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Poland has been estimated to possess large volumes of technically recoverable shale gas
resources, which has raised national hopes for increasing energy security and building export
capacity. In this paper, we aim to examine political claims and hopes that Poland could
achieve natural gas self-sufficiency and even become a gas exporter by harnessing domestic
shale potential. We do so by relying on well-by-well production experience from the Barnett
Shale in the USA to explore what scope of shale gas extraction, in terms of the number of
wells, would likely be required to achieve such national expectations. With average well
productivity equal to the Barnett Shale, at least 420 wells per year would be necessary to
meet the domestic demand of 20 Bcm in 2030. Adding Poland�s potential export capacity of
five Bcm of gas per year would necessitate at least 540 wells per year. Such a significant
amount of drilling and hydraulic fracturing would require reconsideration and verification of
national energy security plans and expectations surrounding shale gas production. A more
informed public debate on technical aspects of extraction would be required, as extensive
fracking operations could potentially have implications in terms of environmental risks and
local land-use conflicts.
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INTRODUCTION

During the last two decades, the widespread use
of horizontal drilling and hydraulic fracturing
(‘‘fracking’’) caused a surge of gas and oil produc-
tion from shale deposits in the USA. Shale deposits
are typically formed in depositional environments
where fine-grained particles with mostly clay-sized
materials fall out of suspension and become rocks
(Jackson, 2011). Significant amounts of organic
material can become embedded in shales and allow
significant generation of hydrocarbons. Low matrix

permeability (typically ranging from nD to lD) is
the challenge that necessitates fracturing technolo-
gies that can help increase permeability to create gas
flows for commercial exploitation (Guo et al., 2016).
Any technically and economically viable production
of gas from shale rocks requires adequate geological
assessments, access to technology and investments,
evaluation of environmental impacts, as well as
supporting political incentives and legal frameworks,
and public acceptance. These and other factors for
successfully unlocking shale gas remain uncertain or
deficient in several countries that wish to develop
this energy source in the future (Andreasson, 2018;
Godzimirski, 2016; Hu & Xu, 2013; Mistré et al.,
2018; Soeder, 2018). Estimates of resource recover-
ability alone do not guarantee a successful path to-
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ward commercial production and improved energy
security.

Since 2009, a range of optimistic yet highly
uncertain geological appraisals indicated a signifi-
cant abundance of shale gas resources around the
world, triggering interest from other countries to tap
this unconventional source of fossil fuels (McGlade
et al., 2013; UKERC, 2012). Due to lack of sufficient
amount of test wells and credible, up-to-date geo-
logical data, the assessments often speculated the
volumetric potential by using productive American
shale plays as analogues for estimating recoverable
resource potential outside the USA (Kama &
Kuchler, 2019; Kuchler, 2017; McGlade et al., 2013).
Following several such estimates (e.g., EIA/ARI,
2011, 2013), Poland was highlighted as having one of
the largest (technically) recoverable shale gas re-
source potentials among member-states of the
European Union (EU) and was quickly deemed to
become the first EU country where a shale gas
‘‘revolution’’ could take place outside the USA
(Kuhn & Umbach, 2011). Although highly uncer-
tain, the significant volume of unconventional gas in
the amount of 5300 billion cubic meters (Bcm),
estimated by Advanced Resources International
(ARI) in the report for the US Energy Information
Administration (EIA), spurred widespread public
enthusiasm for future shale gas production in Poland
(EIA/ARI, 2011). The optimistic estimates attracted
large international companies with financial and
technical means to extract the resource (e.g.,
ExxonMobil, Shell, and ConocoPhillips), while na-
tional oil and gas producers (e.g., PKN Orlen, Lo-
tos) became increasingly engaged in prospecting and
exploration activities. As of July 2012, Poland led
the way toward the first European gas production
from shales, with 111 concessions for prospecting
and exploration of unconventional gas resources
(MOŚ, 2016).

