
 

 

 

 

Fracking and Energy Regime Transition 

 

 

 

 

 

 

Charles Jordan Russ 

POLSH400.SP20 – Senior Thesis 

Professor Paulina Ochoa Espejo  

Haverford College 

April 27, 2020 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

Table of Contents: 

 

Abstract 

Introduction 

Chapter One – Fracking: What it is, Where it Came from, And its Importance to America 

Relationship Between Industry and Government 

Mitchell Energy and Genesis of Fracking Technology 

Oil Shocks, Deregulation, and Revolution Preamble 

Revolution 

 

Chapter Two – The State of Fracking: Financial, Geopolitical and the Future  

 

Chapter Three – Energy Regime Transition 

Coal to Gas Switching 

 

Chapter Four – Fixing Fracking’s Big Problem Cost Effectively 

Fracking’s Bane: Methane 

Addressing Methane Emissions 

 

Chapter Five – Conclusion 

 

 

 

 

 

 

 

 

                                            



2 
 

Abstract:  

 

Since 2010, shale gas production in the United States has skyrocketed, thanks to modern 

developments in fracking technology. This fracking boom has led many to speculate that natural 

gas from fracking will be the “bridge fuel” to our future, easing an energy transition from fossil 

fuels to carbon-neutral energy sources while maintaining a comfortable level of energy 

consumption. The newfound abundance of cheaper and cleaner energy from natural gas has 

positive implications for the global energy market and has sparked debate about its transitionary 

potential. However, fracking for natural gas creates and exacerbates social and environmental 

risks, specifically its climate impacts. This paper will examine the effects of the fracking boom 

and the current state and prospects of the fracking industry in order to examine the merits of 

natural gas as a bridge fuel. Gas could act as a better bridge fuel if the industry were regulated to 

control methane emissions. Fracking is an extension of the highly intransigent American fossil 

fuel industry. In the likely case that fracking will continue to occur in the United States for the 

next decade or more, it is important that we understand and address one of its most negatively 

impactful environmental risks, methane emissions.  

 

 

Introduction:   

 

We are starting to see the compounding consequences of centuries of industrialization, 

fossil fuel consumption, and environmental destruction by humankind. Our drastic impacts on 

the environment have plunged Earth into a state of unprecedented climate change caused by 

anthropogenic greenhouse gas emissions (GHG). Symptoms of our climate crisis include rising 

global temperature, warmer oceans, loss of sea ice, and the increasing severity of storms, 

hurricanes, flooding, drought, and wildfires, loss of natural habitats, ecosystem collapse, mass 

extinction, and other environmental damages. We have perpetrated irreparable damage onto our 

Earth. Climate change is unavoidable because it is happening now and will continue to haunt us 

for the foreseeable future. To have any chance of fighting climate change, it is imperative we 

transition our global climate regime from fossil fuels to renewable and carbon neutral resources. 

If we do not, we risk the destruction of human civilization as we know it.  
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Most of the world’s energy comes from fossil fuels. Consuming primarily fossil fuels is 

unsustainable because fossil fuels are nonrenewable resources. We will have to find other major 

sources of energy as fossil fuels become increasingly scarce. Fossil fuel companies and energy 

providers will have to invest in alternative methods of energy before resources run out. Secondly, 

the development, production, and use of fossil fuels inflicts measurable damages on the 

environment. Although it is clear what we must do to survive, and what we ought to do for 

Earth’s sake, it is not clear how best to do it, or if it is even possible. However, we must try.  

Recently, surplus amounts of American oil and gas provided by revolutions in the oil and 

gas industry have sparked heated debate over the development of fossil fuels considering our 

current climate crisis. The American fossil fuel industry is experiencing a rapid transition and 

diversification of energy sources, namely natural gas, because of modern advances in hydraulic 

fracturing.  

Hydraulic Fracturing, known as fracking, was a technique developed in the United States 

for extracting hydrocarbons from tight rock formations, namely shale, by pumping a mixture of 

water, sand, and various chemicals into a well at very high pressure to create fissures in the 

surrounding rock to release the oil and gas trapped inside.1  

Fracking innovations in the late 2000’s catapulted American oil and gas production to 

new heights, exceeding the industry’s most optimistic predictions. This boom, known as the 

fracking or shale revolution, has provided the US a surplus of gas, leading to lower gas prices. 

Cheap gas has enabled it to outcompete coal in the electricity power generation market, and since 

coal creates more emissions per unit of energy it generates compared to gas, the retirement of 

 
1 “Hydraulic Fracturing - Engineering and Technology History Wiki,” accessed April 26, 2020, 
https://ethw.org/Hydraulic_Fracturing. 
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dirtier coal because of gas has provided a reduction in carbon emissions. The emission 

reductions generated by coal-to-gas switching is the basis for the bridge fuel narrative, that gas 

can provide a smooth transition from dirtier forms of energy, such as oil and coal, to carbon 

neutral sources while maintaining a comfortable level of energy consumption. The fracking 

revolution and its impacts on the United States’ rate and manner of energy production and 

consumption represents an energy regime transition. However, the reduction gained by fuel 

switching may be negated by methane leakage from natural gas production, transportation, and 

storage. This paper will examine fracking’s potential for energy regime transition and the 

prospect of natural gas as the bridge fuel to a carbon neutral future. Chapter one will tell the 

story of how fracking came to be, and why it is so important to the US. The history of the 

intertwinement between fossil fuel interests and those of the state will demonstrate the 

ecopolitical challenges to quickly transitioning away from fossil fuels as well as the energy 

insecurity that led to the advent of the shale gas revolution. Chapter two analyzes the financial 

and geopolitical impacts of the fracking industry. Chapter three discusses fracking’s role in 

energy regime transition, analyzing arguments on both sides of the bridge fuel narrative. Chapter 

four argues that cutting fracking’s methane emissions is a cost-effective way to significantly and 

efficiently limit GHG emissions and identify the policy and regulations to accomplish this goal. 

Five will summarize and conclude the paper.  

The fracking boom has spread oil and gas production to all corners of the United States. 

No longer secluded to vast expanses of West Texas or Wyoming, fracking development began 

moving into high residential areas. Fracking sites now operate in large cities, alongside 

highways, behind residential neighborhoods, around rural towns, and in secluded nature, 

impacting society at every level, broadening the public’s awareness of fracking. Environmental 
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and energy scientists have also been publishing research and arguments concerning its bridge 

fuel potential and GHG emissions rates. This has garnered fracking quite the controversial 

reputation as its costs, benefits, and uncertainties are hotly debated.  

Because of its heavy politicization and controversy, sometimes headlines about fracking 

can paradoxically have completely contradictory messages. For example, a headline from liberal 

website ThinkProgressive read, “Study Links Water Contamination to Fracking Operations in 

Texas and Pennsylvania,”2 while industry-sponsored Journal Energy in Depth ran the headline 

“New Study Finds Fracking Has Not Contaminated Drinking Water.”3, 4 This happens because 

opposing sides and the public all have different interpretations of what fracking is.  

While the fossil fuel industry has one understanding of fracking from decades of 

technical development and application, the public is still informing its own concept of what 

fracking is and how it might affect them. The politicization of the word “fracking” can lead to 

confusion when one reviews the literature, as both anti- and pro-fracking advocates stretch or 

shrink its definition to suit their agendas.  

This paper also aims to assuage confusion by providing an overview of the fracking 

revolution, the industry, and its main controversies, specifically emissions from methane leakage 

and its relation to fracking’s bridge fuel narrative. Since fracking is relatively new, the industry 

can be rather opaque, making data collection difficult, and the environmental and geological 

science behind certain fracking phenomena not yet wholly understood. This leads to much 

 
2 Valentine, Katie, “Study Links Water Contamination To Fracking Operations In Texas And Pennsylvania,” 
September 15, 2014, https://archive.thinkprogress.org/study-links-water-contamination-to-fracking-operations-in-
texas-and-pennsylvania-bfe75e731830/. 
3 Brown, Katie, “New Study Finds Fracking Has Not Contaminated Drinking Water,” Energy in Depth, October 13, 
2015, https://www.energyindepth.org/new-duke-study-finds-fracking-has-not-contaminated-drinking-water/. 
4 Daniel Raimi, The Fracking Debate: The Risks, Benefits, and Uncertainties of the Shale Revolution (Columbia 
University Press, 2017). P. 24. 
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uncertainty and confusion. There also has been a lack of reliable scientific data on some 

controversial fronts. Not only is there opacity and uncertainty, but also plenty of misinformation 

and intentional misrepresentation of data or incomplete data on both sides of the fracking debate. 

This only serves to make it harder to find a common ground of understanding and further divides 

the populous into opposition. The discoordination of industry, government, public, and scientific 

community only ends up hurting the environment by preventing meaningful dialogue that would 

lead to faster progress on fracking’s issues, particularly methane emissions.  

