
Vol.:(0123456789)1 3

Journal of Petroleum Exploration and Production Technology (2021) 11:2127–2141 
https://doi.org/10.1007/s13202-021-01157-7

REVIEW PAPER-EXPLORATION ENGINEERING 

Shale gas: a step toward sustainable energy future

Jayesh Bellani1 · Harsh Kumar Verma1 · Dhrumil Khatri1 · Dhruv Makwana1 · Manan Shah2

Received: 21 July 2020 / Accepted: 2 April 2021 / Published online: 17 April 2021 
© The Author(s) 2021

Abstract
The world energy consumption is going to rise by nearly 50% in 2050 when compared to 2010. With conventional and 
unconventional reserves depleting, demand for energy supply is rising. The feasibility and the current efficiency of renewable 
energy sources may not be capable of satisfying the world energy demand by themselves. Increase in production of non-
renewable energy source, i.e., the fossil fuels may help to fulfill the energy requirement of future generations. Shale gas is 
one of the unconventional sources of energy. Shale gas deposits are scattered all over the planet in low-permeability and low 
porosity reservoirs. India has overall reserves of shale gas between 600 and 2000 TCF, of which 63 TCF is of recoverable 
shale gas (Pradhan and Prakash 2000). Shale production depends on many factors such as political matters, wars, social and 
economic aspects, and exploration techniques. Depending on the recoverable reserve (RR), production of shale gas entails 
different methods and with a different method, comes different problems described and discussed in this manuscript. Along 
with the problems, the technically recoverable reserves of different countries, different production mechanisms, and economic 
aspects of shale gas are also discussed.

Keywords  Shale gas · Hydraulic fracturing · Production methods · Economic aspects of shale gas · Technically recoverable 
reserves

Introduction

The non-renewable fuels (natural gas, oil, and coal) right 
after their discovery have controlled the world energy sup-
plies finding a place in residential, commercial, industrial, 
and even transportation sector. It is perhaps impossible to 
imagine a world where there were no fossil fuels. Over the 

past few decades, global demand for energy has multiplied. 
There is a significant rise in energy usage as the popula-
tion continues to grow. Global development, following the 
developing world, suggests household income increase, 
which requires more energy use, greater access to transport 
networks and services (Wolfram et al. 2012). Now, as the 
demand keeps on increasing the energy supply too needs 
to upsurge in coherence. That is one aspect. Another criti-
cal factor is the environmental aspect. There are significant 
consequences of the energy usage on the local pollutants and 
the emission of greenhouse gases. The inclination toward 
using more sustainable forms of energy is undeniable. While 
there is an enormous amount of research and development 
put into renewable sources of energy like solar, wind, and 
hydropower, one common problem that exists with these is 
feasibility and efficiency. One can easily understand that it 
is not possible to harness wind energy in every part of the 
world. The same may be the case with hydropower or ocean 
thermal energy.

Not only this but, with current technological advance-
ments, it is not easy to extract the maximum amount of 
energy contained in these sources. Even if it was possible, 
the costs would be so high that they cannot be afforded at 
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every place. It is also clear that while these resources have 
great potential to meet global energy needs, there is still a 
long way to go to capture full advantage of these resources 
(Ellabban et  al. 2014). An energy resource is required, 
which is much less damaging to the environment and can 
meet the high energy requirements simultaneously. Natural 
gas extracted from shale nowadays is a much sought-after 
resource that has a possibility of meeting such needs.

Natural gas, when compared to other fuels, is much 
more eco-friendly. Getting such a fuel extracted from a 
new unconventional source can help in meeting the high 
energy demands all over the world. Initially, the production 
of natural gas from these lesser-known reservoirs was not 
considered profitable due to the low permeability issues. 
However, the technological advancements that have taken 
place in the past few decades have led to an increased reli-
ability on taking production from these unconventional 
resources (Sunjay and Kumar 2014). Thus, shale gas can 
be seen as a new unconventional source of energy (Kok and 
Merey 2014; Shar et al. 2017). This paper discusses shale 
gas power as a primary source of energy by extending the 
shale gas production process, the challenges it faces in its 
production, and its environmental impacts. This paper also 
discusses the number of gas occurrences spread in different 
parts of the world and the numerous factors that can influ-
ence production performance from a financial perspective.