The prospect of unconventional gas abundance
within the Polish territory resonated strongly with
the country that has long struggled with energy
insecurity resulting from persistent dependence on
substantial gas imports from Russia (Johnson &
Boersma, 2013; Kuchler & Höök, 2020). Conse-
quently, Poland�s uncertain but optimistic prospects
for commercial production of unconventional gas
from shales were quickly framed by the Polish public
as a ‘‘great chance’’ for the country to achieve gas
independence, increase national energy security,
improve its geopolitical position in the region and
even spur economic development (Jaspal et al.,

2014; Lis & Stankiewicz, 2016). Energy security be-
came a predominant dimension of the public debate
through which policy-makers, industry representa-
tives and energy experts alike expressed their high
hopes for reducing substantial dependence on Rus-
sian gas imports and making Poland entirely self-
sufficient in gas supply. In 2011, former Polish Prime
Minister Donald Tusk declared that, with moderate
optimism, the country would achieve its gas inde-
pendence in 2035 (Gazeta Prawna, 2011). Apart
from the energy security dimension, some policy-
makers even argued that the Polish home-grown
shale gas could be exported via the LNG terminal in
Świnoujście. In a TV interview given in 2010, former
Minister of Foreign Affairs Radosław Sikorski fa-
mously alluded to Poland as a ‘‘second Norway’’ in
terms of becoming a major natural gas exporter for
the European market (TVN24, 2010). The political
hopes formed around shale gas were also inscribed
in various national strategy documents in which
shale production was most often viewed as a chance
for improving energy security (Kuchler & Höök,
2020).

Yet, these bold but unsubstantiated political
claims about Poland achieving gas self-sufficiency
and even becoming a gas exporter have never been
verified in terms of estimating the scale of produc-
tion operations necessary for carrying out such
assumptions. There were bold visions, but there
were no concrete plans and evaluations as to how
such visions could be attained concerning the scope
of production. To date, no commercial production of
gas from shales has been established yet. Both
international and national companies engaged in
prospecting and exploration between 2010 and 2016
left Poland or abandoned their shale-related activi-
ties.

AIM OF THE STUDY

Amid public expectations and political claims of
Poland achieving gas self-sufficiency or becoming
a major gas exporter, there is no study projecting
extraction rates and exploring what number of wells
would be needed to obtain necessary volumes to
secure gas independence and export capacity. One
recent study uses hypothetical exploration rates of
37–294 well pads every five years to analyze poten-
tial environmental impacts in Pomerania in northern
Poland—a region often seen as the most potent for
exploitation of shale gas resource (Baranzelli et al.,
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2015). In another paper, the authors only assumed
annual production levels of 5, 10, and 50 billion cu-
bic meters (Bcm) to project potential impacts of
Poland�s unconventional gas on the regional distri-
bution of natural gas supplies (Osička et al., 2016).
Due to preoccupation with technical recoverability
in geological assessments of the potential for shale
gas resources, there have only been some attempts
to estimate the economic recoverability and prof-
itability of Polish shales (e.g., CASE, 2012; Siemek
et al., 2013).

This paper aims to examine political claims that
Poland could achieve gas self-sufficiency and even
become a major gas exporter by developing com-
mercial production of domestic shale gas resources.
Following a range of resource estimates that employ
American shale plays as analogues (EIA/ARI, 2011,
2013; PGI, 2012), this paper relies on extensive
production experience from the prolific shale gas
region in the USA—the Barnett Shale in Texas (Fry,
2013; Jarvie et al., 2007)—to illustrate a possible
number of required drilled wells to substantiate
Polish shale gas expectations.

The main objective is to fill the knowledge gap
by exploring what production capacity could be re-
quired to meet Poland�s ambitions for securing gas
self-sufficiency and export capability. For explo-
rative scenario building purposes, we optimistically
assume that the Polish gas production from shales
kicked off in 2016, five years after the EIA/ARI
(2011) report estimating 5300 Bcm. More specifi-
cally, we focus on assessing the scope of production
in terms of the number of wells for three scenarios:
(1) Low Scenario—gas self-sufficiency as of 2016,
meeting the demand of 16 Bcm; (2) Base Scenar-
io—gas self-sufficiency in 2030, meeting the pro-
jected demand of 20 Bcm according to the national
strategy ‘‘Energy Policy of Poland until 2030’’ (MG
2009); and (3) High Scenario—gas self-sufficiency in
2030 plus 5 Bcm of gas for export (via the LNG
terminal in Świnoujście readjusted for exports).

We assume simplistically that production pro-
files of average shale wells in Poland are like the
patterns seen for wells in the Barnett Shale. For our
explorative outlooks and desire to rely on some
observed data rather than speculations, this
assumption is sensible. However, identifying the
most likely future outcome or accurate full regard of
all geological and socioeconomic differences be-
tween the Barnett Shale and the Polish shale for-
mations is beyond the scope of this study.

Furthermore, we discuss potential implications
of projected extensive drilling and hydraulic frac-
turing operations required to secure significant vol-
umes of gas in each scenario, including (1) the
necessity to critically reconsider and verify national
energy security objectives based on shale gas self-
sufficiency, (2) a need for a comprehensive and
unbiased national debate that would include the
scope and technical aspects of unconventional gas
extraction, and (3) the possible emergence of local
land-use conflicts and environmental risks. Finally,
we conclude our findings by calling for similar
studies on the extent of drilling and fracturing in
other countries that seek to develop domestic shale
gas production, such as the UK that has recently
rebooted exploration of unconventional gas re-
sources from onshore shales.

