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Warsaw, 14 August, 2012 

Introduction by the Vice Prime Minister, 
Minister of Economy Waldemar Pawlak, 
to the yearly “Polish Oil and Gas Market” 
issued by the Oil and Gas Institute

Welcome to this year`s edition of the yearly publi-
cation of “Polish Oil and Gas Market” which I highly rec-
ommend to you. 

The report describes the current situation and the 
challenge for the fuel and energy sector. Competitive-
ness in this sector, its balanced development and secu-
rity of supplies are still fundamental for the Polish en-
ergy policy. Since December last year, in the Ministry of 
Economy works are in progress on the so-called triple 
energy package consisting of the Gas and Energy Law 
and the one related to the renewable energy sources 
(RES). In changed regulations, we propose stable and 
long-term solutions which support the sector, with 
special emphasis on using the local resources of en-
ergy, enhancing the effectiveness of energy and the 
rights of energy recipients. 

It is our priority to ensure the development of the 
natural gas market and security of supplies. Therefore, 
in the project of the gas law we included, among oth-
er things, the principles concerning supplies for the 
protected recipients, the possibility of supporting the 
recipients of sensitive natural gas and regulating the 
principles of expansion of the transmission and distri-
bution system.

The project Energy Law contains many issues which 
organize the work in energy sector, e.g. certification of 
the transmission system operator. It also contains solu-
tions supporting the consumer rights, e.g. support for 
the so-called ‘sensitive recipients’.

What is more, among the most important ele-
ments of the new act on renewable sources of ener-
gy we should mention unchanged principles of assis-
tance for the installations based on renewable sources 
and preserving the current system of support for the 
equipment already operating. We will also introduce 
a system of guaranteed prices for selected technolo-
gies generating electrical energy or heat in micro- and 
small-scale installations based on renewable sources.

I am convinced that in this publication of the Oil 
and Gas Institute we will be able to read about the 
changing legislation. I encourage discussion on the is-
sues, as the voice of experts and representatives of the 
branch is really precious for us and always taken into 
consideration while making the new law. 

„The Polish Oil and Gas Market” is an interesting 
proposition not only for specialists in the energy sector, 
but also for those wishing to broaden their knowledge 
related to the generally understood oil and gas sector. 

I warmly invite you to read this year`s edition.  

Waldemar Pawlak – Vice Prime Minister, Minister of Economy

WICEPREZES RADY MINISTRÓW
MINISTER GOSPODARKI

Waldemar Pawlak

Introduction by 
Minister of 
Economy





The  
Economy 
of Oil and Gas 
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A t present, there is no special tax in Poland on ex-
traction or sale of natural gas. A question arises 

then: is the introduction of a new fi scal burden for ex-
traction branch justifi ed? In order to answer the ques-
tion, it is necessary to analyze the current system of 
taxes and fees in Poland and compare it with the best 
world practices and trends.

What liabilities are the extracting 
companies burdened with?

The current tax system for entities dealing with 
prospecting, recognition or extraction of gas from 
both conventional and unconventional deposits 
does not diff er much from the burdens borne by en-
trepreneurs in other economy sectors. These entities 
pay income tax at the same rate as other fi rms, have 
the same obligations as remitters of personal income 
tax of employees as well as social insurance contribu-
tions. In this way, due to relatively low – as compared 
to some European countries – CIT tax rate of 19%, Po-
land is an attractive place to locate capital consuming 

Taxation of gas from shale formations

Fiscal policy in favour
of investors

TOMASZ BARAŃCZYK, IWONA PATYK, GRZEGORZ KUŚ

Despite a number of the government`s announcements, the new solu-
tions concerning taxation of shale gas and in fact all the hydrocarbons 
are still not known1. It produces the air of uncertainty for the inves-
tors who limit their prospecting works to indispensable minimum.

prospecting investments. For comparison, the stan-
dard CIT rate in Norway is 28% and in Denmark 25% 

– and apart from that, there are also some special in-
come taxes in force, which can even amount up to 
52%.

However, there are certain diff erences in relation to 
other Polish enterprises, which are related to the ne-
cessity of bearing certain fees by companies prospect-
ing for or extracting natural gas that result from the 
Geological and Mining Law Act. This act imposes some 
kinds of payments, which have to be borne by an en-
trepreneur who executes works related to prospecting, 
recognition and exploitation of deposits.

These payments are of various nature: remunera-
tion for establishing mining usufruct is of civil legal 
nature, whereas fees for prospecting, recognition or 
extraction of gas are precisely described in the quot-
ed Act and are of regulatory nature. Even though the 
other kind of fees are governed by relevant regulations 
of tax ordinance concerning tax obligations, in the for-
mal-legal aspect, none of the above payment catego-
ries are taxes (at least with regard to linguistic legal in-
terpretation of domestic regulations, because on the 
level of European Union there may be some doubts 
in respect of classifi cation of some of them). Moreover, 
these fees are relatively small, considering the current 
prices of raw materials.1 As of 23.07.2012
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Regardless of whether the legislators decide to in-
troduce a new tax (similar to the one on some miner-
als, including copper and silver) or if they increase the 
burden resulting from the geological and mining law, 
these actions should be preceded by thorough anal-
ysis of economical results and social discussion, es-
pecially with entrepreneurs who may be affected by 
these regulations.

Will the new tax concern 
shale gas only?

In the media and in some statements of politicians, 
the introduction of new (or higher) taxation is most fre-
quently related to extraction of natural gas from shale 
formations. However, it should be remembered that 
introduction of taxes only on ‘shale’ is rather unlikely. 
There is no reason though that the criterion deciding 
on taxation should be the method of gas extraction 
(this is basically the difference between exploitation of 
conventional and unconventional deposits, including 
the shale gas).

For this reason, very likely seems a broader ap-
proach to the subject of new tax and taxation of all 
the hydrocarbons, especially natural gas and crude oil. 
Presumably, it is in this direction that the government 
initiative is going (during the conference canceled at 
the last moment on 13 June 2012, the Ministry of En-
vironment was going to present a draft of the ‘Act on 
Hydrocarbon Extraction, Taxation and Funds’). It has 
to be noted that new tax solutions will have the key 
meaning not only for profitability of (chiefly foreign) 
investments in exploitation of shale gas but also – and 

perhaps first of all – for the companies operating in the 
domestic market which have been extracting conven-
tional gas for many years.

Principal models of taxation of 
hydrocarbons in the world

Taxation on hydrocarbon extraction has also been 
functioning for many years in other countries. The form 

Table 1 

Exploitation fee for extracting 1000 m3 of gas in Poland 5,89 PLN

Average market price of 1000 m3 of Russian gas in Europe in June 2012 about 452 USD =  
about 1525.5 PLN

Average market price of 1000 m3 in  American market in June 2012 about 88 USD = 
about 298.32 PLN

Source: the International Monetary Fund (http://www.imf.org/external/np/res/commod/index.aspx)
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and kind of taxation depend on very many factors, first 
of all on the legislative system of conducting extrac-
tion (concession and contractual models) and on the 
level of development of fiscal administration in a par-
ticular country.

In general the burdens can be divided into fees 
and taxes: 1) collected before commencing exploita-
tion, 2) those due during extraction period, 3) fees re-
lated to possessed assets.

The first group includes various application and 
tender fees, e.g. for issuing the concession and 
various kinds of additional fees: signature/discov-
ery bonus.
Among the fees collected by countries at the 
stage of exploitation, the most important are in-
come tax and royalties.
In respect of income tax, it should be noted that 
in some countries, apart from income tax paid by 
all entrepreneurs – an additional tax is imposed 
on entities operating in the gas-oil branch (or an 
increased tax rate).

However, the most characteristic fiscal instrument 
for that sector is royalty collected in many countries. 
In practice, this royalty takes diverse forms in differ-
ent countries. The oldest solution is the royalty due 
depending on the volume of extracted gas – quantity 
based royalty. This form of royalty is quite a simple solu-
tion because it is based on a established amount rate 
per a volume unit of extracted raw material (an exam-

1.

2.

3.

ple of this rent is the Polish exploitation fee, mandatory 
in Poland). Great advantage of this form of liability is 
its transparency and easy supervision. Simultaneously, 
the substantial drawback for the extracting companies 
is the fact that the fee is collected regardless of extrac-
tion profitability. When the rate of royalty calculated in 
this way is high, it may be a valid discouraging factor 
for investors who undertake gas prospecting and ex-
traction in a particular country.

Another form of royalty is the one calculated on 
the value of extracted raw material – ad valorem roy-
alty. The value of the raw material may be defined in 
different ways (e.g. on the basis of determined market 
prices or as a sum of gross income on sale minus costs). 
Unfortunately, this form does not always take into con-
sideration the financial resources of the investors, as it 
does not depend on their achieved financial result.

The most advanced form of royalties is a fee de-
pending on the income on extracted gas – profit/in-
come based royalty. This solution assumes taxation on 
receipts from extraction diminished by extraction costs 
(also, frequently there is a sum exempt from fee). From 
the point of view of investors it is the most beneficial 
option because they pay the fee only when their ven-
ture generates profits. Therefore, they are also ready to 
accept high rate of royalty more willingly. This form of 
royalty makes an effective investment incentive. Simul-
taneously – as this method of calculation and supervi-
sion over determining the correct basis for taxation is 
in this situation rather complicated – this solution is 
applied in practice only in a few most developed coun-
tries, which have effective tax administration. The fees 
based on assets include e.g. real estate taxes or other 
taxes which depend on the value of entrepreneur`s 
property assets.

Norway, which is frequently quoted as having a 
model taxation, applies the profit based royalty model 
burdening the extracting companies with an addition-
al income tax. Similar models are applied in Denmark 
or Great Britain. Whereas in Canada and in some states 
in the USA, apart from CIT – a standard rate of income 
tax for legal entities, there is also the royalties ad va-
lorem system. However, it is worth noting that most of 
these legal regulations also allow a number of tax con-
cessions, especially concerning depreciation of fixed 
assets used for extraction, relief on research and devel-
opment works related to prospecting and extraction 
and also the possibility of tax loss settlement within 20 
years or even without a time limit.

The Polish legislator, while deciding on introduc-
tion of new public levies, whether in a form of new tax 
or by increasing the existing fees, should take advan-
tage of experiences of other countries. Creating a new 
law, they also should not forget about the extraction 
sector specificity.
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What should be remembered 
while introducing new levies

It seems that fi rst of all the new system of public 
levies concerning extraction should be constructed in 
such a way as to secure the interest of state on the 
one hand but on the other hand, not to discourage 
investors to gas prospecting in Poland. A bitter exam-
ple can be the situation in Alberta province, Canada, 
where, after the royalties had been raised in 2008, a 
mass withdrawal of investors occurred. As a result, the 
levies were diminished, and now the authorities are 
trying to regain the reputation of an interesting place 
for investments.

Moreover, each public legal burdening with a new 
tax or fee should be the tax deductible for the enti-
ties which bear them. The solution introduced by the 
Polish legislator in respect to the copper and silver tax 
(Taxation of Some Minerals Act) features excessive fi s-
cality as this tax could not be deductible for income 
tax purposes.

The next important factor, which should be taken 
into account by the Polish legislator is time consump-
tion of the investment process in the oil and gas sec-
tor. From the moment of commencing prospecting 
works to gas extraction on the industrial scale, a few 
or even a dozen or so years may pass. The concessions 
for gas prospecting and recognition are issued for 5-6 
years on average and are frequently extended. In this 
context, the period for tax loss settlement in Poland i.e. 
maximum 5 years from incurring the loss is defi nitely 
not suited to the specifi city of exploration works.

The principles of settling the costs over the time 
and depreciation of fi xed assets are essential as well. 
The legislator could consider preferences justifi ed by 
the character and time consumption of this kind of op-
erations for selected categories of costs/assets of ex-
traction companies. 

When creating new law, it is also worth trying to 
specify the status of boreholes, which are mining exca-
vations, as well as the equipment located in them with 
regard to real estate tax. Such taxation is still disput-
able and the verdict of the Constitutional Tribunal of 
the Polish Republic (fi le no. P 33/09) leaves no doubt 
that the taxation regulations in this respect are fault-
ily constructed. At the same time, the prospect of 2% 
of tax on the borehole value encourages the local au-
thorities (the benefi ciaries of the real estate tax) to in-
stitute proceedings and leaves the investors with the 
perspective of many years lasting court dispute in or-
der to obtain the answer to the question on the obliga-
tion and amount of this tax. 

The last issue, which due to the specifi city of pros-
pecting and extraction operations painfully strikes the 

sector (very often preventing the investments) is the 
lack of more precise tax regulations concerning run-
ning and accounting of joint ventures. Implementation 
into the Polish system of worldwide and typical for the 
branch farm-out and joint operations agreements, apart 
from a number of legal obstacles may even result in 

losing the right to include some of the expenses in the 
tax deductibles. 

Summary

Taxation of the upstream business in Poland does 
not belong to the highest in the world. Many other 
countries obtain proportionally larger benefi ts form 
extraction of the same amount of gas than the Pol-
ish budget. Therefore modifi cation of the taxation sys 
tem for this kind of operations in Poland – referring to 
the current economic situation – seems to be just the 
matter of time. Nevertheless, each change should be 
thoroughly analyzed, as excessively high burdens may 
eff ectively discourage investors from further gas pros-
pecting, especially very risky and costly exploration for 
shale gas. Simultaneously, while changing the system, 
the Polish legislator should take into account the risks 
specifi c for the sector and potential solutions, which 
successfully operate in other countries. 

The authors are employees of the Tax 
and Legal Department at the PwC

Tomasz Barańczyk – Partner
Iwona Patyk – Manager
Grzegorz Kuś – Senior Consultant

The new system of public levies 
concerning extraction should be 
constructed in such a way as to 
secure the interest of the state 
on the one hand, but on the 
other hand, not to discourage 
investors to gas prospecting in 
Poland.
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T he forecast for the gas market is very optimistic. 
Signifi cance of this fuel, both in the Polish and 

world economy is rising, which is the eff ect of said 
ecological character of this fuel, i.e. its relatively de-
creased pollutive input. Also, owing to implementa-
tion of very restrictive regulations of the climate and 
energy package which imposes far reaching restric-

tions with reference to greenhouse gas emission on 
all EU member states, “blue fuel” seems to be the op-
timal solution.

The prospect for using natural gas substantially 
widened when LNG technology appeared. LNG is nat-
ural gas – mixture 85-99% of methane with slight addi-

Economy and LNG – based gas sector management  

Energy security and clean 
environment 

RAFAŁ WARDZIŃSKI

Over the last 50 years, the structure of energy consumption has trans-
formed considerably. Although the prevailing energy sources are still mi-
ne ral fuels, their signifi cance is systematically falling in general production, 
on account of technological advancement and development of alterna-
tive sources. In times of omnipresent struggle against global warming, 
what can be considered one of the most ecological fuels is natural gas.

tions of other gases: ethane, propane butane, nitrogen 
(LNG composition and heating value depend on its 

“origin” and extent of “purifi cation”), chilled to tempera-
ture -163oC, which permits 600 times reduction of its 
volume, which makes it more economic in transport. 
In liquid form its density is 0.42–0.49 g/cm3, i.e. less 
than half of the water density. The return to gaseous  

state is the result of reverse process – liquid is heated 
to normal temperature at constantly monitored pres-
sure. All that makes LNG an ideal substitute in the Pol-
ish gas market, which is known, apart from domestic 
extraction, to be dependent in about 63% on the im-
port from Russia.

According to forecasts, in 2020 the 
demand for natural gas in domestic 
market may reach the volume of 
about 25 billion m3, mainly on 
account of development of mod-
ern Polish electric power systems, 
and fi rst of all, construction of gas 
units. 
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Besides the application in industry and energet-
ics, there is one more possibility to use LNG as fuel. 
The Baltic Sea belongs to the SECA zone created 
by the International Maritime Organization for en-
vironment protection by implementing regulations 
which limit pollution emitted by ships, i.e. heavy 
marine fuel. New regulations limited the use of tra-
ditional heavy oils for the benefit of more ecologi-
cal fuels, and LNG is one of discussed alternatives. 
According to available analysis, in 5-10 years` time 
most of short distance ships will be powered by LNG, 
because this fuel is relatively cheap, easy in transport 
and it deposits exist in many places in the world. The 
possibility of refueling ships powered by gas may be 
an additional functionality of the terminal in Swin-
oujscie in the future. 

LNG – not only support for 
diversification of gas supplies

Liquefied natural gas plays ever increasing role in 
global gas transport, as alternative for the gas pipe-
line technology, among other things on account of its 
price and logistics. Its merits are also more and more 
appreciated in our regional market. The primary goal 

of constructing an LNG receiving terminal in Swinoujs-
cie is creating a new, geographically unlimited access 
for Poland to the world LNG market, which will allow 
to secure gas supplies in case of disturbances in its 
continuous flow from other sources. 

Additional advantage for the recipients, resulting 
from the specificity of LNG market is liberty and flexi-
bility in customizing  the portfolio of gas import based 
on various supplies or sources, and also possibilities of 
management in respect of duration of the contracts. 
This will enable the market participants to purchase 
gas fuel in the “spot” markets, which will make it pos-
sible to take advantage of favourable ratings. Moreover, 
the currently conducted liberalization of the gas mar-
ket in Poland aims at opening the market for new par-
ticipants, which will eventually result in creating the 
optimal business model for using the gas infrastruc-
ture, e.g. through the demand for supplementary ser-
vices, such as: transport by road tankers, by rail or bun-
kering of smaller ships. All these options are analyzed 
for business possibilities by Polskie LNG company and 
once the investment will have been completed, they 
will make (apart from the long-term contract between 
Qatargas and PGNiG, which is an element of national 
energy security) a very attractive offer for the commer-
cial market in Poland.

With sufficiently developed regasification infra-
structure and secured diversification of sources, LNG 



The Polish PeTroleum and naTural Gas markeT 2012

14

The Economy of Oil and Gas

may also constitute the core of the national energy se-
curity, as it can be seen in Spain.

If it comes to business justifi cation of the logistics 
of LNG transport, the key advantages of large meth-
ane carriers, e.g. the Q-fl ex or Q-max type, are their rela-

tive fl exibility of supplies and the ability to run long-
distance, due to which the cost of LNG transport goes 
down with the distance covered. Any potential gas 
recipient may adjust the schedule of supplies to the 
LNG terminal, depending on their needs, capacities of 

regasifi cation infrastructure, transmission and storage 
reservoirs, etc. The only risk factors in marine transport, 
are the straits (Bosphorus, Ormuz, Bab El-Mandeb or 
Malayan strait), and also piracy and terrorism. 

Better than gas pipelines

It should be noted that LNG has an advantage over 
traditional gas pipelines: it makes it possible to trans-
port the resources by sea from any direction, from 
any supplier. This is where we see the “real” diversifi ca-
tion of gas import to Poland, this is our “real” energy 
security. Moreover, the development of LNG technol-
ogy brought about signifi cant reduction of produc-
tion and logistics cost. As a result, the LNG application 
and trade are more and more common, mainly ow-
ing to fi nancial instruments developed for other re-
sources, mainly crude oil. The best recommendation is 
the fact that according to the International Gas Union 
(IGU) in 2011 the LNG trade increased by 8% (i.e. by 
nearly 18 million tons) and achieved its record volume, 
amounting to 241.5 million tons of gas. The principal 
reason for this was the earthquake and tsunami which 
hit Japan in March 2011. The disasters led to shutting 
down all the nuclear reactors in the area of the Land 
of the Rising Sun and starting gas-fi red power units. 
Hence, day by day, Japan has become one of the larg-
est LNG recipients, becoming also the leader in the 
short-term market. 

While discussing the questions of LNG trading, it 
should be noted that it is sold chiefl y on the basis of 
price formulae which are indexed according to oil 
pri ces. Details relating to setting the formulas, or the 
transactions themselves concluded on that basis, are 
business secrets – they are not revealed to the public.  

The development of LNG terminals

In 2011, as many as 15 new terminals were put 
into operation in the whole world, as the Netherlands, 
Norway, Sweden and Thailand. Presently, as many as 
27 countries are already capable of using the LNG tech-
nology (source: International Gas Union – World LNG 
Report 2011). In most of these countries the environ-
ment and climate protection issues are the matter of  
absolute priority. Not to mention the fact of signifi cant 
changes of their geopolitical or economic position on 
the world map. 

The new LNG installations are the only safe solu-
tion for diversifi cation of fuel supplies for many coun-
tries. But there are also examples of countries such as 

According to current estimates, the year 
2030 will be a breakthrough, because 
LNG will dominate the natural gas market – 
its trading volume will reach 340-600 
billion m3, while traditional gas pipelines 
will transport about 340-390 billion m3. 
(Source: EIA)
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the Netherlands or Norway, for which the LNG trading 
(besides own consumption) strictly business-oriented 
solution, aimed at generating profits. 

Speaking of the costs of natural gas liquefaction, it 
is estimated that the liquefaction terminal’s construc-
tion costs along with the storage tanks will amount to 
about 40-45% of the costs of complete LNG project, as-
suming that typical business model for LNG consists of 
mainly four areas which comprise:

prospecting and extraction area called “up-
stream”: this one includes e.g. outlays for bore-
holes, production infrastructure, specialist equip-
ment for gas purification or gas pipelines for local 
transport of the resource to liquefying plants;
production area called „downstream”, where the 
most significant cost is the liquefaction installa-
tion, tanks and loading infrastructure (the cost 
of the LNG liquefaction terminal is several times 
higher than the costs of regasification terminal 
construction);
transport area – usually involving specialized 
shipping companies, as they provide a fleet of 

•

•

•

LNG carriers. Very often, gas producers have their 
own shipping fleet;
regasification part – regasification terminal with 
essential infrastructure. 

Characteristic elements in the regasification instal-
lation being constructed in Świnoujście by the com-
pany Polskie LNG and GAZ-SYSTEM, are two LNG tanks 
of capacity of 160 thousand m3 each, an external port 
with unloading station, unloading arms and flyover 
connecting the offshore and onshore part of the termi-
nal. The presently executed gas pipeline Swinoujscie- 
Szczecin, which will connect the LNG terminal with the 
national transmission network, should be also included. 
In the first phase, the terminal infrastructure in Swino-
ujscie will allow to offtake 5 billion m3 of gas annually 
with the possibility of expansion to 7.5 billion m3/year, 
which will make up a half of the Polish annual demand 
for gas (14 billion m3/year).

The author is a Chairman of the Board  

of “Polskie LNG S.A.”

•

A d v E r T i s E m E n T
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I n March this year in the town of Łukta in the Warm-
ian-Masurian Voivodeship, the citizens started 

withdrawing agreements for geological exploration 
on their plots. When asked for the reason they an-
swered: ‘We do not want shale gas here. If they find gas 
on my field they will be able to expropriate me, and with 
the family we run a farm here and we do not want to give 
it up’. There would be nothing strange in this reaction, 
as in majority of locations the inhabitants react in this 
way to the appearance of geologists. However, no one 
is searching for gas in Łukta. Under the supervision of 
Professor Marek Lewandowski, the Institute of Geo-
logical Sciences of the Polish Academy of Sciences is 
conducting research concerning geological structure 
of Poland.

Demagogy?

This episode nicely illustrates the state of ignorance 
and fears. When there is lack of information, imagina-
tion suggests the worse solutions. Can we put the 
blame on shortage of information, though? The de-
bate concerning the pros and cons of prospecting and 
extracting gas from shale formations has already been 
going on for some time. The Internet is full of reports, 
summaries, appeals and fi lms of both opponents and 
supporters. The former sound the alarm pointing out 

Strategies of communication with local communities in the context of 
investments in gas from unconventional deposits – an account of opening

Emotions vs. facts

AGATA STAFIEJ-BARTOSIK

Short though, but full of surprises, the history of prospecting for gas from 
unconventional deposits in Poland reveals many mechanisms which 
govern social communication. Taking a closer look at these basic regu-
larities gives an interesting image of the civic dialogue conducted so 
far and it also points to the necessity of starting a real, rational discus-
sion on one of the key subjects shaping the energy future of Poland.

to hazards for the environment and human health 
which according to them are brought by the tech-
nology of  fracking. They demand the concessionaires 
to withdraw, to implement stricter regulations and at 
best to stop prospecting for unconventional deposits 
of hydrocarbons. The latter see in the gas the chance 
to provide the energy security for Poland for many 
years, independence from external supplies of gas and 
prospects for development of poorer regions of the 
country.
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Even though the media draw our attention chiefl y 
to those protesting, the polls invariably show that as a 
society we are for. According to the polls conducted 
in June by the Polish Public Opinion Centre (CBOS), al-
most three out of four poll participants (73%) support 
the extraction of natural gas from shale formations in 
Poland. The opposite view is represented by 4% of re-
spondents and almost a quarter of them (23%) have 
no opinion.

The opponents of shale gas extraction see not only 
the hazards resulting from the process of prospecting 
and extraction, but also blame the concessionaries for 
poor communication – meetings with inhabitants are 
held, in their opinion, too late, the information is in-
complete and materials received from investors are 
not true.

How to talk?

Meanwhile, prospecting enterprises are looking 
for the ways of communication.  Some of them bring 
from abroad ready templates, specimens and ideas 
for constructing relations with the local communities. 
They run activities professionally, according to the best 
standards tested e.g. in the USA. However, it does not 
always work. The Polish society is diff erent from Ameri-
can one, it approaches the information with diff erent 
experience related to the communist propaganda 
and years of abuse in the area of social communica-
tion. Therefore, it is very diffi  cult for the companies to 
construct such a model of communication which will 
provide requested information on time. Some enter-
prises choose direct meetings, which does not always 
end well. Both the BNK/Saponis, Lane Energy, Chevron, 

San Leon, and PGNiG have encountered dissatisfaction 
of the inhabitants – not always related to their activi-
ties. Many times, representatives of these fi rms had to 
respond to accusations and allay fears related to pros-
pecting and extraction of gas. Some of the local groups 
claim that they are especially afraid of pollution of the 
environment, contamination of water, degradation of 
the nature and damage due to drilling and fracking. 

Others, according to the NIMBY idea (Not In My Back-
yard) declare: ‘We are not against the shale gas but we 
are against drilling in close vicinity of our homes’.

In order to dispel doubts of the inhabitants, experts 
travel around Poland, but, in the opinion of combative-
ly predisposed inhabitants even they prove to be se-
lected in a way to say things, which a company wants 
them to say: ‘Experts, who are said to be independent, 
come to us, but they present only the advantages of drill-
ing. To some questions important to us they have no an-
swer or their answers miss the point’. (the opinion of an 
inhabitant of the town of Żurawlow in Lublin Voivode-

‘If the shale gas was to be extract-
ed near your place of residence 
would you be for or against this 
decision?’ As many as 71% of 
respondents – inhabitants of 
Lubelskie Voivodeship answered 
they would be for, 21% of them 
were against and only 8% chose 
the answer ‘diffi  cult to tell’.
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ship). Another problem for the society is their disap-
proval of the lack of complete knowledge on the part 
of the company concerning their works, resources, re-
sults of some operations: the inhabitants do not accept 
the fact that certain issues will be determined only on 
the basis of results of executed prospecting works.

Even though protests are spectacular and attract 
the media, the number of opponents is actually sub-
stantially smaller than the number of indifferent per-
sons or supporters. The surveys of public opinion pre-
sented by the European Parliament Member, Professor 
Lena Kolarska-Bobińska, are quite interesting. The ques-
tion: ’If the shale gas was to be extracted close to your 
place of residence, would you be for or against this de-
cision?’ – as many as 71% of inhabitants of Lubelskie 
Voivodeship answered they would be for, 21% of them 
were against and only 8% chose the answer ‘difficult 
to tell’. The surveys were conducted in November 2011 
on a representative sample of 1000 persons – the in-
habitants of Lubelskie Voivodeship.

Indeed, most of the prospecting works were exe-
cuted as planned and according to the schedule. No 
significant effect on the nature of the concession ar-
eas was noted. Such a conclusion is grist to the mill 
for the investors who are closed to the dialogue with 
the society and the followers of an old method DAD 
(decide, announce, defend). Unfortunately, you can still 
hear some investors claiming that the protesting care 
only about money.

Winning over by supporting

In order to soften adverse emotions, the firms often 
decide on actions supporting essential needs of the 
local communities. They organize picnics, renovate 
roadside shrines, fund foreign language courses and 
scholarships. A popular method is also organization of 
training for local authorities and local journalists. If we 
could gather and sum up the contribution of conces-
sionaires in the development of areas comprising con-
cessions, the effect might look impressive.

Meanwhile, the most united and determined op-
ponents do not waste time. The concessionaires face 
the so called 2.0 protesters who get information in the 
Internet, who by utilizing social networks mastered 
control of the democratic art of uniting.  Thanks to the 
energy of opponents, at least three new associations 
have been formed, the objective of which is to act for 
the sake of protection of the environment in the areas 
covered by concessions.

Great emotions, dispersed operations and large 
stakes of the game should indicate necessary actions 
to the concessionaires. One, common voice of all the 

concessionaires is necessary: whether under the aegis 
of branch organizations or with the aid of some other 
speaking tube, the concessionaries have to start speak-
ing with one voice in order to consistently fight off the 
myths related to extraction of gas from unconvention-
al deposits. It is also necessary to understand that one 
mistake or crisis at any location becomes the problem 
not only for one entity but for the entire branch. The 
divergence of business interests should not limit pos-
sibilities of cooperation in other areas,  such as e.g. the 
contact with the local communities.

The investors should also listen to fears, remarks 
and needs of the inhabitants. Popular, informative 
meetings called by the village leaders are only one of 
possible forms of action. There is a number of more in-
teresting and more beneficial solutions for both parties. 
None of the concessionaires have created a dedicated 
medium communicating the inhabitants in a regular 
way important events in the project at the place of 
their residence. Also no institution required by the Eu-
ropean Bank for Reconstruction and Development or 
by the European Investment Bank has been started yet 
which would operate e.g. granting credits for execu-
tion of an investment which is a liaison officer for com-
munication with the local communities. Indeed, such 
a person is an ideal solution both in the question of 
maintaining relations with the community and for ear-
ly detection of social unrest or conflicts arising in the 
context of executed investments. It is always a good 
idea to be aided with examples from a related branch 

– interesting experiences and many good practices can 
be found among actions of firms such as the Gas-Sys-
tem or Polskie LNG.

Lack of a reliable information campaign on the 
part of the Government is also distinctly perceptible. 
The entrepreneurs take on all the burden of educa-
tion and convincing the local communities, without 
distinctive support of the government. In comparison 
with controversies with the mining law, which in col-
loquial perception allows the expropriating and evic-
tions, the concessionaires are put in a difficult role of 
explaining stipulations of the act to the excited crowd 
of inhabitants.

There is still much hard work ahead of everyone in-
volved in the investment process, before the natural 
gas from shale formations appears in gas cookers and 
household stoves. Perhaps by that time we will learn to 
debate and practice cooperation in order to make joint 
decisions about the future of Poland both at the level 
of small fatherlands and at the level of entire country.

The author is a Senior Manager in the Sustainable 
Business Solutions team at the PwC
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T ransformation directed at liberalization of the 
gas market and elimination of all the obstacles 

preventing new entities from entering the market 
are currently in the preparation phase or at the initial 
stage of execution. For several years, an investment 
programme has been operated, related to the gas 
infrastructure. Also, changes are introduced in the 
organization and ownership structure of infrastruc-
ture operators. Other key initiatives are the works on 
gas market liberalization, which began in the end of 
2011, including the creation of the gas exchange. Ac-
cording to the assumptions, the initiatives are sup-
posed to facilitate the development of competitive-
ness in the market, which in turn, in accordance with 
the declaration of the President of the Energy Reg-
ulatory Offi  ce is to be the basis for abolishing the 
tariff  duty. In the fi rst place, the duty is to be abol-

Transformation in the gas market  

Are we heading in the right 
direction?

JACEK CIBORSKI, ANNA KOWALEWSKA

The natural gas market in Poland is about to undergo a deep transforma-
tion directed at its liberalization and meeting the directives of the EU re-
quirements. Liberalization of the gas market is a priority not only for the 
European Commission, which attentively watches the processes occurring 
in the Polish market, but mainly from the perspective of the Polish econo-
my, for which the cost of natural gas is the basic factor of competitiveness.

ished for industrial entities and then – for individual 
recipients.

The execution of particular undertakings and ad-
opted principles of introducing the changes will de-
termine the shape of the future gas market. Are they 
going to bring a chance for a free market? Let us look 
in detail at particular processes and initiatives.

Expansion of the infrastructure and 
making it available for third parties 

Existing limitations on the Polish map of trans-
mission infrastructure are mostly the consequence of 
historical factors. For many years, the gas infrastruc-

Essential conditions for the operation of free gas market:

free gas fl ow between the domestic and neighbouring markets, and thus, facilitating deliveries from 
new directions, 

freedom of the gas recipients to choose the natural gas supplier, as well as switch to another one,

free and equal access to gas infrastructure, i.e. transmission network, gas storage reservoirs and 
distribution network for all interested entities,

introduction of market mechanisms into gas trade, and in the long term – increase in signifi cance of 
the gas exchange where the reference price of natural gas will be established.

•

•
•

•
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ture was built to serve deliveries from the East. As 
a result, the capacities of the entry point to the na-
tional system from other directions are limited, which 
is currently the key barrier to entry for independent 
entities.

In order to do away with that barrier and facili-
tate free gas fl ow between Poland and neighbouring 
countries, as well as diversify the sources of supplies, 
the company responsible for the development of in-
frastructure – GAZ-SYSTEM S.A. – has been executing 
for many years a large-scale investment plan. Its eff ect 
was the initiation of new capacities at the end of 2011 
and the beginning of 2012 at junctions with the neigh-
bouring countries – the Czech Republic and Germany. 
Moreover, after GAZ-SYSTEM S.A. had started the op-
eration of the Yamal gas pipeline, the available capaci-
ties were used at the entry to the domestic system in 
Lwówek and Włocławek, as part of the so-called vir-
tual reverse fl ow on the principles of discontinuation, 
making it possible to contract additional natural gas 
supplies from Western European partners. Presently, it 
makes up in total about 3.5 billion m3 of new capaci-
ties at the entry to the system. Allocation of the new 
capacities was executed on the principles of TPA. Each 
time, the interest in the new capacities exceeded the 
level of capacities made available several times, which 
indicates the market demand for further expansion of 
the infrastructure. 

Further investments are planned, which will enable 
diversifi cation of the directions of supplies. A new gas 
terminal is under construction in Swinoujscie and it 
will constitute a new entry point to the transmission 

system with initial capacity at 5 bil-
lion m3. Currently, analyses are also 
performed related to the construction 
of connections with the Czech Repub-
lic, Slovakia and Lithuania (in the last 
case, it will be an export connection). 
Potentially, there is also the possibil-
ity of further extension of the existing 
pipeline, or construction of a new in-
terconnector with Germany, as well as 
providing the physical reverse on the 
Yamal pipeline. What’s more, it’s pos-
sible to increase the capacity at the 
exit points from Yamal in Włocławek 
and Lwówek and making them avail-
able for the purpose of increasing the 
natural gas supplies within the frame-
work of virtual reverse.

For the development of the gas 
market the storage infrastructure 
which ensures a safe functioning 
of the system is also very important. 
For gas trading companies, the avail-

ability of storage reservoirs allows to gain competitive 
advantage over other entities through securing in-
creased supplies in winter, trade balance, optimization 
of purchase prices and satisfying the requirements in 
respect of mandatory reserves, in unison with binding 
regulations.

On account of growing consumption of natural 
gas, and increased market demand for storage capaci-
ties, PGNiG S.A. (Polish Oil and Gas Company) executes 
the programme of expansion of the underground gas 
storage reservoirs. According to the information an-
nounced by the company, consistent increase in their 

total capacities by 1.4 billion m3 is planned by 2015, 
when about 3 billion m3 capacity is to be available, 
and the target value in the year 2020 is planned to be 
3.5 billion m3.
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Fig. 1. Present and planned import capacities of the gas infrastructure 
(in billion m3/year). Source: PwC

GAZ-SYSTEM S.A. is expanding the inter-
system connections, but the process of 
arrangements and execution of infra-
structural investments takes a lot of time. 

It should be expected that in the coming 
years there will still be defi cit in capaci-
ties at the entry point from the West, 
which will hinder the trading competi-
tion.
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To some extent, the function of storage reservoirs 
can be taken over by other market solutions, arising in 
connection with market liberalization, as e.g. ensuring 
the trade balancing within the framework of a liquid gas 
exchange, or legislative solutions which make possible 
maintaining the obligatory reserves outside the country, 
when suitably advanced infrastructure appears on inter-
system connections. The current wording of the Act on 
obligatory reserves in this respect is the following: „Oblig-
atory reserves of natural gas may be maintained outside the 
territory of the Republic of Poland – in the territory of an-
other member state of the European Free Trade Association 
(EFTA) – a party to the agreement on the European Econom-
ic Area, in storage installations connected to the gas system”. 
Interpreting it literally, we should infer that gas storage 
outside Poland is possible in the territory of Norway, Ice-
land and Lichtenstein, which is practically not feasible. 
Planned formulation of the Gas Act, which is to replace 
regulations concerning the gas sector included in the 
Act on stocks of crude oil, petroleum products and natu-
ral gas allows the gas storages to be located outside Po-
land, also in the territory of EU member states. 

According to the information provided by PGNiG, 
together with implementation of the EU directive and 
appointment of the Storage System Operator (SSO), all 
the new capacities will consecutively be made avail-
able on the market on TPA principles. In the years to 
come, also the capacities used by PGNiG so far, will be 
off ered on the principle of equal access. Currently, the 
offi  cial results of two procedures for making the ca-
pacities available are known. In the fi rst case, in 2009, 
no other company, apart from PGNiG, reported any 

demand, probably on account of the lack of physical 
opportunity of supplying natural gas to Poland, and 
consequently – no need to contract the capacities to 
satisfy the Act on stocks of crude oil, petroleum prod-
ucts and natural gas. A year later, another procedure 
was carried out, in the result of which applications of 
three companies, independent from PGNiG, were re-

ceived. However, they were rejected for formal and 
legal reasons. Hopefully, the operation model of mak-
ing the storage capacities available on TPA principles 
by the SSO will be tested in practice in the next pro-
cedures, of which the one related to Mogilno will be 
settled as soon as in August this year.

Considering the number of infrastructural limita-
tions in the gas system, in order to optimize the use of 
the infrastructure, it seems justifi ed to implement and 
keep to the “use it or lose it” rule, both in respect of the 
transmission system and storage capacities. Solution 
of this kind would increase the extent of infrastructure 
utilisation, it would limit the possibility of blocking the 
capacity by the market participants and it would have 
a positive impact on the development of competition. 
The already established solutions, contained in the 
Instructions for Operation and Exploitation of Trans-
mission Network, which enable the system operator 
to collect the unused transmission capacities did not 
become an eff ective optimization tool for maximizing 
the usage of the existing infrastructure.  

Unbundling as the tool of 
non-discriminatory access 
to the infrastructure

The third Gas Directive sets principles concerning 
separation (unbundling) of the proprietorial and oper-
ational function related to transmission, distribution 

and storage, from production and turnover. The main 
goal of the requirements enforced by the Directive is 
the prevention of any confl ict of interests in exploita-
tion of the infrastructure and making investments. 

The directive imposes the requirement of legal, op-
erational and decision-making independence in re-
spect of all other kinds of business unrelated to trans-

Models of unbundling specifi ed in the Third Gas Directive

Full separation – the ownership of the assets and the operator`s function fall within the competence of 
an entity which must not be related in any way with the business connected with production or trade.

Independent system operator, the so-called ISO model – assets and the operator`s function are 
allocated to a separate entity linked by means of capital with the company dealing with production or 
trade.

Independent transmission operator, the ITO model – assets are the property of the company operating 
in the fi eld of extraction or turnover, a separate company related through the capital with this 
company fulfi lls the function of operator of the assets.

•

•

•
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mission, distribution and storage also for the storage 
area, but it does not specify in equal detail the separa-
tion model. The role of unbundling is to eliminate all 
the incentives to discriminate in respect of access to 
the network. Therefore, the common and critical item 
for all the solutions is the necessity to ensure full inde-
pendence of infrastructural functions from extraction 
and trade. Appropriate supervision concerning meet-
ing the requirements is then essential, particularly at 
the level of the member states – through active com-
mitment of the energy market regulators.

The model of complete separation which ensures 
formal, legal and capital separation of the entities cor-
responds best to the idea of unbundling which ensures 
full transparency. This model was used in Poland with 
reference to the natural gas transmission network by 
allocating the infrastructure ownership and operator`s 
function to GAZ-SYSTEM. Moreover, it is now being 
considered to separate the supervision of PGNiG and 
GAZ-SYSTEM into two government departments: the 
Ministry of Economy and the Ministry of Treasure. 

