in Northern Iraq. The background map is from GeoMapApp System 
(Haxby, WF et al. 2010).



58 Workshop

al Khali basins remained saline lakes with four 
salt and anhydrite successions (see Figure 1D). 
The late Jurassic evaporitic conditions were 
represented by the Gotnia in Iraq, Hith in Saudi 
Arabia and Sabatayn evaporites in Yemen, all 
formed in restricted intra-shelf extensional 
basins. The Barsarin Formation designates the 
Kimmeridgian-Tithonian interval in Kurdistan, 
in which anhydrites and intercalated limestones 
formed controlled by the oscillating sea-level.

The subsequent sea-level rise terminated 
the evaporite formation everywhere and 
re-established open marine conditions. The 
accommodation space reached its maximum 
in the Jurassic by the J110 event in the AP8 
megasequence. The Cretaceous formations 
became significantly more siliciclastic-rich 
than the previous Jurassic sediments in 
large part of the Arabian plate, however the 
carbonate production remained dominant in 
northern Iraq. A sea-level fall and subsequent 
rise were experienced in the earliest 
Cretaceous (Ziegler, MA 2001).

The main sea-level cycles and 
corresponding formations for 
the Upper Triassic-Jurassic in 
MOL’s Akri-Bijeel exploration 
are summarised in Figure 2. The 
AP6–8 codes designate tectono-
stratigraphic megasequences 
for the Arabian Plate used by 
Sharland et al. (2001; 2004). AP6 
megasequence spans from late 
Permian to the lower Jurassic, 
AP7 constitutes the Middle and 
part of Upper Jurassic. AP7 is 
bounded by two major sea-
level falls, in the early Jurassic 
and late Jurassic, respectively. 
The evaporites and coarse 
clastics at the base of AP7 and 
the Barsarin evaporites at the 
top of AP7 were deposited at 
these sea-level falls. Most of 
the Jurassic formations contain 
mature organic matter and are 
considered source rocks.

STRUCTURAL SETTING
The exploration area lies in the foreland of 
the Zagros compressional belt (Figure 3). The 
structural evolution of the region was determined 
by the collision of the Arabian plate with Eurasia. 
The deformation may be divided into two stages, 
an earlier northeast-southwest directed and a 
later north-south oriented compression (Csontos, 
L et al. 2012).

The main structural elements of the exploration 
area include a major thrust in the north and 
northeast, the Bijell anticline south of the thrust 
and a large elevated anticline at the southern 
corner of the block in the Safeen area. The 
northern thrust is composed of two segments, the 
Aqra and the Bekhme anticlines. The Bijell anticline 
is located between the larger scale Bekhme and 
Safeen structures and its axis crosses them in a 
southeast-northwest direction (see Figures 4, 5).

The latest exploration results tested the Bakrman 
and Bijell structures productive, hence the 
structural position and size of these anticlines 

Fig. 4. Seismic map converted to depth of the top Barsarin Formation. Three 
main elements compose the structure of the Akri-Bijeel exploration area: 
a major thrust in the north-northeast, which is segmented to the Aqra 
and Bekhme anticlines, a portion of the Safeen anticlines in the southern 
corner of the block and the deeper and smaller Bijell anticline in between
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have great significance for exploration and 
production. The Bijell anticline, according to 
current seismic images, flattens just northwest of 
the location of Bijell-1 well.

SEISMIC FACIES
Seismic 3D data, well logs and sedimentological 
analysis on cores were used to determine 
depositional systems in the Upper Triassic-
Jurassic interval. Seismic facies are the 
framework of the interpreted depositional 
environments that have been refined by well 
log, petrographical and palaeontological 
information. Seven horizons were correlated 

and mapped on seismic sections, these are 
approximately the tops of Kurra Chine, Baluti, 
Butmah (Sarki), Sehkaniyan, Sargelu, Barsarin 
and Chia Gara Formations (see also Figure 2).

The Kurra Chine is characterised by continuous, 
parallel reflectors everywhere in the 3D survey 
area (formation below the black line in Figures 
6−8). The thickness is also uniform, no reflection 
terminations can be observed. This pattern is 
consistent with wide-shelf carbonate sheet 
facies without any noticeable lateral facies 
change in the area. This carbonate pattern was 
described by Kendall, Full and Whittle (Kendall, 

Fig. 5. Structure of the Akri-Bijeel block based on seismic sections. Three main elements can be identified: the 
northeastern thrust (Bekhme anticline), a southern fold, called here Safeen anticline and a smaller amplitude fold in 
between, the Bijell anticline. Only the northern portion of the Safeen structure is located inside the Akri-Bijeel block (the 
rest is outside the block); it becomes smaller and dies northwestward. The axis of the Bijell anticline closes an angle with 
the Safeen and Bekhme thrusts. Note that the oil producing Bijell structure is enclosed between the area NW of Bijell-1 
well and the Safeen area. See the locations of the seismic lines in Figure 4
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CGStC & Full, WE & Whittle, 
GL 1996) and Mazzullo and 
Chilingarian (Mazzullo, 
SJ and Chilingarian, GV 
1996). Acoustic impedance 
changes in the unit may 
refer to higher frequency 
sea-level changes. The 
carbonate platform sheet 
sedimentation continued 
in the Baluti and Butmah 
times where similarly 
parallel, continuous seismic 
patterns can be observed.

The top Butmah (Sarki) 
appears a significant facies 
boundary, the carbonate 
sheet geometry turns to 
more progradational at 
the western part of the 
sections. The thickness 
of the Sehkaniyan is 
not as uniform as the 
underlying formations, 
the reflections indicate a 
thickening westward. The 
progradational structure 
becomes pronounced 
in the overlying units, 
including the Sargelu, 
Barsarin and Chia Gara, 
in which well-developed 
clinoforms are common. 
The carbonate progradation arrived from the 
west and proceeded eastward. The Barsarin 
Formation (between the green and pink lines 
in Figs. 6–8) has a slightly different internal 
pattern in the middle part of the seismic 
sections. It has a mound shape, which is 
shown by a symmetrical ‘pile’ of deposits 
with largest thickness in its middle and 
symmetrically thinning beds at both sides. 
The reflectors show downlap at the edges of 
the mound symmetrically to the central axis. 
The uppermost Jurassic Chia Gara unit consists 
of slightly clinoform reflectors that terminate 
westward with onlap configuration. The Chia 
Gara onlaps onto the eastern flank of the 
mound of the Barsarin facies in these sections.

The entire area is strongly tectonised, 
deformed under compressional tectonics. 
The deformation makes stratigraphic 
interpretations hard, the patterns are 
obscured in many cases and the reflection 
terminations are not always clear. The 
above interpretations are summarised in a 
model diagram (Figure 9) where the tectonic 
structures are omitted. Our model includes 
four facies as follows: (1) continuous, parallel 
reflectors – interpreted shelf carbonate sheet 
(corresponds with Kurra Chine, Baluti, Butmah 
Formations); (2) thin parallel reflectors with 
slight thickening westward – shelf sheet 
transition to progradation (Sehkaniyan); (3) 
prograding carbonate buildup or prograding 

Fig. 6. Seismic interpretation of the Upper Triassic-Jurassic on Trace 500. The 
insert map shows the location of the presented seismic sections (Figs. 6−8)
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subtidal-peritidal carbonate flats (Sargelu, 
Barsarin, Chia Gara) and (4) carbonate mound, 
this is at a small locality inside Barsarin.

The progradational pattern could develop 
under either highstand or transgressive sea-
level conditions. If the carbonate production 
is abundant and the sea-level rise is not too 
fast, the carbonate factory is able to produce 
sufficient sediments that continuously fill the 
accommodation and not only aggrade but 
also prograde basinward. This is the ‘keep-up’ 
condition of Kendall and Schlager (Kendall, 
CGStC & Schlager, W 1981). As Pacht, Brooks 
and Messa (Pacht, JL & Brooks, L & Messa, F 
1996) explained, progradational reflections 
suggest that abundant carbonate material, 
partly detritus, is delivered to the slope, 
where it deposits by gravity flows. However, 
in our Bijeel area, the whole depositional 
environment is on a wide shelf, hence, 
probably no continental slope was present. 
The progradation is an intra-shelf subtidal 

or peritidal facies. Yet, resedimentation by 
gravity flows were involved in the formation 
of the progradational architecture, which 
is also confirmed by thin sections on cores 
(see description of Sargelu Formation in the 
next section of this paper). The small mound 
configuration within Barsarin observed on 
seismic sections (Figures 6–9) may be typically 
associated with carbonate progradation as 
discussed by Pacht, Brooks and Messa (Pacht, 
JL & Brooks, L & Messa, F 1996).

The palaeogeographic conditions were not 
constant in either the platform or progradational 
stages. This is indicated by occasional deposition 
of anhydrites in temporarily restricted or 
closed shelf basins. The reflection terminations 
between the Sargelu and Barsarin, and those 
between Barsarin and Chia Gara are also signs 
of short term sea-level changes. The onlapping 
configuration of Chia Gara over Barsarin shows 
a significant sea-level change (see sea-level 
curve in Figure 9).

Fig. 7. Seismic interpretation of the Upper Triassic-Jurassic on Trace 440. See insert map of Figure 6 for location



62 Workshop

The Akri-Bijeel area was part of the middle shelf 
setting in most of its Jurassic history. The middle 
shelf is an environment where a great variety 
of carbonate and evaporite facies may develop. 
Large areas of subtidal sediments dominated 
by lime mud (e.g. skeletal wackestones) 
account for the bulk of carbonate deposits 
here (Jordan, CF Jr & Wilson, JL 1994). Large 
part of the Sehkaniyan to Chia Gara Formations 
deposited in this type of shelf zone, where 
the characteristic stacking patterns were: 
progradational clinoforms, clinoforms merging 

to parallel packages landward, clinoforms 
grading to thin parallel reflection seaward, 
onlap-downlap reflection terminations 
between progradational packages, small-scale 
mound inside a progradational or parallel unit, 
evaporites (in Barsarin).

LITHO-, BIOFACIES DESCRIPTION  
OF CORE SAMPLES
The Chia Gara Formation is predominantly 
composed of argillaceous limestone and marl. 
The marls are grey, dark grey, black, moderately 

Fig. 8. Seismic interpretation of the Upper Triassic-Jurassic on Trace 400. See insert map of Figure 6 for location
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hard rocks with very high organic matter 
content. The rocks are strongly impregnated 
with hydrocarbon (hydrocarbon often occurs 
as cement in the rocks). Due to diagenetic 
compaction, the carbonates often have 
laminated structure; the laminae originated 
from insoluble components. Recrystallised 
fossils can be observed in the marl, which are 
calcitised radiolarians (Figure 10). The rock was 
deposited in an euxinic basin, in pelagic, open 
marine environment.

