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Natural gas is considered an important bridge in the transition of energy in the world. However,
the development and management of unconventional gas now face many challenges.  Natural gas
consumption and population have a long-run relationship with CO  emissions. Consistent with
other studies, there is a positive relationship between CO  emissions and natural gas
consumption, GDP, and population.
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1. Natural Gas Consumption
Although natural gas has been known for a long time, its exploitation and widespread use
developed in the early twentieth century due to scientific and technological development.
According to BP data, the demand for natural gas around the world has increased very rapidly in
recent decades. Natural gas is the world’s third-most used energy source after oil and coal .
According to BP statistics in 2019, over the past five decades, natural gas consumption has
increased almost fourfold from 891 Mtoe in 1970 to 2209 Mtoe in 2018. Its share of total energy
consumption global growth increased from 18% in 1970 to 25% in 2018 .

Natural gas plays an increasingly important role in many economic sectors. Its use has extended
to most sectors of energy consumption. The main industries using natural gas are electricity,
residential, industry, and transportation, while the electricity generation sector accounts for the
most significant proportion of the distribution of natural gas by fields of use .

The consumption of natural gas in the world has increased year by year. In particular, the growth
of global natural gas demand after 2000 mainly came from Asian countries (mainly China, India),
the Middle East and the recovery of demand for natural gas in the United States from 2007.
According to BP data in 2019, the average growth rate of natural gas consumption in the world
between 2007 and 2017 was 2.2% per year. The Middle East and Asia-Pacific region have the
highest growth rate, with the corresponding rate of 5.6% and 5.0% per year. In 1980, gas
consumption was mainly concentrated in North America and Europe, with nearly 90% of the total
world output. By 2018, these two regions’ total consumption volume only accounts for nearly 41%
of the total worldwide consumption; the Middle East and Asia-Pacific region increasingly consume
about 36% of the total world consumption .

2. Natural Gas Reserves
According to estimates of recent studies, global natural gas reserves are plentiful and progressive
due to technological development. Because of improved exploration methods, the world’s natural
gas reserves are increasing. In particular, the rapid development of recent technology has allowed
for the exploitation of unconventional gases that are considered to have very large reserves, most
notably the recent shale oil and gas revolution in the United States. The discovery of non-
traditional natural gas fields has changed the natural gas reserve picture and has affected
geopolitics in many regions of the world. For example, according to , in the US, shale gas
reserves account for more than four times the reserves of conventional gas, which greatly
impacts the US’s future energy development strategy.
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At the end of 2018, according to  statistics, proven natural gas reserves were about 197 Tm
and equivalent to over 51 years of consumption at current levels. The increase in proven natural
gas reserves over the years has been much faster than gas production in some countries. The
average annual growth rate of the world’s natural gas reserves over the last ten years is 1.9% per
year. From 2007 to now, North America has the highest natural gas reserve growth rate globally,
with an average growth rate of 5.3%. Mainly contributing to this increase in reserves is the
development of non-traditional gases, especially the shale gas revolution in the last decade in the
United States. In addition, there is an increase in the area of the former Soviet Union countries and
the Asia-Pacific region with an average growth rate of 4.4% and 3.0% per year, respectively.
Natural gas reserves are still concentrated mainly in the Middle East, where huge reserves
account for 38.4% of world reserves, followed by regions of the former Soviet Union with 31.9%

. The natural gas reserves in the world are still on an increasing trend. In the future, traditional
natural gas may still be found in unknown areas or recovered from known sedimentary basins.
Furthermore, there is also the development trend of non-traditional gas in many countries and
regions around the world.

3. Forecasts for the Demand for Natural Gas
The growth of the global economy and population growth leads to an increase in energy demand
and consumption. However, it is forecasted that energy consumption growth will begin to slow
down after 2040 compared to the recent period. According to the International Energy Agency’s
2018 energy outlook report, the growth rate of world demand from 2017 to 2040 in the New Policy
scenario is about 1.1% per year .