Activities aiming at ensuring independence are 
also gradually undertaken with reference to the stor-
age system. Since June 2012, a PGNiG subsidiary has 
accepted the OSS function. At the same time, the stor-
age assets remain the property of PGNiG. This model 
must be recognized as compatible with the Directive, 
but ensuring complete independence and transpar-
ency within this model may require additional solu-
tions, such as implementation of internal procedures 
and regulations within the OSS, which would guar-
antee the company`s full decision-making indepen-
dence from PGNiG. An appropriate point of reference 
in this respect seem to be the specifi c terms formu-
lated in the Directive for operators of the transmission 
system. In this context, it also seems indispensable to 
ensure regular supervision over the regulator in order 
to meet the requirements concerning independence. 

Gas exchange and changes 
in the Instructions for 
Operation and Exploitation 
of Transmission Network

Besides infrastructural issues, liberalization of the 
market requires the implementation of a number of 
changes in the system. Liberalized gas market cannot 
function without the introduction of solutions associ-
ated with the transmission system, such as, e.g. a virtu-
al trading point and suitable tools enabling the trading 
between market participants, as well as establishing 
the place where the reference price of natural gas can 
be shaped. 

Currently, numerous actions connected with the 
arrangement and implementation of such solutions 
are in progress. The new network code for the trans-
mission system introduces the concept of virtual point, 
simplifi ed principles of balancing the transmission net-
work, solutions which facilitate total allocation of the 
storage volumes and capacities at the junction points 
between storage facilities and the transmission system. 
It also enables switching the gas supplier without the 
risk of losing access to the network (the so-called ‘ruck-
sack principle’), which simplifi es the change of suppli-
er and creates favourable conditions for the develop-
ment of competition. 

In addition, works on the opening of the gas ex-
change are being conducted in the framework of the 
Polish Power Exchange. According to the Energy Law, 

the trade in gaseous fuels on the gas exchange will not, 
by defi nition, be subject to tariff s. Entities taking part 
in the trade will not have to have physical access to the 
network entry and exit points. The target plans include 
opening a spot market as well as futures market with 
physical delivery. 

The Economy of Oil and Gas

Having an access to storage gives 
an advantage in the remaining ar-
eas of operation over other entities, 
regardless of the stage of market 
development. 

In view of the fact, in order to facili-
tate the development of competi-
tion, it is essential to ensure com-
plete transparency in respect of 
available storage capacities and 
their allocation.

Considering the signifi cance of equal trans-
parent access to the infrastructure for the 
market participants, it is necessary to ensure 
independence of the infrastructure opera-
tors from companies dealing with produc-
tion and supplies. 
Supervision over the operators should be 
performed by the President of the Energy 
Regulatory Offi  ce who also has the power to 
react in case of confi rmed violation.
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Gas release programme 

Implementation of solutions such as a virtual point 
and a gas exchange is necessary for the development 
of the market. It must be noted though, that with in-
frastructural limitations, entering the market by new 
entities, as well as fostering competition without the 
introduction of additional solutions is impossible. En-
tities independent from PGNiG do not presently have 
any chances to provide significant supplies to the na-
tional market.

In numerous European markets, in order to fa-
cilitate the entry of new players to the market, pro-
grammes were implemented, the goal of which was 
to create conditions for development of competition. 
Gas release programmes (run in the form of auctions, 
exchange obligation), or other programmes of this 
kind are supposed to weaken the position of the dom-
inant entity. The practice observed in other countries 
demonstrates that their implementation had a nega-
tive effect for the incumbent companies. 

The goal of conducting the gas release programme 
in Poland is creating a wholesale market and leading 

to the development of competition in the gas  mar-
ket which will allow to abolish tariffs, and dismiss the 
concerns of the European Commision on the fact of 
maintaining regulation of prices in the gas market in 
Poland. At first, price liberalization is to concern the 
institutions, with maintained tariffs for individual re-
cipients, for the purpose of protecting households 
against potential increase of prices. Price liberalization 
for this group is expected at a later time, in 2015 at 
the earliest.

According to the original shape of the programme, 
the sale of gas by PGNiG was to assume the form of 

auction organized with the aid of the Polish power ex-
change. The volume was assumed to be about 70% of 
gas consumption in Poland, which corresponds to the 
annual consumption of industrial recipients. Remarks 
on the gas release programme, prepared by PGNiG as 
part of social consultations actually covered all its as-
pects. The main reservations concerned the method 
of price calculation, participation of the PGNiG group 
companies and end users in auctions and the range 
and flexibility of products offered in the auctions. The 
European Commission remarked that the gas release 
programme in the suggested form may not be suffi-
cient for market liberalization and creating the condi-
tions of real competition.

Keeping in mind the market expectations and the 
EU remarks, the president of the Energy Regulatory Of-
fice (ERO) proposed execution of the programme in 
two stages. In the first stage, the gas stock market is 
to be opened. PGNiG would play the role of the mar-
ket animator, offering the natural gas to market par-
ticipants. In the second stage, introduction of the 
exchange obligation was proposed, following the ex-
ample of the already operated solution in the energy 

market. In unison with the position taken by the presi-
dent of ERO at the end of May, introduced obligation 
was supposed to refer to 70% of gas sold by the largest 
market participants. 

Parliamentary project of revision in the Energy Law 
of June 2012 assumes much smaller volume, imposing 
the duty to sell 15% of natural gas pumped to the net-
work, which corresponds to about 2 billion m3 a year. 
It is difficult to expect that introducing the stock obli-
gation at such level will significantly change the gas 
market, i.e. bring about an increased number of alter-
native suppliers and diminished concentration. There 



The Polish PeTroleum and naTural Gas markeT 2012

2�

The Economy of Oil and Gas

are doubts then, whether the 15% obligation will allow 
to achieve one of the main goals set by the ERO presi-
dent for the programme: liberalization of gas prices for 
industrial recipients.

In the proposed solution one can see a parallel 
to the electricity market which also operates the ex-
change obligation of 15%. However, it should be kept 
in mind that there is a diff erent situation in the whole-
sale energy market – before the solution was intro-
duced, the liberalization of long-term contracts had 
been conducted, and there were four energy produc-
ers in the market.

It must be stated then that the appropriate direc-
tion for regulatory changes should be: increasing the 
volume covered by the obligation above the proposed 
15%, or introducing the mechanism of progressive ob-
ligation, or supplementing the obligation with addi-
tional open tender.

Eff ective process of market liberalization requires 
coordination of activities and consistency between 
them. The procedures of changing the supplier may 
have a considerable eff ect on the success of the pro-
gramme. The European Commission remarked on the 
necessity of adaptation of the Polish law to the for-
mulation of the Third Gas Directive in this respect and 
making it possible for all recipients to easily change 
the supplier within three weeks. Apart from that, 
the development of competition would also be en-
hanced by ensuring the possibility of partial reduc-
tion of contracted gas volumes, in the contracts con-
cluded between the recipients and the dominant 
entity. The regulations do not specify relevant require-
ments, but from the point of view of national entities 
bound by contracts for gas supplies, such a possibil-
ity is a necessary condition for participation in the gas 
release programme (GRP). This issue should then be 
subject to agreements before the introduction of the 
programme. 

Conclusions 

Free and equal access to the intersystem connec-
tions and storage infrastructure is the main condition 
for the development of competition. Therefore, activi-
ties undertaken recently and comprising the expansion 
of infrastructure, making it available on TPA principles 
to interested entities and enhancing the OSS opera-
tion transparency must be recognized as favourable to 
the market liberalization. Still, a lot remains to be done 
though, and one should wait for notable eff ects of the 
commenced activities, in the form of e.g. elimination 
of bottlenecks in connections with the western and 
southern neighbours.

In the situation in which we can expect infrastruc-
tural limitations in the coming years, implementation 
of initiatives such as the gas release programme may 
contribute to increased competition, however only 
elimination of barriers preventing from entering the 
market may lead to its actual liberalization. Nonethe-
less, solutions directed at liberalization of the sector 
should be introduced on conditions dictated by the 
market. The most important works connected with 
anti-monopolization should be coordinated indepen-
dently from the dominant entities. Also, gas liberaliza-
tion should also concern the demand side – through 
simplifi cation of the process of changing the supplier 
and enabling the partial termination of contracts.

In the period of introducing the most important 
liberalization changes, the regulator should have suit-
able tools to facilitate effi  cient supervision over the 
market participants and the possibility of appropriate 
reaction. Therefore, it should be justifi able to increase 
the authorization for the president of the ERO as the 
body which supervises the development of the mar-
ket. Also, a complete implementation of the formula-
tion of the third directive is indispensable.

It must be noted that many processes are in progress, 
which engage various institutions and entities. In order 
to make sure that liberalization should proceed accor-
ding to an expectations, the coordination of actions is vi-
tal in keeping the appropriate order of implementation 
and ensuring consistency in implemented solutions. 

Legal condition as of 24 July, 2012
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The key for the stimulation of the develop-
ment of competition in the sector is an eff ec-
tive gas release programme. The market regu-
lator equipped with appropriate tools should 
be the guarantee of success in its implemen-
tation. The main criterion for selection of the 
solutions within the programme, including 
the determination of volumes covered by the 
programme, should be a liberalization of the 
market consistent with the assumptions and 
schedule adopted by the regulator.
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W ill the steps taken against Iran prove eff ective? 
What impact on global economy will imposing 

such severe sanctions have on the country which is 
the third large exporter of oil and signifi cant producer 
of natural gas? We will know the answer in the months 
to come.

Abundant resources and 
sanctions against Iran

Iran is an important point on the energy map of the 
world. According to the Oil & Gas Journal, document-
ed oil deposits in the territory of Iran reach 137 billion 
barrels1, which makes up 9.3% of the world reserves 
and over 12% of OPEC reserves. Quite interesting is the 
fact that in July 2011 OPEC announced that the Irani-
an reserves amount to 151 billion barrels, however, a 
considerable number of analysts believe the estimates 
are hardly credible, as they were published soon after 
increased forecast volumes of oil reserves had been 
announced in the territory of Iraq which occupies 
the second place after Iran in the ranking of countries 

1 As of January 2011

Consequences of embargo on Iranian oil

How important is the Iranian oil 
for Europe and the world?

MARIA WOŹNY

In the recent years, the whole world has anxiously been watching the activity of 
Iran in respect of acquisition of nuclear energy. The Iranian nuclear programme 
was the subject of much controversy many times, provoking other countries 
to impose ever increasingly severe sanctions. The conclusions included in the 
report by the International Atomic Energy Agency (International Atomic Energy 
Agency) published in the autumn of 2011 proved to be so alarming that they 
induced the world to take still more determined and coordinated action. As a 
result, many countries stopped or substantially limited the import of Iranian oil. 

with the richest oil resources in the world. The update 
on the volume of resources by Iran, in the opinion of 
some, appears then as the desire to increase the dis-
tance with regard to the eternal rival.

All the natural resources of Iran are the national 
property – private and foreign ownership of resourc-
es is constitutionally forbidden. No wonder then that 
national ownership of such rich resources guarantees 
high budget receipts – it is estimated that over fi fty 
per cent of the Iranian budget may be generated by 
the export of oil. The dependence of the Iranian gov-
ernment on the “black gold” is then very high and it 
is just this relationship that became the main tool for 
the Western countries to exert infl uence on the ac-
tions of the regime of ayatollahs. For many years, the 
export of about 2.4-2.5 m barrels a day has ensured 
Iran the third place in the ranking of the largest global 
oil exporters.

However, in the recent months, a notable fall in the 
demand for the Iranian resource has been noticed. This 
situation is a direct consequence of radical sanctions 
imposed and persistently implemented by the USA 
and European Union. As a result, the volume of export-
ed Iranian oil is presently at the lowest level in thirty 
years, equal to about 1.5–1.6 m barrels per day.2

2 Reuters
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Sanctions on Iran have been imposed by various 
countries and organizations for many years previously. 
The main reason for this is the nuclear programme de-
veloped by Iran, which – according to the assurance of 
the government – is to serve peaceful goals. However, 
suspicion on the part of considerable part of the world 
indicates that it may serve military goals. The USA, al-
ready since their breach of diplomatic relations with 
Iran in 1980, imposed increasingly restrictive sanctions 
which eventually resulted in stoppage of all trade be-
tween the two countries. Simultaneously, as the con-
sequence of Iran`s refusal to abstain from enriching 
uranium and to undertake cooperation with Interna-
tional Atomic Energy Agency, the UNO – since 2006 

– has imposed on this country other sanctions which 
resulted in, e.g. suspension of delivery of weapons and 
nuclear technology by the member states to the terri-
tory of Iran and blockade of the fi nancial resources of 
the most important persons and enterprises of the Ira-
nian nuclear industry. 

However, the most essential thing proved to be the 
publication of a report by International Atomic Energy 
Agency in the autumn of 2011. The included conclu-
sions alarmed the whole world so much that they led 
to global mobilization, the eff ect of which is impos-
ing a series of radical sanctions by the countries of all 
continents. The said report claims that the Iranian gov-

ernment has already taken the most vital steps to start 
producing nuclear weapons, and even suspects Iran of 
conducting works on its own bomb since at least the 
year 2010. 

In response to such a claim, in December 2011, the 
president of the USA, Barack Obama, signed an act im-
posing sanctions on foreign banks conducting trans-
actions of purchase and sale of oil with the Iranian cen-
tral bank.

Echo of the embargo

Regardless of the actions taken by the USA, on 23 
January 2012, ministers of foreign aff airs of the Euro-
pean Union reached a common decision to impose an 
embargo on import of the Iranian oil, freezing the re-
sources which belong to the central bank of Iran and 
stopping all trade in gold and other noble metals with 
the Iranian central bank and public institutions. More-
over, the ministers decided to postpone the date of in-
troducing the embargo by 1 July 2012 so as the mem-
ber states had enough time to fi nd alternative sources 
of importing oil.

As soon as the information concerning the action 
planned by the USA and EU saw the light of day, the 
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analysts of the market of raw materials and economists 
began to create forecasts of the impact that the steps 
taken would have on the oil market and global econo-
my. In the fi rst weeks, only skeptical opinions seemed 
to prevail. The analysts remembered fi rst of all the De-
cember threats from Iran, according to which Iran was 
to block the Ormuz strait, if the USA and UE imposed 
sanctions on the export of Iranian oil. Blockade of the 
strait which serves as transmission channel for as much 
as 40% of the world trade in oil by sea, and 20% of to-
tal world trade in oil at the time when global econo-
my deals with problems, in a short time might jack up 

the oil prices to an unprecedented scale and upset the 
economic balance of the world. 

Further course of events is diffi  cult to foresee. In the 
opinion of vast majority of experts, Iran could block the 
strait only temporarily, although some analysts think 
that the world does not appreciate the military pow-
er, determination, and also international support that 
Iran can count on, and they assess that clashes in the 
waters of the Ormuz strait might establish a new eco-
nomic order in the world.

It must be noted that there are premises pointing 
out to the fact of providing support to the Iranian nu-
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clear programme by Russia. It is suspected that Rus-
sia executed the deliveries of enriched uranium for 
Iran and supported that country in respect of tech-
nological know-how. The Russian minister of foreign 
affairs officially declared that military intervention in 
Iran would be a serious mistake and might entail ef-
fects impossible to predict. The Iranian nuclear pro-
gramme is also said to be supported by Pakistan and 
North Korea which challenged the world many times 
already by testing nuclear weapons. Though the ma-
jority of analysts assess such scenario as rather unlike-
ly, and soon after the sanction was announced, Iran 
itself withdrew its threats relating to the blockade of 
the Ormuz strait, investors were forced to take into 
account the risk of military conflict in their progno-
sis of prices of oil, which is clearly demonstrated in 
Table 2.

More expensive oil due 
to restrictions

According to estimates by EIA, the sanctions result-
ed in the fall in the world supplies by about 800 thou-
sand – 1 million barrels a day, which translates to an in-
crease in prices from about 110 USD to about 130 USD 
(increase by almost 20% within a little over a month). 
Higher prices contributed to an increased number of 
embargo opponents who doubted the effectiveness 
of introduced sanctions. In conditions of dynamically 
rising oil prices, budget receipts from the export of 

“black gold” might prove higher, even at lower volume 
of sales – which completely upset the legitimacy of in-
troduced sanctions. Besides, Iran found a way to cir-
cumvent the EU embargo – the Iranian tankers trans-
ported oil to Egypt, and then it was sent by pipelines 
to the European refineries.

Analysts pointed out that apart from Iran itself, the 
sanctions established by the USA and EU would be se-
vere for countries which satisfy significant part of their 
demand for oil with Iranian resources. 

Dependence on the Iranian oil

In the European Union, the countries which are the 
most dependent on import from Iran were the mem-
ber states whose economies were in a very poor con-
dition: Italy, Spain and Greece. Italy and Spain together 
collected almost 75% of Iranian oil exported to the EU. 
In 2011, both countries covered about 13% of their to-
tal demand for oil due to Iranian fuel. 

In spite of the fact that Greece imported only small 
part of the Iranian oil, it strongly relied on it – EIA es-
timates that in 2011 this country satisfied over 50% of 
its demand for oil with import from Iran. This situation 
resulted largely from financial problems that Greece 
was trying to overcome in the recent months. Low 
flow and limited availability of debt financing induced 
the Greek government to increase the import of cheap 
oil from Iran which did not require any bank guaran-
tee on the Greek purchase. No wonder then that it was 
Greece that became the loudest opponent of embar-
go in the EU.

However, for many years, the largest recipients of 
the Iranian oil were Asian countries, and it was that 
group that was to suffer most from the consequenc-
es of sanctions introduced by the USA; it concerns 
e.g. China, Japan, India, South Korea and Turkey. The 
sanctions found Japan at a particularly difficult time 

– closing down the nuclear power station in Fukushi-
ma increased its demand for other sources of energy 

– including oil. Turkey, which like Greece was strongly 
dependent on the Iranian oil, criticized the sanctions 
very long and objected to cooperation with the USA 
and EU, claiming that it will not be affected by actions 
which have not been ratified by UNO. The Turkish gov-
ernment was also well aware of the fact that the ap-
proval of embargo by UNO was impossible, as Russia 
and China would not let that happen and they certain-
ly would not hesitate to use their right of veto.

In March this year, president Barack Obama an-
nounced that the countries which by 28 June 2012 
would not reduce significantly their import of oil from 
Iran, would be cut off from the American financial sys-
tem. Also in March, the Union decided to cut off Iran 
from the SWIFT system which maintains the communi-
cations network used in international transactions be-
tween financial institutions. These actions were clearly 
the signal that neither EU nor the USA are going to 
temper their policy towards Iran and they will persis-
tently aim at a situation where the fall in receipts from 
oil export will force Iran to undertake cooperation with 
International Atomic Energy Agency and verification 
of its nuclear programme.

What in exchange for  
the Iranian oil?

Well aware of the fact that high oil prices make the 
imposed sanctions pointless and that they increase the 
number of their opponents, the USA intensified their 
actions aiming at provision of reliable replacement for 
the Iranian oil – the USA government representatives 
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went to Saudi Arabia in order to negotiate higher oil 
output. Saudi Arabia agreed to fill the gap in the world 
oil supplies left by Iran, in spite of the fact that the latter 
warned to initiate retaliatory action against a country 
which chooses to take such steps. Official argumenta-
tion provided by Saudi Arabia pointed at the necessity 
of reducing the prices of “black gold” in order to stimu-
late the global economy which – in condition of con-
tinuously soaring prices – might experience serious dif-
ficulties in overcoming the stagnation in which it has 
been plunged for over a year. Such a situation would 
translate into a long-term fall in global demand for oil 
and eventually – fall of the influence of OPEC countries. 

As the result of actions taken by Saudi Arabia, in April 
2012 production of oil in all OPEC countries had gone 
up to record volumes over the last 30 years, amount-
ing to approximately 31.85 million barrels of oil a day 

– i.e. by over 5% more than is the official output limit of 
OPEC countries (30 million barrels a day). According to 
EIA estimates, in the effect of higher production of oil 
by Saudi Arabia in April 2012, in the global oil market 

a surplus appeared of about 2 million barrels a day. At 
the same time, the G8 countries announced that they 
would not hesitate to use their strategic reserves if, on 
account of sanctions imposed on Iran, oil prices were 
still rising. As IEA informs, the assurances should be 
treated seriously, as similar situation had taken place 
during the crisis in Libya.

Political determination to maintain the oil rating 
at a low level is enormous – president Barack Obama 
himself officially assured his allies that oil prices would 
not rise. Moreover, EIA was obliged to monitor and 
forecast the availability of oil and its price levels and its 
derivatives in countries other than Iran, and submit a 
report with relevant conclusions to the USA Congress 
every 6 days, so as the Congress can intervene when 
necessary. 

Simultaneously, politicians are making attempts to 
reassure analysts, reminding them that intervention in 
Iraq resulted in diminished world oil supplies by about 
3 million barrels a day, which makes up a value as much 
as three times bigger than the fall in supplies created 

Iran – oil export (January-June 2011)

Country % export 
from Iran

Volume of oil imported from Iran 
(in thousands of barrels per day)

Iranian oil as %  
of imported oil

China 22 543 11

European Union 18 450

Italy 7 183 13

Spain 6 137 13

France 2 49 4

Netherlands 1 33 2

Germany 1 17 1

Great Britain <1 11 1

Other 1 22 1

Japan 14 341 10

India 13 328 11

South Korea 10 244 10

Turkey 7 182 51

South Africa 4 98 25

Sri Lanka 2 39 100

Taiwan 1 33 4

 Source: EIA
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by sanctions imposed on Iran, and despite the fact, the 
increase in oil quotations was not that dynamic. The ef-
fect of all the actions described above is reversing the 
rising trend of oil ratings in mid-March 2012, which is 
demonstrated in Table 3.

Profi teers or reaction of the market?

As OPEC reports, in April, May and June this year, oil 
quotations lost almost 10% each, which made up the 
longest and gravest wave of falls in the recent 13 years. 
The reasons for such signifi cant reductions in oil pric-
es are – in the OPEC`s opinion – several factors: mass 
speculative sales of fi xed-term contracts for oil, a sur-

plus of supplies due to increased production by Saudi 
Arabia, threatened stability of the euro zone and poor 
macro-economic data, also in relation to China and In-
dia. According to OPEC data, the period with partic-
ularly high activity of speculative investors was May, 
when the players who occupied long positions, sold 
over 830 thousand of contracts within just two weeks.

Along with the fall of prices, grew the political pres-
sure on the oil importing countries. Although the EU 
embargo was to be introduced only on 1 July, 2012, 
majority of the member states stopped the import of 
the Iranian oil already in the fi rst months of the year. 
After Iran had been cut off  from the SWIFT system and 
when diffi  culties appeared in handling the trade with 
Iran, also Greece – very reluctant towards imposed 
embargo – had to replace the import of the Iranian 

oil with deliveries from Russia and Saudi Arabia. And 
it is just the two countries, together with Libya, that 
replaced Iran in the role of supplier of oil to the Euro-
pean market. On account of the fact that by the end of 
March all the European countries stopped or substan-
tially reduced the volume of oil import from Iran, they 
were relieved of the sanctions imposed by the USA al-
ready in the fi rst days of April.

Apart from embargo, the EU sanctions included 
also a ban on insuring the Iranian oil transport by sea 
by the European insurance companies. It should be 
noted that as much as 95% of global oil transport by 
tankers is insured by companies based in London. Al-
though, similarly as with embargo, the above ban was 
to become eff ective only on 1 July this year, the politi-
cal pressure accelerated this process. The lack of pos-

sibility to insure the cargo discouraged the companies 
dealing with oil transport by sea from further coopera-
tion with Iran. Considering the fact that execution of 
deliveries of the Iranian oil by tankers sailing under the 
native fl ag is hindered as the Iranian tankers will not be 
allowed to enter a great number of international har-
bours, introduction of the ban had very painful eff ect 
on Iran. In the opinion of many experts, the ban turned 
out to be more severe than the embargo itself.

Soon, Europe was followed by Asian countries. Ac-
cording to Reuters, Japan, which in 2011 imported on 
average 340 thousand of barrels a day, in March 2012 
reduced the purchase of the Iranian oil to 300 thou-
sand barrels a day, and after a month – to about 120 
thousand barrels a day. Owing to such perceptible cuts, 
in April, the USA lifted the sanctions concerning Japan. 

Diagram 4. Dynamics of Brent oil prices from January to June 2012 (in USD)
Źródło: Reuters, www.reutersknowledge.com
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It should be emphasized that the government of the 
Land of the Rising Sun emphasized many times that 
they were not able to completely stop the purchase of 
the Iranian oil. Therefore, when it was no longer possi-
ble to insure tankers with EU companies which used to 
do that before, the Japanese government established 
national guarantees on insurance of the Iranian oil de-
liveries in the territory of Japan up to 7.6 billion USD.

India, Turkey, South Korea and South Africa, which 
had been blacklisted by the USA for a long time, and 
had no intention to accept the American sanctions, fi-
nally also took steps to diminish their purchase of oil 
from Iran. As Reuters informs, India and particularly 
Turkey, critical of the sanctions, managed to reduce the 
Iranian oil import by about 20%, South Africa by about 
40%, and South Korea, on 1 July, 2012 decided to com-
pletely suspend the purchase of oil from Iran. By the 
way, the decision of the Korean government was in-
duced in the first place by complications in the insur-
ance market. As a result, on 11 June, these countries 
were relieved of the sanctions imposed by the USA.

Chinese exception

Quite a riddle has become lifting the sanctions im-
posed on China which is the largest investor in the 
territory of Iran, and also the biggest importer of oil 
extracted there. It should be remembered that the oil 
market in Iran is monitored by the National Iranian Oil 
Company (with subsidiaries) which reports to the Min-
istry of Oil, and public ownership of natural resources 
is guaranteed by constitution, so running investments 
by foreign companies is considerably hindered. Offi-
cially, foreign companies may engage only in extrac-
tion projects by the so-called ”buy back contracts”. How-
ever, on account of successive restrictions imposed on 
Iran, for many months one could observe the outflow 
of foreign investors from this country. In spite of that, 
projects like upstream are still being executed together 
with the Chinese companies, as in case of the Azade-
gan deposit (26 billion barrels of documented reserves, 
according to EIA), which is the greatest discovery in 
the territory of Iran in the last 30 years. This deposit is 
exploited by the group China National Petroleum Cor-
poration; originally, also Japanese company INPEX was 
to take part in the project, but in 2010 it totally with-
drew from the venture.

China is also the largest importer of Iranian oil. Ac-
cording to EIA estimates, it is the recipient of about 
22% of oil extracted in the area of Iran. Simultane-
ously, China emphasized many times that they would 
not obey any sanctions imposed on Iran. Therefore, 
the world observed with great astonishment the ac-

tions of the Chinese government in the first quarter of 
the year, when the import of Iranian oil to China fell 
by nearly 33% on the year 2011. However, as it proved 
later, the fall was most probably caused by a misunder-
standing between the governments of both countries 
with relation to price for executed oil deliveries, but it 
was not the result of abiding by the international sanc-
tions on the part of China. This hypothesis seems to be 
confirmed by the fact that although in the first quarter 
of 2012 the import of the Iranian oil to the territory 
of China went down, in April and May it already not-
ed an increase relatively by about 48% and 35%, taken 
month by month. 

Many analysts indicate that real sales of oil from 
Iran to China may be higher than official data, as Ira-
nian ships turned off the positioning systems so the 
deliveries were impossible to trace. In this situation, 
the announcement that China is relieved of sanctions 
imposed on Iran, as the answer to alleged obedience 
of China to the American directives, in the last week of 
June made the US government lose credibility in the 
eyes of many observers. To tell the truth, some analysts 
predicted that China would be excluded from sanc-
tions, but nobody expected such argumentation. It 
was expected that official reason given to the public 
would be closer to reality, like e.g. that the USA would 
point to the question of national security.

The risk of military conflict

In July, BBC informed that Iran found another way 
to circumvent the EU embargo. 15 out of 39 of Iranian 
tankers sail under the flag of the Tuvalu island, trans-
porting the oil from Iran to the whole world. Howev-
er, in spite of finding more and more sophisticated 
methods of bypassing the sanctions, there is no de-
nying that Iran severely felt their effects. According to 
EIA estimates, the effect of sanctions imposed by the 
USA and embargo introduced by the EU was compa-
rable. Both the sanctions and embargo brought about 
a fall in global demand for the oil from Iran by about 
500 thousand barrels of oil a day. Total fall in demand 
by 1 million of barrels a day, i.e. nearly by half in rela-
tion to the mean volume in the recent years, substan-
tially reduced receipts to the Iranian budget, which 
most probably was more noticeable by ordinary citi-
zens than the regime. It is true that so far, no rumours 
have been heard about social unrest or strengthen-
ing of opposition on a scale comparable with the one 
that took place in Egypt or Libya during the Arabian 

“Springtime of Nations” in 2011, but it can be expected 
that maintaining the present situation in the long run 
will increase the risk of outbreak of social upheavals. 
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Unexpected fall in demand for the Iranian oil, at un-
changed level of production and small storage capac-
ity at the disposal of Iran forced the country to store 
the surplus of oil in tankers. When those had been ex-
hausted, Iran had to considerably limit production. As 
EIA informs, production of Iranian oil is at present at 
the lowest level in 10 years. In published OPEC report 
in June, the fall between January and May amounts 
to about 16% – according to OPEC`s own estimates 
based on external sources. Quite interesting is the fact 
that information supplied to OPEC by Iran itself points 
to about 6% increase in production in the same period, 
however, the data seem to be hardly credible.

High decline in extraction (8-13% annually) from 
Iranian deposits makes it necessary to perform costly 
intensifi cation of exploitation, whereas the outfl ow of 
foreign capital and low receipts from the export of oil 
translate to the lack of funds to fi nance such proce-
dures. Since the sanctions were imposed, total num-
ber of projects executed in the upstream sector in Iran 
have been reduced, and those which are still operat-
ed are slowed down due to lack of access to special-
ist knowledge, technology and fi nancing. As a result, 

EIA estimates that production capacities of Iran will go 
down by about 15% by the end of 2012. 

The eff ects of imposing sanctions by the USA and 
UE proved to be really severe for Iran. Probably even 
more severe than the analysts, economists and even 
Iran itself forecast at the beginning. However, it is dif-
fi cult to predict how this fact will infl uence the actions 
of the Iranian government, cooperation with Interna-
tional Atomic Energy Agency and development of the 
situation in respect of the Iranian nuclear programme. 
This program is the question of the national pride, and 
also, in the eyes of the Iranian politicians, is closely con-

nected with national security, therefore it will be rath-
er diffi  cult to convince the ayatollah government to 
abandon it. The more so that quite recently, Iran could 
observe what happened to the regime of the coun-
tries which collapsed during the Arabian “Springtime 
of Nations”, which had not happened in North Korea 
which owns nuclear weapons. 

At present, the threats of introducing blockade of 
the Ormuz strait by Iran also seem hardly credible. On 
the other hand, the oncoming presidential election in 
the USA suggest that Barack Obama will also try to tone 
down the situation and at least, till the autumn, main-
tain the present status quo. At the same time, as the 
recent months have shown, the American determina-
tion to keep the oil prices at a low level is very strong, 
which brings to mind that in case of further pressure 
on increasing the oil prices, the USA would make an-
other intervention, using, among other things, its rela-
tions with Saudi Arabia – which for several months ef-
fi ciently replaces Iran in the role of oil supplier. 

In spite of insistence from many OPEC member 
states to keep to the assumed extraction plans of 
30 million barrels a day, it is rather unlikely that Saudi 
Arabia, strongly befriended by the West, should limit 
the oil extraction in the months to come. In this situa-
tion, the most likely seems a scenario in which at least 
by the end of the year 2012 sanctions against Iran will 
have no signifi cant impact on the world or European 
economy. In addition, the forecast by OPEC and IEA, ac-
cording to which dynamics of higher global demand 
for oil will substantially decrease, makes one think that 
imposing embargo on oil from Iran should not have 
great consequence for the economies of Western 
countries, even the next year. Also, some analysts ex-
pect that the destructive infl uence that the sanctions 
have on the economic condition of Iran will lead to 
protests of the society and that will make the ayatol-
lah government more inclined to cooperation with the 
USA and UE.

It is obvious though that when no peaceful settle-
ment of the argument between the Western countries 
and Iran is achieved soon, the USA will have to take 
a more decisive position towards China, because if it 
does not begin to obey the established sanctions, it 
is hard to imagine the eff ectiveness of the restrictions. 
What is more, the risk of military confl ict, though less 
probable, is real and should not be ignored. The situa-
tion is so strained that a small spark might trigger the 
outbreak of international war, the eff ects of which are 
diffi  cult to predict. Simulations of the confl ict run by 
the American military forces do not exclude even the 
use of tactical nuclear weapons.

The author is Senior Consultant 
in Business Advisory at PwC

After sanctions were introduced in 
Iran, general number of projects exe-
cuted in the upstream segment in 
this country has substantially dimin-
ished, and those currently in progress 
have slowed down, due to lack of pro-
fessional knowledge, technologies 
and fi nancing. As a result, according 
to EIA estimations, the output capaci-
ties of Iran will have fallen by about 
15% by the end of the year 2012.



The necessity to provide energy in accordance with the demand is the ever increasing challenge for the oil and gas industry, 
and public opinion imposes the requirement to produce fuel and chemicals at satisfactorily low prices. DNV, as the leader in 
development of technology, constantly support the industry and assist in reaching the goals in a safe and responsible way. Our 
independent services consisting in assessment, certification and verification of conformity with the standards, regulations and 
the best practice enable technical optimization and efficiency of business, environment and social operations.

Our services
The goal of verification and certification is to 
confirm the fulfillment of expectations and require-
ments of the owners, authorities and other inter-
ested parties in respect of security, environment 
protection and functionality. 

Assessment of a new technology is the proof 
that it will be operating within established limits at 
satisfactory level of certainty.

Risk management in Occupational Safety and 
Health covers all the aspects related to identifica-
tion, assessment, technical inspection and man-
agement system in issues affecting potential safety, 
health and environment.

Risk management in assets is conducted to assist 
organizations in gaining the maximal value from 
an object, equipment and employees in a safe and 
responsible way, without infringement on the re-
quirements relating to security and environment.

Risk management in an enterprise increases its 
value by providing support to decision-making 
processes, reduction of unexpected events and en-
hancement of the ability to reach the goals.

Supplying the computer software which enables 
effective management of supervisory body and as-
sessment of technical conditions of the installation.

Assessment of technical conditions related to cal-
culations which facilitate the extension of opera-
tional life-span of devices and installations.

Feasibility study and Due Diligence. We estimate 
the possibility of project execution and value of the 
enterprise and property for bank analysis.





OIL:  
exploration,  
extraction, sales
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O il sector peers which hold their own crude de-
posits and deep conversion refi neries are in a 

much more favourable position. LOTOS, thanks to the 
development strategy launched a year ago and the suc-
cessful strategic investment project – 10+ Programme 

– fulfi ls both the abovementioned criteria. For LOTOS, 
the next and following years will see further develop-
ment, aimed at enhancing the security of the Polish 
energy sector, strengthening its position on the fuel 
market and increasing its goodwill. 

The potential cutting edge of LOTOS is already pro-
vided today by the refi ning area. Due to planned and 
professionally completed investments, such as the 
construction of new systems for oil processing and the 
production of liquid fuels (within the 10+ Programme), 
LOTOS is today in a privileged position to achieve ma-
jor benefi ts from the expected improvement of the 
macroeconomic situation.

Europe is starting to experience a shortage of 
modern oil processing capacities necessary to pro-
duce high-margin fuels. But the LOTOS refi nery plant 
provides products of the highest quality and process-
es feedstock within high conversion standards, which 
enhances the fi nancial eff ectiveness of the operation-
al segment and reinforces the competitive position of 
the entity in the market. The clearly defi ned strategy 
of development at LOTOS and its eff ective execution 
were confi rmed by record-breaking results for 2011. 
Sales revenues generated by LOTOS in 2011 after four 
quarters achieved a level of almost PLN 30 billion and 

Best Available Techniques guarantee LOTOS sustainable development 

Top priority – exploration and 
production

The volatility in the macroeconomic environment of the oil sector, 
waiting for clear signs of an economic revival in Europe, and the 
opinions of experts who expect that oil prices will maintain the 
level of USD + 100/bbl in the long-term perspective are forcing 
oil companies to take pro-active development action. 

were higher by 49% year-to-year. In 2011, the compa-
ny’s EBIT amounted to PLN 1,016 million and net profi t 
exceeded PLN 654 million.

Lower emissions, greener plant 

Why have technologies become the strength of 
LOTOS? The answer is clear. At the start of the previ-
ous decade, LOTOS planned its development so as to 
outstrip the competition and to adapt its product off er 
to new market demands. The Management Board re-
cognised that a technological leap in development was 
not a question of choice but a necessity. Only the de-
velopment of the refi ning plant and its modernization, 

Owing to production from 
the fi elds, LOTOS will obtain 
double benefi ts: it will provide 
the security of supplies from 
own resources and obtain 
feedstock at a cost lower than 
the market price.



The Polish PeTroleum and naTural Gas markeT 2012

3�

OiL: exploration, extraction, sales

based on Best Available Techniques, enabled LOTOS to 
take a strategic position among European refineries. 

The 10+ Programme, the value of which amounted 
to EUR 1.5 billion, proved the largest industrial invest-
ment project of the last decade in Poland. It was a gi-
gantic investment programme, not only on a domestic 
scale but also in the European downstream industry, 
and also a technological and organizational leap into 
the future. The 10+ Programme became a permanent 
element of the energy security of Poland, as the refin-
ing plant in Gdańsk increased its output capacity by 
75%, from 6 million to 10.5 million tonnes per year. Pro-
fessionalism in the approach to this investment project 
is visible as the refining plant has the guaranteed long-
term perspective of safe operation with the highest 
technical parameters and the best market results. 

Due to the changing market of oil prices, it gives 
the potential to obtain the maximum of high-margin 
products, such as medium distillates, regardless of the 
oil grade. Owing to the construction of two-train in-
dependent crude distillation units, the refinery has 
gained the option of non-stop operation, even during 
shutdowns, which is of great importance for technical, 
market and financial efficiency. 

The effects of these improvements were already 
visible in 2011. The consolidated sales of LOTOS ex-
ceeded 10 million tonnes of products, recording a 14% 
rise compared to 2010. At the same time, the company 
is capable of offering the market products that comply 
with stringent EU requirements. Environmental stan-
dards are tightened year by year, therefore, the envi-
ronmentally-friendly LOTOS plant already operates in 
a cheaper and safer manner. The smaller amounts of 
heavy products mean less impact of the plant on the 
environment. The applied ‘green’ technology effective-
ly reduces the ecological costs of the refining plant’s 
operation. The higher production capacities of the re-
finery in Gdańsk result in a broader sales offer.

Crude derived from own fields

A professionally managed oil company has to be 
active in the area of hydrocarbons exploration and 
production. Such activities directly raise its valuation, 
provide the stability and security of operations in the 
long-term and improve the profitability of production. 
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Therefore, the segment of oil exploration and produc-
tion is a priority in the LOTOS strategy for 2011-2015. 
In practice, this implies continued involvement in up-
stream projects in Poland, Norway and Lithuania. 

According to the adopted strategy, LOTOS plans to 
produce 1.2 million tonnes of crude annually by 2015. 
It is estimated at present that the available resources 
of oil under licenses managed by LOTOS amount to 
approximately 55 million barrels and 4.5 billion m3 of 
natural gas. LOTOS is focusing on Europe, conscious-
ly selecting a region characterised by a low-risk level 
(including legal, political and social-cultural risks). Ow-
ing to production from the fields, LOTOS will obtain 
double benefits: it will provide the security of supplies 
from own resources and obtain feedstock at a cost 
lower than the market price. This is important, as ac-

cording to analysts oil will become more expensive 
in the long-term. As a result, if a clear recovery in the 
global economy occurs, the demand for this product 
will rise as well. 