With a foundational understanding of the fracking revolution, industry, and debate, this 

paper will examine fracking’s potential for energy regime transition and the prospect of natural 

gas as the bridge fuel to the future. Currently our energy regime, the sociotechnical systems that 

produce and dispense our heat, electricity, and fuel, is dominated by the fossil fuels: oil, coal, 

and gas. These three fossil fuels are responsible for over 80% of the world’s total energy supply.5 

In recent years, trends like rising awareness and acceptance of climate change, climate activism, 

advancements in renewable technology, and the fracking revolution suggest that we are at the 

dawn of an energy transition. However, the uncertainty of climate politics and fracking make the 

future of the energy sector difficult to predict, and no one knows how this transition will unfold 

or to what we are transitioning. In tandem with this uncertainty, the colossal fossil fuel industry 

is also very resistant to change. Wanting to transition away from fossil fuels is one thing, but 

successfully influencing an intransigent industry is requires capital, advances in renewable 

technology, and greater financial and political incentives to compete with those of the fossil fuel 

industry.  

 
5 “Annual Energy Outlook 2018,” accessed April 19, 2020, https://www.eia.gov/outlooks/aeo/. 
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Another barrier to transition is humanity’s ever-growing population and the rapid 

industrialization of developing countries. These two realities are driving an increase in total 

global energy consumption. It is impossible to meet this rising demand today without fossil fuels 

and it will be extremely difficult even a half-century from now. The tension between our desire 

to maintain a comfortable level of global energy consumption and reducing fossil fuel 

consumption is a prominent concern of energy transition literature.  

Industry leaders, researchers and the public are asking the question: can natural gas from 

fracking provide a viable option for energy regime transition? Wrapped up within this question 

are smaller ones that must be addressed in order to answer the ultimate one. Is fracking here to 

stay for the foreseeable future? How does fracking development effect or interfere with the 

development of renewables? Can we maintain a relatively comfortable level of global energy 

consumption without fossil fuels? What happens if we don’t? Even if we can agree on what are 

goals are, what is the best policy strategy for regulating fracking that works towards our 

transitional goals? 

Fracking is a growing and lucrative branch of the powerful and intransigent American 

fossil fuel industry. Geologically speaking, fracking has the reserves to technically last for over 

50 years, furthermore the political and financial interests at stake make it harder to move away 

from. Because of the climate crisis threatening our wellbeing, it is important we reduce GHG 

emissions. The sooner hydrocarbon emissions are reduced the better. In the case that fracking 

will continue for the coming years, it is important that we limit its environmental impact. A cost-

effective way to quickly and significantly reduce fracking’s emissions is to cut methane leakage.  

The fracking revolution has increased the production of natural gas. This surplus has 

lowered gas prices leading to two opposing outcomes: lower overall energy prices and fuel 
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substitution. Cheaper energy has enabled higher rates of energy consumption and therefore 

emissions. On the other hand, cheap gas outcompeted dirtier coal, leading some to argue that it 

has a positive climate impact. Its net climate impact is unknown and fervently debated. Fracking 

hangs in limbo between helpful and hurtful. We should try to push the needle in favor of it being 

a positive impact as much as we can, given the case that it will continue to exist for the next 

decade or two.  

Understanding the mechanisms of energy regime transition will be essential in 

combatting our climate change crisis. By analyzing how the fracking boom has already shaped 

global energy markets, geopolitics, energy policy, and the environment, one can hopefully 

identify the most effective policies for regulating fossil fuels, protecting the environment, and 

successfully transitioning energy regimes towards renewables. This paper analyzes the 

burgeoning, powerful, and controversial fracking industry to come to conclusions about the 

industry’s future and potential role in energy regime transition and identify the lowest cost 

options for limiting fracking’s harmful consequences while maximizing its benefits as a bridge 

fuel. 
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Chapter 1 – Fracking: What it is, Where it Came from, And its Importance to America   

 

 Analyzing the connection between fossil fuel and America’s ascent to world power can 

illustrate their interests have become bound together. The goal of this chapter is to walk through 

and examine the history of the American fossil fuel industry from its inception, international 

expansion, deregulation, and acceleration of its fracking revolution.  

 

Genesis of American Oil 

 Humans have been drilling holes in the ground for a long time. However, when it comes 

to oil and gas, drilling it isn’t as simple as a poking a straw in the dirt and sucking up oil from 

some underground lake. The first thing one needs to know is how the oil gets underground in the 

first place. Over tens of millions of years ago, organic matter like ancient bacteria, algae, flora, 

and fauna died and became buried and compressed under many layers of sediment. While miles 

under the Earth’s surface the intense heat and pressure rearranges the carbon from these 

organisms into various hydrocarbon chains. The newly formed hydrocarbons are squeezed and 

sealed in microscopic pores of the fine sediment. These very deep and tightly compressed layers 

of carbon-hoarding sedimentary rock are dispersed all over the globe and are the source from 

which all hydrocarbons on Earth originate. This precious layer is called the source rock. 

Geologically, source rock is typically made up of shale, hence the name shale revolution or shale 

gas, though this is not to say that all shale is source rock. Over millions of more years, 

hydrocarbons begin to migrate upward from the source rock through microscopic cracks through 

the Earth’s crust. Sometimes it can travel all the way up to the surface and collect into bubbling 



10 
 

black viscous pools known as seeps. The most famous seep is the La Brea tar pits of southern 

California. However, seeps are rare. Most of the time hydrocarbons never complete their ascent 

into seeps because they end up getting trapped between the source rock and the surface.  

Most of the hydrocarbons on their journey upward get trapped under various 

impermeable rock formations, like salt domes. Oil and gas production from rock formations in 

between the source rock and the surface is the kind of drilling we have been doing for most of 

our history and today is called “conventional” production. This is opposed to “unconventional” 

production, which takes place deeper in the “tight” rock layers, the deepest and tightest being 

that of the source rock layer. Since all hydrocarbons in conventional “plays” (a play is a potential 

drilling site) come from the source rock below, wherever one finds conventional plays, source 

rock is nearby. In the early days however, accessing source rock was chalked up to a pipedream 

because it was either too deep (too expensive to drill), or too tight, meaning that it would not 

yield enough oil to turn a profit.6, 7 

 The first commercial wells were drilled in Titusville, Pennsylvania in the late 1850’s. 

These early wells had very modest productions of 10 to 20 barrels of crude oil per day.8 The 

natural underground pressure exerted on the oil was enough for the thick black oil to trickle out 

of the well at slow rates. These early wells continued their relatively slow production  for nearly 

six years until Civil War veteran A. L. Roberts used his knowledge of explosives to make a 

breakthrough for the industry.9, 10 After witnessing a mortar round fall into a trench and explode, 

 
6 Gary Sernovitz, The Green and the Black: The Complete Story of the Shale Revolution, the Fight over Fracking, and 
the Future of Energy (St. Martin’s Publishing Group, 2016). P. 2-4 
7 Gregory Zuckerman, The Frackers: The Outrageous inside Story of the New Billionaire Wildcatters / (Portfolio 
Penguin, 2013). P. 2, 28, 36-39.  
8 Raimi, The Fracking Debate. P. 13 
9 Zuckerman, The Frackers. P. 27-28 
10 Russell Gold, The Boom: How Fracking Ignited the American Energy Revolution and Changed the World, 2014. 
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releasing a spout of water, Roberts was inspired to stimulate well production by exploding black 

powder in his wells. It worked, and the advent of wellhead stimulation bloomed the industry. 

Roberts soon developed a new technique of lowering torpedoes of nitroglycerin into the well. 

The torpedoes exploded laterally, directing its force horizontally through the oil-heavy rock 

layer, allowing even more oil to be extracted. Despite many horrendous workplace injuries and 

deaths due to explosions, the practice was so successful that it continued to catch on. Over the 

decades, oil companies experimented with many creative ways to explosively stimulate precious 

oil to flow from their wells.  

 The growth of the American oil industry coincides with America’s evolution into a 

dominating world power. Before World War I, the primary sources of energy were wood, 

horsepower, steam, hydropower, and some coal.11 Oil was unappreciated. However, by the time 

of armistice in 1919, oil was recognized by every world power as the sustaining lifeblood of 

nations. The increasing mechanization of warfare necessitated oil. Every airplane, tank, truck, 

ship, and submarine operated on oil, and without it, nations were extremely helpless and 

vulnerable.  

