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For purposes of the high petroleum price scenario, it was assumed that 
the petrol price will grow at a higher rate of 10% than the assumed 8% for 
the standard scenario. 

Figure 5 –	 Historical and projected growth rates of demand for petrol in South Africa 
(1988-2025)
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Source:  Conningarth Economists.

Standard Scenario
The estimated growth rate of the domestic demand for petrol in the 

standard scenario is around 3.8% per annum, which is double the historic 
rate of 1.5% per annum. This projected result of the increased demand in 
petrol is assumed to be as a result of more and more people buying cars as 
wealth increases. Therefore petrol demand, specifically if the price of pe-
trol does not increase rapidly beyond general expectations, will follow this 
trend. The rather low historic growth rate in petrol demand is the result of 
a relative high increase in petrol prices over this period. 

High Petroleum Price Scenario
The lower growth in petrol demand due to the price effect is properly 

illustrated by the High Petrol Price Scenario where the forecast for petrol 
drops from 3.8% per annum to 2.5% pa if the petrol price changes drasti-
cally when the assumption for the increase in the petrol price per annum 
changes from 8% to 10%. 
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Diesel

The result of the diesel regression analysis over the same time period as 
for petrol is given in the table below. 

RBSQ 0.9575
Dependent variable: Actual Petrol Demand

Reg-Coef Elas t-value
Intercept 1,294.62 0.20 3.00
Calculated Diesel Demand Indicator 0.98 0.94 3.85
Time -72.85 -0.33 -1.38
Diesel Relative Prices 1,630.55 0.19 2.03

The results suggest a positive intercept and a positive relationship with 
the calculated petrol demand indicator - which was to be expected and cor-
responds with practical experience and theory. There is also a positive rela-
tionship between diesel demand and the relative diesel price. This is quite 
an interesting result which point to the fact that at this point in time diesel 
consumption is somewhat “immune” to price variations probably because 
of the fact that diesel engines are markedly more efficient and economical 
than petrol engines. However this gap is closing steadily. It should also be 
kept in mind that diesel prices are regulated as is the petrol price, although 
the former is somewhat less regulated. For purposes of this scenario, which 
depicts the demand for diesel under the assumption of a higher increase in 
diesel price, it was also assumed that in future, the price elasticity for diesel 
will be much more in line with that of petrol. 

The time variable used in this regression came out negative suggesting 
that diesel demand will still increase at a slower pace over time because it 
is becoming even more efficient per kilometre travelled due to technologi-
cal advances. The adjusted R2 (RBSQ) indicates that almost 96% of diesel 
consumption is explained by the diesel demand indicator, time and relati-
ve diesel prices. The t-stat for all variables is statistically significant except 
the one for time. 

The figure 6 reconfirms the very good fit between the actual and the 
estimated demand.

The figure 7 depicts the historical and projected growth for diesel de-
mand. The assumptions on the future movement of the two prices used to 
calculate the relative price change indicator are: 
•	 Diesel price 8% pa; and

•	 Producer Price Index (PPI) 6% pa.
For purposes of the high petroleum price scenario, it was assumed that 

the diesel price will grow at a higher rate of 10% than the assumed 8% for 
the standard scenario. 
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Figure 6 – Comparison of Actual and Estimated Demand for Diesel
Diesel
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Figure 7 – Historical and projected demand for diesel (2009-2025)

Historic growth: 3.3% pa Standard scenario: 3.7% pa
High Petroleum Price Scenario: 3.1% pa
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Standard Scenario
The historic growth rate for diesel sales was 3.3% per annum and the 

projected growth rate is 3.7% per annum. The future growth in diesel de-
mand will closely resemble the growth in the transport sector, which is 
forecasted as 2.9%.

High Petroleum Price Scenario:
The lower growth in diesel demand due to the price effect is nicely illu-

strated by the High Petroleum Price Scenario where the forecast for diesel 
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drops from 3.7% per annum to 3.1% pa if the diesel price changes drasti-
cally when the assumption for the increase in the diesel price per annum 
changes from 8% to 10%.

Conclusion

The South African Forecasting Inter-Industry Model (SAFRIM) as well 
as the additional modelling that was done outside SAFRIM, performed sa-
tisfactory and the results were on par with economic theory. It performed 
very well in terms of the forecasting of the South African Economy and 
responded in an acceptable manner in accordance with changes in exoge-
nous variables. It was not that rigid (big changes in exogenous variables 
to obtain small changes in results) which is sometimes the case with stan-
dard econometric models being dependent on lagged variables. It could 
therefore be deduced that it can be used for forecasting purposes as well 
as macroeconomic impact analysis. It also proved that it could be used in 
combination with other input-output applications. 

However, it is important to note that the whole petroleum application 
could undertake an INFORUM approach. This refers to the INFORUM 
theoretical approach as well as the INFORUM software. Currently the 
analysis was done through the INFORUM software in conjunction with the 
Excel Spreadsheet programme. To make the modelling system more dyna-
mic as well as user friendly it is probably necessary to include the who-
le programming system as part of SAFRIM, supported by the INFORUM 
software.
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Determinants of modeling the impact of 
possible shale gas extraction in Poland

Introduction

Natural gas currently meets close to one-fourth of the total energy 
needs of the world and EU economies. There are at least two major reasons 
authorizing the conclusion that the twenty-first century can be the age of 
gas. First, the results of worldwide research shows the huge potential of so 
called unconventional gas1 resources, which increases the current proven 
reserves of natural gas by almost twice. Secondly, in recent years there has 
been tremendous progress in the techniques of extracting gas from uncon-
ventional resources, particularly those from shales. 

Techniques of production of gas form unconventional resources was 
developed in the U.S. since the early 80-ies of XX century, and has been 
improved to such an extent that in the last 10 years completely changed the 
gas market in North America. The experience of the U.S. drew attention to 
the unconventional natural gas deposits in the world. It turns out that they 
are so rich that they give hope to postpone the energy problems of a dozen 
or even dozens of years. An additional advantage is that the unconventio-
nal resources  are present on all continents and are distributed fairly evenly 
between the regions. Poland  is also mentioned among the countries with 
significant deposits of unconventional gas. This information has awakened 
hopes in Poland to improve the country’s energy security.