The decreasing number of easily available oil fields 
enhances the exploration of new deposits, which im-
plies more difficult conditions and a higher price per 
barrel. Therefore, LOTOS keeps systematically activat-
ing its upstream programmes. LOTOS Petrobaltic has 
7 licenses on the Baltic Sea, which entitle it to search 
for conventional and non-conventional hydrocarbon 
fields. They are located in the Eastern part of the Pol-
ish exclusive economic zone of the Baltic Sea. The B3 
field operates on the Baltic Sea (oil and natural gas). 
Moreover, temporary production is conducted from 
the B8 field. 
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Finally, gas fields, B4 and B6, are available for pro-
duction. LOTOS carries on negotiations with potential 
partners on these fields. In Norway, LOTOS Exploration 
and Production Norge AS has 8 available exploration 
and production licenses on the Norwegian Continen-
tal Shelf, and works as an operator under 3 licenses, i.e. 
is a leading company in the whole process of develop-
ing a field and commencing commercial production. 
In Q2 2012, an appraisal drilling well is planned un-
der the PL497 license, where LOTOS Norge has a 10% 
share. Under the PL498 license, where LOTOS Norge 
is an operator, preparations are underway to make an 
appraisal drilling well, which should be completed in 
Q3-Q4 this year. 

Owing to the acquisition of 100% in AB Geonafta 
(at present LOTOS Geonafta), LOTOS has gained access 
to onshore oil fields located in Lithuania. The compa-
ny operates 4 appraisal and exploration wells. More- 
over, LOTOS is interested in the exploration and pro-
duction of shale gas in Lithuania. The company intends 
to make one appraisal drilling well this year to search 
for non-conventional gas and to determine the field 
potential. If LOTOS finds partners for these projects, 
more wells can be bored. LOTOS realizes that the pro-
duction of shale gas is a difficult task on a great scale, 
which requires specialist experience, complex technol-
ogy and a large budget. It also relates to environmen-
tal and social issues. Shale gas can definitely improve 
the safety of the power sector; however, many years 
have to pass before concrete results, i.e. commercial 
production and distribution, are obtained.

State-of-the-art retail network

According to data by JBC Energy in 2012 the 
planned increase in demand for oil in Central and East-
ern Europe will amount to 35 thousand bbl/d. In Po-
land, this surge will be at almost 4%. This trend results 
primarily from the stronger domestic demand for die-
sel in transportation. 

To meet clients’ growing needs and to place larger 
volumes of products stemming from 10+ Programme 
installations LOTOS is developing its distribution and 
retail sales network intensely. In July 2011, LOTOS Op-
tima, a new brand of economic petrol stations, was 
launched. Until the end of 2011, 50 sites were opened, 
within the target of 150 LOTOS Optima stations opera-
ting in the network in the near future. At present, more 
than 360 sites operate in LOTOS. Owing to the deve-
lopment and modernization of its retail, LOTOS’ share 
in domestic sales totalled 8.2% in February 2012. That 
has strengthened the company’s position in the mar-
ket. The share in the wholesale fuel market in that peri-

od reached 35.1%, i.e. 5.1 percentage points more than 
the planned strategic objective. These results prove the 
high production capacity of the refining plant, which 
is fulfilling the growing demand of wholesale clients, 
and the rising demand for high quality fuels offered by 
LOTOS. 



Przedsiębiorstwo Eksploatacji Rurociągów Naftowych „Przyjaźń” S.A.
ul. Wyszogrodzka 133, 09-410 Płock

tel: (024) 266 23 00
fax: (024) 266 22 03

e-mail: zarzad@pern.com.pl
www.pern.com.pl

Oil Pipeline Exploitation Enterprise „Friendship”

PERN “Przyjaźń“ S.A. is a dynamically developing Group of companies which comprises five subsidiaries, apart from 
PERN “Przyjaźń“ S.A.: OLPP Sp. z o.o., NAFTOPORT SP. z o.o., CDRiA Sp. z o.o., PETROMOR Sp. z o.o. and Siarkopol Gdańsk 
S.A. The Group is supplemented with an International Oil Company SARMATIA Sp. z o.o. –  a company whose goal 
is to study the profitability of the construction of the Eurasian Oil Transport Corridor. In total, the Group has almost 
3.0 million m3 oil storage capacity and 1.8 million m3 liquid fuel capacity. It also has an offshore trans-shipment terminal 
of capacity of 34 million tons of oil per year. Its operations comprise oil transport, trans-shipment and storage, fuel trans-
shipment and blending, and laboratory study of oil products.

PERN “Przyjaźń“ S.A. – the company which dominates in the Group, is a company with 100% shares in the State Trea-
sury. It was created in 1959 in order to transport oil from Russia to Poland and to Eastern Germany. The company man-
ages directly the network of over 1500 km of oil and product pipelines.

The company’s main task is to exploit the network of pipelines which transports Russian oil to the largest fuel producers 
in Poland and Germany. The rendering of this service is possible owing to the “Przyjaźń“ pipeline which goes from Ad-
amowo (near the Polish-Belarusian border) to Płock and then to Schwedt in Germany. The most vital factor in oil supplies 
to the Polish refinery is the Pomeranian Pipeline which connects Płock with Gdańsk and which enables transport of the 
resources in both directions. The oil may be pumped to Naftoport in Gdańsk and then it is transported by oil tankers 
for export. This pipeline creates a possibility of supplies for the Polish and German refineries with materials which come 
from other directions than “Przyjaźń” pipeline. Consequently, it results in the so-called supplies “from the sea”, trans-ship-
ment in Naftoport and the material is pumped towards Płock.

Apart from the network of pipelines transporting oil, PERN “Przyjaźń“ S.A. also has a network of product pipelines used 
for transporting liquid fuel produced by refineries. This network branches from Płock towards Warszawa, Poznań and 
Częstochowa.

The most essential service – for the energy security of the country – rendered by PERN “Przyjaźń“S.A. is oil storage. The 
company has three storage reservoirs: in Adamowo, Płock and Gdańsk, they are equipped with containers of a capacity 
ranging from 32 thousand to 100 thousand m3.
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P etroleum production is particularly economi-
cally justifi ed and eff ective when methods of 

enhanced recovery, appropriate for existing reservoir 
conditions, are adopted. When only primary produc-
tion methods are applied, i.e. recovery is driven by the 
natural reservoir energy, only a low recovery factor can 
be achieved. Secondary and tertiary production meth-
ods, i.e. oil displacement due to external energy and 
media injected into a reservoir, allow for eff ective re-
covery production which complies with the best min-
ing practices.

The primary recovery factor results from the natu-
ral energy of a reservoir and, depending on the natural 
reservoir pressure, can vary between 5 and 60% [5], al-
though typically it ranges between 5 and 20% [6]. With 
the methods of enhanced oil recovery, the result can 
even be twice as high. Because enhanced oil recovery 
techniques utilise already existing underground and 
surface infrastructure, this increase has a signifi cant 
impact on the fi nal economic result.

Previous projects carried out in 
the Polish petroleum reservoirs

In Poland, particularly in the Carpathian region, 
methods of enhanced oil recovery have been used 

Possibility of increasing the oil recovery factor 

More oil from a reservoir

JAN LUBAŚ, WIESŁAW SZOTT

In the age of considerable interest in unconventional hydrocarbon re-
sources, conventional oil reservoirs, whose discovery required huge 
investments, should not be underappreciated. The size of the identi-
fi ed resources is quite signifi cant and exceeds 100 million tonnes. Dur-
ing this time of rising oil prices, increasing the recovery factor is not 
only important due to economic reasons but also for the prestige of the 
Polish oil industry, a pioneer in the worldwide petroleum industry.

with very good results since the 1930s. Techniques ap-
plied in that early period included the following:

water injection,
natural gas injection,
air injection,
in situ combustion,
microbial method.

In later periods, these methods were also extended 
to reservoirs in the Polish Plain and the Baltic Sea. Par-
ticularly worth mentioning are water injection opera-
tions applied on a large scale in the Osobnica, Kamień 
Pomorski and B-3 (Petrobaltic) oil reservoirs.

Due to the water and gas injection techniques ap-
plied in the Osobnica reservoir, the recovery factor in 
this reservoir reached 33%. If the technical conditions 
had been more favourable than those encountered in 
the reservoir, particularly if the quality of the casing 
seal in injection wells had been better (determined us-
ing tritium tracers), a recovery factor of 40% could have 
been achieved. The recovery factor in the comparable 
Węglówka (central element) reservoir, where no en-
hanced recovery techniques have been used, is 21% at 
its fi nal production stage.

Water-injection operations carried out in 1976 in 
Kamień Pomorski utilised three wells. The main aim 
was to stop the reduction of reservoir pressure and 
to keep it above the saturation pressure of 16.18 MPa. 
The operation allowed the spontaneous recovery from 

•
•
•
•
•
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those wells to be extended and the oil recovery factor 
to be increased. Due to the shape and size of the struc-
ture, peripheral water injection was used. The method 
of water injection used resulted in the displacement of 
oil from the perimeters towards the main part of the 
reservoir, which significantly increased the recovery 
factor.

In 1994, the program of reintroducing sulphur-rich 
natural gas, produced during gas-oil separation, was 
launched [8], and until now nearly 10 million Nm3 of 
gas has been injected. This operation stabilised the res-
ervoir pressure at a level of 20 MPa and resulted in a 
high oil recovery factor which currently is 42%.

B-3 Petrobaltic: natural water encroachment into 
the reservoir became apparent during the production, 
but the aquifer influence was not sufficient to main-
tain the reservoir pressure. After about 5% of the oil-
in-place had been  recovered, the reservoir started to 
transform into a dissolved-gas system. According to 

estimates, a further decrease in the reservoir pressure 
would lead to the production with a final recovery fac-
tor of 10%. Therefore, a program of peripheral water 
injection was designed and implemented [3]. The lo-
cations of wells were designed in such a way that they 
could possibly cover the whole area of the reservoir 
and ensure good displacement of oil towards the pro-

duction wells. The injected water caused an increase in 
the reservoir pressure to a level of about 11 MPa, which 
exceeds the saturation pressure. During the initial pe-
riod, the average ratio of injected water to recovered 
fluids (water and oil) was between 1.4 and 1.8 [4], while 
currently it is about 1.0 to 1.2 SCm3/SCm3. Over 3.6 mil-
lion tonnes of oil has been recovered, while the current 
recovery factor has reached a level of 27%.

Potential of new projects

The Polish Plain

The main reservoir formation in the area of the Pol-
ish Plain comprises dolomite strata which are both 
source and reservoir rocks. Calculations based on 

simulations [7] showed that for the largest carbon-
ate reservoir (BMB), characterized by double porosity 
and combined energy mechanism, the recovery factor 
from the primary production using the existing grid 
of wells should be around 20%. If additional horizon-
tal and vertical wells were drilled this value should in-
crease to about 23%.
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These are average data as the recovery factor val-
ues vary for the individual parts of the reservoir as fol-
low (Fig. 1):

eastern part – 32%,
central part – 24%,
western part – 16%.

The ultimate recovery factor of 23% is not a satis-
factory result. Thus, as part of the research program [7], 
a series of experiments and simulations were carried 
out. The most important included the following:

drilling optimisation, supplementary 
wells;
simulation modelling of reinjection of 
excess natural gas into the gas cap;
long-core oil displacement tests using 
various fluids and their combinations;
simulation modelling of the processes 
of water injection as well as injection of 

•
•
•

•

•

•

•

CO2 from the Gorzów power plant and 
H2S from the Różańsko field.

Figure 2 presents the results of long-core oil dis-
placement laboratory tests which were carried out us-
ing various media under the reservoir conditions (tem-
perature of 119°C and pressure of 45 MPa):

gas (natural gas from the BMB reservoir, Cychry 
reservoir, H2S, and CO2; last two gases under su-
percritical conditions);
gas with a condensate buffer, volume of the con-
densate was 6–14% of the pore volume;
water, also with a gasoline buffer; volume of the 
condensate was 6% of the pore volume.

The highest recovery factor ranging between 70 and 
90% was reached using gas injection with a significant 
amount, i.e. 12–14%, of the condensate buffer. Slight-
ly poorer results, ranging between 40 and 55%, were 

•

•

•

Fig. 1. Amount of recoverable reserves in selected regions, reservoir simulation results [7]
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achieved using water injection or gas injection with 
the condensate buffer of less than 9% in volume. For 
natural gas injection, the lowest recovery factor values 
were reached, and were between 15 and 40% depend-
ing on the gas composition and flow rate. A slightly 
higher result, i.e. between 40 and 55%, was reached 
for the supercritical CO2, while for the supercritical H2S 
the recovery factor reached 50 to 65%. Because quite 
good recovery results were found for the water injec-
tion, further reservoir simulations were carried out for 
that process. The final result of the water injection de-
pends on the number of injection wells drilled, which 
are particularly necessary in areas of poor drainage. Be-

cause every large-scale project should be preceded by 
a pilot study, such a study has been launched.

The analysis involved the possibility of using the 
tertiary production technique of CO2 injection which 
would follow the completion of water injection.

Figures 3 and 4 show the simulation results of initial 
and final stage of the water injection into the BMB res-
ervoir as a secondary method. The existing production 
wells were converted into injection wells and a new 
production well was introduced. The figures show the 
oil distribution by volume per area.

Comparison of the distribution maps present-
ed above indicates that the water-injection program 

Fig. 2. Results of long-core oil displacement tested in the laboratory using various fluids [7]
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Fig. 3. BMB oil reservoir. Oil reserve distribution by volume per area. Initial stage before water injection

Fig. 4. BMB oil reservoir. Oil reserve distribution by volume per area. Final stage after completion of water injection
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Fig. 5. BMB oil reservoir. Oil reserve distribution by volume per area. Initial stage before CO2 injection

Fig. 6. BMB oil reservoir. Oil reserve distribution by volume per area. Final stage after completion of CO2 injection
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would lead to a general increase in production and 
strong heterogeneity of oil recovery. Due to the sec-
ondary production method used, which involved wa-
ter injection, the oil recovery factor would increase by 
5.4% when compared with the results of the primary 
production techniques. If a larger number of water-in-
jection wells are drilled, particularly in areas of poor 
drainage, better results should be expected.

Figures 5 and 6 show the same distribution for a 
tertiary production method used (after completion 
of water injection). The simulation results of the initial 

and final stage of the CO2 injection process into the 
BMB reservoir is presented. The operation utilised the 
existing injection wells and three new wells located at 
the most optimal locations. Five new production wells 
were also introduced.

The applied method leads to a further significant 
increase in the oil recovery factor together with the 
practically complete recovery of the oil-in-place in 
some parts of the reservoir. The application of tertiary 
production methods improved the recovery factor by 
11.4% when compared with the results of the second-

Fig. 7. Nosówka oil reservoir. The results of CO2 injection simulations for the reservoir model (upper image). Oil reserve 
distribution by volume per area. Initial stage before CO2 injection (left image); final stage after completion of injection 
and production (right image)
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ary production methods. The ultimate oil recovery fac-
tor after applying secondary and tertiary methods is 
expected to be 40%. 

At the final stage, the BMB reservoir could be trans-
formed into a CO2 storage site with a CO2 sequestration 
capacity of over 30 million tonnes.

The Carpathian region

The Carpathian region is a perfect example of an 
area where secondary and tertiary production meth-
ods have been used, often with good results, since the 
1930s [1]. Despite that, there are several oil reservoirs 
where secondary and tertiary methods have never 
been used. They include such reservoirs as Węglówka, 
Nosówka and Jaszczew. The central block of the 
Węglówka reservoir has been estimated to comprise 
approximately 1.3 million m3 of oil-in-place. If the pro-
duction period is assumed to be the same as for the 
Osobnica reservoir, i.e. 55 years, up to 21.6% of the oil-
in-place can be recovered without applying enhanced 
recovery methods [1]. If secondary and tertiary pro-
duction methods are used, however, it is possible to 
achieve a higher recovery factor.

As part of the program [9], simulation modelling of 
the CO2 injection has been carried out for the Nosów-
ka reservoir. Figure 7 presents the simulation results 
of the initial and final stage of CO2 injection into the 
Nosówka reservoir.

Figure 7 shows the distribution of oil reserves by 
volume per area. The image on the left presents the 
situation before CO2 injection, while the image on the 
right shows the state after the completion of CO2 injec-
tion and oil production. It should be mentioned that in 
the Nosówka reservoir, the most optimum is the op-
tion of CO2 injection before the start of oil production. 
As a result, the oil recovery should be 17% higher than 
the primary recovery factor. The CO2 sequestration ca-
pacity of the Nosówka reservoir has been estimated at 
0.6 million tonnes. The authors think that it would also 
be worthy to carry out simulations to determine the 
effectiveness of water injection.

Conclusions

The examples presented here indicate that it is pos-
sible to nearly double the oil recovery factor provided 
that methods of enhanced recovery are applied in the 
Polish reservoirs. Thus, it will be necessary to imple-
ment advanced oil production methods in both re-
cently discovered reservoirs and those already produc-
ing with primary methods.

The authors are researchers at the Oil and Gas 
Institute in Kraków
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P articularly crucial is estimating as accurately as 
possible the wave velocity fi eld in the subsurface. 

This is because velocity models are starting models for 
estimating geometrical properties, lithological vari-
ability as well as petrophysical parameters of rocks.

Despite many years of work by researchers world-
wide focused on velocity analysis, the optimal solution 
to the velocity modelling problem still remains elusive. 
As the data acquisition techniques develop and new 
equipment becomes available, both for seismic and 
other geophysical methods, constantly improving the 
existing analysis methods and developing new ones 
is necessary. Recently both the number and quality 
of surveys have signifi cantly increased. Due to the in-
creasing speed and calculation capacity of computers, 
processing large amounts of data has become pos-
sible. Thus, the traditional solutions become insuffi  -
cient because they require multiple simplifi cations to 
be adopted and therefore the resulting models have 
low accuracy. Therefore, increasingly more often, evo-
lution techniques, neural networks, fuzzy logic as well 

Application of non-deterministic and geostatistical methods in estimating 
subsurface parameters

New technologies in geophysics

KAROLINA PIROWSKA

In order to better understand the world that surrounds us, we have 
to use models which, being simplifi ed versions of reality, are not pre-
cisely accurate. The same applies to the oil and gas industry: con-
structing models and estimating parameters that describe them 
is necessary in the process of establishing subsurface parameters. 
Therefore the models off er the only chance for identifying the loca-
tion of potential hydrocarbon resources and recovering them. 

as geostatistical methods are used, hence available in-
formation can be better used for data analysis and in-
terpretation [17].

From statistics to geostatistics: 
geostatistical methods as an 
antidote to imperfections of the 
classical statistical methods

Geostatistics is a set of statistical techniques based 
on the random functions theory which during data 
analysis take into account spatial and temporal locality. 
The geostatistical methods can be used to identify and 
model the spatial and temporal structure of a given 
phenomenon or body, to estimate its parameters and 
to simulate alternative solutions. Geostatistical meth-
ods, discovered and developed in the mining indus-

All models are wrong, but some are useful

 George Box
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try by G. Matheron (1963) [12], have been widely used 
since the publication of the pioneer works of such au-
thors as A. Journel (1978) [8] or H. Omre (1987) [18].

One of the main differences between the geosta-
tistical approach and the traditional statistical analysis 
is presented in Figure 1.

Based on Figure 1, the superiority of the geostatis-
tical methods over the classical statistical description 
can be noticed. The histograms* calculated for com-
pletely different models have very similar shapes and 

parameters. However, based only on the histograms, it 
is not possible to recreate the initial model with which 
the histogram was calculated. Much more information 
about the spatial variability is provided by the vario-
gram. Based on it, we can determine that in the case 
of the first model the given property has a nearly lin-
ear variability; in the second model, the property val-
ues are randomly distributed, while based on the last 
model we can determine that the property values vary 
more laterally than vertically.

Fig. 1. Statistical and geostatistical description of the parameter-value distribution. The first column presents examples 
of the distribution of parameter values, the second column shows their corresponding histograms, while the third one 
shows variograms for the data distributions calculated in both directions, i.e. horizontal and vertical
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Geostatistical methods are helpful in estimating 
the subsurface parameters from available well data, i.e. 
geophysical logs or core-test results, which are typical-
ly scarce in relation to the area of interest. Well data 
analysis and constructing experimental and model 
variograms is the first phase in estimating the values 
of a given parameter using geostatistical methods. As 
a next step, the parameter values in areas between 
boreholes can be estimated using such techniques as 
kriging or conditional simulation which are based on 
the variograms.

The advantage of geostatistics is that such tech-
niques as co-kriging and co-simulation can be used to 
determine petrophysical properties from seismic data. 
These methods can be very helpful in solving the cur-
rent problems of the oil and gas industry in Poland. Per-
meability and porosity are parameters which included 
in criteria for assessing risks in shale-gas exploration [13]. 
The geostatistical methods also offer a chance to use all 

available information known from various geophysical 
methods (as long as they do not contradict themselves). 
Examples of an integrated approach to various types of 
geophysical data, many new methods and techniques 
can be found in the manuals [4] and [6].

However, despite the obvious advantages, “[...] Geo-
statistical methods are much less understood than other 
statistical methods, which is a result of their rapid devel-
opment and complexity. Appropriate use of the geostatis-
tical methods requires a thorough understanding of them 
and good skills as well as practical experience in their 
use. This cannot be replaced with even the most elabo-
rate geostatistical software [...]” as J. Zawadzki [30] said. 
Commercial geostatistical software for geomodelling 
has become widely available. Significant barriers to 
their appreciation and application is the Polish reality. 
As the cost of drilling wells and geophysical logging is 
huge, the number of wells is limited, causing problems 
in availability of data.

Fig. 2. Problem of estimating parameter values describing the subsurface as a geophysical inverse problem
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Let’s learn from nature: 
meta-heuristic global 
optimisation algorithms

The problem of estimating parameters which de-
scribe the subsurface can be treated as a geophysical 
inverse problem (Fig. 2). One of the ways of construct-
ing a model which most accurately approximates the 
subsurface is the optimisation approach. The optimisa-
tion problem lies in finding parameter values for which 
the target function, i.e. the function describing the dif-
ference between measured and synthetic data gener-
ated for the model, has the lowest value.

The problem appears to be simple, but in practice 
it can be very difficult to solve. Typically, available data 
are not complete, are associated with a large mea-
surement error and are vulnerable to various random 
events which during acquisition affect data quality. As 
the Earth’s crust may be associated with a very com-
plex geology, the problem becomes very non-linear 
and ambiguous. In such cases, the traditional deter-
ministic optimisation methods, which require many 
assumptions and simplifications to be adopted, do not 
give satisfying results. 

Much better results can be achieved by adopting 
global optimisation algorithms inspired by observa-
tions of nature, including such methods as genetic al-
gorithms or the method of simulated annealing.

Meta-heuristic** methods of global optimisation 
include:

genetic algorithms (Holland 1960/1970), evo-
lution strategies (Rechenberg & Swefel 1960), 
evolutionary computation (Fogel et al. 1960);
simulated annealing (Kirkpatrick et al. 1983), 
tabu search algorithm (Glover 1986), particle 
swarm algorithm (Kennedy & Eberhart 1995), 
differential evolution method (Storn & Price 
1996/1997);
the latest algorithms including harmony 
search (Geem et al. 2001), honeybee algo-
rithm (Nakrani & Tovey 2004), firefly algo-
rithm (Yang 2008), cuckoo search (Yang & 
Deb 2009).

The simulated annealing (SA) method is a method 
which imitates the process of substance crystallisation. 
During such processes, in order to obtain the minimum 
energy of a substance, it is first heated up to a very high 
temperature and after that it is very slowly cooled. The 
optimisation process is analogous. The equivalent of 
the energy of the substance, which should be limited 
to the minimum, is the target function, while the tem-
perature is compared to the parameter describing the 
size of the searched sub-volume. The solutions of sub-

•

•

•

sequent iterations are randomly generated according 
to the established workflow which consists of a large 
number of iterations. 

The purpose of the genetic algorithm is to find an 
optimal solution in a way imitating biological evolution. 
In nature there is the constant fight of species for sur-
vival, where the living biological species represent the 
strongest ones, and surviving in a hostile environment 
is the optimal solution. In the same way, in the case 
of the genetic algorithm, the output generation is the 
set of best solutions to a given optimisation problem. 
The genetic algorithm is analogous to the principles 
of genetics in medicine. Starting with a randomly ad-
opted initial population, the descendant generation is 
constructed. The population and the later generations 
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represent sets of solutions to an optimisation prob-
lem. Only the best-adapted specimens, i.e. those for 
which the target function for a given problem has op-
timal values, can pass on to a next generation. Solving 
subsequent iterations, i.e. construction of descendant 
populations, is done using the three operators of selec-
tion, crossover and mutation. Selection (reproduction) 
is a random selection of specimens from a population; 
during crossover (recombination) randomly chosen 
parts of specimens’ codes are exchanged; while muta-
tion is an operator which differentiates the population. 
Detailed description of the genetic algorithms was 
presented by D.E. Goldberg [5].

Between the theory and the practice

For a long time, the non-deterministic methods 
of optimisation were treated by researchers as the 
last resort. This is because they are much more dif-
ficult than strict mathematical analysis. Even the 
very choice of an appropriate method for a question 
can be problematic. In the case of non-deterministic 
methods, there never can be complete certainty that 
a given method is better than another. This fact was 
addressed in the “no free lunch” theorem formulated 
in 1997. It says that none of the optimisation algo-
rithms can be treated as the best and universal for all 
problems [27]. A decision regarding which method 
should be chosen can only be made based on trial-
and-error. Choosing appropriate steering parameters, 
which have a significant influence on the solution, 
may also be difficult. Applying heuristic methods re-
quires many experiments and tests to be carried out. 
Experience and knowledge of particular problems 
solved with particular methods is important.

Another difficulty is that convergence to a glob-
al optimum is not guaranteed by any methods. Only 
for some algorithms of simulated annealing can it be 
proved under certain conditions that an appropriate-
ly chosen set of steering criteria guarantees finding 
a solution close to the global minimum of the target 
function (proofs are in stochastic processes language, 
Markov chains). 

However, examples show frequently that non-de-
terministic methods provide better solutions than 
conventional methods, which certainly encourages 
their application. Their application is particularly use-
ful in all complex non-linear problems as well as when 
the searched model involves a large number of pa-
rameters. The method has the strong advantage that 
it does not use information about the gradient of the 
target function and does not require operations on 
matrices to be carried out. It is also highly indepen-

dent from the starting model; randomness is a good 
way to extend the search for a model on a local scale 
to the global scale. As X. Young [29] stated, heuris-
tics, which is the basis for the mentioned methods, is 
a trial-and-error method for creating an accepted so-
lution to a complex problem in a reasonable period 
of time.

The first attempts at applying the method of simu-
lated annealing in geophysics (for problems related to 
non-linear inversion, statistical mechanics as well as 
static corrections) were presented by D.H. Rothman 
(1985) [22]. Huge input into the investigation of new 
techniques was made by M.K. Sen and P.L. Stoffa (1991, 
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1995) [23, 25] as well as K. Mosegaard and A. Tarantola 
(1995) [15]. P.D. Vestergaard and R. Mosegaard [26] in-
vestigated the possibility of applying the simulated 
annealing methods in determining travel times and 
reflection coefficients by inversion optimisation of se-
lected fragments of migrated seismic profiles. It was 
also proven that the method gives reliable results 
even without initial information about optimisation 
parameters. The results presented by P. Carrion and 
G. Bohm [2] showed that when the simulated anneal-
ing methods are applied in reflection topography, 
seismic interfaces and lateral velocity gradient can be 
imaged even when peaks are wrongly identified and 

with a significant level of noise. Important research 
was conducted by Ma Xin-Quan [28] who applied 
simulated annealing to assess acoustic impedance 
and depths of strata boundaries based on post-stack 
seismic data. One of the latest applications of simu-
lated annealing in estimating the acoustic and elas-
tic impedance was presented by R.P. Srivastava and 
M.K. Sen [24].

The increasing application of these methods is 
shown by the numerous publications, including that 
by V. L. Oswaldo [19] who reviewed the application of 
genetic algorithms in the petroleum industry. Genetic 
algorithms are effective and relatively simple meth-
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ods, particularly when a given problem involves mul-
tiple parameters and when there are multiple good 
solutions. Practical works and applications include 
reservoir rock characterisation [21], underground gas 
storage, issues of inversion [23, 25], enhancing oil-
field operations, petroleum processing, or production 
strategies and monitoring.

There are novel solutions in the specialist soft-
ware for data processing. The 2009 release of Petrel 
includes a stochastic inversion module (available to 
the Department of Seismic of the Oil and Gas Insti-
tute). The package includes completely integrated 
genetic inversion algorithm for solving problems of 
structural and stratigraphic variability between wells 
where data is available. The entry data, apart from 
the well data, include seismic data which are the ba-
sic source of information for hydrocarbon produc-
tion. The new module can be used to generate 3-D 
impedance models directly within Petrel. It is possi-
ble to identify the geological formations and to fully 
characterise the reservoir. 

In Poland, publications and doctoral theses de-
scribed the results of applying stochastic methods 
to geophysical problems appeared only in recent 

years. Such subjects as application of the Bayesian 
inversion in seismic tomography (Dębski 2004) [3] 
as well as application of simulated annealing in in-
terpretation of magnetotelluric data (Miecznik et al. 
2003) [14] have been studied. 

A. Leśniak and G. Pszczoła applied genetic algo-
rithms to two reverse problems [10]. The first was 
to describe the source of seismic shocks where the 
unknown parameters included three spatial co-
ordinates of the seismic source as well as its time. 
The second problem dealt with the electroresistiv-
ity data and described the parameters of the sub-
surface, i.e. thickness and resistivity of individual 
strata. Geostatistical methods employed to identify 
reservoirs were discussed in 1994 by J. Mucha [16]. 
Geostatistics used for data analysis was presented 
by A. Leśniak and S. Porzycka, while reservoir vari-
ability modelling and reserve evaluation using the 
kriging method was described by Z. Kokesz. In 2007, 
as part of the research carried out in the Depart-
ment of Seismic of the Oil and Gas Institute under 
the supervision of Prof. Halina Jędrzejowska-Tycz-
kowska, the author of this publication tried to apply 
simulated annealing to an inverse problem of the 
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kinematics of PS waves [7]. The current works also 
deal with the application of genetic algorithms as 
well as geostatistical methods for estimating seis-
mic velocity field and other parameters of the sub-
surface [20]. These methods were addressed by the 
research programme Application of the geostatis-
tical methods in estimating subsurface parameters, 
Ref. No. NN525 349038 carried out in 2010–2012 
and funded by the Ministry of Science and Higher 
Education.

Examples in the literature frequently indicate 
that geostatistical and non-deterministic methods 
of global optimisation are a subject of worldwide in-
terest of geophysicists. In the case of many problems, 
their results are better or equally good as those from 
traditional methods. However, even more important 
is the fact that the new techniques offer solutions to 
problems which cannot be solved using the tradi-
tional methods. This encourages their introduction 
in Poland.

The author is a researcher at the Oil and Gas 
Institute in Kraków

Glossary of terms:

*A histogram is a graphical representation of data 
distribution. It consists of adjacent rectangles above 
the coordinate axis. These rectangles represent inter-
vals of a property values, while their height describes 
the number (or frequency, frequency density) of ele-
ments included in each variable interval. 

(http://pl.wikipedia.org/wiki/Histogram)

**A metaheuristic is a general method (heuris-
tic) used to find solutions to computational prob-
lems. A metaheuristic algorithm can be used to solve 
any problem which can be described with certain 
qualities defined by this algorithm. It is most often 
applied to find solutions to optimisation problems. 
The term was created by combining the words meta 
(higher, here higher level) and heuristic (gr. heu-
riskein – search), which is due to the fact that such al-
gorithms do not solve directly any problem, but indi-
cate a method for creating an appropriate algorithm. 
The term metaheuristic was used for the first time in 
1986 by Fred Glover.

(http://pl.wikipedia.org/wiki/Metaheurystyka)
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T he age of the remains is established by means 
of index fossils and by physical and chemical 

methods. The index fossils are characterized by a nar-
row stratigraphic and broad geographic range. These 
are the organism remains which, in strictly restricted 
geological epochs were commonly found all over the 
Earth. Being the age „markers” of their own geological 
layer, they allow to establish the age of the neighbour-
ing layers situated above and below.

An example of physical and chemical method is the 
isotope method of radioactive carbon-14. This isotope 
disintegrates into non-radioactive one, and the pro-
portion of both of them in the atmosphere is approxi-
mately constant and has not changed for thousands of 
years as a result of cosmic radiation. Both isotopes are 
built into the living organism bodies in the same pro-
portions. After their death the amount of carbon-14 
is reduced exactly by half after every 5730 years (half-
life). The relation of 14C to 12C in fossil organic master 
enables to estimate its approximate age. The method 
does not allow to evaluate the age of remains older 
than a certain threshold value above which it can-
not be stated whether the radiocarbon content has 
changed or not. Other radioactive elements (e.g. ura-
nium) are used for estimating the date of remains in 
longer periods of time.

The role of biomarkers in oil prospecting

Biomarkers – modern genetic 
description of oil systems

IRENA MATYASIK 

Fossils are plant and animal remains stored for millions of years with un-
changed appearance. They are the outcome of fossilization, that is replac-
ing the organic with inorganic matter in appropriate conditions. Fossiliza-
tion is the process of saturation with silicon dioxide, calcium salts, plant 
resins (amber), oil derivatives (wax, asphalt) or the process of freezing.

Organic geochemistry, as a branch of geological 
sciences, studies the natural history of Earth from the 
chemical point of view. One of its main goals is to pres-
ent the physical and chemical characteristics of geo-
logical environments and to present the chemical pro-
cesses which enabled their existence, and another goal 
is to track the geochemical changes in geological scale 
and identify factors which had an infl uence on these 
changes. Geochemistry uses the notion of molecular 
markers, i.e. biomarkers [6]. These compounds, gener-
ated biosynthetically, whose basic structural skeletons 
are relatively resistant to geochemical changes, under-
go small transformations in diagenetic processes and 
thermal maturation of sedimentary matter and they 
are used in oil prospecting.

The signifi cance of oil 
geochemistry in prospecting 
for hydrocarbon deposits

All the deposit discoveries in the Carpathians were 
mainly based on surface cartographic work, oil geol-
ogists experience and their intuition. During almost 
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160 years of exploration in this region, 75 oil and gas 
deposits were found, out of which more than 13 mil-
lion tons of oil and more than 14 billion m3 of gas were 
extracted [7].

Gradually, the exploration spread to other regions 
of Poland. In the post-war period it moved to the area 
of the Carpathian foreland basin and the Kuyavia and 
then to the region of the Polish Lowland. It was in these 
places that prospecting was conducted on the basis 
of the fi rst results of seismic studies. The eff ect of the 
whole oil industry in Poland is the discovery of about 
130 deposits in the region of the Carpathian foreland, 
mainly of natural gas in Miocene deposits. So far, more 
than 95 billion m3 of gas were extracted from these 
deposits, while in the Carpathian foreland more than 
22 million tons of oil were extracted.

By the year 2010, more than 55 oil deposits and 
about 90 natural gas deposits were found in the Polish 
Lowlands and the biggest deposits in Poland were in 
Barnówko-Mostno-Buszewo with oil resources exceed-
ing 10 million tons and deposits in Międzychód-Lubi-
atów with resources of about 4 million tons of oil [9].

All of these deposits in Poland were discovered on 
the basis of seismic studies. Both 2D, 3D and 3C seismic 
data, and the results of exploratory, prospecting or ex-
traction drilling are constantly providing us with new 
data concerning the geological structure. Although 
the obtained data provide plenty of geological infor-
mation about the rock core, layer system and the pos-
sibility of potential hydrocarbon trap occurrence, the 

contemporary oil geology needs the cooperation of 
some sciences, e.g. geochemistry, mineralogy, petrol-
ogy, sedimentology and other ones which help reduce 
the exploratory risk (Fig. 1).

When diffi  culties in discovering new deposits ap-
peared, in spite of convenient conditions for their 
occurrence, i.e. structures, it became clear that ex-
planation should be found in other geology and oil 
geochemistry fi elds.

Oil geochemistry was becoming more and more 
important in explaining issues relating to the compo-

sition of oil, its origin and the way of migration. Anoth-
er essential thing was the knowledge about changes 
in oil composition with increasing depth, temperature 

The theory of organic origin of oil is close-
ly connected with living organic matter 
which consists of hydrocarbon elements 
or protohydrocarbon and carbohydrates, 
proteins or fats which, under the infl u-
ence of microorganism activity and heat 
of the Earth, are transformed to create hy-
drocarbon compounds being part of oil 
or natural gas.

Fig.1. Diagram showing the cooperation of geochemical sciences with petrophysics, drilling geophysics and seismics in 
hydrocarbon prospecting and providing deposit documentation
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and pressure. In the history of oil geochemistry devel-
opment, various concepts appeared which attempted 
to reconstruct the process of obtaining oil which, in 
different places and in different form, was found in var-
ious types of deposit traps. The theory of organic origin 
of oil is closely connected with living organic matter 
which consists of hydrocarbon elements or protohy-
drocarbon and carbohydrates, proteins or fats which, 
under the influence of microorganism activity and 
heat of the Earth, are transformed to create hydrocar-
bon compounds being part of oil or natural gas. About 
10-20% of hydrocarbon accumulation was obtained di-
rectly from hydrocarbons synthesized by living organ-
isms or from their parts and they usually contain more 
than 15 atoms of carbon per molecule. 

On the other hand, 80-90% of hydrocarbon accu-
mulation comes from substances such as: lipids (fats), 
proteins and living organism hydrocarbons which 

were converted in geological periods in order to cre-
ate the so-called dispersed organic matter in sedimen-
tary rocks which is called kerogen.

Generally, oil and gas generation is a simple pro-
cess which might be compared to a „huge boiling” of 
an organic matter (thermal cracking) contained in sed-
iments rich in organic carbon. The progressing rise in 
temperature connected with these sediments’ immer-
sion causes thermal degradation of sedimentary or-
ganic matter. Then mobile products arise, enriched in 
hydrogen (hydrocarbons) and non-mobile – residue 
with poor hydrogen content (i.e. kerogen and pyrob-
itumen). This is how all the oils and most of gas are 
generated, with the exception of a few types of gas 
which are created as a result of bacterial activity in low 
temperatures in lower sediments in a reducing envi-
ronment. These kinds of gas are described as biogen-
ic, they contain mainly methane and they are thought 

Fig. 2. Thermal transformation from sediment diagenesis to metagenesis which leads to transforming the living organism 
matter into hydrocarbons (according to Hunt 1996)
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to constitute 20% of all the discovered gas deposits in 
the world. Temperature and time are the main factors 
which rule the chemical reaction laws, leading to hy-
drocarbon generation (Fig. 2) [6].

Oil geochemistry in Poland, as in the countries of 
Western Europe and the USA, developed quite rap-
idly during the last three decades. As a scientific dis-
cipline, it became generally accepted in 1959 during 
the 5th World Petroleum Congress in New York. Initial 
research concerned the analysis of the deposit media. 
Later, scientists were more interested in source rock 
(matrix), and as the analytic technique was progressing, 
more modern scientific methods were introduced relat-
ing to rock samples, oil and accompanying media [8].

Geochemical research of rocks enables to answer 
the question whether there is matrix rock in the region 
of hydrocarbon prospecting and whether the condi-
tions in which it was generated during geological peri-
ods could lead to hydrocarbon production. One of the 
important issues is the understanding and recognition 
of the original conditions in which various processes 
were arising – at first, there were characteristic types of 
sedimentary rock, then their thermal evolution began, 
which in geological periods changed into a complicat-
ed system of determinants leading to generation and 
expulsion and later to migration and accumulation of 
hydrocarbons.

Most of sedimentary rocks contain dispersed or-
ganic substance which is characterized by various 
origin and methods of origin, it has various physical 
properties and chemical composition. This substance 
contains 85-90% of carbon which has an organic origin 
and it also contains 8-10% hydrogen.

The composition of organic substance is diverse 
and it depends on many factors:

 conditions for sedimentation,
 geochemical conditions present during sedi-
mentation (reducing, oxidizing in sea or lake 
environment),
 the type of initial organic material (e.g. plant or 
animal matter, benthos, plankton) and further 
transformations it was subject to.

There are three types of kerogen (organic sub-
stance) which can generate gas or oil depending on 
the depth of the sediment and the temperature. For 
instance, at the depth of about 2.5-4 km at the tem-
perature of 90-120°C oil and a little bit of gas might be 
created, and when there are higher temperatures – of 
about 150°C – there might be almost only natural gas.

Geochemical research, whose main goal is to es-
timate whether the rock drilled in a specific profile of 
the borehole is matrix, is conducted systematically for 
all the stratigraphic levels and it constitutes a constant 
element in prospecting work.

•
•

•
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The Oil and Gas Institute performs most of the geo-
chemical analyses which aim at identification of the 
quality of the organic substance, so that it is possible 
to estimate the place, time and amount of generated 
hydrocarbons and also attempt to find genetic con-
nections with the source substance, including the en-
vironment of the deposit.