METHODOLOGY AND DATA SOURCES

Shale exploitation for oil and gas has been
around for a sufficiently long time in the USA to
provide a relatively abundant number of producing
wells for estimating characteristic production beha-
viour. Such studies often rely on decline curve
analysis, i.e., methodology focused on fitting math-
ematical functions to observed production rates of a
single well or group of wells to explore future per-
formance by trend extrapolation (Höök, 2014).
Earlier works, such as Hotard and Ristroph (1984)
or Bezdek and Wendling (2002), also highlight how
all past effects of economics, policies, technology,
etc., are implicitly included in historical production
series. Extrapolating historical trends could be rea-
sonable for looking into the future under assump-
tions of no dramatic deviations. Even if significant
changes of large magnitude were expected for some
reason, it would still be valuable to have historical
experience as a scale for sensible comparison (Hirsh
& Jones, 2014).

In this study, we relied on well-by-well pro-
duction experience from the USA to explore possi-
ble future scenarios for drilling and production in
Poland. Several recent studies have assessed typical
decline rates, lifetimes, and other parameters for
individual gas and oil wells in US shale regions
(Duong, 2011; Guo et al., 2016, 2017; Middleton
et al., 2017; Valko, 2009; Wachtmeister et al., 2017).
We used the Barnett region as a base for our anal-
ogy since it is one of the oldest shale production
regions, with longer time series available.
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For modelling individual production of a shale
gas well, we used the hyperbolic function:

q tð Þ ¼ IP

ð1 þ DbtÞ1=b

where IP is initial production, D and b decline cur-
vature parameters, and t is time in months. We de-
rived three supply scenarios from variable individual
well productivity by using three different IP esti-
mates as described in Table 1. Decline curvature
parameters D and b are constant in all scenarios and
are based on the median of Barnett wells as derived
by Guo et al. (2017). Well lifetime was set to
30 years in all cases. EUR (estimated ultimate
recovery) is, hence, cumulative production at year
30. The resulting hyperbolic well production profiles
are presented in Figure 1.

The IP of 1.4 Mcm/month was equal to the
mean of all wells in Barnett as of 2016, derived from
the 20,000 well samples provided by Middleton et al.
(2017). IP 0.8 and 2.0 were used as representative
low- and high-productivity wells and can be com-
pared to the mean ± one standard deviation of
1.4 ± 1 or, to the median of 1.1 and the first and
third quantiles of Q1 = 0.6 and Q3 = 1.8 of the same
20 000 well IP sample.

Total aggregate production was calculated by
simple multiplication of the individual well produc-
tion profile and the number of drilled wells each
month. Figure 2 illustrates this underlying bottom-
up, well-by-well principle. In the Results section,
only the resulting total aggregate production is
shown.

To explore potential shale gas futures in Po-
land, we used three demand-side scenarios based on
gas demand (16 Bcm) in 2016 and projected demand
for 2030 (20 Bcm) (according to PEP 2030), as well
as a high case scenario with self-sufficiency and ex-
port capacity combined (25 Bcm). We then derived
stylized shale production scenarios based on three
drilling rates (25, 35 and 45 drilled wells per month)
and three individual well productivities (0.8, 1.4 and

2.0 Mcm/month) to explore what volume is required
to match demand with domestic shale supply. The
drilling scenarios were stylized to show the impact of
the sensitivities. They provide production levels in
the range of the assumed different future con-
sumption levels rather than exactly matching the
demand levels. The drilling campaign starts from
zero, grows linearly to a certain level and stops en-
tirely in a specific year. In this sense, the scenarios
were stylized and explorative rather than predictive.
The stylized shale production scenarios were de-
signed to be symmetrical so that sensitivity to driv-
ing parameters (drilling rates and well productivity)
is more clearly illustrated.

UNCONVENTIONAL NATURAL GAS
IN POLAND: GEOLOGY
AND PROSPECTING

Following a range of promising yet highly
uncertain estimates of shale gas resources in Europe
(McGlade et al., 2013; UKERC, 2012), Poland was
deemed by many to become the first EU country
where commercial shale gas production would take
place (Table 2). The highest volumetric appraisal of
5300 Bcm (EIA/ARI, 2011) was essential in trig-
gering the Polish enthusiasm and expectations for
domestic shale gas production. A year later, the
Polish Geological Institute toned down national
hopes for unconventional gas by estimating the
recoverable shale gas resources to be in the range
between 346 and 768 Bcm, with a maximum poten-
tial of 1922 Bcm (PGI, 2012).