Shale gas production process

Over the past few decades, gas production from unconven-
tional shale gas deposits has become very common, as a 
result, the demand to understand the petrophysical properties 

of these rocks is growing. But characterizing these reservoirs 
is extremely difficult because of its uncertain reservoir prop-
erties which have a significant effect on the production of 
shale gas making the process of hydraulic fracturing which 
is the primary process for the production of gas from shale 
reservoirs even more complicated (Speight 2013).

So, the evaluation of the shale reservoir is done by tak-
ing geology and geochemistry together into consideration to 
achieve extremely low shale matrix permeability (Guo et al. 
2017). In general, the extraction of shale gas depends on the 
amount of gas in place which is affected by the following 
four key parameters:

•	 Thermal maturity, expressed as reflection of vitrinite
•	 Total organic carbon content (TOC)
•	 The thickness of a reservoir
•	 Fractional adsorbed gas

The degree of natural fracture growth or low matrix per-
meability of the shale reservoir also serves as a crucial factor 
impacting the production of shale gas. The production of 
shale gas is carried out by four basic processes:

•	 Pad preparation
•	 Drilling
•	 Well cementation
•	 Hydraulic fracturing and well completion (Chang et al. 

2014) (Fig. 1).

Pad preparation

The process of pad preparation consists of site cleansing 
and construction of various site features shown in Fig. 2. In 

Fig.1   Shale gas production process module (Chang et al. 2014)
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this process, the well site is prepared from the layout; the 
technical specifications and productivity of the equipment 
are also estimated in this process (Chang et al. 2014). The 
pad is generally rectangular covering nearly 4-5acres of land 
over which the drilling activities are conducted. The site is 
paved, surfaced, and leveled to position drilling rigs and 
rig trucks. Various activities, such as the drilling and the 
completion of the well, are carried out with the rig installed 
(Speight 2013). In shale gas production, it is becoming a 
common practice to use a single drill pad which is developed 
over a large area of the subsurface which can be used to drill 

multiple wells. Decreased infrastructure cost and land use 
with increased operational efficiency are observed by pad 
preparation. In this way, it also does not have any adverse 
effect on the environment (Ogoke et al. 2014).

Well drilling

Shale gas extraction is generally carried out by horizontal 
drilling which is a relatively recent innovation. And, oil-
based mud (OBM) is typically used as the drilling fluid. The 
drilling process is carried out from surface to the shoe, i.e., 

Fig. 2   Module for pad preparation (Chang et al. 2014)
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total depth (TD). Water-based mud (WBM) is not used as it 
causes various problems like tight spots, packoffs, and stuck 
pipe while drilling through the curved and lateral sections. 
Due to this, the amount of time spent on drilling process 
increases as compared to that of oil-based muds (OBM) 
(Guo et al. 2012). A larger area of reservoir rock is encoun-
tered while horizontal drilling when compared to vertical 
drilling and a larger area of contact results in higher recovery 
factors and increased production rate. In this way, horizontal 
drilling plays a vital role in the development of shale gas 
reservoirs (Speight 2013) (Fig. 3).

Well cementation

This procedure involves well casing, followed by cement 
slurry placement. Three kinds of casings are commonly 
used.

•	 Surface casing
•	 Intermediate casing

•	 Production casing

Based upon the depth of operation, different classes 
of cement can be used. For example, for the formation of 
cement slurry, for from 1830 to3050 m depth, class ‘D’ 
cement is generally used. The water to cement ratio is 
decided by considering the reservoir properties into account 
(Chang et al. 2014) (Fig. 4).

Hydraulic fracturing and well completion

Hydraulic fracturing has enabled a number of oil and gas 
producers in the world to gain access to areas that would not 
otherwise exist.The hydraulic fracturing process, also com-
monly called fracking, is used to release the natural gas from 
the low-permeable shale rock formations (Carter et al. 2013). 
In this procedure, the formation of shale rock is broken using a 
pressurized fluid often known as fracturing fluid. The fracking 
liquid primarily consists of water, sand, and thickening agents. 
The sand particles keep the fracture open hence allowing 

Fig. 3   Module for well drilling (Chang et al. 2014)
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the gas to propagate continuously (Osborn et al. 2011). The 
method involves the injection of fracking fluid into the well 
at high pressure to create gaps in the rock layers from which 
natural gas can pass freely. After the hydraulic fracturing is 
completed, and all the natural gas from the shale rock deposits 
is extracted, the well-completion process is completed, and the 
well is abandoned (Rahm 2011) (Fig. 5).

