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People have higher expectations for shale gas exploitation. However, the promotion of large-scale shale gas exploitation does not seem to be as good as it seems, since the extraction technology - hydraulic fracturing - harms the environment, which causes cognitive biases. This paper reviews studies that estimate the environmental and economic influence of the fracturing process in the U.S. and China to help people better understand the shale gas exploitation. It summarizes the methodological issues and results of main projections. There are shared problems in evaluating the influence of shale gas development due to limited identification methods, data sources and advancing exploitation technologies. Little research values the environmental influence of shale gas development in social benefit or economic benefit. Though varies significantly across various plays and parameter compared with conventional gases, previous researches indicate that water use for shale gas development will not affect the local water supply vastly, and the ultimate influence relies on the water management method. Moreover, compared with conventional natural gas and other energy resources, freshwater consumption about shale gas exploration is decreasing with the progress of exploration technology, while its life-cycle GHG emissions are greater in the long term.
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INTRODUCTION
Compared to conventional energy sources like coal, natural gas is expected to be cheaper and have less greenhouse gas (GHG) emissions (Jacoby et al., 2011). As the unconventional natural gas distributed in shale, burning shale gas does not produce much GHG (Liss, 2014; Weijermars, 2014). Because of the improvement of exploitation technologies, which is also known as hydraulic fracturing or “fracking”, energy companies can extract shale gas under the ground at a depth that was impossible in the past. The U.S. remains the largest explorer and producer of shale gas (EIA, 2013).
The work that the U.S. has carried out in shale gas and shale oil leads other countries to find its possibility for energy supply. According to the U.S. Energy Information Administration, China is the single largest depository of natural gas all over the world (EIA, 2013) and China started its shale gas production in 2012. However, less than 2% of the total production of the natural gas reserve has been explored till 2019, which seems that the exploration is in a slow progress.
A potential barrier of this slow process is the environmental and economic costs for hydraulic fracturing process (Healy, 2012; Wan et al., 2014). The exploitation techniques and the environmental and economic impact raise important questions about the shale gas exploitation opportunity (Boudet et al., 2014; Cotton et al., 2014; Davis and Fisk, 2014; Andersson-Hudson et al., 2016). Initial studies on this topic address the qualitative analysis of shale gas extraction, exhibiting a series of factors that should be considered when applying hydraulic fracturing, without measuring those impacts in figures (Sovacool, 2014). Then with the progress of fracturing practice, there are a growing number of studies to analyze its impacts in a quantitative method, estimating the level of influence.
In particular, based on the existence of cognitive biases, this article believes that people tend to amplify the benefits of shale gas exploitation due to less GHG emissions, while ignoring the environmental and economic costs caused by technologies (Li et al., 2020).
This review aims to summarize studies that indicated the environmental or economic influence of fracturing technologies for drilling shale gas. Specifically, this review focused on the studies in the U.S. and China, to see the numeric conclusions and trends of environmental and economic impact in shale gas development, despite methodological and regional variations in references.
To give a systematic summary of estimating environmental impacts, this study first introduces how hydraulic fracturing work does and the most influenced aspect in every phase during the working process. After that, this review introduces the environmental elements instead of the drilling step, in order that the specific impact on each environmental element could be understood more clearly (Figure 1).
[image: Figure 1]FIGURE 1 | General research frame.
Summaries draw from previous estimations indicate that though varies significantly across various scenarios compared with conventional natural gas resources, water use for shale gas development can be better controlled through efficient water management (Barbot et al., 2013). Freshwater consumption of shale gas exploration is smaller than that of conventional fuels, with a dwindling trend due to the advancing exploration technology, while its lifetime GHG emissions may be greater due to the lasting greenhouse effect of methane. Few researchers have tried to quantify the potential earthquake threats brought by shale gas drilling so far (Sun et al., 2021b). The paper helps people have a better understanding of the shale gas exploitation process in reality. This study would be helpful not only to researchers and operators of gas exploitation companies working to incorporate environmental and economic impacts into decision-making processes but to some public sectors.
MATERIALS AND METHODOLOGY
Hydraulic Fracturing Technology
Shale gas is a gas generated by the remains of sea animals. For millions of years, due to the movement of the earth’s crust, layers of organic matter sink to depths of several kilometers. Under this anaerobic environment and high pressure, layers of organic matter are converted into natural gas and trapped in rocks. Shale gas is contained in natural gas in the holes of shale gas formations.
