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Abstract

The improvement of horizontal drilling techniques and hydraulic fracturing makes shale gas exploration an option
economically. Shale gas has the potential to reshape energy policy at national and international levels. Shale gas
development can be an effective path to a low-carbon energy transition because natural gas, conventional or
unconventional, has relatively lower emissions than other fossil fuels, as well as lower cost and abundant global
reserves. This paper uses the SWOT analysis method to identify possibilities and challenges that shale gas
development may face. To prepare the analysis, an advanced search was carried out on the Science Direct platform,
investigating the strengths (S), weaknesses (W), opportunities (O), and threats (T) of the development of shale gas
linked to the energy transition context. The most cited strength was abundant availability, followed by increased
energy security. Regarding weaknesses, the most evident were environmental impacts and pollution. The most-
reported opportunity for shale gas development was the prospect of replacing other sources, and the threat was public
skepticism and less support than there is for renewables, although the ban was also included. A possible path for the
development of shale gas, in an energy transition context, is an opportunity to replace other sources, such as coal,
taking advantage of its abundance and energy security. However, for development to become relatively clean, fugitive
emissions and other negative aspects of exploration must be mitigated.

Keywords: Shale gas; Energy transition; SWOT Matrix; Natural gas.

Resumo

O aprimoramento das técnicas de perfuracdo horizontal e fraturamento hidraulico torna a exploracdo de gas de xisto
uma opcdo econdmica. O gas de xisto tem potencial para reformular a politica energética nos niveis nacional e
internacional. O desenvolvimento do gas de xisto pode ser um caminho eficaz para uma transicdo energética de baixo
carbono porque o gas natural, convencional ou ndo convencional, tem emissdes relativamente menores do que outros
combustiveis fésseis, além de menor custo e reservas globais abundantes. Este artigo usa 0 método de analise SWOT
para identificar possibilidades e desafios que o desenvolvimento de gas de xisto pode enfrentar. Para preparar a
andlise, foi realizada uma busca avangada na plataforma Science Direct, investigando os pontos fortes (S), pontos
fracos (W), oportunidades (O) e ameacas (T) do desenvolvimento do gas de xisto ligado a transi¢do energética. A
forca mais citada foi a disponibilidade abundante, seguida pelo aumento da seguranga energética. Quanto as
fragilidades, as mais evidentes foram os impactos ambientais e a polui¢cdo. A oportunidade mais relatada para o
desenvolvimento de gas de xisto foi a perspectiva de substituicdo de outras fontes, e a ameaca foi o ceticismo publico
e menos apoio do que hé para as energias renovaveis, embora a proibicdo também tenha sido incluida. Um caminho
possivel para o desenvolvimento do gas de xisto, num contexto de transi¢do energética, € a oportunidade de substituir
outras fontes, como o carvdo, aproveitando a sua abundancia e seguranca energética. No entanto, para que o
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desenvolvimento se torne relativamente limpo, as emissdes fugitivas e outros aspectos negativos da exploracdo devem
ser mitigados.
Palavras-chave: Gas de xisto; Transicdo energética; Matriz SWOT; Gas natural.

Resumen

Las mejoras en las técnicas de perforacidn horizontal y fracturaciéon hidraulica hacen que la exploracién de gas de
esquisto sea una opcion econdmica. El gas de esquisto tiene el potencial de remodelar la politica energética a nivel
nacional e internacional. El desarrollo de gas de esquisto puede ser un camino efectivo hacia una transicidn energética
baja en carbono porque el gas natural, convencional o no convencional, tiene emisiones relativamente mas bajas que
otros combustibles fosiles, asi como un costo mas bajo y abundantes reservas globales. Este articulo utiliza el método
de analisis FODA para identificar las posibilidades y los desafios que puede enfrentar el desarrollo del gas de esquisto.
Para elaborar el analisis se realizé una blsqueda avanzada en la plataforma Science Direct, investigando las fortalezas
(F), oportunidades (O), debilidades (D) y amenazas (A) del desarrollo del gas de esquisto vinculado a la transicion
energética. La fortaleza mas citada fue la abundante disponibilidad, seguida de una mayor seguridad energética. En
cuanto a las debilidades, las més evidentes fueron los impactos ambientales y la contaminacién. La oportunidad mas
reportada para el desarrollo de gas de esquisto fue la posibilidad de sustitucion por otras fuentes, y la amenaza fue el
escepticismo publico y el menor apoyo que existe para las energias renovables, aunque también se incluyé la
prohibicion. Un posible camino para el desarrollo del gas de esquisto, en un contexto de transicion energética, es la
oportunidad de sustituir otras fuentes, como el carbén, aprovechando su abundancia y seguridad energética. Sin
embargo, para que el desarrollo se vuelva relativamente limpio, se deben mitigar las emisiones fugitivas y otros
aspectos negativos de la exploracién.

Palabras clave: Gas de esquisto; Transicion energética; matriz FODA; Gas natural.

1. Introduction

In the last decade, the biggest change in the global oil and gas industry has been the improvement of horizontal
drilling techniques and multistage hydraulic fracturing (The Academy of Medicine Engineering and Science of Texas, 2017).
The advent of these new exploration techniques has made shale gas an economically attractive option, consequently increasing
the consumption of natural gas (NG) in countries such as the United States (US) and Canada (Agency, 2011; Euzen, 2011).
Thus began the exploration of vast shale deposits, such as Barnett and Marcellus in the US, which was previously unfeasible
for production (The Academy of Medicine Engineering and Science of Texas, 2017). In addition, the rapid development of
shale gas exploration significantly impacted NG production. There was a 35% growth rate between 2005 and 2013 in NG
production in the US, making the country one of the largest producers of this energy source (Chang et al., 2014; Gao & You,
2017). Shale gas has the potential to reshape energy policy at national and international levels, even altering geopolitics and
energy security (Aczel et al., 2018; Sica & Huber, 2017). It can also reshape energy technology investment decisions and
change trends in greenhouse gas (GHG) emissions, as NG can emit fewer GHGs when compared to other sources such as coal
(Amec Foster Wheeler, 2015; Hultman et al., 2011).

However, the exploitation of shale gas can have impacts on human health and the environment, such as water
contamination (Campbell et al., 2011; Hultman et al., 2011) and high consumption of this resource during the fracturing
process (Chang et al., 2014; He et al., 2018). In addition, there may be a risk of migration of gas, formation water, or fracturing
fluid through hydraulic fractures in shallow drinking water aquifers, for example (Euzen, 2011). In some cases, there is
evidence that the methane (CH4) content in water wells may increase considerably near some shale gas drilling sites (Osborn et
al., 2011). In the case of fracturing, a process that injects pressurized water and chemical compounds into underground rocks,
for example, it is estimated that a well in the Barnett shale gas in the US requires an average of 15 million liters of water
during its useful life, and between 80% and 95% of them will be discarded as wastewater (Absar et al., 2018).

