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				Extraordinary events have affected energy markets in the years since the National Petroleum Council (NPC) reported on the Hard Truths about energy in 2007.[1]  That study concluded that the world would need increased energy efficiency and all economic forms of energy supply.  This is still true today, but in the few years since then, significant technology advances have unlocked vast natural gas and oil resources.  The newly and greatly expanded North American natural gas and oil resources are already benefiting our country economically and increasing employment.  Growing supplies of natural gas have resulted in lower prices, helping to revitalize many U.S. industries and, in some parts of the country, lower the cost of producing electricity.  The increased competitiveness of natural gas could lead to greater use for power generation, helping to further reduce emissions from electricity production.  Technological advances and the expansion of economically recoverable natural gas and oil reserves can substantially improve America’s energy security.  North America has also become much more integrated in energy terms; Canada provides a quarter of America’s total oil imports, almost double that of the next largest source.

				The great expansion of economically recoverable natural gas is central to meeting America’s overall needs, as natural gas is one of the cornerstone fuels on which the nation’s economy depends.  Natural gas provides a quarter of America’s overall energy and is used to generate a quarter of the nation’s electricity.  It provides the heat for 56 million homes and apartments and delivers 35% of the energy and feedstocks required by America’s industries.  What happens to natural gas supplies affects all Americans.

				Other events have detracted from these positive developments.  Consumers have been coping with the effects of high petroleum prices.  There have been tragic accidents, such as the Macondo oil spill in the deepwater Gulf of Mexico and the natural gas pipeline explosion in San Bruno, California.  Concerns have been raised about the environmental impacts of oil sands and shale gas extraction.  Some are questioning the industry’s ability to develop North American oil and gas resources in an environmentally acceptable and safe manner.  

				All this sets the context for this study, highlighting the need to continue to develop America’s natural gas and oil resources in a manner that will balance energy, economic, and environmental security needs as part of a transition to a lower carbon energy mix.

				In his letter asking the NPC to conduct this study, the Secretary of Energy requested that the assessment concentrate on two tasks: developing an up-to-date understanding of the potential natural gas and oil supply opportunities in North America[2]; and examining the contribution that natural gas could make in a transition to a lower carbon fuel mix.  He focused the NPC’s attention on interrelated national objectives of enhancing the nation’s energy security and economic competitiveness while minimizing environmental impacts, including climate change.  He instructed the NPC to use a study process to “venture beyond business-as-usual industry and government assessments.”

				AMERICA’S ENERGY FUTURE

				This study came to four conclusions about natural gas and oil.  These findings can help guide the nation’s actions.

				First, the potential supply of North American natural gas is far bigger than was thought even a few years ago.  As late as 2007, it was thought that the United States would have to become increasingly dependent on imported liquefied natural gas, owing to what appeared to be a constrained domestic supply.  That is no longer the case.  It is now understood that the natural gas resource base is enormous and that its development – if carried out in acceptable ways – is potentially transformative for the American economy, energy security, and the environment, including reduction of air emissions.  These resources have the potential to meet even the highest projections of demand reviewed by this study.

				Second – and perhaps surprising to many –  America’s oil resources are also proving to be much larger than previously thought.  The North American oil resource base offers substantial supply for decades ahead and could help the United States reduce, but not eliminate, its requirements and costs for oil imported from outside of North America.  The United States and Canada together produce 4% more oil than Russia, the world’s largest producer.  However, as Hard Truths stated, “energy independence is not realistic in the foreseeable future,” although economic and energy security benefits flow from reducing imports through efficiency and increasing domestic production.  Realizing the potential of oil, like natural gas, in the future will depend on putting in place appropriate access regimes that can allow sustained exploration and development activity to take place in resource-rich areas.

				Third, we need these natural gas and oil resources even as efficiency reduces energy demand and alternatives become more economically available on a large scale.  Even presuming that the United States uses energy much more efficiently, diversifies its energy mix, and transitions to a lower carbon fuel mix, Americans will need natural gas and oil for much of their energy requirements for the foreseeable future.  Moreover, the natural gas and oil industry is vital to the U.S. economy, generating millions of high-paying jobs and providing tax revenues to federal, state, and local governments.

				Fourth, realizing the benefits of natural gas and oil depends on environmentally responsible development.  In order to realize the benefits of these larger natural gas and oil resources, safe, responsible, and environmentally acceptable production and delivery must be ensured in all circumstances.  Many natural gas and oil companies are committed to such goals and work hard to achieve them.  The critical path to sustained and expanded resource development in North America includes effective regulation and a commitment of industry and regulators to continuous improvement in practices to eliminate or minimize environmental risk.  These steps are necessary for public trust.  Recognizing that access to available resources can be undermined by safety and environmental incidents, all industry participants must continuously improve their environmental, safety, and health practices, preserving the benefits of greater access for the industry, consumers, and all other stakeholders.

				In making these core findings, the NPC examined a broad range of energy supply, demand, environmental, and technology outlooks through 2050.  The study participants addressed issues relating to public health, safety, and environmental risks associated with natural gas and oil production and delivery practices, as well as opportunities for natural gas to reduce emissions from energy use.  The NPC’s findings and recommendations are summarized below and explained in detail in the report chapters.

				
					
						
								
								1.	NATURAL GAS IS A VERY ABUNDANT RESOURCE

								America’s natural gas resource base is enormous.  It offers significant, potentially transformative benefits for the U.S. economy, energy security, and the environment.  Thanks to the advances in the application of technology pioneered in the United States and Canada, North America has a large, economically accessible natural gas resource base that includes significant sources of unconventional gas such as shale gas.  This resource base could supply over 100 years of demand at today’s consumption rates.  Natural gas, properly produced and delivered, can play an important role in helping the United States reduce its carbon and other emissions.  But these potentially transformative benefits cannot happen without access to resource-rich basins and the consistent application of responsible development practices.

							
						

					
				

				The United States is now the number one natural gas producer in the world and together with Canada accounts for over 25% of global natural gas production (Figure ES-1).  
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				While shale and other unconventional gas resources are the new game changers, significant conventional resources are being produced in onshore and offshore areas.  Lower and less volatile prices for natural gas in the past two years reflect these new realities, with benefits for American consumers and the nation’s competitive and strategic interests, including the revitalization of several domestic industries.