Problems faced during fracturing of gas 
bearing formations

With the production of shale gas using the methods men-
tioned above, challenges are also involved in these methods. 
The risk analysis of these methods is essential because these 
risks can cause big issues. Some of the challenges faced by 
these methods are mentioned below:

Groundwater contamination

The fracking operations use different fracking fluids which 
may cause the contamination of the underground aquifers if 
the well is not constructed correctly. The fracking process 
creates fractures which can propagate vertically through 
the shale formations, which might lead to leakage of shale 
gas or the fracking fluid to the shallow aquifer. The leak-
age of methane at the well site may also take place due to 
the poor well design or construction. Groundwater may be 
contaminated due to the poor well integrity, which may lead 
to leakage and spills of fracking chemicals and contami-
nants in groundwater. Aquifers in shale deposits in North-
east Pennsylvania and Upstate New York were determined 
to be polluted with methane from studies of Osborn et al. 
(2011). 19.2–64 mg L−1 of concentration of methane was 
found in the drinking water wells which were present nearby 
the gas-producing wells. There are two ways for shallow 
groundwater contamination (a) over ground accidental spills 
(b) well integrity failure and upward fluid migration (Jabbari 
et al. 2017). Such channels are more likely to contaminate 
groundwater than the direct injection of contaminants into 
the formations (Jackson et al. 2013; Jasechko and Perrone 
2017).

Case study

Research done by Vengosh et al. (2013) on various shale 
wells shows that the extraction of natural gas from shale 
basins may have environmental consequences, in particu-
lar the contamination of shallow drinking water aquifers 
from groundwater. The experiment found that water wells 
located close (less than 1 km) shale gas drilling sites have 
a higher concentration of methane gas than wells located 
(more than 1 km) away from the drilling sites. Scientists 
debated the fact that methane found in these water wells 
could be from the basin and not from the drilling activities. 
But the isotope of methane found in these water wells was 
of thermogenic composition. Yet the well that was situated 
away from the drilling sites had a biogenic composition of 
methane isotopes that clearly showed that the higher levels 
of methane in water wells near the drilling sites were due 
to the pollution of the stray gas. It is widely believed that 
inadequate cement around casing causes leakage which 
contaminates the stray gas, leakage may also take place 
through annulus from the intermediate formation.

Also, the wastewater generated due to the production 
of natural gas has very high salinity, toxic elements, and 
radioactive materials, and even after disposing of this 
water through brine treatment facilities, highly saline 
plume forms which still consists of radioactive materials. 
So, the management and disposal of wastewater associated 

Fig. 4   Module for well cementation (Chang et al. 2014)
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with natural gas production are becoming a big problem. 
With the rise in the use of hydraulic fracturing techniques 
for the production of natural gas, the amount and types of 
wastewater are also expected to increase.

Water sourcing and disposal

Porosity and depth of shale are the factors which control the 
amount of water required for extraction of shale gas. Places, 
where there is a shortage of freshwater the extraction of 
freshwater, may cause an even bigger issue. From different 
studies, it has been found that an average of 20 million lit-
ers of water with additional 2,00,000 L of different fracking 
fluids is pushed under pressure at each well. A large volume 
of some solid particles such as sand which is acting as prop-
pants is also pushed with the fluids to keep the fractures 
open (Howarth and Ingraffea 2011). Disposal of the used 

water is also an issue because mainly 80% of water flows 
back to the surface. If the used water is in small amounts, it 
can be sent to the water treatment plants to purify the water 
and use it again. Still, a large amount of water is generally 
reused without purifying or disposing of the water. Another 
issue of water management is that the water that returns from 
the downhole may also contain naturally occurring radioac-
tive materials (NORM) in small quantities. Practical proce-
dures for water management should be taken with the help 
of governmental water authorities (Geological Society of 
London 2012).