The Barsarin Formation is a heterogeneous 
formation, which is dominated by friable, 
laminated anhydrite beds and nodules, and 
interbedded limestones and some dolomites 
(Figure 11). The maximum thickness of the 
formation is about 180 m. The limestones 
are brownish grey, argillaceous, micritic, 
microsparry, rarely dolomitic rocks, which 
have mudstone texture, but locally they 
are grainstone-textured. Peloidal limestone 
occurs as well in the formation. The lagoonal 
mudstone-wackestone-textured anhydrite 
lithofacies alternates occasionally with 
grainstone-textured, laminated argillaceous 
limestone and dolomite (high energy normal 
marine) lithofacies. The formation may have 
formed during periodic relative fluctuation 

of sea level as a result of eustatic changes. 
The few benthic fauna were accumulated 
in an intrashelf basin. The varied lithology 
indicates lagoonal, often evaporitic, restricted 
environment. These facies are common in the 
Upper Jurassic in the studied area.

The Sargelu Formation comprises laminated, 
hydrocarbon-impregnated (Figure 12), dark 
coloured, tight limestones to calcareous 
marls and streaks of black chert layers. The 
maximum thickness of the formation is about 
160 m. The carbonates predominantly consist 
of micrite / microspar and have wackestone / 
packstone texture, which are often dolomitic 
and abundant in fossils (Figure 13). The fossils 
are calcitised radiolarians, plant fragments and 
lumachelles (bivalve fragments, Posidonia sp.), 
which are cemented with calcite and are locally 
silicified. In the rock matrix, often grainstone-
textured, peloidal limestone extraclasts and 
siliciclasts can be observed. The dissolution 
seams and stylolites in the limestones / 
calcareous marls are also common features, 
which indicate burial diagenesis. These bio-
lithofacies characterise open marine, pelagic 
depositional environments. To the west, 
these lithofacies show increasing mixing with 
shallow marine formations (Figure 14). In 

Fig. 9. Seismic facies model of the Upper Triassic-Jurassic depositional systems in the Akri-Bijeel exploration block. Two 
main types of facies developed, a wide carbonate shelf sheet or platform (Kurra Chine, Baluti, Butmah) and a younger 
series of subtidal-peritidal carbonate progradation (Sehkaniyan, Sargelu, Barsarin, Chia Gara). The Sehkaniyan appears 
transitional between the platform and the subtidal progradation; the Barsarin includes a local, smaller scale mound
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the eastern part of the area, few grainstone-
textured shallow water lithoclasts can be 
observed. The most common bioclasts in the 
shallow water limestones at the western area 
are benthic forms: echinodermata, bivalvia, 
gastropods, sponge, forams (Nautiloculina 
sp., Pseudchrysalidina sp., Glomospira sp., 
Trocholina sp., etc.) and corals. The fauna are 
usually fragmented and redeposited(?). These 
bio-, lithofacies are typical in the Najmah 
Formation (see Figure 2 for stratigraphic 
position). The relationship between the shallow 

and open marine lithotypes presumably is 
that the shallow water sediments redeposited 
to the open marine, pelagic basin (slope 
environment?). The shallow marine influence 
increases to the west. This observation is 
consistent with the seismic interpretations 
(see interpretations of Figures 6–9). The 
interfingering (or the resedimentation) with 
the Najmah Formation is also more significant 
to the west.

The Sehkaniyan Formation usually is comprised 
of two facies, a top and a base lithofacies: the 
top is dominated by sucrosic, medium to coarse 
crystalline dolomites (Figure 15) with locally limpid 
cherts and silicified grainstone-textured peloidal 
limestone. The dolomite intercrystalline pore 
spaces are filled with bitumen (Figure  16). The 
depositional setting of the top of the Sehkaniyan 
Formation is shallow water. The base of the 
formation is made from limestones and marls. 
The limestone-marl units are brownish coloured, 
moderately hard, argillaceous rocks without 
any porosity. Locally they are impregnated with 
hydrocarbon and they are slightly silty. They have 
mudstone / wackestone texture with bivalve 
shell fragments (lumachelles). These limestones 
are called Lithiotis limestones (Figure 17). 

Fig. 10. Organic matter rich, wackestone-textured marls 
with calcitised radiolarians

Fig. 11. A part of the Barsarin Formation (core scan image ‘Core Geological Log’). Laminated limestone / dolomitic 
limestone alternating with anhydrite nodules
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These bio-lithofacies indicate shallow water, 
restricted depositional environment. Based on 
well information, the top part of the Formation 
thickens to the west. Dissolution seams and 
stylolites can often be seen in the limestones.

The Butmah (~Sarki) Formation is a 
heterogeneous formation, which predominantly 
consists of dolomites, dolomitic limestones 
(Figure 18), limestones with anhydrite beds. 
At the east side of the Akri-Bijeel-block, the 
anhydrite becomes dominant (80 m thick 
bed). On the west side, porous / cavernous 
(Figure 19), often sucrosic dolomite is present, 
which has a thickness ranging between 300–
400 m. The pore spaces are usually filled 
with hydrocarbon (Figure 20). Besides the 
dolomite, micritic / microsparry, argillaceous 
and often dolomitic limestones also occur. The 
mudstone-wackestone-textured limestone 
beds contain few preserved benthic bioclasts. In 
summary, the Bijeel area is separated into two 
paleogeographically distinct parts: the west, 

where normal shallow water sedimentation 
occurred (with smaller sabkha intercalations) 
and the east with a massive evaporitic sabkha-
lagoon (Adaiyah Formation).

The Baluti Formation contains dolomite and 
dolomitic, oolitic limestones with green shales 
and anhydrite replacements. The dolomites are 
planar-textured rocks, which are often silicified. 
The silicified oolitic limestone and the green 
shale are typical for the Baluti Formation. Based 
on lithology, the Baluti Formation was deposited 
in a lagoonal, evaporitic environment.

The Kurra Chine Formation is divided to 
subunits. In our Akri-Bijeel block, the Kurra 
Chine ‘A’ member includes a thick anhydrite 
bed and fractured, anhydritic dolomite or 
dolomitic limestone (Figures 21–22). The 
dolomite consists of medium-, fine crystalline, 
anhedral to subhedral crystals and it has 
massive nonplanar-a to planar-s texture. The 
anhydritic dolomite bed was deposited in a 

Fig. 12. A part of the Sargelu Formation (core scan image ‘Core Geological Log’)
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lagoonal, shallow water environment. The ‘B’ 
member consists of limestone and marl and 
locally anhydrite. The limestone is dark, brown, 
moderately hard, homogeneous, micritic, 
slightly argillaceous mudstone-textured rock, 
which is impregnated with hydrocarbon (in 
the west). The black coloured limestones are 
thought to be organic-rich and representatives 
of anaerobic conditions in a restricted basin 
setting, while the anhydrite was deposited in 
a lagoonal, shallow water environment. Black 
shale occurs throughout the formation.

SUMMARY - DEPOSITIONAL SYSTEMS
The Akri-Bijeel area was lying on the wide 
carbonate shelf of Gondwana in the Upper 
Triassic-Jurassic. The Tethys ocean was located 
north where the Zagros mountains were built 
later. The coastal zone was far south in the 
middle of the present Arabian Peninsula. Some 
local depressions or intrashelf basins formed 
in the Middle- and Upper Jurassic on the shelf 
by extensional tectonics. These depressions 
became occasionally restricted or confined 
when the sea-level fell, indicated by evaporite 
deposits. A major hiatus occurred in most of 
the Arabian land in Lower Jurassic, and the 
sea-level tended to rise in the Middle Jurassic. 
Several smaller scale sea-level fluctuations 
variegated the history. A large scale sea-level 
lowering occurred in Upper Jurassic when the 
Barsarin evaporites were precipitated. The sea-
level recovered and rose higher than earlier in 
Jurassic in late Tithonian-earliest Cretaceous.

Seven horizons (approximately the tops of Kurra 
Chine, Baluti, Butmah, Sehkaniyan, Sargelu, 
Barsarin and Chia Gara Formations) have been 
mapped on seismic data. Seismic reflection 
patterns of the rock units between these 
horizons were observed and seismic facies were 
identified. The defined facies were interpreted 
in terms of depositional systems using key 
literature, well log and litho-bio facies analysis.

The facies characterised by continuous, parallel 
seismic patterns are interpreted carbonate 
shelf sheets or platform carbonates. These 
facies correspond with the Kurra Chine, Baluti 
and Butmah Formations. The sea-level and the 
palaeogeographic environments certainly were 
not uniform, but changed several times during 
this time period. The platform sedimentation 
ceased at sea-level falls and evaporites 
precipitated in restricted lagoonal basins. At 

least two recognisable platform-evaporite 
cycles occurred in Kurra Chine, and the Butmah 
period also concluded in an evaporative 
event (Figure 23). In the platform sheets, the 
hydrocarbons are trapped in the more porous 
parts of the cycles or more likely in fracture / 
dissolution features sealed by micritic, compact 
microfacies.

The progradational units (Sehkaniyan, Sargelu, 
Barsarin, Chia Gara) are probably not a 
continental margin clinoform setting, but more 

Fig. 13. Organic matter rich, HC impregnated, 
fossiliferous, dolomitic marl

Fig. 14. Grainstone textured, peloidal limestone (shallow 
water lithoclasts) in pelagic sediment
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likely a prograding platform or subtidal-peritidal 
prograding carbonate series. The Sehkaniyan 
appears transitional between the shallow 
platform and prograding subtidal facies, while 
the Sargelu is a strongly progradational facies. 
The bulk of the Sargelu carbonates in our 
exploration block is pelagic, deposited in a 
deep (at least few hundred meters) shelf basin 
or near the shelf margin. The progradation 
propagates from the west eastward and it 
grades to a thin, almost condensed interval 

at the eastern part of our exploration area. 
The sea-level dropped in Barsarin time and 
large part of the shelf became restricted, 
evaporative. About four oscillations of sea-
level may be identified in the Barsarin on 
well logs characterised by the deposition of 
alternating anhydrites and carbonates. The 
internal pattern of this formation is slightly 
progradational-horizontal or mound shape. 
The sea-level rose in Chia Gara time ending 
the evaporative conditions and the prograding 

Fig. 16. Sucrosic dolomite, the intercrystalline pore 
spaces are filled with HC

Fig. 17. Slightly dolomitic, Lithiotis limestone

Fig. 15. A part of the Sehkaniyan Formation (core scan image ‘Core Geological Log’)
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Fig. 18. A part of the Butmah Formation (core scan image ‘Core Geological Log’). Caverneous / porous strongly HC 
impregnated core

Fig. 19. Vuggy porosity filled with HC in dolomite Fig. 20. Fractures are filled with HC in dolomite
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Fig. 23. Summary of depositional systems in the Upper Triassic-Jurassic interval of the Akri-Bijeel exploration area
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carbonate facies resumed by onlapping on the 
Barsarin in the middle of the exploration area 
(Figure 23).
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ABSTRACT
AVO (amplitude variation with offset) 
analysis has been a widely used and 
progressively improving method of 
recognising hydrocarbon (HC) bearing 
reservoirs since it was presented in the 
middle 1980's. Conventional AVO sections 
/ cubes are the most reliable and direct HC 
indicators produced by only pre-stack seismic 
data. Nowadays numerous interpretation 
methods are presented, providing not only 
the above mentioned qualitative results but 
quantitative ones, containing information 
about the lithology and the HC content of a 
reservoir. This information is included inside 
a rock physics model which can be calibrated 
to seismic attributes.