The Ordovician–Silurian claystone–mudstone
rock formations hypothesized as having the poten-
tial in terms of technically recoverable resources
(TRR) of shale gas stretch through the Polish ter-
ritory from the northwestern part of the Baltic Basin
to Podlasie and Lublin Basins in central-eastern
Poland (PGI, 2012; Kiersnowski & Dyrka, 2013;
Poprawa, 2010). Geologists and industry experts
have long speculated about the potential existence
of unconventional gas resources in the Baltic–Lu-
blin–Podlasie, based on historical and limited geo-
logical data (e.g., ARI, 2009; Poprawa &
Kiersnowski, 2008). Exploratory test drillings per-
formed in the 1950s and 1960s found different levels
of organic content with average total organic con-
tent (TOC) of 3–12% and the highest TOC occur-
ring in Upper Ordovician shales in central-western
parts of the Baltic Basin (PGI, 2012). Yet, the Bal-

Table 1. Parameters of three representative, individual well

production profiles used in this study

IP D b EUR EUR

Mcm/month Bcm kboe

0.8 0.22 1.5 0.0289 178

1.4 0.22 1.5 0.0507 312

2 0.22 1.5 0.0724 446
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tic–Lublin–Podlasie Basin remains poorly under-
stood with regard to productive area, gas quality and
flow potential. Kiersnowski and Dyrka (2013)
demonstrated that early shale gas estimates were not
only based on historical and incomplete geological
data, but they also differed in terms of criteria and
methodologies used to assess the physical extent of
examined area, reservoir properties and resource
recoverability. A substantial amount of test wells
would be required to assess the technical and eco-
nomic feasibility. According to Poland�s National
Audit Office, one would need to perform at least 200
test drillings to increase the certainty of volumetric
appraisals (NIK, 2013).

Since 2007, the Polish Ministry of Environment
has awarded 122 concessions for prospecting and
exploration of unconventional gas (MOŚ, 2016). In
2010, the first exploratory well ‘‘Markowola-1’’ with
hydraulic fracturing was done by the state-owned
Polish Oil and Gas Company (PGNiG) in the
Mazovian Voivodeship in central Poland. In late
2011, Lane Energy Poland—a subsidiary of 3Legs
Resources Company—completed the initial testing
phase of the well ‘‘Łebień LE-2H’’ in the Pomera-
nian Voivodeship in northern Poland. It is important
to note that, to date, LE-2H has been the only suc-
cessful Polish test well with production data made
publicly available. According to the PGI�s environ-
mental assessment (PGI, 2011), the total well depth
was 4075 m and hydraulic fracturing done in 13
intervals according to the PGI�s environmental

assessment. The 3Legs Resources (2011) reported
that the initial gas production from the Łebień well
initially reached an unstabilized rate of 62,300 cubic
meters per day before declining and stabilizing at
12,700 to 14,700 cubic meters per day (3Legs Re-
sources, 2011). The fracturing required 17,322 cubic
meters of water, 1271 tonnes of quartz sand (i.e.,
proppant) and 462 cubic meters of chemicals in-
jected during all associated drilling intervals (PGI,
2011).

In July 2012, Poland was leading the way for the
shale gas ‘‘revolution’’ in Europe, with the highest
number of 111 valid concessions for prospecting and
exploration and the record number of 24 performed
drills (MOŚ, 2016). The same year, the Polish Centre
and Economic Research (CASE, 2012) published a
broadly circulated economic assessment of the shale
gas production potential. The report identified three
scenarios for the 2015–2035 period (Fig. 3): in the
‘‘moderate growth’’ variant, the extraction potential
was estimated to be 3.57 Bcm; in the ‘‘increased
foreign investments’’ scenario, Poland would pro-
duce up to 6.37 Bcm, whereas the most positive
‘‘accelerated growth’’ model assumed shale gas
production to reach 19.12 Bcm in 2034 (CASE,
2012). The report provided estimates of the number
of wells necessary to meet the production potential
in each scenario. For example, to reach the level of
around 20 Bcm in the ‘‘accelerated growth’’ sce-
nario, it is assumed that the total number of pro-
duction wells would be 95 during 2012–2018 and
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Figure 1. Representative individual well production curves used in this study.
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1175 during 2019–2025 (CASE, 2012). It is, however,
unclear as to how the authors arrived at such esti-
mates, as they suggest that the Polish shale plays
would be more productive compared to some of the
most potent shale formations in the USA (Kier-
snowski & Dyrka, 2013).