Case study

Warner et  al. (2013) conducted a study to analyze the 
impact of wastewater that is released from the brine 
treatment facilities into the stream. The disposal of this 

Fig. 5   Hydraulic fracturing and 
well-completion module (Chang 
et al. 2014)
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wastewater which is formed during the production of natu-
ral gas from shale reservoir is becoming a significant prob-
lem as it consists of high salinity, toxic and radioactive 
elements. Some of the disposal options for these waters are, 
injection in a disposal well or spreading on the roads for 
dust suppression and de-icing. But such disposal methods 
entail environmental risks. They are therefore not permit-
ted to be applied in some areas that lack adequate geology 
or if the laws of the government do not require the water to 
be sprayed on the roads. This water is made up of drilling 
fluids, flow-back fluids, and water produced. It is collec-
tively referred to as wastewater.

Due to the poor quality of water flow and water gen-
erated, the options for disposal and management of such 
wastewater are constrained. The water’s salinity ranges 
from 5000 to > 200,000 mg/L. Its high salinity is due to the 
presence of chlorides and bromides of metals like barium 
and strontium. It also consists of isotopes of radium which 
are also known as naturally occurring radioactive materials 
(NORM). Their radioactivity varies from 185 to 592 Bq/L. 
Generally, these wastewaters are treated in brine treatment 
facilities and are discharged into the surface water. But the 
disposal of these wastewater through treatment facilities still 
causes an increase in the chloride concentration at the down-
stream surface water. Even after the water is treated from the 
brine treatment facilities, it is still highly saline and, hence 
increases the salinity of our downstream surface water.

Induced seismicity

Human activities such as mining, deep quarrying, and geo-
thermal energy production mainly cause a release of energy 
stored inside the earth’s crust; this process of release of 
energy is called induced seismicity. Due to this, there have 
been earthquakes in the past. The mechanical strength of 
the rock determines the maximum frequency of that seis-
mic event. Drilling through near faults should be avoided to 
minimize the risk of this seismic activity. Active manage-
ment should be in place, and micro-seismicity readings must 
be monitored before, during, and after every process (Geo-
logical Society of London 2012). The ’Denver Earthquakes’ 
caused in the 1960s were because of the military fluid being 
disposed of in the Rocky Mountain Arsenal, Colorado at a 
depth of 3671 m (Davies et al. 2013). Another example of 
this problem was mentioned by (Frohlich et al. 2011), which 
said that the Dallas–Fort Worth (DFW) region experienced 
many earthquakes of magnitude between 2.2 and 3.3. It was 
found from the seismograms that the epicenter was nearby 
to a closed well which was drilled up to a depth of 4.2 km 
to dispose of the hydraulic fracturing fluid which was asso-
ciated with natural gas production (Geological Society of 
London 2012).

Case study

Rutqvist et al. (2013) conducted various studies for under-
standing the seismic events the hydraulic fracturing during 
the production of natural gas from shale reservoirs. The data 
showed that the seismicity caused by injection could always 
move upwards by around 1000 feet due to the activation 
of pre-existing faults caused by the poroelastic effect of 
the rock matrix and the diffusion of fluid. Das and Zoback 
(2011) indicated the presence of injection-induced shear 
reactivation along minor faults within the shale reservoirs. 
Yet because they are of minimal size, it is highly likely that 
pre-existing fractures and minor faults in the shale reservoir 
are due to increased productivity. These frequent micro-
seismic events are of such a low magnitude that humans 
cannot detect them. Structural geology, stress factors, rock 
mass properties (e.g., soft and ductile v/s hard and brittle or 
fractured), and injection operating procedures can contribute 
to significant seismic events. Thus, it can be inferred that a 
fault can effectively control the growth of the fracture and 
can thus channel the energy into the fault network, causing 
fractures along the fault. And that might cause an earth-
quake. The resulting earthquake may go up to 5 km from 
the injection well and to a depth of 6 km.