				New applications of technologies such as horizontal drilling and hydraulic fracturing have brought about this recent increase in natural gas production and the reassessment of the size of the U.S. recoverable natural gas resource base.  Figure ES-2 shows how the estimates of U.S. technically recoverable resources have greatly increased over the past decade, with estimates of recoverable shale gas being the most striking reason for changes over the decade.[3] 
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				The natural gas resource base could support supply for five or more decades at current or greatly expanded levels of use.  Figure ES-3 shows estimates of the wellhead development cost from three estimates of future natural gas resources derived from the recent Massachusetts Institute of Technology (MIT) study[4] on natural gas, along with low and high estimates of cumulative, total demand from 2010 to 2035.[5]

				[image: NARD_Executive_Summary%206.pdf]

				 The wellhead development cost, as estimated by the MIT study, should not be read as an expected market price, since many factors determine the price to the consumer in competitive markets.  In the longer term, there are additional potential major resources in Arctic and other offshore regions, or with advances in technology from methane hydrate deposits in various locations, mainly offshore.  These opportunities could allow natural gas to continue to play a central role in the North American energy economy into the next century.  

				Development of these natural gas resources will require timely investment in the expansion of delivery infrastructure.  To date, market signals and existing regulatory structures have worked well in bringing about new natural gas delivery and storage infrastructure.

				The technological success in the United States opens up significant new opportunities for global technological leadership and an expanded global role for U.S. natural gas and oil companies.[6] Many countries around the world – ranging from China to Poland, Ukraine, and South Africa – are now assessing their own shale gas resources and development potential.  U.S. companies are playing an important role in these activities.

				Natural gas can also help the United States reduce greenhouse gas[7] (GHG) and other air emissions in the near term, especially if methane emissions from gas production and delivery are reduced.  The biggest opportunity is in the power sector, but there are also opportunities in the industrial, commercial, and residential sectors (Figure ES-4).  
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				In recent years, relatively favorable prices for natural gas have displaced some coal-fired generation.  More natural gas use will likely result from the electric industry’s response to upcoming federal environmental regulations that may encourage retirement of some of the nation’s coal-fired power plants.  In the long term, if the nation desires deeper reductions in GHG emissions, it will need to address the GHG emissions of all fossil fuels, including natural gas, by putting a price on carbon[8] and advancing other technologies, including those that can capture and sequester carbon dioxide (CO2).  
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								2.	SURPRISINGLY, OIL IS ALSO AN ABUNDANT RESOURCE 

								Contrary to conventional wisdom, the North American oil resource base also could provide substantial supply for decades ahead.  Through technology leadership and sustained investment, the United States and Canada together now constitute the largest oil producer in the world.  We have world-class resource basins, some of which  are located in remote areas offshore and in the Arctic.  Going forward, access to these resources depends upon responsible development practices being consistently deployed. 

							
						

					
				

				After declining in recent years, North American oil production rose in 2009 and 2010 due to advances in technology and significant investment in exploration and development by companies over a number of preceding years.  As a result, the United States and Canada have several already-producing world-class basins – in particular in the deepwater Gulf of Mexico and the Alberta oil sands.  These areas contribute substantially to North American oil production, and could sustain and grow current production beyond 2030.  In addition, onshore conventional oil is a large supply source, although made up of a multitude of small developments.  The long-term decline of production from onshore conventional fields has reversed in recent years through techniques such as enhanced oil recovery (EOR) and hydraulic fracturing.  The United States is the third largest oil producer in the world, after Russia and Saudi Arabia (Figure ES-5).
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				Longer-term growth in oil production can come from several new and emerging North American supply sources.  One source is tight oil, found in geological formations where the oil does not easily flow through the rock, such as in the Bakken formation of North Dakota, Saskatchewan, Montana, and Manitoba.  Tight oil has also benefited from technologies similar to those used for shale gas, including hydraulic fracturing.  Over the next 20 years, tight oil production could continue to grow.  A second potentially large supply source is in new offshore areas, particularly in the Gulf of Mexico and the Atlantic and Pacific coasts of the United States and Canada.  Access to and potential development of these new U.S. areas would require an Executive Branch level directive to include such areas in the 2012–2017 Leasing Program.  New offshore areas could provide both natural gas and oil in significant quantities to supplement the continuing strong production in the Gulf of Mexico.  Third, new Arctic oil and natural gas supply have a potential of the equivalent of over 200 billion barrels of oil.  This is in addition to existing oil supply and proven natural gas reserves on the Alaska North Slope.  The new Arctic resources could yield significant supply after 2025.  Fourth, another very large long-term oil supply source lies in the shale oil deposits of Colorado, Utah, and Wyoming.  The development of these billions of barrels of oil from these new resource areas will require sustained investment, substantial advances in technology, and environmental risk management systems and approaches.[9]  In many instances, there will be the need for new pipelines and other infrastructure.  

				Continuing significant technological advances could extend North American oil production for many decades in various areas, such as other offshore areas, other unconventional oil opportunities, and eventually, oil shale.  In recent years, there has been rapid learning and deployment of new production techniques to unlock higher actual and potential natural gas supply, particularly from tight and shale gas reservoirs.  Such learnings have not yet been fully applied to new and emerging oil opportunities.  As the emerging oil opportunities develop both onshore and offshore and with application of some of the technologies now enabling access to unconventional natural gas, similar upward re-appraisal of potential oil supply will likely follow.  Such appraisals are an ongoing process as new resources are brought into the development phase.

				Figure ES-6 shows the various sources of current supply as well as projected supply in 2035 under  
“limited potential” and “high potential” scenarios.  The limited potential scenario is characterized by limited resource access, constrained technology development, as well as greater regulatory barriers. 
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				The high potential scenario is characterized by more access, substantial advances in technology, and regulatory burdens that are not significantly different than today.  Even under the high potential scenario, the United States will still need to import oil for the foreseeable future.

				Enhanced access is also a key enabler that could move North American oil production towards the higher potential pathway indicated here.  Resource-rich areas such as the eastern Gulf of Mexico, the Atlantic and Pacific continental margins, and the Arctic are capable of delivering new volumes of oil supply, potentially extending over several decades.  Indeed, in the Arctic, unless new oil production can be developed as a consequence of sustained exploration, the key infrastructure link currently operating (the Trans-Alaska Pipeline System from the Alaska North Slope to the crude oil loading terminal at Valdez, Alaska) will have to be decommissioned when the declines from existing Alaska North Slope production cause pipeline flows to fall below minimum operating levels.  Such an outcome could leave a huge resource stranded with deleterious consequences for the economy and for energy security.