Biomarkers as carriers of genetic 
information and thermal changes

 The development of analytical techniques, such as 
gas chromatography and mass spectrometry enables 
more and more precise analysis of trace amounts of 
compounds called “biomarkers” – biological markers 
which can be found in oil and in bituminous extracts 
from rocks, which carry valuable information when de-
scribing genetic connections and the history of oil in a 
particular deposit. In the Polish oil industry the analysis 
of these specific compounds was introduced in mid-
nineties and is used increasingly in most prospecting 

and exploration work. It is important in the aspect of 
the theory of biogenic origin of oil [8] to prove struc-
tural relations between organic compounds in oil, ma-
trix and living organisms, e.g. angiosperm, porphyrin, 
chlorophyll.

Biological molecular markers, in the literature com-
monly called biomarkers, are organic compounds 
which can be found in matrix rock or oil. The carbon 
skeleton of these compounds is stable in geological 
period. The term biomarker (chemical fossil, molecu-
lar fossil) is used for naming any biogenic compound 
which is in oil or in bituminous extract from a potential 
matrix rock whose basic carbon skeleton shows that 
it is connected with its natural biological precursor. 
Biomarkers are mostly microfossils of a diameter less 
than 30 µm. They are marked by the stereochemical 
diversity which enables linking of these compounds 
with proper living organisms – organic substance 
precursors [1, 2, 5, 10]. The first works on the applica-
tion of biomarkers in oil geology were written in the 
late 1960s when Eglinton and Calvin found microfos-
sils of animal and plant origin both in sediments and 
in oil [11]. Since then, research was conducted in vari-
ous oil basins, which resulted in discovering a consid-

Fig. 3. The occurrence of chemical fossils (biomarkers) in geological history (according to Holba 1998) [4, 5]
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erable number of new compounds genetically linked 
with living organisms (Fig. 3). The simplest and earliest 
biomarkers found are n-alkanes and acyclic isopren-
oids and some of the aromatic compounds (e.g. naph-
thalenes and phenanthrenes) [10, 11]. Biomarkers of a 
complex chemical structure need analysis with the use 
of a linked technique of gas chromatography coupled 
with GCMS mass spectrometry (Fig. 4), which owing 
to great sensitivity enables the measurement of com-
pounds, such as: sesquiterpenes, triterpenes, hopanes 
and steranes, which usually occur in geological sam-
ples in very small quantities [1, 8].

In spite of very low concentrations, biomarkers are 
carriers of valuable information for estimating genetic 
relations of deposit media with source rocks and the 
history of oil in a particular deposit. Their role in de-
scription of oil systems is important because of the ne-
cessity to determine the genetic relations between the 
matrix rock and the accumulated hydrocarbons, and 
also for defining the level of thermal maturity in shap-
ing thermal history of the basin [1, 3, 6]. Temperature 
and time are the main factors which cause changes in 
configuration of particular compounds. Such an ap-
proach leads to reduction of hydrocarbon prospect-

ing risk, because it enables to estimate the age of 
source rocks, their lithological type and it enables to 
determine thermal transformations, which in correla-
tion with discovered hydrocarbons considerably nar-
rows the exploration range, the so-called generative 
kitchen.

Biomarker studies in Poland so far involved many 
petroleum samples originating from the deposits of 
the Carpathian Flysch, Carpathian Foreland and from 
deposits of the main dolomite, Carboniferous and also 
the Middle Cambrian in the Peri-Baltic Syneclise. Simi-
lar studies were also carried out on potential Bedrock 
of the Carpathian Flysch and Mesozoic and Paleozoic 
deposits of the base structure of the Carpathian and 
dolomite in the Polish Lowlands. The study of specific 
biological markers was used in correlation work where 
biomarkers from the group of hopanes, steranes, trit-
erpenes and such specific compounds as oleanane or 
gammacerane [8] were analyzed. 

Biomarkers of aromatic fraction in turn, are wide-
ly used to describe the thermal maturity of petroleum 
and organic substance contained in the bituminous 
extracts. In the aromatic group of biomarkers the anal-
ysis covered alkylnaphthalenes, alkylphenanthrenes 

Fig. 4. This diagram shows the method of treating samples which contain biomarkers
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and derivatives of dibenzothiophene whose mutual 
quantitative relations change with increased thermal 
transformation. The applicability of these indicators re-
fers particularly to the stage of catagenetic transforma-
tion and they can be related to other acknowledged 
indicators to determine maturity of sedimentary rock, 
e.g. the measurement of vitrinite reflectance or Tmax 

from the Rock-Eval pyrolytic analysis.
The current oil prospection studies of specific bio-

marker groups identified on the basis of characteristic 
mass spectrum made it possible to identify the appro-
priate biomarkers for the matrix – useful in correlation 
work. The research conducted in Poland is an essen-
tial contribution to the knowledge on the nature of 
the original sedimentary rock which is the source for 
hydrocarbon generation and subsequent accumula-
tion. Those studies have one principal goal: to deter-
mine the genetic relationship between the sedimenta-
ry rock and petroleum accumulation, which allows to 

predict the directions of prospection for new accumu-
lations, simultaneously reducing the risk of conducting 
prospective works.

The definition of genetic relationships between 
types of petroleum in the regional scale may help to 
identify the different sources of its supply. The corre-
lation is based on the analysis of many indicators re-
ceived as a result of the studies:

The basis for correlation method is the assumption 
that particular matrix types arising in the same envi-
ronment will generate the same kind of oil. Therefore 
the specific biomarkers prevailing in the matrix should 
be found in the oil generated from this rock. This rela-
tionship is ambiguous, however, on account of such 
factors as:

varying generation time for different depths of 
the deposit,
changes during the accumulation itself (washing 
with water, biodegradation, maturity, secondary 
migration, contamination), 
which must be considered in correlation works.

The correlation of oils is an extremely vital issue in 
the prospective industry – it allows to identify direc-
tions for the works in the new borehole area, where, 
following the discovery of several types of oil depos-
its we can – considering their characteristics – assess 
the lateral or vertical propagation of the prospection 
levels. Each oil family shares its specific characteristic 
features, typical of a single oil system. Determination 
of the number of oil groups enables to determine the 
number of oil systems, which narrows down any fur-
ther research within a particular type of matrix or iden-
tified structures. The correlation between oils allows to 
specify e.g. the continuation of reservoir rock in dislo-
cation zone and answer the question whether the geo-
chemical composition of oil and gas types in different 
extraction levels may originate from a single source. 
Modern analytical techniques are sufficiently sensitive 
to be able to either prove or exclude the similarity of 
the two oil families. A substantially more difficult task 
is to establish the quality of the changes during oil mi-
gration from the matrix to the reservoir rock or physi-
cal-chemical and chemical changes in those two ge-
netically identical oils after they have accumulated.

Examples of biomarker application 
in the Polish oil basins

Biomarker studies performed by a uniform method 
for potential matrix and discovered oil accumulations 
in selected geological units in Poland demonstrated 

•

•

•
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that they might considerably facilitate the assessment 
of the oil basin. The assessment was made on the ba-
sis of specific compounds in the groups of pentacyclic 
terpenes, steranes and tricyclic terpanes and oleanane 
and gammacerane, etc. The correlation also takes into 
account the aromatic compounds, including sulphuric 
and individual combinations from this group, like re-
tene or cadalene. Obviously, results of these studies 
must be interpreted with the support of proper geo-
logical diagnosis, which enables further appropriate 
development of basin modeling. 

One of the described oil systems was the Juras-
sic-Cretaceous one in the Carpathian Foreland in the 
western part of the block of Lesser Poland; potential 
matrix was characterized genetically on account of the 
occurrence of hydrocarbon accumulation in this re-
gion. While most of the  oil deposits show similar quali-
ties of physical and chemical parameters, each of the 
accumulations demonstrates different genetic proper-

ties in detail, which makes it necessary to look for their 
sources in different types of matrix. 

For the oil generation in the region of Grobla-
Pławowice, the Lower Carboniferous (Culm facies) 
and alternative Jurassic deposits – Malm – could be 
acknowledged as its matrix, on account of its genetic 
similarity. Considering the bimodality of biomarker dis-
tribution,  two sources of feeding must be taken into 
account for the Grobla deposit. 

Other deposits, in turn (e.g. Pilzno), prove to be 
genetically independent for their content of ole-
anane, gammacerane and a high content of tricyclic 
terpenes with dominating t19 structure (fig. 5). As this 
type of petroleum differs from the other ones in the 
Jurassic-Cretaceous system, the Jurassic deposits are 
probably the only source which generates liquid hy-
drocarbons for it. 

Whereas the other ones that do not contain ole-
anane, may be correlated with Paleozoic deposits 
(Lower Carboniferous or Devonian).

Distribution of biomarkers reflects very well the 
variable conditions of the sedimentation environment 
and its genetic properties, therefore it should be used 
in profiles of boreholes for identification of lithofacies 
corresponding to the generation levels.

Taking into account the composition of biomark-
ers and different geochemical indicators calculated on 
that basis, certain characteristic qualities are revealed 

in all deposits in the Carpathian Foreland, on account 
of the matrix substance type, the environment of its 
sedimentation and the extent of thermal transforma-
tions, which will be a collection of valuable informa-
tion for the future development studies in this area. 
Changeability of genetic properties is visible not only 
among the stratigraphic layers, but even within one 
layer. Nonetheless, a few sedimentation groups can be 
isolated which differ in mutual indicator relationships 

Fig. 5. Distribution  of biomarkers in the terpene group (m/z 191 fragmentogram) in the three representative Jurassic 
deposits in the Carpathian Foreland which demonstrates very subtle differences resulting from the influence of genetic 
features of the source organic matter [8]
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resulting from different environment types or thermal 
transformation levels. 

For the Carboniferous deposits in the block of Lesser 
Poland, the distribution of biomarkers from the group 
of tri- and pentacyclic terpenes indicates certain quali-
ties which allow to distinguish them from the samples 
taken from other Paleozoic deposits. They include: 

relatively low content of tricyclic terpenes with 
relation to hopanes, 
domination of tricyclic terpene t23 in this group of 
biomarkers,
the presence of tetracyclic terpene T24,
relatively high content of norhopane C29. 

The Ordovician deposits feature the highest extent 
of oxygenation; similarly high level of oxygenation is 
typical of the Sylurian deposits. Whereas Carboniferous 
deposits prove to have environment with low oxygen 
content, and Devonian deposits demonstrate a reduc-
ing one. Definitely, the Malm deposits stand out genet-

•

•

•
•

ically (marine character with high content of steranes 
C27 and C29 norhopane) and dogger, with significant 
share of land substance, where steranes C29 made up 
more than 60% in this group of biomarkers, which 
proves considerable share of vascular plants, decom-
posing in the presence of bacteria. Such specific fea-
tures are often decisive in correlation works.

The results of biomarker studies also enabled to de-
scribe many Carpathian deposits, whose oil system re-
quires a different approach, as the style of the tectonic 
structure implies discussion during correlation work 
which should be done within isolated tectonic units 
(Fig. 6). 

Biomarker studies proved to be of great usefulness 
for the evaluation of secondary changes which oc-
curred in accumulated oils and for recognition of re-
peat episodes of filling the deposit traps, which was 
noted particularly in the Carpathians, in oils accumu-
lated in the Potok fold. The genetic description of me-
nilitic layers recognized as one of the best matrix rock 
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in the Carpathian Flysch in Poland was considerably 
expanded. For these layers located particularly in the 
Skole unit in the region of Łodyna-Paszowa correlation 
was carried out between the deposits located deep in 
the ground with those unfolding on the surface. The 
organic substance of this litho-stratigraphic zone was 
defi ned as marine-land – it was deposited in a shal-
low basin with sub-oxygenated conditions suitable for 
preserving the organic matter. The main correlation 
compound is bisnorhopane which occurs in the Skole 
unit predominantly in all the samples, having a great 
advantage over the other terpenes, specifi cally in low 
maturity samples. The remaining qualities diagnosed 
owing to the biomarker studies are: 

among hopanes – the oleanane content, which 
testifi es to the presence of the organic substance 
on land (O/C30 hop between 0.20-0.31),
trace amounts or none of tricyclic terpenes,
among hopanes – the isomers of confi guration 
R, similarly, among steranes there were mostly 
isomers aaR, which proves their low thermal 
maturity.

Moreover, compounds of the norhopane type 
dominated, which may attest either to the hydrocar-
bon degradation or paleo-spill during sedimentation, 
or high activity of bacteria in the organic substance 
destruction.

Many of these features enabled positive correlation 
of all the oil types in the Skole unit and recognition of 
their genetic diff erences when compared with other 
examined oils in the Silesian or Sub-Silesian units. All 
the oil types in the Skole unit were diagnosed to con-
tain C28 -bisnorhopane (BNH).  

Many samples of menilitic layers were found to in-
clude, next to oleanane, also retene, which is the evi-
dence of material found on land. The presence of re-
tene suggests the contribution of gymnosperm plants  

•

•
•

(gymnospermae). Typically, it is identifi ed in samples 
with low thermal maturity.

Biomarkers may considerably help with reconstruc-
tion of tectonic structure of the Carpathians, owing to 
the possibility of genetic correlation of samples taken 
on the surface with core samples, often representing 
deep borehole profi les. However, one must always 

keep in mind the complementary function of informa-
tion obtained from biomarker study in relation to the 
whole range of geological and deposit data. Essential 
is also the fact that the biomarker science is still de-
veloping and – along with the new studies – it may 
contribute to changing the established views (in ac-
cordance with the currently feasible records) related to 
the genetic status.

The author is researcher at the Oil and Gas 
Institute in Krakow
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C hanges in engine construction, as well as com-
position of fuels resulting from requirements of 

natural environment protection are additional factors 
which exert undeniable infl uence on accelerated loss 
of utility properties of lubricating oil during engine op-
eration. They have resulted in implementation of regu-
lations concerning reduction of harmful components 
of exhaust gases from combustion engines all over the 
world. The fulfi llment of ever stricter ‘Euro’ exhaust gas 
purity standards is the challenge not only for engine 
designers but also for manufacturers of fuels and lu-
bricating oils.      

Lubricating oil is an element of the system com-
prising also an engine, exhaust gas cleaning system 
and fuel – linked by mutual interaction. It occurs at 
various levels and has an extremely important infl u-
ence, among other things, on the extent and quality of 
changes in the operational properties and oil change 
frequency.  

Oil used in the engine is exposed to high tempera-
tures and combustion products generated during en-
gine work and simultaneously, it can be diluted with 
fuel which accelerates the process of oil oxidation 
when it contains a biocomponent. Additional haz-
ards which can cause sudden, premature deteriora-

Factors which induce development of assessment methods of lubricating oil 
properties during engine operation

Safe and trouble free engine 
operation

WIESŁAWA URZĘDOWSKA, ZBIGNIEW STĘPIEŃ

Progressing development of combustion piston engines expos-
es the lubricating engine oils to ever increasing operation bur-
den. It is related to continuously growing power of engines per 
unit and at the same time diminished volumes of lubricating sys-
tems and extension of running periods between oil exchanges.  

tion of lubricating engine oils are adverse interactions 
between the oil and fuel, resulting most frequently 
from antagonistic interaction of their components 
which are not always compatible. Moreover, changes 
in the oil composition are signifi cantly aff ected by the 
requirements of exhaust gas aftertreatment systems 
(three-function catalyzers in case of spark-ignition 
engines (SI), SCR catalyzers (Selective Catalytic Reduc-
tion) and particulate matter DPF fi lters (Diesel Particle 
Filters), including CRT fi lters (with Continuously Regen-
erating Trap) – in case of the SI engines). In catalytic 
convertors and in particulate matter fi lters, precious 
metals are used as catalytic agents sensitive to the ef-
fect of some elements (e.g. lead, phosphorus, sulfur, 
zinc). These elements may cause disturbances in oper-
ation of catalyzers and DPF fi lters and even cause their 
permanent damage. This fact resulted in introduction 
of low SAPS lubricating oil with low content of sulfur, 
phosphorus and sulfurous ash to lead-free petrol and 
low sulfur diesel oil. 

In discussion on the processes of degradation of lu-
bricating engine oils during engine operation we have 
to remember that conditions in which they are operat-
ing have a great impact on determination of operation 
periods between oil changes. For marketing reasons, 
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the operating manuals provided by car manufactur-
ers usually defi ne the periods of operating the vehi-
cle between oil changes assuming ideal conditions of 
vehicle operation. Whereas the actual conditions tend 
to be rather diffi  cult or hard, mainly for the following 
reasons:

short distance driving (repeated warming up and 
cooling down of an engine),
driving in traffi  c jams (driving conditions called 
‘stop and go’),
prolonged idle run of the engine (driving and fre-
quent stops in traffi  c jams),
frequent starting up of an engine in low 
temperatures,
car exploitation which requires substantial, vari-
able motor load (alternated  overheating and 
cooling of an engine),
driving with heavy motor load (driving on a high-
way, hauling of a trailer),
driving on unhardened roads.

These conditions may cause more rapid loss of op-
erational properties of lubricating oil and consequent-
ly substantially reduce the periods between its change 
(sometimes more than by half ). 

The above discussion points out to large diversity, 
complexity and variability of factors aff ecting the lubri-
cating engine oil. Therefore, in order to guarantee safe 
and trouble free operation of an engine – it would be 
best if the conditions were close to optimal – it is nec-
essary to monitor multiple changes in properties of 
lubricating engine oil during work, for which relevant 
procedures and research methods are indispensable. 

Changes in properties of lubricating 
engine oil during its operation  

Lubricating engine oil undergoes numerous pro-
cesses during its operation and it is exposed to various 
factors resulting in gradual loss of its operational prop-
erties. For example, diluting the lubricating engine oil 
with fuel leads initially to the loss of its viscosity. De-
pending on the lubricating engine oil viscosity class, al-
ready 10-15% of fuel content causes its dilution to the 
values critical for lubrication (viscosity below approx. 
6 mm2/s), resulting in breaking of the lubricating fi lm, 
occurrence of marginal or even dry friction, instead of 
liquid or at least semi-liquid. Such phenomenon may 
be hazardous for the engine, causing increased wear 
and tear of its working elements (damage and then 
destruction of the slide layer of the main and crank-
shaft bushings, seizing of journal in bushings, damage 

•
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of honed layer on the surface of cylinder bushings, sei-
zure of pistons in cylinders, etc.).    

In case of polluting the lubricating oil with hard par-
ticles originating from the wear of engine working ele-
ments or those getting into the engine with the sucked 
air due to fi lter damage, the particles are pressed into 
the soft surface of bushings, forming a kind of  ‘grater’. 
In the course of further operation it results in prema-
ture wear of bushings and journals or other working 
surfaces (cams of cam shafts, piston surface cladding, 
piston ring groves, etc.). Additionally, the destructive 
processes described are intensifi ed by acids formed 
in gradually degrading oil, causing formation of corro-
sion foci on internal elements of the engine. 

Changes in the operational properties of lubricat-
ing oil can also be due to its chemical degradation, fre-
quently premature, in the result of adverse interaction 
between the oil and components of fuel refi ning pack-
age or biocomponents used.  

The problem of changes of the physical and chem-
ical properties (aging) of engine oil during its work 
and especially accumulation of soot, formation of gels, 
sludge and polymeric structures increasing its viscos-
ity is crucial for safe and economical engine operation. 
These processes occur due to interaction of engine oil 
components, especially additives present in it, under 
the infl uence of thermal and mechanical factors dur-
ing operation, as well as due to the eff ect of refi ned 
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engine fuels and substances formed during their com-
bustion in the engine.  

In the recent years, additional problems have been 
arising due to more and more widely applied biofuels 
which – being in diff erent phases of oxidization which 
results from the process of their accelerated aging as 
well as incomplete combustion in combustion cham-
bers of an engine – get into the lubricating oil, causing 
initially a drop in viscosity and increased oxidization of 
the lubricating oil and they sometimes form insoluble, 
precipitating compounds and sludge in interaction 
with its components. In the eff ect, accelerated corro-
sion of slide bearings containing copper and lead may 
occur. Generally speaking, low resistance of biofuels 
to oxidizing enhances formation of sediments in the 
engine, and so does their high iodine value, accelerat-
ing coke sedimentation on injection nozzles and at the 
same time increasing the tendency to formation and 
deposition of sludge on internal elements of engines. 
When oil is diluted with fuel including biocomponents, 
harmful interaction between esters and engine oil may 
occur, especially with one of its basic components – i.e. 
viscosity modifi er.  

At present, the basic requirements and expec-
tations which have to be satisfi ed by lubricating oils 
used in automobile engines are:

maximal reduction of friction between cooper-
ating elements of engines (improvement in me-
chanical effi  ciency);
extended operational durability of the oil, includ-
ing its refi ning additives;
reduction of emission of harmful substances to 
the atmosphere;
compatibility with secondary exhaust gas pro-
cessing installations. 

However, the fulfi llment of these requirements is 
very often contradictory, because:

the development of exhaust gas aftertreatment 
systems, accelerated due to continuously increas-
ing restrictions in respect of reduction of harmful 
components emission requires the limitation of 
the content of sulfur, phosphorus and sulfate ash-
es in oil, as it has to be compatible with the said 
systems. It is also associated with the application 
of sulfur-free detergents;
necessity of eliminating ZDDP-based additives 
(Zinc Dialkyl Dithio Phosphate) implicates in-
creased volumes of antioxidants contained in oils 
and drastic reduction or elimination of anti-wear 
additives, which include sulfur and phosphorus;
improvement in mechanical effi  ciency of en-
gines makes it necessary to apply larger volumes 
of additives which reduce friction, i.e. anti-wear 
agents containing sulfur and phosphorus, which 

•

•

•

•

•

•

•

is in contradiction to requirements of the exhaust 
gas aftertreatment system and elimination of the 
ZDDP;
extension of periods between oil changes is con-
nected with the necessity of increasing the oil 
durability, which means that while composing 
the oil formula, the content of ingredients includ-
ing sulfate ashes, phosphorus and sulfur will in-
crease, moreover, the application of higher qual-
ity oil base and larger amount of anti-oxidants is 
necessary. These requirements also clash with the 
requirements of exhaust gas aftertreatment and 
elimination of the ZDDP [1, 2, 3]. 

Therefore, in the recent years, one could notice e.g. 
the tendency to reduce phosphorus content in engine 
lubricating oils applied in automobiles. Also e.g. con-
sidering the engine oil classifi cation API, the content of 
phosphorus for oil of the SH quality class diminished 

from 0.12% in case of the GF-1 requirements to 0.10% 
for the GF-2 [1].

Due to the fact that phosphorus constitutes one 
of the principal components of additives which pre-
vent oxidization of oil and engine wear, reduction of 
its content is hazardous to the oil, as it leads to for-
mation of increased volume of various precipitation 
products and greater wear of engine elements. This 
situation has led to elaboration of new generation ash 
free additives substituting or complementing the di-
minished number of additives containing phosphorus. 
However, the tests which have been conducted so far 
according to the research procedure ASTM D5302 (VE 
Sequence and the one substituting it for more reliable 
assessment of ash free additives without phosphorus 
content – Sequence VF dual plug) demonstrated that 
substituting additives is not always fully eff ective and 
further lowering of the phosphorus content below 
0.1% requires much higher doses of such additives or 
the elaboration of diff erent ones. Summing up, it has 
to be stated that the aspiration to lower the content of 

•

The problem of changes in the 
physical and chemical properties 
(aging) of engine oil during its 
work and especially accumulation 
of soot, formation of gels, sludge 
and polymeric structures increas-
ing its viscosity is crucial for safe 
and economical engine operation.
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additives including phosphorus in engine oils and sub-
stitute them with other ash free kinds may have infl u-
ence on increased formation of gels, sludge and even 
resins and hard waxes in engine oils. 

Currently, two basic tendencies are binding in 
elaboration of new engine oils, i.e. lowering the oil 
evaporation speed (volatility) and extending the pe-
riods between oil changes. Engine and road tests 
performed up till now allowed to make the follow-
ing observations in respect of the above tendencies. 
Extended use of highly volatile oils (rapid evapora-
tion speed) leads to increased concentration of me-
tallic additives in the oil, with the elapsing time of its 
operation. In case of extended work of low volatil-
ity oils (slow evaporation speed) reversed tendency 
occurs, i.e. slightly lowered concentration of metal-
lic additives in oil. Lowering of additive concentra-
tion is caused by their gradual degradation due to 
various factors affecting the used oil. Consequently, 
the oil with small volatility in the progress of its work 
demonstrates diminished resistance to oxidation, in-
creased tendency to form sediments and it gradual-
ly fails to protect the elements of the engine against 
wear. The oil with high volatility evaporates quickly 
during extended work, which results in the necessity 

of its periodical refilling (refreshing). On the one hand, 
it leads to supplementing the additives degraded in 
the course of work, and on the other, evaporation of 
light fractions of base oil results in gradual increase in 
thickness of such oil.  

Described changes in respect of technologies of 
produced fuels and engine lubricating oils, their pre-
conditioning and especially problems resulting from 
possible mutual incompatibilities in composition of 
the liquids and threats they pose to safe engine op-
eration are the ever growing challenge related to the 
methods of their examination, diagnosing the mecha-

nisms of their formation and assessment of obtained 
results [4, 5].

Monitoring of changes in 
properties of engine lubricating 
oil in its operation

In the last few years, more and more procedures of 
monitoring changes in properties of engine lubricating 
oil have been elaborated and applied. Their goal is to 
provide required operational features for the lubricat-
ing engine oil, by verifi cation of intervals between oil 
changes depending on conditions of its work, closely 
related with quantitative and qualitative processes of 
lubricating oil degradation processes. Owing to it, not 
only safe and trouble free operation may be guaran-
teed of an engine in which specifi c technical solutions 
have been applied, but also it is possible to monitor 
whether conditions of its operation are optimal from 
the point of view of interaction with the lubricating oil, 
whose property changes are the result of conditions of 
vehicle operation.  

Basically there are three mutually complimentary 
directions (areas) of assessment of changes in lubricat-
ing oil properties during work: 

quantitative and qualitative assessment of 
change dynamics for the wear elements and 
those polluting the lubricating engine oil. 
In this case, oil samples taken from upper 
and lower (below the crankshaft axis) sec-
tions of an engine are assessed in respect of 
contained hard metallic polluting particles, 
taking into consideration at least nine ele-
ments, such as: Cu, Fe, Cr, Pb, Sn, Al, Mo, Si, Na. 
However, selection of the group of analyzed 
elements depends to large extent on the con-
struction materials of a particular engine type 
and may also include such elements as: Sb, 
Ba, Cd, Mg, Mn, Ni, P, Ti and V. The changes in 
content of elements in the oil obtained in the 
result of the assessment are then analyzed for 
possible sources of their origin and possible 
causes of their generation;
assessment of physical and chemical changes 
of lubricating engine oil. For this purpose the 
infrared spectroscopy with the Fourier’s trans-
formation (FTIR – Fourier Transform Infrared 
Spectroscopy) is commonly used for analysis 
of: the degree of oil oxidation, soot content, 
content of products including sulfur (acids), 
products of nitration and contents of fuel, wa-
ter and glycol in oil;

•

•

Due to the fact that phosphorus 
constitutes one of the principal 
components of additives which 
prevent oxidization of oil and 
engine wear, reduction of its 
content is hazardous to the oil, as 
it leads to formation of increased 
volume of various precipitation 
products and greater wear of 
engine elements.
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additional analyses aiming at extending the 
range of information concerning changes in 
properties of lubricating oil in diff erent areas 
or to confi rm (more precisely) previous assess-
ments executed with the FTIR method. The 

analysis usually concerns: TAN, TBN, kinematic 
viscosity, high temperature viscosity HTHS, 

fuel content in lubricating engine oil 
and other components (increasingly 

more specialist ones). The obtained 
results concerning changes of 
particular properties are analyzed 
further in respect of their pos-
sible causes and potential results 
which they could have for the 

• operational properties of oil or damage of the 
engine.

Necessity for development of 
assessment methods of changes 
in lubricating oil properties 

Unfortunately, more and more frequently, unex-
pected, premature and frequently violent processes 
of degradation of lubricating engine oils occur, largely 
due to growing loads which they undergo and occur-
rence of mutual, multi-platform, contradictory reac-
tions between lubricating oil, fuel and the engine. Also, 
it has been found that processes of mutual adverse 
interactions between lubricating oil and fuel contin-
uously evolve with implementation of new technolo-
gies concerning engine construction, appearance of 
alternative fuels and modifi cation of lubricating oils. 
However, the currently available, popular methods of 
studies are not always suffi  cient for a complete, reli-
able identifi cation, assessment and understanding of 
mechanisms of these negative phenomena. Therefore, 
modifi cation, development and implementation of 
these methods is absolutely vital.  

Also, the current method of examination of lubri-
cating oils is reported to be unsatisfactory e.g. in re-
spect of identifi cation of antagonisms between com-
monly used additives for engine fuels and lubricating 
oils. These antagonisms lead to accelerated degrada-
tion of lubricating oils, which may result in formation 
of slimy deposits described as sludge. As an example, 
we can use the method of infrared spectroscopy with 
Fourier’s transformation (FTIR), commonly applied for 
assessment of the extent of pollution and degradation 
of lubricating oil products. It is an instrumental tech-
nique which consists in examining the ability of a sub-
stance to absorb, transmit or refl ect infrared rays. In 
case of analysis of engine oils, the infrared spectroscopy 
method allows to observe the depletion of zinc dialkyl 
dithio phosphoranes applied as antioxidants and anti-
wear additives (band approx. 976 cm-1), assess the in-
fl uence of nitrogen oxides on engine oil (nitration and 
nitratation, bands within the range 1650 to 1600 cm-1), 
watch the processes related to formation and transfor-
mations of  carbonyl compounds  (bands ranging from 
1800 to 1670 cm-1) which can be related to oxidizing 
processes [6]. Also approximate assessment of the fuel, 
water and glycol content in oil is possible. However, 
detection of products of oxidizing and sulphonation is 
not reliable and in the case of assessment of compo-
nent change in oil degradation products, the margins 
of sensitivity of this method are not precise enough. 
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The FTIR does not permit definite de-
tection of many forms of pollution in 
oil (e.g. water), therefore verification by 
other methods is indispensable. 

Generally, the application of FTIR in 
analysis of used oil requires consider-
able experience in spectral analysis and 
interpretation of obtained results. For 
example, FTIR analysis of sludge formed 
in an engine due to adverse interactions 
of polyizobuthylene and polypropylene 
glycol present in the refining package 
of engine petrol with lubricating oil did 
not demonstrate increased content of 
carbonyl compounds typical for pro-
cesses of oil oxidation or nitrating com-
pounds in registered bands. Monitoring 
of the changes in operational proper-
ties of the discussed lubricating oil with 
the FTIR method and assessments of 
viscosity changes and acid value did not 
allow to predict rapid degradation and 
sludging of the oil, which led to engine 
seizure. Only the application of gel chro-
matography GPC (Gel Permeation Chro-
matography) and proton, paramagnetic 
nuclear resonance Proton NMR (Proton 
Nuclear Magnetic Resonance) allowed 
to determine of causes of premature 
sludging of the engine oil [5].

Thus, monitoring of changes in lubri-
cating oil properties requires the appli-
cation of more diverse assessment with 
the use of additional, modified and extended or newly 
developed and adapted research methods.

At the Oil and Gas Institute, we have been trying for 
some time to extend the testing range of lubricating 
oil in operation and to implement new, frequently our 
own in-house methods [7]. 

Taking into account substantial influence of fuel 
composition (including the bio-component) as well as 
operating conditions of lubricating oil on processes of 
its destruction, at present two basic mechanisms are 
distinguished in the studies of oil oxidation stability 
which are applied at the Oil and Gas Institute in test-
ing of the used engine oil, i.e.: 

oxidation occurring in large volumes of oil.  
A situation like this takes place in the en-
gine oil pan where it is continuously mixed 
at higher temperature and in contact with 
the air, which is the factor stimulating its 
oxidization and formation of insoluble sedi-
ments – Fig. 1. Assessment of oxidization 
stability is made in the case of lubricating 
oils for self-ignition engines, according to 

•

the procedure ASTM D 7545 modified at 
the Oil and Gas Institute, entitled: ‘Standard 
Test Method for Oxidation Stability of Middle 
Distillate Fuels – Rapid Small Scale Oxidation 
Test (RSSOT)’. Modification of the procedure 
was to be adapted to the assessment of lu-
bricating oil oxidation. 
Oxidation occurring in thin oil film which 
separates the surfaces of elements coop-
erating in slide friction, intensified due to 
high temperature of lubricated parts. Such 
a situation occurs in thin film of oil covering 
the surfaces of cylinder bushes and rings of 
pistons which cooperate with them – Fig. 1. 
Assessment of oxidation stability is made in 
case of lubricating oils applied in self-igni-
tion engines, according to the procedure 
ASTM D 4742 modified by the Oil and Gas 
Institute, entitled ‘Test Method for Oxidation 
Stability of Gasoline Automotive Engine Oils by 
Thin-Film Oxygen Uptake ’ (TFOUT). The said 
procedure is intended for assessment of sta-

•

Fig. 1. Demonstration of areas on transverse cut section of an engine in 
which various mechanisms of oil oxidation take place
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type LD (for passenger cars). In both engines testing 
covered both lubricating engine oil based on minerals 
(in case of the HD engine marked with the ‘OM’ symbol, 
and in case of the LD engine marked with the ‘OMH’ 
symbol), and on synthetic base (in case of the HD en-
gine marked with the symbol ‘OS’, and in case of the 
LD engine marked with symbol ‘OSS’) – Fig. 2 and 3. 
The engines were supplied with the same fuel which 
contained respectively: 7, 20 and 30% (V/V) RME and 
were marked as B7, B20 and B30. Complete test results 
were published at the SAE 2011 World Congress April 

– Cobo Center Detroit Michigan USA [9], and some se-
lected results are presented in Fig. 2 and 3.

Analysis of the results demonstrated, among oth-
er things (Fig. 2 and 3), that increased content of bio-
component in fuel cooperating with (diluting) the en-
gine oil accelerates oxidation processes in lubricating 
oil, both mineral and synthetic. In case of assessment 
of oils in thin film, analyzed oxidation processes are 
more progressive and demonstrate greater differences, 
depending on the content of bio-component in the 
fuel which diluted the lubricating oil.

Other innovative methods which facilitate broader 
assessment of changing properties of lubricating oil 

bility of oxidation occurring in thin oil film 
used for lubricating spark ignition engines. 
Generally speaking, modification of this 
procedure consisted in its adaptation to as-
sessment of stability of oxidation occurring 
in thin lubricating oil film (of varying extent 
of degradation) originating from operated 
diesel engine. The hypothesis assumed that 
in a thin film, the oil would oxidize faster, 
which, in view of limited time of running 
engine simulation tests would allow easier 
demonstration of occurring processes of oil 
degradation and better differentiation of 
the extent of their advancement in tested 
oils [8].

The assessment of above mentioned, modified 
methods of testing oxidation processes of engine lu-
bricating oil was performed at the Oil and Gas Insti-
tute on two research engine stands. One of them was 
equipped with an engine fulfilling the requirements of 
Euro 2, with self-ignition type HD (for propelling buses 
and trucks), while the second stand – with an engine 
fulfilling the requirements of Euro 4, with self-ignition 
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Fig. 3. Comparison of different resistance of lubricating 
oil in a thin film to oxidation, depending on the fuel used 
for powering the engine type HD (a) and LD (b) [9]

Fig. 2. Comparison of different resistance of lubricating 
oil in large volumes to oxidation, depending on the fuel 
used for powering the engine type HD (a) and LD (b) [9]
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monitored during operation and implemented recent-
ly at the Oil and Gas Institute are: 

assessment of remaining life-span (remain-
ing usability of oil) according to the RULER 

– ASTM D 6971 method. It is a volumetric 
method which allows to assess the content 
of active part of antioxidants in the used 
lubricating agent. An unquestionable merit 
of this method is the possibility of identifica-
tion of the content of all the different types 
of additives (of different chemical structure) 
which prevent oxidation, introduced to en-
gine oil [10];
membrane patch colorimetry (MPC). It is the 
method which helps assess the contents of 
insoluble pollutants in oils with the aid of 
spectral analysis. This method identifies soft 
pollutants which directly contribute to oil 
degradation. This method is so recent that 
the research procedure for it has not been 
published by the ASTM yet, a ready draft of 
which is awaiting approval [10];
PQ-index method – is used for measuring the 
contents of all the ferromagnetic wear prod-
ucts in a sample of the lubricating agent; 
however, it is not sensitive to their volume. 
The test results are compared with those ob-
tained by the AES method (Atomic Emission 
Spectroscopy) in which identification of ferro-
magnetic particles >5 µm is not possible [10];
distribution of pollutant sizes – the applica-
tion of microscopic method or automatic 
particle counter allows to determine the 
amount of all pollutants in lubricating oil in 
established size ranges [10].

•

•

•

•

Summary – conclusions

Rational management of lubricating agents and 
the guarantee of safe, reliable and durable opera-
tion of engines will require the application of broad-
er, multi-directional, frequently unconventional re-
search into progressing loss of operational properties 
of lubricating oils in order to forecast in the most 
precise way the eventuality of their oncoming rapid 
degradation. 

Further development of piston combustion en-
gines with growing diversification of applied fuels will 
impose changed formulation of lubricating oils, taking 
into account the application of new groups of refin-
ing additives. Consequently, there will be necessity of 
continuous development and implementation of new 
methods of studying changes in properties of lubricat-
ing oil in operation, adjusted to qualitative changes of 
the above mentioned products and conditions of their 
operation.

Also, the processes of mutual adverse interaction 
of lubricating oils with fuels are subject to continuous 
evolution, as well as implementation of new technolo-
gies in respect of engine construction, alternative fuels 
and relevant modification of lubricating oils. Identifi-
cation, assessment and understanding of the mecha-
nisms of these adverse phenomena will accelerate the 
introduction of more advanced, innovative research 
methods.

The authors are researchers at the Oil and Gas 
Institute in Krakow
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P etroleum reservoirs start their existence in the hu-
man mind with the start of exploration leading to 

their discovery. The subsequent stages of the reservoir 
life include delineation, development and production. 
The fi nal stage is abandonment of the reservoir.

Each phase of the reservoir life requires a series of 
management operations to be carried out. As with any 
other projects, whether the reservoir management is 
carried out in an appropriate way or not determines 
the economic results of the project.

The management process includes the following: 
setting up objectives, planning activities, following the 
plans, monitoring and reviewing, and potentially intro-
ducing corrections and changes as well as evaluating 
the results. Many of these activities require alternative 
predictions of hydrocarbon production to be adopt-
ed and analysed. At the current stage of technology 
development, reservoir simulation models act as the 
most precise and reliable tool for this purpose. 

However, the reliability of the simulation predic-
tions depends on the accuracy of the reservoir model 
used. Such models should provide basic parameters 
describing the reservoir shape, size, segments, struc-
tural irregularities and many other features. Thus, res-
ervoir modelling and simulation are also important 

Computer models and reservoir simulations

Modern methods for recovering 
hydrocarbon reserves

WIESŁAW SZOTT

Recovery of hydrocarbon reserves from underground geological struc-
tures involves carrying out complex projects which last many years and 
require eff ective management systems. Such management systems can 
only be eff ective when they are based on the fullest and most consistent 
sets of data which characterise the hydrocarbon reservoirs, and on cor-
rect quantitative assessment of their operation. Computer models and 
reservoir simulations are tools which can fulfi l all of these requirements.

elements aiming to better understand hydrocarbon 
reservoirs and the processes within them.

Models and simulations

In accordance with the commonly accepted defi -
nitions [1]:

a model is a structure, diagram or description of 
the operation, composition, properties or rela-
tionships of a phenomenon or object.
a simulation is a man-made reconstruction (in 
a laboratory or using computers) of the proper-
ties of an object, phenomenon or space present 
in natural conditions although diffi  cult to ob-
serve, investigate and recreate.

These definitions demonstrate the aim of model-
ling and simulating hydrocarbon reservoirs. In recent 
years such processes have been carried out almost 
exclusively using computers, and are based on math-
ematical models of objects located outside the reach 
of direct observations with very limited access for di-
rect measurements. Reservoir simulations are carried 

•

•
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out for inaccessible or difficult to investigate targets, 
which, however, provide certain benefits. They use 
abstract mathematical models of all important ele-
ments of reservoirs, i.e. properties of reservoir rocks 
and reservoir fluids as well as techniques of their 
extraction.