Another worrying factor regarding the environmental impact is the GHG emissions related to the shale gas life cycle
(Absar et al., 2018; Chen et al., 2020). One of the main GHGs emitted naturally in NG production is CH4 (Bouman et al.,

2015). CH4 is one of the main constituents of NG, and its emission into the atmosphere can occur at all points during the
2
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extraction process, that is, in the drilling and completion of wells, also in their operation, and through leaks of the entire
infrastructure (Bouman et al., 2015). From a holistic perspective, it is estimated that a shale gas well in Marcellus, US, emits
about 5500 tons of GHG, or 1.8 g of carbon dioxide equivalent (CO.e) / MJ of gas produced throughout its life cycle,
representing an 11% increase in GHG emissions compared to conventional gas (He et al., 2018). It is noteworthy that this
increases by an average of 3% more if we consider gas combustion (He et al., 2018).

Despite its negative environmental impacts, NG, both conventional and shale, is often demonstrated as a possible
bridge to the eventual use of hydrogen in fuel cells with zero GHG emissions (Ogden et al., 2018). In liquefied or compressed
form, NG also proved to be more advantageous as a replacement for other fossil fuels in the transportation sector, both in the
rail modal (Dincer & Zamfirescu, 2016) and the road modal (Khan et al., 2016). NG can be a promising source for a transition
to low carbon, as it has relatively lower emissions than other fossil fuels, as well as lower cost and abundant global reserves
(Aguilera & Aguilera, 2012; Chavez-Rodriguez et al., 2017). Furthermore, NG plays an important role in the balance of energy
systems, as it does not have intermittence like renewable energies (Chavez-Rodriguez et al., 2017) and they alone cannot
guarantee a rapid and large-scale transition to a low-carbon matrix, being less efficient than the current dominant sources
(Kerr, 2010).

Increasing the use of NG is one of the actions suggested to reduce the carbon intensity of energy systems. It can
support growing energy needs with lower carbon emissions than other fossil sources (Lozano-Maya, 2016). In addition, NG
can become an effective complement to renewable energies such as wind and solar energy (Lozano-Maya, 2016; K. Wu et al.,
2016). Switching from coal to NG can save significant amounts of GHG emissions, particularly in the US, China, Europe, and
India (IEA, 2019), and the international trade in liquefied natural gas (LNG) can provide a catalyst for a more liquid global gas
market, due to flexible US LNG prices (Agency, 2011; Lozano-Maya, 2016).

Many analysts and professionals in the energy sector have argued that shale gas development can be an effective path
to a low-carbon energy transition. However, unlike other fossil fuels, the concentration of NG (both conventional and
unconventional) in a small number of exporting countries has been one of the biggest obstacles to the expansion of its use
(EIA, 2016; Lozano-Maya, 2016), in addition to the environmental impacts already mentioned. Then, what would be the role
of shale gas development in a global energy transition? What are the opportunities and challenges that its development faces in
consolidating itself in the world panorama as a transition source? Thus, the main objective of this article is to analyze the
context of shale gas in the global energy transition, using as a method the creation of a SWOT analysis (Strengths,
Weaknesses, Opportunities, and Threats), bringing the necessary notes to analyze the panorama of the development of shale
gas.

This paper comprises, in addition to its introduction, Section 2, which addresses the development of shale gas in
different countries; section 3, which details the methodology and database used in this article; and section 4, which shows the
role of shale gas in the transition through SWOT analysis and analyzes how opportunities can favor the development of shale

gas and how threats and weaknesses can be minimized. Finally, Section 5 addresses the authors' conclusions.

2. The Overview of Shale Gas Development in the World

In 2013, around 31,138 Tcf of shale gas reserves were identified in the world. This value was evaluated in 41
countries, and of this total, approximately 6,634 Tcf were considered technically recoverable, not including US reserves.
Including US reserves, assessed reserves increased to 35,782 Tcf and technically recoverable reserves increased to a volume of
7,795 Tcf (U.S. Energy Information Administration (EIA), 2013). It is estimated that shale gas production in the coming
decades will grow, reaching around 100 Bcf per day in 2040. In 2016, only 4 countries (US, Canada, China, and Argentina)
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had commercial production of shale gas, and in 2020 this scenario remained the same (International Gas Union (IGU), 2020).
Technological improvements in the coming years are expected to encourage shale gas development in other countries,
including Mexico and Algeria. The US, Canada, China, Argentina, Mexico, and Algeria are expected to account for 70% of the
global shale gas production in 2040 (EIA, 2016).

In the US, shale gas production represented more than half of national NG production in 2015 (EIA, 2016). The so-
called “shale gas revolution,” which started in the country around 2007, increased US NG production by about 45% between
2007 and 2017 and led to a sharp drop in NG prices. As a result, NG has surpassed coal as a cheap source of electricity
generation in many US regions, and the share of electricity generation from NG has increased from 22% in 2007 to 32% in
2017 (Mendelevitch et al., 2019). The beginning of shale gas exploration in the US was only possible through implementing
directional drilling techniques and hydraulic fracturing (called fracking). By 2018, large-scale logging was taking place in
states such as Pennsylvania and Texas. In the other US states, the proposals were beset by significant environmental and legal
controversy, in some cases leading to local, regional, or state moratoria and bans, as happened in the states of New York and
Maryland (Thomas et al., 2018). The “shale gas revolution” has given the US an unprecedented advantage as a producer and
exporter on the global energy market. Shale gas has provided a source of resilience to the country and improved its position
globally while challenging Russia's positions in all target markets, including Europe and Asia (Ganguli, 2016).

Since 2008, Canada has been producing shale gas, reaching 4.1 Bcf per day in 2015 (EIA, 2016). Shale gas
production in the country should continue to increase and account for almost 30% of NG production by 2040 (EIA, 2016). In
Canada, in 2017, more than half of the oil and NG wells in the west of the country were being drilled horizontally, and since
2013, around 80% of all oil wells in production in the province of Alberta have been using horizontal drilling techniques.
Fracking has been used safely in over 180,000 oil and gas wells in Alberta since the technology was introduced in the 1950s
(Natural Resources Canada (NRCan), 2017a). In the province of British Columbia (BC), shale gas reserves and drilling
activities are concentrated in two main basins: Montney and Horn River, and the production of these basins can represent
around 20% of shale gas production in North America (Campbell et al., 2011; NRCan, 2017b).