 

Relationship Between Industry and Government 

 After armistice in 1919, popular American business journal Markets Publishing Corps 

did not overstate when they remarked, “Petroleum is the fuel and lubricant of speed and 

mechanical efficiency- on land, on the sea, under the seas, and in the air. Practically every human 

 
11 Andrew R. Thomas, American Shale Energy and the Global Economy: Business and Geopolitical Implications of 
the Fracking Revolution, SpringerBriefs in Business (Springer International Publishing, 2018), 
https://doi.org/10.1007/978-3-319-89306-8. P. 7-10 
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activity is dependent upon it to some degree. But it is only in the past decade that petroleum has 

really come into its own. This period has seen the perfection of the internal combustion ending, 

upon which the automobile, the airplane, the farm tractor, motorboats, the submarine, and many 

other efficient mechanical contrivances depend. Likewise, it has seen the beginning of an era of 

fuel oil for railway and marine transport. . . Oil is now the new monarch of motion.”12  

 The major energy shifts taking place during WWI are representative of one of the first 

major energy regime transitions in history. Horses dominated transportation in the 19th century, 

and horse carriages wouldn’t be outnumbered in the city streets by automobiles until the 1920’s 

and even then it took a couple more decades for combustion engines to become more popular 

than horsepower in rural areas. The transition from horse-and-buggy in the 19th century to the oil 

powered battleships of today was largely driven by war, fossil fuel insecurity, and subsequent 

technological advancements. It was perceived necessity that forced nations to transition into the 

carbon era. Countries believed that acquiring and consuming fossil fuels was necessary for 

survival and perpetuation. Although we are not faced with a similar world war today, we are 

experiencing a similar feeling of survival insecurity due to climate change. Unlike the Great 

War, however, the dangers of climate change are not as unanimously agreed upon or even 

accepted.  

During the Great War, the US supplied the Allied Nations over 90% of all their oil.13 

America dominated global production, and after the war ended America didn’t slow down. Our 

oil-centric economy demanded more, and between 1915 and 1920 the number of wells drilled 

across the US climbed to nearly 34,00 and oil production skyrocketed 45%.14 America did not 

 
12 Thomas, American Shale Energy and the Global Economy. P. 9 
13 Ibid, P. 10 
14 Ibid, P. 11 
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revert back to its prewar isolationism. Instead, her quick and bloody adventure in Europe during 

WWI constituted America’s first step towards grabbing the reins as a leading world power.  

America’s newfound might led the government to reevaluate its approach to foreign interaction 

and the big American oil companies became increasingly eager to expand production abroad.  

The decades following armistice saw the alignment of the American government’s goals 

and the interests of large US oil companies. They saw that increasing the presence of American 

oil companies in foreign oil fields served a mutual interest. American oil companies like 

Standard Oil of California (SOCAL, the largest producer at the time) could make larger profits 

overseas due to lower operating costs. And extracting foreign oil meant the slower depletion of 

domestic oil for the US government, as well as strategic political footholds in increasingly 

important nations like Saudi Arabia.  

The entanglement of government and the fossil fuel industry is essential for 

understanding the magnitude of intransigence of industry to transition away from oil. Big oil’s 

development and expansion of fracking is a way for them to continue making profits and 

perpetuate their influence. Increasing energy security is a primary objective for the United States. 

The US has been pursuing increased energy security primarily through fossil fuels and have 

embraced the fracking revolution because of the energy security it provides. It will be hard to 

compete with the motives fracking offers in order to transition away from fossil fuels. Today, 

advances in energy production are still strongly linked to gain in relative global power. leading to 

the fossil fuel industry’s continued influence over geopolitics.   

By the time WWII was ramping up, America’s fervent pursuit and acquisition of foreign 

oil in the Middle East, combined with booming domestic production, earned the US near 

complete oil supremacy over the rest of the world. And by the end of WWII, America had 
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launched itself to an unprecedented level of power on the world stage. Not only did the US have 

the strongest economy at the time, but also the largest standing army, and an unrivaled navy. 

Besides economic and military power, the war also brought advances in metallurgy, welding, and 

pipeline construction.15 It was around this time in the late 1940’s that highly pressurized liquids 

were first pumped into wells to stimulate their production. This new technology was slow and 

expensive, so most oil companies did not bother.  

 

Mitchell Energy and Genesis of Fracking Technology 

In the 1950’s CEO of Mitchell Energy, George Mitchell, found himself in a desperate 

situation. Mitchell Energy at the time was a small and struggling gas provider. George was a 

wildcatter, a cowboy of the industry buying up small plots of promising Texas countryside in the 

Barnett play of north Texas. Other companies had been drilling in Barnett for years, but none 

were willing to take the capital risk to develop an unproven drilling technique like fracking, 

especially during the 50’s. Decades of low gas prices from over production during the war made 

larger companies more concerned with lowering costs rather than spending money to develop 

risky and unpromising new drilling techniques. Larger energy companies where more eager to 

develop gas in South America, Russia, and Africa. Practically anywhere else was better than 

West Texas for them.  

Unlike the bigger energy companies, Mitchell was running out of options and money. 

With his back against the wall, Mitchell decided to try fracking shallow layers of Barnett shale in 

Wise County, Texas. His first wells were moderately successful, and shortly after Mitchell 

 
15 Thomas, American Shale Energy and the Global Economy. P.21 
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scored a lucrative 22-year contract with the city of Chicago, providing about 10% of its gas.16 

Mitchell’s quiet success in Wise County didn’t mean much to the industry. It would take many 

years for companies to have the confidence or surplus capital to start trying their hand at 

developing their own fracking techniques. 

If Mitchell started fracking in the late 1950’s, why didn’t fracking boom until the late 

2000’s? Mitchell’s first wells where nothing extraordinary. Fracking had been done before; he 

was just the first one to do it semi-profitably in Texas. He also didn’t access any new plays. He 

simply stimulated known formations to squeeze out additional oil that had not been accessed by 

prior conventional drilling. It would take decades before engineers and geologists even started 

considering the possibility of accessing deeper source rock.  

Fracking is not a singular invention like the three-point seat belt, where one invention 

suddenly made all cars much safer. Fracking represents a masterful amalgamation of new and 

existing technology and knowledge that is constantly getting refined over time. Fracking’s 

technological trajectory is more like that of the telephone. And much like the telephone’s 

trajectory, fracking’s progress has not been linear. It’s been punctuated by moments of rapid 

advancement brought on by various economic pressures and individual luck. Oilman and author 

of The Green and the Black, Gary Sernovitz, likens the shale gas revolution to the revolution of 

the iPhone.17 George Mitchell didn’t invent fracking much like Steve Jobs didn’t invent the 

phone. But each brought together new and existing technology in a novel way, creating 

something much greater than the sum of its parts. So, although some energy companies had been 

 
16 Zuckerman, The Frackers. P. 29-30 
17 Sernovitz, The Green and the Black. P. 22 
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experimenting with fracking since the late 50’s, no one had connected the dots in a meaningful 

way yet.  

It wasn’t until the 80’s that George Mitchell and Mitchell Energy would be pushed to 

innovate again because of even greater mounting financial pressure, causing yet another period 

of punctuated progress. They had figured out a way to frack into Barnett’s deep source shale for 

the first time. Yet the boom isn’t actualized for another three decades. The boom in the late 

2000’s was a crescendo that couldn’t possibly have happened if it weren’t for the buildup of 

several smaller victories within the industry, before exploding onto the front page of every 

American newspaper and business journal. Multiple independent avenues of innovation would 

need to come together, specifically directional (horizontal) drilling, seismic imaging, fracking 

fluids, and platform cluster drilling. The revolution, the boom of natural gas, is itself an energy 

transition, one which is still on-going.  

 

Oil Shocks, Deregulation, and Revolution Preamble 

Much like the energy regime transition during WWI, the decades following America’s 

peak production in the 1970’s can be characterized by a growing anxiety over energy security. 

Fears that we had reached “peak oil” and the “oil shocks” from Arabian embargos led to new 

aggressive energy exploration and imperialistic foreign policies. These policies generated further 

entanglement of the fossil fuel industry and US government, which is demonstrated through 

numerous accounts of deregulation starting in 1978 and the start of the fracking boom in 2008.  

From WWII to the 70’s, The US’ domestic production tried to keep up with the relentless 

rise in domestic demand for oil and gas. However, cheap Saudi, Venezuelan, and Russian fossil 



17 
 

fuel production was starting to ramp up and imported oil began taking up market share from the 

more expensive oil produced at home. To try to stay competitive, American companies pushed 

their production rates as high as they could. However, this was not enough to keep up with 

demand, so the US had to relax their import quotas, increasing their reliance on foreign oil. And 

since American production was full throttle, it no longer had any spare production capacity in the 

event of a shortage or crisis. There would be nothing more to draw from in the event of global 

disruption event that could choke supply. This leaves the US even more insecure and desperate 

to rectify its perceived loss of international power.  