In this paper we present the adaptation of a 
technique to model rock physics parameters 
in function of depth for an undiscovered 
reservoir, using only well log data from the 

exploration area and empirical equations. 
The thus modelled compressional and shear 
wave velocities, which can be determined 
by the elastic modulus-depth trend, are 
substituted into the Shuey equation, 
producing AVO depth trends. Different 
models are generated based on the possible 
scenarios of the local geology. After taking 
into consideration the natural variability 
in the rock physics parameters, probability 
density functions are calculated for the 
expected reservoir depth which can be 
calibrated to the AVO attributes produced by 
seismic data. The final result is a probability 
section, providing information about the 
lithology and HC content. The technique 
is applied to an unconsolidated, shallow 
environment.

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

The demonstrated method is an effective tool 
to understand a possible HC bearing reservoir 
before drilling it. It helps to build a more exact 
geologic model of the area and decreases the 
uncertainty of the future drilling activities.
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INTRODUCTION
The basis of AVO method is to examine seismic 
amplitudes in function of the offset or angle 
of incidence in suitably processed pre-stack 
seismic data. Some systematic behaviour of 
these amplitudes indicates HC; moreover 
these changes in the amplitudes are direct HC 
markers. The most general AVO attributes are the 
intercept which corresponds to the zero offset 
seismic amplitude value and the gradient which 
corresponds to the slope of the amplitude values 
of the total offset range.

Since the AVO phenomenon was presented by 
Ostrander in 1984 (Ostrander, WJ 1984), the 
methods based on this technique have been playing 
a leading role in discovering and understanding HC 
bearing reservoirs. Large size seismic data can be 
examined very quickly to find anomalous areas. In 
many exploration areas of the world a lot of the 

good producing fields were discovered based on 
AVO anomalies. During the last 10−15 years more 
and more papers have been presented which bond 
AVO attributes to a rock physics model, supplying 
quantitative results. The demand for these 
methods is high because not only the anomalous 
places can be determined but also information can 
be obtained about the lithology, HC content and 
distribution or the rock physics properties of the 
reservoir. These properties can be modelled by 
empirical and theoretical equations (Cardamone, 
M & Santagostino, A & Tambunan, B 2003).

In order to understand the expected seismic 
response of a siliciclastic reservoir, at any given 
depth, it is of key interest to know the expected 
contrast in elastic properties between shales and 
sands as a function of depth (Figure 1). However, 
rock physics and AVO depth trends can be very 
complicated depending on the mineralogy, 

Fig. 1. “Schematic illustration of porosity-depth trends for sands and shales. Both the sand and shale trends can vary 
significantly due to composition, texture, pore fluids, temperature and pressure gradients. Hence, no attempt is done to 
assign absolute scales. However, there are a few rules of thumb: (1) The depositional porosity of the shales is normally 
higher than that of the sands. (2) The porosity gradient with depth is steeper for shales than for sands during mechanical 
compaction (i.e. at shallow depths). (3) The porosity gradient with depth will be steeper for sands than for shales during 
chemical compaction (i.e. quartz cementation of sands normally occurs at greater burial depth, beyond 2−3 km)” 
(Avseth, P & Flesche, H & van Wijngaarden, AJ 2003)
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lithology, diagenesis, pore pressure, effective 
stress and fluid properties. In areas with good 
well coverage, one can establish empirical rock 
physics depth trends for different lithologies 
from statistical regressions to well log data (Vp 
– compressional wave velocity, Vs – shear wave 
velocity, and density). However, in this paper we 
want to stress the importance of modelling depth 
trends. Rock physics models allow for extrapolation 
of observed trend to depositional settings and 
depth ranges that are not covered by well log data. 
This is the case in early exploration stage (Avseth, P 
& Flesche, H & van Wijngaarden, AJ 2003).

To adapt the method and improve it for inland 
geological settings the database of an actual 
exploration area is used, containing one drilled 
reservoir and one test reservoir which is 
considered to be unexplored. The presented 
technique is applied for the test reservoirs using 
information from the database of the drilled one. 
Both of them are located in shallow environment 
and in the same depth interval (Figure 2).

MODELLING ROCK PHYSICS DEPTH 
TRENDS
The main aim of rock physics depth trends here 
is to determine AVO attributes – in this case 
intercept and gradient – in function of depth.

First we use Ramm and Bjørlykke empirical model 
(Ramm, M & Bjørlykke, K 1994) to calculate porosity 
trends vs. depth. This equation can be used for 
unconsolidated sediments.

ϕ=Ae–(α+βCI)Z

where ϕ is the porosity at depth Z, A is the initial 
(critical) porosity at the surface (Z=0), CI is the 
clay index, α and β are regression coefficients. 
Parameters are defined by using well logs and 
literature data (Avseth, P & Mukerji, T & Mavko, 
G 2005) and representing the local burial and 
compaction history.

“At deposition shales tend to have relatively 
high porosities compared to sands. Sands will 
have depositional porosities of approximately 
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Fig. 2. Arbitrary seismic stack data section intersecting 
the well with known log data and the well which is 
considered undrilled. The reservoir intervals can be 
observed easily (in blue circles)

Fig. 3. Comparison of modelled porosity-depth trends 
with the well log curve. Good fit can be observed for 
both sand and sandy shale cases
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0.4 while shales can have depositional 
porosities of more than 0.8... Shaly sands and 
heterolithics (i.e. mixed sands and shales) can 
have even lower depositional porosities than 
0.4, as clay particles will fill the pore space of 
the sand frame. During early burial, porosity is 
reduced mainly due to change of grain packing 
and ductile grain deformation. Shales tend 
to compact more easily than sands, causing 
a crossover of the porosity-depth trends of 
sands and shales. At greater depth ... sands 
lose porosity mainly due to cementation” 
(Avseth, P & Flesche, H & van Wijngaarden, 

AJ 2003). The above presented equation 
can be utilised only for shallow cases where 
mechanical compaction is the main factor. In 
case of cementation the Dvorkin-Nur cement 
model can be used.

Based on the Ramm and Bjørlykke model, we 
can establish the porosity-depth trends for 
predefined lithologies (pure sand, shaly sand, 
sandy shale and shale, see Figures 3 and 4). 
Sand and shaly sand represent reservoir rock 
while shale and sandy shale represent cap rock. 
Combination of the calculated curves describes 
different lithological scenarios like shale-sand-
shale (see Figures 3 and 4). The modelled curves 
and the well-log curves correlate very well.

The dry elastic moduli in unconsolidated 
sediments are calculated by the Hertz-Mindlin 
contact theory (Mindlin, RD 1949) at critical 
porosity (Avseth, P & Mukerji, T & Mavko, G 
2005):

where KHM and µHM are the dry rock bulk and 
shear moduli at critical porosity ϕ0; Peff is 
the effective pressure; µ and ν are the shear 
modulus and Poisson’s ratio of the solid phase; 
and n is the coordination number (Avseth, P & 
Mukerji, T & Mavko, G 2005).

After this, by application of the Hashin-
Strikman lower bound (Hashin, Z & Shtrikman, 
S 1963), the elastic moduli-depth trends can be 
calculated for all porosity values.

The fluid replacement modelling (FRM) is 
based on the Biot-Gassmann relations, which 
can be used to model water or HC saturated 
elastic moduli (Ksat and μsat). Next, the P- and 

Fig. 4. Comparison of modelled velocity-depth trends 
with well log curve. The red trend corresponds to dry 
pore space, and the blue curve corresponds to water 
saturated cases. Both trends represent pure sand in the 
reservoir interval and shale above and below it
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S-wave velocities are determined by the well 
known equations (Biot, MA 1956; Gassmann, 
F 1951):

In this study only the shale-sand-shale model 
is presented. The trends of the modelled 
parameters correlate well to the log curves 
(see Figure 5).

SEISMIC CALIBRATION,  
PROBABILITY DENSITY FUNCTIONS
Possessing the above described parameters, 
AVO modelling was carried out for the different 
scenarios employing Shuey simplification of 
the Zoeppritz equation results in one-one 
intercept and gradient value for the upper 
and lower boundary of the reservoir. This is 
statistically not enough to describe the layers. 
To adequately model natural processes, 500 
velocity and density values were drawn − the 
AVO attributes were determined for all − for 
the reservoir interval and the layers above 
and below the reservoir. This was conducted 
by the Monte Carlo simulation which is an 
effective tool to solve problems like this. The 
correlation of the parameters was determined 
by the log curves of the known reservoir. These 
correlation values were considered to be valid 

Fig. 5. The different curves of the fluid replacement modelling correspond to different HC content of the sand reservoir. The values 
of the trends (here P-wave velocity), which represent different HC scenarios, are the basis of the AVO modelling (homok = sand)
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for the examined reservoir. The produced data 
classes, which have normal distribution, were 
the basis of the cross plots (Figure 6) and the 
so called probability density functions (pdfs) 
in the intercept-gradient field (Figure 7). The 
Bayesian theory was applied to calibrate the 
intercept and gradient sections of the seismic 
data to the probability density functions. The 
results were probability sections which show 
the possible reservoir area with the predefined 
lithology and HC content (Figure 8).

To model the intercept and gradient values, 
which can be seen on both axes of the 
probability density functions, SI units were 
used for all input parameters. On the other 
hand the input of similar seismic attributes was 
the seismic amplitudes. Before calibration the 
same attributes had to be set to the same scale 
to get reliable results. To achieve this, scaling 
coefficients were determined for the wet areas 
and the drilled reservoirs. Using these values 
adequate probability functions were made for 
the seismic calibration.