Mariusz Plich: University of Lodz, Austria.
1  Resources are treated as “unconventional” if they require greater than industry-standard 
levels of technology or investment to harvest (see www.adv-res.com - web page of Advanced 
Resource International Inc.)

M. Plich
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There are many indications that the Polish unconventional gas re-
sources may have significant importance for national and even European 
balance of energy. If these predictions were confirmed, unconventional gas 
would open up new opportunities for Poland. They result from reducing 
or even stopping  the import of natural gas and increasing its share in the 
energy balance of the country at the expense of coal. This would contribute 
significantly to the Polish energy security and reduce greenhouse gas emis-
sions. If the most optimistic forecasts were true, Poland could become a 
major supplier of natural gas to the EU market. Independence from impor-
ted gas and gas export potential would be a significant enhancement for 
the Polish economy. Currently the public debate about the exploitation of 
shale gas in Poland is dominated by optimistic approach, suggesting that 
this new resource will ensure Poland’s energy independence, high econo-
mic growth and additional jobs.

However, the possible exploitation of unconventional deposits also 
raises new challenges. They are associated with risks to the environment 
and the society, resulting from the specific methods of extraction of un-
conventional gas. In the economic literature considerations can be found 
indicating the existence of other negative effects of large scale exploitation 
of natural resources, referred to as “natural resource curse”. It is therefore 
necessary to consider these risks and – if possible – to confront them with 
potential benefits.

It is almost sure that the shale gas deposits exploitation in Poland will 
start in the next 10 years. This prospect raises the need to undertake a clo-
ser examination of the effects of these new activities. In these circumstances 
the quantification of costs and benefits resulting from possible exploitation 
of unconventional gas in Poland is an interesting but difficult task of re-
search. This task is included as a part of the project titled The prospect of 
exploitation of shale gas deposits in Poland in light of the “resource curse” con-
cept. The project is funded by the Polish National Science Center and car-
ried out at the Institute of Econometrics in collaboration with the Chair of 
International Trade of the University of Lodz. The analyses will be conduct 
using IMPEC model – a macroeconomic multisectoral model of the Polish 
economy.

This article is intended to present main determinants of  the future pro-
duction of shale gas in Poland in the European and  global context, and 
in the light of the news about deposits of shale gas in the world as well as 
possibilities of their exploitation. It concentrates on the new opportunities 
which are opening for the Polish economy in connection with the shale gas 
resources (second paragraph), on the one hand, and identifies risks and 
uncertainties associated with its exploitation, like the actual magnitude of 
resources or the environmental threats  on the other (third paragraph). The 
paper provides a background for modeling of the impact of possible shale 
gas extraction in Poland, using model IMPEC, in particular:
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•	 formulates scenarios for long term simulations to assess the impact of 
the new sector (production of shale gas), on the Polish economy (fourth 
paragraph),

•	 identifies economic mechanisms of influence of shale gas extraction on 
the Polish economy and indicates the main directions of development 
of the IMPEC, to take account of the new sector (fourth paragraph).

Unconventional gas resources and opportunities for their 
exploitation 

Report on unconventional gas resources

Usually three types of unconventional gas deposits are distinguished:
•	 shale gas2 (gas in rocks of clay-mud),

•	 tight (gas in reservoirs/deposits  of low permeability),

•	 coal bed methane.
These natural gas resources were historically overlooked in search of 

more economical, conventional reserves. Also hydrates located in the oce-
ans contains huge amounts of natural gas, but there are no effective techni-
ques of their exploitation. 

In April 2011the US Energy Information Agency3 (EIA) published a 
report on world shale gas resources prepared by Advanced Resources 
Agency Inc.4 (ARI) – see EIA 2011. If the resource estimates from this report 
were confirmed, it would mean almost doubling gas reserves in the world. 
This could cause serious changes on the regional gas markets. Interested in 
this turn of events are especially those countries that are forced to import 
large quantities of fossil fuels and primarily natural gas, due to lack of own 
deposits. Table 1 it contains estimated shale gas resources for selected ba-
sins in 32 countries according to the EIA/ARI study. 

The numbers show technically recoverable reserves. These values ​​are 
compared with proved reserves, production and consumption during 
2009. Last columns contains information on «sufficiency» of the reserves 
by country. Sufficiency shows the ratio of reserves to the amount of con-
sumption (for importers) or production (for exporters). It shows for how 
many year the demand for consumption or production can be satisfied of 
these reserves (ceteris paribus).

2  Shale is a sedimentary rock rich in organic material that is found in many parts of the world.
3  Energy Information Administration is the statistical and analytical agency within the U.S. 
Department of Energy.
4  Advanced Resources International (ARI) is a research and consulting firm providing services 
related to unconventional gas (coalbed methane – CBM, gas shales, tight sands), enhanced oil 
recovery (EOR), and carbon sequestration (CO2 sequestration).
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Table 1 – Estimated shale gas technically recoverable resources for selected basins in 32 
countries, compared to existing reported reserves, production and consumption 
during 2009, sufficiency of reserves

2009 Natural Gas Market
Proved 

NG 
Reserves  

(Rc)

Technically 
Recoverable Shale 

Gas Resources (Ru)

Sufficiency of reserves 
(ceteris paribus)

Production 
(P)

Consum-
ption (C)

(C-P)/C
Exporters
(years of 

production)

Importers
(years of 

consumption)