				This current and future development of U.S. and Canadian oil can translate into energy security benefits through reducing oil imports.  Other potential benefits include improved balance of trade, jobs, and economic multiplier effects from domestic drilling, production, and delivery.  

				
					
						
								
								3.	AMERICA NEEDS NATURAL GAS AND OIL EVEN AS ALTERNATIVE RESOURCES BECOME AVAILABLE 

								Even as the United States uses energy much more efficiently and diversifies its energy mix, Americans will need natural gas and oil for the foreseeable future.  Natural gas can enable renewable power through management of intermittency.   Natural gas and oil are currently indispensable ingredients in the American economy and Americans’ standard of living.  A vibrant domestic natural gas and oil industry has the potential to add much-needed domestic jobs and revenues for federal, state, and local governments.  In a competitive global business environment, where companies have the ability to move capital around the world, a dependable and affordable supply of natural gas and oil is important for creating economic growth, investment, and jobs in the United States.  Abundant supplies of natural gas are vital to improving the competitiveness of domestic industries that use natural gas as a fuel and feedstock.  Though North America has abundant natural gas and oil resources, these resources must still be used wisely; and energy efficiency measures should be developed and implemented wherever they are cost effective.

							
						

					
				

				Together, natural gas and oil make up nearly two-thirds of U.S. energy use.[10]  Even with increasing energy efficiency, buildings, motor vehicles, industrial facilities, and other energy-using equipment will remain highly dependent on natural gas and oil for many years to come.  Thus, these fuels are critical in the U.S. economy, particularly as part of a strategy to transition towards a low-carbon energy mix in the future.  There is enough supply to meet a range of demand levels for decades – from business as usual, to scenarios with much greater penetrations of natural gas in the power, industrial, and transportation  sectors.  And, using these resources much more efficiently will strengthen the nation’s economic resiliency, reduce environmental impacts, and enhance energy security.  As noted in Hard Truths and other studies, investment in and deployment of energy efficiency measures is frequently cost effective and will reduce demands for fossil fuels and the impacts of their associated emissions.  Energy efficiency deserves continued and increased efforts.[11]

				At the same time, in meeting the needs of U.S. consumers, the American natural gas and oil industry plays an essential role in the U.S. economy.  Companies directly engaged in the oil and natural gas industry employ over 2 million Americans who earn over  $175 billion in labor income.  The employment figure jumps to over 9 million Americans with $533 billion in labor income when including the jobs created by the spending on goods and services of natural gas and oil companies and their employees.  PricewaterhouseCoopers has estimated that the domestic oil and natural gas industry directly generated approximately $464 billion in combined operational expenses and capital investment in 2009 – equivalent to over 3% of America’s gross domestic product (GDP).[12]  In the United States, federal,  state, and local governments also benefit from the substantial amount of taxes and royalties paid by natural gas and oil companies.  Taking into account all corporate income taxes, severance taxes, royalties on federal lands, sales taxes, payroll taxes, property and use taxes, and excise taxes, natural gas and oil companies generate over $250 billion in government revenue annually.  

				Although natural gas and oil have long been viewed as related fuels, their uses are quite different.  Natural gas is especially important for heating, power generation, and industrial uses such as chemical manufacturing.  By contrast, around 97% of all energy used in the transportation sector comes from oil.  The import picture differs as well.  Nearly all of the natural gas consumed in North America is produced within the same continental boundaries, while about half of the crude oil processed in North American refineries is imported.  Within North America, Canada is a net exporter of crude oil and the United States is a net importer.[13]

				Low natural gas prices make U.S. manufacturers and farmers more competitive.  U.S. firms rely on natural gas- and oil-derived chemicals as building blocks for the production of electronics (including computers and cell phones), plastics, medicines and medical equipment, cleaning products, fertilizers, building materials, adhesives, and clothing.  When manufacturers use natural gas as a fuel and feedstock, they create a variety of products that are used every day.  These products are valued at greater than eight times the cost of the natural gas used to create them, providing significant benefit to the nation’s economy.[14] 

				Observers of natural gas markets forecast a wide range of future natural gas demand for the United States and a narrower range for  Canada.[15] For the United States, most of the variation in natural gas demand comes from the power sector; for Canada, it comes from the industrial sector.  Figure ES-7 shows demand in 2010, along with several projections for 2020 and 2030.[16]  
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				Over 120gigawatts (GW) of natural gas combined cycle capacity was added from 2000 to 2008.  The power sector has already substituted the use of natural gas for some coal because of low natural gas prices.  The increased use of these new and efficient natural gas units decreased the GHG emissions from U.S. power plants by about 83 million metric tons of CO2, or about 1% of total U.S. emissions in 2005.[17] Compared to 2000, natural gas use for power generation has grown by almost 45% from 2000 to 2010.  It is projected to increase as much as another 75%  by 2030.[18]

				The availability of abundant low cost natural gas is helping to revitalize several industries, including petrochemicals, leading to several billions of dollars of new investment in domestic industrial operations that would not have been anticipated half a decade ago.

				Upcoming environmental regulations affecting power plants, combined with expectations for future natural gas prices informed by published forecasts, will have an impact on the use of natural gas in the power sector.  Relatively old and inefficient coal-fired power plants with limited emission controls will likely retire, with various studies estimating retirements ranging from 12 to 101 GW of capacity by 2020.  The study average of 58 GW of coal-fired capacity retirements represents about 6% of total U.S. generating capacity, or around 18% of coal-fired capacity.  This will likely increase demand for natural gas at power plants, lead to new investment in natural gas-fired generation, and lower GHG emissions from the power sector (on average, around 3.5% of the 2005 U.S. total by 2020).  

				In the longer term, increased natural gas supplies, along with the possible introduction of policies to reduce GHG emissions, could yield more substitution of natural gas for other fossil fuels, mainly coal.  According to studies reviewed as part of this NPC study, natural gas could help reduce emissions in the long term (such as a 50% reduction from a 2005 baseline by 2050).  A steeper emissions reduction target, such as 80% or more by 2050, will likely also require more aggressive emission control technologies like carbon capture and sequestration (CCS) for both coal and natural gas power plants, if these fossil fuels were to remain a significant energy source for power generation.  Excluding transportation, the potential reduction in GHG emissions from natural gas use ranges from an equivalent of 126–864 million metric tons of CO2 per year by 2030, or about 2–12% of total 2005 U.S. GHG emissions (Figure ES-8).  
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				This broad range of GHG reductions reflects the potential application of diverse natural gas technologies across the end-use  sectors, including appliances, power infrastructure, and infrastructure retrofits in applications within the residential, commercial, and industrial end-use sectors.