Another long-term scenario included in the EU
Energy Reference Scenario 2016 (EC, 2016) as-
sumed that Poland�s domestic natural gas production
would reach 15.9 Bcm in 2050 (Fig. 4). All gas would
most likely have to come from shale deposits as
conventional sources are limited or likely depleted
after 2035. In this Reference Scenario, Poland�s de-
mand for natural gas would increase to approxi-
mately 27 Bcm by 2050, of which roughly 16 Bcm

would come from domestic production and around
11 Bcm from imports (EC, 2016).

By 2016, 91 concessions for prospecting and
exploration expired. As of November 2017, there
were only 20 active concessions, compared to the
peak of 111 at the end of July 2011 (MOŚ, 2016).
Between 2010 and 2016, 72 test wells were
drilled—including eight within one concession in the
Pomerania region—of which 25 used hydraulic
fracturing and nine microfracturing treatments (also
known as ‘‘Diagnostic Fracture Injection Test,’’
developed by Halliburton) (MOŚ, 2016). To date, no
commercial production of unconventional gas has
been established, and most concessionaries have left
Poland or abandoned shale-related activities. The
industry�s exodus from the Polish shale was, to a
large extent, triggered by various institutional and
bureaucratic hurdles, including a considerably de-
layed reform of national regulatory framework (e.g.,
mining law) necessary to accommodate future
exploitation of unconventional gas, as well as a dis-
orderly and unreliable process of granting licenses
for prospecting and exploration (Godzimirski, 2016;
NIK, 2013). Despite the low amount of test drillings,
there were also concerns that Poland�s geological
conditions—i.e., a limited content of organic matter
and high presence of clay minerals—may be less
favourable and thus challenging for the application
of hydraulic fracturing technology (Jarzyna et al.,
2017; Kiersnowski & Dyrka, 2013; PGI, 2012).
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Figure 2. Example of underlying well-by-well principle for calculation of total

production. Each area shows production from wells with the same start-up

month. In the example, 35 wells were drilled and started up each month.

Table 2. Estimates of (risked) technically recoverable resources

(TRR) of shale gas in Poland

Sources Bcma

Wood Mackenzie (2009) 1360

ARI (2009) 2830

Kuhn and Umbach (2011) 1860

EIA/ARI (2011) 5290

USGS (2012) 112b

PGI (2012) 1922b

EIA/ARI (2013) 4190

EIA/ARI (2015) 4130

aBillion cubic meters
bMaximum estimated value (higher uncertainty)
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QUANTIFYING REQUIRED WELLS
FOR GAS SELF-SUFFICIENCY SCENARIOS

Poland used almost 16 Bcm of natural gas in
2016 (ME, 2017), corresponding to 14.8% of total
energy consumption (GUS, 2017). The national
strategy ‘‘Energy Policy of Poland until 2030,’’
adopted by the Council of Ministers in November

2009, projects that the country�s gas demand would
reach around 20 Bcm in 2030 (MG, 2009; Appendix
2, p. 14). The share of natural gas in Poland�s total
primary energy supply was 13.6% in 2016. Around
one-third of the Polish gas demand was met by
domestic production at the level of 4.2 Bcm, whereas
the remaining two-thirds were covered by imports at
13.8 Bcm in 2016 (ME, 2017). Russian Gazprom
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delivered almost 10.3 Bcm of gas—75% of total
imports through entry points on the Polish borders
with Belarus and Ukraine. In 2016, Poland also im-
ported 2.5 Bcm of (Russian) gas from Germany by
using a reverse flow on the Yamal pipeline that runs
through the Polish territory. To reduce high import
dependency on Russian gas and secure supplies from
other producers, in 2015, Poland opened the lique-
fied natural gas (LNG) terminal in Świnoujście with
an initial maximum regasification capacity of 5 Bcm/
year. It is expected that the terminal�s expansion to
7.5 Bcm/year of regasification capacity will be com-
pleted in 2023.

We explored quantitatively possible Polish
shale gas futures by starting with a set of assumed
demand scenarios based on gas demand in 2016 (16
Bcm) and projected demand for 2030 (20 Bcm), as
well as a high case with gas self-sufficiency in 2030
and export capacity via the LNG terminal (25 Bcm)
(Table 3). We then derived stylized shale production
scenarios based on drilling rates and individual well
productivity to explore what is required to match
demand with domestic shale supply. The stylized
shale production scenarios were designed to be
symmetrical so that sensitivity to driving parameters
(drilling rates and well productivity) are more
clearly illustrated. Therefore, derived supply does
not exactly match assumed demand but is in the
relevant range.