Another issue attributed to shale gas is the public's perception of exploration. In Canada, regional governments must
consult with indigenous peoples to determine if their rights are affected during shale gas development (Thomas et al., 2018).
The Government of Alberta provides policy guidance to the Alberta Energy Regulator, which regulates all oil, NG, oil sands,
and coal development activities in the province. The agencies have improved policies and regulations related to water
management, groundwater protection, well integrity, air quality, noise and light, and induced seismicity (NRCan, 2017a).
Although shale gas exploration takes place in the provinces of Alberta and BC, fracking has been subjected to a moratorium in
the eastern provinces of Canada (Quebec, Nova Scotia, and New Brunswick) (Thomas et al., 2017), due to the anti-fracking
public mobilization that took place in these provinces (The Council of Canadians, 2014).

China was one of the first countries outside of North America to develop shale gas resources. Between 2011 and
2016, the country drilled more than 600 shale gas wells and produced 0.5 Bcf per day at the end of 2015 (EIA, 2016). Shale
gas is expected to represent more than 40% of the country's total NG production by 2040, which would make China the
second-largest shale gas producer in the world, after the US (EIA, 2016). After the “shale gas revolution” in the US, China
made a major development plan for its shale gas resources, and the China National Energy Administration proposed a national
development target to achieve production of around 1 Tcf of shale gas by 2020 and about 3 Tcf by 2030 (R. Liu et al., 2021).
China is estimated to have about 1,115 Tcf of technically recoverable shale gas reserves, with 626 Tcf in the Sichuan basin.
Chongging, a municipality located in the Sichuan basin, had the first Chinese shale gas project. The Fuling shale gas field was

discovered in 2012 and started commercial production in 2014 with several dozen wells in production (Heikkila et al., 2018).
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Shale gas exploration in Chongging is mainly led by central and provincial or municipal governments, championed by
industrial partners such as Sinopec and PetroChina, and supported by academic research institutes (Heikkila et al., 2018).

Commercial shale gas production in Argentina was 0.07 Bcf per day at the end of 2015, and the country's shale gas
infrastructure is adequate to support current production levels. Still, it will need to be expanded as production increases (EIA,
2016). In 2016, Argentina had a shortage of specialized platforms and fracturing equipment. However, these technical failures
should be overcome, mainly due to foreign investment in the country's shale gas development sector. It is estimated that shale
gas production will represent 75% of Argentine NG production by 2040 (EIA, 2016). The Vaca Muerta formation in southern
Argentina contains large amounts of shale oil and gas, located in the provinces of Mendonza, Neuquén, and Rio Negro.
However, most of it is located in the province of Neuquén (Heikkila et al., 2018). It is estimated that Argentina has a reserve of
27 billion barrels of technically recoverable shale oil and 802 Tcf of shale gas, ranking third among countries in terms of the
reserve, and most of it is located in the VVaca Muerta formation (Heikkila et al., 2018). The 2010 discovery of large amounts of
shale oil and gas in the Vaca Muerta formation was greeted with much enthusiasm by local authorities and the oil and gas
business sector. Still, there was also great concern from environmentalists who questioned the environmental impacts of shale
extraction. In 2013, the Argentine national oil company Yacimientos Petroliferos Fiscales signed an agreement with the
American energy multinational Chevron to expand shale oil and gas exploration in Argentine territory. The agreement was
ratified by the regional government, although there was social and political opposition to it (Costie et al., 2021).

In 2015, the Algerian government started a pilot project to explore shale gas and develop a 20-year investment plan to
commercially produce the resource. Algeria's shale production is expected to represent one-third of the country's total NG
production by 2040 (Azubuike et al., 2018; EIA, 2016). Algeria is the third country with the highest volume of NG exports to
Europe, behind only Russia and Norway (Azubuike et al., 2018; Eurostat, 2020). In collaboration with international
companies, Algeria's National Oil Company Sonatrach carried out an initial exploration of shale gas in the country. In January
2015, its first exploratory well was drilled using the fracking technique. However, commercial production was not viable until
the end of the 2010s (Azubuike et al., 2018). In the face of falling NG production, depleting external revenues, and local and
international demand for NG, Algeria seeks to develop its shale gas potential to avoid economic decline (Azubuike et al.,
2018).

Economic diversification goals and the search for a relatively clean energy economy also lead Algeria to develop its
shale gas (Azubuike et al., 2018). As for the geographic location of the reserves, shale resources overlap with conventional
resources, and the Ghadames basin, which lies east of the Algeria-Libya-Tunisia border, has a recoverable reserve of around
282 Tcf of shale gas. The Timimoun basin has a recoverable reserve of about 152 Tcf and the Ahnet basin is estimated to have
a recoverable reserve of 60 Tcf (Azubuike et al., 2018; Boersma et al., 2015). In addition to Algeria, other countries in the
Middle East and North Africa (MENA) intend to expand the development of shale gas. However, in the region, the largest
assessed reserves are in Algerian territory (about 706 Tcf of assessed reserves), followed by Saudi Arabia (around 600 Tcf of
assessed reserves) and the United Arab Emirates (around 205 Tcf of assessed reserves) (Griffiths, 2017).

Mexico is expanding its pipeline capacity to import cheaper NG from the US. Mexico is expected to start producing
shale gas commercially after 2030 and shale reserves will contribute more than 75% of the country's total NG production by
2040 (EIA, 2016). The advent of shale gas technologies and their impact on regional economies contributed to legislative
reform of the energy industry in Mexico. Legislation passed by the Mexican government in 2013 and 2014 opened up much of
the energy sector to private companies and foreign investments (Alberto et al., 2018; Hudgins et al., 2016). Therefore, this
historic reform created an opportunity for US energy companies. The Burgos basin is an extension of the Texas Eagle Ford

shale, and this basin is estimated to contain 67% of Mexico's recoverable shale gas reserves (Hudgins & Lee, 2016). Fracking
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has been carried out in Mexico since at least 1980 and by 2017, approximately 3,780 wells had been drilled. The peak was
reached in 2010, with 746 wells being drilled, and continued at an approximate pace until 2012 (Alberto & Ibarzabal, 2018).
Between 2012 and 2017, the number of wells gradually decreased, and in 2017 only eight were drilled. One of the main
barriers to the development of shale gas in Mexico is the regulatory aspects surrounding shale exploration (Alberto &
Ibarzabal, 2018).