On October 19th, 1973, Saudi controlled subgroup of OPEC, Organization of Arab 

Petroleum Exporting Countries (OAPEC) halted all sales to the US because America was 

backing Israel during the Yom Kippur war against Egypt, Syria, and other Arab Nations. 

OAPEC’s oil embargo on the US caused the price of oil to skyrocket, and by January 1974 the 

price had increased over 400% from $2.90 a barrel to $11.65.18 This sudden rise in oil prices sent 

most developed economies into hysterics as they entered a recession, especially the United States 

as its oil-centric economy was heavily impacted. US inflation climbed quickly, topping out at 

13% by December of 1979.  

Before the embargo and shock of ’73, America had been the most self-sufficient country 

in terms of energy. This first oil shock came as a surprise to most Americans.19 The reality that 

the American oil supply, and thus the whole of the American economy, could be so quickly and 

completely choked at the whim of a foreign government so far away was unsettling and hard to 

accept. Directly after the energy shock, Americans felt very uneasy about their future place in the 

 
18 Thomas, American Shale Energy and the Global Economy. P.22 
19 Duffield, Fuels Paradise. P. 241 
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world. US oil domination was quickly being eroded by organizations like OPEC, and people 

were beginning to question the future of American power and world leadership.  

This constitutes the first oil shock, the fear from which would drive the United States 

government and energy industry to work together like never before to protect themselves from 

the ensuing oil insecurity and loss of profits, respectively. What was generated from this 

collaboration was a strategy for increasing domestic production, energy deregulation, and 

government sponsored research for new energy technology and development.  

 In 1978, Congress passed the National Gas Policy Act (NGPA), which was the first in a 

long line of deregulation policies. NGPA immediately removed all pricing controls on “new” 

natural gas (gas produced from deep and tight sources 10,000 to 15,000 feet deep), stimulating 

tight gas production and research. Eventually, price controls on all forms of gas would be 

removed with the Natural Gas Wellhead Decontrol Act in ’89. Deregulation led to increases in 

gas prices as the price was no longer limited by the government but determined by the supply 

and demand of the market, allowing producers to charge higher market prices for any type of 

gas.20 Deregulation enabled producers to make greater profits, liberating them to spend more 

money on gas production and technology.  

Deregulation lead to investment in more wells and better technology. During the 70’s the 

US only extracted about 70 billion cubic feet (Bcf.) of natural gas per year from shale, but by 

1998 the rate had boomed to 380 Bcf per year.21 The requisite technologies necessary for the 

revolution, like horizontal drilling, would not have been developed during this era if it were not 

 
20 John M. Golden & Hannah J. Wiseman, “The Fracking Revolution: Shale Gas as a Case Study in Innovation Policy | 
Emory University School of Law | Atlanta, GA,” Emory University School of Law, accessed April 19, 2020, 
http://law.emory.edu/elj/content/volume-64/issue-4/articles/fracking-revolution-study-innovation-policy.html. 
21 Wiseman, “The Fracking Revolution.” 
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for deregulation and publicly funded research provided by the Energy Research and 

Development Administration (ERDA).   

The oil shocks of the 70’s put pressure on oil drillers to find novel ways to produce more 

from the same plays. And now with the support of ERDA and deregulation, thousands of 

independent oil and gas companies like Mitchell energy all began experimenting with different 

drilling techniques. Traditional drilling straight down was risky. You either get lucky or hit a 

sweet spot in the formation making your well a “gusher,” or you get unlucky and your 

investment is wasted on a “duster,” a dry unprofitable hole. The hit or miss process of finding oil 

is undesirable and occurs because traditional vertical drilling only accesses one tiny point of 

intersection when traveling perpendicularly through the target rock layer. Shale is a deep, tight, 

and usually a very thin layer of rock stretching horizontally over miles. To access its sweet spots 

would necessitate many vertical wells to be drilled with this hit or miss process, costing a lot of 

money.  

In 1976 two engineers working for the Department of Energy patented a method of 

drilling where they started their drill bit at a slant before gradually turning it horizontally to run 

through the desired layer. Known as horizontal or directional drilling, this technique allowed 

producers to access multiple sweet spots within the same thin layer of rock. It also reduced the 

impact of fracking as fewer wells need to be built and limited fractures to targeted areas of 

underground rock.  

The early stages of directional drilling were crude, and the technique was not widely 

practiced until further breakthroughs in the 1980s. One such breakthrough was the “steerable 
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downhole motor.”22 Later on in the 90’s, improvements in “measurement while drilling” enabled 

a real-time view of well conditions like pressure, temperature, porosity of the rock, and position. 

Combined with 3-D seismic underground imaging, this improved drilling technology enabled 

producers to better locate reserves at lower costs. All these techniques served to make fossil fuel 

production more cost effective as they allowed frackers to drill with more precision.  

Although each of these individual innovations provided incremental efficiency, 

knowledge of these innovations traveled slowly through the industry. All these small 

independent companies, like Mitchell Energy, experimenting in the field had their own 

proprietary techniques for how they fracked, and they did not want their secrets leaking to their 

competitors. Eventually experimentation led to the biggest breakthrough to date when source 

rock was successfully fracked for the first time in 1998 by Mitchell Energy. It would take years 

for other companies to replicate Mitchell Energy’s success, and Mitchell’s exact techniques 

wouldn’t be widely disseminated until the company and its assets where bought outright and 

acquired by Devon Energy in January of 2002. 

 It is only at this point that the full weight of decades of deregulation and innovation 

would start to be fully realized in the American financial industry as oil giants like Shell, Exxon, 

Mobil, BP, and Chevron appropriate and perfect Mitchell Energy’s fracking techniques to 

massive effect.   

 

 

 
22 Wiseman, “The Fracking Revolution.” 
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Revolution 

Mitchell Energy engineers were tinkering with directional drilling and different cocktails 

of fracking fluids in Barnett shale when one day they hit the jackpot. In 1997 engineer Nicholas 

Steinsberger injected massive amounts of lubricated fracking water at very high pressure into a 

well named S. H. Griffin #4. A couple of days later, to everyone in the company’s surprise, the 

well started gushing gas faster than anyone could have imagined.23 Seventeen years and $250 

million later, Mitchell energy finally had something to show for their investment.24 They had 

succeeded where numerous other companies had failed, finding the perfect way to frack gas from 

shale. Coaxing hydrocarbons from the most difficult rock source in the industry was a game 

changer, and one that almost no one noticed.   

After acquiring Mitchell Energy and its fracking techniques in 2002, Devon energy was 

extracting impressive amounts of shale gas from the Barnett region.25 Initially Devon’s 

competitors scoffed at them when they paid a whopping $3 billion for George Mitchell’s 

moderate gas company, but after seeing the wellhead reports from some of their Barnett 

operations, Devon Energy had to acknowledge that they had cracked the code for extracting gas 

from shale at a reasonable cost, “the holy grail of the energy business.”26 The rest of the industry 

was having their eyes opened to the potential that shale had to offer.  

At this moment, the US economy and psyche were still recovering from the terrorist 

attacks of September 11, 2001. Oil prices were still on the rise from the oil shocks of the 70’s 

and would keep rising until mid-2008. The anxiety growing in America during the 2000’s 

 
23 Gold, The Boom. P. 115-117 
24 Sernovitz, The Green and the Black. P. 23 
25 Zuckerman, The Frackers. P. 195 
26 Ibid, P. 195 
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closely mimics that of the 70’s and 80’s. Rising oil prices, increasing reliance on OPEC imports, 

and insufficient domestic production were again the most potent threat to national security. 

America was still hopelessly reliant on foreign oil. Oil imports accounted for over 60% of 

American consumption in 2005, and the Department of Energy predicted it would be two-thirds 

by 2020 and 75% by 2025.27 Then in 2008 the housing bubble popped, American banks were 

sent scrambling, the economy tumbled, sending the rest of the world into a recession.  