Every continent in the world reserves a large amount of shale gas, but only North America produces large-scale shale gas because the gas burying shale is too deep down in the ground. The shale gas mining methods has not been economic and attractive until the prices of natural gas and other fuels were raised (EIA, 2013). Horizontal drilling and hydraulic fracturing are non-commercial until new techniques are applied in the U.S. They enable extracting shale gas at depths of several kilometers.
Hydraulic fracturing allows companies to extract shale gas and shale oil that are previously inaccessible under the ground, which is of crucial importance since the demand for energy rises rapidly after the Industrial Revolution. Currently, hydraulic fracturing has been used over a million times in the U.S. While breaking the shale and releasing the gas, hydraulic fracturing has risks and receives controversial remarks (Geny, 2010; Spellman, 2012; Ahmadi and John, 2015; Milt and Armsworth, 2017).
The first step of exploitation is to set up a rig and vertical drilling. When the drill bit reaches the shale formations, it turns 90° and continues to drill horizontally. Then the steel tube is laid in the borehole dilled, which is called the casing. Concrete holds the casing in place to prevent material from leaking into or out of the borehole. To allow gas flowing to the surface, a performing gun is put down into the casing to perforate on the steel casing, causing holes connected in the casing and cracks in shale.
To produce shale gas, the crack in the shale must be expanded and this step is known as hydraulic fracturing. This involves injecting pressurized liquids into boreholes and shale fractures. Fracturing fluid consists of water, sands and various chemical agents which are used to increase the density of water, sterilize and dissolve minerals in the shale. Pressurized liquid increases pressure inside the casing, causing a rupture in cracks and forming new breaches (Brasch, 2012). In this step, the large amount of water and sands are undoubtedly burdens of local natural resources (Brantley et al., 2013; Eaton, 2013) and the liquid full of chemicals may pollute underground water through cracks and its branches (Vengosh et al., 2014; Darrah et al., 2014). Fracturing fluid may also change the pressure of the ground and loosen the soils, posing a potential hazard of the earthquake (Hitzman, 2013; Zoback, 2015).
Once hydraulic fracturing is performed, pressurized liquids are removed from the borehole. When the water pressure is removed from the drilling well, the small sand grains keep the fracture open. Then the pressure of the casing will be restored and shale gas flows through the hole and high to the ground. However, a small amount of transporting shale gas will escape into the atmosphere during the extracting and transfer to carbon dioxide in the end (Howarth et al., 2011; Huangfu et al., 2020).
Moreover, though it will be extracted from the ground first to collect shale gas, once a gas well dries up, fracturing fluid will be pumped back into the casing and locked in the deep. The major risk of this step is environmental problems (He et al., 2013; Vengosh et al., 2013). Hydraulic fracturing does not only use lots of water but also turning them into toxic liquid with the chemical component, which is irreversible and incapable to purify at present. Innumerable underground water sources have suffered from fracturing fluid in the U.S. and so far no investigation to show what is the long-term presentation of those locked up liquid. It is also inevitable to pollute the soil and plants around the drilling area (Yuan et al., 2015).
Methodology
The existing literature on this topic can be divided into categories as follows. Most studies investigate hydraulic fracturing’s impact on the environment, with some specific section on public welfare. Their conclusions are based on the technical theory and materials used in the drilling process. These studies focus on identifying and analyzing the categories of influence more than on their specific level.
Many studies focus on one section of the whole drilling process and provide the measurement of potential influence due to the resources or generation. The main contents of these papers can be focused on one shale gas oilfield, a specific extraction plan or even an imputation model. Every well is the only one in the field of the productivity and consumption of hydraulic fracturing fluid, injected freshwater and wastewater. Most studies provide a sensitivity analysis, indicating indigenous climate or geographic impacts to variations in water and carbon influence.
Within studies that calculate the exact amount of GHG emission generated or water body impact, the life-cycle environmental influence of shale gas is compared with that of conventional resources or local energy supply. In this comparative way, these studies started to emphasize the influence of shale gas exploration from an economic perspective, rather than a single number.
Only a few references provide economic and monetary evaluations for the expected environmental influence due to hydraulic fracturing technology. The results of these references rely heavily on the resources of the dataset and the local geographic condition, and the impact of added earthquake risks is scarcely considered.
To keep the point in focus, this study will only introduce those studies with at least a quantitative analysis in economical detail, or those with valuable insights or innovations. In the meantime, more specific and recent papers have been prioritized in the paper.