Thus, the key aspect of reservoir simulation is the 
application of mathematical models of reservoirs as 
well as processes within them in order to determine 
the characteristic properties of hydrocarbon reservoirs, 
mechanisms of resource extraction as well as to pre-
dict the reservoir behaviour in various production con-
ditions. It should be emphasised that from a practical 
point of view, the most important advantage of reser-
voir simulation is (as mentioned in the defi nition giv-
en above) the possibility to simulate (repeat) reservoir 
behaviour in various mutually exclusive, hypothetical 
conditions in contrast to those created by the nature 
or chosen by the reservoir operator at a certain stage 
of production. Due to this aspect of reservoir simula-
tion, reservoir models and simulations play an impor-
tant role as a tool for optimisation of reservoir manage-
ment and the production of resources.

Data for reservoir modelling

Reservoir simulation models are created using vari-
ous and most often numerous datasets. Such data rep-
resent a very wide spectrum of information describing 
a hydrocarbon reservoir, including geological, geo-
mechanical, petrophysical, production and thermo-
dynamic parameters as well as many others. The type 
of parameters and their relation to the actual object 
which they describe are important during the process-
ing and further analysis. 

The simplest group of parameters, classifi ed in 
terms of the above criteria, are constants. This group 
includes such parameters as the density of reservoir 
fl uids (petroleum, natural gas, reservoir water) in nor-
mal pressure and temperature conditions. 

Another category includes those parameters which 
are treated as dependent variables. Here an example is 
the group of reservoir fl uid properties most often de-
termined in the laboratory and depending on the con-
ditions of the experiment, i.e. most often temperature 
and pressure. They include fl uid viscosity, compress-
ibility and formation volume factor.

The next group includes parameters which depend 
on the time when measurements or observations are 
carried out. They include important reservoir produc-
tion data such as the volume of production of each 
reservoir fl uid or wellhead and bottom-hole pressure 
of wells.
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The last group of data are parameters which de-
pend on spatial coordinates and in certain cases also 
on time. These parameters represent time-indepen-
dent or time-dependent distributions. They form a 
very important category of data as they include basic 
reservoir-modelling parameters, although reproduc-
ing them is a very problematic process.

The second classification criterion, already men-
tioned in the introduction, is their relationship to 
the described reality. In this publication, “relationship” 
means the method as well as extent of measurement 
(observation) in relation to the tested object. Here, sev-
eral categories can be distinguished:

intensive (local) properties measured directly 
with an option of repeating the measurement in 
the same conditions; this category includes all 
properties measured in laboratories such as the 
pressure-volume-temperature (PVT) properties of 
reservoir fluids or petrophysical properties of rock 
samples;

1.

properties determined from interpretation of 
other measurements using various interpreta-
tion models; these are typically averaged results 
of field tests carried out on samples of relatively 
large volumes; examples typically include geo-
physical data from wells collected in order to 
establish the porosity and permeability of the 
near-well zone, hydrodynamic tests in order to 
establish average effective parameters in the 
near-well zone, seismic survey data for identifica-
tion of stratigraphic surfaces, etc;
properties (distribution) describing a laterally 
extensive area (reservoir scale) which are based 
on measurements taken in a relatively small frag-
ment (one-millionth by volume) of the total vol-
ume; this category includes an important group 
of parameters describing reservoirs in terms of 
their geology (such as porosity and permeability); 
these properties are a necessary part of all reser-
voir models.

2.

3.

Fig. 1. Workflow for reservoir simulation and modelling
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Methods of data analysis

All types of data are typically quantitatively anal-
ysed in detail. All of the types of data, ranging from the 
simplest scalar values from laboratory measurements, 
through interdependent parameters to multi-dimen-
sional distribution of reservoir parameters, require ap-
plication of an appropriate mathematical methods. 
Here, the tools traditionally applied include statistics 
and data modelling. 

A specific group of data are parameters describing 
the geological properties of reservoirs. These param-
eters have an attribute which distinguishes them from 
others, i.e. apparent and effective stochasticity, which 
is a result of the character and origin of the geologi-
cal structures they describe. Despite the deterministic 
laws which govern the origin of such structures, due 
to their nonlinear character and the extreme sensitivity 
of sedimentary processes to environmental conditions, 
these properties are strongly stochastic and it is neces-
sary here to apply advanced statistical methods.

In addition to that, a limited number of measure-
ment data collected from a small section of the whole 
volume of a geological structure leads to the neces-
sity to predict (interpolate) their properties in areas 
inaccessible for direct measurements. This makes the 
results less reliable, therefore the best use of available 
information as well as applying the most effective 
methods for their interpretation is necessary.

For such parameters, the geostatistical method 
helps to find the right solution to spatial interpola-
tion problems, to assess the uncertainty of the inter-
polation, i.e. it allows us to statistically evaluate the pa-
rameter values at specified points accessible for direct 
testing. Such evaluation is possible due to earlier iden-
tification of spatial correlation of analysed parameters. 
The final result of applying the geostatistical methods, 
i.e. generating a full spatial distribution of geological 
data through supplementing the measurements avail-
able from a limited number of points (wells penetrat-
ing a reservoir) with data for the remaining locations 
(reservoir), is a necessary element of developing reser-
voir simulation models.

Simulation models as the 
central element of reservoir 
characterisation system

Acquisition, analysis and interpretation of neces-
sary data describing petroleum reservoirs are the first 
and indispensable elements in the workflow for full 
characterisation of reservoir performance. The work-

flow with the remaining main elements and activities 
necessary for creating such an integrated description, 
i.e. a model, is presented in Fig. 1.

Reservoir simulation is placed at the centre of the 
workflow with all other elements of the process lead-
ing to it. The exception is the economic evaluation of 
reservoir production, mainly supported by forecasts 
based on the reservoir simulation model.

The reservoir simulation model undergoes modi-
fications during reservoir simulations. These involve 
computer programs which together with a reservoir 
model can be used to calculate various physical and 
chemical processes which take place in a hydrocarbon 
reservoir when production is carried out. These pro-
cesses include:

multiphase flow through porous and fractured 
rocks based on Darcy’s law and its modifications,
phase processes in a multicomponent system 
(hydrocarbon and non-hydrocarbon compo-
nents) based on the thermodynamic equation of 
state,
geomechanics of porous media based on the 
stress-strain equations for rocks,
physical diffusion and dispersion phenomena in 
porous media based on Fick’s law,
thermal phenomena in the rock/reservoir-fluid 
systems based on the law of heat transfer,
chemical reactions between rock and reservoir 
fluids based on equations for chemical transport, 
stoichiometry and kinetics of chemical reactions,
biological reactions in porous media based on 
equations for nutrient transport, growth, death 
and chemotaxis in microorganisms,
adsorption and desorption phenomena based on 
equations for adsorption and desorption of reser-
voir fluids.

When these processes are taken into account, ef-
fective simulation of various types of petroleum res-
ervoirs (conventional and unconventional, including 
shale reservoirs) can be done and different operation 
methods can be applied (primary, secondary and ter-
tiary method).

The huge progress in the field of reservoir simula-
tion [2] with regard to all three basic elements of this 
technology, which took place over the past 30 years, 
established its dominant role in data acquisition, analy-
sis and verification as well as in predicting reservoir op-
eration. These three elements are equipment, software 
and people. 

Equipment

Practically all contemporary reservoir modelling 
and simulation utilise digital technology. Thus, com-

1.

2.

3.

4.

5.

6.

7.

8.
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puter technology plays a key role in the availability, ef-
fectiveness and economics of reservoir modelling and 
simulation. At the beginning of the 1980s (1982), the 
price of the most modern computer (Cray-1S Super-
computer) was 17 million USD; it could carry 27 mil-
lion operations per second, while its cache memo-
ry was slightly above 20 MB. Nowadays (in 2012) on 
the desks of the majority of specialists working in the 
petroleum industry are personal computers (such as 
PC HP with Intel® Core™ i7 980 XE processor) which are 
10 000 times cheaper, have 40 000 times higher per-
formance (940 MF/s) and have 200 times larger cache 
memory (4 GB), see Table 1.

These changes revolutionised many disciplines, 
particularly those where intense mathematical calcu-
lations are necessary. These disciplines include also 
reservoir modelling and simulation.

Software

Although not as spectacular, the progress in terms 
of computer programs (simulators) used for reservoir 
simulation is also significant. Practically, all processes 
which occur in reservoirs have their mathematical de-
scription as well as software application. One of the 

up-to-date examples is simulators which take into ac-
count unconventional tight-gas and shale-gas reser-
voirs. A more detailed review of the evolution of capa-
bilities of simulators is given in Table 2.

It should be emphasised that the development of 
computer software for reservoir modelling and simu-
lation includes not only (visible to the user) extensive 
capabilities in terms of new reservoir processes but 
also new calculation methods and techniques which 
accelerate the progress in this field. It also should be 
stressed that the increase in the potential of the con-
temporary simulators happens practically without any 
increase in the cost of their purchase and application.

People

The involvement of a large group of companies, 
institutions and individuals in the development de-
scribed in the above two paragraphs is obvious. Ad-
ditionally, with the increased potential of simulations 
as well as their reduced cost, their application was sig-
nificantly increased. Among other things, this resulted 
in the creation of a new specialist group, i.e. simulation 
engineers, and the popularity of reservoir simulation 
training courses.
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Petroleum reservoir 
simulation in Poland

In Poland, the simulation projects date back to the 
second half of the 1970s, when analogue methods 
were used, while from the first half of the 1980s digi-
tal techniques were utilised. In those years, the Oil and 
Gas Institute as well as teams from other scientific and 
research organisations from the petroleum industry 
started to apply first analogue, then hybrid and final-
ly digital simulation models to Polish reservoirs. These 
simulations utilised mainframe computers. 

Today in Poland, hydrocarbon simulation models 
are used in relation to the majority of processes of 
hydrocarbon extraction and their underground stor-
age. Besides all natural mechanisms of hydrocarbon 
recovery, also used are methods of sustaining reser-
voir pressures such as injecting water, gas or injecting 
water and gas interchangeably, methods of mobilis-
ing hydrocarbons such as gas injection which involve 
miscible displacement, including CO2 injection, as 
well as processes of underground gas storage in de-
pleted reservoirs, aquifers, salt cavern formations and 
other facilities.

There are several centres in Poland which regularly 
carry out simulations. These include the Department 
of Reservoir Engineering of Lotos Petrobaltic S.A. in 
Gdańsk, Department of Reservoir Engineering in the 
Zielona Góra and Sanok Branches of Polskie Górnict-
wo Naftowe i Gazownictwo SA (PGNiG), and Faculty of 
Drilling, Oil and Gas of the AGH University of Science 
and Technology in Kraków. One of the leading centres 
is the Oil and Gas Institute  (Department of Hydrocar-
bon Reservoir Simulation and Underground Gas Stor-
age). The most significant achievements of the Oil and 
Gas Institute include:

Simulations of underground gas storage facilities 
in Wierzchowice and Husów. The underground 
gas storage plant in Wierzchowice is the largest 
in Poland. Due to mixing of injected gas with ni-
trogen-rich original natural gas, detailed simula-
tions were carried out  to simulate this mixing 
phenomena [3].
Simulation model and program for water injec-
tion into oil reservoir B-3 in the Baltic Sea, which 
used to be the largest operating oil reservoir in 
Poland [4].
Construction, calibration and application of a res-
ervoir model for the largest oil and gas reservoir 

1.

2.

3.

Table 1. Comparison of computer equipment

Computer Cray-1S Supercomputer  
(1982)

PC with Intel® Core™ i7 
(2012)

Cost (USD) 17 000 000 ~1 000

Performance (GFLOPS) 0.027 109

Memory (MB) 22 4 000

Table 2. Evolution of simulation software

Decade Simulator capabilities

1950 2-D simulators; two-phase simulators (uncompressible phases); simple geometry

1960 3-D simulators; three-phase simulators; black-oil reservoir simulators; many wells taken into account; realistic geometry; coning processes

1970 Compositional simulators; miscible displacement; chemical simulators; thermal simulators

1980 Realistic well management; fractured reservoirs; realistic fault modelling; graphic user interface

1990 User-friendly simulators; detailed geological models and upscaling; local grid refinement; complex geometry. Combined with modelling of surface installations

2000 Geomechanical simulators; biological simulators; probabilistic effects; solid-phase simulators

2010 Simulators of unconventional tight and shale gas/oil reservoirs
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Fig. 2. Workflow for managing reservoir production

Fig. 3. Reservoir development plan
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in Poland, i.e. BMB reservoir, in order to enhance 
recovery of reservoir fluids, including analysis of 
secondary and tertiary recovery methods [5].
Constructing simulation models and their various 
applications for the recently discovered Lubi-
atów–Międzychód–Grotów–Sowia Góra oil reser-
voir [6].

The role and significance of 
reservoir simulation models 
in reservoir management

Managing petroleum reservoirs involves a well-de-
fined chain of processes [7] which are shown in Fig. 2. 
In terms of the management process, the most impor-
tant of the above elements is an effective and appro-
priate reservoir management plan. This plan is also a 
process which includes many elements [7] (Fig. 3).

At the centre of the plan is the construction and 
application of reservoir simulation models. In Fig. 4, all 
management elements (technology, data, people and 
tools) which are part of the process of constructing, 
verifying and applying reservoir simulation models are 
in red. As is shown, such models, which themselves are 
an element of reservoir management, involve a large 
group of other elements, thus they arrange and sim-

4.

plify the workflow for reservoir management. In other 
words, reservoir simulations are a key element of mod-
ern, integrated reservoir management. They fulfil this 
function due to their basic qualities which are inde-
pendent of the application of the simulation process in 
reservoir management. The basic qualities of reservoir 
models are:

they stimulate data acquisition and storage as 
modern database systems,
they require and intensify the integration of work 
of specialists from different fields (geologists, 
geophysicists, reservoir engineers and others),
they can be used to verify interpretations, as-
sumptions and conclusions with regard to main 
reservoir characteristics (through comparison of 
simulation results with real production data),
they provide knowledge about a reservoir, its op-
eration in various production conditions (poten-
tial to run virtual scenarios of reservoir operation),
they help to determine the dependence of re-
sults of reservoir production on the variability 
and errors in basic reservoir parameters, thus pro-
viding the probabilistic elements of estimating 
reserves and their recovery.

Application of reservoir simulation models provides 
certain benefits to the analysis and selection of an ef-
fective plan of reservoir development. Without these 
models, the process of preparing a reservoir develop-

•

•

•

•

•

Fig. 4. Integrated reservoir management
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ment plan virtually lacks the possibility of carrying out 
quantitative assessments, which leads to unreliable 
economic analysis of the whole process.

The reservoir simulations have two purposes in res-
ervoir management. They can be used to create short-
term plans, i.e. as operational models for solving such 
issues as optimisation of parameters of proposed wells 
(such as their type, completion intervals, direction and 
length of horizontal section), recovery of reservoir flu-
ids from each well (such as specifying its optimum rate 
and composition) and many others.

The simulation models reveal their main value in 
the context of strategic aspects of reservoir prediction 
when full-scale simulation models are used. They can 
be used to determine:

predictions of primary production,
choice of enhanced recovery methods,
recoverable reserves,
relationship between recovery and type and size 
of drilling projects as well as surface installation 
projects,

•
•
•
•

data for further economic analysis and determi-
nation of economic reserves.

Conclusion

Effective recovery of petroleum resources from 
their natural sources such as hydrocarbon reservoirs 
involves complex and long-term economic projects 
which require efficient management procedures. 
Reservoir simulation models have a vital role in this 
process.

The technological progress with regard to the 
methods and tools for numerical analysis of data ob-
served in the past 30 years as well as the expected fu-
ture development indicate a further increase in the rel-
evance of reservoir simulation models as the leading 
tool for reservoir management.

In Poland, a strong increase in the application of 
reservoir simulations is observed, both in terms of 
number and variety of projects. The Oil and Gas Insti-
tute actively participates in this process and offers its 
knowledge and experience to the country’s petroleum 
industry.

The author is employed by the Krosno Branch of 
the Oil and Gas Institute

•
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A large number of parallel, two-dimensional im-
ages, produced by X-ray scanning, can be used 

to generate a three-dimensional (3-D) image showing 
the internal structure of objects. Such a 3-D data vol-
ume can be manipulated in order to generate multiple 
cross-sections at various orientations, and to analyse 
them quantitatively. It can also be used to extract vari-
ous information about selected properties which de-
scribe the object.

The method which can be used to “look inside” non-
transparent, solid objects is microfocus X-ray comput-
ed tomography (µCT). This modern, experimental and 
totally non-invasive method is applied in many fi elds 
of science, and is also a valuable tool for geoscientists.

Microfocus X-ray computed tomography

To see the invisible

JADWIGA ZALEWSKA, MAREK DOHNALIK 

The investigation of various objects is possible mainly thanks 
to light, which also helps us to see the world around us. In or-
der to investigate the micro-world, either hidden inside our own 
bodies or inside other objects, we can also use X-rays.

X-ray microtomography system

The three main components of the microtomog-
raphy system are the X-ray source, object manipulator 
and detector (Fig. 1). The X-ray source is an X-ray lamp 
having a specifi c voltage and electric current. The pur-
pose of the object manipulator is to orientate a sam-
ple before the test and to rotate it during the scanning 
process. The detector converts detected X-ray energy 
into an electric signal which is recorded as an image. 
The sample holder is located between the X-ray source 
and the detector. Thus, the sample can be moved in 
three diff erent orthogonal directions, which allows the 
projection on the detector to be zoomed in and out, 

Fig. 1. Benchtop CT-160Xi microtomography system 
a) Photo of the scanner, b) interior of the scanner: 1 – X-ray source, 2 – object manipulator, 3 – detector.
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X-ray computed tomography (CT) was devel-
oped in Great Britain in the early 1970s as a method of 
medical imaging [Hounsfield 1972, 1973]. The proto-
type of the CT scanner was constructed by G.N. Houn-
sfield, and its commercial production started in 1973. 
For this discovery, G.N. Hounsfield and A.M. Cormack 
were awarded the 1979 Nobel Prize for Physiology or 
Medicine [Wikipedia]. 

The first CT scanner was used at Atkinson Morley 
Hospital in Wimbledon, London (England), exclusively 
for brain scanning. Later, whole-body scanners were 
developed. 

In those years, geologists gained the permission 
of the only institution in the city to let them use this 
modern technology. In order to use it for their imag-
ing and analysis, they used perfectly clean and sterile 
equipment, often bringing rock cores into the hospital 
at night in order to avoid attracting anyone’s attention 
[Kayser et al., 2006].

Not much time was need for non-medical special-
ists to notice the vast potential of CT technology in 
testing various materials. In the early 1980s, CT scan-
ning was applied in many fields of science, including 
geology, while geoscientists quickly joined the group 
of specialists investigating increasingly smaller details 
of the internal structure of various objects. CT scan-
ning was for the first time used to evaluate reservoir 

rock properties in 1987 by Wellington and Vinegar 
[Wellington and Vinegar, 1987]. Since that time the CT 
method has been used in the petroleum industry as a 
valuable tool for rock-sample analysis, offering a non-
invasive method for testing and describing rock cores. 
The first microfocus X-ray computed tomography 
(µCT) equipment was presented in 1998 by Sasov and 
Van Dyck, while in 2000 it was introduced to geology 
by Van Geet [Van Geet et al., 2000]. 

Since that time, the method has undergone rapid 
development. In the Polish petroleum industry, X-ray 
microtomography was first presented in 2008 at the 
International Scientific Conference GEOPETROL or-
ganised by the Oil and Gas Institute. The workshop 
titled Three-dimensional visualisation of the pore struc-
ture using microtomography explained some of the ap-
plications of the µCT method and presented the first 
research results [GEOPETROL, 2008]. Since that time, 
systematic work has been carried out aiming to col-
lect a database of parameters, which is constantly 
expanding, describing pore structure in rocks; other 
objectives include generating models of pore net-
works based on tomographic images, and develop-
ing methods of network modelling in order to predict 
fluid-flow properties of rocks [GEOPETROL, 2010]. The 
Oil and Gas Institute remains a leader in Poland in µCT 
analysis of rocks.

and to focus the image on any interesting feature be-
fore scanning is started.

Operation principles

The operation of the microtomography system in-
volves three main phases as shown in Fig. 2. The first 
phase is the scanning process (red area). When the 
lamp is turned on, an X-ray beam passes through the 
sample and casts a “shadow” on the detector which 
converts the X-ray image into a digital signal. A portion 
of the radiation recorded by the detector is absorbed 
(attenuated) by the tested sample. The higher the den-
sity of the object, the stronger the attenuation of radia-
tion. At the next stage, the sample is rotated at a small 
angle, scanned again, and a new projected image is 
recorded by the computer. The process continues un-
til the sample is rotated by 360°. The precision of scan-
ning depends on the angle of each sample rotation 
and the number of 2-D images taken at each position. 

Thus, the smaller the angle of rotation, the higher the 
precision of the image, and also the longer the time of 
testing. Such an image is referred to as a projected im-
age or radiographic image.

The second phase is reconstruction, which involves 
transformation of individual projected images into a 
spatial image of the investigated object; this phase al-
lows the internal structure of the tested material (blue 
area in Fig. 2) to be looked at.

After uploading data into the appropriate software 
(such as AVIZO or ImageJ), sample cross-sections can 
be generated and viewed along any direction (Fig. 4).

The reconstructed 2-D images comprise pixels, 
each of which is defined by one horizontal (x) and one 
vertical (y) value or by a colour corresponding with the 
value (each pixel has its own brightness). The number 
of colours each pixel can express depends on the com-
puter used and the number of bits per pixel that can 
be processed. Typically in the case of eight-bit imag-
es, these values, ranging between 0 and 255, are ex-
pressed in grey scale where 0 is black and 255 is white. 
The number of pixels used to create an image defines 
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its resolution. Gradually, when larger numbers of pixels 
are used, the image is displayed with higher precision 
or resolution [Kayser et al., 2006]. 

The last phase involves processing and analysis of 
spatial µCT images (green field in Fig. 2).

Application of microtomography 
in reservoir-rock testing 

Microtomography carried out on rock sam-
ples by the Oil and Gas Institute

In geology, microfocus X-ray computed tomogra-
phy is used mainly for 3-D visualisation of minerals and 
rocks.

As a rock testing method, the µCT technique can 
be used for non-destructive, precise and quantita-
tive assessment of the internal structure of materials, 
particularly the spatial distribution of rock pores. This 
method offers a range of information about the poros-
ity of rocks which includes identifying the length and 
number of pore channels, tracing their connectivity, vi-
sualisation and evaluation of their curvature and per-

meability, observation of water or oil penetration into 
rock, analysis of the degree of pore saturation with var-
ious gases and fluids as well as visualisation and analy-
sis of the wetting process. 

Reliable analysis of permeability (along three or-
thogonal directions) and evaluation of fracture sys-
tems and the hydraulic conductivity of rocks are also 
possible with this method.

The results of microtomography are presented as 
3-D images showing the primary framework as well as 
pore structure of the entire rock sample. After that, the 
sample is subsampled and detailed, quantitative analy-
sis is carried out in order to determine the number of 
subtypes of pores within it.

Determination of porosity and pore-size 
distribution

The most important application of the µCT method 
is investigating the porosity of rocks in order to evalu-
ate their reservoir properties as well as pore permea-
bility, which determines fluid flow [e.g. Van Geet et al., 
2000, 2003]. 

The direct product of microtomography is shad-
ow images of a 3-D object (Fig. 3) projected at various 
angles on a 2-D screen (Fig. 4). Each of such images 
carries information about the reduction of intensity of 

Fig. 2. Workflow for X-ray microtomography
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X-radiation inside the 3-D object (Fig. 5). After further 
data processing, i.e. after reconstructing projections, a 
spatial image of the sample is created (Fig. 5).

Interpretation of the µCT data involves qualitative 
and quantitative analysis, and is based on 3-D imag-
es. As the first step, spatial visualisation of the original 
structure of the whole rock sample is done; then analy-
sis of the pore distribution is carried out, and involves 
dividing the network of pores into subgroups. A sub-
group is defined as a network of connected pores not 
connected with other subgroups. Subgroups are clas-
sified according to their total volume and the six larg-
est subtypes of pores are distinguished in each sam-
ple (Table 1). The results are presented in two types of 
graphs. The first graph is a plot of the number of sub-

groups in each volume class; thus it demonstrates how 
divided each class is. The second plot shows the distri-
bution of volume classes.

Figure 6 illustrates the 3-D visualisation of µCT data 
which displays all pore spaces of sandstone samples 
associated with different porosity; the differences be-
tween the analysed samples are significant.

Figure 7 shows an example of µCT analysis (typical 
of that carried out by the Oil and Gas Institute) of sand-
stone samples collected from the Upper Rotliegend 
strata in the area of the Fore-Sudetic Homocline. The 
samples represent two different depositional systems: 
eolian (facies A) and lacustrine (facies P).

Sample 1 (Fig. 7A) is an eolian sandstone of facies 
A2 associated with a porosity coefficient of 9.4%. It has 

Table 1. Colour representation of the volume classes of pores

Pore volume 
[voxel] 1-9 10-99 100-999 1000-9999 10000-99999 > 100000

pore volume [µ3] 2.102-2.103  2.103-2.104  2.104-2.105  2.105-2.106  2.106-2.107  >2.107  

Colour yellow blue red green white violet

 * 1 voxel – 216 μm3

Fig. 3. Sandstone projections (sinograms)

Fig. 5. Three-dimensional reconstruction and visualisation of pore spaces in the whole sample: a – 3-D image of rock 
framework (without pores), b – pore spaces identified in 3-D, c – 3-D distribution of each volume class

Fig. 4. Cross-sections showing the internal 
structure of rocks
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a very well-developed pore structure. The pores form 
subgroups described as volume classes I to VI. As much 
as 85% of the porosity is described as volume class VI, 
which dominates and represents only one object. The 
sample has pore connectivity along all of the analysed 
directions, while the pores are well connected. Due to 
the low curvature coefficient, the Y and Z directions 
are preferential (Table 2, Fig. 8).

Sample 2 (Fig. 7B) is also an eolian sandstone of 
facies A2, although it is associated with low porosity 
formed by evenly distributed pores which belong to 
classes I to IV. Representation of each of the volume 
classes decreases starting from class IV, through classes 
III and II to class I. No pores which would connect the 
opposite edges of the sample were observed; howev-
er, the uniform distribution of pores which belong to 
classes III and IV suggests that connections invisible at 
the scanning resolution may exist.

Sample 3 (Fig. 7C) represents deposits associated 
with sandy playa facies P2 which have a very low po-
rosity coefficient of less than 0.6%. The spatial distribu-
tion of pores is highly non-uniform. Animation reveals 
that at some orientations streaks of higher porosity are 
apparent and they resemble the distribution of frac-
tures. The pores in this sample belong mainly to classes 
I to III. There is one subtype of pores described as vol-
ume class IV; however, it represents only 0.2% of the 
whole pore volume. Volume class II is dominant, form-
ing about 63% of the pore structure.

Assessment of pore-channel curvature

Microfocus X-ray computed tomography can be 
used to visualise and to quantitatively assess the cur-
vature of all connected pore channels in a sample. Due 
to the three-dimensional character of the µCT meth-

Fig. 6. Visualisation of the internal pore structure of rock (green – pores)

A) Sample 1, well O-3

Class No. Volume of the 
class [voxel]

Pore volume  
[µm3]

Number of pores 
in the class

Volume of pores in 
the class [voxel]

Representation 
of class by per-
centage  [%]

I 1-9 2.102-2.103  38 052 269 080 2.8

II 10-99 2.103-2.104  29 878 552 123 5.8

III 100-999 2.104-2.105  1 004 278 973 3.0

IV 1000-9999 2.105-2.106  133 302 794 3.2

V 10000-99999 2.106-2.107  1 14 188 0.2

VI >100000 >2.107  1 8 029 840 85.0

69 069 9 446 998 100

Kp-2% Kp-17% Kp-27%
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B) Sample 2, well R-1

Class No. Volume of the 
class [voxel]

Pore volume  
[µm3]

Number 
of pores in 

the class

Volume of pores in 
the class [voxel]

Representation 
of class by per-
centage  [%]

I 1-9 2.102-2.103  4 600 31 939 11,7

II 10-99 2.103-2.104  2 766 60 835 22,2

III 100-999 2.104-2.105  273 83 154 30,4

IV 1000-9999 2.105-2.106  39 97 952 35,8

V 10000-99999 2.106-2.107  0 0 0,0

VI >100000 >2.107  0 0 0,0

7 678 273 880 100

C) Sample 3, well K-2

Class No. Volume of the 
class [voxel]

Pore volume  
[µm3]

Number 
of pores in 

the class

Volume of pores in 
the class [voxel]

Representation 
of class by per-
centage  [%]

I 1-9 2.102-2.103  24 651 174 269 30.8

II 10-99 2.103-2.104  19 286 358 560 63.4

III 100-999 2.104-2.105  163 31 174 5.5

IV 1000-9999 2.105-2.106  1 1 124 0.2

V 10000-99999 2.106-2.107  0 0 0.0

VI >100000 >2.107  0 0 0.0

44 101 565 127 100

Fig. 7. µCT characteristic of samples which have various porosity
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od, the curvature measurements can be carried out in 
three orthogonal directions, i.e. X, Y and Z. They pro-
vide information about the potential anisotropy in the 
spatial distribution of pores and possible fluid-flow 
paths within the reservoir rocks. This parameter is cal-
culated only when there is a connection between op-
posite sides of a subsample, i.e. when the pore chan-
nels are permeable along an analysed direction.

A study of the curvature of pore channels was car-
ried out on three samples shown in Fig. 7. The parame-
ter was determined only for sample 1, and is presented 
in Table 2. Visualisation of the group of pores described 
as volume class VI is shown in Fig. 8, and the locations 
of axes running through the middle of pores are also 
shown. Here, the colour and thickness of each line re-
flects the width of the system of pores at each location. 
Narrow pores are shown with blue, while wide-diame-
ter pores are shown with red and yellow. The curvature 
coefficient values have a similar distribution in both of 
the samples, which indicates similar variability of flu-
id-flow paths in pore spaces within the whole sample. 
However, connections of channels in subsample 1B 
are much worse than in subsample 1A. The average 
curvature of the flow paths for sample 1A is 1.68 in the 
X direction, 1.27 in the Y direction and 1.29 in the Z di-
rection. For sample 1B it is 1.57 in the X direction, 1.30 
in the Y direction and 1.35 in the Z direction. 

The remaining two samples (2 and 3) indicate a lack 
of connections which would allow fluid flow in any of 
the X, Y and Z directions [Zalewska et al., 2010].

Fracture visualisation and evaluation of their 
sizes using µCT 

Microtomography can be used to visualise, eval-
uate and characterise fractures. Fig. 9 illustrates the 

Table 2. Results of measuring the pore-channel  
curvature using the µCT method

Sample
Direction of 

curvature 
analysis

Absolute 
number of 

voxels from 
tunnel

Relative 
number of 

voxels from 
tunnel

Average 
curvature

Maximum 
curvature

Minimum 
curvature

Standard 
deviation

1A 

X 8 583 0.043 1.638 2.408 1.318 0.255

Y 12 147 0.061 1.268 1.895 1.106 0.166

Z 15 827 0.063 1.291 1.830 1.115 0.146

1B

X 986 0.005 1.568 1.841 1.467 0.078

Y 11 536 0.058 1.296 1.628 1.101 0.137

Z 16 254 0.065 1.353 2.370 1.113 0.205

Fig. 8. Example of µCT image of all connected fluid-flow 
paths in samples 1A and 1B  
 
X axis – red 
Y axis – green 
Z axis – blue
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cross-section through the fracture in a recrystallised 
limestone sample. A network of very narrow fractures 
cutting each other was identified. The most apparent 
fracture has a width varying between 10.50 and 12.36 
µm and an angle of aperture of 1.76° [Zalewska et al., 
2010].

Other potential applications of microfo-
cus X-ray computed tomography in the 
petroleum industry

Evaluation of wormholes generated 
through acidizing carbonate rock samples

Evaluation of wormholes generated by acidizing 
carbonate rock samples was carried out by the Oil 
and Gas Institute. It allowed a number of observations 
about the effectiveness of acid, particularly in 3-D im-
ages presented as animations. The animations, which 
are based on data generated by a microtomography 
system and created using modern (3-D) software for 
image processing, were particularly useful in observ-
ing changes within rock cores due to injected acid. 
Fig. 10 presents a comparison of the structure of sam-
ple cross-sections before and after injecting acid.

Figure 10 illustrates the location of the wormhole 
inside the core sample, and suggests an increase in the 
pore volume, marked as the black area surrounded by 
the red line. All images on the right show the fully de-
veloped wormhole. The whole wormhole is difficult to 
present in the 2-D image; however, it can be viewed 
as a 3-D animation available on the website of the De-

partment of Geophysics for Drilling of the Oil and Gas 
Institute: http://www.inig.pl/ZD/images/sw/video/
sw-microCT.html

Figure 11 presents the development of a pore in 
3-D. This is done by comparing two major subtypes of 
pores for every sample before and after the acidizing 
process. There is a very clear increase in volume of the 
largest object of class VI. The situation before acidizing 
is marked with green, while the state after the experi-
ment is marked with semi-transparent violet.

The reconstructed internal structure of the pore 
network within the rock has been presented as histo-
grams (Fig. 12) which indicate that the pore number 
within each of the volume classes is similar before and 
after the process. The number of pores within volume 
classes I and II is insignificantly lower; the number of 
pores which belong to classes III to V is higher, while 
the number of pores of class VI is the same. Plots show-
ing the representation of each of the volume classes 
indicate an increase in the representation of class VI 
by 30%.

Analysis of the connectivity of the pore network 
was carried out. Analysis of the curvature of pores in-
dicated that before the acidizing experiment the net-
work of pores had a diameter below the scanning reso-
lution (20 μm) and did not have any connectivity in any 
of the analysed directions (X, Y, Z). After the acidizing, 
a wormhole opened, and created a connection along 
the Z axis. The average curvature is 1.17, i.e. it slightly 
deviates from the straight line. 

As a result of the first experimental microtomogra-
phy, a number of observations with regard to the ef-
fectiveness of the acidizing process were made, par-
ticularly in 3-D images presented as animations. The 
animations, created from data generated by the mi-
crotomography system together with modern soft-

Fig. 9. Microtomography 
section through fracture in 
sample 9433:  
 
X axis – red 
Y axis – green 
Z axis – blue
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 Fig. 10. 2-D images of rock-core sections 
before (left image) and after (right image) 
injecting acid

Before acidizing After acidizing
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 Fig. 11. Spatial visualisation of changes 
in volume of pore structure: green – be-
fore acidizing, violet – after acidizing
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ware packages for 3-D image processing, were particu-
larly helpful in identifying changes inside core samples 
after injecting acid.

It should be emphasised that until now there 
was no method for monitoring the migration of acid 
though pores within rock cores. Thanks to the intro-
duction of the µCT method, such studies are possible. 
Thus, it is possible to verify theoretical calculations and 
numerical simulations of the efficiency of the acidizing 
process [Zalewska et al., 2010].

Testing of the structure of 
hardened cement paste

Testing of the microstructure of hardened cement 
paste of different age (ranging from 20 minutes to 28 

days from the preparation of cement mix) was carried 
out using the µCT method. The results demonstrate the 
new research potential of the Oil and Gas Institute. The 
pore structure was imaged using this technique, and 
pores were classified according to their volume class, 
as shown in Fig. 13. During the analysis of the sample 
of cement 2, good correlation between the volume 
representation of pores which belong to class VI and 
those belonging to classes III to V (Fig. 13) was noticed. 
This is because as the cement swells, the largest pores 
are divided into smaller pores. The conclusion is sup-
ported by the fact that the number of pores of classes 
III to VI has increased with time. When the volume rep-
resentation of pores of class VI increases, the curvature 
of channels within the sample also increases (from 1.2 
to 2.2) [Zalewska et al., 2010].

The Oil and Gas Institute carries out laboratory test-
ing of rock cores in order to determine their petrophys-
ical properties in the context of their reservoir proper-

Before acidizing

After acidizing

Fig. 12. Histograms showing number and percentage of pores within each of the volume classes for the sample before 
and after acidizing 
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A B

Fig. 13. Classification of pores within tested cements (A) according to their number, (B) according to their volume ex-
pressed as a percentage

Cement 1 (basic)

Cement 2 (20% of microspheres)

Cement 3 (10% of microspheres)
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After 20 minutes After 120 minutes

After 24 hours After 48 hours

Fig. 14a, 14b. Spatial distribution of pores in the sample of cement 2
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ties as well as pore permeability determining reservoir 
fluid flow.

Clastic reservoir rocks, which may have variable 
structure and texture as well as different cement and 
pore saturation, used to be analysed using thin sec-
tions viewed under a polarised-light microscope. Cur-
rently, thanks to X-ray microtomography we can look 

“inside the rock”. This unique and new method is non-
destructive, and provides physically realistic images 
of reservoir rocks with micrometre-range resolution. 
It can be used to assess qualitatively and quantita-
tively the spatial distribution of pores and connec-
tion between them, and it can also identify and char-
acterise fractures. Such testing can provide data for 
pore-network analysis in a wide research context; 
most important, such analysis is based not on an iso-
lated result but on mean porosity values. 

A general advantage of using microtomography 
over the microscopy method is the ability to image 
fractures in 3-D and to interpret these images with 
particular attention to fracture orientation, and pos-
sibility to identify its changes and fracture aperture. 
The percentage representation of fracture volume 
within a rock sample can also be measured, and most 

important the width of fractures can be precisely de-
termined at any point. This property is of primary im-
portance when we deal with reservoir rocks associ-
ated with low porosity and permeability, since their 
hydrocarbon production rate depends mainly on the 
number of open fractures. Such studies may also be 
relevant for the analysis of fracture networks in gas-
bearing shale formations.

Microfocus X-ray computed tomography is a 
unique and promising research tool. Despite its great 
potential, however, it is not widely known and ap-
plied in the Polish petroleum industry. We are there-
fore hoping that this publication and the informa-
tion included in it will help geologists who work in 
hydrocarbon exploration and production to famil-
iarise themselves with the subject of evaluating the 
petrophysical properties of rocks using 3-D image 
analysis.

The authors are employed by the Kraków branch 
of the Oil and Gas Institute

After 7 days After 28 days

Fig. 14c. Spatial distribution of pores in the sample of cement 2
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Examples in the literature of application of X-ray 
microtomography in the petroleum industry

Determination of elastic properties based on µCT images

Arns et al. [2002] first demonstrated that the elastic properties of the Fontainebleau Sandstone can be 

directly determined based on µCT images. Elastic properties established using digital images of rock cores 

corresponded very well with those known from laboratory tests carried out on samples having a wide 

range of porosity levels and in different saturation conditions. Changes in the elastic properties due to 

changing pore-fluids were consistent with Gassmann’s equations.