				In addition to emissions of CO2 at the point of natural gas combustion, there are emissions of methane into the atmosphere that result from the production and delivery of natural gas.[19]  Some emissions occur in normal operations through venting for safety reasons such as to relieve pressure.  Other emissions occur because of leaks in equipment such as compressor seals and connections.  Because methane is a GHG that is significantly more potent than CO2 in its global warming potential,[20] it is vital to minimize these emissions.  In the April 2011 annual national GHG inventory update, the Environmental Protection Agency (EPA) estimated that fugitive methane emissions by natural gas companies accounted for approximately 4% of  U.S. GHG emissions in 2009.  There is, however, a very high degree of uncertainty around estimates of methane emissions and, therefore, better data are needed while efforts continue to reduce such emissions.

				Taking into account EPA’s recently revised estimates of methane emissions during production and delivery, the life-cycle emissions for natural gas are about 35% lower than coal on a heat-content (British thermal unit [Btu]) basis.[21] In terms of the production  of electricity, for efficiencies typical of coal- and  natural gas-fired plants, natural gas has about  50–60% lower GHG emissions than those of a coal-fired plant (Figure ES-9).[22] 
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				Beyond the power sector, there is potential for increased use of natural gas to displace oil in the transportation sector.  The NPC Future Transportation Fuels (FTF) study is examining the implications for gasoline and diesel demand of natural gas vehicles and plug-in electric vehicles that could create some natural gas demand for power generation, as well as fuel cell electric vehicles using hydrogen reformed from natural gas.  Since the FTF study will be completed after this study, the final results of the FTF study cannot be incorporated here.  Consequently, the NPC’s study of natural gas and oil resources examined high-potential-demand cases for natural gas vehicles, plug-in electric vehicles, and fuel cell electric vehicles from published sources.  For example, in 2035, U.S. and Canadian transportation could potentially consume 13 billion cubic feet per day (Bcf/d) of gas.  

				There is a wide range in the estimates of future demand for natural gas.  The most aggressive estimate of total natural gas demand, including transportation, is 133 Bcf/d by 2035, an 85% increase from 2010 natural gas requirements of 72 Bcf/d.[23]  The low-end estimate of total natural gas demand for 2035 is 72 Bcf/d (Figure ES-10).  
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				It appears that even a 2035 potential demand requirement of up to 133 Bcf/d could be supplied.  And based on the MIT 2011 Gas Report, The Future of Natural Gas, this high potential demand could be supplied at a current estimated wellhead production cost range in 2007 dollars of $4.00 to $8.00 per million Btu (MMBtu),as shown by comparing the information in Figure ES-10 and  Figure ES-3, and based on current expectations of cost performance and assuming adequate access to resources for development.[24]  This wellhead development cost should not be read as an expected market price, since many factors determine the price to the consumer in competitive markets.  

				While natural gas and oil bring many benefits, they come with mixed impacts, as do other sources of energy.  Production and delivery of energy involves real health, safety, and environmental considerations and risks.  Using natural gas and oil resources much more efficiently, producing them with lower environmental impacts, and diversifying U.S. energy mix are essential.  The nation should adopt energy efficiency measures wherever economically attractive, and government policies should address impediments to that objective.  

				
					
						
								
								4.	REALIZING THE BENEFITS OF NATURAL GAS AND OIL REQUIRES ENVIRONMENTALLY RESPONSIBLE DEVELOPMENT 

								Achieving the economic, environmental, and energy security benefits of North American natural gas and oil supplies requires responsible approaches to resource  production and delivery.  Development in different geographic areas, such as deepwater  offshore basins or onshore areas  with shale gas resources in populated areas, requires different approaches and continued technological advances.  But in all locales and conditions, the critical path to sustained and expanded resource development in North America includes effective regulation and a commitment of industry and regulators to continuous improvement in practices to eliminate or minimize environmental risk.  These steps are necessary for public trust.

							
						

					
				

				Risk to the environment exists with oil and natural gas development, as with any kind of energy production.  Natural gas and oil companies have drilled for and delivered energy in the United States and Canada for a century and a half.  Through that time, much has changed in how natural gas and oil are produced, and how drilling and production are regulated.  In general, exploration and production occur in a far safer and environmentally responsible fashion than in generations past, in no small part as a result of changes in public environmental awareness, government regulation, technological innovations, and companies’ actions.  In spite of the exploration and production improvements, there will undoubtedly be areas that remain off limits, based on unique environmental attributes.[25] The key is that as environmental considerations evolve, both natural gas and oil companies and the government continue to work to improve environmental performance.  

				Many, if not most, natural gas and oil companies have committed themselves to operating at high  levels of performance with respect to environment, safety, and health impacts.  Oil and gas industry  occupational injury statistics from 1994 to 2009 show significant reductions compared to all of private  industry.[26]  As an example of improvements in environmental performance, on Alaska’s North Slope, the  surface footprint of drill pads has been reduced from 65 acres to 9 acres[27] and the volumes of waste generated from 100 barrels of oil equivalent of reserve additions has shrunk from 7.5 to 3.4 barrels.[28]  Advances in water use management practices have resulted in reduced demands on freshwater sources and many operators are pursuing reuse of produced water in fracture operations.  According to the MIT 2011 Gas Report, which reviewed three reports of publicly reported incidents related to gas well drilling, there were only 43 “widely reported” incidents related to gas well drilling in the past decade (to2010)[29] during which time, there were about 20,000 shale gas wells drilled with almost all of them being hydraulically fractured.[30]  
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				Unfortunately, accidents have occurred in operations of even the most committed companies.  Efforts by all industry members to achieve and sustain high environment, health, and safety performance are essential.  Many in and outside of the natural gas and oil industry worry that accidents or inferior practices of some companies could undermine public trust in the entire industry.  Consistent use of responsible practices to protect the environment and public health are important on their own, and will also help avoid additional restrictions on access to resources and support access to additional resources that could help meet future energy needs.
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				Natural gas and oil resources in North America are developed in a wide variety of settings, each of which has a variety of environmental challenges.  For instance, in offshore development, the response to a major oil spill incident is complicated by conditions in the marine location, with drilling occurring up to several thousand feet below sea level.  Onshore natural gas and oil development takes place in a wide range of locations, including arid deserts and coastal wetlands, wildlife habitats, rural and urban settings, and pristine landscapes and industrial parks.  The various locations pose different issues in areas such as water sourcing, effluent disposal, site preparation and reclamation, and reduced fragmentation and protection of wildlife habitat.  Specific standards and regulations that may be appropriate for production in some areas may not be effective in others.  