In European countries, the development of shale gas is uncertain. France, in July 2011, through the "Jacob Law,"
prohibited the exploitation of shale gas by fracking. In the society's discussions on energy transition, which took place in 2012
and 2013, shale gas was not mentioned among the resources to be possibly explored in the future. In Germany, the main
objective of the current energy policy is to promote an energy transition (Energiewende) that gradually replaces fossil fuels and
nuclear energy with renewable energy sources (Cantoni et al., 2018). After a few years of debate, in June 2016, the German
Parliament approved a bill that allowed the fracking of conventional oil and gas resources under strict environmental
conditions but did not allow the use of the technique to exploit shale resources (Cantoni et al., 2018; Herrera, 2020). In relation
to Poland, the question of energy dependence is particularly sensitive, as Polish-Russian relations are not very friendly and,
therefore, the main argument underlying the defense of shale gas by the Polish government was precisely a greater energy
autonomy from Russian gas (Cantoni et al., 2018; Wagner, 2015). However, due to difficult geological conditions, prolonged
legislative regulations, and declining oil and gas prices on the world market, the development of shale gas in Polish soil has not
matured, and companies started to shut down operations in 2013 (Cantoni et al., 2018).

In the United Kingdom (UK), each country has its own fracking regulation rules. The Scottish government formalized
a permanent moratorium on hydraulic fracturing for shale extraction in October 2017 (Evensen, 2018). Wales tends to follow
the Scottish example by making its moratorium permanent. In Northern Ireland, since 2015, there has been a moratorium on
high-value fracking. England remains the only one of the four UK nations to allow hydraulic fracturing. Among the four
nations, England has the largest estimated reserves of unconventional oil and gas (Evensen, 2018). The recoverable shale gas
reserves in the Nordic countries are small, and among the Scandinavian countries, the greatest potential shale gas reserves are
in Sweden and Denmark. Sweden is estimated to have around 11 Tcf of recoverable shale gas reserves, and Denmark
approximately 32 Tcf. In the early 2010s, the exploitation of shale gas provoked significant public concern and anti-fracking
activism in the Nordic countries (Becker & Werner, 2014), and in 2012, the Danish government stopped issuing new
exploration licenses (Danish Energy Agency, 2021). In the Swedish context, shale gas exploration proved to be economically
unfeasible, as its reserves are very limited (Sveriges Geologiska Undersdkning (SGU), 2020; Van de Graaf et al., 2018).

Russia is estimated to have a large reserve of shale gas, a total of 286 Tcf. However, this huge amount is only 17% of
the country's vast proven conventional NG reserves (1,660 Tcf). Thus, Russia will not have to worry too much about exploiting
shale gas in its territory, at least in this century. Therefore, the country is currently focusing on developing its vast conventional
NG reserves (Melikoglu, 2014). Despite theoretically not having to worry about the exploitation of shale gas in its soil, Russia
may lose opportunities on the NG exportation market to European and Asian countries (Ganguli, 2016; Kim & Blank, 2015).
With more affordable prices, the US can export the shale gas produced in its territory to European countries, including Eastern
countries and the Baltic republics (Estonia, Latvia, and Lithuania). The vast regasification plants of Spain and Portugal can be
used as a route for this (Kim & Blank, 2015).

The development of shale gas in other BRICS countries, an economic bloc formed by Brazil, Russia, India, China,
and South Africa, is still incipient (except in China, as mentioned above) (Atkinson, 2018; Lenhard et al., 2018). Shale
exploration in Brazil began in 1954 in the municipality of Tremembé. However, there was no further development. Thus, the

exploration of shale reservoirs by unconventional means is still a novelty in the country (Lenhard et al., 2018). Hydroelectric
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power is the main source of electricity in the country. Still, starting in 2000, a period of drought pushed reservoir levels down,
forcing the government to request the use of natural gas-fired thermoelectric plants without having enough national gas to feed
them. Thus, Brazil is trying to reduce NG imports by exploring wells in the pre-salt basin (Melikoglu, 2014). In Brazil, the
mineral resources within the land are under government control, and promising reserves for shale development are the
Parnaiba and S&o Francisco basins (Camargo et al., 2014). It is estimated that these basins have a volume of about 288 Tcf of
technically recoverable resources (Camargo et al., 2014).

In South Africa, until 2018, no shale gas well had been explored, and shale exploration was very limited, despite
being much researched and debated in the country (Atkinson, 2018). There are also uncertainties regarding the exploitation of
shale in the country since, until 2018, South Africa was economically stagnant. There are several groups (among them farmers
and environmentalists) that oppose the development of shale gas in the Karoo region (Andreasson, 2018). In India, shale gas
development is expected to reduce dependence on oil and gas imports and minimize the use of coal for power generation.
There is a forecast that the demand for NG in the country will double by 2030, with shale gas being explored throughout the
country. In 2011, the Raniganj basin was the first basin in India to be explored with tests carried out by the Oil & Natural Gas
Corporation (ONGC), with a well being drilled to 1,700 m and yielding significantly positive results (Mendhe et al., 2017). In
addition to the Raniganj basin, other basins can be explored in India, including the Cambay, Krishna-Godavari, Cauvery, and
Damodar Valley basins (Bellani et al., 2021). In March 2017, 22 wells were drilled for shale evaluation, with 5 wells in the
Cambay basin for shale gas evaluation (ONGC, 2021).

Pakistan can be considered as one of the fifteen largest countries with shale reserves. The country's shale reserves are
present in the Lower Indus Basin, located along the border of India and Afghanistan. The Baluchistan basin is considered
prospective as well, but there is no estimate of shale gas for it, due to its geological complexity. Despite having the technology
to explore conventional oil and gas, Pakistan does not have the know-how to explore shale resources (Raza et al., 2018).
Indonesia also has recoverable shale reserves north of Sumatra. Although the risk to the environment is relatively high, shale
gas development in the country may help fill the energy gap until renewable energies mature (Dutu, 2016). Australia is one of
the largest holders of shale gas reserves on the planet. The development of shale gas would contribute to the growth of the
country's energy market; however, the shale gas industry is at an early stage and additional exploratory activities are needed to
identify commercial reserves. There are barriers to be overcome for the exploration of shale gas in Australian territories, such

as regulatory, social, and environmental restrictions (Gonzalez Cruz et al., 2018).

3. Methodology

The methodology used in this article was organized into three steps: i) advanced bibliographic search in the “Science
Direct” database, ii) creation of the SWOT matrix with the bibliographic data collected, and iii) analysis of the matrix with
selected data from the previous step (see Figure 1). In this way, bibliographical references were searched and, with the data
found, the SWOT matrix was filled out, highlighting the strengths, weaknesses, opportunities, and threats of the use and

exploitation of shale gas.
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Figure 1. Methodological procedures.
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Source: Authors (2021).