Bcm Bcm % Bcm Bcm % of 
total

Rc/P (Rc+Ru)
/P

Rc/C (Rc+Ru)
/C

Eu
ro

pe

France 0,0 49,0 98% 0 5.097 2,7% - - 0 104
Germany 14,4 92,6 84% 176 227 0,1% - - 2 4
Netherlands 79,0 48,7 -62% 1.388 481 0,3% 18 24 - -
Norway 103,4 4,5 -2156% 2.039 2.350 1,3% 20 42 - -
U.K. 59,2 88,1 33% 255 566 0,3% - - 3 9
Denmark 8,5 4,5 -91% 59 651 0,3% 7 84 - -
Sweden 0,0 1,1 100% 0 1.161 0,6% - - 0 1025
Poland 5,9 16,4 64% 164 5.295 2,8% - - 10 332
Turkey 0,8 35,1 98% 6 425 0,2% - - 0 12
Ukraine 20,4 44,2 54% 1.104 1.189 0,6% - - 25 52
Lithuania 0,0 2,8 100% 0 113 0,1% - - 0 40
Other 13,6 26,9 50% 77 538 0,3% - - 3 23

N
or

th
 

A
m

er
ic

a US 583,3 645,6 10% 7.716 24.409 13,0% - - 12 50
Canada 159,4 85,2 -87% 1.756 10.987 5,9% 11 80 - -
Mexico 50,1 60,9 18% 340 19.284 10,3% - - 6 322

A
si

a

China 83,0 87,2 5% 3.030 36.104 19,3% - - 35 449
India 40,5 53,0 24% 1.073 1.784 1,0% - - 20 54
Pakistan 38,5 38,5 0,0 841 1.444 0,8% - - - -

  Australia 47,3 30,9 -52% 3.115 11.213 6,0% 66 303 - -

A
fr

ic
a

South Arfrica 2,0 5,4 63% 0 13.734 7,3% - - 0 2553
Libya 15,9 5,9 -165% 1.549 8.212 4,4% 98 616 - -
Tunisia 3,7 4,8 26% 65 510 0,3% - - 14 119
Algeria 81,6 28,9 -183% 4.502 6.541 3,5% 55 135 - -
Morocco 0,0 0,6 90% 3 311 0,2% - - 5 555
Western Sahara 0,0 0,0 0,0 0 198 0,1% - - - -
Mauritania 0,0 0,0 0,0 28 0 0,0% - - - -

So
ut

h 
A

m
er

ic
a

Venezuela 18,4 20,1 9% 5.066 311 0,2% - - 252 267
Colombia 10,5 8,8 -21% 113 538 0,3% 11 62 - -
Argentina 41,3 43,0 4% 379 21.917 11,7% - - 9 518
Brazil 10,2 18,7 45% 365 6.400 3,4% - - 20 362
Chile 1,4 2,8 52% 99 1.812 1,0% - - 35 675
Uruguay 0,0 0,0 0 595 0,3% - - - -
Paraguay 0,0 0,0 0 1.756 0,9% - - - -
Bolivia 12,7 2,8 -346% 750 1.359 0,7% 59 166 - -

Total of the above areas 1.503,6 1.557,4 -3% 28.345 187.514 100,0% 19 144 - -

Total world 3.015,7 3.021,4 0% 187.146 - - 62 62

Source: EIA 2011 and own calculations.
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The data in Table 1 show that proved gas reserves amount to 187.1 tcm. 
The total amount of shale gas for the surveyed countries is 187.5 tcm. This 
means that if shale gas estimates are confirmed, the world reserves of gas 
will double. In such a case, potential of energy resources of some countri-
es will rise very much. The biggest winners are China, Canada, Argentina 
and Mexico. These countries shares of estimates of shale gas resources 
exceeds 10%. 

Figure 1 shows reserves of gas in Europe showing both proved and sha-
le gas reserves. Poland seems to be the biggest winner in Europe with de-
posits of shale gas amounting to over 5 tcm. Estimates for France are at the 
similar level. The size of these deposits can be seen by comparing it with 
conventional gas deposits in Norway, which is important exporter of natu-
ral gas in Europe. Estimates of shale gas resources in Poland are more than 
twice as high as conventional gas resources in Norway.

Figure 1 – Reserves of gas in Europe

0

1.000

2.000

3.000

4.000

5.000

6.000

Fr
an

ce

G
er

m
an

y

N
et

he
rl

an
ds

N
or

w
ay

U
.K

.

D
en

m
ar

k

Sw
ed

en

Po
la

nd

Tu
rk

ey

U
kr

ai
ne

Li
th

ua
ni

a

O
th

er

Proved Shale gas

Source: Author's elaboration based on EIA 2011.

To show the potential of deposits of natural gas, in Table 2 another list 
of world’s gas resources is presented. Here, contrary to the Table 1, not 
proved but technically recoverable resources of conventional gas is shown. 
They amount to 421 tcm which is much higher than the proved reserves 
in table 3 which amount to 187 tcm. Also the magnitude of shale gas pre-
sented in Table 2 is higher. This is because in Table 1 estimates only for 
countries with the biggest shale gas potential are shown.  Also sizes of de-
posits of other unconventional gas are presented in Table 2. They are not so 
impressive as in case of shale gas. Reserves of tight gas and coalbed metha-
ne taken together represent half of the shale gas resource estimates.
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Table 2 – Remaining technically recoverable resources by type and region, end 2011 (tcm)

Total Conven-
tional Unconventional Unconv. 

share (%)
Tight Shale Coalbed

E. Europe/Eurasia 174 131 43 10 12 20 24,7

Middle East 137 125 12 8 4 - 8,8

Asia/Pacific 128 35 93 20 57 16 72,7

OECD Americas 122 45 77 12 56 9 63,1

Africa 74 37 37 7 30 0 50,0

Latin America 71 23 48 15 33 - 67,6

OECD Europe 45 24 21 3 16 2 46,7

World 752 421 331 76 208 47 44,0

Source: IEA 2012.

The amounts referred to in the ARI report should not be treated as the 
verified and final. There are no studies giving such an ability. However, in 
contrast to other reports, carrying out a study on all regions of the world, 
according to a unified methodology  allows for a relative comparison of 
prospective basins on every continent, though certainly the amounts of de-
posits will be verified in the future (IK 2011: 32).