MAIN PROJECTIONS IN LITERATURE
Water Consumption and Contamination in the Exploitation of Shale Gas
Complexity in Estimation and Decreasing Trends
The potential effects of shale gas operation on water resources triggered an intense public debate on hydraulic fracturing, since they may lead to environmental and public health threats (Soeder and Kappel, 2009; Kargbo et al., 2010; Gregory et al., 2011; Vidic et al., 2013; Brittingham et al., 2014; Mauter et al., 2014). Freshwater influence and accessibility are affected by local climate and water supply and demand. Conditions can be severe in places that are susceptible to drought. (Brittingham et al., 2014). Evaluation and estimation of the water impact from hydraulic fracturing are therefore essential considering the overall benefit of shale gas development.
What adds to the complexity of the estimation of water body impact is that water varies due to multiple reasons, such as geographic conditions, the type of shale gas bed, the assumed efficiency of power plants, the water management, the tracking method of baseline water chemistry data and even the environmental oversight policy (Elbel and Britt, 2000; Holditch, 2007). Moreover, local water availability and competing demands also affect water use for shale gas (Nicot and Scanlon, 2012). Most references explain their core assumptions used in estimation, and some important element of them is stressed out in the following part.
As water-intensive energy technologies become more widespread, there are also water treatment or reuse plans intended to reduce the strain on water resources. The advancing water management leads to changing results of estimations, which presents a continually decreasing trend in water usage by 2014. However, better handling and treating water may be at the cost of burdening carbon impact.
Significantly Various Results in Water Consumption
In the literature (Table 1), water usage in shale gas exploitation across various geologic basins is complex. . The estimated water demand ranges from 1,400 to 33,900 cubic meters per shale-gas well (Nicot and Scanlon, 2012; Clark et al., 2013; Goodwin et al., 2014; Scanlon et al., 2014) and 8,177–9,009 cubic meters (Scanlon et al., 2014; Horner et al., 2016).
TABLE 1 | Most relevant studies on water usage and wastewater on shale gas development.
[image: Table 1]Historical data in references indicates the significance of drilling date, well borehole orientation, and target hydrocarbon on hydraulic fracturing water volumes, also, it accounts for the wide range of estimates (Nicot and Scanlon, 2012; Gallegos and Varela, 2014). The environmental effects are different with the change of target oil, gas reservoirs, the amount of water use, geologic and hydrologic settings. (Mauter et al., 2014; Gallegos et al., 2015). Though there are findings that state the reuse of hydraulic fracturing wastewater may alleviate the negative impact, however, this solution is difficult to implement in some areas since local regulatory structures in water treatment are rather complicated (Romo and Janoe, 2012).
Suggested Greater Actual Emission From Shale Gas Drilling
Although natural gas contributes to alleviating global warming for less GHG emissions, most people know little about the emission of shale gas extraction. The GHG emission of shale gas may contain two patterns. One is the direct emissions of CO2, which is from end-use consumption, another is the indirect emissions of CO2, which is from materials and fuels. It is well recognized in the references that the indirect emissions of CO2 are smaller than those from the direct ones (Hayhoe et al., 2002; Santoro et al., 2011). Therefore, for shale gas, the GHG emission is mostly made up of direct CO2 emissions and fugitive methane emissions.
The carbon footprint of shale gas is estimated to be lower than coal (Laurenzi and Jersey, 2013). However, the U.S. National Research Council warned that emissions from shale gas drilling can be larger than from conventional ones (Kling, 2010). Methane can make greater global warming effect on atmospheric aerosols than previously assumed according to the modeling (Shindell et al., 2009), even small leakages lead to considerable influence. Since methane is a strong GHG (Hultman et al., 2011), the carbon footprint (GHG emissions per low heating value of fuel) for shale gas is larger than that for conventional ones (Xie et al., 2021).
To see the trade-off of using shale gas as unconventional natural gas and the strong global warming effect of leaked methane, estimating the influence of GHG emission for the hydraulic fracturing process is therefore interesting.
The Greater Long-Term Carbon Footprint of Shale Gas Exploration
Apart from time range and projection methods, the estimation of GHG also relies particularly on the technical background document issued by the government and the location where the study takes place.