Indian reserves

India has a shortage of natural gas. In India, the demand for 
natural gas is very high, but we do not have a high amount of 
production and functional techniques to increase production. 
India is not able to match the required natural gas with pro-
duced natural gas. So the gap between supply and demand 
is approximately 40% (Bhushan 2016). India imports most 
of the natural gas from Qatar and LNG from Russia at a 
high cost. To provide an economical supply of natural gas, 
India is working out on the plan to bring out natural gas 
from Turkmenistan by pipeline (Bhushan 2016). The energy 
demand in India is increasing continuously, and energy pro-
duction is mainly dependent on natural gases. But we can-
not rely only on conventional sources, so we have to move 
toward some unconventional source to reduce the import of 
natural gases (Brennan and Pastorelli 2013). All countries 
are focusing on the exploration and production of shale gas 
to meet energy demand in the future. Shale gas is a distrib-
uted resource, but it is challenging to find out reserves and 
resources. In the case of conventional resources, estimation 
is easy, but shale gas reserves estimation is difficult because, 
to estimate the exact amount, well has to be a drill. India has 
been active in the discovery of natural gas deposits. India 
can get shale gas reserves from the Gujarat, Jharkhand, West 
Bengal, Andhra Pradesh, Tamil Nadu, Rajasthan, and other 
areas. India has 26 sedimentary basins, from which 6 basins 
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have prospects of shale gas (Petroleum & Natural Gas Regu-
latory Board 2013). There has been limited exploration in 
India, and according to EIA, we have the majority of shale 
gas opportunities in Cambay, Krishna-Godavari, Cauvery, 
and Damodar Valley. Karthikeyan et al. (2018). EIA reports 
that there is a total of 584 TCF of risked shale gas in India 
and 96 TCF of technically recoverable shale gas. EIA esti-
mated that in 2011, 4 out of 6 basins have 1170 TCF risked 
shale gas and 63 TCF of recoverable shale gas is present in 
India (Petroleum & Natural Gas Regulatory Board 2013). 
20 TCF of extractable shale gas could be found in Gujarat’s 
Cambay Basin with a prospective area of 1940 square miles. 
Whereas in Eastern India, the Krishna-Godavari basin might 
have 27–30 TCF of extractable shale gas with a prospec-
tive area of 4350 square miles. Also, the process of find-
ing shale gas reserves in 11 additional basins was initiated 
(Karthikeyan et al. 2018).

Comparison of Indian reserves with the US

The US is the largest producer of shale gas in the world. 
The US has a total of 750.38 TCF, risked technically 
recoverable shale gas from which 472.05 TCF is recover-
able in the northeast. The Gulf Coast has 99.99 TCF of 
recoverable shale gas, the southwest has 75.52 TCF of 
recoverable shale gas, and the rocky mountain range has 
43.03 TCF of recoverable shale gas (EIA 2011). India has 
0.128% of shale gas recoverable compared to the US. In 
terms of production, India has 0% as compared to the US 
because in India production of shale gas has not started 
because first of all India does not have proven recover-
able shale gas these data were estimates of EIA/ARI and 
USGS. India is facing problems in hydraulic fracking, 
resource evaluation, resource management, specialized 

technical interventions, environmental system, open land 
availability, water availability, seismic as well as promot-
ing shale gas regime, following the current oil and gas 
exploration strategy (Bhushan 2016) (Fig. 6).

EIA/ARI and USGS estimated that India has techni-
cally recoverable shale gas, but no commercial exploita-
tion of shale gas reserves has been taken place till yet. 
India has not able to exploit shale gas from recoverable 
resources because of some government, technical, eco-
nomic, and environmental problems. Shale gas exploration 
starts with a wide range of problems, including fracking 
technology, drilling costs, land availability, water avail-
ability, more people, and the danger of seismic activity 
(Jain et al. 2016).

Recoverable shale gas reserves 
around the world

Shale gas is an unconventional resource. It is also called 
as tight gas because we get it from tight formations. Tight 
formations have always existed in the world. From the last 
half, a century shale rock formation has been avoided by 
the engineers. The tight formation has low permeability. So, 
production from the tight formation is hard, and then, we 
have to work on less margin due to high production cost 
and less production as compared to the conventional source. 
Initially, when tight gas was found investment in that tight 
gas production was excellent. Then, it decreased with time 
due to less profit. But still, geological exploration of recover-
able shale gas has been taking place in the world, and also in 
some countries, production has been taking place (Reynolds 
and Umekwe 2019).