3.1 Data sources

As mentioned above, the Science Direct platform was used as a basis for searching bibliographic data. The search
initially found 471 works, using the descriptors: “shale gas” and “energy transition”. Then, an advanced search was carried out,
only filtering the results by title, abstract, and keywords that contained the term "energy transition,” with a coverage period
from 2010 to 2021, as the development of shale gas began to be widely disseminated in the second decade of the 21st century.
The advanced search found 117 results: 15 review papers, 83 original research papers, 8 book chapters, and 1 editorial. The
search date was March 16, 2021. After a complete analysis of the 117 works, only 32 works were considered in the elaboration
of the SWOT matrix. The other works did not bring notes on the development of shale gas linked to the energy transition.
Arend et al. (2022) have prepared a study with an analysis of 41 reports of the liquefied natural gas market in Brazil through

the SWOT matrix, serving as the basis for this paper.

3.2 SWOT analysis

In this research, to analyze the positive and negative points of shale gas in the energy transition scenario, two
correlation matrices were created: (i) among opportunities and strengths and weaknesses and (ii) among threats and strengths
and weaknesses. For analysis purposes, the number of citations of weaknesses and threats was considered negative, as
weaknesses are internal negative aspects of shale gas development and threats are external negative aspects of it, as in any

project. To create the relationship matrices, the quantities of citations at each intersection were added.

4. Results and Discussion
4.1 SWOT matrix
The SWOT matrix presents the strengths, weaknesses, opportunities, and threats of a given project, and its origins
refer to the business management bibliography (Markovska et al., 2009). To prepare the SWOT matrix, the 117 works from
step 1 were reviewed, and the notes referring to the application of shale gas in the energy transition were selected. Articles that
did not provide notes on the contextualization of shale gas in the energy transition scenario were excluded from the database.
At the end of the notes, 32 works, 1 book chapter, and 31 papers were selected. Figure 3 shows the map of keyword
interactions for the 31 selected articles (the book chapter does not have keywords and abstracts, so it is not included in the
8
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analysis of keywords and abstracts). As can be seen, the term “energy transition” has a great prominence, forming a cluster

9 < EERNT3

with “energy policy,” “governance,” “innovation,

9

renewable energy,” etc. The term “shale gas™ also appears with great
prominence, being linked to the terms “China,” “blue water,” “sustainability transitions,” “controversy,” etc. Shale gas
interacts with several energy sources, both directly (in its cluster, in purple) and indirectly (sources that are in other clusters
such as “coal” or “nuclear”).

The interactions with the term “energy transition” (see Figure 2) can be understood simply, despite the energy
transition being a complex system change process. The energy transition is aimed at decarbonizing the energy sector and its
main tools are the expansion of renewable energy and other carbon-neutral energy sources, the phasing out of fossil energy
development, and the reduction of energy demand through measures that aim to increase energy efficiency (Quitzow et al.,
2021).

Figure 2. Interaction map of the keywords of the selected articles.
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After analyzing the abstracts of the selected works, it was observed that “shale gas” is linked to “fracking,” “energy
technology,” “renewable energy technology,” “electricity,” etc. In the interaction map (see Figure 3), terms such as “decade,”

EEINT3

“period,” “decarbonization,” “progress,” “government,” “implementation,” and “climate change” can also be noted. The term
"the Netherlands” also appeared, as two papers analyzed the perspective of shale gas development in that country, correlating it

with the context of energy transition (Cuppen et al., 2019; E. D. Rasch et al., 2016).
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Figure 3. Interaction map of the abstracts of selected articles.
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Table 1 shows the SWOT matrix resulting from the bibliographic notes. There were 26 citations of strengths, 10

citations of weaknesses, 15 citations of opportunities, and 13 citations of threats.

Table 1. SWOT matrix with bibliographic notes on the use and exploration of shale gas.

Note Source Citations

S1 Abundant availability (Altawell, 2020; Atalla et al., 2017, 8
Delborne et al., 2020; LaBelle, 2017;
Lange, Page, et al., 2018; Stephenson,
2018; X. Wu et al., 2019)

S2 Increased energy security (Abas et al., 2020; Hess & Renner, 2019; 7
LaBelle, 2017; Morrissey et al., 2020;
Stephenson, 2018; Wachs & Engel, 2021;
X. Wu et al., 2019)

Strengths

S3 Reduced environmental impact (Abas et al., 2020; LaBelle, 2017; Lin & 6
Agyeman, 2021; Perlaviciute & Steg,
2014; E. D. Rasch & Kohne, 2016;
Stephenson, 2018)

sS4 Employment creation and economic (Carley et al., 2018; Delborne et al., 5
gains 2020; Hess & Renner, 2019; E. D. Rasch
& Kohne, 2016; Weijermars et al., 2014)

10
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W1

w2

Weaknesses

W3

W4

01

02

Opportunities

03
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T1

T2

Threats

T3

T4

Through Table 1, the main strength has found, for shale gas development, has been abundant availability (8 citations)
followed by increased energy security (7 citations). The biggest opportunity has been prospects for replacing other sources (6
citations) followed by support of the shale gas development industry and related new technologies (5 citations). The biggest
weakness has been environmental impacts and pollution (5 citations) and the biggest threat the public skepticism and less

support than that for renewable energies (5 citations). In Table 1, what should be observed is which are the notes have found in

Environmental impacts and pollution

Required use of horizontal well
drilling and hydraulic fracturing

Economic barriers and investment
risks

Possible downfall in the sustainable

energy market

Prospects for replacing other sources

Support of the shale gas development
industry and related new technologies

Prospects of international trade

Exhaustion of conventional NG fields

Public skepticism and less support

than that for renewable energies

Ban

Politicization

Restrictions (such as deeper shale
resources and insufficient water
availability)

(Delborne et al., 2020; Demski et al.,
2015; Guler et al., 2018; Stephenson,
2018; Wachs & Engel, 2021)

(Jin et al., 2019; Stephenson, 2018)

(LaBelle, 2017; Weijermars et al., 2014)

(E. D. Rasch & Kdhne, 2016)

(Carley et al., 2018; Davis et al., 2016;
Hess & Renner, 2019; LaBelle, 2017;
Santos-Alamillos et al., 2017; Xu, 2020)

(Hess and Renner, 2019; LaBelle, 2017;
Morrissey et al., 2020; Roddis et al.,
2019; Tanaka, 2013)

(Abas et al., 2020; Buira et al., 2021;
Lange, O’Hagan, et al., 2018)

(E. D. D. Rasch & Kéhne, 2017)

(Cuppen et al., 2019; Delborne et al.,
2020; Jouvet & De Perthuis, 2013; E. D.
Rasch & Kohne, 2016; Roddis et al.,
2019)

(Hess & Renner, 2019; LaBelle, 2017
Quitzow et al., 2021)

(Delborne et al., 2020; Hess & Renner,
2019; E. D. Rasch & Kohne, 2016)

(Qinetal., 2018; Z. Wang et al., 2017)

Source: Authors (2021).
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the preparation of the SWOT matrix.