In Figure 5, the total shale production for the
three different drilling rates 25, 35 and 45 drilled
wells per month is illustrated. In this case, individual
well productivity is based on the mean initial pro-
duction rate from historical Barnett shale wells of
1.4 Mcm/month. As seen, constant drilling of 25
wells per month yields a long-term equilibrium be-
tween new wells and the decline of old wells on the
level of 15 Bcm per year, almost matching 2016
demand. For the 2030 demand of 20 Bcm, 35 wells
per month are required, while 45 wells per month
yield long-term production equilibrium of 27 Bcm,
matching 2030 demand and extra export capacity.

In these stylized constant drilling scenarios, the
equilibrium plateau production level is reached after
30 years. To reach assumed demand earlier (e.g., in
2030), drilling rates need to be frontloaded, i.e.,
higher drilling rates at the beginning of the period
with subsequent decreases. For illustrative purposes,
new drilling stops after 40 years, showing the
resulting declining production from existing wells.

In Figure 6, total shale gas production from 35
wells per month is shown but for three different well

productivities based on initial production rates of
0.8, 1.4 and 2.0 Mcm/month, where 1.4 is the Barnett
mean and 0.8 and 2.0 are examples of low- and high-
productivity Barnett wells. As seen, total production
is very sensitive to individual well productivity. With
35 wells per month, possible differences in well
productivity cover the whole total demand scenario
spectrum from 12 to 30 Bcm per year. With the
limited knowledge of possible future production
rates of Polish wells, any accurate projection of re-
quired drilling and potential impacts is not possible.
However, using the Barnett mean of 1.4 as an
analogy can be assumed to be optimistic, since
existing geological assessments see Polish shales as
less favourable than US ones (EIA/ARI, 2013), and
it is reasonable to assume that at least the drilling
rates presented in Figure 5 are required to match the
different demand scenarios.

DISCUSSION

Our results, presented in Figures 5 and 6, and
Table 3, indicate that the Polish ambition to be self-
sufficient in natural gas and even become a gas ex-
porter would likely require substantial drilling and
hydraulic fracturing activities to develop and further
sustain the necessary level of gas production from
shales. A minimum of 300 wells per year are likely
needed to meet the Polish gas demand of 16 Bcm in
Low Scenario, and the self-sufficiency would be
achieved no earlier than in 30 years if the drilling
campaign is constant and not frontloaded. After
ten years of sustained production, the cumulative
number of wells would reach around 3000. The Base
Scenario with increased gas demand of 20 Bcm in
2030 would require at least 420 drilled wells per
year. Finally, the High Scenario—assuming the in-
creased gas demand of 20 Bcm plus 5 Bcm of gas for
export via the LNG Terminal in Świnoujście—-
would necessitate at least 540 wells per year (Fig. 5,
Table 3).

Although natural gas remains a marginal fuel in
Poland�s coal-dominated energy mix (Kuchler &
Bridge, 2018), particularly in the power sector, its
use has increased by more than 20% since 2005
(ME, 2017). The national strategy document ‘‘En-
ergy Policy of Poland until 2030’’ projects that the
country�s gas demand would reach slightly more
than 20 Bcm in 2030 (MG, 2009; Appendix 2, p. 14).
Such an increase in gas demand would pose a con-
siderable challenge to the supply side. In 2016, one-
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third of Poland�s gas demand was met by domestic
production, whereas the remaining two-thirds were
covered by imports (ME, 2017). Since 2005,
domestic production of conventional gas has stabi-
lized roughly above four Bcm per year, but the ex-
ploitable resource deposits would last approximately
30 years if no new discoveries were made (PGI,
2017). Hence, the country relies heavily on imports
to cover the remaining gas demand. In 2016, 75% of
total imports were delivered by Russian Gazprom
(ME, 2017). Poland�s ‘‘lock-in’’ and high depen-
dence on Russian gas supplies have, for decades,

fueled substantial concerns regarding national en-
ergy insecurity amid several geopolitical tensions
surrounding onshore and offshore gas transit routes
from Russia (Johnson & Boersma, 2013; Kuchler &
Höök, 2020).