				The different types of natural gas and oil resources and geologic formations also pose different development and environmental challenges.  The variations among coalbed natural gas, tight sands, shale gas, oil sands, shale oil, and conventional opportunities can differ widely and require different approaches for production and delivery and different risk management practices to manage environmental impacts.  Regulations and operating practices need to be tailored for the specific setting.  

				The number and variety of companies engaged in natural gas and oil development differ dramatically depending on the location and type of resource.  In offshore development, because of the large capital investments and financial risk, generally the companies are fewer in number and larger in size than onshore.  Onshore, around 7,000 companies are involved in natural gas and oil exploration and production, including 2,000 drilling operators and hundreds of service companies.  The size of these firms ranges from those with very few employees to major integrated international oil companies with tens of thousands of U.S. employees.

				Oil and gas activity has increased dramatically, and development is now occurring in some areas where there has not been significant activity for decades.  In those circumstances, regulatory capability may have to be – and in some states,[31] already has been – enhanced and companies need to engage with local communities.  Regulators face the challenge of keeping up with increased activity and staying abreast of technological developments.  Regulatory programs have to be administered effectively and with clarity during a time of extraordinary budget pressures.  

				A complex regulatory framework governs operational requirements, drilling practices, land use, water use, and other environmental safeguards.  These involve many agencies of the federal, state, and even local governments.  Ensuring best regulatory practices means providing adequate resources for development and enforcement of regulations, ensuring that regulatory staff has the technical capabilities to make sound decisions, and creating a regulatory culture that embraces efficiency, innovation, and effectiveness.  It also depends upon providing consistency of regulation and understanding the specific planning and practices required by the particular character of production and operating risks of different resource areas.  
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				An example of the type of permitting and oversight that accompanies the development of a natural gas and oil project is illustrated in Figure ES-11. 

				[image: Fig_ES-11_no_gutter.ai]

				Not every development project is exactly the same, and in fact, there are significant differences between the Pennsylvania illustration and Deepwater Offshore development, as well as development on federal lands where the federal National Environmental Policy Act process is applied.  However, the requirement for regulatory interaction at each stage of the process is common.  Also, some of the state regulatory and oversight functions identified in this illustration are also delegated from federal regulatory programs.  The federal programs are not highlighted in this illustration.

				CORE STRATEGIES

				The NPC used the fundamental concepts of economic prosperity, environmental sustainability, energy security, and prudent development as lenses for viewing the potential of natural gas and oil as energy sources and the potential of gas to help reduce GHG emissions.  In doing this, the NPC kept in mind that the United States generally relies on markets to produce efficient use of resources in the economy and on private entrepreneurs to innovate.  Government policy plays an important role in helping markets function through setting the rules of the road, such as establishing the rule of law to support contracts, enforcing property rights, maintaining a regulatory regime, and through providing public goods (such as basic research and development).  Designing and implementing government policy in markets, however, should be done with care and consideration of possible unintended consequences.  

				As described more fully in this report, the NPC proposes a number of recommendations for adoption by governments and companies.  These recommendations are organized around five core strategies:

				
						Support prudent natural gas and oil resource development and regulation. 

						Better reflect environmental impacts in markets and fuel/technology choices. 

						Enhance the efficient use of energy. 

						Enhance the regulation of markets. 

						Support the development of intellectual capital and a skilled workforce.

				

				As policymakers consider the recommendations of this report and seek to create policies to implement them, they should rely to the greatest extent possible on market-based policies to provide signals and incentives to industry and consumers.  These approaches have the best chance of providing cost-effective and creative solutions to responsibly meet the nation’s energy needs.

				Support Prudent Natural Gas and Oil Resource Development and Regulation

				The NPC found several key areas where more could be done to support prudent natural gas and oil resource development and regulation.  Fundamental to all of these issues is that commitment to excellent environmental performance and continuous improvement must be maintained at both the leadership level of companies and throughout their organizations.  

				In support of these outcomes, the NPC recommends the establishment of industry-led, regionally based, “councils of excellence” for identification and dissemination of effective environment, health, and safety practices for natural gas and oil production and delivery.[32]  The intention is to involve industry, government, academics, nongovernmental organizations (NGOs), and other stakeholders in processes that are light on bureaucracy, dedicated to sharing technical information, and benefit from the substantive work of many existing industry and public-sector organizations such as the Society of Petroleum Engineers, the State Review of Oil and Natural Gas Environmental Regulations (STRONGER), the Ground Water Protection Council, the Interstate Oil and Gas Compact Commission, the standard-setting program of the American Petroleum Institute (API), and others.[33]  Since there is lack of general information and awareness about what may be effective practices in a given region, and since companies vary in their access to the most-recent information about effective practices, such councils could address such deficiencies and provide for the more rapid dissemination of information.  

				Leaders in government should be committed to high-quality environmental supervision and outcomes by ensuring adequate resources for efficient and effective regulation and enforcement.  Government officials should also ensure that their regulatory requirements evolve and keep pace with the development of new and highly effective practices.  The NPC recommends cooperation between the councils of excellence and regulators.  Community engagement needs to be a core value and fundamental practice of companies, and these councils may be ways to communicate constructive avenues to share information with communities and to listen to their concerns.  Companies should also increase efforts to reduce emissions from their gas production and delivery activities.  Finally, governments should structure policies to support prudent development of resources.

				Establish Councils of Excellence for Sharing Effective Environmental,  Health, and Safety Practices 

				Over many decades, natural gas and oil companies have made continuous and significant improvements in production processes and practices.  These have resulted in energy production with lower environmental impacts.  Although accidents, spills, and other problems have occurred, overall environmental protection has improved.  This has occurred as companies have applied more sophisticated technologies to drilling and production practices.  