Methods of extraction of shale gas

The existence of rich gas resources in shales was known as early as the 
first half of the nineteenth century. In the past, attempts have even been 
made ​​for its use, but the ease of access to conventional resources and their 
abundance, has discouraged to improve the techniques of extraction of 
shale gas. There are several fundamental differences between conventional 
gas deposits, and those in the shales, causing these difficulties in extracting 
shale gas:
•	 large depth of shale gas deposits (1.000-5.000 m) causing the need for 

drilling of very deep wells, which is the essential cost in the stage of 
preparation of production,

•	 low efficiency of classical (vertical) wells, due to,

•	 lower density of gas in a unit volume of deposits,

•	 poor porosity of shales, causing weak release of gas from shales.

This is why shales was of little use as a source of gas until about a deca-
de ago, when American companies developed new techniques of releasing 
shale gas by fracturing of shales and drilling horizontally.
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A breakthrough in shale gas exploitation took place in the 1970s and 
1980s as a result of the following circumstances:
•	 an increase in demand for gas in the world and the U.S., due to its nu-

merous advantages, which was mentioned above, 

•	 depletion of conventional gas resources in the U.S., resulting in the need 
for more expensive gas imports,

•	 incentives for technology research exploitation of unconventional 
sources of gas made ​​in the USA in 1980,

•	 steady increase in gas prices, which are indexed to oil prices.

Risks associated with production of shale gas

Risks associated with shale gas extraction can be considered at several 
dimensions. First, business risk, ie the risks associated with the viability of 
the development of shale gas production. Second, risks associated with the 
adverse impact of the shale gas production on natural environment and 
society. Third, risks referred to as ‘natural resource curse’ in the literature. 
There is also a political risk, because countries whose economies depend 
strongly on exports of fossil fuels may oppose (in different ways) the ex-
ploration and extraction of shale gas in some regions.

Business risks

Exploitation of less and less accessible gas fields increases production 
costs and the uncertainty of success. The uncertainty results from many 
factors, like geological structures, social, economic as well as institutional 
environment.  The key factors determining successful shale gas develop-
ment, are the following (IEA 2012, 2011):
•	 resource size, structure and technical accessibility,

•	 access to resources (access to geological data and no physical, social or 
environmental constraints),

•	 the fiscal and regulatory framework (overall conditions for investments)

•	 availability of expertise and technology (experienced workforce and 
well equipped service sector),

•	 existing infrastructure – gas transport and guaranteed access to it,

•	 market and pricing – reliable, proximity to market,

•	 water availability.
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Risk of adverse impact on environment

Shale gas exploration involves interference with the natural envi-
ronment, such as drilling, making perforations in the well casing and 
hydraulic fracturing. This stage as well as stage of gas transport, cause th-
reats for the environment. Most of  the threats are common for conven-
tional and shale gas. This include transport and some aspects of drilling 
and completion of wells. The common risk are  emissions. Production and 
transport of natural gas (regardless of source) entails the environmental ef-
fects which for oil and coal do not occur, or occur with much less force. It 
mainly concerns leakages of methane along the gas value chain. Methane is 
the main component of natural gas and one of greenhouse gases. The leak-
ages are caused by:
•	 intentional venting,

•	 fugitive emissions (leaks in pipelines, valves, seals),

•	 incidents (ex. rupture),

•	 incomplete burning (max effectiveness is 98%).
Shale gas extraction has some distinctive features and requirements 

when compared with conventional gas which are not without impact on 
the environment
•	 excessive water use (one fracturing needs 5-20 thousands of cubic me-

ters), and necessity of waste water disposal, which are much higher 
than in case of conventional gas,

•	 risk of water contamination (surface water and aquifers): accidental 
spills of fluids or solids, leakage of fracturing fluids, leakage of hydro-
carbons or chemicals form production zone, discharge of insufficient 
treated waste water into groundwater or deep underground,

•	 higher risk of environmental damage of drilling and production acti-
vities – wells are usually much deeper and more wells must be drilled 
for extraction the same amount of gas because average efficiency of one 
well is lower, 

•	 higher density of wells at an area – conventional fields might requi-
re less than one well per ten square kilometers, unconventional fields 
might need more than one well per square kilometer conventional gas 
less concentration in the area,

•	 greater energy use during well drilling and completion,

•	 greater risk of earthquakes (connected with drilling and fracturing),

•	 more noise from drilling and transport,
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•	 adverse social impacts – areas with strong unconventional potential are 
not always those with strong tradition of oil and gas industry activity, 
which tends to cause a problem of public acceptance,

•	 more space used for one well (pool for fracturing fluid, and for waste 
water after fracturing, the greater the amount of equipment used).

Risk of resource curse

Currently the public debate about the exploitation of shale gas in 
Poland is dominated by optimistic approach, suggesting that this new re-
source will ensure Poland’s energy independence, high economic growth 
and additional jobs. In the economic literature considerations can also be 
found indicating the existence of negative effects of large scale exploitation 
of natural resources, referred to as «resource curse».

The resource curse is a concept that is of high interest to economists 
since the mid-1990s. Although negative effects of abundance of natural 
resources has been observed earlier (see eg. Gelb, 1988), in particular the 
paper by Sachs & Warner (1995) was a contribution to further discussion. 
The authors drew attention to the negative correlation between the abun-
dance of resources and economic growth and created an econometric mo-
del, which to this day refer to almost all authors studying the relationship 
between abundance of natural resources and economic development. 
Below are listed the most important phenomena associated with the re-
source curse:
•	 Dutch disease, manifesting in the appreciation of the real exchange ra-

te reduces the competitiveness of exporters of goods originating in the 
country (Sachs & Warner 1995; Gylfason et al. 1999, e.g. Giesecke et al. 
2007).

•	 Price volatility and demand volatility of raw materials on internatio-
nal markets leading to a lack of macroeconomic stability (Manzano & 
Rigobon 2001, Humphreys et al. 2007, Mai et al. 2010). 

•	 Nuisance to local communities (decreased quality of life associated 
with the extraction, forced migration, unattractive work opportunities, 
environmental degradation) (Collier & Hoeffler 1998).