 The years following the crash would see shale gas production’s greatest acceleration. By 

the late 2000’s, modern fracking techniques were widely understood and adopted by the giants of 

the industry. Huge amounts of capital were now flowing into shale operations accelerating well 

construction across the country and boosting R&D, which made wells more efficient and cost 

effective. From 2009 to 2013 today’s most important shale plays were unlocked: Utica, Bakken, 

Eagle Ford, the Permian basin, and Marcellus.28 Not only were more wells being drilled, but 

each new well was leagues above the previous era’s in terms of production efficiency. The 

average Marcellus Shale well in 2013 extracted four times more than the average well in the 

same play in 2009, and seventeen times more than in 2007.29  

 The fossil fuel industry was integral to America’s growth into the premier world power, 

literally fueling its expansion. Oil security, the bond between government and industry, and 

mutual foreign expansion, represent their symbiotic fossil fuel complex. Ten years ago, the 

American oil industry was looking outside the US for energy. The leading opinion of the time 

was that we were running out of oil and gas and we didn’t have enough at home. Now we have 

 
27 John S. Duffield, Fuels Paradise: Seeking Energy Security in Europe, Japan, and the United States (JHU Press, 
2015). P. 268 
28 Sernovitz, The Green and the Black. P. 51 
29 Ibid, P. 53 
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so much gas we don’t know what to do with it. For the first time since the 50’s, America will 

start exporting energy again. The government couldn’t be happier from an energy security 

perspective. We are sitting on the biggest pile of gas ever known. But exactly how big? And how 

long could it last us? 
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Chapter 2 – The State of Fracking: Financial, Geopolitical and the Future  

 

 The United States Energy Information Administration (EIA) stated in 2019 that there is 

7,177 trillion cubic feet of proven recoverable natural gas on Earth with our current technology.30 

As of January 1st, 2018 the EIA estimated that the United States is sitting on 2,828.8 tcf (Trillion 

Cubic Feet) of technically recoverable natural gas.31 The amount of technically recoverable 

resources in oil and gas determines how long the growth of those industries can theoretically last, 

giving it a strong correlation to the length of an energy transition. Understanding the amount of 

fossil fuels that is now recoverable because of fracking is critical for determining how much 

value it can produce, which impacts its transition timeline. 

America has been geologically blessed with one of the biggest stockpiles of natural gas in 

the world. And it is a stockpile that the government and many fossil fuel companies are keen on 

leveraging. One of the main points of the EIA’s 2020 Annual Energy Outlook (AEO) report was 

that oil and gas production in the US is going to increase significantly in the coming years in all 

modeled scenarios. But how long can it last? 

In order to make predictions about the fracking industry’s future, one must come to at 

least a broad understanding of the current state and condition of global energy, fossil fuels, and 

the fracking industry embedded within it. To understand the current state of fracking data is 

primarily drawn from the EIA and their AEOs, primarily the most recent 2020 AEO report.  

 
30 “U.S. Energy Information Administration (EIA) - Qb,” accessed April 19, 2020, 
https://www.eia.gov/opendata/qb.php?sdid=INTL.3-6-WORL-TCF.A. 
31 “Assumptions to the Annual Energy Outlook 2020:  Oil and Gas Supply Module,” 2020, 22. 
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The AEO is generated by the EIA and is the most up-to-date and comprehensive source 

for statistics about energy. It is the source most widely recognized and utilized by academics and 

professionals in the energy field. The report uses modeled projections of what may happen given 

certain assumptions and methodologies, and by changing the assumptions AEO can illustrate 

important factors in the future energy production and use in the US.  

In the broadest sense, energy in the United States, or any country for that matter, can be 

broken down into three basic categories: fossil fuels, renewables, and nuclear. As of January 1st, 

2019, approximately 80% of total global energy production came from fossil fuels, 10% from 

renewables, and the rest from nuclear.32 Although renewable energy is one of the fastest growing 

energy producing sectors in America right now, it is being significantly outpaced by the growth 

of fossil fuel production, mainly driven by fracking. The 2019 AOE stated that US crude oil 

production is projected to set annual records until 2027 and will remain above 14.0 million 

barrels a day through 2040.  The continued growth of the fracking industry drives the expansion 

of natural gas production. US natural gas production shot from 18.5 trillion cubic feet annually in 

200633 to an all-time high of 30.6 trillion cubic feet in 2018,34 90% of which came directly from 

fracking shale and other ‘tight’ resources.35 Constituting a total production increase from 8% in 

2013 to 17% in 2018, the AEO projects that it will stay around this level through 2050. This data 

strongly suggests that, at least in the short term (5-10 years), renewables will not be able to 

 
32 “U.S. Energy Information Administration (EIA) - Data,” accessed April 19, 2020, 
https://www.eia.gov/totalenergy/data/browser/index.php?tbl=T01.01#/?f=A&start=2000&end=2019&charted=3-
1-14. 
33 “Annual Energy Outlook 2007.” 
34 “Annual Energy Outlook 2020.” 
35 Ibid, P. 76. 



26 
 

overtake fossil fuels as the primary source of energy for the United states assuming our current 

trajectory. 

Furthermore, the data used to make these predictions assumes current ability; they are not 

taking into account any technological advancement that may be made in the future that could 

speed up production, limit costs, or access new reserves. We know that the fracking industry is 

ripe with investment opportunities and innovation. So, assuming current legislation concerning 

natural gas and fracking remain constant over the projection period, predictions concerning 

unconventional energy production are conservative, increasing the likelihood of fracking’s 

continuation farther into the future.  

 Geologically speaking, we have established that there is enough oil and gas trapped under 

the US in unconventional plays for fracking production to continue well past the end of our 

projection period in 2050. Assuming the same annual rate of U.S. dry natural gas production in 

2019 of about 30.6 tcf, the US is sitting on enough gas to last about 92 years.36 This of course 

will change as future production and technically recoverable resources (TRR) fluctuate.  Aside 

from the geological aspect, there are significant beneficial financial and geopolitical 

consequences of the fracking revolution that increase its value and staying power in America, 

making its future existence more likely.  

The dramatic increase in US production of oil and gas due to fracking has driven fuel 

prices to record lows. It is estimated that between 2007 and 2013 the fracking boom decreased 

the price of natural gas by 47% compared to what it would have been without fracking, directly 

 
36 “How Much Natural Gas Does the United States Have, and How Long Will It Last? - FAQ - U.S. Energy Information 
Administration (EIA),” accessed April 19, 2020, https://www.eia.gov/tools/faqs/faq.php?id=58&t=8. 
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saving natural gas consumers and producers $48 billion annually between 2007 and 2013.37 

Surpluses of cheap gas here in the US make it profitable to start exporting to international 

markets were gas is more expensive. Along with sheer economic benefit, fracking also provides 

the US with geopolitical advantages. 

With such cheap oil and natural gas domestically, US imports of those resources are 

declining and our exports of them rising.38 This means that US reliance on traditionally oil rich 

countries like Russia, Venezuela, and Iran is diminished, lending the US greater energy security. 

This increased energy security grants the US greater leverage in the international energy market, 

leaving the US less vulnerable to foreign pressure. From the perspective of the United States, the 

economic and geopolitical gains of fracking are undeniably attractive. But, in many cases, the 

gains of fracking for the US come at an environmental cost. 

The American fracking revolution has already significantly altered the landscape of the 

global energy market, and the projections of sustained growth into 2040 are poised to completely 

alter the international gas trade as we know it. The three major gas markets of the world are 

North America, Europe, and Asia. Historically, these markets have been largely independent 

from each other, operating on their domestic balances of supply and demand. Because of this, 

natural gas prices, unlike oil, which is sold at the same price everywhere, differ greatly between 

the regions. However, new cost-effective transportation technologies like LNG tankers and 

pipelines poses to connect these markets into a unified global gas market.39 As gas continues to 

be traded globally, the asymmetry in gas prices between the three regions will begin to close. 

 
37 Catherine Hausman and Ryan Kellogg, “Welfare and Distributional Implications of Shale Gas,” Brookings (blog), 
March 19, 2015, https://www.brookings.edu/bpea-articles/welfare-and-distributional-implications-of-shale-gas/. 
38 “Annual Energy Outlook 2019.” 
39 John Deutch, “The Good News About Gas: The Natural Gas Revolution and Its Consequences,” Foreign Affairs 90, 
no. 1 (2011): 82–93. 
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The effect of connecting these markets removes barriers to entry and lowers transaction costs at 

all levels, resulting in cheaper energy and saving for energy producers and consumers. The 

increase in global availability of gas will erode the political power of historically oil rich 

countries like Russia and Iran. The economic and geopolitical gains of the fracking boom are 

tangible and attractive but are ultimately secondary advantages compared to fracking and natural 

gas’ role in helping transition our global energy regime to renewable sources from the 

perspective of saving the environment.  

We are still riding the wave of the fracking boom, and it doesn’t look like its slowing 

down at all in the near future. As stated above, there are enormous geopolitical and financial 

advantages to the continued practice of fracking for the United States government and fossil fuel 

companies. The energy sector rakes in massive amounts of wealth from conventional energy. 