				In recent years, public confidence in natural gas and oil development and in some of the associated regulatory mechanisms has frayed.  The tragic circumstances of the Macondo accident in the Gulf of Mexico in 2010 and community attention to real and perceived safety, water quality, and other environmental impacts of shale gas extraction in some parts of the country have heightened public awareness and concerns.  In some cases, natural gas and oil production activity is increasing in populated areas and in closer proximity to residential areas.  

				Companies gain exposure to and adopt new technologies and operating practices in different ways and at different rates. More systematic mechanisms to identify, evaluate, and disseminate information to companies and regulators about effective environmental, health, and safety practices with a regional focus would improve information transfer.  In light of the many existing organizations involved in one or another aspect of this work, the focus should be on developing mechanisms for information sharing, and not the establishment of new bureaucracies.  The goal would be to promote more consistently high-quality performance on environment, safety, and health issues across all companies.  The concept is for the council(s) to be nimble, flexible, technically competent, and aimed at collecting and disseminating effective environmental, health, and safety practices to all interested parties, rather than reinventing  the wheel.

				There are existing examples of mechanisms for sharing (and developing new) effective practices, including the recently formed Center for Offshore Safety under API, as well as activities by the Society of Petroleum Engineers and the Petroleum Technology Transfer Council.  Each has its own particular mission, structure that includes non-industry representatives, and programmatic activities with the goal of enhancing the performance of its members.  Another example is the API’s standard-setting organization – which is separate from API’s advocacy organization and is responsible for developing many standards and recommended practices for onshore and offshore operations through a standard-development process that encourages third-party participation.  

				Natural gas and oil companies should draw upon existing activities, as appropriate, and form “council(s) of excellence” that may be affiliated with or grow out of an existing organization.  Their function would be to act as a centralized repository and more systematic mechanism to collect, catalog, and disseminate environmental, health, and safety standards, practices, procedures, and management systems that pertain to a region and resource play.  Because development of natural gas and oil resources differs depending on factors such as the geology, water resources, geography, and land uses of the region, what constitutes effective practice may well be regionally defined.  As such, there may be a need for multiple councils, each with a regional focus.  The council(s) would be industry led, but should be open to companies, regulators, policymakers, nongovernmental stakeholders, and the public.  Their information would be publicly accessible to interested parties as well as government agencies.  Experience in developing a first regional council (potentially in the Marcellus region) could provide insights for other subsequent councils.  

				A result of such council(s) of excellence should be continuous improvement by all company participants (and others, including nonparticipating companies and regulators).  Effective practices are not static.  They must evolve with changing technology, and different effective practices will apply in different types of development areas.  

				There are many existing organizations that are already seeking to collect and disseminate relevant information and assist state regulators to have more effective environment, health, and safety regulatory approaches.  These organizations include STRONGER, the GWPC, and the IOGCC.  The proposed councils should benefit from their efforts and be useful to them as well. One of these existing multistate organizations should be considered as a possible vehicle for housing these councils.

				
					
						
								
								Recommendation

								The NPC makes the following recommendations for more effective environmental performance of natural gas and oil production and delivery operations:

								
										The leaders of companies set the expectations for their individual organizations and focus attention on the critical nature and importance of environmental safeguards and practices.  While the leaders of many natural gas and oil companies are already committed to excellent environmental performance and take action to ensure this at their firms, all leaders of natural gas and oil companies should commit and lead their firms to excellent environmental performance.  These companies should consider more effective environmental, health, and safety performance as critical success factors for their enterprises.

										Natural gas and oil companies should establish regionally focused council(s) of excellence in effective environmental, health, and safety practices.  These councils should be forums in which companies could identify and disseminate effective environmental, health, and  safety practices and technologies that are appropriate to the particular region.  These may include operational risk management approaches, better environmental management techniques, and methods for measuring environmental performance.  The governance structures, participation processes, and transparency should be designed to: promote engagement of industry and other interested parties, and enhance the credibility of a council’s products and the likelihood they can be relied upon by regulators at the state and federal level. 

								

							
						

					
				

				

				Adopt Policies for More Effective Regulation of Natural Gas and Oil Production and Operations

				Most regulation relating to natural gas and oil production in onshore areas occurs at the state rather than the federal level.  In the 33 states where natural gas and oil resources are currently in development, state agencies establish most of the terms and conditions under which natural gas and oil production may occur.  This is particularly true for mineral resources located on or under lands in private ownership.  The federal government has jurisdiction over development on federal land, where federal mineral rights exist under privately owned lands, and in the offshore areas of the Outer Continental Shelf.  

				Within this context of natural gas and oil development on private and public lands, there are multiple and overlapping areas of regulatory jurisdiction.  States are heavily involved in regulating the terms and conditions of access to and environmental impacts of resource development and extraction, while local governments often regulate land-use issues.  The federal government regulates certain aspects of air pollution, water resource protection, and wastewater disposal.  Where the federal government itself owns the land or mineral rights, the federal government also controls land use, terms and conditions of access and use, and many other issues.  

				For both state and federal regulation, it is important that regulatory requirements and oversight evolve to incorporate new technological developments and practices.  This is necessary to identify new standards that may arise from the development of new science or technical information, and to keep up with the pace of industry activity.  

				While regulation of companies’ access to and development of natural gas and oil resources exists in every state where such resources are located, states use different approaches and different standards in regulating the industry due to varying geologic, climate, environmental, institutional, and statutory factors.  Over the years, the states have adopted tools to help each other do their jobs better.  An example is the STRONGER organization, which provides peer reviews of state regulatory approaches.  STRONGER is a nonprofit organization comprised of environmental, state, and industry stakeholders.  STRONGER’s mission is to assist states by sharing innovative techniques and environmental protection strategies for exploration, development, and production of oil and natural gas.  Another example is the IOGCC through which oil- and gas-producing states share information and tools to solve common problems, focus on model statutes and environmental stewardship, and acknowledge their differences.

				Effective regulatory oversight should support the multiple objectives of prudent development and take into account different operating conditions for development and operations.  Such oversight benefits not just the public, but also industry, by providing skilled regulatory personnel who can handle issues efficiently and effectively and keep abreast of technological developments.  In addition, effective and credible regulatory oversight should take into consideration standards set by independent standard-setting organizations – and strengthen regulation consistent with evolving standards for prudent development.  To achieve these goals, regulators require adequate resources, including sufficient staff, training, and technical expertise.  A fee-based funding mechanism is one approach that could provide these resources in states where there are neither the resources nor adequate industry contributions to support this function, provided that such fees support the institutional mission of efficient and effective regulation and are not used solely to increase taxes for general budgetary support.