Unsurprisingly, the prospect of extracting shale
gas resources was quickly taken up by the Polish
decision-makers, industry representatives and media
commentators alike. The Polish public debate,
influenced by major national media outlets, has
predominantly framed unconventional gas from
shales as a ‘‘great chance’’ for achieving energy

Table 3. Stylized demand and production scenarios of shale gas in Poland

Demand scenarios Production (Bcm) Comment

Low 16 Demand in line with 2016 levels

Middle 20 Future demand in line with 2030 levels

High 25 Future demand in line with 2030 levels with 5 Bcm export capacity

Production scenarios Plateau production

(Bcm)

Comment

Variable drilling rates

25 wells/month, 1.4 well prod 15 25 wells drilled per month, well productivity of mean Barnett well

35 wells/month, 1.4 well prod 21 35 wells drilled per month, well productivity of mean Barnett well

45 wells/month, 1.4 well prod 27 45 wells drilled per month, well productivity of mean Barnett well

Variable well productivity

35 wells/month, 0.8 well prod 12 35 wells drilled per month, well productivity of low productivity Barnett well

35 wells/month, 1.4 well prod 21 35 wells drilled per month, well productivity of mean productivity Barnett well

35 wells/month, 2.0 well prod 30 35 wells drilled per month, well productivity of high productivity Barnett well
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independence and improving national security (Jas-
pal et al., 2014; Lis & Stankiewicz, 2016). Following
a range of optimistic but highly uncertain resource
estimates (e.g., EIA/ARI, 2011, 2013), bold political
claims were advanced, suggesting that Poland could
attain gas self-sufficiency and even become a major
gas exporter. Although the Polish government
realized that more test wells were necessary to bet-
ter understand and assess the shale gas potential
underground, several assumptions on the role of
shale gas in the country�s energy mix were loosely
translated into various national strategies (Kuchler
& Höök, 2020). Yet, no specific policy concerned
with assessing and planning for the large-scale
extraction of gas from shales has been proposed or
adopted. Bold political visions lacked any outline as
to how the future commercial production of shale
gas would be accommodated in an old gas system
that requires significant improvements in, among
others, pipeline networks and storage capacity.

Furthermore, the political claims of natural gas
self-sufficiency and export capacity were inade-
quately discussed in public or credibly substantiated.
Poland�s public endorsement of unconventional gas
has been one of the highest in the entire EU, with
72% of Polish citizens being positive about the
prospect of shale gas production (TNS Polska, 2013).
However, about 50% of society also admitted having
poor knowledge about the exploitation of uncon-
ventional gas (TNS Polska, 2013). The bulk of Polish

society appeared to acquire information on shale gas
from the Internet, television, radio and newspa-
pers—largely mirroring the situation in the USA
(Arnold et al., 2018). According to Lis and Stan-
kiewicz (2016), the Polish media played a major part
in shaping the public debate by focusing on possible
benefits that ‘‘home-grown’’ unconventional gas re-
sources might bring for national energy security and
economic development (Lis & Stankiewicz, 2016).

According to Jaspal et al. (2014:259), the Polish
shale gas debate not only included ‘‘little discussion of
the scientific, technological and practical aspects of
fracking,’’ but there also ‘‘appeared to be a certain
naiveté regarding the process of generating shale gas.’’
Apart from economic appraisals (e.g., CASE, 2012;
PKN Orlen, 2012; DnB Nord & Deloitte 2013), the
number of wells that would be required for the coun-
try�s gas independence and export capability has never
been disclosed to and/or discussed in public. Hence, the
political claims about self-sufficiency and export
capacity—advanced by the Polish government and
echoed by industry representatives and energy ex-
perts—were never publicly substantiated or revised.
Consultations with local communities often excluded
discussions on techno-environmental aspects of gas
extraction from shale rocks (Materka, 2012). Sparse
local resistance to shale extraction operations, like the

protest of villagers in _Zurawlow in northeast Po-
land in 2011, was marginalized by the political repre-
sentatives and national media (Lis & Stankiewicz,
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2016). In any scenario explored in this paper, the ab-
sence of a transparent and well-informed debate might
have only deepened discord and boost controversy
between those who promoted shale gas as an energy
security issue and an economic opportunity vs those
who perceived shale gas through the lens of environ-
mental risks (Jacquet, 2014; Mazur, 2016).