Professor of environmental and energy policy, Scott Valentine, describes the fossil fuel industry 

as “the world’s largest cash cow” because it is estimated that revenues from conventional energy 

represent up to 10% of global GDP.40 In 2016 the IEA reported that $1.7 trillion US dollars was 

invested in energy infrastructure mostly for the extraction, transportation, and refinement of 

fossil fuels. The total sunken investment into fossil fuels is approximately $20 to $30 trillion, 

accounting for about a quarter to a third of global GDP in 2018.41 The massive amounts of 

wealth put into conventional energy represent deeply entrenched interests. The powerful 

stakeholders of these fossil fuel investments have an economic interest in its continuation, which 

has led to massive amounts of capital being spent, especially in the US, to influence the political 

 
40 Scott Victor Valentine, Marilyn A. Brown, and Benjamin K. Sovacool, “Policies for Driving Innovation and 
Expediting the Transition,” in Empowering the Great Energy Transition, Policy for a Low-Carbon Future (Columbia 
University Press, 2019), 147–76, https://doi.org/10.7312/vale18596.10. P. 39 
41 Valentine, Brown, and Sovacool, “Policies for Driving Innovation and Expediting the Transition.” P. 39.  



29 
 

sphere. So not only does the US have a long standing and inherent interest in increasing its 

energy security stretching back to WWI, politician’s pockets are also being filled by the 

incredibly wealthy interest groups backed by the fossil fuel industry. This energy complex 

between industry and government is a massive barrier for environmental advocates and 

renewable technology to break through. Fossil fuels also aren’t just in the hands of companies. 

Globally, 90% of fossil fuel reserves lie under state-controlled land.42 It is not certain that 

fracking and natural gas will continue to be staple energy providers in the US or internationally. 

However, assuming its continuation, it is integral that we reduce its most environmentally 

harmful risks for the sake of our planet’s climate. The less change costs, the easier it is to 

persuade someone of it. So, the question arises: What is the lowest cost option for limiting 

fracking’s carbon impact? Fracking’s future is not set in stone, but its continuation into the 

coming decades represents a significant possibility.  

The massive financial and geopolitical advantages that the American fossil fuel industry 

offers the US is not an argument in favor of fracking’s continuation. It is to demonstrate how 

incredibly challenging it will be to overcome the powerful and entrenched interests within the 

state and American fossil fuel companies. Not only are government and industry so enmeshed 

that it is hard to get between them, but there isn’t the historically strong driver of scarcity. One of 

the core drivers of transition is scarcity of resources and geologically speaking, we know that the 

US can keep accelerating its fossil fuel production for decades with the reserves underfoot. The 

political and financial benefits for the state bolster the fossil fuel industry’s intransigence, 

possibly making it a part of the United States’ future whether we like it or not. What is relevant 

is fracking’s impact on energy regime transition. Fracking’s environmental impacts are important 

 
42 Helm, Dieter, Burn Out: The Endgame for Fossil Fuels (Yale University Press, 2017). P. 2 
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because they have the largest capacity to influence transition positively and efficiently. 

Economic benefits are good, but they are periphery gains compared to the larger picture of 

fighting climate change and saving our planet.  

 Proponents of fracking point to natural gas’ unique ability to quickly replace dirtier 

burning coal for electric power generation, lowering the US’ total GHG emissions immediately. 

But how much environmental benefits does coal to gas switching provide? Are they outweighed 

by fracking’s other environmental misgivings? How can we minimize fracking’s environmental 

risks as quickly and cost efficiently as possible while maintaining its other benefits?  
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Chapter 3 – Energy Regime Transition    

 

 Energy regime transition refers to the progressive process of phasing out old energy 

sources for newer ones. The transition we are experiencing now, from fossil fuels to renewables, 

is driven by three main aspects: necessity, policy, and technology. During the energy transition 

of WWI necessity was derived from the feeling of grave fossil fuel insecurity. Although the 

desire to have fossil fuel security continues to be a primary barrier to the United States’ current 

transition in many ways, two new forces have emerged as contending influences on the driver of 

necessity: energy demand and climate security.  

 Despite the fracking boom and surplus gas, in 2018 US energy consumption surpassed 

US energy production and the disparity between the two looks to be steadily growing. Satisfying 

this growing demand puts enormous pressure on the US energy regime to find new sources of 

energy. Even greater a threat than keeping up with consumption is our worsening climate crisis. 

Climate change has increasingly become one of the greatest threats to national security. The 

Department of Defense has consistently reported for years that climate change poses an 

immediate threat to its operations globally and to the safety of our homeland.43 Despite this, 

however, President Trump removed climate change from consideration in his 2017 national 

security strategy.44 These three forces of necessity are locked in irreconcilable conflict with each 

other. The US desires to maintain fossil fuel and energy security, reduce its GHG emissions to 

 
43 “CLIMATE-CHANGE-REPORT-2019.Pdf,” accessed April 17, 2020, 
https://media.defense.gov/2019/Jan/29/2002084200/-1/-1/1/CLIMATE-CHANGE-REPORT-2019.PDF. 
44 Justine Calma, “Trump’s National Security Agenda to Have Big Environmental Impacts on Both Borders,” Grist 
(blog), August 2, 2018, https://grist.org/article/trumps-national-security-agenda-to-have-big-environmental-
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limit the impacts of climate change, and keep up with growing domestic energy consumption. To 

accomplish all three of goals seems impossible. The US government is pulled in opposite 

directions between energy security and climate security, causing much frustration and stagnation 

in terms of progressive climate policy in the United States. Fortunately for the United States, 

proponents of fracking argue that our growing energy demand can be met by natural gas in the 

short term while renewable energy technology becomes increasing cost efficient, and coal to gas 

switching satisfies calls for reduction in GHG emissions until renewables are capable of taking 

up the mantle. This transition story is called the bridge fuel narrative, where natural gas acts as 

the bridge leading us from oil and coal towards renewables. However, several barriers stand in 

the way of this narrative. Methane emissions threaten to negate the benefits of coal to gas 

switching.  

 

Coal to Gas Switching 

The singular counter to fracking’s assumed benefits are its massive environmental risks. 

There is one environmental impact however that has the potential for climate benefit, and that is 

natural gas’ ability to replace coal. Fracking can immediately reduce our carbon emissions by 

replacing coal. Not all fossil fuels are created equal. The natural gas produced from fracking is a 

very ‘clean’ burning fuel compared to coal, meaning that it releases less carbon emissions per 

unit of energy it produces. Natural gas burns over two times cleaner than coal.45 The increase in 

production of natural gas has made it cheaper, thus becoming an increasingly viable alternative 

fuel when compared to the dirtier burning coal. In 2012 the US had the largest increase in oil and 

 
45 Sarah Zielinski, “Natural Gas Really Is Better Than Coal,” Smithsonian Magazine, accessed April 19, 2020, 
https://www.smithsonianmag.com/science-nature/natural-gas-really-better-coal-180949739/. 
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gas production in its history, yet the US also had its largest decline in CO2 emissions,46 

evidencing the extraordinary power of natural gas to replace coal and affect an immediately 

positive change for the environment. Although switching from coal to gas is an improvement, it 

is still a fossil fuel and only a short-term solution to our climate change crisis. Proponents of 

fracking claim that natural gas will be the “bridge” to renewable sources of energy. Dissenters do 

not buy this claim and see fracking only as a harmful expansion of the oil and gas industry, not 

an evolution of it towards renewables. Furthermore, evidence suggests that some scenarios exist 

where natural gas becomes so cheap it potentially slows down the growth of renewable 

consumption.47  

Coal to gas switching is occurring primarily in the power generation sector. The power 

generation sector is particularly important for energy regime transition because it is the most 

rapidly diversifying sector in the energy industry. It also is expected to grow at a steady rate 

through 2050 in all AEO scenarios.48 Because of this, electric power generation represents fertile 

ground for implementing energy regime transition towards the reduction of GHG emissions. 

Primary drivers of transition in electricity generation are the retirement of older, less 

efficient fossil fuels such as coal, availability of renewable energy tax credits, and the capital 

cost of renewables. Renewables’ share of generation mix is growing and is expected to continue 

increasing and most likely accelerate as the compounding advances in technology and support 

from government build on one other. However, the future growth of renewables in the US is 

sensitive to natural gas price and supply. Renewables may surpass gas as a leading source of 

electric power generation, but only in cases where the cost of renewables becomes lower than 

 
46 Ruhl, Christof, “On the Global Implications of Shale: The Environment | LinkedIn,” December 11, 2013, 
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anticipated and gas supply also becomes lower than expected.49  This represents a frustrating 

tension between renewables and natural gas. Since the growth of renewables is influenced by 

how cheap other energy sources are, particularly gas, the timeline of transition shifts. The more 

gas is supplied the faster coal and oil power generation facilities are retired, accelerating the rate 

of transition. On the other hand, in a low gas case where our production of gas falls far short of 

the expected rate and the price of gas rises, the adoption of renewables is accelerated, but there 

will be fewer coal and oil retirements, paradoxically extending the transition timeline and 

enabling them to persist longer.50 So how much of a reduction does coal to gas switching 

accomplish? This depends on multiple factors such as the price of renewables, gas, and coal, the 

rate at which renewable technology and fracking technology progress, among other factors. 