Fig. 6   Shale gas reserves in the 
USA (Parraguez Kobek et al. 
2015)
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There are varying estimates of shale gas reserves in 
the world, and exploration of shale gas has taken place at 
limited locations. According to EIA estimates the world’s 
unconventional gas amount is approximately equal to the 
remaining conventional gas amount. EIA/ARI analyzed 26 
regions, including 41 individual countries, and estimated 
35,782 TCF of overall risky shale gas on site and 7795 TCF 
of theoretically recoverable shale gas on site (Bhushan 2016; 
Iea 2012).

Many factors are taken into consideration for the esti-
mation of technically recoverable resource, such as gas in 
place (GIP), recovery factor that deals with various aspects 
of shale geology and some more. The recovery factor also 
takes the mineralogy of the shale into consideration to know 
if the given shale is favorable for the process of hydraulic 
fracturing or not. Surroundings such as micro-scale natu-
ral fractures, lack of deep cutting faults, stress status for 
shale formations, relative volumes of free and adsorbed gas 
concentrations, and reservoir pressure may also affect the 
recovery factor of the shale gas reservoir.

Shale gas reservoirs with a very high geological complex-
ity and a very high volume of clay are removed from shale 
gas resources evaluation and classified as non-perspective. 
The regional-scale assessments which are given the category 
of non-perspective can be identified and can be added to 

the resource assessment by small-scale resource assessment 
(EIA 2011).

Above Fig.  7 does not include the changes in shale 
gas reserves of Venezuela because of the limitation of 
graph range. Venezuela has 1418% increase in its TRR as 
described in Table 1.

The US is the highest producer of shale gas in the 
world. It has a high amount of recoverable proved shale 
gas. In 2015, it produced 13 TCF of tight gas and now 
wants to be the exporter from an importer in upcoming 
years by using this unconventional resource. In the US 
shale gas is full production in reserves across the coun-
try Pennsylvania, Louisiana, and Texas and also started 
production from the newly discovered reserves across the 
country Marcellus, Eagle Ford, and Utica (Fig. 8).

The US imports its natural gas from Canada. Canada has 
a high amount of conventional gas resources, so Canada has 
not more interest in investing in shale gas production. As 
US production rises, Canada will need to establish other 
markets for its excess supply of natural gas, but Canada still 
has far less shale gas output. Argentina is showing more 
room for the development of shale gas because Argentina 
wants to decrease the number of natural gas imports, which 
is advantageous to the country’s economy. Preliminary 
research in South America indicates that vast reserves of 
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shale gas lie below many countries, including Argentina, 
Brazil, Colombia, and others. This research found that shale 
gas reserves in Brazil are the second largest after the US. 
Argentina has the production of shale gas from the Neu-
quén Basin. In Western European countries UK, Netherland, 
Germany, France, Scandinavia, and Norway, exploring shale 
gas is occurring, but shale gas production is still doubtful. 

Poland has a high potential to produce shale gas in Western 
Europe, while Turkey and Ukraine have some potential for 
shale gas production. But Russia does not have any inter-
est in shale gas development because it has significant con-
ventional sources for natural gas. Australia has a very high 
amount of conventional gas resources. Australia’s shale gas 
reserves are typically located in remote areas, and extraction 

Table 1   Comparison of 
technically recoverable shale 
gas content in 2009 and 2013

Recoverable shale gas reserves 2009 2013 2009–2013

Continent Region Country Technically 
recoverable 
(Tcf)

Technically 
recoverable 
(Tcf)

% Change

North America Canada 388 573 48
Mexico 681 545 − 20
Total 1069 1118 5

Australia Australia 396 437 10
South America South America Colombia 19 55 189

Venezuela 11 167 1418
Subtotal 30 222 640
Argentina 774 802 4
Brazil 226 245 8
Other S. South America Bolivia 48 36 − 25

Chile 64 48 − 25
Paraguay 62 75 21
Uruguay 21 2 − 90

Subtotal 1195 1208 1
Total 1225 1431 17

Eastern Europe Poland Poland 187 148 − 21
Lithuania 4 0 − 100
Kaliningrad 19 2 − 89

Russia 0 285 NA
Other Eastern Europe Bulgaria 0 17 NA

Romania 0 51 NA
Ukraine 42 128 205

Subtotal 252 631 150%
Western Europe UK 20 26 30

Spain 0 8 NA
Other Western Europe France 180 137 − 24

Germany 8 17 113
Netherlands 17 26 53
Denmark 23 32 39
Sweden 41 10 − 76
Norway 83 0 − 100