DISCUSSION
Taking into consideration the results and the 
future possibilities, this paper emphasises 
a new seismic interpretation direction, 
highlighting the importance of quantitative 
seismic interpretation and the reasons behind 
progressive development. The above described 
theories and methods are important tools for 
these quantitative methods.

In the international literature it is still not 
possible to find a comprehensive article or 
book entailing the theories and methods of 
the rock physics depth trends, including its 
limitations and known pitfalls. 

The regression coefficients of the porosity-
depth trends, which are the basis of the elastic 
modulus-depth trends, are roughly comparable 
to the values which can be found in the article 
presented by Ramm and Bjørlykke (Ramm, M 
& Bjørlykke, K 1994). These coefficients were 
determined only by the logs of one well which 
can be the reason, besides the different geologic 
environment, for the variance and the resulting 
possible inaccuracy. Taking into consideration 

Fig. 6. Cross plot in the intercept-gradient field 
representing data classes of different HC contents after 
Monte Carlo simulation. The wet class (near the origo) is 
separated from the gaseous cases

Fig. 8. Probability section showing the area most likely 
having shale-sand-shale lithology with 80% HC in the 
reservoir

Fig. 7. Probability density function for 80% HC content in 
case of shale-sand-shale lithology
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that the accurate determination of these values 
is crucial, more and more areas and wells 
should be involved to build a database of these 
regression coefficients. This class of values could 
be statistically enough and be of great help for 
areas in early exploration phases.

Rock physics depth trends were calibrated 
in the intercept-gradient field in the fourth 
case study of the book Quantitative Seismic 
Interpretation: Applying rock physics tools to 
reduce interpretation risk (Avseth, P & Mukerji, 
T & Mavko, G 2005). However, the following 
problems were not discussed in detail in the 
above mentioned book (or other publications):

› The input values of the AVO analysis (P- 
and S-wave velocities and density) are not 
independent parameters, so the correlation 
coefficients must be determined

› The scaling problem of the intercept and 
gradient attributes, which was explained in 
the Seismic calibration, probability density 
functions chapter, is a cardinal point of the 
presented work. The inputs of the same 
attributes are independent but the order of 
the values is very different.

The demonstrated solutions of these 
problems are adequate for the improvement 
of the method but must be refined for future 
applications.

Here are some thoughts concerning the 
extension of this method. The rock physics 
depth trends can be used to produce not only 
AVO depth trends but also other parameters 
vs. depth. These parameters are for example 
the acoustic impedance, which is the product 
of the density and compressional wave velocity 
(Vp), and the shear impedance, which is the 
product of the density and shear wave velocity 
(Vs). Applying different inversion methods, 
like acoustic or simultaneous inversion these 
parameters can be obtained from seismic data, 
as well. Next, the impedance values from the 
two different sources can be calibrated to each 
other without the uncertainty of the scaling 
problem.

CONCLUSIONS
“The seismic signature of hydrocarbons can 
be very different from one depth to another 
due to different compaction trends of different 
lithologies” (Avseth, P & Flesche, H & van 
Wijngaarden, AJ 2003).
 
The aim of the presented technique is to 
predict reservoir properties, like HC content 
and lithology, based on depth dependent 
AVO parameters. To achieve it rock physics 
depth trends were calibrated to seismic AVO 
attributes, resulting in probability density 
sections.

The distinction between the wet and HC 
bearing zones is clearly indicated by the 
modelled cross plots and probability density 
functions (see Figure 6). There is also 
observable separation between different 
lithological scenarios at constant HC content. 
The examination and interpretation of this 
effect will be a part of the future work. On 
the other hand negligible differences can be 
seen on the cross plots in case of different HC 
contents at given lithology.

Based on the above mentioned observations, 
the HC content of a possible reservoir can be 
validated but the exact content of HC is always 
uncertain. This problem originates from the 
known limitation of the AVO method. Out of 
the seismic velocities, which are the basis of 
the AVO analysis, the compressional velocity 
shows significant behavioural changes for 
different HC contents. Compared to the wet 
case, large drop can be observed at low (~10%) 
HC content but larger HC contents result only 
in smaller, insignificant changes. This effect 
can be seen during the fluid replacement 
modelling (see Figure 5). 

The high cost of drilling a well and the 
importance of understanding of the reservoir 
parameters make the improvement of this 
and similar methods necessary. In case of new 
exploration areas, like deep offshore targets, 
with no or little well log information these 
techniques can be important tools to reduce 
risk of the further field development activities.
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ABSTRACT
The previous period on the European crude oil 
market has been marked by various changes 
which have influenced its redefinition.

INA is trying to meet the new market and 
processing demands and crude oil quality 
changes as well. Starting from 2012, the new 
approach in crude oil selection process at INA 
has been driven by crude oil availability, its 
price on the market and suitable quality for 
refining in INA refineries. The main goal of 
the new approach is to increase the company 
profit by crude oil basket diversification and 
crude oil selection.

INA has set up a new comprehensive 
procedure for crude oil selection including 
steps of technological and economic 
evaluations and approval of the new crude 
oil purchase.

This paper outlines the new procedure of 
crude oil evaluation at INA and describes the 
case of the first selected crude oil (Forcados) 
using the new approach.

INTRODUCTION
The sustained high crude price and the 
prominently social and political instability in 
Middle East and North Africa (MENA) region, 
especially Libyan and Syria turmoil reflected 
significantly in the European supply chain 
and refining sector (Razak, S 2012). Import 
of lighter, sweet MENA crude oils shifted to 
alternative sour grades which are less suitable 
for processing in the European refineries. On 
the other hand, new capacities in Middle East 
and Asia were built to process wide range 
of crude oil qualities. International crude oil 
trade is disrupted due to the strong production 
growth in North America. For the same reason 
West African grades (WAF), particularly 
Nigerian were available on Mediterranean 
market last years (Razak, S 2012; IEA 2013; 
Concawe 2013).

Rigorous fuel quality regulations are additional 
factor for the refiners resulting in higher crude 
oil processing costs. 

Europe is the most affected by the drop in 
crude demand of all developing markets. 
An assesment shows that Europe in 2013 
consumed the lowest level of crude oil in the 
last three decades since 1985 (Energetika 
Marketing 2013).



81Scientific Magazine

In parallel with recession on crude market, the 
crude oil quality changes significantly in the 
world. The decrease of °API is predicted from 
36.1 to 35.8 in 2020 with a further drop, while 
sulphur content will rise slightly from 1.2 to 
1.35 %wt. by 2030 (Razak, S 2012).

The accompanying facts are not encouraging 
and it is clear that significant changes have to be 
made in processing, trading and consumption. 
Global petroleum companies start looking for 
more crude oils which could be processed in 
their refineries. A lot of petroleum companies 
achieve significant savings by proper crude 
selection (IEA 2013).

INA has decided to follow the global trends 
and adapt to new market requirements for 
crude oil selection. The suitable position of 
available pipeline on Mediterranean provides 
INA refineries access to grades from different 
countries: former Soviet Union (Russia, 

Kazakhstan, Azerbaijan), and the Middle East 
as well. Novelties like WAF grades, particularly 
Nigerian, are also available.

INA introduced the new crude selection 
procedure three years ago and it resulted 
in higher flexibility in selection process and 
maximum economic benefit. In accordance 
with the new procedure, INA has evaluated 
45 different crude oils and prepared over 50 
assays in pre-selection and selection. The 
results are over 25 final decisions for both 

INA refineries (Sisak and Rijeka) on approval 
of processing of new, evaluated crude oils 
and various combinations of crude oil blends. 
These numbers show a great progress in 
crude selection procedure.

CRUDE OIL SELECTION PROCESS
Crude selection process consists of the 
following steps: collecting assay data, pre-
selection and selection process, forming of 
crude basket, technological and economic 
evaluation, crude oil purchase and processing 
and post-evaluation. Figure 1 shows the 
scheme of crude oil selection procedure at INA 
(INA 2012A).

COLLECTING ASSAY DATA, PRE-
SELECTION AND SELECTION,  
CRUDE OIL BASKET FORMING
The first step in collecting assay data is the 
crude oil pre-selection process which starts 
with screening of the market regarding to crude 

oil availability, quality and price. Supply Chain 
Management (SCM) prepares potential list of 
crude oils. Crude oil pre-selection process is 
based on published COAs (crude oil assays) or any 
other source which can provide enough relevant 
information about crudes. Crude Manager 
Software provided by Spirel with over 700 assays 
is used as a relevant database beside the existing 
PIMS (Process Industry Modelling System) data. 
In case there is not enough information or 
information is not reliable, crude oil sample can 
be ordered and COA is prepared at INA.

Collecting 
assay data, 

pre-selection 
and selection

Economic 
evaluation

Crude oil basket 
forming,

crude oil assay
preparation

Crude oil 
purchase and 

processing

Technological 
evaluation

Processing and 
post-evaluation

Fig. 1. Scheme of crude oil selection procedure at INA
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Some crude oils from pre-selected list which 
fulfil criteria for processing and product quality 
are selected and crude oil basket is formed. 
The selected crudes of the crude oil basket 
are evaluated on annual basis. Basic crude 
oil basket consists of crudes with very high 
potential for processing during the current 
year regarding quality, price and availability. 
Extended crude oil basket additionally contains 
less potential, but also interesting crudes for 
further processing or blending possibilities. 
SCM, refineries and Downstream Development 
(DSD) organisations participate in this process.

CRUDE OIL ASSAY (COA) GENERATION 
AND EVALUATION 
COA is prepared for all selected crudes from 
basic and extended crude baskets.

The crude sample is purchased and used for 
laboratory distillation and determination of 
physical and chemical properties of the crude. 
Distillation curve is prepared from distillation 
data. Obtained crude fractions are analysed 
and all data including distillation curves, 
material balance, yield structure, crude and 
fraction properties are compiled into COA. 

PROPERTIES Crude 
oil

LN,
< 85 
°C

HN,
85-190 

°C

Kero,
190-225 

°C

GO,
225-370 

°C

AR,
> 370 

°C

VGO,
370-550 

°C

VR,
> 550 

°C

Density, °API

Total sulphur

Pour point

Cloud point and cold 
filter plugging point

Freezing point

Metals

Viscosity

Total acid number

Naphthenes  
content

Aromatic content

Cetane index

Asphaltenes

Carbon coke

Yield

Table 1. The considered and compared properties for crude and crude fractions
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The compatibility test is performed also for each 
new potential crude oil. Reference crudes are 
used for comparison with new potential crudes.