•	 other phenomena related mainly to weak institutions and week de-
mocracy, like danger of corruption, unequal access to knowledge and 
unequal bargaining power of groups of stakeholders, a false sense of 
security leading to over-consumption and under-investment (especially 
insufficient investment in education and reforms).
Although it appears that some of these factors do not exist in the case of 

Poland, it must be remembered that the quality of Polish institutions, the 
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level of corruption index, the treatment of the obligation to conduct public 
consultations and the level of social mobilization in Poland differ from the 
standards of highly developed countries. It can be assumed that if shale 
gas – the raw material of strategic importance – is exploited on a large sca-
le, at least some of the risks associated with the concept of the resource cur-
se may materialize in Poland. 

Political risk

The increase in the gas supply can result in detachment of gas prices 
from oil prices and consequently a slower rate of increase in gas prices, and 
even their decline. The example of  U.S. proves that it is a real possibility 
(see Figure 2). In recent years, due to the increase in the supply, prices of 
natural gas in U.S. have fallen by half. The decline in relation to the price of 
oil is even stronger, because in 2011 prices of gas were five times lower in 
comparison with the year 2003.

Figure 2 – Prices of gas and gas/oil prices in Japan, EU and US
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Changes in the gas market in the U.S. have an impact on the markets in 
other regions of the world. United States decreased imports of LNG (the main 
supplier was Qatar) and began using its terminals to export gas. As a result 
of surplus in supply, LNG prices have fallen in the world. Dissemination of 
shale gas extraction methods, which until now were the domain of the U.S. 
can be a stimulus to the profound changes in other markets.

The transfer of experiences of extraction of shale gas to the European 
market could reduce Europe’s dependence on Russian natural gas. 
“Now American companies are looking abroad for lucrative shale fields 
in countries hungry for more energy. They are focusing particularly on 
Europe, where gas prices are sometimes twice what they are in the United 
States, and large shale beds are located close to some cities”. (Krauss 2009).  
The realization of these plans can also lead to a situation where new in-
vestments in trans-European gas pipelines such as Nord Stream and South 
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Stream, will prove to be economically unviable. This in turn can lead to a 
decline in the importance of Russia as a major supplier of gas to European 
markets. In this context, one should also pay attention to China, which ha-
ve large reserves of unconventional gas. Starting the exploitation by China 
could lead to the cessation of imports from Russia and even begin expor-
ting energy, which  would change the Asian balance of energy. 

Within the EU approach to these new capabilities is not clear. The Polish 
government strongly supports the exploration of shale gas. The activities 
in this direction are taken also by Great Britain while France and Bulgaria 
introduced a ban on hydraulic fracturing.

Prospects of shale gas development

The rapid growth of shale gas production in the U.S. since the start of 
the previous decade and optimistic reports on the resources of unconven-
tional gas deposits, especially in shales, caused the emergence of research 
analyzing possible changes in the energy markets due to the possibility 
of increasing the supply of gas. The examples are reports of International 
Energy Agency covering the whole world (IEA 2011 and 2012), report by 
Joint Research Centre of European Commission concerning EU (EC JRC 
2012) as well as  studies relating to Poland, done by Polish institutions 
(IK 2012, CASE 2012, Moncarz & Poreba 2012). In this chapter  we present 
projections of the energy market in the world up to 2035 by International 
Energy Agency, as a background for discussion of the scenarios for Poland. 

Scenarios for the gas markets

Every year International Energy Agency releases World Energy 
Outlooks containing the newest data and comments on global and regional 
energy markets. Under the same series the Agency releases special reports 
with analysis of strategic issues that will shape the energy future. In 2011 
a special report on unconventional gas perspectives was issued under the 
telling title Are we Entering a Golden Age of Gas? (IEA 2011). The report fore-
sees a tripling in the supply of unconventional gas between 2010 and 2035, 
leading to a slower price rise than would otherwise be expected. 

Fast growth of gas production from unconventional sources, however, 
cause concerns about risk of larger environmental footprint than in case of  
conventional gas. This issue has given rise to another report by the IEA, 
also under the meaningful title “Golden Rules for a Golden Age of Gas” 
(IEA 2012). It presents arguments in favor of the thesis that the danger as-
sociated with larger environmental footprint can be eliminated by the use 
of the relevant rules of conduct, referred to by the authors as the “Golden 
Rules” (see Table 3).
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Table 3 – Golden Rules of IEA forecast

The rules Description

Measure and disclose

Operational data on water use, fracturing fluid additives, waste 
water and air emissions and engage of local community and other 
stakeholders into each phase of a development provide sufficient 
opportunity for comment on plans.

Watch where you 
drill

Choose the well sites to minimise impact on a local community, 
properly survey geology of the area to before making the decision on 
drilling and farcturing, monitor to ensure that the fractures do not 
extend beyond gas-producing formation.

Isolate wells and 
prevent leaks

Implement regulations to ensure wells are designed, constructed 
and operated so as to ensure complete isolation from other strata 
penetrated by the well, in particular freshwater aquifers.

Treat water 
responsibly

Reduce freshwater use, store and dispose waste water safely, 
minimise use of chemical additives.

Minimise emissions Eliminate venting, minimise flaring and other emissions.

Be ready to think big Seek opportunities for realising economy of scale and development of 
local economy infrastructure that can reduce environmental impacts.

Source: Author's elaboration based on IEA 2012.

It is expected that compliance with these Golden Rules will increase 
the cost of unconventional gas production by no more than 7%. This as-
sessment was applied in creation of market forecasts for all regions of the 
world. Two scenarios of development of world energy sector by 2035 are 
considered in the report:
•	 Golden Rules Scenario (GR) implies that the conditions necessary to mi-

nimize the environmental and social risks will be widely accepted and 
complied with by all stakeholders.