The technical report on GHG emissions was first drawn up in 1996 by the EPA (Harrison et al., 1996), which served as the basis for the national GHG inventory for the following decade. Nevertheless, the report only analyzed the facilities offered by voluntarily participated companies, not on random sampling or a comprehensive evaluation of the actual extraction process (Kirchgessner et al., 1997). The distribution of emissions may be very different according to the region (Rusco, 2011).
In 2010, the first update EPA report on emission factors was launched, noting that some emission factors had potentially been understated in the 1996 report. Howarth et al. (2011) used the 2010 version reported emission factors and data from two shale gas formations and three tight-sand gas formations in the U.S. to estimate the GHG footprints accumulated of shale gas extraction. They were the first to publish a study calculating the emissions from well completion, liquid unloading, gas processing, transport, storage, and distribution losses and routine venting and equipment leaks.
In 2013 the EPA’s emissions factors for calculating methane emissions from liquid unloading, unconventional completions with hydraulic fracturing, and re-fracturing of natural gas wells were raised down (EPA, 2013). It is driven by a report prepared by the oil and gas industry which stated that methane emissions from these three extraction steps were at least half less than the EPA’s 2011 estimation (Shires and Lev-On, 2012). However, Karion, et al. (2013) found that results from the top-down approach of oil and gas production regions were estimates too low (Karion et al., 2013). The average leak rate they calculate is at least 1.8 times greater than the bottom-up estimate. It was very likely that the methodology that the public sectors used to account for fugitive methane emissions has some problems and this result in the lack of accurate and reliable estimates of associated emissions. Table 2 shows the most relevant studies evaluating the GHG on shale gas development.
TABLE 2 | Most relevant studies on GHG emission on shale gas development.
[image: Table 2]There are also studies trying to better monitor and control the global warming influence of shale gas extraction. Having a balance between the contradictory objectives is crucial for process optimization (Karion et al., 2013). Gao and You, (2015) propose a mixed-integer linear fraction programming (MILFP) model to address the optimal design and operations of water supply chain networks for shale gas production, reaching economic optimization and less GHG emission. It states that reverse osmosis (RO) technology is the best way to onsite treatment wastewater with outstanding economic and environmental performance. Li et al. (2019) offered a framework to assess the economic and environmental impact of shale gas dehydration. Especially, they discovered cases about optimal economic performance is suboptimal in environmental aspects and vice versa under different process parameters (Li et al., 2019).
Other references look into GHG emission as the water management cost from the gas extraction process. Clark et al. (2012) reported that a single fracturing job needs about 18,000 L (4,771 gallons) of diesel (Clark et al., 2012). And roughly 11,000 L (3,000 gallons) of diesel (Clark et al., 2012) and about 186,000 kWh of electric energy is needed for transportation and municipal wastewater treatment (Goldstein and Smith, 2002; EPA, 2010; EPA, 2013). It seems that wastewater management needs considerable energy and therefore contributes most to the total GHG emission. Absar et al. (2018) pointed out a trade-off between water and carbon impacts on the simple basis that energy is required for the treatment of water. The overall footprint of the shale gas production process are determined by the choice of wastewater management scenario. They calculated that a reduction of 49 percent in total water consumption or a 28 percent reduction in the water scarcity footprint in the production process can be achieved at a cost of a 38 percent increase in global warming potential (Absar et al., 2018).
Major Estimation in Literature
Less Feasibility and More Risk for Shale Gas Development
As the largest energy consumer in the world, China faces enormous energy needs under its efforts to make far-flung economic growth, while the government intends to reduce coal dependence and adopt an energy strategy that is responsible for society and economy (Wan et al., 2014). Replacing with natural gas therefore will make long-term advantages in reducing energy production costs and limit the extent where China relies on exported oil supplies.
Most studies in China in this field use economic features to evaluate the influence of shale gas exploitation. Primary researches concentrates on China’s geological conditions and exploitation technologies (Hua et al., 2009; Wang et al., 2009; Chen et al., 2011; Wei et al., 2012). Some discussed the promotional policy of the China shale gas exploitation (Zhao et al., 2011; Farah and Tremolada, 2013; Zhang and Jiang, 2013), mainly focusing on analyzing the strategy based on the successful experience of the U.S.
Many references stated the key elements resulting in the difference of estimated environmental impact between the two countries. The geological conditions in China are much more complicated (Teng and Liu, 2013; Chen et al., 2017; Ma et al., 2021). China’s shale basins are different from the ones in the United States, which located in harsh terrains and mountainous (Yu et al., 2013). China has the more complicated geological conditions and lacks environmental management laws and regulations, which will face more environmental risks caused by shale gas exploration compared to U.S. (Liu et al., 2021).