The technological constrains for the related 
refinery are checked upon pre-selection data 
obtained and COA generated. The examined 
crudes are compared with regularly processed 
crudes in INA: REB (Russian export blend) as a 
medium sulphur content crude oil and Azeri 
and Croatian crude oils as low sulphur crudes. 

Table 1 shows the main properties of crude and 
fractions which are considered and compared 
with assay data and standard processed crudes. 
The main operational parameters which are 
compared for each crude oil are density (°API), 
sulphur content, pour point, total acid number 
and metal content. Hydrocarbon content is 
monitored, too. Viscosity and Reid vapour 
pressure are taken into consideration as 
pipeline transport constrains. 

The main focus in all fractions is on product 
yields and sulphur content.

Comparison of naphtha fractions (light and 
heavy naphtha, LN and HN) is focused on 
naphthenes and aromatics content, and acid 
number as well. 

In case of kerosene (KERO) fraction, the 
important properties for quality of jet fuel 
are analysed, such as freezing point, aromatic 
content and acid number. 

In case of gasoil (GO) fractions, the focus is on 
density, cetane index and low temperature 
properties as the most important properties 
for further diesel production.

Viscosity, metal content and carbon coke 
are considered for vacuum gasoil (VGO), 
atmospheric and vacuum residue (AR and VR) 
fractions and asphalthene content for VGO and 
vacuum residue, too.

According to refinery needs and requests 
it is possible to change distillation limits of 
fractions.

CRUDE ASSAY GENERATION USING 
CRUDE MANAGER AND PIMS 
SOFTWARE 
The completed COA is forwarded to SCM and 
with the assistance of Crude Manager Software, 
an updated COA is generated. Crude Manager 
is used also to simulate crude distillation (CDU) 
& vacuum distillation units’ (VDU) actual 
behaviour for PIMS. The simulation is prepared 
in report format recognisable to PIMS which 
is base for economic evaluation. If there is no 
COA provided by DSD, the latest COA from 
Crude Manager database is used. In CDU & 
VDU simulations, it is important to use the 
latest related PIMS catalogue.

TECHNOLOGICAL EVALUATION 
The technological evaluation covers 
environmental feasibility study of crude oil 
processing, process simulation and simplified 
unit capacity calculation.

The environmental constraints for the related 
refinery have to be checked based on COA 
data. Thus, sulphur content in crude oil and 
emissions produced by some heavy fractions 
are monitored by the Croatian Ministry of 
Environmental and Nature Protection.

Based on preliminary crude oil assay evaluation 
data, ability to process the examined crude oils 
in the related CDU is checked. CDU capacity 
and bottlenecks are determined by the CDU 
unit simulation model.

Having yield data obtained by simulation 
model, material balance and unit capacity 
utilisation for selected crude oils are compared 
by using simplified MS Excel model. 

Completed results of evaluation (COA data, 
CDU simulation model, simplified MS Excel 
capacity model and compatibility test) are used 
as a background for technological evaluation. 
Technological evaluation is discussed between 
DSD and Refining (Operational Production 
Management (OPM), Production Excellence 
(PE) and Processing). The emphasis is on 
technological constrains which are the subject 
of careful consideration.
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Based on completed results of technological 
evaluation and discussion with refinery, DSD 
either approves or disapproves the evaluated 
crude oil and releases the final report about 
crude oil processing feasibility. The approval 
consists of the main conclusions and key 
constrains regarding crude oil processing and 
product quality.

ECONOMIC EVALUATION 
The economic evaluation scheme is shown in 
Figure 2. All of the approved crude oils from 
the accepted crude basket are evaluated as 
part of the rolling planning (RP) process. The 
latest assays for each crude type are used as 
input for RP. The optimum crudes from the RP 
process are further evaluated in the weekly 
process of evaluation.

Each subsequent cargo for evaluation is defined 
according to the schedule of crude arrival and 
processing. The time frame for the decision 
making process depends on the crude grade 
which is the subject of evaluation (on average 
this is 1−2 months prior to crude receipt).

Weekly evaluation of a certain cargo is 
prepared by using the last up-to-date model 
(last RP model). Crude oil prices are obtained 
from Crude Oil Supply department (COSD) 
every month before creating the RP for the 
next period. The same prices are used in the 
weekly and the monthly evaluation processes. 
Product price quotations are obtained every 
week; they are weekly updated in the RP 
database. After all the updates are in place, 
the model is ready to calculate a base run for 

Approved
Crude Basket

New Assays
New PIMS

Catalogue Update
DSD & PE

Product Quotation 
Update

One or two month 
prior expected 

arrival

Weekly 
evaluation on the 
last Rolling Plan 

model

COSD-SCM (INA Crude Oil Purchase Procedure)

Rolling Plan
Evaluation

Crude Selection 
table with top 

crudes

TOP Crudes 
proved to be 

optimal solution

Crude Selection 
Table – 

actual prices 
comparison

Decision 
proposing,

Crude Purchase

MONTHLY

WEEKLY

S
C
M

Fig. 2. Economic evaluation scheme
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REB (Urals). Furthermore, separate runs are 
prepared for each crude grade with the same 
presumptions.

The break-even point (price) is derived by 
evaluation of the objective functions for each 
crude oil (obtained through PIMS runs) and 
their comparison with Urals’ one (base PIMS 
run). In other words, this is how the highest 
still profitable price is determined.

The crude selection table with PIMS results is 
forwarded to COSD. Their role: an update of 
this table using the current crude price market 
indications. Having taken into consideration the 
break-even price and the market conditions, 
COSD and SCM jointly evaluate and propose 
the most profitable purchase.

CRUDE PURCHASING, PROCESSING 
AND POST-EVALUATION ACTIVITIES 
After crude purchasing and processing, the 
post-evaluation activities are the last step 
in crude oil selection procedure. The aim of 
post-evaluation activities is to recognise and 
list eventual problems during processing and 
in product quality. In accordance with that, 
corrective actions are recommended and 
implemented. Furthermore, the continuous 
quality control of the processed crude and the 
obtained products in the refineries has to be 
monitored and supervised by DSD and PE.

Processing of a new crude oil in the refinery 
is preceded by an obligatory test run. The 
responsible organisational unit for test run 
implementation and reporting is PE.

PROPERTIES FORCADOS 2012 REB AZERI CROATIAN

Density at 15 °C, kg/m3 878.2 873.3 842.2 826

°API 29.47 30.39 36.4 39.64

Sulphur total, wt%  0.17 1.26 0.13 0.22

Pour point, °C -3 0 -6 -6

Paraffines, wt% 11.70 25.91 45.42 52.06

Naphthenes, wt% 59.90 33.04 32.92 30.36

Aromatics, wt% 28.40 36.27 21.66 17.58

Asphaltenes, wt% 0.20 1.44 0.14 0.80

Kinematic viscosity at 
20 °C, cSt 10.19 20.83 9.71 4.13

Nitrogen total, wt% 0.09 0.14 0.0019 0.13

Nickel, mg/kg 3.7 22 2.66 30

Vanadium, mg/kg 0.24 69 <20 21

TAN, mg KOH/g 0.36 0.10 0.09 0.18

Table 2. Forcados crude oil properties, in comparison with REB, Azeri and Croatian crudes (TAN – total acidity number)
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Based on the test run report prepared by PE, 
DSD prepares the post-evaluation report. In 
case of significant deviations in crude oil and 
/ or product quality or possible processing 
problems, corrective actions are recommended 
with mandatory implementation. SCM and 
COD are informed about the recommended 
corrective actions.

FORCADOS CRUDE CASE

CRUDE EVALUATION 
Demand for diesel fuel is growing in Croatia as 
in other European countries (IEA 2012, OPEC 
2012, OPEC 2013). The new Hydrocracker (HCK) 
unit at INA Rijeka Refinery commissioned in 
2011 with capacity of 1 340 000 t/y processes 
vacuum gas oil feed and produces high quality 
diesel component. In accordance with that, 
INA was looking for crude oil with high yield of 
middle fraction suitable for processing in HCK 
unit of Rijeka Refinery.

Forcados crude oil popped up on Mediterranean 
market during the regular pre-evaluation 
procedure in 2012. Due to high yield of middle 

fractions, favourable price and good availability, 
Forcados was investigated as a very potential 
crude for processing in Rijeka Refinery and put 
in basic crude basket. INA Rijeka Refinery has 
never processed Forcados crude oil before, 
although had experience with Nigerian Bonny 
Light crude which was processed about 20 
years ago.

The sample of Forcados crude was purchased 
and COA was done and evaluated. The 
compatibility test showed that Forcados is 
compatible with regularly processed crude in 
INA refineries in all tested blend ratios.

The technological evaluation was performed 
on the basic of laboratory results, CDU 
simulation model, simplified MS Excel 
capacity model, compatibility test and 
consultations with SCM and Rijeka Refinery 
staffs. The final approval was issued. The 
main constrains in the processing were 
high density of gas oil fractions and high 
naphthenic content in heavy naphtha. As a 
consequence, DSD recommended processing 
of Forcados crude oil as a blend with REB 

Fig. 3. Forcados crude distillation curve, in comparison with REB, Azeri and Croatian crudes
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crude oil in ratio of 50/50 vol%, or blending 
of diesel products from REB and Forcados 
origins in the same ratio.

CRUDE CHARACTERISTICS 
Forcados crude is Nigerian low sulphur 
naphthenic crude. It is characterised by relative 
high density. Forcados is crude oil with medium 
API gravity of 29.47 and slightly higher total 
acid number (TAN) (see Table 2).

Figure 3 and 4 show distillation curves and 
yields of Forcados crude oil in comparison 
with regularly processed crude types in INA 
refineries. Forcados has especially high yield 
of gas oil fractions, the highest total distillate 
yield (approx. 90 wt%) and the lowest vacuum 
residue yield (INA 2012B).

PROCESSING OF FORCADOS CRUDE OIL 
IN INA RIJEKA REFINERY AND ITS POST-
EVALUATION 
Selection of Forcados crude oil in economic 
evaluation showed the best economic 
benefit in spring 2012 and the first cargo was 

purchased in May. Forcados crude arrived in 
July 2012 in INA Rijeka Refinery. During the 
processing of Forcados crude oil few test runs 
were performed.

All test run results on Forcados / REB blend 
showed that CDU, VDU and HCKU (Hydrocraking 
unit) can operate on their 50/50 vol% ratio 
blend providing very good yields and product 
qualities meeting the specifications. Yields 
of light gas oil (LGO) and heavy gas oil (HGO) 
were 4.62 wt% and 1.74 wt% higher than on 
REB processing. LGO density met requirements 
of diesel specification.