Figure 4 shows the word cloud with notes from the SWOT matrix. You can notice that the words “prospects,”

EEINT3

“energy,” “shale,” and “gas” gained great prominence. It can be noted that in the development of shale gas terms such as

energy, environment, sustainability, skepticism, politicization, and employments have significant prominence. Thus, what is

important to note in Figure 4 are which terms are most present in the articles studied.

Figure 4. SWOT matrix notes word cloud.
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4.1.1 Strengths

One of shale gas's greatest strengths is its abundance, as detailed in Section 2 of this paper. There is a large volume of
reserves in the US, China, countries in Latin America (mainly Argentina and Mexico), Africa (particularly Algeria and South
Africa), Russia, and Australia (Agency, 2011; Euzen, 2011). The vast abundance of shale gas could spur a new global gas
market in the coming years (IEA, 2019), as well as an increase in NG consumption in the US and other countries (Atalla et al.,
2017; EIA, 2016), and the replacement of other sources that cause greater environmental impacts (Altawell, 2020; X. Wu et al.,
2019).

As for the energy security strength, it is noteworthy that due to the growth in the development of shale gas, the US is
no longer dependent on imported oil from the Middle East (Abas et al., 2020), that is, the development of shale gas can
contribute to less dependence on foreign oil products (Hess et al., 2019). Still, in the context of international trade, it should be
mentioned that due to the low price of American NG, as a result of the increased exploitation of shale gas, the countries of the
European Union may become less dependent on Russian NG (Kim et al., 2015). Shale gas can offer a relatively cleaner energy
transition (LaBelle, 2017; X. Wu et al., 2019), it can also provide a level of energy security similar to a matrix predominantly
based on the use of coal (LaBelle, 2017), and it can be a tool to provide energy security while renewable energies are not
consolidated (Dutu, 2016), since renewable energies face problems of intermittence and lack of energy density. In this way,
shale gas could guarantee energy security while renewable energies are not consolidated in the global energy matrix (Howarth,
Ingraffea, et al., 2011; Kerr, 2010).

In addition to ensuring an increase in energy security, shale gas can provide a reduction in carbon emissions (Abas et

12
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al., 2020). Shale gas development could contain rising GHG emissions (Lin et al., 2021). Among fossil sources, NG, and
consequently shale gas, is seen as a source with relatively lower emissions (Perlaviciute et al., 2014). The reduction of GHG
emissions is defended by the shale industry as one of the advantages of the consumption of shale gas, even in opposition to the
use of coal, thus replacing the consumption of coal with NG (Stephenson, 2018). There is evidence that carbon dioxide (CO,)
emissions can be significantly reduced by substituting coal with the use of NG (Lin et al., 2021).

The employment creation strength can be used to take advantage of shale gas development opportunities as well.
Barnett Shale, in the US, employed approximately 100,000 people in 2011 (House, 2013; Sovacool, 2014). Despite these
positive data, there are uncertainties regarding the evolution of the number of unemployed and the increase in income in the
same location (The Academy of Medicine Engineering and Science of Texas, 2017). Marcellus Shale, located in West Virginia
and Pennsylvania (US), created about 57,000 new jobs in 2009 (Scott, 2013; Sovacool, 2014). In the UK, shale gas
development is expected to generate between 32,000 and 74,000 direct, indirect, and induced jobs (Cooper et al., 2018). In the
Chinese context, the development of shale gas would allow social benefits that include: increased employment, increased tax
revenue, and indirect reduction of losses from mine accidents (by replacing coal mining with shale gas exploration) (J. Liu et
al., 2020).

4.1.2 Weaknesses

Despite being considered an energy source with lower impacts when compared to other fossil sources, shale gas can
represent a continuation of fossil fuel consumption, which is associated with negative impacts on the environment and human
health (as mentioned in the introduction of this paper) (Demski et al., 2015). The combustion of shale gas emits fewer amounts
of CO; than the combustion of coal. However, the production of the resource emits more CH4 than conventional NG
production (J. Wang et al., 2011). In a Life Cycle Analysis (LCA), the emissions of CH4 from shale gas production, over a 20-
year horizon, could be greater than emissions from conventional NG, coal, and diesel oil. Over a 100-year horizon, there is a
change in trend and shale gas becomes less impactful on global warming than coal and diesel oil (Delborne et al., 2020;
Howarth, Santoro, et al., 2011; Stephenson, 2018).

In addition to the possible impacts on global warming, shale extraction can cause high impacts on temperate forests
and pastures (Wachs & Engel, 2021) and possibly on boreal forests. In BC, most shale gas extraction activities are taking place
in the province's boreal forest. However, forest change in the region may not be related to shale exploration (Oduro Appiah et
al., 2020). BC's boreal zone covers 32 million hectares and forms an essential part of the province's diverse and complex
network of ecosystems. The demand for shale resources can contribute to more changes in the environment. However, these
externalities can be mitigated (Oduro Appiah et al., 2020).

One of the great weaknesses of shale gas is the essential use of fracking. Horizontal well drilling was developed in the
1940s in the Soviet Union and was followed in 1949 by fracking in Stephens County, Oklahoma, and Archer County, Texas.
Horizontal drilling with fracking became the essential tools for the growth of shale gas development in the early 2000s in
Texas (Stephenson, 2018). Despite being essential to the development of shale gas, fracking has several impacts on the
environment and human health (Jin et al., 2019), as mentioned earlier in this paper. Environmental impacts can be even
greater, depending on the region. For example, China's more complicated shale formations and water-intensive fracking
techniques resulted in higher water consumption than in the US (Jin et al., 2019).

Another weakness found in shale gas development is the financial risk involved in the projects. In Poland, by 2015,
more than $2 billion had been invested in shale exploration, and despite this, no well was still consistently in production

(LaBelle, 2017). It is noteworthy that in the country, companies started to abandon fracking in 2013 due to geological
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conditions (Cantoni et al., 2018). Even in the US, where the so-called “shale gas revolution” took place, some companies had
problems generating cash flow from operations due to low NG prices on the regional market (Weijermars et al., 2014).
Uncertainties are high for shale development, societal acceptance may be low, and major technology improvements are needed
to make these field projects profitable (Weijermars et al., 2014).