Moreover, even though the shale gas resources in China are abundant, water availability could limit shale gas commercialization successfully. The production sites of shale gas usually lack water resources (Ministry of Water Resources, 2011), making it hard to reach the economic scale of shale gas exploration on the condition of not wasting local water in some reserves-rich areas.
Yu concluded the socioeconomic impacts and risks encountered in the process of shale gas exploration in China, including the risk of uncertain estimated shale gas resources potential, limited technological experience and researches, exploration plan without long-term vision, and lack of water availability for exploration (Yu, 2015). However, as The Shale Gas Development Plan (2011–2015) said, to select suitable areas for shale gas exploration, the main criteria are the depth, resources, surface, and storage conditions of shale gas formations. The impacts studies conducted from the environmental perspective on China’s shale gas exploitation are therefore very important.
Limited Data Resources and Optimal Trial
Results of existing studies in the U.S. are not readily suitable to China, because shale gas production in China and the U.S. is different in many aspects, such as geographical features, water accessibility, materials quantities, drilling equipment use, energy supplies, and drilling technology.
Basing on the first horizontal well in Sichuan China, Chang et al. (2014a) built a hybrid LCI model to measure the energy use, water use and emissions of the shale gas exploitation process. Combining average fugitive and flaring data from U.S. plays and the methane content data of shale gas in China, the estimated shale-to-well GHG emissions were 5,500 metric tons of carbon dioxide equivalents (CO2e) (Zhao and Yang, 2015). Chang et al. (2014b) concluded that by 2020, the total consumption of direct water from 2013 to 2020 could reach 20–720 million cubic meters for 20–100 billion cubic meters shale gas exploitation in China. Furthermore, Chang et al. (2014a) and Wang et al. (2018) provided the basic data about energy use and direct water consumption of well drilling, hydraulic fracturing, well cementing, and well completion for later researches to look on. There was a need, however, to develop and consider in more developed technologies, for example, fracturing flow-back management, and the evaluation of water impact did not include groundwater contamination (Mohan et al., 2013).
Along with the development of Chinese shale gas industry, references later had more sufficient data and were able to consider impacts in a wider range of aspects. In Sichuan Basin, one of China’s most promising shale gas basins, freshwater withdrawal per well in the surface for the hydraulic fracturing ranged between 20,000 and 30,000 cubic meters (Yang et al., 2015; Yu, 2015). Unlike most of the published results, Xiao et al. employed water footprint (WF) methodology to evaluate the impact of regional shale gas development on local water resources. The water intensity (WI) of shale gas extraction is in the range of 0.3–9.9 kg per cubic meters shale gas produced. They also found that although shale gas production needed a large amount of water, it would not affect the local water supply significantly.
Ren et al. built up a bi-objective programming model to work out the balance between economic and environmental goals. Results showed that the proportion of freshwater usage increases when decision maker wants to decrease the economic costs and fix the satisfaction degree for uncertain constraints. As a result, the environmental costs increase (Ren et al., 2019).
DISCUSSION
Cognitive Biases on Understanding the Influence of Shale Gas Exploitation
In the understanding of shale gas Exploitation, people often have some cognitive biases. Cognitive biases are systematic patterns of deviation from norm or rationality in judgment, which affect us in many areas of life, such as social situations, memory recall, what we believe, and our behaviors (Korteling and Toet, 2020; Schumm, 2021). Confirmation bias is a bias of belief that people tend to seek out or interpret information in a way that confirms their preconceived notions and ideas. In other words, people attempt to preserve their existing beliefs by focus on information that confirms those beliefs and discounting information that could challenge them. In terms of energy exploitation (Cafferata et al., 2021), people often believe that natural gas can produce less GHG compared with traditional energy and can better prevent environmental pollution (Wang et al., 2021). As a result, people tend to have better expectations for the exploitation of shale gas. Such preconceived belief reinforces the advantages of shale gas exploitation but ignores the environmental and economic costs of hydraulic fracturing, which is often a reflection of cognitive bias (see Figure 2).
[image: Figure 2]FIGURE 2 | Cognitive biases——Confirmation biases.
By studying the current situation of natural gas exploitation technology in the United States and China, this paper concludes the economic and environmental challenges encountered in shale gas exploitation, which can better understand the impact of shale gas exploitation and correct people’s original understanding deviation.