Subtotal 372 256 − 31
Europe Total 624 883 42
Africa Morocco* 18 20 11

Algeria 230 707 207
Tunisia 18 23 28
Libya 290 122 − 58
Egypt 0 100 NA
South Africa 485 390 − 20
Total 1042 1361 31



2137Journal of Petroleum Exploration and Production Technology (2021) 11:2127–2141	

1 3

is difficult both economically and politically, which is why 
Australia currently has no commercial shale gas extraction.
China has found some reserves of shale gas and started to 
produce shale gas and is estimated to have around 1275 TCF 
of recoverable shale gas.China’s shale gas reserves are geo-
graphically different than US (International 2012).

Shale gas producer countries around the world have an 
advantage in other countries because by shale gas produc-
tion these countries can fulfill their energy demands and 
also probably these countries can be exporters of natural 
gas in the future.

* Marked also includes Western Sahara and Mauritania (EIA 2011; Statistics 2013)

Table 1   (continued) Recoverable shale gas reserves 2009 2013 2009–2013

Continent Region Country Technically 
recoverable 
(Tcf)

Technically 
recoverable 
(Tcf)

% Change

Asia China 1275 1115 − 13

Mongolia 0 4 NA

Thailand 0 5 NA

Indonesia 0 46 NA

India/Pakistan India 63 96 52

Pakistan 51 105 106

Jordan 0 7 NA

Turkey 15 24 60

Total 1404 1403 0
Grand total 5760 6634 15

Fig. 8   World map showcasing technically recoverable shale gas of different countries according to the data provided by (Statistics 2013)
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Factors affecting economics of shale gas 
exploitation

The discovery in many countries of shale gas reserves has 
shown considerable independence both in terms of energy and 
energy resources.The shale gas revolution in the USA has con-
tributed significantly to the reduction in imports of natural gas, 
and this is one of the key reasons for such tremendous progress 
in the energy sector in the US. (Statistics 2013). In the past few 
years, it has been quite challenging to assess the cost implica-
tions and the impacts of shale gas exploitation on the environ-
ment and economy. As discussed in the previous sections, it is 
clear that the exploitation of shale gas can have several impacts 
on the environment as well as on the economy, it is difficult 
to substantiate the potential costs and benefits accompanying 
shale gas exploitation (Sovacool 2014). A cost–benefit analy-
sis of shale gas production is essential as it takes into account 
many variables, including social, environmental, and cultural. 
Hence, it is crucial in terms of financial aspects and also brings 
out the positive and negative effects of shale gas exploitation 
(Grecu et al. 2018).

Technology is one of the essential factors in the exploitation 
of shale gas. Technology not only affects the costs of exploi-
tation but also as a massive impact on gas production, which 
again has implications on the net profit in the production of 
shale gas. Using better and technically advanced equipment 
costs high but can help increase gas production. Whereas using 
the older generation of paraphernalia, the equipment may cost 
less but can also affect gas production negatively (Yunna et al. 
2015). Another critical factor affecting the economies of shale 
gas production is volatility in the international market for natu-
ral gas prices. It is highly recommended that the costs of pro-
ducing the shale should be estimated and planned, keeping in 
mind the high uncertainties in the prices of shale gas overseas. 
The extraction and development of shale gas are only possi-
ble when the market prices can counterbalance the production 
expenses which is not an easy task since the forecasts must be 
exact and reliable (Ahmed and Rezaei-Gomari 2019).

The investments in shale gas can also be affected by the 
occurrence of supercycles. A supercycle can be defined as an 
increase in the prices for an extended time (or decades). It 
is affected by the geopolitical insecurities prevailing in that 
particular region. As the administration introduces new poli-
cies, this can lead to political and economic turmoil. Therefore, 
widespread corruption, weak institutional and government 
support, political intervention, and lack of accountability can 
have a significant effect on shale gas projects investments.