•	 Low Unconventional Scenario (LU) refers to the absence of social and po-
litical agreement on the extensive use of non-conventional resources.
These two scenarios can be considered as of the optimistic and pessimi-

stic a variant of development of shale gas sector in the world. One should 
assume that the situation in Poland will be largely determined by whether 
the world situation will be closer to GR scenario or rather to LU scenario. 
This is why the two scenarios should be taken into account in process of 
building  and simulations on the model for Polish economy.

Prices of natural gas in different markets vary depending on the sce-
nario which is considered. Wide access to unconventional natural gas re-
sources cause a significant increase in supply, which leads to lower prices. 
The Figure 3 presents price assumptions in scenario GR and LU. The as-
sumption relate to three markets: the U.S., Japan and Europe. In addition, 
to the figure, the Table 4, shows both price levels adopted in both scenarios 
and their indexes, as well as the price relationship between scenarios and 
regions of the world. This facilitate comparison of the scenarios in terms of 
underlying  economic mechanisms.
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Figure 3 – Natural gas price assumption (2010 dollars per 1 MBtu)
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Source: Author's elaboration based on IEA 2012.

Table 4 – Natural gas price assumptions by case

2010 US dollars per Mbtu
2010=1

GR=1 US=1
2010 2020 2035 2035 2010 2035

Unted States
GR 4,4 5,4 7,1 1,61 1,41 1,00 1,00
LU 4,4 6,7 10 2,27 1,00

Europe
GR 7,5 10,5 10,8 1,44 1,21 1,70 1,52
LU 7,5 11,6 13,1 1,75 1,31

Japan
GR 11,0 12,4 12,6 1,15 1,21 2,50 1,77
LU 11,0 14,5 15,2 1,38 1,52

Source: Author's elaboration based on IEA 2012.

Note that in 2035 the GR scenario, prices are higher compared to 2010 
by 15% (Japan) to 61% (U.S.). The increase is much higher in the scenario 
LU compared to the scenario GR, due to the lower gas supply - by 40% in 
the U.S. and 21% in Europe and Japan. There is a tendency to equalize pri-
ces between regions, however, still gas prices outside the U.S. are higher. 
While in 2010, gas prices in Europe were higher 1.7 times compared to U.S. 
and in Japan to 2.5 times, then in 2035, in the variant GR corresponding va-
lues ​​are significantly lower (1.52 and 1.77, respectively). This effect can be 
attributed to the increasing globalization of natural gas markets, which is 
the result of searching for gas customers in more distant parts of the world 
and spread the transport of gas in liquefied form.

In the LU variant, the tendency to equalize prices between regions of 
the world is even stronger. After 2020, gas prices in the U.S. chase prices in 
Europe and Japan, and in the year 2035 are lower than European prices by 
only 31% and Japanese by 52%. This outcome is the result of having to turn 
to exploitation of more and more difficult gas resources available in the U.S. 
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Figure 4 shows the forecast of demand for primary energy by sources 
in the GR variant. It shows that in the period 2010-2035, the growth in the 
supply of gas and the reducing of gas price in relation to other primary 
energy sources, cause that demand for gas grows faster than for coal and 
oil. At the same time small increase in demand for oil and coal in the pe-
riod of the greatest expansion of the gas (that is, after 2020), mean that 
in 2035 gas consumption exceeds the demand for coal and is close to the 
consumption of crude oil. In a 25-year time horizon prediction of gas con-
sumption increases by almost 60%, while coal and oil only 18% and 11% 
(respectively). Worthy of note is the significant increase in demand for re-
newable energy by over 80% and for nuclear by 63%.

Figure 4 – World primary energy demand by fuel in the Golden Rules Case (Mtoe)
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Source: IEA 2012.

In the Table 5 the changes in the regional structure of production of na-
tural gas in GR scenario are presented. Poland notes the highest average 
annual growth rate of production during the period 2010-2035 amounting 
to 7.1%. In 2035, 90% of gas production in Poland has come up with un-
conventional gas (practically 100% of shale gas). Slightly lower but high 
growth rates occur in China (6.6%) and Australia (5.1% – this is mainly due 
to coalbed methane).

Let us now examine the role of shale gas in various regions of the world 
through the prism of the share of shale gas in total gas production.  The 
largest part in the year 2035 is expected for North America (68%), thanks 
to U.S. (71%), Canada (67%) and Mexico (43%). Also countries of Asia-
Oceania5 as well as Asia in the GR scenario produce most of the gas from 

5  Here “Asia-Oceania” means countries of South-Eastern Asia and Oceania. Countries of the 
rest of Asia (without Russia) are included in the row “Asia”.
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unconventional resources (64 and 56%). In this scenario, the importance 
of Russia decrease. The share of Russia in world production of natural gas 
drops from 19.4% to 15.3%. Position of Middle East countries is maintained 
and even improved slightly.

Table 5 – Natural gas production by region in GR scenario (bcm)

2010 2020 2035
2010-2035**Total Share of 

unconv*
Total Share of 

unconv*
Total Share of 

unconv*

OECD 1.183 36% 1.347 49% 1.546 60% 1,1%
Americas 821 51% 954 62% 1.089 68% 1,1%
Canada 160 39% 174 57% 177 67% 0,4%
Mexico 50 3% 52 12% 87 43% 2,2%
United States 609 59% 726 67% 821 71% 1,2%
Europe 304 0% 272 4% 285 27% -0,3%
Poland 6 11% 9 37% 34 90% 7,1%
Asia Oceania 58 9% 121 49% 172 64% 4,5%
Australia 49 11% 115 51% 170 65% 5,1%
Non-OECD 2.094 2% 2.635 7% 3.567 20% 2,2%
E.Europe/Eurasia 826 3% 922 3% 1.123 6% 1,2%
Russia 637 3% 718 4% 784 6% 0,8%
Asia 431 3% 643 20% 984 56% 3,4%
China 97 12% 246 45% 473 83% 6,6%
India 51 2% 75 21% 111 80% 3,2%
Indonesia 88 0% 106 2% 153 37% 2,2%
Middle East 474 0% 581 1% 776 2% 2,0%
Africa 202 1% 264 1% 397 5% 2,7%
Algeria 79 0% 101 1% 135 8% 2,2%
Latin America 159 2% 226 4% 286 22% 2,4%
Argentina 42 9% 53 9% 72 48% 2,1%
World 3.276 14% 3.982 21% 5.112 32% 1,8%
EU 201 1% 160 7% 165 47% -0,8%
Poland (share in 
total of EU) 3,0% 5,6% 20,6%

* Share of unconventional production in total natural gas production.
** Compound average annual growth rate.
Source: IEA 2012.