Variation Between Different Studies on Shale Gas Exploration
Estimation differs in data and modelling; fundamentally relies on the geographical characters in a specific area.
First, the estimation boundaries and therefore the most contributing phrases of the fracturing process are different. In the U.S., most shale gas well is developed nearby the conventional gas and oil wells. Therefore, well site investigation and preparation were assumed to have negligible water impacts and GHG emissions and they were excluded from the analysis. In China, on the contrary, well sites preparation takes up a large amount of additional energy consumption. Specifically, several standards documents give different data on drilling pad area, water impoundment capacity, and onsite road width and thickness. So it might not be suggested to simply compare the estimated results of different regions, but to look into the most influential and influenced factors in each case.
Second, researchers in China rely on open data and industrial background instructions to conduct researches. There are different sources, from volunteer collection and official regulations, in American practice, since the shale gas exploration has been mature for a longer time. We can see that early Chinese researcher had to use data from foreign cases to estimate the volume of indigenous water use. Moreover, the estimation mythology applied in the estimation in North America shows greater variety and flexibility in time frames and scenarios. There is a gap in the boundaries of database and evaluation mythology in Chinese shale gas exploitation practice.
However, Chinese researchers seem to start translating the results on an economic and monetary basis sooner. There have been a few attempts to transform the influence of GHG emission and water footprint into actual economic cost, and discussions on the trade-off between environmental and economic benefits in Chinese studies.
More mature technologies in the U.S. should be applied to China as the emergence of large-scale shale gas exploitation, such as water-based drilling, multi-stage fracturing, fracturing flow back management, drilling mud treatment. Governmental authorities should draft some industrial standards and regulations to guide drilling practices, and also, the full technological-economic-environmental effects of the process should be assessed completely.
Shared Problems in Evaluating the Exact Influence of Shale Gas Development
There are also shared problems in evaluating the exact influence of shale gas development.
First, the contamination from shale gas exploration cannot be precisely assessed since it is difficult to identify the effect of pure shale gas exploration on water pollution. For example, the presence of naturally occurring saline groundwater in areas of shale gas development poses challenges for quantifying contamination from active shale gas development, including the ability to distinguish naturally occurring groundwater salinization from anthropogenic sources of groundwater pollution.
There is a debate about the possibility of water contamination, and the extent to which it exists depends on the availability of baseline water chemistry data in aquifers. One method to fill the data gap is to build novel geochemical and isotopic tracers for confirming or refuting evidence for contamination. Therefore, studies should focus more on water contamination mechanisms for further investigation.
Another question is the uncertainty of estimation due to changing gas development technology. For example, by improving engineering controls, many of the risks mentioned in the literature are more likely to mitigate. Therefore, new primary data are needed to better understand the water consumption from shale gas transport and processing. To ensure the estimation of possible influence up to date and serves to policymaking, it is important to keep up with the changes brought by advanced solutions. In future studies, a more detailed comparative analysis of system boundaries, multiple uncertain factors and data set of different case studies should be provided. Additionally, better recognize the influence of technological progress on the water management of shale gas exploration could help us make the water management process more efficient.
CONCLUSIONS AND FUTURE STUDIES
The environmental influence of shale gas development and fracturing technologies make up a growing area of research (Sun et al., 2021a). However, there is still little research that can interpret the emission and pollution volume into social benefit or economic benefit accounting, to give more specific answers when considering the implementation of shale gas exploration in a certain area. In the past few years, many studies have been conducted in this attempt especially on the trade-off between carbon emission and water treatment the optimization of water management. Some researchers are trying to measure the environmental influence of shale gas development from per well unit to energy return unit and make a comparison with results of conventional gas resources. In this case, the influence of shale gas development on the local environment is small and is dwindling with the progress of the water treatment method. Yet the impact on possible wastewater injection-induced earthquakes is too complex to be taken into account.
The long-term impact estimation of shale gas development also lacks investigation and discussion. Scientists have long known methane has greater global warming potential than carbon dioxide. The footprint for shale gas is larger than that for oil or conventional gas when viewed on any time horizon but particularly for over 20 years. The environmental effects for shale gas production are worth researching in the long run.
Overall, due to the existence of cognitive biases, people tend to amplify the advantages of shale gas exploitation because of less GHG emissions, while ignoring the environmental and economic costs in the process. To analyze the comprehensive economic-environmental impact of shale gas development further in time shall be important for decision-making and should be improved by further research.
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