Assuming the current rates of change for these variables, the future can be predicted with 

moderate degrees of accuracy.  

Gas is quickly overtaking coal in US net electricity generation. And since gas is less 

carbon intensive (releasing less CO2 per unit of energy generated) than coal, this has led to an 

overall reduction in US CO2 output. However, this is not the whole story. Although there are 

reductions in CO2, some fracking cites leak methane which, is considerably more toxic than 

CO2. Because of this methane leakage, some fracking facilities’ CO2 reductions are washed by 

their harmful methane leakage. As an industry, it can be hard to calculate total methane leakage 

across all fracking wells.  

Substitution of old inefficient coal energy for new natural gas energy systems has the 

potential to create near term GHG reductions and act as a ‘bridge’ towards a carbon neutral 

 
49 “Annual Energy Outlook 2020.” P. 67-71 
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future.51, 52, 53  Others argue that introduction of natural gas has little to no environmental 

advantages and could potentially be counterproductive to climate goals.54, 55 Whether fracking 

and natural gas production in its current form is net positive or negative for climate change is up 

in the air at the moment, and to conclusively prove one or the other is not possible at the 

moment. However, looking at these studies, especially the ones arguing against fracking and 

natural gas, reveal the industry’s most grievous shortcomings in terms of climate goals, like 

methane leakage, water contamination, and air pollution.  

What is abundantly clear from the research is that fracking has potential and has the 

capacity for significant improvement. In its current state the industry sits on the fence between 

climate savior and climate destroyer. If natural gas from fracking continues, it is crucial that we 

identify and address its greatest shortcomings, attempting to place it firmly on the side of climate 

benefit. It would benefit the climate if fracking were a force for good rather than a hinderance to 

transitioning to a low-carbon future. If fracking here for near future, how can the US legislate it 

as a force for transition rather than a barrier to transition.  
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Chapter 4 – Fixing fracking’s big problem cost effectively 

 

The fossil fuel industry is massive, important, and intransigent, and fracking is one of its 

fastest growing and most lucrative sectors. Because of this, many assume that the fracking 

industry will continue to exist in the near term, that fracking will continue to be a growing 

industry for at least the next couple years, if not decades.56, 57 Furthermore, the incredible forces 

at play such as the power of energy insecurity, motivate the United States to support the fossil 

fuel industry and keep the fracking boom going. With the goal of increasing climate security by 

transitioning away from fossil fuels to reach a near zero-carbon future energy regime, it is critical 

that the US and American fossil fuel companies regulate fracking to ensure it is used in 

accordance with transitionary goals. Since fracking may continue, it would be advantageous for 

the environment if fracking were to reduce its greatest risks as quickly and efficiently as possible 

while maintaining its few environmental advantages, namely replacing coal and providing cheap 

and clean energy until renewables become efficient and cost effective enough to provide the 

majority of the US’ energy needs.  

Most efficient regulation means identifying fracking’s weaknesses that produce the 

gravest risks and can be addressed most easily. The area of risk in which the fracking industry 

can greatly and immediately improve in is limiting methane emissions because methane 

emissions account for the largest portion of oil and gas operation’s carbon footprint. Creating 
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low cost options for limiting fracking’s carbon impact by limiting methane emissions can be 

implemented to efficiently impact transition. 

 

Fracking’s bane: Methane 

 Fracking offers some benefits that are well suited to the goals of energy regime 

transition. It already is driving a transition from coal to gas, which represents a positive start to a 

larger global transition, if used responsibly. But something that is holding fracking back from 

achieving its full potential are the issues surrounding methane. Methane (CH4) is a greenhouse 

gas (GHG) that is many times more powerful than CO2. Its toxicity varies over time because it 

breaks down more quickly than CO2 in the atmosphere. In shorter times frames of 20 years 

methane is 72 – 87 times as harmful as CO2 and 21 to 36 more harmful in a 100-year time 

frame.58, 59 Because it is so much more atmospherically harmful in the short-term, it increases the 

priority and importance of addressing this worrisome fracking byproduct. The impact that 

methane has on climate change greatly depends on the rates of methane emissions. Several 

academics have proposed that methane gas emissions during production and distribution of 

natural gas reduces or possibly negates the environmental benefits of CO2 reduction from coal to 

gas switching.  

The problem of methane emissions was brought to the fore in 2011 when researchers 

Howarth, Santoro, and Ingraffea released a study stating that up to 8% of gas produced from 

fracking shale was being released as methane concluding that these extremely high rates from 
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fracking wells and gas pipelines made it a worse alternative to coal for power generation.60,61  

This 2011 paper held three main claims: “(1) the amount and quality of available data on 

methane emissions from the natural gas industry were poor; (2) methane emissions from shale 

gas were likely 50% greater than from conventional natural gas; and (3) these methane emissions 

contributed significantly to a large GHG for both shale gas and conventional gas, particularly 

when analyzed over the timescale of 20‐years following emission. At this shorter timescale – 

which is highly relevant to the concept of natural gas as a bridge or transitional fuel over the next 

two to three decades – shale gas appeared to have the largest greenhouse warming consequences 

of any fossil fuel. Because our conclusion ran counter to U.S. national energy policy and had 

large implications for climate change, and because the underlying data were limited and of poor 

quality, we stressed the urgent need for better data on methane emissions from natural gas 

systems. This need has since been amplified by the Inspector General of the EPA”62 

At that time in 2011 Howarth stated that there were no peer reviewed papers studying the 

GHG impact of unconventional gas, especially shale gas, including emissions of methane.63 

When this paper was released, it received enormous media coverage, and in the following 

months a flood of studies similarly concerned with shale gas and methane leakage were 

published using the same primitive data. 

One of the influential papers following Howarth et al. was T.M.L. Wigley of the National 

Center for Atmospheric Research. He released a worrying report in 2011 arguing that even with 

 
60 Raimi, The Fracking Debate. P. 112  
61 Robert W. Howarth, Renee Santoro, and Anthony Ingraffea, “Methane and the Greenhouse-Gas Footprint of 
Natural Gas from Shale Formations,” Climatic Change 106, no. 4 (April 12, 2011): 679, 
https://doi.org/10.1007/s10584-011-0061-5. 
62 Howarth, “A Bridge to Nowhere.” P. 48 
63 Ibid, P. 47-48 
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0% percent methane leakage rates, natural gas still provides no clear benefit to the 

environment.64 The papers published in this post 2011 period are based off of severely 

incomplete data, yet they are still sited today as concrete evidence despite having been debunked 

in later papers with more sophisticated measurements.   

Since then, multiple studies such as those by Levi and Zhang et al.,65 refute Wigley’s 

argument. Levi’s 2012 paper Climate Consequences of Natural Gas as a Bridge Fuel analyzes 

several climate stabilization scenarios in which natural gas provides a significant bridge at a 

global scale and asks two critical questions. First, if gas were to become a bridge between coal 

and renewables, how much environmental benefit would that offer compared to the case where 

the transition from coal directly to renewables was instead delayed? And secondly, if gas acts as 

a bridge fuel, how much might its methane emissions penalize it in these scenarios relative to 

ones that feature a direct transition from coal to carbon neutral sources.66 He then explains that 

the studies released directly after the landmark 2011 paper by Howarth et al. like Wigley’s, have 

not constructed their scenarios fairly because they assume the greatly expanded use of gas 

continues indefinitely. Additionally, later studies used out of date data, which result in 

misleading conclusions concerning the impact of its methane emissions. In contrast, Levi’s 

scenarios compare the phasing out of coal for gas and then gas for renewables at different time 

scales and methane emissions rates, then compares those scenarios to ones where coal transitions 

directly to renewables. Levi finds that even at the highest methane leakage scenario of 5%, such 

leakage rates are better for the climate than directly transitioning from coal. This suggests that in 

 
64 Tom M. L. Wigley, “Coal to Gas: The Influence of Methane Leakage,” Climatic Change 108, no. 3 (August 26, 
2011): 601, https://doi.org/10.1007/s10584-011-0217-3. 
65 Zhang et al., “Climate Benefits of Natural Gas as a Bridge Fuel and Potential Delay of Near-Zero Energy Systems.” 
66 Levi, “Climate Consequences of Natural Gas as a Bridge Fuel.” 
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any case, natural gas as a bridge fuel, in its worst-case scenario concerning methane emissions, is 

still better than directly transitioning from coal.  

Two caveats that could influence this conclusion for better or worse are the 

infrastructural inertia and low carbon technology. This study does not consider how the growth 

of natural gas infrastructure may inhibit the progression and/or adoption of renewable tech. On 

the other hand, it assumes no advances in renewables technology through its timelines, although 

renewables technology has made significant strides before, during, and after this study. 