Moreover, environmental regulations involving hydraulic 
fracturing can dampen the possibility for investments in the 
exploration of the shale gas reservoirs and the development 
of possible reserves (Vásquez Cordano and Zellou 2020). 
An important point to note about the exploitation of shale 

gas is that the economic viability of shale gas may not be the 
same as the US. Considering the case study of the UK, shale 
gas exploitation does not seem to be very profitable as the 
costs of extraction and production seem to be very high. The 
impact of shale gas in the domestic market too seems to be 
negligible for now (Cooper et al. 2018). Hence, shale gas can 
be considered as a future energy resource only when there 
lie suitable technology and equipment, satisfactory analysis 
of the national and international market prices, and proper 
implementation of policies by the administration. In addition 
to this, if a commercial shale gas deposit is found, a rigorous 
cost–benefit analysis is a must before continuing with the 
production phase.

Challenges and future scope

It is evident that in the coming future, shale gas has enor-
mous potential of taking over many of the energy require-
ment of the world. Natural gas, if not the best fossil fuel, 
releases much less amount of greenhouse gases when com-
pared to other energy sources. But there are still some envi-
ronmental concerns that need to be considered upon in the 
coming years before totally relying upon shale gas as an 
unconventional fuel. These issues have not been discussed 
much, and a proper discussion and justification are needed. 
The fracturing of the reservoir is said to induce seismicity 
and contamination of the aquifers discussed earlier in this 
paper. The requirement of large amounts of freshwater for 
fracking creates a problem as it can affect the local water 
system (Wang et al. 2014).

Moreover, many of the shale gas reservoirs are located in 
remote and arid locations which can again produce a prob-
lem of availability of large amounts of water. A large number 
of chemicals and additives are added to the fracking fluid 
to create fractures in the shale rock and produce gas from 
the reservoir. Several new additives need to be studied to 
enhance the property of the fracking fluid. These new addi-
tives should be cheaper, environment friendly, and should 
be able to enhance gas production. Alternative fracking flu-
ids which can replace water and serve these purposes need 
to be studied, and more number of experiments need to be 
carried out (Li et al. 2018, 2019; Lv et al. 2017; Zhao et al. 
2015). The water that has been used already in fracking fluid 
gets contaminated, and thoughtless disposal of this water 
can pose much threat to the marine ecosystem. Hence, the 
purification and sustainable reuse of such wastewater need 
to be studied in the future studies (Cheng et al. 2016; Tang 
et al. 2020, 2017).
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Conclusion

From the above discussion, it is clear that the hunt for shale 
gas is not just the hunt for energy but a new and better energy 
resource which can transform the future energy requirements 
of the world. There is a long way to go for the world to 
depend upon renewable energy resources entirely. Hence, 
shale gas can be the "transition fuel" which can help in shift-
ing from non-renewable resources to renewable sources of 
energy and has much fewer carbon emissions than any other 
fossil fuel. Since India has a very high energy demand, it 
has started an exploration of shale gas. Still, the production 
is very less as compared to other shale gas-producing coun-
tries. The technically recoverable shale gas content is high 
in countries like China and Argentina. However, there are 
various other countries which have a low content of shale 
gas. These data keep on changing with the discovery of new 
reserves. The production of shale gas is a very complicated 
process that has been made possible by hydraulic fracturing.

Nevertheless, the production is costly as compared to 
conventional gas. But this process cannot be carried out 
everywhere as it has various effects on the environment like 
groundwater contamination, water sourcing and disposal, 
and induced seismicity. These issues have been present in 
the process of production of shale gas since the beginning. 
However, in case of induced seismicity, the magnitude is 
such ow that they do not seem to pose any threat to the sur-
rounding areas. With the use of proper precautions, problems 
like these can be avoided, and production can be carried 
out efficiently making very less impact on the environment. 
The economic aspects of exploitation of shale gas involve 
several factors which include technology, geopolitical situ-
ations prevailing in that region, environmental impacts of 
the production mechanism used, etc. Conducting a detailed 
cost–benefit analysis is a crucial step toward projecting the 
scope of shale gas reserves in that region. There are several 
aspects which require attention to substantiate the viabil-
ity of shale gas as an energy resource. They have not been 
addressed or have been partially addressed so far. Problems 
related to contamination of aquifers, use of different types 
of fracking fluid, disposal of wastewater need to be reflected. 
The danger of induced seismicity has been in debate for 
long, which needs to be studied in depth to materialize safety 
and environmental concerns related to shale gas production.
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