The chemical treatment connected with the 
corrosion protection on CDU during both test 
runs was satisfactory. Corrosion problem was 
not detected. Energy consumption was similar 
as for REB processing.

Recommendation for the processing of 
the mixture of Forcados and REB grades in 
50/50 vol% ratio remains valid for the future 
period.

Fig. 4. Forcados crude yields of fractions, in comparison with REB, Azeri and Croatian crudes (IBP – initial boiling point, LGO 
– light gas oil, HGO – heavy gas oil, AR – atmospheric residue, VLGO – vacuum light gas oil, VHGO – vacuum heavy gas oil,  
VR – vacuum residue)
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CONCLUSIONS
Comprehensive crude oil evaluation is 
developed in response to the current state 
of the global crude oil market. The aim 
of procedure was to make the process of 
purchasing of crude oils more flexible with 
increase of company profit.

The introduced INA crude oil selection 
procedure has been recognised as transparent 
and efficient. An extended database of different 
crude oils has been created; it contains valuable 
laboratory and technological data and could be 
used at MOL Group level.

Forcados was the first evaluated crude 
oil according to new selection procedure. 
It resulted in significant savings and with 
additional benefits (e.g. due to increased diesel 
production).

The proposed blend ratio of Forcados and REB 
crude oils was confirmed in the post-evaluation 
process as well chosen and it remains valid for 
the future.

Keywords: crude oil selection, technological and 
economic evaluation
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ENERGY MANAGEMENT 
BY ASPEN UTILITIES 
PLANNERTM (AUP)  
IN DUNA REFINERY 
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Economics and programming expert
MOL Group, Duna Refinery
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ABSTRACT
An applied simulation engineering tool 
can help to reduce daily operation costs 
while utilise assets according to their cost-
efficiency and availability. The article reviews 
the applied Aspen Utilities PlannerTM (AUP) 
software, describes the utility model of Duna 
Refinery, and illustrates the future energy 
scheduling and optimisation process through 
an example.

INTRODUCTION
In refineries and petrochemical complexes 
many types of energy are consumed and 
produced simultaneously. While these energy 
systems must be kept in balance in order 
to optimise production planning, current 
long- and medium-term planning processes 
can provide energy balances at least for a 
monthly period. The first occasion when 
the available energy sources can be taken 
into consideration is the conversion of an 
optimised monthly plan into daily plans.

Our main task is to establish a two-way link 
between production and energy scheduling 
in order to ensure continuous energy supply 
to production plants, avoid energy losses 
(e.g. flaring of surplus fuel gas and venting 
of surplus steam), and forecast possible 
bottlenecks.

SOFTWARE INPUTS
The software should be capable of scheduling, 
providing information for more profitable 
trading, evaluating real added value of new 
investments, and supporting choice and use of 
fuels.

Aspen Utilities PlannerTM (AUP) software 
uses three different sources of data (see 
Figure 1). In order to schedule external 
energy consumption of a refinery for a future 
date, an estimate has to be made based on 
future production data and provided as 
demand forecast for the model. The aim of 
optimisation is to minimise the total utility 
cost of the refinery based on the prices of each 
sold or purchased utility − given as tariffs. The 
mechanical status and availability of utility 
system equipment can vary even within short 
periods; these settings can be followed in the 
asset editor. Optimisation results are stored 
in Microsoft Access databases but they can 
be retrieved and reported within Microsoft 
Excel via an interface with higher level of user 
convenience.

Our model has two steps depending on task: 
nomination and optimisation. Nomination 
must be carried out and entered daily for the 
next 24 hours in case of natural gas and for 
the next 72 hours in case of power. The first 
step of utility scheduling process is to forecast 
demands; the results can be used for daily 
nomination. All results calculated during 
nomination are considered in AUP model as 
input for optimisation.
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THE MODEL AS NOMINATION TOOL

DEMAND FORECAST CALCULATION
All types and quantities of utility consumption 
and production determined by the production 
process are considered as demand.

Daily planning is made by the Supply Chain 
Management Refinery Scheduling department 
using Aspen Petroleum Scheduler. Following 
the publication the final plans can be queried 
from a shared database and can serve as base 
information for energy scheduling and also for 
other uses.

Calculation of future energy demands is the 
most important step of the process. Empirical 
models of demands are used to estimate each 
type of energy consumption and production 
for all units; they are based on reconciled utility 
and production data of the last 250 days. The 
empirical model describes energy demands as 
a linear equation for each day. For example:

Expected demand = V1 * C1 + V2 * C2 + C3

where V1, V2 are the variables, C1, C2, C3 are the 
constants. Variables can be

› Production parameters – e.g. feeds and yields 

› Ambient temperature – average or minimum

› Other energy demand – e.g. LP (low pressure) 
flash steam production from MP (middle 
pressure) steam.

Constants are determined by the least squares 
method from sets of equations, which describe 
past days. The task is to minimise the sum of 
the squares of the errors made in the results of 
every single equation by changing constants as 
follows:

Min∑( Measured demand - Expected demand)2].

Calculations are performed using Microsoft 
Excel Solver add-in, the tuning of constants 
is made continuously based on daily plan / 
actual deviation analysis (see later under Data 
reconciliation).

DEMAND FORECAST 
CALCULATIONS

TARIFF DATA
Costs 

Penalties

ASSET DATA
Availabilities
Constraints

ASPEN UTILITIES PLANNER MODEL

RESULTS
Energy plans
Nominations

Asset operation advices

Fig. 1. Inputs and outputs of Aspen Utilities PlannerTM model
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Finally, energy consumptions and productions 
can be calculated based on updated constants 
and planned production data.

The accuracy of the results depends on the 
following factors:

› Exactness of production planning

› Unexpected events (e.g. mechanical failures)

› Unforeseen weather conditions

› Tuning of constants.

0
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Fig. 2. Example 1: in Gasoil hydrotreater-1 unit, hydrogen (H2) consumption in t/day increased after asset failure. Based 
on economic calculations higher H2 consumption was accepted until unit shutdown (solver tuned for whole period 
except of last two months)

Fig. 3. Example 2: in Hydrogen production plant-2, fitting of curve of natural gas (NG) consumption in t/day is acceptable 
only within few t/d to ensure accurate natural gas nomination (solver tuned only for 2nd half of the period) 
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Three examples illustrate some effects of 
mechanical or technological issues experienced 
during constant tuning (see Figures 2−4).

DATA RECONCILIATION
Balances are established for each type of energy 
for the model:

› Hydrogen – the summarised demand is 
satisfied by Hydrogen production plants

› Steam [separately HP (high pressure), MP 
(middle pressure), LP (low pressure)] – 
process side shortage is eliminated by the 
available boilers (or other external source)

› Fuel (refinery fuel gas, natural gas, fuel oil) 
– process side imbalance is corrected by 
natural gas intake or flaring

› Electric power – demands are fulfilled mainly 
from external source.

Balances are prepared on the basis of the 
daily officially reconciled material and energy 
balances of refinery, following the prevailing 
accounting standards.

Throughout demand forecasting balances can 
be used for two purposes:

› Before making any prediction it is necessary 
to check the accuracy of the constants 
according to latest available data; to identify 
the reasons behind deviations; to eliminate 
errors and to apply changes concerning the 
following days

› After finding the most likely energy demands 
and before sending them to Aspen Utilities 
PlannerTM model their consistency must be 
validated in order to prevent infeasibilities 
during optimisation.

SIMPLE DAILY NOMINATION
Under permanent economic conditions − 
knowing the previous results of optimisation 
runs – the demand forecast results alone can 
be used for daily nomination.

THE MODEL AS OPTIMISATION TOOL
After defining the expected demands the 
model is able to find the optimal allocation 
between external utility sources and internal 
possibilities. Besides the forecasted demand 
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Fig. 4. Example 3: MAAH (Maleic acid anhydride) unit – estimation of the expected middle pressure steam (MPS) 
production for a batch process
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data several other information and constraint 
could affect the results.

TARIFF DATA
Tariff editor is used to enter all price 
information. Prices are updated on monthly 
basis. Utility contracts are set up for:

› Natural gas (external)

› Fuel oil (own production, cycle oils from FCC 
− Fluid catalytic cracking unit)

› Electric power (external)

› Steam (external)

› Desalted water (external).

Additionally, some virtual contracts have to be 
added to the real ones:

› Virtual penalties are set up for flare activity 
and steam blowing

› Virtual income is set up for recovered C3-
C4 fraction (in Central gas plant) based on 
propane price and heating value.

ASSET DATA
Asset editor is used to enter availability (e.g. 
status) and constraint (e.g. design capacity) 
for all assets whose operation may affect 
the total utility cost. This information has to 
be summarised in catalogue form and data 
validation must be carried out yearly.

The considered assets have multiple effects 
on utility system of the refinery (see Figure 5). 
A change in operation of one asset can have 
influence on the others and the total utility 
cost of the whole system. For example, when 
fuel gas quantity is decreased by switching on 
C2 and C3 compressors in Central gas unit, it 
results in increased condensate (by-product) 
production and increased power consumption 
as side-effects.

MODEL ENVIRONMENT
“Graphical model environment allows user 
to visualise streams and process equipment, 
and the connections between them. A library 
of models has been specially developed for 
utility consuming systems. Models can be 
tuned to reflect the actual performance of 
a unit” (AspenTech 2012), e.g. throughput 
dependent efficiency ranges can be set 

FUEL GAS
balance

STEAM
balance

POWER
balance

Purge gas

Fuel oil vs. fuel 
gas vs.

natural gas 

Boilerfarm

Individual  
unit boilers

Delayed coker 
turbine

Steam receiver 
turbines

Steam
pumps

Flare gas 
compressors

Central gas unit
compressors

Fig. 5. Considered assets in optimisation
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for a boiler. Reconfiguring flowsheet and 
running different scenarios can be easily 
implemented.

MICROSOFT EXCEL INTERFACE
Results can be hardly achieved and evaluated 
when working in model environment, hence 
“Aspen Utilities PlannerTM features a loadable 
add-in enabling the user to work ... with 
Microsoft Excel to simulate, and optimise 
a flowsheet” (AspenTech 2014). The add-in 
provides a spreadsheet environment through 
which model base data can be exported and 
all execution results can be imported. After 
importing reports can be prepared according to 
user’s needs.

BENEFITS
The implementation of Aspen Utilities PlannerTM 

enables users to reduce site energy costs with 
a project payback period of less than one year. 
The benefit potential of implementing this 
system is site specific and depends on several 
parameters, e.g. complexity and size of the site 
as well as the implementation scope.