Against this background, quite specifically draws the EU position. 
There are several factors favoring development of unconventional gas pro-
duction in Europe. First of all, EU is a big market consuming close to 14% 
of annual yearly gas production (close to 550 bcm in 2010 – see Table 6). 
Gas infrastructure – pipelines, storages – are well established and prices of 
natural gas are much higher in comparison with US. The indigenous pro-
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duction has declined by one-third in this century because of the depletion 
of resources but in the same time consumption has increased slightly. The 
GR scenario shows that these trends will be continued.

Table 6 – Natural gas indicators in the European Union by case

Golden Rules Low conventional
GR-LO*

2010 2020 2035 2020 2035

Concumption (bcm) 547 592 645 562 594 51

Production (bcm) 201 160 165 139 84 81

Unconventional 1 11 77 0 0 77

Unconv. share 1% 7% 47% 0% 0% 47%
Cumulative investment in 
upstream gas
(2012-2035)**

434 235 199

Unconventional 181 181

Net imports (bcm) 346 432 480 423 510 -30

Imports as a share of demand 63% 73% 74% 75% 86% -11%

Share of gas in the energy mix 26% 28% 30% 26% 28% 2%
Total energy related to CO2 
emissions (millions tonnes) 3633 3413 2889 3414 2873 16

* Difference between the Golden Rules Case and the Low Unconventional Case.
** Investment figures are in billions of year-2010 dollars.
Source: IEA 2012.

Poland stands out in EU in the GR scenario. Production of gas increase 
by 7.1% on average in the period 2010-2035. This causes that the share of 
Poland in gas production in the EU is increasing from 3% in 2010 to almost 
21% in 2035.

Rising unconventional gas production in Poland and some other EU 
countries is not able to stop the decline of indigenous production, but the 
rise in supply (both in Europe and worldwide) helps to restrain the rise in 
gas prices in Europe. As a result, as well as by measures to promote the 
use of natural gas, in 2035 the EU consumption can be almost 10% higher 
compared to 2010 (see table 7) and  the share of gas in energy mix rise from 
26 to 30%. All of this cause that the increasingly larger part of the demand 
must be satisfied by imports whose share in meeting the demand for gas in 
the EU is increasing from 63% to 74% in the period 2010-2035.

The role of the Poland in the IEA projections for unconventional gas is 
still better visible on the Figure 5. Poland is mentioned here, among the 10 
largest shale gas producer in 2035. According to the forecasts, production 
in Poland in 2035 would reach 30 bcm, which is close to 1.9% of the world 
unconventional gas production and 2.5% of shale gas extraction.
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Figure 5 –	Ten largest unconventional gas producer in the GR scenario and impact of different 
resource assessments on projected shale gas production in Poland (production in bcm)

Shale Other

0

150

300

450

600

U
ni

te
d 

St
at

es

C
hi

na

C
an

ad
a

A
us

tr
al

ia

In
di

a

In
do

ne
si

a

Ru
ss

ia

M
ex

ic
o

A
rg

en
tin

a

Po
la

nd

0

8

16

24

32

2010 2015 2020 2025 2030 2035

EIA PGI middle

Source: IEA 2012.

So far, two scenarios were considered: GR and LU. Both of them assu-
me high recoverable resource estimate of 5.3 tcm., but in the LU scenario 
Poland does not produce shale gas because of social and political obstacles. 
Studies by the Polish Geological Institute with support from United States 
Geological Survey (USGS) give a much lower estimate ranging from 346 
bcm to 768 bcm (PGI, 2012). The large difference is explained primarily by 
differences in methodologies between the two studies. More precise esti-
mates will be available in the next few years, as more as more data become 
available from exploratory drilling. The chart on the right side of figure 10 
shows what can happen if actual resources in Poland are significantly lo-
wer than assumed in the GR. The GR scenario shows sharp rise of shell gas 
production after 2020, while the second line represent the production un-
der low resources case using mid-range figure of 0.55 tcm from the Polish 
Geological Institute estimate. In this case growth of production stops befo-
re 2030 at 14.1 bcm. and starts to decline slowly.

It seems that the forecast of the GR scenario should be considered as the 
most favorable of the possible turn of events for Poland, as it provides that:
1.	 the forecast uses a very optimistic estimates for shale gas in Poland (5.3 

bcm),

2.	 production does not encounter major difficulties of administrative and 
social nature and the government is preparing solutions being a viable 
incentive for potential investors, while maximizing social benefits.

Scenarios for Poland

In the IEA forecast presented above, natural gas production in Poland 
increase to 34 bcm in 2035 under GR scenario. To assess how important 
would be this increase for Poland one can refer to the official Polish go-
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vernment document (Energy Policy ... 2009), which provides, among others, 
the path of growth of primary energy demand. After overcoming some 
problems related to the comparability of estimates in both documents and 
making some simple calculations, it can be concluded that in the case of GR 
scenario:
•	 Poland until 2020, despite the increase in primary energy demand by 

about 2% per year, will be able to avoid an increase in imports (import 
maintain a stable level until 2020) due to an increase its own production 
of gas,

•	 in the period 2025-2035 the rate of growth of demand for primary en-
ergy decreases to approximately 1.2%. At the same time, faster than in 
the previous period increase of gas production (at a rate of about 7%) 
will limit the scale of necessary imports. Thanks this, around 2030 it will 
be possible to stop the import, and launch export of natural gas surplus.
This is a very rough assessment. It assumes the occurrence of a substi-

tution effect, but does not take into account the possibility of an indepen-
dent increase in domestic demand for energy, as a result of lowering prices 
of natural gas. One can raise a number of other concerns, such as the lack 
comparability of growth rates of GDP as well as energy efficiency in both 
projections. Their inclusion may change quite significantly the assessment 
of the Polish self-sufficiency in the supply of natural gas.