According to forecast scenarios , the world’s energy demand is likely to
increase by 40% between now and 2040. Much of the most significant energy demand increase
will come from developing countries (non-OECD). Developing countries in Asia and the Middle East
will account for three-quarters of the increase in global demand by 2040. In Asia, China and India
are the two countries with the largest energy demand growth rates globally. India’s energy
demand up to 2040 will be twice that of the current level and approximately half of China’s
demand. Other regions of the world, such as the Middle East and Africa, also have very high
demand growth—demand by 2040 will be 60% greater than now . According to scientists,
energy consumption is the largest cause of climate change, with about two-thirds of all human-
made greenhouse gas emissions . Therefore, there is a need to establish a sustainable and
environmentally friendly energy system. This is a priority for energy and climate policymakers
worldwide, with natural gas being an important bridge in the energy transition.

Consequently, according to many estimates, the demand for natural gas is expected to increase
more than any other fossil energy source. All energy scenarios of energy organizations in the
world, such as the International Energy Agency (IEA), World Energy Council (WEC), or oil
companies such as Shell, ExxonMobil, and BP, offer a promising long-term future gas. In many
scenarios, natural gas will be the world’s leading energy source by 2050 . For example,
according to ExxonMobil’s analysis, 40% of global energy demand growth between 2014 and 2020
is expected to be met by natural gas .

Similarly, according to the IEA in the report, “Are We Entering a Golden Age of Gas?”, due to more
natural gas consumption, the world could achieve the overall goal of reducing CO  emissions .
According to the IEA, global natural gas demand is expected to grow 50% between 2014 and
2040, which is faster than other fuels and twice as fast as oil. Most of the increase in natural gas
demand comes from emerging economies, with China and India accounting for about 30% of the
increase and the Middle East at more than 20% .

According to the IEA and the scenarios in their “World Energy Outlook” reports from 2010 to 2018
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, demand for natural gas will steadily increase. Still, the rate of
increase varies from year to year and from region to region. 

The demand for natural gas increases faster than any other energy source. According to the
 outlook forecasts for the last 10 years, the average increase in

world demand for natural gas has ranged from 1.4% to 1.7% per year, while the largest increase
for coal and oil is only 0.8% per year; even in recent forecasts, this growth rate tended to
decrease sharply. According to the IEA’s forecast, by 2040, natural gas will overtake coal as the
second-largest source of energy in total primary energy demand. Around the world, the Asian
region will be the main driver of growth in future natural gas demand, with a very high growth
rate of 3.0% to 4.3% per year compared with 1.4% to 1.7% of the average worldwide growth rate.

4. The Need for a New Energy Management Model
Unlike conventional gas, unconventional gas extraction is more complex and challenging due to its
low permeability. Unconventional gas development is complex and multi-faceted, with economic,
environmental, public health, social and technological components to consider. Unconventional
gas exploitation projects often require large investment capital and different technologies. While
the project life is short, production output declines rapidly. The development of unconventional oil
and gas projects is vulnerable to market fluctuations, especially price factors.

Therefore, it is necessary to have an appropriate management model for developing
unconventional gas sustainably, including all aspects related to its development, including finance
and non-financial factors such as drilling, mine development, capital management, water resource
management and use, and health and safety issues, etc.

In fact, the development of unconventional oil and gas companies has been facing many risks and
difficulties in maintaining their development. From 2015 to the end of 2020, about 500 oil and gas
companies have declared bankruptcy in North America, including the US oil and gas giant and a
pioneer in shale oil exploitation (Chesapeake Energy), which filed for bankruptcy in June 2020 .
The collapse was that the companies did not have a suitable management model in the context of
oversupply, leading to low energy prices, especially in the context of the significant impact of the
COVID-19 pandemic. As the reaction to such a crisis, the advancement of sustainable solutions
has confirmed their capabilities as an auspicious and useful strategy. To adequately consider the
current consequences of the COVID-19 pandemic on renewable energy increase strategies, first,
the short-term management concerns should be recognized. In contrast, the mid-and long-term
approaches should be specified to attain precise renewable energy goals and proceed to a more
socially and environmentally energy prospect . Finally, despite the downturn, the energy sector
is still one of the most significant areas in the world economy , which is undeniably an
imperative determinant of searching for improvements within the management processes.

5. Unconventional Gas Evolution and Its Effects
Although unconventional gases have been known for a long time, the potential and development
of non-traditional gases and their impact on the energy market are only about a decade ago.
Today, known unconventional gases include coal-bed methane (CBM), shale gas, tight gas and
hydrate gas. Since 2005, the development of shale gas in the US has become a phenomenon—a
revolution in the energy field. This development has had many impacts not only on the US gas
market but also on the global gas market.