Shale gas can delay an effective transition to a low carbon matrix, as it is a fossil and non-renewable source. It can
even be considered opposed to a sustainable matrix and may even be considered a retarder and not an accelerator of the energy
transition to low carbon (Demski et al., 2015; Hess et al., 2019; E. D. Rasch et al., 2016). Referring to the Jevons paradox, in
which technological improvement can lead to an increase in demand (Giampietro et al., 2018), the technological improvement
in the development of shale gas can cause an increase in NG, removing the need for energy savings and also may bring about

its downfall on the sustainable energy market (E. D. Rasch et al., 2016).

4.1.3 Opportunities

The main opportunity for the development of shale gas is the replacement of other fossil sources, especially coal.
Since the beginning of the 21st century, the coal industry has been losing ground due to advanced mechanization, decreased
mining productivity, and environmental regulations. Compounding the loss of space, the prices of coal substitutes such as NG,
wind, and solar power have fallen, thus making the decline of the coal industry intense (Carley et al., 2018). From 2011 to
2020, more than 100 coal-fired power plants were switched to NG in the US. American coal-fired power generation continues
to grapple with the challenges of NG emission standards and low prices. Thus, it is expected that more conversions of coal-
fired power plants to NG will take place in the future (EIA, 2020).

Another opportunity for the development of shale gas is the support that it may gain, either by society or by
governments. In 2013, in Poland, former Prime Minister Donald Tusk supported the development of shale gas in Polish
territory. At the height of the shale gas project in the country, 82% of the society supported the opinion that the exploration of
shale gas should be prioritized in relation to other fossil fuels (LaBelle, 2017). In the US, the start of shale gas development
was supported by then-President Barack Obama (Varela, 2020). With the support of the government, the development of shale
gas in the country brought about the “shale gas revolution”, also called “the golden age of gas” (Tanaka, 2013).

Liquefied shale gas can be transported over great distances. This favors the opportunity to expand the global liquefied
gas market (Abas et al., 2020), as mentioned in the introduction of this paper. In Mexico, the use of NG is widespread and
growing due to low-cost US shale gas imports (Buira et al., 2021). In the Republic of Ireland, domestic oil competes with shale
gas imported from other regions (Lange, O’Hagan, et al., 2018). In this way, it is possible to notice that shale gas has a huge
perspective in international trade, being able to be easily exported in liquefied form and taking advantage of the opportunity of
trade between countries.

In the Netherlands, until 2014, the conventional gas fields in Groningen were close to depletion (E. D. D. Rasch &
Kdéhne, 2017), and just like what happened in that country, other wells will likely run dry all over the planet. However, the
worldwide consumption of fossil energy grows year by year, and it is estimated that there are still many reserves to be burned
(Ritchie, 2017). Since Groningen has suffered numerous earthquakes, the near depletion of conventional gas fields in the
region, and a change in the international political economy of gas, two Dutch ministers of the economic sector have been led to
present shale gas as a transitional fuel (E. D. D. Rasch & Kéhne, 2017). In this way, shale gas development can take advantage
of the opportunity of the depletion of conventional NG fields to increase its production, as well as the other factors mentioned

above.
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4.1.4 Threats

One of the main threats to shale gas development is public skepticism or less support than that for renewable energy.
Some of the public and academics do not believe that shale gas is a bridge to a transition to low carbon or that is emits less
than other fossil sources (Cuppen et al., 2019; Howarth, 2014). The threat of skepticism may be compounded by the
environmental impacts caused by shale gas exploration. Despite its high emission values of CH4, this scenario can be reversed
with regulation, driving industries in the sector to reduce the same (Howarth et al., 2011). Even with these considerations,
scientist Robert W. Howarth still considered shale gas a bridge to nowhere due to its high environmental impacts (Guler et al.,
2018; Howarth, 2014).

Another threat to the development of shale gas found is the risk of banishment. In this context, in 2011, French society
mobilized, and the exploitation of shale gas was banned in the country. The ban on shale gas exploration in France did not end
social mobilization on fossil fuel production, and, in 2017, a bill was presented to parliament to ban all hydrocarbon
exploration by the end of 2040 (Chailleux et al., 2018). The French parliament has enacted the law, and no new licenses will be
granted to extract fossil fuels, and no existing licenses will be renewed after 2040 (The Guardian, 2017). So far, 5 countries in
Europe have banned fracking: France, Bulgaria, Germany (with some exceptions), Spain (with some limitations, too), and the
Republic of Ireland, which banned fracking in its territory in 2017 (Burdis, 2021). Denmark, the Netherlands, Northern Ireland,
Scotland, and Wales declared a moratorium on fracking exploitation. In Latin America, Uruguay banned fracking for 4 years
(since 2017). In Argentina, the Province of Entre Rios banned the use of fracking in 2017, and Costa Rica declared a
moratorium on it (Herrera, 2020; Hess et al., 2019; LaBelle, 2017).

Politicization is also a threat to shale gas development that shale gas weaknesses can exacerbate. The theme was one
of the key issues in the US debate, in 2020, between presidential candidate Donald Trump and his opposition Joe Biden.
Although President Joe Biden said he would not ban fracking if he were elected, the Republican Vice President, Mike Pence,
accused him of bantering the process (Goswami et al., 2020). During Trump's administration, the oil and gas sector benefited
from fiscal and regulatory measures, such as the massive purchase of corporate bonds by the Federal Reserve, reduction of
royalties and rent payments by the Federal Bureau of Land Management, in addition to the granting of licenses and relaxation
of environmental regulations (Guliyev, 2020). With Biden's election victory in November 2020, this trend could be reversed.
The current president has temporarily suspended all drilling rights licenses, revoked the license for the controversial Keystone
pipeline, and plans to impose a moratorium on oil drilling on federal lands (Guliyev, 2020). It is worth noting that Biden, when
Barack Obama’s vice president, supported his administration at the time when the exploitation of shale gas through fracking
began (Varela, 2020).

Shale gas development may also face threats from the projects’ physical constraints. Shale gas exploration
encountered different barriers in China compared to American exploration, including geological constraints (deeper shale
resources), insufficient water availability, and, consequently, increased costs. The market barrier can also be mentioned since
the exploration of shale resources in China was controlled by three companies in the oil and gas sector, resulting in an
uncompetitive market (Qin et al., 2018). So far, globally, shale gas reserves with fewer complexities have been explored, but

when more complex reserves start to be explored, threats tend to increase, as well as project costs (Z. Wang et al., 2017).

4.2 Opportunities to be explored in shale gas development
Table 2 shows the correlation between the number of citations of opportunities with the strengths and weaknesses of
shale gas development linked to the energy transition. In stronger colors are the correlations that showed the highest results. It

can be noticed that the quadrant between opportunities and strengths was mentioned more than the quadrant between
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opportunities and weaknesses. It can be analyzed that, in the context of the energy transition, what most draws the researchers'
attention are the positive aspects of the development of shale gas. However, the weaknesses of shale gas exploitation should
not be overlooked.