Evaluation of electrical properties of carbonate rocks based on X-ray microtomography

Youssef et al. [2008] demonstrated that the numerical simulation of petrophysical properties in com-

plex carbonate rocks is difficult, particularly with respect to electrical properties for which spatial distribu-

tion of micro-pores is particularly important. Despite that, the author presented modelling of electrical 

properties based on pore-network models. Based on microfocus X-ray computed tomography images of 

carbonate rocks, he calculated the porosity and resistivity index. The results were compared with experi-

mental values and showed good correlation.
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Oil consumption [million tonnes]

1965 1971 1981 1991 2001 2010 2011

Change 
2011 
over 
2010

2011 
share 

of  
total

US 552.1 730.6 735.3 755.4 884.1 849.9 833.6 -1.9% 20.5%

Canada 53.8 73.5 84.2 75.3 90.5 102.7 103.1 0.4% 2.5%

Mexico 14.2 20.7 54.0 74.0 86.6 88.5 89.7 1.3% 2.2%

Total North America 620.2 824.9 873.5 904.7 1061.2 1041.1 1026.4 -1.4% 25.3%

Argentina 22.1 23.5 22.4 20.2 19.5 25.9 28.1 8.2% 0.7%

Brazil 14.9 28.0 52.8 64.9 92.7 118.0 120.7 2.3% 3.0%

Chile 3.3 5.2 5.1 6.8 10.5 14.8 15.2 2.8% 0.4%

Colombia 3.9 5.5 7.5 9.6 10.2 11.4 11.7 2.4% 0.3%

Ecuador 0.7 1.2 3.3 4.7 6.3 10.3 10.5 2.6% 0.3%

Peru 3.6 4.7 6.7 5.4 7.0 8.5 9.2 9.0% 0.2%

Trinidad & Tobago 2.0 2.3 1.7 1.2 1.3 1.7 1.7 -3.5% ^

Venezuela 9.3 10.6 21.1 18.8 28.8 36.9 38.3 3.8% 0.9%

Other S. & Cent. America 21.5 28.6 39.0 39.6 54.6 53.5 53.7 0.4% 1.3%

Total S. & Cent. America 81.3 109.6 159.6 171.1 231.0 281.0 289.1 2.9% 7.1%

Austria 5.6 10.2 11.0 11.6 12.8 12.9 12.5 -3.6% 0.3%

Azerbaijan b/d b/d b/d 8.2 4.0 3.2 3.6 11.9% 0.1%

Belarus b/d b/d b/d 24.1 7.3 7.3 9.0 22.8% 0.2%

Belgium - 26.9 23.4 25.8 31.0 33.5 33.7 0.7% 0.8%

Bulgaria 3.7 9.9 12.5 4.2 4.2 3.8 3.5 -6.4% 0.1%

Czech Republic 4.0 7.7 11.4 7.1 8.4 9.1 9.1 -0.5% 0.2%

Denmark 10.2 18.4 12.8 9.1 9.8 8.4 8.3 -1.7% 0.2%

Finland 5.7 11.1 12.3 10.6 10.5 10.4 10.5 0.9% 0.3%

France 53.9 102.8 99.0 94.6 95.5 84.4 82.9 -1.7% 2.0%

Germany 86.3 144.0 133.4 133.1 131.6 115.4 111.5 -3.3% 2.7%

Greece 4.4 7.4 11.9 15.8 20.2 18.7 17.2 -7.9% 0.4%

Hungary 3.8 6.7 10.8 8.0 6.7 6.7 6.5 -3.1% 0.2%

Republic of Ireland 2.4 4.5 5.1 4.9 9.0 7.6 6.8 -10.4% 0.2%
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Oil consumption [million tonnes]

1965 1971 1981 1991 2001 2010 2011

Change 
2011 
over 
2010

2011 
share 

of  
total

Italy 52.3 93.8 95.7 92.4 92.8 73.1 71.1 -2.7% 1.8%

Kazakhstan b/d b/d b/d 21.7 7.7 9.5 10.2 7.6% 0.3%

Lithuania b/d b/d b/d 8.3 2.7 2.7 2.7 0.8% 0.1%

Netherlands 25.3 36.0 36.2 36.6 44.6 49.9 50.1 0.3% 1.2%

Norway 5.1 8.1 8.7 8.6 10.2 10.8 11.1 3.5% 0.3%

Poland 5.4 9.4 16.1 14.9 19.5 26.7 26.3 -1.5% 0.6%

Portugal 2.7 5.4 8.8 11.5 15.8 12.5 11.6 -7.3% 0.3%

Romania 7.1 10.9 16.7 15.6 10.6 8.7 9.0 4.4% 0.2%

Russian Federation b/d b/d b/d 245.3 120.5 128.9 136.0 5.5% 3.4%

Slovakia 2.3 4.4 6.6 4.4 3.2 3.9 3.7 -5.3% 0.1%

Spain 14.2 30.9 50.4 46.9 73.0 72.1 69.5 -3.7% 1.7%

Sweden 18.9 27.5 22.4 16.4 16.2 15.3 14.5 -5.3% 0.4%

Switzerland 8.0 13.3 11.9 13.0 13.1 11.4 11.0 -3.0% 0.3%

Turkey 5.0 9.0 15.4 22.0 29.7 30.2 32.0 5.8% 0.8%

Turkmenistan b/d b/d b/d 5.2 3.8 4.8 4.9 3.9% 0.1%

Ukraine b/d b/d b/d 58.1 13.5 13.0 12.9 -0.8% 0.3%

United Kingdom 74.2 104.3 74.7 82.5 78.4 73.5 71.6 -2.6% 1.8%

Uzbekistan b/d b/d b/d 11.2 6.7 4.3 4.4 0.7% 0.1%

Other Europe & Eurasia 173.6 272.5 442.0 36.6 25.5 30.4 30.3 -0.4% 0.7%

Total Europe & Eurasia 574.3 975.0 1149.1 1108.4 938.4 903.1 898.2 -0.6% 22.1%

Iran 10.0 18.9 29.0 52.5 65.8 89.8 87.0 -3.1% 2.1%

Israel 4.1 5.3 8.1 9.0 12.5 11.2 11.1 -0.8% 0.3%

Kuwait 5.2 4.3 5.8 3.7 12.2 19.0 19.0 0.2% 0.5%

Qatar ^ 0.1 0.8 1.5 2.4 7.4 8.0 8.3% 0.2%

Saudi Arabia 19.6 20.6 35.9 57.9 74.7 123.2 127.8 3.7% 3.1%

United Arab Emirates ^ 0.1 5.6 19.2 19.7 28.9 30.5 5.6% 0.8%

Other Middle East 8.8 12.6 26.0 38.1 61.5 84.7 87.5 3.2% 2.2%
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Oil consumption [million tonnes]

1965 1971 1981 1991 2001 2010 2011

Change 
2011 
over 
2010

2011 
share 

of  
total

Total Middle East 47.7 62.0 111.1 181.9 248.8 364.3 371.0 1.8% 9.1%

Algeria 1.3 2.3 5.9 9.1 8.8 14.8 15.6 5.3% 0.4%

Egypt 6.9 6.3 15.2 23.4 26.1 36.3 33.7 -7.2% 0.8%

South Africa 5.6 9.4 13.0 16.7 22.5 26.1 26.2 ^ 0.6%

Other Africa 12.0 19.0 38.7 48.6 62.4 83.4 82.9 -0.6% 2.0%

Total Africa 25.8 37.0 72.7 97.8 119.7 160.6 158.3 -1.4% 3.9%

Australia 16.9 25.8 29.2 30.8 38.1 43.4 45.9 5.7% 1.1%

Bangladesh - - 1.6 1.7 3.9 4.9 5.0 2.2% 0.1%

China 11.0 38.4 81.1 121.9 228.4 437.7 461.8 5.5% 11.4%

China Hong Kong SAR 2.1 4.1 6.9 6.3 11.8 17.9 18.1 1.0% 0.4%

India 12.6 20.5 34.0 58.9 107.0 156.2 162.3 3.9% 4.0%

Indonesia 6.1 7.0 21.1 33.6 54.1 65.2 64.4 -1.1% 1.6%

Japan 87.9 219.8 223.8 251.8 247.3 200.3 201.4 0.5% 5.0%

Malaysia 2.0 3.1 8.4 13.9 22.0 26.7 26.9 0.7% 0.7%

New Zealand 2.7 4.1 3.9 4.8 6.1 7.0 6.9 -1.5% 0.2%

Pakistan 3.8 4.3 5.4 11.4 18.3 20.5 20.4 -0.2% 0.5%

Philippines 4.2 8.3 10.2 11.1 16.5 12.2 11.8 -3.6% 0.3%

Singapore 3.8 6.6 10.9 23.7 36.4 60.5 62.5 3.3% 1.5%

South Korea 1.3 9.5 23.9 59.9 103.5 106.0 106.0 -0.1% 2.6%

Taiwan 2.2 7.5 18.0 29.3 44.2 46.3 42.8 -7.5% 1.1%

Thailand 2.3 5.6 11.0 21.9 36.2 45.8 46.8 2.2% 1.2%

Vietnam 1.5 5.1 1.7 2.8 9.0 15.1 16.5 8.9% 0.4%

Other Asia Pacific 3.1 4.8 10.6 9.6 13.9 16.0 16.7 4.5% 0.4%

Total Asia Pacific 163.5 374.6 501.8 693.3 996.5 1281.7 1316.1 2.7% 32.4%

Total World 1512.8 2383.0 2867.8 3157.2 3595.6 4031.9 4059.1 0.7% 100.0%

 ^ less than 0.05 Source: BP Statistical Review of World Energy 2012
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Oil production   
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Oil consumption 
per capita in 2011 

[Tonnes]

Source: BP Statistical Review of World Energy 2012
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The main directions 
in oil trade in 2011   

[in m tons]

Source: BP Statistical Review of World Energy 2012
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Oil: Proved reserves
[in bln barrels] by the end of 2011

Source: BP Statistical Review of World Energy 2012
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Distribution of confi rmed oil resources in 2011
– 1652.6 bln barrels total

Distribution of confi rmed oil resources in 2001
– 1267.4 bln barrels total

Distribution of confi rmed oil resources in 1991
– 1032.7 bln barrels total

Source: BP Statistical Review of World Energy 2012
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A t present, we can expect the appearance of busi-
ness patterns characteristic for mature markets 

among the investors already existing in the Polish 
market and those who only consider going into this 
business.

Not to go off  course in the race

From the areas of exploration works, more and 
more information is coming about the deposit poten-
tial. As it appears from announcements of particular 
companies, identifi cation works will be intensifi ed al-
ready in 2012. Many international players wish to take 
the chance and have a share in the benefi ts from ex-
traction of Polish shale gas. Some of them have decid-
ed, for the last few years, to make investments at the 
early stage of market formation by submitting applica-
tions for concession for prospecting and recognition 
of shale gas. The others refrained from action and ob-
served the investment climate in Poland and decided 
to wait for initial confi rmation that the deposits exist 
and waited for defi nition, by the state authorities, of 
the legislative and tax frames of the business.

There are still many imponderables concerning 
the new gas law and taxes on hydrocarbon extraction. 
However, positive statements by representatives of 

Joint ventures in the shale gas sector

The most essential thing is 
cooperation

TOMASZ BARAŃCZYK, KONRAD MICHALAK, JAROSŁAW GRZYWIŃSKI, GRZEGORZ KUŚ

Since exploration concessions – which, considering the explorato-
ry potential – cover the most attractive areas in Poland – have already 
been granted, the shale gas market enters a more mature phase.

particular companies and reports of further gas bore-
holes make people believe that quite soon we can ex-
pect investors to take more active part and estimate 
potential forms of cooperation, and division of costs 
and benefi ts concerning the expected output.

Reshuffl  e in the business

Specifi city of shale gas deposits requires incurring 
capital investments on a much larger scale than in the 
case of conventional gas. Conducting prospecting 
works is characterized by a high level of uncertainty. 
This is why, taking as an example the North American 
market and some ventures in the sector of conven-

Along with the market devel-
opment and further capital 
use in other exploratory bore-
holes, it can be expected that 
the signifi cance of coopera-
tion between companies in 
the market will rise.
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tional gas extraction, the concession owners decide 
to cooperate with other subjects. The main reasons for 
such cooperation are:

The desire to minimize and diversify the risk con-
nected with the investment,
possibility of acquisition of funds, necessary for 
performing the drilling,
sharing the experience and know-how.

The first of the mentioned factors – risk minimiza-
tion – concerns all the players in the market. It might 
turn out soon that only some concessions will offer 
output conditions which would guarantee the profit-
ability of the project. This is the reason why companies 
are ready to give up a part of potential benefits from 
the concession they have, in order to acquire shares in 
projects located in other regions.

The second reason – acquisition of the capital – 
is the most important to smaller companies which 
have been granted concessions but their funds are 

•

•

•

not sufficient to start the drilling. It is estimated that 
the cost of making one borehole is higher in Poland 
than in the USA and costs even about dozen mil-
lion dollars. Smaller subjects need to cooperate with 
big players who may help by providing financial re-
sources for the project in return for the share in fu-
ture benefits.

Another factor – sharing the know-how – main-
ly applies to companies that did not take part in the 
American shale “boom” a few years ago. An example is 
the group of Polish energy companies which search for 
cooperation with American investors in order to devel-
op competence in the field of gas extraction from un-
conventional deposits.

Along with the market development and further 
capital use in other exploratory boreholes, it can be ex-
pected that the significance of cooperation between 
companies in the market will rise. What is more, as the 
size of potential deposits in other concessions was 
confirmed, it is possible that new subjects will appear, 
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interested in taking part in the costs and benefi ts con-
nected with shale gas extraction.

Shale gas “farmers”

The cooperation contracts related to the shale proj-
ects development, which have been entered into in 
Poland so far, varied considerably in terms of conces-
sion size, transaction value or the size of the acquired 
share. Despite the existing diff erences, most transac-
tions of this type are described with one notion, an ex-
pression borrowed from American market – “farm in”.

In practice, the most common cooperation of farm-
in type in Poland are:

contractual joint venture (CJV) based on coopera-
tion contracts – joint operating agreement (JOA),
special purpose venture (SPV) in the form of lim-
ited partnership.

•

•

Moreover, the Polish practice resembles the one 
noticed in the United States, where joint venture 
contracts based on JOA are the most common kind 
of cooperation in shale gas sector. However, share-
holders should be aware that each and every solu-
tion mentioned above has its signifi cant legal and tax 
consequences.

Cautiousness

Most of the investors are aware of the technical 
issues connected with the project, such as prospect-
ing and extraction costs, probability of success, gas 
volume, access to the market, etc. The subject of their 
concern are the external conditions, typical of a par-
ticular country, just like the structure of taxes for trans-
action, legal potential, social responsibility and bal-
anced development strategies. Furthermore, each side 
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of transaction should persuade their shareholders that 
the transaction is fair from the fi nancial side (opinion 
on the price fairness). It ought to be emphasized that 
the Polish law and its tax regulations are not adjusted 
to various forms of joint ventures, it does not matter 
whether it is a cooperation contract (JOA) or limited 
partnership (SPV). Every cooperation scenario may be-
come a concern to the investors.

Legal approach

From the legal perspective, all deposits in Poland 
constitute an exclusive property of the Republic of Po-
land. One of the most key issues for an investor is to 
enter into a valid and fully enforced mining usufruct 
contract with the State Treasury. According to such a 
contract, the investor from the shale sector will have 
the right to use particular resource deposits whose 
owner is Poland. The mining usufruct contract will de-
scribe precisely all conditions and use of such deposits. 
The investor may plan prospecting and/or extraction 
of the designated material. The concession will be is-
sued for a defi nite period of time, however, for at least 
3 years and no more than 50 years.

The Polish mining and geological law which con-
cern the process of granting concessions for prospect-
ing, recognition and extraction of hydrocarbons (also 
oil and shale gas) establish that the concession and 
mining usfructe can be granted only to a single sub-
ject. At the same time, concession transfer is allowed 
only as a whole, i.e. selling shares in the concession 
is not possible. Another issue to be discussed is the 
ownership of the output gas or the potential need for 
obtaining permission from antimonopoly offi  ce in the 
case of creating SPV.

Taxes are signifi cant

From the tax perspective, with reference to joint 
ventures, the key issue is an appropriate structuring of 
remuneration for granting access to a concession. Usu-
ally, one subject has a concession from a certain date 
and when new partners wish to join, the concession 
holder expects “a charge for the entry” and payment 
for the already incurred costs. Often seen in other 
countries structures with asymmetric division of future 
costs and incomes (e.g. the subject which transfers 
rights to the concession will have 60% of income and 
30% of costs, and the purchaser 40% of income and 
70% of costs) in Poland may lead to substantial limita-
tion in deducting of partial tax costs for the purchaser.

It is worth noting that the foreign subjects which 
engage in joint ventures in the scope of gas pros-
pecting or extraction in Poland (e.g. as a partner in a 
company) might be perceived by the Polish tax au-
thorities as having the so-called permanent establish-
ment for tax purposes. As a consequence, they may 
be obligated to pay income tax in Poland and to ful-
fi ll a vast array of administrative and reporting duties. 
Furthermore, in some situations, depending on the 

range of conducted activities, it can happen that the 
foreign subject creates a fi xed place of business for the 
purpose of the value added tax (VAT) or the necessi-
ty for VAT registration in Poland. The questions of VAT 
settlement will also appear with reference to current 
settlements among participants of joint ventures, par-
ticularly when one of them is the operator who funds 
prospecting works with the so-called cash calls or by re-
invoicing the costs on the others. Additionally, ques-
tions concerning VAT settlements may result from the 
sales patterns related to the material extracted in the 
future, hence they should be analyzed at the prelimi-
nary stage of the joint venture. Worth noticing is the 
fact that in some cases there might appear duties of 
paying real estate tax on land and buildings that are 
used for hydrocarbon prospecting or extraction. In this 
context, tax payment would jointly charge all the par-
ticipants of the joint venture.

To sum up, through an advanced tax planning and 
use of existing optimization opportunities, it is possi-
ble to secure the tax situation of the joint venture par-
ticipants and to shape their tax charge effi  ciently.

The authors are employees in the Tax and Legal 
Department and Business Advisory at PwC

Tomasz Barańczyk – Partner
Konrad Michalak – Vice Director
Jarosław Grzywiński – Senior Lawyer
Grzegorz Kuś – Senior Consultant

Polish mining and geological law 
which comprises the process of grant-
ing concessions for prospecting, 
identifi cation and extraction of hy-
drocarbons (also oil and shale gas) 
establish that the concession and 
mining use can be granted only to a 
single subject.
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U p till now Polish fi rms, mostly importers and con-
sumers of natural gas have expanded into a new 

area of operations which comprises dealing in the do-
mestic liberal market and abroad, which makes them 
active participants of the European natural gas market 
and brings them real economical benefi ts at the same 
time.

Poland is on the way of transformation from a state 
dependent from fuel supplies into an entity which is 
becoming the mainstay of energy security of the re-
gion by ensuring supplies of the resources to internal 
markets of the European Union. Such an image of the 
Polish natural gas market appears as the consequence 
of the most optimistic scenarios of development of 
shale gas exploitation. However, at present, such an 
optimistic approach may seem to be a rather distant 
and obscure vision. The degree of identifi cation of un-
conventional gas deposits does not allow yet to deter-
mine reliably the extractable volumes, which makes it 
impossible to settle the economy of exploitation and 
defi ne potential increase in domestic gas supply.

On the other hand, the scale of the breakthrough 
which may be caused by natural gas from shale forma-
tions in Poland is large enough for us to become aware 
of potentially diff erent scenarios related to its extrac-
tion. Especially, the fulfi llment of the optimistic sce-
nario of the natural gas potential from unconventional 
deposits kindles the emotions of the branch members, 
which allows to draw the picture of Poland as a strong 

Gas Infrastructure

Perspectives for natural gas 
export from Poland

MATEUSZ KONIECZNY

The stage of prospecting and identifi cation of unconventional natural gas 
deposits in Poland has been crowned with success. Numerous Polish and 
foreign entities commence exploitation and extraction of gas. The economy 
of extraction promotes the development of generative capacity of electric 
power based on gaseous fuel and the Polish chemical industry strength-
ens its competitiveness owing to the availability of domestic resources.

player in the European energy market, independent 
from external suppliers.

What would happen, if our country had surplus of 
natural gas? Let us think for a moment of a situation 
in which the perspective of Poland possessing a large 
surplus of gas exceeding our own demand is a fact. 
Eventually, the possibility of selling the natural gas 
outside Poland will be determined by demand for this 
raw material on global markets and in West European 
countries, and fi rst of all, by price competitiveness of 
Polish gas as compared to alternative sources of sup-
plies. This article, however, disregards the aspect of gas 
prices and focuses on technical possibilities of its ex-
port from Poland.

Liquefi ed natural gas 
– (apparently) global range

Liquefi ed natural gas (LNG) has become part of the 
European gas balance for good. Many years ago, most 
of the states of the Old Continent with access to the 
sea invested in terminals which enabled the import 
of gas in liquid form. Globally, facing considerable dis-
tances of sources of natural gas supply to areas of its 
increased consumption, the LNG has become an eff ec-
tive – with respect to the costs – solution which facili-
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tates long distance gas transmission. Considering the 
possibilities of exporting LNG is then a natural direc-
tion of analysis for each country possessing the surplus 
of natural gas.

The global LNG market is divided into three major 
regions of production and/or consumption:

The Atlantic market (a net importer including 
mainly the USA and Europe as consumers and Af-
rica and Central America as producers);
The Pacifi c market (a net importer including ba-
sically Japan and South Korea as consumers and 
Malaysia, Indonesia and Australia as producers);
The Middle East region (a net exporter, includ-
ing fi rst of all Qatar and Oman as producers) 

– supplying the two other areas.

The development of American market caused by 
large scale production of natural gas from shale forma-
tions is gradually changing the developed scheme of 
the LNG market presented above – in the near future 
the United States will become an exporter of gas ex-
actly due to investments in liquefying terminals. This 
means that Poland, while considering the construc-
tion of its own export terminal, has to be aware that 
the American market can no longer be perceived as 
a potential export direction but rather as a potential 
competition. In fact, it leaves two directions for poten-
tial export of the Polish LNG – the European market 
or the Asian (Pacifi c) one, which is more distant from 

•

•

•

Poland than for the producers from the Middle East 
who also benefi t from additional eff ects of scale due 
to possession of liquefying installations which are the 
largest in the world. Thus, the above brief presentation 
of the context for the LNG markets shows that when 
analyzing the possibilities of liquefying the gas in Po-
land, particularly the European market has to be taken 
into account, especially the Baltic Sea and the North 
Sea basins.

Regardless of the above rationales, in case of having 
export surplus, Poland should consider fi rst of all the 
export of gas to the countries of the European Union. 
The reason is plain – the appearance of Poland in the 
balance of the natural gas suppliers to the Union mar-
ket may completely alter the perception of our country 
in Europe and contribute to considerable strengthen-
ing of our position on the international arena.

Another rationale to consider the LNG as a form of 
export of natural gas from Poland is the possibility of 
avoiding in this way the limitations of gas transmission 
infrastructure in Europe. Despite the close network of 
connections, there are bottle necks in the European 
mains; mainly the limitations resulting from long term 
transmission contracts concerning trans-border con-
nections. Meanwhile, regasifi cation terminals in Eu-
rope have substantial surpluses of non-contracted ca-
pacity. In 2010 not utilized capacity of import terminals 
amounted to about 55% of their total capacity estimat-
ed at that time at approximately 170 billion m3.

DE > FR
~40 mld m3

SK > CZ
~27 mld m3

SK > AT
~55 mld m3

AT > DE
~ 8 mld m3

CZ > DE
~17 mld m3

DE > NL
~13 mld m3

DE > BE
~15 mld m3

DE > CH
~20 mld m3

PL > SK

CZ > DE
~34 mld m3

AT > DE
~ 5 mld m3

AT > IT
~38 mld m3

Map: Technical transmission capacities of intersystem connections on gas distribution routes from ‘Brotherhood’ pipeline. 
Analysis by PwC on the basis of the ENTSO-G data.
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While talking about the possibilities of exporting 
the LNG, the question of economy of its transport 
in Europe remains still open. The advantage of LNG 
over conventional transmission via gas pipelines is 
achieved only in case of appropriate distances. On 
the other hand, at present the countries like Norway, 

Algeria or Egypt, which are located relatively close to 
the European markets eff ectively place in them the 
volumes of their own LNG. Nonetheless, the econo-
my of transport within Europe, especially in relation 
to the transmission infrastructure, requires thorough 
analysis.

The extensively discussed possibility 
of connecting Polish natural gas trans-
mission system with ‘Brotherhood’ gas 
pipeline does not exhaust the Polish 
possibilities of constructing export gas 
pipelines. Among alternative projects 
which can aid this objective, the follow-
ing should be listed:

Connection with Lithuania – currently ana-
lyzed by the  GAZ-SYSTEM and Lietuvos Du-
jos. This connection is intended to facilitate 
the export of up to 4.5 billion m3 of natural 
gas to the Baltic states.

•

Connection with the Czech Republic – there 
is a possibility of converting into export 
function of the existing connection near the 
city of Cieszyn, which was to function origi-
nally as a source of gas supplies to Poland. 

Connection with Germany – up till now,  
conceptual infrastructural projects concern-
ing the German mains were focused on the 
possibilities of connecting Poland to the 
Berlin gas ring which is fed from the East via 
Mallnow (Yamal gas pipeline), currently also 
by ‘Opal’ gas pipeline (onshore extension 
of the Nord Stream pipeline)and from the 
West via ‘Netra’ gas pipeline  (supplying gas 
coming from the North Sea, however this 

route will eventually be most 
probably replaced by the 
stream from the ‘Opal’ gas 
pipeline).

Connection with Denmark 
– the ‘Baltic Pipe’ project to 
link Poland with the Norwe-
gian ‘Skanled’ gas pipeline 
via Danish territory, which 
was analyzed a few years 
ago gains a new meaning in 
the context of Polish export 
demands.  Considering grad-
ual depletion of the Danish 
deposits, this country will 
soon become a net importer 
of natural gas and may be 
interested in renewal of the 
project in order to secure its 
own import  demands.

•

•

•

Alternative gas pipeline export routes 

14

3

2

 Potential alternative export 
connections of the Polish 
transmission system. Source: 
PwC analysis
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Gas from the East – the 
potential of gas transmission 
infrastructure in the region

The present shape of transmission infrastructure 
in Poland does not provide the possibility of export-
ing natural gas from Poland. The transmission system 
was constructed with the intention of importing gas 
from the East and current investment projects aim 
at diversification of supplies to our country. Creat-
ing the possibilities of export of natural gas will re-
quire new investments. Assuming that the main ob-
jective of construction of export infrastructure should 
be providing the access to possibly largest number 
of target markets, an interesting option is connecting 

the Polish system with existing transit channel of the 
Russian gas running through Slovakia (‘Brotherhood’ 
pipeline). Analyzing the Russian export policy relating 
to the Northern gas pipeline Nord Stream and plans 
of its further extension, it should be assumed that in 
the near future the meaning of ‘Brotherhood’ pipeline 
measured by the volume of the Russian gas supplied 
to Europe will be decreasing. In the context of expect-
ed drop in pumped volumes, substantial technical 

transmission capacity (total capacity at output points 
of Slovak pipelines is about 82 billion m3) as well as 
access to the key markets in Europe, connecting Po-
land to this pipeline has a tremendous potential.

Natural gas flow distribution, which up till now 
has reached Europe via Slovakia demonstrates that by 
connecting to this transmission channel Poland will 
gain access to almost all key markets of Western Eu-
rope. Until the construction of the Nord Stream, Rus-
sia was able to supply natural gas via ‘Brotherhood’ gas 
pipeline to Germany, Italy, Austria, Slovakia, the Czech 
Republic and by extended European gas pipeline net-
work also to France or Benelux countries. This gas pipe-
line also provides direct access to the physical hub in 
Baumgarten, which enables concluding spot and short 
term gas sale transactions.

How much may it cost us?

One of the major economical criteria defining prof-
itability of any venture is the level of investment out-
lays; when considering the possibility of export, this as-
pect cannot be neglected.

In 2010, as part of the European Union program 
ChemLog, tentative feasibility study was prepared for 

Table 1. List of estimated capital expenditures for 
infrastructure projects (pipeline vs. LNG)

 
Liquefying  

terminal 
(greenfield)

Liquefying terminal  
(on the basis of regasifi-

cation terminal)
Intersystem gas pipeline

Source Data by CB&I
Plans to convert import terminal Sabine 

Pass in the USA (Stage I)
Preliminary feasibility study for  import con-

nection Poland - Slovakia

Capacity about 6.8 billion m3 about 12.2 billion m3 3 billion m3

Level of capital 
expenditures

3,75 billion USD 5,4 billion USD 750 m PLN 

Capital expenditures 
per unit

1.875 billion PLN/billion m3 about 1.50 billion PLN/billion m3 0.25 billion PLN/billion m3

Source:  PwC analysis on the basis of  ChemLog, GAZ-SYSTEM and CB&I data and press releases.

Remarks: estimated data – they do not take into account the value of money in time. The calculation is based on the assumption that outlays estimated 
for the project of connecting Poland and Slovakia are adequate also for the export function of the gas pipeline. The scale effect of infrastructure was dis-
regarded. It should be remembered that outlays for the investment with capacity other than the one indicated in the table will not change linearly, so the 
comparison of outlays per unit should be treated only as indicative.
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construction of new interconnectors joining the Pol-
ish system with neighbouring countries1. Among the 
analyzed investments was the project of connecting 
Poland with ‘Brotherhood’ gas pipeline. Initial techni-
cal analysis showed technical possibility of such con-
nection and total investment outlays were then es-
timated at about 750 million PLN2. It must be noted 
that this analysis was made with the assumption that 
the gas pipeline will have an import function and 
technical Poland-oriented capacity was meant to be 
about 3 billion m3 annually. Modification and adap-
tation of this project to export demand will presum-
ably change the results of the calculations, while the 
analysis mentioned permits the assumption of po-
tential expense amounts related to the investment. 
Additional verification of the costs of discussed in-
vestment may be provided by the results of tentative 
feasibility study for the connection Poland – Lithu-
ania published by GAZ-SYSTEM at the beginning of 
July 20123. According to the results of initial analysis, 
a total unit cost of constructing one kilometer of this 
pipeline will amount to about 4 million PLN, whereas 
for the mentioned above analysis of the connection 
with Slovakia this cost was 4.4 million PLN per 1 kilo-
meter, so there is no substantial discrepancy here.

For the execution of investment comprising the 
construction of a terminal for liquefying natural 
gas, the data may be quoted after international firm 
CB&I4 which specializes in projecting and execution 
of investments in the LNG segment. According to the 
data, a unit cost of the greenfield investment in a liq-
uefying terminal amounts to about 1.875 billion PLN 
for liquefying capacity of 1 billion m3 of natural gas.

A natural gas liquefying terminal in Poland could 
be located at the site of currently constructed re-gas-
ification terminal. Then, the cost of construction of 
liquefying installation will certainly be lower than 
the one indicated above. It results from the fact that 
some infrastructure which is already prepared for 
regasification purposes can be adapted for liquefy-
ing function – especially harbor infrastructure (piers, 
breakwaters) and LNG tanks. An example of utilizing 
the existing infrastructure of regasification terminal is 
the project of converting the Sabine Pass installation 

1 Source: Chemical Logistics Cooperation in Central and Eastern 
Europe. Feasibility Study. Cross-border gas pipeline for improving 
the logistics in Central and Eastern Europe. November 2010. Polish 
Chamber of Chemical Industry.

2 Investment outlays were estimated on the basis of 180 m EUR for the 
connection Strachocina – Velke Kapusany. The amount in PLN, at 
the rate: 1 EUR = 4.20 PLN.

3 Source: Gas Interconnection Poland – Lithuania (GIPL). Results of 
Business Case Analysis. GAZ-SYSTEM and Lietuvos Dujos. July 2012.

4 Source: CB&I. Current State & Outlook for the LNG Industry. Rice 
Global E&C Forum. September 2011.

Electric power – alternative 
way of natural gas export

Apart from the possibilities of natural gas export 
in its natural form presented in this article, an inter-
esting alternative has to be pointed out, i.e. export 
of gas in the form of electric energy, for generation 
of which it has been used. 

According to the data of Energy Market Agency1, 
in 2011 the total export of electric energy from Po-
land amounted to over 12 TWh (which was ab. 7.1% 
of total output). In the structure of net power gener-
ated in Poland in distribution into types of fuel, nat-
ural gas makes up at present only 3%2. An attempt 
to relate this contribution to the volume of energy 
export in order to estimate the equivalent of natural 
gas which was used in this way, in today’s reality will 
produce a very low result.

Taking into account that the scope of this arti-
cle is limited and we narrow the discussion to the 
terms of natural gas market changed by unconven-
tional gas, we can assume a substantial increase in 
generative power based on this fuel. Aggregation 
of published investment plans into new generative 
powers based on gas fuels in Poland points out to 
their joint potential of about 6.5 GW3. If all the in-
vestment plans are accomplished, it will not change 
the fact that natural gas will still play substantially 
smaller role in the structure of generative output 
than traditional coal fuels. 

However, if we take into consideration the flex-
ibility of operation of gas units and assume that the 
leading criterion deciding on energy export is the 
possibility of fast application of price arbitration 
among markets, it is just gas blocks that will provide 
the possibility of almost immediate reaction to the 
changing market conditions. 

Export of natural gas in the form converted into 
electric energy should be perceived only as an inter-
esting idea and potentially a kind of slight comple-
ment to the export of gas itself. On the other hand, 
if, for the purpose of this article, we assume that the 
total volume of last year’s export of electric energy 
was based on gas units, then, after conversion into 
natural gas equivalent the export would exceed 
1 billion m3.

1 Source: The Energy Market Agency S.A. Monthly bulletin – Statis-
tic Information about electric energy, December 2011

2 Source: the PwC and ING. Attractiveness of gas-fuelled power 
generation investments. May 2012

3 Source: the PwC and ING. Attractiveness of gas-fuelled power 
generation investments. May 2012
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in the USA where estimated outlays for the liquefy-
ing capacity of 1 billion m3 of natural gas amounts to 
1.5 billion PLN.

The possibility of utilizing the infrastructure which 
is being currently constructed in Swinoujscie will not 
change the fact though, that construction of a lique-
fying terminal will be much more capital consuming 
than gas pipeline investments.

Conclusions: which is the right way?

Historical conditions resulted in the fact that gas 
pipeline infrastructure in Central and Easter Europe 
was oriented to transmission of the Russian gas from 
the East to the West, mostly to German and Italian 
recipients. Paradoxically this feature, which has been 
usually pointed out as the key weakness of the trans-
mission system in our area, may become the source 
of benefits for Poland in the discussed context.

Relatively small scale of investments in connect-
ing the Polish transmission system to the ‘Brother-
hood’ pipeline in Slovakia would provide Poland with 
access to practically entire European market with 
substantial potential of available free transmission 
capacity, assuming that the role of the principal tran-
sit channel for the Russian gas will be taken over by 
the Nord Stream (potentially with the South Stream 

gas pipeline). Alternatively, assuming smaller export 
demands of Poland, the projects such as connec-
tions with German or Czech system can be consid-
ered, which also enable transmission to the Western 
markets, even though on a smaller scale.

Export direction by sea in liquefied form – in spite 
of expected larger investment outlays and conse-
quently larger unit transportation cost to European 
recipients – still constitutes an interesting alternative 
for the lack of barriers resulting from long term res-
ervation of transmission capacity in transmission sys-
tems in Europe and access to global sale markets.

The time for selection of optimal export routes 
will come at the time when uncertainty related to 
the future of unconventional gas will change into 
solid data concerning its potential of exploitation. 
This information will then allow Poland to undertake 
economically rational investment decisions. Regard-
less of the fact, in which direction goes the possibility 
of gas export from Poland, a great chance for Poland 
has to be emphasized in case of shale gas success 

– the meaning of Poland on political map of Europe 
will be growing in direct proportion to the volume of 
exported gas.

The author is a Manager  
at the PwC Business Advisory

Among the possibilities of exporting gas in liq-
uefied form, apart from the presented large scale 
liquefying installation, the construction of a small 
scale liquefying installation and re-export of LNG 
from Swinoujscie should be mentioned.

The idea behind these solutions is an assump-
tion that our objective is not to compete in the 
global markets but only the management of the 
local potential located within the basins of the 
Baltic and the North Sea. By the potential of this 
region one should understand the demand from 
existing and planned satellite regasification termi-
nals located chiefly in the Scandinavian countries 
as well as in the Baltic states. (Lithuania, Latvia and 
Estonia). 

Small scale liquefying installation – the 
concept of constructing LNG producing 
installation with capacity adapted to de-

•

mand in the region which would give the 
possibility of liquefying and export of nat-
ural gas located in the territory of Poland
Re-export of LNG – the concept based on 
the lack of own liquefying infrastructure. 
The LNG volumes arriving in Swinoujscie 
could be reloaded to smaller vessels and 
then directed to satellite regasification 
terminals. In this case, there would be no 
physical transfer of natural gas extracted 
in Poland, but with regard to trade bal-
ance, Poland would be an exporter of 
natural gas. 

Both indicated solutions are beneficial in their 
diametrically lower investment outlays for their ex-
ecution in comparison to a large liquefying installa-
tion, yet with much lower export potential. 

•

Small scale liquefying installations and re-export of LNG
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I n the current EU cohesion policy, the member 
states have allocated 3% (i.e. about 11 billion euro) 

of the budget for the power industry sector. The Pol-
ish power sector received 20% of this sum. Almost 
7.5 billion PLN1 of the EU resources were collected for 
this purpose as part of Operational Programme In-
frastructure and Environment (OPI&E) which is gov-
erned by the Ministry of Regional Development. The 
sum of 4.1 billion PLN was allocated for investments in 
energy security of the country, out of which 2.7 billion 
PLN  were intended only for the gas sector.

One of the key investments carried out within Op-
erational Programme Infrastructure and Environment 
is the construction of LNG terminal in Swinoujscie2, 

1 Out of which about 2.9 billion PLN in OPI&E was meant for invest-
ments in acquisition of energy from renewable sources and eff ec-
tiveness in energy sector.

2 The name of the OPI&E Project: The Construction of Liquefi ed Natu-
ral Gas Regasifi cation Terminal in Swinoujscie – unloading and re-
gasifi cation installation. 

From www.polskielng.pl: LNG (Liquefi ed Natural Gas) is a fuel pro-
duced from natural gas after removing pollution and then chang-
ing the state of matter under the infl uence of pressure and very low 
temperature – about minus 160°C (-270°F). Due to liquefaction, a 
very clean, colourless and odourless fuel is received, without toxic 
or corrosive properties. LNG contains mainly methane and small 
amounts of other hydrocarbons. LNG undergoes the process of 
regasifi cation, which is another transformation into gas through 
heating the material in liquid state. During this process, the gas vol-
ume becomes about 600 times bigger.

The development of gas sector based on the European Union resources

Record investments

The security of energy and fuel supplies is one of the EU 
priorities. It depends mainly upon the diversity of acqui-
sition sources. This is the reason why the European Com-
mission is focused on investments in this sector.

which will increase the supply of natural gas in Po-
land by half. The investment is to be completed by the 
middle of the year 2014. The Polskie LNG Company re-
ceived for this purpose 456 million PLN3 from the Pro-
gramme. In order to complete a part of the project, the 
company received also the EU funds from the so-called 
Recovery Plan. As a result, Poland will be able to re-
ceive about 5 billion m3 of natural gas annually4 by sea 
(after regasifi cation), which is about 1/3 of the annu-
al gas consumption in the country. Further, gas will 
be transmitted by pipeline or tankers (rail or road 
transport).

The construction of LNG terminal in Swinoujscie 
– the only one in this part of Europe – along with the 
investments (carried out by GAZ-SYSTEM S.A. com -
pany) which aim at expansion of natural gas transmis-
sion system are part of the EU plans concerning the 
construction of North-South corridor in Middle-East 
Europe. This corridor – by using internal gas pipeline 
systems of Poland, Czech Republic, Slovakia and Hun-
gary, and interconnectors – is to link LNG terminal in 
Swinoujscie with LNG Adria terminal in Croatia.

Owing to the EU fi nancial support, by the year 
2014 there will be about 1000 km of high pressure 
transmission gas pipelines in Poland. For the con-

3 Total cost of construction of the LNG terminal is about 3.5 billion 
PLN.

4 Currently Poland uses about 14 billion m3  of gas annually.
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struction of seven gas pipelines co-funded by OPI&E, 
the total estimated investment outlays will be about 
3.8 billion PLN. GAZ-SYSTEM S.A. company received 
about 775 million PLN from the Programme. Conse-
quently, the capacity of the transmission system and 
the possibility of transmitting gas fuel on a larger scale 
will increase. Gas pipelines subsidized by OPI&E com-
prise: Szczecin-Gdansk, Szczecin-Lwowek, Rem bel-
sz czyzna-Gustorzyn, Gustorzyn-Odolanow, Jele-
niow-Dziwiszow, Polkowice-Zary, Wloclawek-Gdy nia. 

Construction of these pipelines ensures better security 
of gas supply to consumers, it will create opportunities 
for gas market development by increasing the capa -
city of transmission system and appropriate conditions 
for expanding the distribution network.

– As a part of strategic investment programme of the 
GAZ-SYSTEM S.A., it is essential to execute projects con-
nected with adaptation of the grid to receive gas from the 
LNG terminal in Swinoujscie which is under construction. 
Owing to regulations of a special law concerning the con-
struction of LNG terminal, it was possible to speed up con-
siderably the pace of accomplishment of our investments 
connected with expansion of Polish transmission system. 
We consider also other investment projects which would 
integrate the transmission infrastructure in our part of Eu-
rope. We will make every eff ort to take into account the 
need for further transmission system expansion in Poland, 
also in the new fi nancial perspective for 2014-2020 – says 
Rafał Wittmann – the Manager of Development and 
Investment Department GAZ-SYSTEM S.A.

Until now, GAZ-SYSTEM S.A. has fi nished the con-
struction of two transmission gas pipelines Wloclawek-
Gdynia and Jeleniow-Dziwiszow of total length 
of 128.7 km. It was built with the EU funds of total 
sum of 65 mln PLN. The biggest gas pipeline suppor-
ted by OPI&E is the Szczecin-Gdansk5 section whose 

5 The project is carried out in four stages: Ploty-Karlino, Karlino-Kosza-
lin, Koszalin-Slupsk and Slupsk-Wiczlino.

Gas pipeline Wloclawek-Gdynia, the hub in Wiczlino (photo: GAZ-SYSTEM S.A.)