				
					
						
								
								Recommendation

								The NPC makes the following recommendations for more effective regulatory programs: 

								
										Leaders of governments must be committed to efficient and effective oil and natural gas regulation; create organizational cultures aimed at that outcome; and ensure that their regulatory requirements evolve with improvements in scientific information, technology, and operational practices.

										State and federal agencies should seek a balance between prescriptive and performance-based regulations to encourage innovation and environmental improvements while maintaining worker and public safety.

										Federal agencies should undertake efforts to better coordinate and streamline permitting activities on federal lands and in the Outer Continental Shelf.

										Regulators at the federal and state level should gain practical insights from the work of credible council(s) for excellence in effective environmental, safety, and health practices.

										Regulators at the federal and state level should have sufficient funding to ensure adequate personnel, training, technical expertise, and effective enforcement to properly regulate natural gas and oil companies.

										STRONGER should be bolstered and increase the scope of its activities.  All states with natural gas and oil production should actively participate in STRONGER and use its recommendations to continuously improve regulation.  It should be adequately funded, including from the federal government.  

								

							
						

					
				

				Commit to Community Engagement

				Every natural gas and oil company must be committed to community engagement.  Even though a company may believe its environmental performance is at the highest level, maintaining transparency regarding issues is important to public stakeholders.  Industry needs to explain its production practices and environmental, safety, and health impacts in nonproprietary terms.  The public should have the information necessary to have an understanding of the challenges, risks, and benefits associated with natural gas and oil production, including the cumulative impacts in a region of the development of multiple wells.  Transparent reporting of comparable and reliable information can provide companies the tangible and intangible benefits of stronger relationships with communities, employees, and public interest groups.  This is an essential part of earning and maintaining public trust and critical to establishing appropriate public policies and regulations.  

				While providing information is important, natural gas and oil companies should also work with communities and seek ways to reduce the tangible or perceived negative impacts of development.  This should include predevelopment planning to identify issues such as noise and traffic and seek ways to mitigate them.  Companies should ask for alternative views, and reflect stakeholders’ positions in strategic objectives and communications.  

				One recent example of the natural gas and oil industry’s community engagement is found in FracFocus, the hydraulic fracturing chemical registry website.  A joint project of the GWPC and the IOGCC, FracFocus provides a place where companies can post information about the chemicals used in the hydraulic fracturing of oil and gas wells.  Many natural gas and oil companies participate in FracFocus, but not all companies do so.  Increasing the participation in FracFocus to all natural gas and oil companies that engage in hydraulic fracturing, and adding into the system all wells currently in drilling or production, would be an important step in raising the level of community engagement.

				Another example is the practice of drilling multiple wells from a single pad, which can significantly reduce the truck traffic and minimize surface disturbance.  Much effort is now going into innovations aimed at significantly reducing the water usage for hydraulic fracturing, and it is expected that the effects will be seen over the next few years.

				
					
						
								
								Recommendation

								The NPC makes the following recommendations to increase community engagement by natural gas and oil companies and, in so doing, support prudent development practices:   

								
										Natural gas and oil companies should engage affected communities to establish shared understandings of expectations and awareness of issues and facts.

										Engagement should include sharing of information relevant to the community on a transparent and comparable basis.  

										The industry and state and federal agencies must develop and disseminate science-based information on practices and risks to inform the public and build public confidence.

										All levels of the natural gas and oil industry should use appropriate and comprehensive predevelopment planning, risk assessment, and innovative applications of technology, which must be adapted to the variability of resource types and regional differences.  

										Every natural gas and oil company that uses hydraulic fracturing should participate in FracFocus and comply with applicable state-mandated registries.  The Department of the Interior should require every natural gas and oil company that uses hydraulic fracturing on federal lands to participate in FracFocus.

								

							
						

					
				

				Actions to Measure and Reduce  Methane Emissions 

				Since methane is a potent GHG, emissions should be minimized in production and delivery.  The EPA Gas STAR program is a voluntary industry- government partnership that has helped to eliminate over 900 Bcf of methane emissions since 1993.  However, Gas STAR lacks robust quantification protocols to document the reductions and does not fully account for reduction practices employed within the industry.  Moreover, not all companies participate in Gas STAR.  An enhanced Gas STAR industry- government partnership, or an alternative, could provide an improved forum to review the barriers to greater adoption of methane emission-reducing technologies, develop and fund research for a variety of new methane reduction technologies, and update processes and practices to improve emissions accounting and reduction protocols.

				Compliance with the EPA mandatory reporting of GHG emissions should result in improved characterization of the emissions profile of the industry and enable identification and adoption of technologies to minimize the loss of natural gas.

				
					
						
								
								Recommendation

								The NPC makes the following recommendations to reduce methane emissions:

								
										Use industry-government partnerships to promote technologies, protocols, and practices to measure, estimate, report, and reduce emissions of methane in all cycles of production and delivery.

										Ensure greater adoption of these technologies and practices within all sectors of the natural gas industry, with a focus on  significantly reducing methane emissions while maintaining high safety and reliability standards.

								

							
						

					
				

				Other Policies to Support  Prudent Development

				Access to resources is a necessary condition for oil and gas development.  The ability to develop subsurface areas with known or potential natural gas or oil resources often depends on decisions of owners of land and mineral rights and of policymakers.  In circumstances of limited or contested access, even where there is a known natural gas or oil resource, exploration and development activities cannot be undertaken effectively.  Access limitations can be explicit, such as recent moratoria applied to shale exploration and development in some areas.  Limitations can occur less explicitly, resulting from ineffective or unpredictable permitting regimes, or public opposition.  Recent advancements in technology and operating practices may be able to alleviate some environmental concerns that originally contributed to these access restrictions.  Policymaking on issues affecting access should reflect a balance of economics, energy security, and environmental protection.

				In places, the term of leases can pose access problems.  For example, offshore areas could make an important contribution to natural gas and oil supply over the next 20 to 30 years.  Steps that could allow these areas to be considered for development, such as updated resource assessments and the development of environmental impact studies, are important to sustaining supply potential.  Also, proposals that put into question the status of existing leases where drilling activity has not yet taken place (“use it or lose it”) are a threat to adequate access and resource development.  It can take considerable time to develop lease exploration and drilling plans and receive requisite approvals, since drilling activity requires water and air discharge permits and other environmental assessments.  In some areas, such as the high-cost, financially risky offshore environment, 10-year lease terms are a minimum length of time for these processes and decisions to be made.  Longer lease periods would be more effective in frontier areas such as the Arctic, which have shorter annual drilling windows, very limited processing and transport infrastructure, and more complex permitting procedures and environmental review processes.  