Unconventional gas production is also growing rapidly in other parts of the world. In 2010,
Australia produced only a small amount of coal-bed methane (about 5 billion m  of gas, in 2015)
and became a liquid gas producer from coal-bed methane. Other countries such as China, India
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and Indonesia also have activities to find and develop non-traditional gas energy sources,
including coal-bed methane and shale gas. With the development of shale gas, the proven
reserves of natural gas in the United States have increased significantly. Shale gas has helped the
USA to overtake Russia to become the largest gas producer in the world since 2009 .

The shale gas revolution has led to economic benefits and cost reduction at the state and local
levels, individual sectors, and the nation. The exploitation of unconventional gas fields, particularly
shale gas, influenced the economic growth of the United States. According to a study in 2014 ,
the macroeconomic impact is relatively limited: around 0.88% growth in the gross domestic
product (GDP) between 2007 and 2012. According to the International Monetary Fund report in
2013, the shale gas revolution’s macroeconomic impact is between 0.3% and 1% of the US GDP
for that year . The shale gas contribution to the American gross domestic product was more
than $76.9 billion in 2010; in 2015 it was $118.2 billion and will triple to $230 billion in 2035 .

The development of shale gas has helped the US achieve self-sufficiency in energy, improvements
in the trade balance and tax revenues. It helped reduce the import of fossil fuels, therefore
improving trade balance and simultaneously representing a supplement to the federal budget. In
2012, the sector also generated $62 billion in additional tax revenue for the federal budget, the
States, and the concerned municipalities .

The development of shale gas in the United States has been the catalyst for the recovery of
traditional industries. The products of natural gas-intensive industries can serve as raw materials
for the petrochemical industry, fertilizer producers, plastics and other industries that consume a
great deal of energy, such as aluminium smelters, steel mills and refineries, etc. The decline of
gas prices contributed to the competitiveness enhancement of these sectors in the global
competition .

6. Potential of Unconventional Gas
Unconventional gas is considered to play an increasingly important role in securing the global
natural gas supply. According to forecasts by the International Energy Organization, non-
traditional gas will account for more than 60% of the increase in total gas production from now to
2040.

However, forecasts on natural gas resources still retain a level of uncertainty, especially
unconventional natural gas. According to the forecasts in 2017 , the renewable resource of
traditional natural gas is about 430 trillion m , allowing about 120 years to be exploited at current
production levels. For unconventional gas, the forecasted total recoverable shale gas resources
are 239 trillion m , coal-bed methane is 50 trillion m  and tight gas is 81 trillion m . The forecast
for hydrate gas is 10 times that of shale gas; however, its exploitation technology is complicated.
If adding both conventional and non-traditional gas as resources, about 250 years of demand can
be satisfied if exploited at their current production rates.

Of the unconventional natural gases, shale gas is the potential gas resource with the largest
reserves. Recent studies by scientists have shown that shale gas’s potential is huge, its forecast
reserves are increasing, and it is widely distributed in many continental countries. This opens
many opportunities for its exploitation and uses in the future, further contributing to satisfying the
demand for natural gas. According to recent publications by the US Energy Agency and the
American Geological Association, the total recoverable resource reserves of shale gas in 46
countries were assessed by the organization to be 7577 Tcf. Shale gas resources are concentrated
mainly in China, Argentina, Algeria, and the United States .

7. The Challenges of Unconventional Gas Development—
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The Case of Shale Gas
The impact of the production of shale gas on the environment is very strong. The development of
shale gas has created significant levels of public concern, and the proportion of its opponents has
risen sharply. 

To exploit shale gas, here must use hydraulic fracturing technology. The hydraulic fracturing
technology consumes a significant amount of water and chemicals, so it can lead to pollution in
the environment throughout the drilling and exploitation process. The production of shale gas
consumes a large volume of freshwater. The amount of water needed in the hydraulic fracturing
process depends on the type of shale gas and the fracturing operations, such as well depth and
length, fracturing fluid properties and fracture job design. In general, 19 million water liters are
typically needed per horizontal well in shale gas production . The water consumption will grow
with the increase in the number of wells and shale gas production. Certainly, such a large volume
of water and a high rate of withdrawals from local surface or groundwater sources has a
significant impact on the local water system. Water consumption is particularly important in areas
where drought conditions often strictly limit water availability and its use . Therefore, the
development of shale gas is not recommended in regions or countries that lack water.