According to the analysis in Table 2, a possible path for the development of shale gas is to take advantage of
opportunities to replace other more polluting fossil sources and support the development of shale gas to use its abundance and
energy security strengths. It can be mentioned that the shale gas industry in the US has become a consolidated industry due in
large part to government support. However, in other countries, it is still a disruptive industry despite the resource's energy
abundance. In the context of disruptive industry, shale gas development is subject to economic, physical, political, and
technical uncertainties that may be related to its weaknesses and threats (Aguilera et al., 2012; Melikoglu, 2014). Thus, for a
promising path to be followed, it will be necessary to address the weaknesses of shale development. Despite being less

mentioned than the strengths, the weaknesses exist and need to be mitigated.

Table. 2. Matrix of positive points of shale gas development.

Opportunities
T 5 E g 5o
S £ S (8 Ep £
E 8 B lo 2P 8
S @ £ i 5B o
E € £ 2 S >p o |
o T c  F 3
i © F = o L
Citations 1 3 5 6
Employment creation and economic gains 5] 6.00 | 8.00 | 10.00 | 11.00
é’ Reduced environmental impact 6| 7.00 | 9.00 | 11.00 | 12.00
=
% Increased energy security 7 | 8.00 | 10.00 | 12.00 | 13.00
Abundant availability 8 | 9.00 | 11.00 | 13.00 | 14.00
Environmental impacts and pollution -5 1-400 | -2.00 | 0.00 | 1.00
(72}
% Required use of horizontal well drilling and hydraulic fracturing -2 1-1.00 | 1.00 | 3.00 | 4.00
(=
é Investment risks (such as decreased demand) -2 1-1.00 | 1.00 | 3.00 | 4.00
=
Possible downfall in sustainable energy market -1 ] 000 | 200 | 4.00| 5.00

Source: Authors (2021).

4.3 Challenges to be overcome in shale gas development

Table 3 shows the correlation between the number of citations of threats and the strengths and weaknesses of shale
gas development linked to the energy transition. In stronger colors are the correlations that showed the highest results. In this
analysis, it can be noted that the factors that most concerned researchers were public skepticism and the environmental impacts
caused by the exploration of shale gas. The combination of threats and weaknesses in shale gas development could negatively
leverage the exploitation of shale gas as an energy transition tool. However, the threat citations were quantitatively

outnumbered by the strength citations from the shale gas development.
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Table. 3. Matrix of negative points of shale gas development.

Threats
17 c

5 | § o B

B N s |5 8

= g s} S o

172} = o o

g | 2 3

Citations -2 3 -3 5

Employment creation and economic gains 5] 3.00 | 2.00 | 2.00 0.00

é Reduced environmental impact 6 | 4.00 | 3.00 | 3.00 1.00
c

% Increased energy security 7] 5.00 | 4.00 | 4.00 2.00

Abundant availability 8 | 6.00 | 5.00 | 5.00 3.00

Environmental impacts and pollution -5 | -7.00 | -8.00 | -8.00 | -10.00
[%e}

% Required use of horizontal well drilling and hydraulic fracturing -2 | -4.00 | -5.00 | -5.00 | -7.00
=

§ Investment risks (such as decreased demand) -2 | -4.00 | -5.00 | -5.00 | -7.00
=

Possible downfall in sustainable energy market -1]-3.00 | -4.00 | -4.00 | -6.00

Source: Authors (2021).

The threats and weaknesses of shale gas development can be minimized by implementing regulatory policies. In this
way, shale gas can become a relatively clean and economical transition fuel if some measures are taken, such as reduction of
the methane leakage rate by 90%; circularity of the water used in the fracking process, or underground injection if the same
cannot be reused (Jenner et al., 2013); replacement of pneumatic devices and compressor seals; and reduced ventilation (K. Wu
et al., 2016). A possible alternative to internalizing the negative externalities (environmental impacts) of shale gas development
would be the carbon tax; however, due to potential public opposition to the increase in taxes, the most tangible path would be
regulation (Jenner et al., 2013).

If fugitive emissions from CH4 are treated, shale gas can become a relatively clean fuel and can be used together with
renewable energies (Carbon Brief Staff, 2012). Shale formations may also store CO; captured through the implementation of
Carbon Capture and Storage (CCS). However, studies on the subject are still incipient, and countries such as China and those
within the MENA region are still having difficulties with exploiting shale gas (Khosrokhavar et al., 2014). Finally, shale gas
can become a bridge to a cleaner, carbon-free energy transition. A study published in 2016 showed that shale gas production
could provide enough energy to build a renewable energy system consisting of wind and photovoltaic energy. That same

system could supply 83% of electricity demand in 15 years (K. Wu et al., 2016).

5. Conclusion

The biggest change in the oil and gas industry in recent years has been the proliferation of fracking. Fracking made
shale gas an economically viable option, thus increasing NG production, mainly in the US. However, the exploration of shale
gas can significantly impact the environment, such as water contamination and increased GHG emissions in a holistic aspect.
Despite its negative impacts, shale gas can be used as a bridge to a low-carbon energy transition, although this aspect is

controversial.
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In the works selected for the review of this paper, the term shale gas was related to sustainability transitions and
controversy, thus showing the controversy of its use. The term energy transition was related to energy policy, governance,
innovation, and renewable energy. The relationship of these terms can show that the energy transition must occur with energy
policies, governance, innovation, and renewable energy. Renewable energies can mitigate GHG emissions, but they cannot
guarantee global energy security by themselves. Opportunities to replace other more polluting sources, essentially coal, and
support the development of the shale gas industry can benefit countries with increased energy security and job creation.
However, for this process to occur, it will be necessary to internalize the environmental externalities of shale gas exploration.

Thus, the exploration of shale gas can be indicated when there is efficient regulation. Regulations could cause a
reduction in CH4 emissions and in nearby water contamination as well. Companies that seek constant improvements would
benefit, reduce their emissions and environmental impacts, and explore the energy source. Carbon taxation is also another good
way to develop shale gas. In any case, the exploration of shale gas should only be done with the consent of civil society and as
mentioned above, with the internalization of externalities.

Future research with reverent studies on the replacement of coal by shale gas is suggested, since one of the main
opportunities for the development of shale gas is the decarbonization of the energy matrix, mainly with the replacement of
coal. It may become important to study how much the GHG emissions can be reduced, in the present and in the future, by
replacing coal-fired plants with plants of NG extracted from shale. How shale gas could provide energy security to matrices in
different countries can also be studied, since one of the greatest strengths of shale gas is the increase in energy security, just
like NG.
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