With the funds of the European Union Op-
erational Programme Infrastructure and 
Environment the transmission and distri-
bution network of natural gas and gas 
storage are being developed. Also, the 
LNG terminal in Swinoujscie is under con-
struction. Until now, 35 investments in the 
gas sector in the country were subsidized, 
the total sum of which was 2.3 billion PLN. 
The projects in energy sector are very time-
consuming because of their complexity 
and the eff ect on the environment. How-
ever, all the investments will be com- 
pleted by 2015.
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length is 265 km and it is subsidized with the sum of 
226.88 million PLN. By the end of 2013 the pipeline will 
meet the demand for gas in provinces: Western-Pomer-
anian, Pomeranian, Kuyavian-Pomeranian and Greater 
Poland, and it will also ensure cooperation with the un-
derground gas storage reservoirs.

In the future, this gas pipeline will cooperate 
with cavernous underground gas storage in Ko-
sakowo which is also subsidized from OPI&E. More-

over, as part of the Programme, the underground 
gas storage in Wierzchowice and Strachocin is ex- 
panded. The Polish Oil and Gas Company (PGNiG SA)  
received about 673 million PLN from OPI&E for car-
rying out these investments, which makes up almost 
half of the construction costs. Thanks to the EU finan-
cial support, the ability to store gas in the country will 
rise by over 50%, i.e. by 905 million m3 (by the mid-
dle of 2014). The expansion of single gas storage in 

Szczecin - Gdańsk

basic investments

Skoczów – Komorowice – Oświęcim Strachocina – Pogórska Wola

Hermanowice - 
Strachocina

Gustorzyn - Odolanów

Rembelszczyzna - Gustorzyn

Włocławek – Gdynia (inwestycja zakończona)

reserve 

Zdzieszowice - Wrocław

Jeleniów – Dziwiszów 
(inwestycja zakończona)

Lasów - Jeleniów

Polkowice - Żary

Szczecin - Lwówek

Wierzchowice - Czeszów

Gałów - Kiełczów

Lwówek - Odolanów

existing pipelines
GAZ-SYSTEM S.A.

pipelines under construction
GAZ-SYSTEM S.A.

The investments of Gaz-System Company co-funded by OPI&E. Source: GAZ-SYSTEM S.A.

Range of the investment “Szczecin-Gdansk Gas Pipeline”. Source: GAZ-SYSTEM S.A.



The Polish PeTroleum and naTural Gas markeT 2012

127

GAs: exploration, distribution, sales

Wierzchowice will produce the active storage capa-
city by 625 million m3.

In 2011 the expansion of underground gas stor-
age in Strachocina was completed. It is the fi rst fi n-
ished project among the investments carried out by 
PGNiG SA in the Operational Programme Infrastruc-
ture and Environment. The project was subsidized with 
the sum of 62.68 million PLN. In eff ect, the active store 
capacity increased by 120%, up to 330 million m3. The 
project is a part of PGNiG SA long-term investment 
plans in the area of Strachocina, comprising the expan-
sion of storage facility to the capacity of 1.2 billion m3.

– PGNiG SA received subsidies from OPI&E for the con-
struction of three natural gas storage facilities. The execu-
tion of these projects will increase the energy security of 
the country by providing gas supply to consumers in the 
case of failure in the gas supply system, and it will con-
tribute to a better balancing of seasonal irregularity in 
gas demand for the country economy – says Joanna Za-
krzewska, the PGNiG SA press spokesperson.

Investing in underground gas storage is a crucial 
element of gas system infrastructure development. It 
will enable strategic reserves of natural gas, which is 
unusually important in the case of Poland which is cur-

rently highly dependent upon the import of this fuel. 
Storage facilities will help to balance the seasonal ir-
regularity of gas consumption by consumers or the 
short-term local fl uctuation in its consumption.

Moreover, natural gas distribution networks are 
built or modernized with the fi nancial help of OPI&E 

Underground Gas Storage in Strachocina (photo: PGNiG SA)

Investments in gas sector in Poland are car-
ried out on a scale which can be compared 
only to the Polish post-war rebuilding period. 
In fi ve years` time, owing to the EU funds only, 
within the OPI&E, the distribution and trans-
mission network will be built and it will be ap-
proximately 2700 km long. It is worth noting 
that on average, 1000-2000 km of network 
were usually built in Poland within 10 years. In 
comparison to years 1970-2000 the pace of 
expansion of transmission and distribution 
gas pipelines is three times faster.
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in areas which have not been gasifi ed yet. By the year 
2015, more than 1.7 thousand km of distribution gas 
network will be subsidized from OPI&E. As a result, 
about 100 thousand people will have access to gas. 
Benefi ciaries of the subsidies are mostly regional gas 
companies.

The map „Natural gas distribution network” demon-
strates that within the OPI&E (red) projects are carried 
out not only in areas with no networks (white spots), 
but also in places where the necessity for conversion 
from using gas fuel is seen (from LPG to natural gas) 
and in regions where heating with solid fuel or oil is 
avoided, which will have a positive impact on the en-
vironment. These projects, mostly carried out in North-
Eastern Poland, are quite interesting, as on account of 
the lack of transmission network, the LNG regasifi ca-
tion stations will be used and gas will be distributed by 
the already existing or the newly built distribution net-
work. Therefore, there is a link to another great OPI&E 
Project – Construction of liquefi ed natural gas regasifi ca-
tion terminal in Swinoujscie, from which liquefi ed gas 
will be supplied.

Location of underground gas storage in the country. Source: PGNiG SA

– Further development of transmission in-
vestments and gas storage is unusually impor-
tant for energy security of Poland and other Euro-
pean Union countries – says Adam Zdziebło, 
Vice Minister for Regional Development. Al-
though the project package of cohesion policy 
regulations for 2014-2020 primarily presented by 
the European Commission does not propose any 
support for the gas sector from Regional Develop-
ment European Fund. Poland has taken action to 
include the transmission and distribution network 
and also the underground gas storage in the co-
hesion policy. However, we realize that inclusion of 
such a record in regulation projects will be very dif-
fi cult – emphasizes the minister.
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***
Operational Programme Infrastructure and Envi-

ronment is the biggest programme carried out by 
a member state in the history of the European Union 

– it is worth 37.7 billion Euro, out of which 28.3 billion 
Euro comes from the EU funds. In Poland more than 
1700 investments worth 168 billion PLN are carried 
out, and 87 billion PLN were received from European 
Funds. By the year 2015, a few hundred biggest in-
vestments in the most important sectors of Polish eco  -
nomy – transport, environment, energetics, health, 
culture and higher education – will be fi nanced from 
the Programme.

The signifi cance of this Programme for the country 
is shown in the number of projects which are counted 
among the so-called investments of the future. The ven-
tures involve such sectors as transport, energy and wa-
ter-sewage. Among 40 biggest investments in Poland 
which are to be fi nished until 2015, more than a half is 

funded by the Operational Programme Infrastructure 
and Environment.

More detailed information about gas investments 
co-funded by the Operational Programme Infrastruc-
ture and Environment is provided by the Oil and Gas 
Institute which serves as an implementing institution 
for activity 10.1 Transmission system development of 
electric energy, natural gas and oil, and construction and 
re-structuring of natural gas storage and activity 10.2 
Construction of natural gas distribution systems in non-
gasifi ed areas and modernization of the existing distribu-
tion networks. 

Contact: Centrum FEDE INIG (European funds for 
energy sector), kawa@inig.pl

Material prepared by Ministry of Regional 
Development (Managing Authority Operational 
Programme Infrastructure and Environment) 
www.pois.gov.pl

Natural gas distribution network. Source: the Oil and Gas Institute.
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Competition II
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Gas consumption [billion m3]

1965 1971 1981 1991 2001 2010 2011

Change 
2011 
over 
2010

2011 
share of 

total

US 432.7 617.1 549.5 553.9 629.7 673.2 690.1 2.4% 21.5%

Canada 22.7 38.8 50.7 67.7 88.2 95.0 104.8 10.3% 3.2%

Mexico 8.4 10.6 24.9 29.2 41.8 67.9 68.9 1.5% 2.1%

Total North America 463.8 666.5 625.1 650.8 759.8 836.2 863.8 3.2% 26.9%

Argentina 4.2 6.5 12.1 20.7 31.1 43.3 46.5 7.5% 1.4%

Brazil ^ 0.1 0.9 3.2 11.9 26.8 26.7 -0.3% 0.8%

Chile 0.6 0.7 0.7 1.5 7.3 4.7 5.3 11.7% 0.2%

Colombia 0.9 1.4 3.4 4.1 6.1 9.1 9.0 -0.8% 0.3%

Ecuador - 0.1 0.1 0.3 0.3 0.5 0.5 - ‡

Peru 0.4 0.5 0.8 0.4 0.4 5.4 6.2 15.2% 0.2%

Trinidad & Tobago 1.2 1.8 2.9 5.7 11.6 22.6 22.0 -2.7% 0.7%

Venezuela 6.8 7.5 14.9 21.9 29.6 32.4 33.1 2.3% 1.0%

Other S. & Cent. America ^ 0.1 0.4 0.8 2.3 5.4 5.2 -4.6% 0.2%

Total S. & Cent. America 14.2 18.5 36.0 58.5 100.7 150.2 154.5 2.9% 4.8%

Austria 1.8 3.4 4.8 6.8 8.6 10.1 9.5 -6.0% 0.3%

Azerbaijan n/a n/a n/a 14.7 7.5 7.4 8.2 9.6% 0.3%

Belarus n/a n/a n/a 14.0 15.7 19.7 18.3 -7.2% 0.6%

Belgium 0.1 5.2 9.1 9.7 14.6 18.8 16.1 -14.8% 0.5%

Bulgaria 0.1 0.3 3.8 5.0 3.0 2.6 2.9 14.5% 0.1%

Republic 0.3 1.0 3.5 5.9 8.9 9.3 8.4 -9.3% 0.3%

Denmark - - - 2.3 5.1 5.0 4.2 -16.2% 0.1%

Finland - - 0.7 2.6 4.1 3.9 3.6 -10.0% 0.1%

France 5.5 12.4 27.2 30.6 41.9 46.9 40.3 -13.9% 1.2%

Germany 2.9 19.8 54.9 62.9 82.9 83.3 72.5 -12.9% 2.2%

Greece - - - 0.1 2.0 3.7 4.5 24.3% 0.1%

Hungary 1.1 3.2 8.0 9.6 11.9 10.9 10.2 -6.8% 0.3%

Republic of Ireland - - 1.3 2.1 4.0 5.2 4.7 -10.5% 0.1%
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Gas consumption [billion m3]

1965 1971 1981 1991 2001 2010 2011

Change 
2011 
over 
2010

2011 
share of 

total

Italy 8.1 13.9 25.3 46.2 65.0 76.1 71.3 -6.2% 2.2%

Kazakhstan n/a n/a n/a 12.8 8.2 8.2 9.2 13.0% 0.3%

Lithuania n/a n/a n/a 5.4 2.8 3.1 3.4 9.0% 0.1%

Netherlands 1.4 22.0 32.0 38.6 40.0 43.6 38.1 -12.7% 1.2%

Norway - - 1.0 2.4 3.8 4.1 4.0 -2.1% 0.1%

Poland 1.6 6.4 9.2 9.3 11.5 15.5 15.4 -1.0% 0.5%

Portugal - - - - 2.6 5.0 5.1 1.8% 0.2%

Romania 15.3 24.8 37.8 24.7 16.6 13.6 13.8 2.0% 0.4%

Russian Federation n/a n/a n/a 418.2 366.2 414.1 424.6 2.5% 13.2%

Slovakia 0.3 1.0 3.5 5.4 6.9 5.6 6.2 12.3% 0.2%

Spain - 0.4 2.3 6.1 18.2 34.6 32.1 -7.2% 1.0%

Sweden - - - 0.7 0.7 1.6 1.3 -19.1% ‡

Switzerland - 0.1 1.0 2.0 2.8 3.3 2.9 -12.8% 0.1%

Turkey - - - 4.1 16.0 39.0 45.7 17.3% 1.4%

Turkmenistan n/a n/a n/a 9.3 12.5 22.6 25.0 10.4% 0.8%

Ukraine n/a n/a n/a 117.8 68.8 52.1 53.7 3.0% 1.7%

United Kingdom 0.8 18.2 45.4 56.6 96.4 94.0 80.2 -14.6% 2.5%

Uzbekistan n/a n/a n/a 36.0 49.6 45.5 49.1 7.9% 1.5%

Other Europe & Eurasia 116.6 199.1 385.2 24.2 15.3 16.2 16.6 2.7% 0.5%

Total Europe & Eurasia 155.9 331.2 655.9 986.4 1014.2 1124.6 1101.1 -2.1% 34.1%

Iran 7.3 9.7 5.7 22.7 70.1 144.6 153.3 6.1% 4.7%

Israel 0.1 0.1 ^ ^ ^ 5.3 5.0 -6.0% 0.2%

Kuwait 1.3 2.1 4.7 0.5 10.5 14.5 16.2 11.5% 0.5%

Qatar Katar 0.1 1.0 4.2 7.6 11.0 20.4 23.8 16.4% 0.7%

Saudi Arabia 0.6 1.3 11.3 35.2 53.7 87.7 99.2 13.2% 3.1%

United Arab Emirates - 1.3 6.2 20.4 37.9 60.8 62.9 3.5% 1.9%

Other Middle East 0.8 1.7 3.6 11.8 23.7 44.0 42.7 -3.0% 1.3%
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Gas consumption [billion m3]

1965 1971 1981 1991 2001 2010 2011

Change 
2011 
over 
2010

2011 
share of 

total

Total Middle East 10.2 17.3 35.7 98.3 206.8 377.3 403.1 6.9% 12.5%

Algeria 0.8 1.1 14.8 20.0 20.5 26.3 28.0 6.5% 0.9%

Egypt ^ 0.1 2.4 9.1 24.5 45.1 49.6 10.0% 1.5%

South Africa - - 0.2 0.3 1.2 3.9 4.3 8.9% 0.1%

Other Africa 0.2 0.6 6.4 10.6 17.6 31.5 27.9 -11.6% 0.9%

Total Africa 1.0 1.8 23.9 40.0 63.8 106.9 109.8 2.7% 3.4%

Australia ^ 2.6 12.1 16.2 22.0 25.7 25.6 -0.4% 0.8%

Bangladesh - - 1.6 5.3 10.7 19.9 19.9 -0.1% 0.6%

China 1.1 3.7 12.7 15.9 27.4 107.6 130.7 21.5% 4.0%

China Hong Kong SAR - - - - 3.0 3.8 3.1 -20.4% 0.1%

India 0.2 0.7 2.1 13.4 26.4 61.9 61.1 -1.2% 1.9%

Indonesia 0.5 1.3 7.0 19.5 31.0 40.3 37.9 -5.9% 1.2%

Japan 1.7 3.7 24.1 50.8 74.3 94.5 105.5 11.6% 3.3%

Malaysia - 0.1 1.3 11.6 25.2 31.9 28.5 -10.5% 0.9%

New Zealand - 0.1 1.0 4.7 5.9 4.3 3.9 -10.0% 0.1%

Pakistan 1.8 3.5 7.8 13.2 22.7 39.6 39.2 -1.2% 1.2%

Philippines - - - - 0.1 3.1 3.6 16.0% 0.1%

Singapore - - - - 0.9 8.4 8.8 4.4% 0.3%

South Korea - - - 3.5 20.8 43.0 46.6 8.3% 1.4%

Taiwan 0.2 1.1 1.6 3.1 7.3 14.1 15.5 10.1% 0.5%

Thailand - - 0.3 8.1 24.8 45.1 46.6 3.3% 1.4%

Vietnam - - ^ 0.1 2.0 9.4 8.5 -9.2% 0.3%

Other Asia Pacific 0.2 0.5 2.2 2.4 3.8 5.3 5.7 7.3% 0.2%

Total Asia Pacific 5.8 17.3 73.9 167.7 308.4 557.9 590.6 5.9% 18.3%

Total World 650.9 1052.7 1450.5 2001.6 2453.6 3153.1 3222.9 2.2% 100.0%

 ^  less than 0.05
 ‡  less than 0.05% Source: BP Statistical Review of World Energy 2012
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Gas production  
[billions m3]

Gas consumption  
[billions m3]
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Gas consumption 
per capita in 2011 

[Tonnes oil equivalent]

Source: BP Statistical Review of World Energy 2012
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The main directions in
natural gas trade in 2011

[in bilions m3]

Source: BP Statistical Review of World Energy 2012
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Natural gas: Proved reserves at end 2011
[in trillion m3]

Source: BP Statistical Review of World Energy 2011
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Distribution of confi rmed natural gas resources in 2011 
– 208.4 trillion m3 total

Distribution of confi rmed natural gas resources in 2001
– 168.5 trillion m3 total

Distribution of confi rmed natural gas resources in 1991
– 131.2 trillion m3 total

Source: BP Statistical Review of World Energy 2011
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I n case of conventional engine fuels, the emission 
of greenhouse gas occurs not only at the moment 

of fuel combustion in the engine – it is also gener-
ated during oil processing in a refi nery and its ex-
traction or transport. This is the reason why the LCA 
method (Life Cycle Assessment described in the 
PN EN ISO 14044:2009 norm) is used for estimating 
the infl uence of petrol or diesel fuel on the environ-
ment. In view of the necessity of laws which would 
stimulate the GHG emission reduction, the Europe-
an Parliament and Council Directive 2009/30/EC of 
23 April 2009, among other things, introduces the re-
quirement of GHG emission (which is counted in the 
fuel life cycle) reduction by maximum 10% by 31 De-
cember 2020. This goal might be achieved also due to 
the use of biofuels.

Biofuels reduce not only the greenhouse gas emis-
sion, but also the dependence upon the fossil fuels 
and they have an infl uence – owing to the cultivation 
of plants which are intended for their production – on 
country land activation. The development of this in-
dustry branch should contribute to an increase in in-
novation and economic activity. It is expected then 
that apart from achieving goals of ecological nature, 
some positive changes of economic-social nature will 

Sustainable development issues of the biofuel market

Biofuels – a chance or threat to 
the natural environment?

DELFINA ROGOWSKA, ARKADIUSZ MAJOCH

Currently, there are numerous discussions in the world concerning the 
infl uence of human activity on global warming and climate change. Al-
though opinions on legitimacy of limitation of GHG emission vary, glob-
al-scale actions are taken which aim at reduction of greenhouse gas 
emission. One of the tools which, among other things, is supposed 
to achieve this goal are biofuels, used for powering car engines.

also be noticeable. However, biofuel production also 
contributes to generating the greenhouse gas emis-
sion. Fig. 1 demonstrates schematically the GHG emis-
sion generated at particular stages of the life cycle for 
conventional fuels and biofuels.

Greenhouse gas emission at the stage of oil extrac-
tion is generated mainly by combustion in torches and 
direct emission of deposit gas to atmosphere [1], un-
intentional and uncontrolled emission which occurs 
on valves, device gaskets and apparatus [1] connected 
with machine and device work. Crude oil processing 
in a refi nery to produce petrol and other products also 
requires incurring energy expenditures, and as a con-
sequence – generates greenhouse gas emission, just 
like transport and ready fuel distribution, though this 
stage is not that essential. However, the most signifi -
cant is the last stage in petrol life cycle – combustion 
in a car engine.

Biofuels are perceived as a method for reduction 
of greenhouse gas emission generated in produc-
tion and use of conventional fuels. However, their 
production also requires energy expenditures and it 
is inevitably connected with greenhouse gas emis-
sion. The assessment of this value and determination 
of other aspects of the infl uence of increased biofuel 
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production on natural environment is taken into ac-
count when estimating environment-friendly biofuel 
properties.

GHG emission in biofuel life cycle

The biofuel production cycle – from the agricultur-
al producer to biofuel manufacturer – is often called 

“the supply chain”. The GHG emission distribution in 
particular links is different, depending on the mate-
rial type and production technology. Ordered by the 
European Commission, JEC Consortium estimated the 
GHG emission at particular stages [2]. On the basis of 
achieved by [2] values, the diagram (Fig. 2) presents 
the distribution of the GHG emission in the life cycle of 
selected paths of biofuel production.

In Fig. 2, particular biofuel production paths were 
marked on the x-axis:

FAME from rape oil, oilseed cake and glycerine, 
considered in allocation on energy basis.
Ethanol from sugar beets, sugar beet pulp, con-
sidered in allocation on energy basis, disregard-
ing biogas from distilling extract.

1.

2.

Ethanol from sugar beets, sugar beet pulp, con-
sidered in allocation, allocation on energy basis, 
including biogas from distilling extract.
Ethanol from wheat, natural gas as fuel, DDGS 
taken into account in allocation on the basis of 
energy.
Ethanol from wheat, natural gas as fuel, with the 
use of turbine and cogeneration, DDGS taken 
into account in allocation on the basis of energy.
Ethanol from wheat, brown coal as fuel with the 
use of cogeneration, DDGS taken into account on 
the basis of energy.
Ethanol from wheat, straw as fuel with the use of 
cogeneration, DDGS taken into account in alloca-
tion on the basis of energy.
Ethanol from sugar cane (allocation not required, 
biogas excess not examined).
Ethanol from corn, natural gas as fuel with the 
use of turbine and cogeneration, DDGS taken 
into account in allocation on the basis of energy.

In the case of FAME obtained from rape oil, etha-
nol from rye and corn, it has been assumed that the 
route of grain transport from the agricultural produc-
er to the processing plant is 50 km, while in the case 

3.

4.

5.

6.

7.

8.

9.
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Fig. 1. GHG emission in a life cycle of conventional fuels and biofuels
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of ethanol from sugar beets the distance is 30 km. For 
ethanol produced from sugar cane, the transport to 
sea harbour has been taken into account (the distance 
of 700 km has been assumed) and sea transport and 
distribution in the EU area (10 186 km to a harbour in 
Europe and 150 km to storage reservoirs and 150 km 
from storage reservoirs to the receiver).

According to Fig. 1, the fi rst link of the chain where 
the greenhouse gas emission appears is the plant cul-
tivation intended for energy purposes; for domestic 
biofuels these are e.g. rape, rye or corn. The emission 
arising at this stage results not only from combustion 
of fuels which are used for powering machines and 
agricultural equipment, but it is also brought with 
chemicals and fertilizers, mainly N2O emission [3]. The 
contribution of this volume is signifi cant, sometimes 
it constitutes more than 50% of total emission in a 
life cycle. The calculations disregard carbon dioxide 
which is assimilated by the plants and the one which 
is released to the atmosphere as a result of biofuel 
combustion.

In the case of ethanol from sugar cane, the emis-
sion generated during transport by sea – also to the 
harbour, is a signifi cant item. Despite that, this etha-
nol is characterized by relatively low GHG emission in-
dex. The highest emission value was found for ethanol 
produced from wheat, with the use of brown coal as 
boiler fuel.

For particular biofuels, the GHG emission generat-
ed at the stage of biomass processing – biofuel pro-
duction, is varied depending on applied technology, 
boiler fuel and on the method of using other prod-

ucts generated in this process. If they are treated as 
by-products, their further management is defi ned and 
executed, and GHG emission arising in the process is 
allocated to them as well (by the same, it results in re-
duced emission attributed to the biofuel). The GHG 
emission is not ascribed to waste products.

The values obtained in calculations are compared 
to the emission generated also by conventional fuels 
in the life cycle. In this way, the estimation of degree 
of ability to reduce greenhouse gas of biofuels is 
possible in relation to fossil fuels.

ILUC

The view on biofuels presented above, despite 
relatively high extensiveness, does not give a full im-
age of the infl uence of biofuels on the natural envi-
ronment. With growing demand for biofuels, also 
increased acreage for energy plants cultivation is 
needed. Moreover, despite systematic rise in crop 
productivity per hectare, it seems essential to map 
out new areas for cultivation of plants for food pur-
poses, which results in changes in the ecosystem. 
This phenomenon is called the ILUC (Indirect Land 
Use Change) and concerns the changes in the use 
of lands in any location, as a consequence of actions 
promoting the development of RES. Relocation of ag-
ricultural production for food purposes to another 
area, changing its natural ecosystem to agricultural 
areas might be an example [4, 5]. 

Fig. 2. Distribution of GHG emission in the life cycle, for selected paths of biofuel production
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Indirect infl uence of changing the land use on 
emission is quite diffi  cult for quantitative estimation. 
According to the authors of report “Bioenergy, Land Use 
Change and Climate Change Mitigation” [4], changes in 
the way of land use which accompany mainly defor-
estation and expanded production for food purposes, 
make up about 15% of global GHG emission.

Another vital aspect, apart from the land use 
change, is the degradation of areas of high natural val-
ue, protected areas which are habitats of wild animal 
and bird species, and areas with high biological diver-
sity. These changes are diffi  cult, or even impossible to 
determine with measurable values.

Sustainable development 
criteria – RED directive

Having been introduced to the above mentioned 
issues, the following refl ection appears: it is necessary 
to fi nd the ”golden rule”, something like a compromise 
between the need for increasing the biofuel contribu-
tion and preservation of the air and areas of great natu-
ral interest. This task has been undertaken by the Euro-
pean Commonwealth by implementing the European 
Parliament and Council Directive 2009/28/EC of 23 
April 2009 concerning the promotion of energy from 
renewable sources which changes and – as a conse-
quence – overrules the directives 2001/77/EC [6]. This 
Directive is often referred to as “RED”, meaning: Renew-
able Energy Directive. The Directive assumes that the 
contribution of renewable energy source in the Com-
monwealth, by the year 2020, will amount to 20% of 
fi nal gross consumption, including 10% in the trans-
port sector. On the one hand, the directive has a great 
importance for increased energy security, technologi-
cal and innovative development support and it should 

contribute to higher employment and the possibility 
of regional development, especially in the rural and 
isolated areas [6]. On the other hand, by introducing 
regulations which stimulate biofuel production, it was 
also necessary to defi ne restrictions for natural envi-
ronment protection. That is why the 17th article of the 
RED directive introduces “the sustainable development 
criteria” (SDC).

On account of a high diversifi cation of biofuel mar-
ket in Europe, the European Commission in the An-
nouncement [7] elaborated the necessity for meeting 
SDC for biofuels and bioliquids which are:

counted towards the national general target 
on the strength of the Directive concerning 
renewable energy sources1;
used in order to fulfi ll the duty of using energy 
from renewable sources2;
covered by fi nancial support promoting the 
use of biofuels and bioliquids3;
counted towards the target specifi ed by the 
Directive concerning fuel quality, with ref-
erence to greenhouse gas emission (only 
biofuels)4;
covered by investments and/or operational 
help in accordance with EU directives con-
cerning the country’s support of environment 
protection (concerns biofuels only);
considered as a part of regulations which con-
cern vehicles powered with alternative fuel 
and included in the Directive concerning the 
reduction of CO2 emission from passenger cars 
(concerns bioethanol E85 only)5.

Sustainable development criteria according to RED 
can be divided into two areas: the fi rst concerns the 
ability of biofuel to reduce greenhouse gas emission 
in the life cycle when compared to the fossil equiva-
lent, while the other concerns the protection of areas 
where plants are cultivated for biofuel production. The 
criteria were defi ned in fi ve main points, quoted below 
after RED [6].

The above mentioned regulations mean that in 
practice only those biofuels will be used which dem-
onstrate the ability to reduce greenhouse gas emission 

1 Article 17 act 1 letter a). Results from the notion of ”fi nal energy use” 
in accordance with the directive (EC) no. 1099/2008 biofuels used in 
international air transport are counted in this category (off ered for 
sale in one of the member states), but not used any more in the sea 
transport.

2 Article 17 act 1 letter b) – according to the defi nition included in ar-
ticle 2 act 1 of the directive concerning renewable energy sources.

3 Article 17 act 1 letter c) – usually: as part of the national plan of sup-
port.

4 Article 7a Directive concerning the fuel quality.

5 Article 6 of (EC) directive no 443/2009.

1.

2.

3.

4.

5.

6.

With growing demand for biofuels, 
also increased acreage for energy 
plants cultivation is needed. 

Moreover, despite systematic rise 
in crop productivity per hectare, it 
seems essential to map out new 
areas for cultivation of plants for 
food purposes, which results in 
changes in the ecosystem. 
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I. Reduction of greenhouse gas emission 
with the use of biofuels and bioliquids by 
at least 35%.

Beginning with the 1st of January 2017, the re-
duction of greenhouse gas emission resulting from 
the use of biofuels and bioliquids, considered for the 
purposes described in section 1 letter a), b) and c) of 
RED directive, is at least 50%. From the 1st of January 
2018 the greenhouse gas emission reduction reach-
es at least 60% for biofuels and bioliquids produced 
in installations which began production on the 1st 
of January 2017 or later.

II. Biofuels and bioliquids do not originate 
from materials obtained from areas of 
high biodiversity, i.e. areas that in January 
2008 or later had the following status, in-
dependently of the fact whether they still 
have it or not:

primeval forests and other forested soils, i.e. for-
ests and other forested land with native species, 
with no clearly visible marks of human activity, 
where the ecological processes have not been 
significantly disturbed;
areas designated for:

purposes of environment protection, either 
enacted or ordered by proper authorities; or
the protection of rare, endangered or seri-
ously endangered ecosystems or species ac-
knowledged as such by international agree-
ments or contained in registers prepared by 
intergovernmental organizations or Interna-
tional Environment Protection Union, on con-
dition that they are acknowledged accord-
ing to article 18 section 4, second paragraph, 
unless there is evidence that production of 
these materials does not violate the purpose 
of environment protection;

grass-covered areas of a high biodiversity, that is:
natural – grass areas which remain grass areas 
if no human intervention occurs and which 
preserve natural species composition and 
ecological features and processes; or
artificial – grass areas which cease to be grass 
areas without human intervention and which 
are rich in species and are not degraded, un-
less there is evidence that crops of materials 
are necessary in order to keep their status of 
grass-covered areas.

III. Biofuels and bioliquids do not originate 
from materials obtained from areas rich 

1.

2.
»

»

3.
»

»

in carbon element, that is areas which in 
January 2008 had one of the following sta-
tuses, but do not have it any more:

marshy areas, that is areas covered or soaked 
with water constantly or for a considerable pe-
riod of time during the year;
areas constantly forested, i.e. areas of more 
than one hectare with trees higher than five 
meters and whose tree crowns cover the area 
of more than 30%, or trees which can reach the 
values in situ;
areas which cover more than one hectare with 
trees higher than five meters and whose tree 
crowns cover between 10% and 30%, or trees 
which can reach the values in situ,  
unless there is evidence that the area before 
and after transformation has such an amount 
of carbon element that having applied the 
methodology described in part C of annex V 
of the RED directive, conditions could be met 
which concern the reduction of greenhouse 
gas emission.

Regulations of this section will not be used, if – at 
the time of obtaining the material, the area had the 
same status as in January 2008.

IV. Biofuels and bioliquids are not pro-
duced from materials obtained from areas 
which were peat bogs in January 2008, 
unless there is evidence that at the time of 
cultivation and harvesting of these materi-
als there was no reclamation of the previ-
ously non-reclaimed soils.

V. Agricultural materials cultivated in the 
Commonwealth and used for biofuel and 
bioliquid production, are obtained in ac-
cordance with requirements and standards 
described in regulations specified in the 

”Natural environment” in part A and in item 
9 of annex II to the Council directive (EC) no. 
73/2009 of 19th January 2009 which enacts 
common regulations for direct support sys-
tems for farmers as part of common agri-
cultural policy and enacting specific direct 
support systems for farmers (Journal of Laws 
L 30 of 31.1.2009, page 16) and also, in ac-
cordance with minimum requirements con-
cerning good agricultural culture principles 
in keeping with environment protection, as 
defined in article 6 section 1 of this directive.

1.

2.

3.
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at appropriately high level and those produced from 
plant materials, the cultivation of which was not harm-
ful for the natural environment. Directive 2009/28/EC, 
apart from a set of requirements, imposed on the eco-
nomic entities the requirement of submitting appro-
priate information and conducting its independent 
audit. By the same, the necessity of biofuel certifica-
tion appeared which would confirm the conformity 
with sustainable development criteria according to 
the RED requirements.

Biofuel certification

The RED Directive, among other things, requires 
certification systems which would confirm the com-
pliance of material origin, technology and goals with 
the sustainable development criteria. Detailed regula-
tions concerning biofuel certification were published 
in the European Commission announcement which 
appeared in June 2010 [10]. According to the present 

legislation, it is the duty of economic entities to prove 
that the particular biocomponent/biofuel meets the 
sustainable development criteria. There are three ways 
to meet the criteria:

by providing data to the proper national author-
ity in accordance with the requirements which 
were established by the member state (as a part 
of the “national system”); 
by using ”voluntary system” accepted for this pur-
pose by the European Commission; 
in accordance with conditions of bilateral or 
multilateral agreement signed by the Union with 
third countries, accepted by the Commission for 
this purpose.

The Polish ”national system” is in progress of draw-
ing up; the requirements of the RED directive will be 
implemented when the amendment to the act con-
cerning biocomponents and liquid biofuels comes 
into force. However, the last year noted a significant 
development of voluntary certification systems ap-
proved by the European Commission. 

•

•

•
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Voluntary certification systems

The essence of every acknowledged system is the 
emphasis on the compliance with requirements relat-
ed to the natural environment and good agricultural 
practice in agricultural production for energy purpos-
es and preservation of biological diversity. 

The equivalence of compliance with requirements 
may be executed by means of certification process by 
entities which approve of the system in which system 
procedures had been implemented. The basic element 
of such procedures is the requirement of action trans-
parency and flow of information, considering the basic 
group of interested parties. Also, the qualifications of 
auditors have been defined, usually confirmed, among 
other things, by completed courses with regard to 
norms PN-EN ISO19011: Guidelines concerning audit-

ing of management systems [8]. The certifying units 
and auditors play one of the most important roles in 
implementation of the RED directive and certifica-
tion of companies by analyzing the proofs presented 
by the businessman stating that the biofuel fulfills the 
SDC. The audit is carried out on the principles of: im-
partiality, independence, competence, and granting 
the certificate is based on the audit report.

The auditors accepted and appointed, in the certifi-
cation procedure estimate the compliance level of the 
future system participant; the statement of inconsis-
tency with sustainable development criteria leads to 

refusal to grant the certificate. The indicator for such 
conduct are defined inconsistency categories (serious, 
small). Serious inconsistencies have to be corrected, 
otherwise the certificate in the procedure of super-
vision over the system might be suspended for a de-
fined period of time, and eventually – withdrawn.

In audit procedures it is required to estimate a part 
of the system participants’ activity which is directly 
contained in the sustainable development criteria; 
procedures being drawn up constitute guidelines for 
each party (system participants) on how to obtain and 
estimate the conditions for producing biocomponents 
and biofuel in accordance with requirements of prop-
er country regulations. In Poland such regulations are 
presently at the stage of elaboration by the Ministry of 
Economy and are currently available in the form of The 
project of the act on biocomponents and liquid biofuels 

and some other acts. Especially it concerns the estima-
tion of risk in case the requirements are not fulfilled, 
and consequently, the possibility of cases of inconsis-
tency which prevent granting or retaining the certifi-
cate. The preferred method of granting the certifica-
tion is the audit by a third party. Additionally, it is also 
indicated that this process should be carried out on 
the principles of confidentiality, objectivity and impar-
tiality, in accordance with the norm PN EN ISO45011: 
General requirements concerning units which deal 
with product certification systems [9]. In case of this 
requirement, the key issue is referring to the estab-
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lished statistic test as part of certification procedure 
and identification of the chain flow of materials, prod-
ucts, waste and other streams, crucial for the estima-
tion of compliance with the said criteria. 

All the entities which appear in the biofuel sup-
ply chain are subject to compliance with the SDC re-
quirements. The first link of this chain is, as already 
mentioned, the agricultural producer. Depending on 
accepted specific solutions in a particular voluntary 
certification system, the farmer is either a certified en-
tity, or is only subject to the audit. In the other case, 
audit is performed when grain storage is certified (the 
first collecting point) – the next link in the chain.

It is acceptable to make estimations according to 
three methods. The first involves making the audit 
mainly with smallholders and organization of produc-
ers and cooperatives. Certification is the only way of in-

cluding to the system of many smallholders and their 
contribution in the market of products covered by cer-
tification system, which can considerably reduce the 
certification costs.

The second method is multilateral certification 
which covers the whole chain and which begins from 
the agricultural producer; including also middlemen, 
manufacturers, subjects who buy and store and pro-
ducers. It is worth noting that such a chain must be 
managed top-down and needs to have implemented 
rules and procedures of internal audit. In such a case, 
the certificate is granted to one of the entities and cov-

ers all the defined participants registered in different 
locations. The certificate might be owned by a compa-
ny which purchases and stores the material and which 
has signed contracts with the remaining participants 
of the system.

The last method is the group audit (concerning 
agricultural producers) in which the procedure be-
gins from the purchase centre or middleman and the 
others are taken into account in the audit depend-
ing on relations which result from contracts and 
agreements.

It is required that the audit of the supervision unit 
should be carried out at least once, in regular time in-
tervals. The decision concerning the entitlement for 
using the certificate should be made public. The last 
requirement for biofuel certification is obligatory ac-
ceptance of certificates issued by other recognized EU 

systems, which would speed up the procedure, espe-
cially with a wide geographical range of the flow of 
certified materials and products. 

It is essential that the above issues: of biofuel cer-
tification, requirements of collecting samples during 
the audit and the verification level, consultations with 
the interested parties, procedures of submitting re-
marks, are not mentioned in the RED Directive or have 
been marked as potential solutions. Many of these is-
sues have been specified in announcements and deci-
sions which accompany the Directive [10, 11, 12]. The 
analysis of documents makes one aware of the com-
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plexity of biofuel certification problems in accordance 
with SDC.

Introducing the requirements of selected certi-
fication system to a company and the necessity to 
carry out certification generates additional costs. It 
is worth pointing out that in the scope and content 
of the above mentioned aspects, the market charac-
ter of the requirements can be found in accordance 
with the sustainable development criteria and these 
aspects can be perceived in categories of influence on 
competitiveness of certified materials and products. 
The significance of biofuel certification is vital for the 
internal organization of the company which is the sys-
tem participant, but should also be easily identified in 
a market. Introducing certification system in the exter-
nal area ought to make the product distinct because of 
meeting the market requirements or compliance with 
the binding law. On the other hand, it is expected that 
the system will be associated with receiving a price bo-
nus whose main beneficiaries are the first entities in 
the product life chain, i.e. agricultural producers.

Summary

Presented material does not provide an explicit an-
swer to the problem presented in the title of the arti-
cle: are biofuels a chance or a threat to the natural en-
vironment? The biofuel market development creates 
opportunities for activation, especially in the rural ar-
eas, it should be the stimulus for innovation, it should 
create a new sector with many new jobs. Also, the fact 
of reduced dependence upon fossil fuels cannot be ig-
nored. On the other hand, it is necessary to avoid ex-
cessive exploitation of the natural environment. 

The definition of sustainable development criteria 
have been formed in order to avoid the natural envi-
ronment degradation with the assumed increase in 
biofuel production. Is it possible to achieve? Each EU 
member country implements the RED decisions and as 
a result, it requires that all biocomponents used for fuel 
production should meet the relevant requirements. It 
gives the Directive a global range because it imposes 
on the providers even from outside Europe the duty to 
prove they meet the SDC. The Directive was published 
three years ago and is systematically implemented in 
all the countries, in Poland as well. It covers numerous 
areas comprising agricultural production and biomass 
conversion to fuel products. Considering the fact that 
such approach to biofuels is relatively new, it cannot be 
ruled out that as a result of gained experience it will be 
necessary to make corrections in the RED regulations.

Sustainable development criteria do not cover all 
the issues connected with biofuels. Those concerning 
the quality or compatibility with car engine elements 
and powering system have been omitted.

Essential for biofuel success in Europe are also eco-
nomic and social aspects. High manufacturing costs, 
increased due to certification process make the biofu-
els less competitive in relation to conventional fuels.

To sum up, the chance of development of the bio-
fuel market cannot be explicitly denied, whether in 
Poland or in Europe. The activities carried out at pres-
ent should stimulate the development and the search 
for new, more environment-friendly paths for biofuel 
production.

The authors are research workers of the Oil and 
Gas Institute in Krakow
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The offer of Brenntag Polska

Brenntag Polska is the largest distributor of chemicals in Poland. Our products are used 
in nearly all branches of industry. Our offer comprises standard and speciality chemicals, 
plastic and rubber, and technical support to aid the effective business of our clients, such as 
management of returnable and non-returnable packages, collection of industrial waste and 
its chemical utilization, packaging to bulk containers, and many other things.