Finally, the political claims of gas independence
and export capacity were devoid of any discussion
about a long-term, sustainable strategy. To date, no
assessments have been made as to how the country
could accommodate large-scale hydraulic fracturing
operations in terms of land-use, spatial planning and
environmental risks associated with extraction. If a
large recoverable resource potential were in place
(Table 2), harnessing the abundance of shale ga-
s—e.g., the enthusiastically welcomed estimate of
5300 Bcm of shale gas (EIA/ARI, 2011)—would re-
quire considerable drilling and fracturing activities to
sustain the production for years to come. For exam-
ple, by highly optimistically projecting that all esti-
mated shale gas resources in the Baltic–Podlasie–
Lublin Basin could be technically recovered in the
future, extracting 5300 Bcm of gas from shales would
require around 100,000 wells covering the entire area,
with at least one well per square km. The resource
estimate of 1360 Bcm (Wood Mackenzie, 2009)
would allow for 26,824 of our mean productivity
wells, accounting for 50 years of continuous produc-
tion at 540 wells/year. Consequently, major environ-
mental impacts could emerge, as Baranzelli et al.
(2015) illustrate for their hypothetical shale gas
development in the Baltic Basin. This comes pri-
marily from increased competition for land (e.g., be-
tween drilling operations and agricultural practices or
natural reserves), but also the consumption of
drinking water and landscape fragmentation. Thus,
any large-scale deployment of horizontal drilling and
hydraulic fracturing operations would require a sub-
stantial (re)consideration of current and future plans
for area development (Fry et al., 2017). This includes
land-use conflicts with new infrastructures necessary
for extraction, transport and distribution of natural
gas from shales—as well as legal issues related to
extractive practices (e.g., depth of wells), water
quality (Fontenot, 2013; Schmidt, 2011), methane
contamination (Osborn et al., 2011), environmental
protection (Uliasz–Misiak et al., 2014) and seismic
events induced by hydraulic fracturing operations and
wastewater disposal (Li et al., 2019; Schultz et al.,
2020). Balthrop and Hawley (2017) also found that
shale wells within 1 km of a property reduce property

values. Although the ability to site more wells per pad
would help alleviate some land conflicts and envi-
ronmental concerns, the spacing of more advanced,
multi-well pads would likely depend on the Polish
(local) geology, access to know-how and technology,
as well as a substantial commitment from investors.

Hence, the question remains as to whether local
communities in prospective Polish regions would be
able to socioculturally accept and adjust to the large-
scale implementation of horizontal drilling and hy-
draulic fracturing technologies and risks associated
with them, as well as what potential benefits would
such production bring in terms of local economic
development. For example, Christenson et al. (2017)
demonstrate that arguments stressing the economic
benefits of shale gas bolster public support for shale
exploitation. Yet, such gains are cancelled out if paired
with arguments highlighting associated environmental
impacts. As Kronenberg (2014) observes, the ‘‘per-
ceived abundance of shale gas in Poland’’ strengthened
‘‘a false sense of security’’ that, consequently, led to
policy-makers downplaying or even disregarding the
complexities and risks associated with large-scale
fracking. Long-term, extensive extraction of shale gas
abundance, spurred by optimistic but uncertain re-
source estimates, was turned into political claims that
were not substantiated nor realized.

CONCLUSIONS

The paper illustrates that a significant amount
of drilling and hydraulic fracturing operations would
likely be required to meet Poland�s hopes for gas
self-sufficiency and export capacity today and in the
future. To accommodate large-scale extraction of
shale gas through ‘‘fracking,’’ the Polish government
would need to critically reconsider and verify the
future role of ‘‘home-grown’’ unconventional gas
and the potential scope of its production in achiev-
ing national ambitions concerned with gas self-suf-
ficiency. The Polish policy-makers would have to
considerably revise plans for area developments and
assure that robust socio-environmental regulations
are in place to minimize potential tensions over local
issues associated with shale operations. Moreover, a
more informed and comprehensive public debate
that includes technical aspects of shale gas extrac-
tion would be necessary to better inform and pre-
pare local communities for possible trade-offs, not
only opportunities associated with the commercial
production of gas from shales.
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The implemented method and findings of this
paper have broader applicability for demonstrating
the potential extent of drilling in other countries that
seek to develop domestic shale gas production, par-
ticularly the UK. After the government�s moratorium
on hydraulic fracturing imposed in 2011, the UK has
recently restarted its efforts to develop domestic
production of gas from onshore shales, although re-
source estimates are highly uncertain. In 2015, the UK
government stated that shale gas extraction could
help meet national ‘‘objectives for secure energy
supplies, economic growth and lower carbon emis-
sions’’ (DECC/DCLG, 2015). Yet, British gas con-
sumption is much higher than in Poland and
accounted for more than 80 Bcm. With depleting re-
serves of conventional gas in the North Sea and the
inevitable increase of imports (Höök et al., 2009;
Söderbergh et al., 2009), the question arises as to how
much of gas from onshore shales and what extent of
shale operations would be needed to cover current
and especially future demand for gas in the UK.
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