Developing technologies like carbon recapturing could in theory reduce global emissions by 

removing GHGs like CO2 and methane from the atmosphere, reducing the fossil fuel industry’s 

carbon footprint.  

Later in 2015, researchers Zhang et al. come to similar conclusions as Levi stating that 

studies like Wigley’s are wrong, and that at all rates of methane leakage analyzed, methane 

impacts are minimal. However, potential for gas to reduce GHG is limited, only providing 

modest reduction in overall GHG emissions. These reductions can be amplified, however, if 

natural gas cycles are efficient and methane emissions reduced.67  

Most striking, however, might be the re-posturing of Howarth himself. Since his 2011 

report, Howarth has altered his perspective. In his 2014 paper he concludes that using natural gas 

rather than coal for electric power generation can provide modest reductions in GHG emissions, 

if those emissions can be kept below a range of 2.4-3.2%.68 This is not to be taken as an 

endorsement of the fracking industry by any means, as he goes on to explain that it is a big “if”. 

Howarth is a stark critic of fracking stating that we would be taking a large risk in continuing our 
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uses of fossil fuels no matter if they are coal or gas. He advises that our energy regime must 

wean itself off the addiction to fossil fuels and embrace renewable technology like wind, solar, 

and hydroelectric as quickly as possible. But with the assumption that fracking will continue at 

least into the near-term (total natural gas production has risen over 38% since Howarth’s April 

2014 study)69 this study shows that fracking has real potential for accomplishing GHG 

reductions. Since 2011 technology for emission measurement has improved and more accurate 

studies have been published. As more precise technology for measuring fracking’s methane 

emissions becomes available, the needle seems to be pointing more in fracking’s favor in terms 

of potential for environmental benefit, especially in cases where this transition is accompanied 

by low methane emissions, climate protection policy, and advances in renewable energy sources. 

Even still, methane leakage is one of the leading, if not the leading contributor of the oil and gas 

operations’ carbon footprint. It is imperative we reduce fracking’s methane emissions in order to 

reduce global GHG emissions.  

 

Addressing Methane Emissions 

Methane emissions have negatively impacted our environment by accelerating climate 

change. Methane is also potentially 87 times as potent a pollutant as CO2 in the first 20 years 

increasing its short-term priority for fighting climate change. Coal to gas switching may offer 

modest short-term climate benefits depending on the methane emission rates. The environmental 

advantages that gas provides compared to dirtier burning fossil fuels like coal is increased when 

methane emissions are reduced, irrespective of the rate of methane leakage. Fortunately, there 
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are several effective and efficient ways to control methane such as reduced emissions 

completions and resolving superemitters.70, 71 Reduced emissions completions (RECs) is the 

process of attaching portable equipment to facilities during well clean up to recapture and reduce 

emissions.72 Superemitters are the small number of facilities that account for a large portion of 

emissions. Several studies have shown the distribution of methane leakage is not uniform across 

the board and that a small number of facilities are responsible for a large portion of methane 

emissions.73, 74 It is estimated that just 2% of facilities are responsible for 50% of all methane 

emissions.75   

Methane emissions happen in one of two ways. Either gas is intentionally “vented” for 

safety or convenience, or it unintentionally escapes as “fugitive” emissions through 

malfunctioning equipment or human error.76 The U.S. Inventory of Greenhouse Gas Emissions 

and Sinks 1990 - 2009 calculated that 68 billion cubic feet (Bcf) of methane are vented or flared 

annually from fracking facilities.77 This significant amount of intentional venting of methane is 

quite unsettling and represents a clear opportunity to alter unnecessarily polluting behavior. 

Implementing third party protection with RECs is a cheap alternative to fighting methane 

 
70 David Lyon, “Quantifying, Assessing, and Mitigating Methane Emissions from Super-Emitters in the Oil and Gas 
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https://doi.org/10.1021/acs.est.6b04303. 
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leakage. The ICF states that a 40% percent reduction in methane emissions is possible with 

existing technologies, like RECS, at a total cost of less than $0.01 per thousand feet of gas 

produced.78 

The other major component of methane emissions in the fracking industry is 

unintentional methane leakage from old gas pipes, leaky storage tanks, and other malfunctioning 

or poorly maintained and supervised equipment. A recent study concerning methane leakage has 

identified that older wells tend to be leakier than newer ones.79 The 80-year-old well in 

Pennsylvania may be leaking at much faster rates than the modern fracking wells located in the 

Marcellus and Balkan regions.  

The top priority should be identifying and fixing the leakiest facilities. Despite not being 

able to predict future super emitters, there are certain procedures which can reduce their 

likelihood as well as reduce emissions across all facilities if implemented. Superemitters are 

most likely the result of poor maintenance and improper design which lead to malfunctions in the 

system leading to belches of methane being released. Once a superemitter occurs, its swift 

detection and repair is critical for reducing methane emissions. To do this the energy industry 

should be required to implement a high standard of monitoring wellheads, pipelines, and storage 

tanks which continuously assess methane emissions. Although many fracking sites already have 

measurement systems in place for recording production rates, all should have systems in place 

for emission detection so they can aware of any malfunctions that would otherwise go unnoticed 

for long periods of time. Implementing these sensors as well as repairing old and leaky wells can 
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be a low cost and highly effective way to reign in superemitters and significantly reduce 

fracking’s climate impact. 

In tandem with the strategy of detection and repair, implementing cap and trade policies 

and carbon taxes that specifically penalize methane will financially motivate the energy industry 

to further reduce its carbon footprint and thus climate impact. For example, if particularly toxic 

emissions like methane where singled out and taxed much higher compared to CO2 to reflect its 

toxicity, business and consumers would be incentivized to reduce their methane emissions or 

move away from products that are associated with methane. Punishing methane emissions 

asymmetrically from other emissions is a way to utilize market-based strategy to specifically 

target methane and significantly reduce the fracking industry’s overall carbon impact. A cap and 

trade policy is a market-based strategy that harnesses the invisible hand of the market to reduce 

emissions. Unlike the ‘command and control’ model where government dictates the industry 

standard and technology allowed, cap and trade uses market forces to determine the cost of 

carbon influencing business decisions and investments on the basis of the market, which 

produces more cost effective strategies.80 Rather than dictating from the top down how 

companies should stop polluting, it simply puts a cap on how much carbon one is allowed to 

emit, letting the business decide how it wants to limit its emissions. Inversely, a carbon tax is 

when the government dictates the price of carbon so that companies must pay per ton of 

emissions. With a carbon tax, businesses and consumers are incentivized to change fuel sources, 

buying habits, and technology in order to avoid paying this tax. Carbon taxes provide a high 

degree of certainty over the cost of emissions, while cap and trade policies provide a high degree 
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https://www.c2es.org/content/cap-and-trade-basics/. 



45 
 

of certainty concerning future emission reductions.81 With the focus on transition, the US should 

employ policy instruments as strategic mechanisms for expediting change.  

Beyond simply capping and taxing emissions, we should enforce mandatory renewable 

energy quotas on the production side of the energy industry. In 2018 thirty states in the US had 

implemented renewable portfolio standard (RPS) strategies.82 This strategy should be 

implemented in every state to increase its capacity for emissions reduction.  
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Chapter 5 – Conclusion      

 

America’s assent to world power status was fueled by the expansion of its fossil fuels 

industry. The relatively large domestic reserves could allow oil and gas production such as 

fracking to continue for over 50 years. Currently, fossil fuels account for about 80% of the 

United States’ energy, and an even larger portion of global energy. Building the infrastructure to 

accommodate a significantly larger portion of renewable energy will take a lot of time and 

money. On top of that, the wealthy and powerful fossil fuel industry, and pro-energy politicians 

have made transition to renewables institutionally difficult through years of deregulation. In the 

possible case where fracking continues for the next 5 or even 50 years, it would benefit the 

environment and humanity’s collective well-being to limit its climate impact by reducing its 

GHG emissions. Since methane accounts for a large portion of fracking’s GHG emissions, is 

many times more toxic in the near-term, and can be addressed relatively cost-effectively, cutting 

methane should be prioritized. 

Fracking is not the devil, but it isn’t our savior either. Its climate benefits and risks hang 

in limbo. And if it’s going to be here for the next couple of decades, it is worth tipping that scale 

in favor of climate benefit. The most salient way to do that is to limit its most harmful aspect, 

methane emissions, since methane is many times more impactful a GHG than CO2, especially in 

the short term. The quickest and most cost-effective way to address methane emissions is to stop 

the industry’s methane superemitters which account for about half the methane emissions. 

Cutting methane would correspond to a significant step in the right direction for fracking in 

terms of greatly reducing its environmental impact and benefiting energy regime transition. 
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