Brenntag Polska is one of many companies of the Brenntag Group, the world leader in dis-
tribution of chemicals, which gives us direct access to sources of materials and worldwide 
technologies and a strong position in relations with our suppliers.

As part of services rendered, we can make available to you 15 storage facilities which are 
located in different parts of Poland, and our team which will perform reliable technical ex-
pertise in each of the presented fields. Brenntag and its Oil and Gas branch can provide you 
with all chemical solutions, whether they are products for making the drilling fluids, fluids 
for heating and cooling installations or chemicals used in extraction.

Our strong international structure ensures our clients the widest choice of products in the 
market at attractive prices and advantageous terms for cooperation.

Responsible for technical support of the oil and gas sector in Poland is the Oil and Gas 
Technology Division of Brenntag Polska whose team are competent and obliging partners, 
always ready to help with respect of offered technology and products.

Apart from assistance in selection of necessary materials and technology, our specialists 
will provide you with professional technical support, both at the stage of implementation 
and standard exploitation of the systems which make use of our products. The technical 
team are at your disposal and ready to assist you with reference to product application, 
solving the issues related to the system operation, monitoring strategies and area verifica-
tion studies.

The tasks of our team involve preparing the reports of corrosion monitoring and coordina-
tion of requirements concerning laboratory tests. Brenntag Polska own the essential base: 
logistic infrastructure and technical equipment, including analytical and research labs and 
highly professional staff.
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We recommend our website with interesting information about Brenntag Polska and ex-
tensive presentation of our offer with product specification. Registered users can also take 
advantage of the online tools which facilitate fast communication with our team and ensure 
monitoring of financial operations as part of our cooperation.

The offer of Brenntag Polska contains a variety of special products to eliminate problems 
encountered in the oil business.

The product range comprises:
Inhibitors and dispersants of paraffin and asphaltenes
Corrosion inhibitors – continuous and batch treatment
Hydrate inhibitors
Organic sediment inhibitors
Demulsifiers – continuous and batch treatment
Hydrogen sulphide neutralizers
Dispersants of asphaltenes and iron sulfates
Foaming agents
Biocides

Another range of products offered by Brenntag Polska are those used in drilling: 
Thickeners
Protective colloids
Weighting materials
Deflocculants
Lost circulation materials
Clay Inhibitors
Hydrogen sulphide and oxygen neutralizers
Anti-foaming agents
Surfactants 
Functional additives

 

Further information on our offer can be found on our website www.brenntag.pl in section: 
Oil and Gas – Products.

•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
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I t is estimated that in Europe, where consump-
tion of lubricating greases amounts to 4.5 million 

Mg (tons), about 600 thousand Mg gets into soil or 
groundwater. In the United States, with global lubri-
cating grease consumption at the level of 9 million Mg, 
about 1.5 million Mg [1, 2] is irretrievably lost. However 
in Switzerland, which is the leader in respect of natu-

ral environment protection, out of 60 thousand Mg of 
used lubricating greases almost 40 thousand under-
goes the recycling process, and only 4 thousand Mg is 
irretrievably lost [1, 2].

Biodegradable oils and lubricating greases

Ecology in the national railways

ANNA ZAJEZIERSKA

The legal orders introduced in the recent years and increased ecological 
consciousness and environment-friendly policy result in wider use of bio-
degradable agents in economy: for lubricating machines and devices op-
erating in water intake areas, forest areas, national parks and other places 
where contamination cannot be allowed. They may also be applied in 
machines and devices greased through, from which used oil cannot be 
collected; these oils are irretrievably lost, polluting the environment.

Currently, the use of biodegradable lubricating 
greases, apart from traditional areas, is extended to 
new areas of economy; these greases are introduced 
in industry, road and rail transport.

The progress which takes place in the fi eld of al-
ternative lubricating greases is also observed in estab-
lishing the new criteria which should be taken into 
consideration when formulating fi nal products, i.e.: 
biodegradability, bioaccumulation, toxicity, ecotoxic-
ity, emission to the atmosphere [1, 2]. In publications, 
it is even suggested that the consumer`s conscious-
ness should be urgently changed, and the consumer 
should rather use the notion of “environmental accept-
able lubricating grease” [1]. 

In the long-term, modern solutions, in friction pair 
of machines and devices, in the applications in which 
it is justifi ed, alternative lubricating greases should be 
applied, like the “for-life-lubrication”. It is suggested 
that these lubricants should be used in the so-called 

“life cycle” by collecting the used oils to put them 
through the recycling process by means of fractioning 
distillation, and their chemical composition should be 
changed in technological processes and directed – as 
secondary material – to blending and distribution and 
repeat exploitation [1].

Currently, the use of biodegrad-

able lubricating greases, apart 

from traditional areas, is extended 

to new areas of economy; these 

greases are introduced in industry, 

road and rail transport.
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Components of biodegradable 
lubricating greases

For production of biodegradable lubricating greas-
es the following oil types are used:

ester oils of natural origin, mainly rape oil, soya oil 
and sunflower oil;
synthetic esters, mainly esters of dicarboxylic 
acid and esters of monoalcohols, esters of low 
molecular monocarboxylic acids and polyalcohol 
esters [1-4].

The most significant are the lubricating greases 
which are produced with the use of rape oil charac-
terized by appropriate anti-wear and anti-seizing prop-
erties, high temperature of ignition and high level of 
biological degradation. However, it has a low thermal 
stability connected with the content of polyunsaturat-
ed acids in the oil composition and it has worse low-
temperature properties, compared to mineral oils and 
synthetic ester oils.

In the case of components used as plastic grease 
thickeners for biodegradable greases, most of the con-
ventional thickeners are allowed, i.e. fatty acid metal 

•

•

salts. However, it is recommended to use calcium salts 
and modified bentonite (aluminium silicate) as com-
pounds related to those existing in natural environ-
ment (soil) [5-8]. Apart from the mentioned thicken-
er types, the literature describes also biodegradable 
greases produced with the use of vegetable oils and 
polyurea thickeners [9]. Thickeners’ biodegradability is 
dependent upon their chemical composition. Metallic 
salts of high molecular fatty acids are completely bio-
degradable. In the case of non-organic thickeners, only 
organic hydrophobe, which constitutes 10-20% of the 
thickener mass, undergoes biodegradation [2, 8].

Additives contained in biodegradable lubricants 
have to meet the criteria of biodegradability and non-
toxicity, and components whose biodegradability is 
below 70% can be used in limited amount and their 
consumption should not exceed 5% [1-2].

As corrosion inhibitors in biodegradable greases, 
the most commonly used are esters of alkyl succinate 
acid (biodegradability over 80%) and calcium sulpho-
nate (biodegradability over 60%). In the case of lubri-
cating additives, the most distributed and permitted 
by requirements of international organizations for en-
vironment protection are products based on selected 
natural materials, sulphured in conservative conditions 

Fig. 1. Exploitation of biodegradable oil developed by the Oil and Gas Institute, used in rail vehicles exploited by PKP Cargo S.A.
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(sulphur content 12-15%), characterized with biode-
gradability of 80% and compounds of sulphur and 
phosphorus [6, 9-11].

As oxidation inhibitors, analogous compounds are 
used to those applied in conventional plastic greases, 
i.e. additives like aromatic amines (diphenylamine de-
rivative) and sterically hindered phenols [6, 9]. Both 
compound types are classified as WGK-1 and WGK-2 
agents which in the case of soaking into soil pose small 
or medium threat to groundwater.

Biodegradable lubricating 
greases in the national railways

In the recent years in the national railways, grow-
ing interest can be observed in the use of biodegrad-
able lubricating greases in lubricating the suspension 
systems. During the vehicle exploitation on the rails, 
especially rail curves, the elements of wheel units are 
subject to mechanical wear and tear. Construction-
al solutions include the use of steel rims, which after 
reaching the specific condition are subject to periodic 
changes.

In order to reduce the wear and tear of elements 
and to increase the inter-renovation mileage, the 
wheel rim lubrication with oils and plastic greases is 
used. These lubricating greases are applied through 
greasing through systems and they are soaking in the 
soil and groundwater. Introducing biodegradable lu-

bricants instead of previously used conventional oils 
and greases enables environment-friendly actions in 
the new branch of national economy. Such solutions 
are used for a few years now, in the leading natural-en-
vironment-care countries, i.e. in Germany and in Scan-
dinavian countries.

For a few years, in the Oil and Gas Institute, research 
projects are carried out, connected with biodegrad-
able lubricating greases. By anticipating environment-
friendly actions of the Polish legislation to the scope of 
research works, also lubricating greases were included 
of high extent of biological degradation, considering 
also quality parameters required by the national rail-
way (the Oil and Gas Institute`s cooperation with PKP 
Cargo S.A. concerning e.g. product quality require-
ments). As a result of works executed in the frame-
work of own resources and a project co-financed by 
the European Union from the European Regional De-
velopment Fund, biodegradable lubricating greases 
technology was developed which was intended for 
the national railway for wheel rim lubricating of rail ve-
hicles suspension systems: biodegradable greasing oil 
and semi-fluid plastic grease. The following were used 
as greasing oil components: the natural ester oil and 
selected refined additives from the group of additives 
allowed by the European legislation for application in 
biodegradable lubricating greases.

Biodegradable oil is characterized by increased anti-
wear properties due to which it limits the mechanical 
wear of rail vehicle wheel rims. Favourable functional 
oil parameters which influence the exploitation dura-
bility of suspension systems are also good rheological 

Table 1. Biodegradable greasing oil for the railway  
– typical quality parameters

Quality parameters Biodegrad-
able oil

Research 
methods

Kinematic viscosity in temperature 40°C [mm2/s] 463 PN-EN ISO 3104:2004

Flow temperature [°C] –21 PN-ISO 3016:2005

Anti-wear properties in testing in 4-ball apparatus, wear mark diameter [mm] 0.35 PN-EN ISO 20623:2010

Anti-wear properties in testing in 4-ball apparatus, welding load [N] 2500 PN-EN ISO 20623: 2010

Anticorrosive properties pass PN-ISO 7120: 2011

Biodegradability in water [%] 87.1 CEC L-33-A-94
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properties which are maintained in a wide tempera-
ture range and they enable oil exploitation through-
out the whole season, and also high level of biological 
degradation. Typical properties of biodegradable oil 
for the railway are introduced in Table 1.

Innovative character of technological solution of 
producing biodegradable greasing oil for the railway 
became certified by obtaining a patent PL 206.170 by 
its creators.

Experimental oil batches were directed to exploi-
tation testing in wheel units of PKP Cargo S.A. loco-
motives. During two years of observed exploitation 
carried out in the whole season comprising summer 

and winter conditions, good oil exploitation proper-
ties were confirmed, i.e. mechanical wear reduction 
in steel wheel rim elements. It enabled the extension 
of the inter-renovation periods of rail vehicles and 
obtaining substantial economical effects. Having ob-
tained positive results of exploitation research, the 
quality of biodegradable greasing oil became accept-
ed and it is allowed in rail vehicles which are used by 
PKP Cargo S.A. 

Currently, PKP Cargo S.A. the amended Greasing 
Instruction which involves diesel and electric locomo-
tives, advises to use the biodegradable oil developed 
by the Oil and Gas Institute, instead of previously used 

Fig. 2. Location of Rolling Stock Factory PKP Cargo S.A. which uses biodegradable greasing oil developed by the Oil and Gas Institute 
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conventional mineral oil which was produced with the 
use of petroleum.

The production of biodegradable greasing oil was 
opened in the Oil and Gas Institute in Oil Technology 
Department. Refined oil is produced continuously and 
the confirmation of its good practical qualities are or-
ders for the Oil and Gas Institute from companies sub-
ordinate to PKP Cargo S.A.

Biodegradable semi-fluid grease

Another kind of greasing system construction 
which is currently used in railway suspension systems 
is the semi-fluid grease. The research on technology 
of biodegradable grease production was carried out 
with the use of calcium 12-hydroxystearate as a thick-
ening factor. In order to obtain the required rheologi-
cal properties in low temperatures which determine 
good pumping of the product in greasing systems, the 
composition of vegetable oil and synthetic ester oil 
was used. Positive exploitation test results permitted 
this product to be accepted by the Polish railways. The 

developed grease, apart from good anti-wear proper-
ties, is also characterized by low friction resistance and 
good starting properties. Its additional value is the high 
level of biological degradation which is described ac-
cording to soil and groundwater. Technology of grease 
production is protected by patent no. P 394.099. 

At present, biodegradable grease is on the offer of 
products manufactured in the framework of low-bur-
den production at the Oil and Gas Institute in the Oil 
Technology Department.

The developed biodegradable grease is also suc-
cesfully used in public transport as an agent which re-
duces noise emitted by rail vehicles exploitation, es-
pecially on rail curves and tracks located near housing 
estates.

Summary

Railway transport is one of the fundamental sectors 
of national economy: Polish National Railways have 
now a rolling stock of about two thousand electric and 
diesel locomotives. Issues connected with this sector’s 

Table 2. Biodegradable grease for railways  
– typical quality parameters

Quality parameters Biodegradable 
grease

Research  
methods

Penetration in temperature 20°C [mm/10] 421 PN-EN ISO 2137:2011

Liquefaction temperature [°C] 93 PN-ISO 2176:2011

Resistance to water pass DIN 51 807 cz. 1

Penetration in temperature -20°C [mm/10] 227 PN-EN ISO 2137:2011

Anti-wear properties in testing in 4-ball apparatus, wear mark diameter [mm] 0,55 PN-EN ISO 20623:2010

Anti-friction properties in testing in 4-ball apparatus, welding load [N] 2500 PN-EN ISO 20623: 2010

Anti-corrosive properties pass PN-ISO 7120: 2011

Biodegradability in water [%] 75 CEC L-33-A-94

Biodegradability in soil (100 mg grease/1000 g soil) total mineralization [days] 80
Manometric respirometry 

 Method C.4-D 
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ecology focus on the improvement of fuel use effec-
tiveness and possibilities of alternative fuel use. The 
European Union legislation supported relevant actions 
by introducing biofuel Directive 2003/30/EC.

In the European Commission there are currently 
discussions on biodegradable lubricating greases for 
railways. So far, the Commission Announcement ap-
peared to European Parliament and Council about the 
ecological transport COM (2008) 433 and the applica-
tion to the European Commission and European Parlia-
ment concerning components used for engine power 
of vehicles exploited in agriculture and forestry COM 
(2007) 840.

In this respect, the subjects of works and research 
carried out by the Oil and Gas Institute are in accor-
dance with the strategy which results from the future 
instructions and directives of the Union legislation. 
These are prospective and anticipating actions in the 
scope of production and use of biodegradable lubri-
cating greases in the national economy.

The author is research worker at the Oil and Gas 
Institute
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I n the USA, since the eighties of the previous century, 
the application of ethanol and other oxygen com-

pounds has been imposed by obligatory programme 
of introducing them to fuels in order to improve emis-
sion from engines. The document from 1992 of the U.S. 
Department of Energy – Energy Policy Act (EPAct) [1] 

determined goals concerning energy security of the 
country and improvement of the quality of natural en-
vironment [2]. According to this document, ethanol 
fuel E85 is considered in the USA as alternative fuel. It is 
used to propel fl exible fuel vehicle (FFV) engines, avail-

Ethanol fuel E – the challenge for traditional oil-derivative fuels 

The future for motorization – 
directed towards E85?

MARTYNIKA PAŁUCHOWSKA

The crisis in oil supplies in the seventies of the previous cen-
tury became one of the principal reasons for applying etha-
nol in fuels in the countries of North and South America. 

able in the American market in a wide range of models. 
This fuel consists nominally of 85% of ethanol and 15% 
of petrol. 

The content of petrol in the ethanol fuel E85 en-
ables the engines of FFV vehicles to work properly 
in low temperatures, as opposed to 100% of etha-
nol, which generates problems in similar conditions. 
Monitoring of the quality of ethanol fuel E85 per-
formed in the years 2007–2009 in the USA demon-
strated that its properties did not fulfi ll specifi cation 
requirements in respect of minimal and maximal con-
tent of ethanol and minimal vapour pressure [3, 4, 5]. 
They consisted in determination of marginal content 
of ethanol in fuel E85 for particular climatic class. The 
minimal ethanol content in E85 was determined to 
be 68% (V/V) and maximal – 83% (V/V). The promo-
tion of using the ethanol fuel E85 in the USA is based 
on fi nancial incentives constructed so as to make the 
cost of this fuel and petrol comparable in calculation 
per one kilometer. 

The application of ethanol fuels to propel car en-
gines in Brazil is common. This country has the greatest 
experience in production of petrol including ethanol, 
being the world leader in production of fuel ethanol. 
In the Brazilian market, fuels are sold for spark-ignition 
engines in which ethanol content is 24% (V/V) – E24 
or 100% (V/V) – E100, and ethanol is added to petrol 
according to requirements of the federal law, with per-

The FFV vehicles adapted for 
combustion of ethanol fuel E85 
are currently widely available in 
the USA and Brazil. In the Europe-
an Union the market of these 
vehicles is at the stage of acceler-
ated development. The number 
of manufacturers who expand 
their off ers by the FFV models is 
growing gradually. 
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centage content determined by the Minister of Agri-
culture [6, 7].

In the European Union, for many years, the use of 
energy from renewable sources in road transport has 
been promoted. Therefore, fuel manufacturers have 
been encouraged to increase the content of ethanol 
originating from renewable sources in fuels for vehi-
cles equipped with spark-ignition engines. The Euro-
pean Directives RED [8] and FQD [9] issued in 2009 ac-
cepted increased ethanol content in traditional petrol 
by 10% (V/V) and it also facilitated construction of vehi-
cles equipped with engines with flexible fuel combus-
tion – called flexible fuel vehicles, which use for propul-
sion both lead-free petrol and ethanol fuel E85.

In order to render the development of FFV ve-
hicles possible in the European Union and to ensure 
their basic functionality, the European Committee for 
Standardization CEN elaborated a standardizing docu-
ment CWA 15293:2005 [10], in which necessary quality 
minimum for ethanol fuel E85 was determined so as 
it could be introduced to the market. However, very 
soon the FFV vehicles became subject to increased re-
quirements of exhaust gas emission standard Euro 5, 
which came in force in September 2009 [6]. Due to this 

fact, the requirements included in CWA turned out to 
be insufficient to conform to the European emission 
standards. Therefore, the next step was the elaboration 
of technical specification CEN/TS 15293:2011 [11] pub-
lished in February 2011, which changed some margins 
of quality coefficients, implementing limits for addi-
tional parameters. The differences in relation to the 
original document i.e. the CWA concern:

stricter requirements for octane numbers and sul-
phur content;
changed requirements for parameters such 
as the content of higher alcohols (C3–C5), con-
tents of ether, water, non-organic chlorides, 
phosphorus;
introduction of climatic classes regulated by the 
range of vapour pressure related to the content 
of ethanol in fuel;
introduction of additional quality parameters 
such as density, content of copper, sulphates and 
electric conductivity;
removal from specification of parameters such as 
appearance, content of lead free petrol, tempera-
ture at the end of distillation and residues after 
distillation. 

•

•

•

•

•

Table 1. The flexi fuel vehicles available in the European Union countries [12]

COUNTRY FFV VEHICLE BRAND (data from the beginning of 2009)

Austria Ford, Renault, Saab, Volvo

Belgium and Luxembourg Saab, Volvo

Denmark Ford, Saab

France Cadillac, Citroen, Dacia, Ford, Hummer, Jeep, Lotus, Peugeot, Renault, Saab, Volvo

Germany Ford, Saab, Skoda, Volvo

Ireland (Ire) Citroen, Ford, Renault, Saab, Volvo

Italy Ford, Saab, Volvo

Holland Cadillac, Chrysler, Citroen, Dodge, Ford, Hummer, Mitsubishi, Peugeot, Saab, Volvo

Poland Ford

Spain Citroen, Ford, Peugeot, Renault, Saab, Volvo

Sweden Audi, Cadillac, Chevrolet (NAV), Chrysler, Citroen, Dacia, Ford, GM (NAV), Mitsubishi, Nissan, Peugeot, Renault, Saab, Seat, Skoda, Volvo, VW 

Switzerland Cadillac, Chevrolet (NAV), Chrysler, Citroen, Ford, GM (NAV), Renault, Saab, Volvo

The UK Citroen, Ford, Renault, Saab, Volvo

Generally in Europe
Audi, Cadillac, Chevrolet (NAV), Chrysler, Citroen, Dacia, Dodge, Ford, GM (NAV), Hummer, Jeep, Lotus, Mitsubishi, Nissan, Peu-

geot, Renault, Saab, Seat, Skoda, Volvo, VW



The Polish PeTroleum and naTural Gas markeT 2012

160

Ecology in the oil and gas industry

The FFV vehicles available 
in the European Market

The FFV vehicles adapted for combustion of etha-
nol fuel E85 are currently widely available in the USA 
and Brazil. In the European Union the market of these 
vehicles is at the stage of accelerated development. 
The number of manufacturers who expand their offers 

by the FFV models is growing gradually. Prices of these 
vehicles are determined at the level of corresponding 
vehicles, fueled with traditional petrol. The FFV vehicles 
are available in the European market in a wide range of 
models: from small, passenger cars through light and 
heavier vans [12].

The market of cars sold in the European Union is 
continually growing and in 2008 the number of FFV 
vehicles amounted to 79 thousand; the largest num-
ber was sold in Sweden (about 60 thousand), which 
places this country in a position ahead of Germany, Hol-
land and France in respect of popularity of the FFVs [12]. 
Availability of brands and models of the FFV vehicles 
in the EU differs among the member countries and 
depends on the market. Table 1 presents collectively, 
which brands of the FFV vehicles are currently avail-
able in the EU countries. 

Legal regulations on pollutant 
emission in passenger vehicle 
exhaust fumes in the EU 

The policy of reducing pollutants originating 
from the road transport sector, which is responsible 

for 12% of total CO2 emission in the European Union 
[13], concerns emission of exhaust gas components 
such as nitrogen oxides NOx, carbon oxide CO, un-
burned hydrocarbons HC, particulate matter PM and 
emission of carbon dioxide CO2 as greenhouse gas 
component GHG. The schedules of limiting harm-
ful components of exhaust gases in respect of NOx, 
CO, HC, PM specify the Euro emission standards. The 
plan for reducing CO2 was presented in the ordi-

nance of the European Parliament and Council (EC) 
no 443/2009 of 23 April 2009 which determines the 
emission standards for new passenger cars as part 
of integrated approach of the Community to the re-
duction of CO2 emission from light transport vehi-
cles [14]. 

Table 2 presents other requirements of Europe-
an standards in respect of emission of harmful com-
ponents of exhaust fumes such as CO, HC, NOx and 
PM from light passenger vehicles with spark-ignition 
engines. 

Average CO2 emission from new cars has dropped 
rapidly in the last 10 years. First of all, it has been due 
to more advanced vehicle technologies, construction 
of engines and exhaust gas cleaning systems, as well 
as improvement of the fuel quality, mainly by reducing 
the content of sulphur to less than 10 mg/kg.

The new Union principles [14] concerning emission 
of CO2 from passenger cars are some of the most de-
manding regulations related to protection of the en-
vironment in the automobile industry. The said legal 
act determines the necessity of reduction of CO2 to 
130 g/km for average new automobile class by means 
of further advancement in technology of constructing 
engines. Continued emission reduction to the target 
of 120 g CO2/km is to take place in the result of con-
tinuous improvement of automobile technologies and 

Table 2. European standards concerning the emission of harmful components of 
exhaust fumes from light passenger cars with spark-ignition engines [15, 16, 17]

Standard Euro 4 Euro 5 Euro 6

Date of introduction: January 2005 September 2009 September 2014

Maximal permissible value of emission of harmful components of exhaust fumes from light passenger cars with spark-ignition engines, g/km

Carbon oxide – CO 1.0 1.000 1.000

Unburned hydrocarbons – HC 0.100 0.100 0.100

Nitrogen oxides – NOx 0.08 0.060 0.060

Particulate matter – PM - 0.005* 0.005*

 * it concerns only engines with direct fuel injection
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also utilization of bio-fuels fulfilling the criteria of sus-
tainable development [14].

The key items of the above ordinance for passenger 
cars are [14, 18]:

reduction of CO2 emission by new automobiles 
to 120 g/km, in which the reduction of 10g/km is 
to originate from increased content of bio-fuels;
the schedule of reaching the above objective is 
as follows:

65% of new cars will conform to the require-
ments in 2012,
75% in 2013,
80% in 2014,
100% in 2015;

implementation of ecological innovations by the 
vehicle supplier or manufacturer which enable its 
individual target reduction of CO2 emission by up 
to 7 g CO2/km;
preferential credits for purchasers of vehicles 
which emit less than 50 g CO2/km;
niche automobile manufacturers (from 10 thou-
sand to 300 thousand cars) may apply to the 
European Commission for deviation from the 
rule which cannot be higher than 25% when 
compared to reduction in average, individual CO2 
emission in 2007;
the average CO2 emission of a new car in 2020 
cannot exceed 95 g/km, after precise evaluation 
of determined goal;
proposition of flexible scale of imposing penal-
ties for ignoring the requirements of CO2 reduc-
tion; the manufacturers who exceed the target by 
more than 3 g/km will pay 95 Euro for each gram. 
Smaller fees of 5 Euro and 25 Euro are forecast for 
exceeding the limit by 1–3 g/km;
after the review which will consider the evolution 
of the number of new passenger vehicles regis-
tered in the Community and all the changes in 
control procedure of measuring individual levels 
of CO2 emission, the targets of carbon dioxide 
emission may be corrected and will be reviewed 
every three years. 

According to the Directive (EC) no 443/2009 dat-
ed 23 April 2009 [14], the use of some alternative fuels 
may ensure meaningful reduction of CO2 emission at 
all stages of the fuel chain. Therefore, this Directive in-
cludes regulations which promote using vehicles pro-
pelled with alternative fuels in the European market, 
including FFV vehicles. Article 6 of the Directive estab-
lishes target individual levels of CO2 emission for ve-
hicles propelled with alternative fuel and it promotes 
the use of ethanol fuel E85 for propelling vehicles with 
spark-ignition engines. Therefore, it is proposed that the 
individual level of CO2 emission for each vehicle which 
can be adapted for using ethanol fuel E85 – which in 

•

•
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»
»
»
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•

•

•

•

•

turn fulfills requirements of relevant regulations of the 
Community and also the European specification – will 
be diminished by 5% by 31 December 2015. However, 
this reduction can be implemented only when in the 
a particular member country in which the vehicle is 
registered at least 30% of filling stations can offer etha-
nol fuel and it will fulfill the criteria of sustainable de-
velopment determined for biofuels in Directives RED 
and FQD. 

Sources of emission of 
harmful substances when 
using ethanol fuel E85

Even though the E85 is alternative fuel, its use and 
storage also causes emission of toxic chemical pollut-
ants and greenhouse gas. This kind of pollution is the 
topic of regulations mentioned above. Emission of pol-
lution to the air occurs due to evaporation of fuel and 
its combustion in automobile engines. However, the 
emission caused by ethanol fuel E85 is generally small-
er when compared to traditional petrol [19].

Emission due to fuel evaporation

Air pollution by emission of chemical compounds 
owing to evaporation of ethanol fuel E85 or petrol can 
occur due to penetration of vapours, ventilation of the 
tank, fuel leakage or vapour escape. 

Penetration of vapours may result through con-
struction materials of the fuel system. However, this 
kind of emission occurs more frequently in petrol fea-
tured by lower content of ethanol then in fuels E5 and 
E10 [19].
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Ventilation of the fuel tank takes place when fuel 
vapours escape from the tank during refueling and 
also when petrol evaporates in high ambient tempera-
ture. Starting from the beginning of 2000, ventilation 
of the tank is controlled by on-board vapour reclaim-
ing unit installed in automobiles fuelled with E85 or 
petrol [19].

Vapour may also originate from fuel leakage or va-
por escape. This sort of emission is less common in 
FFV vehicles on account of continual improvements in 
sealing materials applied in these vehicles [19].

Emission due to fuel combustion

Harmful air pollution due to fuel combustion in 
a car engine is emitted from an exhaust system after 
passing through a catalytic exhaust gas cleaning sys-
tem. Reduction of harmful emission to the air com-
prises NOx, CO, HC and other toxic compounds formed 
in the air, caused by exhaust fumes e.g. formaldehyde, 
1,3-butadiene and others, also CO2.

At the same time, numerous comparative stud-
ies are conducted of emissions of harmful substances 
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originating from combustion of ethanol E85 and tradi-
tional petrol. The National Renewable Energy Labora-
tory in Ohio studied the emission and fuel consump-
tion in FFV vehicle – Ford Taurus (1996) propelled with 
ethanol E85 and petrol, reformulated with 2.7% (m/m) 
oxygen content [20].

Fig. 1 and 2 [20] present comparison of emissions 
of nitrogen oxide (NOx), hydrocarbons (HC) and carbon 
oxide (CO), as well as carbon dioxide (CO2) originating 
from a FFV fuelled with E85 or reformulated gasoline 
(RFG) and from a standard car fuelled with reformulat-
ed gasoline (RFG). 

A standard car fuelled with reformulated gasoline, 
even though it fulfi lled requirements of the standard 
EPA Tier 1, it featured higher emission than a FFV car. 
The CO2 level was distinctly higher in case of fuelling 
the FFV engines with ethanol E85 than with reformu-
lated engine gasoline. 

Research studies executed in respect of infl uence 
of fuel combustion on air pollution on fl eets of vari-
ous car models do not always present convergent and 
unambiguous fi ndings due to a large number of vari-
ables. However, in 2008 the National Renewable En-
ergy Laboratory (NREL) in the USA conducted studies 
concerning detailed data analysis from studies relating 
it to binding emission requirements [21]. These stud-
ies compare emission changes in FFV vehicles fuelled 
with ethanol E85 with FFV vehicles fuelled with pet-
rol or cars fuelled with petrol, but not compatible with 
ethanol E85. The results of this analysis [21] demon-
strated that the average emission of carbon dioxide 

CO2 form combustion of examined fuels in all types of 
examined vehicles was either diminished or no statis-
tically signifi cant diff erence between combustion of 
ethanol E85 and petrol was found. Diff erences were 
noticed in emission of other toxic compounds created 
due to fuel combustion in engines. Thus, vehicles FFV 
propelled with ethanol contributed to increased con-
tent of formaldehyde, acetaldehyde and methane for-
mation in the air. Fig no. 3 [19] demonstrates results of 
the fi ndings. 

Emission of GHG in the life 
cycle of ethanol E85

The emission of greenhouse gases GHG related 
to production and application of ethanol fuel con-
sists of emissions obtained in evaluation of life cy-
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The energy for car transport ob-
tained from renewable sources 
constitutes only a small percent-
age nowadays, however, contri-
bution of alternative fuels in the 
overall volume of engine fuels is 
growing. 
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cle of the product (E85), beginning with location 
of the farmland to combustion of the fuel in a car 
engine.

Research studies conducted at the Argonne Na-
tional Laboratory in the USA demonstrated that emis-
sion of greenhouse gas GHG formed due to production 
and use of ethanol E85 produced from corn planta-
tions was from 17% to 23% lower in relation to 1 mile 
(1.6 km) than the emission of the same gases due to 

production and use of traditional ‘regular’ type pet-
rol [19]. It was also proved that application of ethanol 
E85 can diminish the consumption of oil by 70%. The 
American Environmental Protection Agency is running 
works on implementing an additional variable into 
estimation of the general volume of greenhouse gas 
GHG emission generated from fuels based on ethanol 
obtained from corn, i.e. intermediate land utilization, 
which will affect the final gas emission. 
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Summary

Introduction of ethanol E85 into the market is 
growing both in the United States and in Europe. It is 
preceded by expensive research in vehicle technolo-
gies, construction of engines, determination of qual-
ity parameters appropriate for correct operation of all 
the systems installed in automobiles. This depicts spe-
cific and inevitable changes which are progressing in 
the world energy balance. The energy for car transport 
obtained from renewable sources constitutes only a 
small percentage nowadays, however, contribution of 
alternative fuels in the overall volume of engine fuels 
is growing.

The energy policy adopted by the Polish Govern-
ment to be executed by 2030 means growing integra-
tion of the Polish liquid fuel, natural gas and electric 
energy markets with the European systems, which ne-
cessitates searching for and increasing the energy se-

curity and also increasing the reserves of all fuels, both 
liquid and gaseous [22]. In Poland, owing to already 
existing installations producing fuel ethanol there is a 
possibility to produce ethanol fuel E85. Construction 
of automobile market is the question of actions and 
decisions of the entities operating in it, as car models 
adapted to ethanol fuel E85 are already manufactured. 
In view of the assumptions of the government energy 
policy, the enforced Kyoto Protocol and possibilities of 
trading with surplus of reduced greenhouse gas emis-
sion, there are possibilities of investing in fuel distri-
bution network and creating advantageous financial 
mechanisms promoting such fuels. 

The author is a research worker at the Oil and Gas 
Institute in Krakow
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P roduction of refrigeration to satisfy the living 
or technological needs is one of the most en-

ergy-intensive technologies; it also has a great im-
pact on degradation of natural environment due to 
emission of greenhouse gas and gases which de-
plete the ozone layer. The offers presented currently 
by producers of combined technologies are, first of 
all, more environment-friendly, they use the primary 
energy more efficiently, and the use of waste ener-
gy to produce coolness has little influence on the 
greenhouse effect, several times smaller than tech-
nologies based on compressors which have been 
popular so far. 

Increased use of primary energy

Refrigerating technologies based on absorption 
use the heat from burning fuels such as natural gas, 
fuel oil, biogas, with COP at level 1.4, but they also use 
directly steam, exhaust fumes, hot water and geother-
mal water. 

In combined heat and power systems for produc-
tion of heat, cooling and electric energy, e.g. in the sys-
tem of power generators propelled by gas engine and 
the use of waste heat from engine jacket water cooling, 

Modern and eff ective 
refrigeration

On 21 February 2004, Directive 2004/8/EC (1) of the European Parliament and EU 
Council of 11 February, 2004 came into force. This document imposes on the mem-
ber states the obligation to implement mechanisms of promoting cogeneration 
on the basis of demand for heat in internal energy market and saving the primary 
energy. Poland ratifi ed the Kyoto protocol and – in compliance with the European 
Union directives – undertook to reduce the emission which accompanies burn-
ing, simultaneously increasing production of combined heat and power to 30% 
by the year 2012. In view of the above fact, the application of co- and trigenera-
tion solutions became a real response to the demand in the energy market.

producers are already capable of increasing the use 
of primary energy (e.g. natural gas) to about 85-88%, 
where, for comparison, the effi  ciency of classical pow-
er station is just a little over 30%.  

In so far as the technology of cogeneration sys-
tems which use gas engines or turbines is already well-
known, much less popular are advanced technologies 
of generating and transforming energy on the basis of 
refrigeration technology and systems used in polygen-
eration sources. 

At present, the prevailing trend is the application 
in cooling systems of both small absorption devices 
powered by gas which are usually designed for heat-
ing purposes in homes, and absorption and adsorp-
tive units powered by heat, such as hot water, steam 
and exhaust fumes, of high power, used in industry. 

The absorption chiller is a system of heat exchang-
ers and mass, combined in series. By combining the 
exchange processes, the working medium in the gas 
phase is absorbed in lean solution (low concentration 
of the working medium). The process of absorption is 
exothermic, therefore the absorber must be cooled 
down. Rich solution of the absorber is pumped to 
the desorber where also the powering heat of the 
process is supplied. In the process of boiling, steam 
escapes from the working medium and reaches the 
surface condenser. In the evaporator, the working 

Selected aspects of polygeneration systems
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medium evaporates at the expense of received heat 
(e.g. from generated chilled water), and the steam 
from the working medium travels to the absorber 
where it is condensed on the surface of the liquid ab-
sorbent (absorption).  

Technologies and 
refrigeration systems 

At present, three main refrigeration technologies 
are used:

Lithium bromide absorption chillers powered 
by hot water, steam or exhaust vapours. These 
devices are available in capacities from 100 kW 
to 8000 kW and they are capable of produc-
ing chill and hot water. These technologies are 
designed for use in industry, trade and public 
utility; 
Ammoniac absorption chillers powered by gas, 
with the possibility of using a microturbine and 
powering the chilling system by means of waste 
heat. Technologies based on ammoniac absorp-
tion chillers produce chill, heat and chill or elec-
tric energy, heat and chill;
Silica gel adsorption chillers in which the cool-
ing medium is water and adsorbent of water 
steam which emerges in the evaporator is silica 
gel – xerogel formed from saturated silica com-
pounds (i.e. silicon dioxide).

The most advanced branch among those three dis-
cussed technologies is the application of lithium bro-

•

•

•

mide chillers (LiBr/H2O). In the branch of lithium bro-
mide chillers there are several types of units:

absorption chillers powered by exhaust 
fumes or discharge water, used in CCHP/
BCHP trigeneration systems with turbines 

which occur in units with low and high 
temperature exhaust fumes and with or 
without an additional gas burner;
lithium bromide absorption chillers pow-
ered directly by natural gas, fuel oil or bio-
gas, providing chill water, heating water 
and hot utility water and using a gas or oil 
burner as the source of heat; 
lithium bromide absorption chillers pow-
ered by hot water, providing chill water and 
using hot water of temperature exceeding 
approximately 70°C as the source of energy;
lithium bromide absorption chillers pow-
ered by steam, providing chill water, using 
steam at pressure of about 0.01 MPa to 
0.8 MPa as the source of energy, used main-
ly in industry;
lithium bromide heat pumps – powered by 
waste heat of parameters:

20-70°C for first category absorption heat 
pumps HRH-I,
65-130°C for second category absorption 
heat pumps HRH-II.

The primary thermal energy that can be used 
in these units may be: steam, hot water, hot oil, ex-
haust fumes, natural gas, biogas, etc. The sources of 

•

•

•

•

•
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Schematic diagram of absorption chiller

 1. Expansion valve

 2. Evaporator

 3. Absorber

 4. Desorber

 5. Condenser

 6. Throttle valve

 7. Solution pump
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waste heat may be, e.g. cool water of temperature 
40°C or geothermal water of low-parameters. The 
capacities offered in these units range from about 
200 kW to 40 MW.

Modular solutions

For units using ammonium hydroxide as the 
cooling medium (H2O/NH3), an interesting solution 
is the modular solution powered by natural gas or 
biogas in trigeneration systems. Integrated devices 
which combine the source of powering (microtur-
bine) and refrigerator, may be installed in the area of 
any complex to ensure continuous cooling, heating 
and electric powering. The system pipe installations 
may be connected with already existing cooling sys-
tems and electric installation – with the main power 
source of the complex or connected to the single 
electric energy, water and gas reception points. Di-
rect connection to the outlet of the turbine exhaust 
fumes simplifies the system design and it also elimi-
nates the demand for intermediate heat exchang-
ers and other devices which increase the cost of 
the installation and reduce its efficiency. An absorp-

tion chiller cooled by air is used in this type of solu-
tion. It reduces the cost related to maintenance of 
the cooling tower or water treatment. The modules 
can run parallel, increasing also the capabilities of 

the unit and providing an 
opportunity of increased 
flexibility of the system 
operation. 

Adsorption chil lers 
are produced in cooling 
capacities ranging from 
35 kW to 500 kW per unit 
and they are capable of 
producing chill water for 
technology or air-condi-
tioning in temperatures 
from +5°C to +21°C. Low-
parameter hot water from 
60°C to 95°C can be used 
to power the devices, so 
they enable the use of 
communal heat distribu-
tion network in summer 
or hot water from techno-
logical processes.

Energy sale prices, 
besides the price of fuel 
purchase, determine the 
basic extent of cost-effec-
tiveness of constructing 
polygeneration systems. 
This concerns mainly the 
electric energy. The most 
favourable situation oc-
curs in case of systems 
which satisfy their own 

needs, replacing by the same the energy purchased 
from the network, as the purchase price is much 
higher than prices of selling the energy to the net-
work. In Poland, the expense of economic use of the 
environment are still quite small. This results in the 
fact that the highly efficient energy systems which 
make use of relatively clean fuels, bear the costs of 
emission, but considerably lower than obsolete coal-
based systems. However, the advantages of using 
this type of solutions are substantially longer perfor-
mance of the combined system and reduced fixed 
costs related to e.g. its operation. These factors af-
fect the economic aspect of these solutions.

Rafał Górecki 
PGNiG Technologies S.A.

Lithium bromide absorption chiller powered directly   
with natural gas, fuel oil or biogas. Source: www.reachabletek.com