The main benefits for Duna Refinery are:

› More precise and cost-based nominations – 
improved weekly and daily planning, based 
on production plans and demand forecast 
constants (fine-tuned according to previous 
plan / actual deviations)

› Elimination / limitation of fuel gas flaring or 
steam venting

› Asset optimisation – based on economic 
calculations

› Recommendations for fuel change (fuel 
gas vs. fuel oil vs. natural gas)

› Proposals to operate steam turbines 
/ desuperheaters (power vs. steam 
production)

› Advice on load of Boilerfarm and other 
available unit boilers

› More precise estimation of the ‘real added 
value’ of future investment projects

Fig. 6. Example flowsheet in Aspen Utilities PlannerTM for Duna Refinery
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MIN MAX MIN MAX MIN MAX
FUEL.MPL_C1 Availability none Available Available Available
FUEL.MPL_C2X Availability none Available Available Not Available
FUEL.MPL_C3 Availability none Available Available Not Available
FUEL.MPL_FLC1 Availability none Available Available Available
FUEL.MPL_FLC2 Availability none Available Available Available
STPROD.B_K101 Availability none Available Must Be On Available
STPROD.B_K201 Availability none Available Must Be On Available
STPROD.B_K301 Availability none Available Available Available
STPROD.B_K401 Availability none Available Available Available
STPROD.B_K501 Availability none Available Available Available
STPROD.RED_G1.SteamIn1 tonnes/hr 3.00 70.00 3.00 70.00 3.00 70.00
STPROD.RED_G2.SteamIn1 tonnes/hr 3.00 70.00 3.00 70.00 3.00 70.00
STPROD.RED_G3.SteamIn1 tonnes/hr 3.00 70.00 3.00 70.00 3.00 70.00
STPROD.T_G1.SteamIn1 tonnes/hr 20.00 70.00 20.00 70.00 20.00 70.00
STPROD.T_G2.SteamIn1 tonnes/hr 20.00 70.00 20.00 70.00 20.00 70.00
STPROD.RW_036.SteamIn1 tonnes/hr 1.00 70.00 1.00 70.00 1.00 70.00
STPROD.TGU.SteamIn1 tonnes/hr 18.00 60.00 18.00 60.00 18.00 60.00
ST_W_E.B_BONO.VHPSteam tonnes/hr 1.00 17.00 1.00 17.00 1.00 17.00
ST_W_E.B_E10.VHPSteam tonnes/hr 1.00 10.50 1.00 10.50 1.00 10.50
STPROD.B_K101.VHPSteam tonnes/hr 18.00 50.00 18.00 50.00 18.00 50.00
STPROD.B_K201.VHPSteam tonnes/hr 18.00 50.00 18.00 50.00 18.00 50.00
STPROD.B_K301.VHPSteam tonnes/hr 18.00 50.00 18.00 50.00 18.00 50.00
STPROD.B_K401.VHPSteam tonnes/hr 18.00 50.00 18.00 50.00 18.00 50.00
STPROD.B_K501.VHPSteam tonnes/hr 18.00 50.00 18.00 50.00 18.00 50.00

CASE 2 CASE 3LEGEND UNITS CASE 1

Fig. 7. Availability editor

Fig. 8. Scheme example: fuel gas network (detail)
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› ‘What If’ analysis – easily comparable 
scenarios for new projects, support of 
bargaining and trading

› New software environment

› Automatised calculations – elimination 
most of human errors 

› Central database related to AUP
› Transparency, accountability
› Plan / actual report for utilities on daily 

base.

MODEL OF DUNA REFINERY 
UTILITY SYSTEM
The model consists of four hierarchies (see 
Figure 6):

› Fuel

› Power

› Steam production

› Steam & water & power consumption.

A hierarchy contains the same type of demands, e.g. 
FUEL hierarchy contains almost all fuel demands 
existing in the model. Inside the hierarchies each 
unit is represented individually as a single block, 
and within these unit blocks ports are assigned to 
unit demands. Ports are connected by streams, 
which are illustrated as patterned lines. Each type 
of utility is marked with different colour or size 
line, e.g. natural gas is marked with green.

Specifications and optimisation limits can be 
set either in the blocks or in the streams.

“Degrees of freedom are continuously calculated 
during flowsheeting, the number of equations 
defined in the model must be equal to the number 
of free variables” (AspenTech 2012). Optimisation 
can be carried out for a single period or in multi-
period mode; this allows the user to compare 
simultaneously more cases within one run.

The Availability editor shows availabilities and 
constraints on equipment (see Figure 7). Three 
options are given as possible status of assets: 
‘Available’, ‘Must Be On’ and ‘Not Available’.

“The Demand editor contains the amount 
of each utility for units that must be supplied 
by the utility system” (AspenTech 2012). 
Optimisations’ results can be loaded and 
sorted in excel via macros. Based on these data 
customised tables and simple flowsheets can 
be easily prepared, and differences between 
cases can be followed on charts.

Figure 8 shows an example flowsheet, a detail 
of the fuel gas network of Duna Refinery.

The Cost summary profile displays the unit 
costs (with fix and variable parts), consumptions 
as ‘Flow’ and summarised costs separately for 
each case and for each type of utility in USD 
per hour. Leaving all assets in ‘Available’ status 
the minimum total utility cost can be calculated 
(see Figure 9). Obviously, utility cost starts to 

Fig. 9. Cost summary profile

Fixed Cost Var. Cost Flow Total Cost Fixed Cost Var. Cost Flow Total Cost Fixed Cost Var. Cost Flow Total Cost

POWER MWh 60 10000 0.0 $ 94.3 $ 60.0 5 657 $ 0.0 $ 94.3 $ 60.0 5 657 $ 0.0 $ 94.3 $ 60.0 5 657 $
POWER SELL MWh 0 10000 0.0 $ 85.0 $ 18.0 -1 531 $ 0.0 $ 85.0 $ 18.0 -1 531 $ 0.0 $ 85.0 $ 18.7 -1 593 $ 

42.0 4 126 $ 42.0 4 126 $ 41.3 4 065 $

FOIL GJ 0 600 0.0 $ 15.1 $ 138.1 2 080 $ 0.0 $ 15.1 $ 138.1 2 080 $ 0.0 $ 15.1 $ 138.1 2 080 $
NATGAS GJ 0 10000 738.6 $ 12.9 $ 260.1 4 083 $ 738.6 $ 12.9 $ 279.0 4 326 $ 738.6 $ 12.9 $ 208.8 3 424 $
CONDENSATE GJ 0 200 0.0 $ 20.0 $ 39.6 -793 $ 0.0 $ 20.0 $ 39.6 -793 $ 0.0 $ 20.0 $ 0.0 0 $
FLARING GJ 0 10000 0.0 $ 15.0 $ 0.0 0 $ 0.0 $ 15.0 $ 0.0 0 $ 0.0 $ 15.0 $ 0.0 0 $

437.8 5 370 $ 456.7 5 613 $ 346.9 5 504 $

POWERPLANT tonne 0 5 0.0 $ 38.0 $ 5.0 190 $ 0.0 $ 38.0 $ 0.0 0 $ 0.0 $ 38.0 $ 5.0 190 $
VENTING tonne 0 200 0.0 $ 2.0 $ 0.0 0 $ 0.0 $ 2.0 $ 0.0 0 $ 0.0 $ 2.0 $ 0.0 0 $
MUPWATER tonne 0 10000 115.7 $ 1.6 $ 134.3 328 $ 115.7 $ 1.6 $ 141.2 339 $ 115.7 $ 1.6 $ 134.3 328 $

139.3 518 $ 141.2 339 $ 139.3 518 $

10 014 $ 10 078 $Total Cost 10 087 $

Fuel

Fuel Sub Total

Steam

Steam Sub Total

Period 2 Period 3

Elec

Elec Sub Total

Legend Units Min Max Period 1
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increase after placing some restrictions on 
status or mechanical capacity of equipment. 
Total utility cost can be grouped according to 
unit blocks or equipment types, as well.

“Aspen Utilities PlannerTM combines both 
technical and business process expertise to the 
overall management of utilities on sites. … By 
considering the total energy systems, the model 
can provide clear and consistent guidance to 
all parties involved for achieving lowest cost 
operation” (AspenTech 2014).

Continuous maintenance of existing model 
is necessary to keep its prediction ability and 
preciseness. Additional features, like CO2 
emissions calculation can be worked out and 
built into the model.
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Flue gas heat recovery unit at Duna Refinery
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INTERVIEW WITH  
ANDRÁS HOLLÓ, PHD, 
WINNER OF MOL 
SCIENTIFIC AWARD 2013 

Which scientific areas and what activities are 
involved in your proposal submitted to the 
Hungarian Academy of Sciences for the MOL 
Scientific Award?

During the last 10-15 years the composition 
of motor fuels has gone through considerable 
changes. In line with the requirements of the 
European Union the sulphur content has been 
reduced to the minimum level, and the maximum 
content of benzene, aromatic and polycyclic 
aromatic components has also been limited. 
Apart from this, in line with the EU directives, 
in Hungary it has become mandatory to use 
different biofuels, as well. The activities of product 
development have got a further boost from the 
new engine types (ones with direct gasoline 

injection and common rail diesel injection) 
appearing on the market, from the change of 
customers’ requirements, and from the increased 
market competition. In my proposal I gave a 
summary of the answers to these challenges. 
Basically, I summed up the main results having 
been achieved in the field of developing motor 
fuels. My activities of innovation can be put into 
the following categories:

› producing types of petrol which contain 
biocomponents

› producing biodiesels and types of diesel fuel 
containing biodiesel

› producing and applying hydrotreated 
vegetable oil

› developing and using a fuel Blending 
Management System (BMS)

› further results of developing products and 
technologies.

What was the time schedule for the above 
activities? In what way were the different 
phases based upon each other?

The basis of the proposal was primarily given 
by the scientific results achieved together 
with the staff of University of Pannonia after 
1994, the basic and applied research, and the 
experimental developments in the area of 
producing petroleum-based and renewable 
motor fuels.