8. The Capacity of Pollution of the Groundwater and
Surface Water

The production of shale gas without good practices can contaminate the environment. The
chemicals represent from 0.5 to 2% in fluids of hydraulic fracturing; many of them are toxic and
carcinogenic. According to an investigative report on the chemicals used in hydraulic fracturing,
among the 2500 hydraulic fracturing products, more than 650 are known or possible human
carcinogens . Another study identified 632 chemicals used in shale gas operations; more than
75% of the chemicals on the list can affect different organ systems in the body, and more than
50% of chemicals indicate effects on the brain and nervous system. These hydraulic fracturing
fluids are injected directly into the ground, and they can influence on groundwater sources. In
addition, the flowback or “produced” water from fracturing fluid might contaminate the water
surface. They may adversely influence human health and the environment quality if they are
untreated or directly discharged onto the land or into streams, rivers, and lakes.

9. Generation of Greenhouse Gases
Shale gas is a type of natural gas that provides cleaner energy than other fossil fuels. However,
shale gas contains more than 90% methane (CH ), which may contaminate the air and the water.
Methane is a very powerful greenhouse gas compared to carbon dioxide. The effects of shale gas
on climate change have become more complex to evaluate and controversial, partly because of
uncertainty about the scale of methane leaks. Although it stays only one-tenth of the period
compared to carbon dioxide in the atmosphere, methane has a global warming potential 72-fold
greater than carbon dioxide when viewed over 20 years and 33-fold greater when viewed over
100 years. Some researchers worry that the expanded production of shale gas could increase
methane release as fugitive emissions during the drilling, completion, production, transportation,
and the use of natural gas. This is a principal concern because methane is a more potent
“greenhouse gas” than CO , and thus the fugitive emissions in the process of shale gas
development may have led to a net increase in greenhouse gas emissions.

10. The Price of Natural Gas Does Not Cover Operating
Costs

The exploitation of shale gas is profitable if the price of natural gas can offset the operational
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costs. The current price of natural gas in the United States is extremely low—perhaps lower than
the actual production cost.

Economists believe that natural gas production marginal cost could certainly reach $4 to $5 per
Mbtu . The actual price was approximately $3 per Mbtu in 2012 but was over $4 per Mbtu in
2013 and 2014. This price could be less than the marginal cost of production in the long term with
shale gas. In addition, the life of the operation of well shale gas is shorter than that of the
production well for conventional gas. Moreover, the life cycle of well shale gas is shorter than the
well conventional natural gas, and the production of shale gas declines rapidly after the peak of
production. As such, it is necessary to continue the supply of investment capital. At present, some
gas producers in the United States are going to reduce their production and their investments in
shale gas development activities.

11. The Opposition from the Population
An essential aspect of the development of shale gas and unconventional gas, in general, is the
“social license to operate” for activities in this field. According to EIA, the need to build a “social
license to operate” was emphasized . The community needs all related information regarding
shale gas operations to understand the environmental risks associated with shale gas production.
As noted above, shale gas development has created a significant amount of public concern; the
percentage of opponents has increased significantly. According to the survey results in Europe,
the rate of people who opposed shale gas development in 2013 was over 60% . Another
example in Quebec, Canada, shows a rate of opposition at 67%. Therefore, the absence of social
acceptability and the hostility of most of the population toward shale gas development will cause
significant restrictions in the future.

12. The Uncertainty of Resource Estimation
The estimates of resources in shale gas are variable and uncertain. There is a lack of serious
geological research in the world about the real scope of unconventional reserves. This leads to
several different estimates about the shale gas in place and the technically and economically
recoverable amount of shale gas in the world . The uncertainty of the estimates will strongly
influence the industry’s future and the national energy policy. Therefore, the profitability potential
of shale gas is still hard to predict. Except for the United States, other countries that are
considered to hold significant potential for shale gas resources lack reliable estimates on the
technically recoverable resources and economically recoverable resources, which could be a great
obstacle in developing shale gases among those countries.

Besides the above challenges, other reasons may constitute obstacles to the development of
shale gas, such as the hydraulic fracturing with induced earthquakes, or the operating processes
of shale gas with the destruction of landscapes, the influence on wildlife, and the generation of
large amounts of noise.
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