It should also be noted that in March 2012 the Polish Geological Institute 
(PGI) has announced its preliminary report stating that the resources of 
shale gas in Poland are at least 5 times less. The truth about the resources 
will be known in several years, when companies with exploration licenses 
present detailed reports. It seems, that even if the reports confirm the pessi-
mistic estimates, a new subsector of mining industry will appear in Poland 
in foreseeable future. The realization of this vision would lead not only to 
significant changes in the structure of energy consumption in Poland and 
easier achievement of  emission targets, but also increase energy security 
of the country.

In the circumstances outlined above, beginning the exploitation of shale 
gas in Poland in the next 10 years seems a foregone conclusion. Whether 
it can affect the European market significantly, depends on the results of 
geological research as well as political and social situation around the ex-
ploitation of shale gas in Poland and in EU. For the simulation purposes at 
least 3 alternative scenarios for Poland should be considered:
•	 reference scenario – Poland explores shale gas resources but do not start 

their exploitation, regardless of the results of exploratory research,

•	 optimistic scenario – exploration results confirm the existence of shale 
gas resources at a level similar to the estimates of ARI / EIA and Poland 
begin their exploitation in accordance with the Golden Rules,
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•	 pessimistic scenario – exploration results confirm the existence of shale 
gas resources at a level similar to the estimates of PGI and Poland begin 
their exploitation in accordance with the Golden Rules.
On  these variants, alternative assumptions should be imposed concer-

ning developments in the global and European energy market, using sce-
narios LO and GR from IEA analysis. 

Below we discuss in more detail issues which should be taken into ac-
count while modeling and preparing scenarios for simulation of shale gas 
impact for the Polish economy. 

After 1990 two opposing processes are observed in Poland. On the one 
hand, a clear trend to reduce energy intensity measured by GDP per capita 
can be seen. It is the effect of ever-increasing energy prices, which results 
in reduction of energy consumption through regular savings and stimu-
lation of technological progress. On the other, the energy consumption is 
growing due to the process of catching up with developed countries in 
terms of energy consumption per capita, causing increase of energy inten-
sity of GDP. In the coming decades demand for energy will be still the re-
sult of these two processes. 

On the supply side, the structure of energy by sources is going to chan-
ge in Poland. While coal will still continue to form the basis of Polish ener-
gy sector, its importance will be steadily decreased due to the policy of 
the EU, focused on the reduction of greenhouse gas emissions. The rate of 
reduction of the share of coal in the Polish energy balance will depend on 
two main factors:
•	 the rate of implementation of carbon sequestration technologies, 

•	 price competitiveness of renewable energy.
The reference scenario should therefore establish a path for Poland to 

catch up highly developed countries in terms of energy consumption per 
capita and / or energy intensity of GDP. The scenario should also include 
reduction in the intensity of greenhouse gas emissions. This means that 
prices of energy made from coal increase in relation to those made from 
other primary sources. 

Other important factor influencing the future structure of energy sup-
ply in Poland is the situation on the world gas markets and the strength 
and speed with which they will evolve towards a single market. This will 
influence the potential of shale gas production in Poland.  However, the 
potential depends also on other exogenous factors of which the most im-
portant seem to be the following: 
•	 characteristics of indigenous resources of shale gas (volume, technical 

opportunities of extraction and its unit costs), 

•	 use the potential of shale gas production on regional markets, like Asia 
and particularly in China (see CSIS 2012), 
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•	 strength of downward pressure of gas prices (including LNG prices) in 
Europe and in the world.
Taking into account the above determinants and having in mind the gene-

ral structure of the model IMPEC (see Plich 2009), in Table 7 we indicate the 
elements of the model which need to be taken into account in construction 
of scenarios for simulation the impact of shale gas development in Poland.

Table 7 –	 Elements of IMPEC to change in construction of  scenarios

Supply side Demand side
Unit costs of production of shale gas sector 
(must change according to assumed learning 
curve - TFP effect).

Investments:
-	 modernization of existing power plants and 

CHP (combined heat and power plants) to 
replace coal with natural gas,

-	 construction of new gas power plants,
-	 exports (pipelines, LNG installations),
-	 transmission and distribution network 

depending on location of final customers

Investments in:
 - drilling (depending on life cycle of wells),
 - gas storage,
 - installations for gas liquefaction.
Imports (must take into account long-term 
contracts for the supply of Russian gas; the 
contract ends only in 2023 and provides a 
purchase of at least 8.7 billion m3 per year).

Productivity of new and modernized power 
plants and CHP

Financing of investments (domestic-foreign, public-private).
Royalties and taxation.

Prices of primary fuels, especially natural gas and LNG in relation to others.

Conclusions

Over the past decade shale gas has become an increasingly important 
source of natural gas in the United States, and now is in the center of in-
terest in the world giving hope for stopping ever-rising prices of energy. 
Currently, there are three main barriers to the development of shale gas 
in  the world: uncertainty as to the actual amounts and their characteristics 
determining the possibility of extraction, environmental constraints, and 
political threats. 

Estimates of shale gas resources in Poland are promising, which means 
that the launch of shale gas production over the next few years is very li-
kely. If optimistic assumptions are met, Poland around 2030 can be a net 
exporter of gas. To assess  consequences of shale gas extraction in Poland  
IMPEC model should be revised by adding new capabilities to reflect pos-
sible changes on supply and demand side. A new branch should be expli-
citly put into the input-output table and various scenarios of investments 
should be considered. The most significant driver for Polish shale gas in-
dustry would be gas prices. If developed successfully, shale gas in Poland 
will first of all meet domestic demand but in more optimistic scenarios also 
exports of LNG can be considered. 
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