András Holló
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Regarding the types of petrol for motor vehicles I 
must emphasise the results achieved in the area 
of skeletal rearrangement and hydrotreatment 
of light hydrocarbons. On the basis of them 
we could call attention to the significance 
of isoparaffins (Holló, A & Hancsók, J 1997; 
Hancsók, J & Holló, A & Forstner, J & Gergely, J & 
Perger, J 2000; Hancsók, J & Magyar, Sz & Holló, A 
2003), and to what consequences the reduction 
of the benzene content in petrol has (Hancsók, J 
& Holló, A & Perger, J & Gergely, J 1998; Hancsók, 
J & Holló, A & Debreceni, É & Perger, J & Kalló, D 
1999). Using these results we could develop the 
first premium category fuel of the MOL Group, 
a type of petrol with the name MOL TEMPO 
99 EVO. In a very short time our partners and 
we developed a special composition for the 
product ‒ a new, revolutionary additive never 
used in Hungary before ‒ which can be used in 
high-performance direct injection Otto engines 
(Holló, A & Szirmai, L 2002; Holló, A & Szirmai, 
L & Szalmásné, GP & Magyar, J 2005; Holló, A & 
Szirmai L & Magyar, J & Szalmásné, PG 2005). The 
list and quality of product blending components 
had to be changed several times due to the 
necessity to involve biocomponents, and due to 
the change of market needs. Now the product 
which MOL sells have a minimum octane number 
of 100, the octane distribution is smooth, the 
olefin and benzene contents are reduced, 
there is ETBE in the blend as biocomponent, it 
gives excellent road performances to vehicles, 
increases the lifetime of engines, and makes 
driving really enjoyable (Holló, A & Krár, M & 
Zöldy, M & Hancsók, J & Varga, G 2013).

In the area of producing and using biodiesels 
we have achieved really significant results 
(first in theory then in practice) concerning 
the technology to process cooking oil, to add 
the received biodiesel to diesel oil, to store 
and finally, to use it (Krár, M & Hancsók, J & 
Kovács, F & Holló, A & Boda, L 2005; Holló, A & 
Thernesz, A & Kovács, F & Krár, M & Péter, M 
2011; Vrbová, M & Kovács, F & Fehér, P & Holló, 
A 2011, Pölczmann, Gy & Holló, A & Hancsók, J 
2012). At the end of the process of innovation 
we worked closely together with Rossi Biofuels 
Zrt. a company producing biofuels in Hungary, 
and with the partner departments of MOL. As 

a result of the development, in the winter even 
biodiesel with as much as 25% used cooking 
oil in it can be added to diesel fuels. Before 
the work of development it was impossible, 
because that time only rapeseed oil methyl 
ester could meet the accepted, standard 
parameters. Some of the restrictions were 
lifted, the use of additives for biodiesels and 
diesel fuels was revised, the regulations became 
standardised, and new quality requirements 
were also introduced, so it became possible to 
use more waste products in the winter period. 
The Hungarian Association for Innovation also 
acknowledged the result of this development, 
and awarded it with a diploma of merit.

We started working on hydrotreated 
vegetable oils and animal fats in the middle 
of the last decade. We also recognised that 
hydrotreatment is a practical way to eliminate 
several unfavourable properties of biodiesels 
(sensitivity to water, incompatibility with 
structural materials, problems of storage, 
corrosion, average cetane number, they are 
made mainly from raw materials of food 
products, etc.), and to increase the proportion 
of waste materials which are used for FAME 
(fatty acid methyl ester) production. During our 
work of development we used a wide range of 
raw materials, and examined several catalytic 
systems (Hancsók, J & Krár, M & Magyar, Sz 
& Boda, L & Holló, A & Kalló, D 2007; Kasza, T 
& Holló, A & Thernesz, A & Hancsók, J 2010; 
Hancsók, J & Kasza, T & Kovács, S & Solymosi, P 
& Holló, A 2011; Hancsók, J & Kasza, T & Kovács, 
S & Solymosi, P & Holló, A 2012). Accordingly, it 
became possible to build a new hydrogenation 
plant of triglyceride in the future, and to use 
the co-processing technology as soon as 
possible. The latest efforts of the European 
Union are also in line with this work. Now, 
taking the above into consideration, the destiny 
of biodiesels produced from food seems to be 
sealed. In the future advanced renewable fuels, 
e.g. the ones produced with the technology 
of hydrotreatment from waste and non-food 
feedstocks will be in the centre of attention, 
and the decision makers are even considering 
their mandatory use (The European Parliament 
and the Council 2009/1; The European 
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Parliament and the Council 2009/2; European  
Commission 2014; European Commission 
2013/1; European Commission 2013/2).

We started developing the fuel Blending 
Management System (BMS) after 2010. Our 
goal was to create a tool to reduce the quality 
giveaway and to standardise the mathematic 
models used for determining the recipes 
applied in the phases of planning, scheduling 
and production in the refinery. As a result of the 
development the blending recipes of the PIMS 
(process industry modelling system) model, 
which model describes the Downstream 
operation, can be applied in practice in the 
blending units, certain parameters (e.g. the 
research octane number) have decreased 
considerably compared to the time before the 
introduction, and the figures of profitability 
have increased. It also means that the actually 
attainable results are even better because of the 
more exact recipes and the reduction of quality 
giveaway (MOL Product DS Development 2011; 
MOL Product DS Development 2012).

In the recent years my colleagues and I 
have taken part in the development of new 
technologies, fuels and additives, this way 
helping MOL to maintain its profitability and 
keep our market positions:

› Producing desulphurised FCC (fluid catalytic 
cracking) naphtha (Hancsók, J & Szoboszlai, 
Zs & Kasza, T & Holló, A & Thernesz, A & 
Kalló, D 2011 );

› Possibility to use different types of alcohol in 
diesel fuel (Zöldy, M & Holló, A & Thernesz, A 
2010);

› Improving refining flexibility, changing the 
proportion of petrol and diesel fuel (Holló, A 
& Valkai, I & Fehér, P & Hancsók, J & Krár, M 
& Sági, R 2012);

› Developing a new type of diesel fuel for trucks 
and buses which reduces fuel consumption 
and produces less CO2 (Zöldy, M & Holló, A 
& Thernesz, A 2011; Zöldy, M & Holló, A & 
Szerencsés, Z & Kovács, F & Auer, R 2013);

› Developing a diesel fuel additive which 
also contains biologically decomposing 
components (Hancsók, J & Bubálik, M & Törő, 
M & Baladincz, J & Holló, A 2006).

Apart from the aspects known from the 
international professional literature and 
practice, what elements has the team of 
product development, headed by you, added 
to the work of development?

In the first line I mainly have to mention 
the work of synthetising, the recognition of 
analogies, the innovative ideas, and their 
use. It is very important to be familiar with 
the up-to-date literature. When we know it, 
we may start thinking how to solve a given 
problem, meeting the market demands, and 
increasing the efficiency. The organisation 
of MOL Refinery Product Development is in 
contact with departments responsible for 
the complete Downstream (DS) value chain. 
In the recent years we have been able to set 
up a team of experienced technicians and 
professional experts ‒ with several degrees 
obtained in many disciplines ‒ who are able 
to manage projects of development, tasks 
of trouble shooting, and who also share 
their skills by delivering training courses. 
Apart from this, paying attention to the 
changes of regulations, lobby activities, 
our international connections (CONCAWE, 
former EUROPIA, CEN, FISITA, EAPA, etc.) 
and the items of information which can be 
received only from them, also contribute 
to the success of our activity. We regularly 
get requests to attend international events 
and conferences to present our results. The 
additional items of information, obtained 
during these presentations and by personal 
talks, also have a major contribution to our 
success.

Contrary to the popular belief, the 
finished products of refineries are not 
made under licence. Every refinery has its 
own recipe for them. The refinery units 
producing desulphurised fuel blending 
components have not solved the problems 
of quality. On the contrary, the increased 
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use of biocomponents, the level of market 
needs which has dropped on account of 
the economic crises, and the increased 
requirements of customers make the role of 
our expertise even more important.

As an example I can mention the use of 
the biodiesel described above, and the use 
of biodiesels made from wastes. With the 
appearance of the biodiesel with 5−7 %vol. 
the properties of diesel fuel have changed 
a lot, and this type of fuel is much more 
sensitive to impurities, mainly to water. The 
stability during storage has reduced a lot. In 
order to eliminate the problems, Refinery 
Product Development Department has 
proposed a control system and introduced 
a special additive. The Production and 
Logistics still use this system and additive, 
and the customers are not even aware of the 
presence of biodiesel in the fuel which they 
buy. Our competitors and companies in other 
countries encountered significant problems 
of quality, they had to close filling stations, 
and received an avalanche of complaints, 
as well, but MOL was able to steer clear of 
such troubles. It is a typical asset of product 
development which cannot be expressed in 
numbers.

Among products which are not types of fuel 
I have to mention the versions of bitumen, 
although they do not belong closely to 
my proposal. However, in the wake of the 
decreasing level of consumption and the 
ever increasing competition the customers 
pay much more attention to quality. We 
were simply forced to make great changes in 
the recipes of bitumen, and use new types 
of additives in order to make the quality 
of the products constant. We obtained 
the fundamental items of knowledge at 
conferences and professional forums of 
debate, and applied them after our return to 
Hungary.

While performing activities, aiming the 
improvement of refinery’s and logistics’ 
efficiency, the quality of semi-finished and 
finished products may worsen. In order 

to avoid such situations it is absolutely 
necessary to have a central organisation 
which is responsible for actual and future 
product quality, and has an overview of the 
entire well-to-wheel chain Group level. Our 
set of special tools, unique even in the MOL 
Group, is also a major asset on the market.

What were the practical trials and proof of 
the results of development?

When recipes of products are changed, and 
new products are developed, the work is 
always designed according to  the needs of 
customers (business driven development) 
and/or the possibilities of efficiency 
improvement. Because of the significant 
market risks, the introduction of a new or 
considerably modified product on the market 
is always preceded by very strict examinations 
of the use and by ‘no harm’ tests. Positive 
feedbacks from customers, the good figures 
of profit and many awards received attest the 
success of the development process.

Which are the possible further steps of fuel 
development?

The majority of auto and oil industry forecasts 
show that in the next twenty years internal 
combustion engines and petroleum-based 
fuels will retain their leading role to provide for 
mobility. In developed countries (e.g. those 
of the EU) the process of decarbonisation will 
be carried on, and the second generation of 
biofuels will gain importance, together with 
products obtained not from the traditional 
sources: Biomass to Liquids (BTL), Coal to 
Liquids (CTL), Gas to Liquids (GTL), shale oil, 
tar sand, etc. Furthermore, CNG may also find 
its share on certain markets. The widespread 
use of electric cars and hydrogen-based fuel 
cells is not possible without reducing their 
price and increasing the distances covered 
with their use, in spite of the fact that the 
EU requires its member countries to set up 
an infrastructure for the use of alternative 
sources of energy.
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