				A second necessary condition to enable development is predictable regulatory regimes.  The public has a right to expect regulatory compliance by companies and proper government oversight.  However, examples of overlapping or conflicting regulations that unreasonably impede development should be addressed.  State or Canadian provincial regulations are usually more adapted to local subsurface and surface conditions, which can vary widely across regions of North America.  Timely decision-making and regulatory clarity should also be objectives of government policy.  Delays and “regulatory congestion” not only create uncertainty and draw out projects, but they can also negatively affect the economics of projects and add costs.  Regulators should take care to ensure that they aim their regulatory processes on achieving meaningful outcomes, and minimize situations where long review periods produce diminishing returns to the public.  

				The third necessary condition to enable development is continued support for research and technology development.  Much research and technology development is conducted by private companies, and it is important to not jeopardize this private enterprise system of innovation.  However, sometimes the payoff period for such research is too long to attract private support.  Therefore, private investment cannot be counted on to perform this work.  In other cases, the intellectual property developed by research is better held as a public good rather than being held privately.  This can occur when the benefits of the research would accrue to the United States as a whole, yet do not meet the criteria of any individual company to justify the investment.  

				
					
						
								
								Recommendation

								The NPC makes the following recommendations regarding other policies to support prudent development of natural gas and oil resources:  

								
										Policymakers on issues affecting access  should reflect the balance of economic, energy security, and environmental issues, and consider technology and operational advancements that allow environmentally responsible development.

										Revise policies applicable to frontier areas with long lead times, challenging physical conditions, or new technology applications  (e.g., deep offshore Gulf of Mexico and Arctic).	Allow the length of leases to correspond to the long development lead times necessary to allow for appropriate incentives for  private-sector investments in exploration and prudent development.
	Maintain tailored royalty relief targeted towards supporting pre-commercial investment by early adopters of new technology or entrants into new types of resources with potential for the long-term resource development.



										Congress should ensure adequate funding to the Energy Information Administration for the collection, analysis, and communication of data on natural gas, oil, and other elements of the energy system.  All are essential to support informed decisions by governments, private firms, and the public.  

										Even as natural gas and oil companies continue to fund their own proprietary technology and  other research, federal government agencies should also support the development of new technology.  While different   federal agencies may be appropriate homes for a range of research and technology development efforts, the Department of Energy should lead in identifying, in some cases funding, and in other cases supporting  public-private partnerships for research and development on energy and certain environmental issues of national interest (e.g., pre- commercial issues or issues where companies cannot retain intellectual property).  Examples where federal involvement is needed include: 	The environmental impact of oil spills and cleanup, including residual effects of chemical dispersants, and science-based risk assessments 
	Science and pre-commercial technology relating to methane hydrates
	Technology and methods for understanding, quantifying, and mitigating the environmental impacts and other risks of natural gas and oil development to continue to improve the environmental performance of exploration and development activities
	Assessments of resource base in areas  currently off limits to exploration and  production.



								

							
						

					
				

				Better Reflect Environmental Impacts in Markets and Fuel/Technology Choices

				Potential Policies for Internalizing  the Cost of Carbon Impacts into  Fuel Prices

				In recent years, the substitution of natural gas for coal in electric power generation has decreased GHG emissions.  Moreover, if the EPA’s proposed non-GHG rules for power plants take effect, additional GHG emissions reductions are expected to occur.  

				In his letter asking the NPC to conduct this study, the Secretary of Energy asked the NPC to examine the contribution that natural gas could make in a transition to a lower carbon fuel mix.  He did not ask the NPC to weigh in on the merits of adopting a climate policy.  However, the NPC does believe that any consideration of climate policy should take into account the impacts on the national economy and competitiveness, the environment, and energy security, and be part of a global framework.  

				The NPC recognizes, however, that the United States, with its market-based economy, will find it difficult if not impossible to substantially further decrease its GHG emissions without introducing higher costs or regulatory controls associated with GHG emissions from development, delivery, or combustion of fossil fuels.  Absent a price on carbon, energy efficiency and those power sources with lower carbon intensity – such as renewables, nuclear, and natural gas – will tend to be undervalued as individuals, businesses, and governments make decisions.  A price on carbon, implied or explicit, or similar regulatory action that prices the environmental costs of fossil fuel emissions, will help to accelerate shifts to lower carbon-intensity sources of electric power.  Such policies could take the form of an explicit carbon price, such as a carbon tax, or other market mechanisms.  

				If policymakers were to adopt a carbon-pricing mechanism, the policy should ensure that the carbon price signal is not distorted to favor one energy source over another except with respect to carbon intensity.  There should be a level playing field with regard to carbon-related attributes of energy alternatives.  Designed appropriately, a carbon policy could provide the economic incentive for further improvements in energy efficiency; increased use of lower-carbon fuels such as natural gas; as well as for the development of other low- to zero-emitting technologies including renewables, nuclear, and technologies that allow for capture and sequestration of CO2.  Other policies can introduce an implied carbon price, such as through the use of a performance standard, a clean energy standard (CES), or coal plant retirement incentives.  If the United States were to proceed with a CES, then such a CES policy should include natural gas as a “qualified clean energy” source for both new and existing natural gas power plants.  All energy resources included in a CES should be qualified on the basis of life-cycle analysis that reflects total emissions from the fuel, including production, delivery, and combustion.

				A national carbon policy, incorporating the characteristics in the recommendation below, would help provide predictable signals for decisions about long-lived capital investments and allow for innovation and incremental steps towards a lower carbon energy mix.  Providing clarity on carbon policy would reduce regulatory uncertainty and help business investment decisions.

				
					
						
								
								Recommendation

								The NPC makes the following recommendations with respect to potential policies for internalizing the cost of carbon impacts into fuel and technology choices:

								
										As Congress, the administration, and relevant agencies consider energy policies, they should recognize that the most effective and efficient method to further reduce GHG emissions would be a mechanism for putting a price on carbon emissions that is national, economy-wide, market-based, visible, predictable, transparent, applicable to all sources of emissions, and part of an effective global framework.	Should policymakers implement clean energy standards or other electric generation performance standards, such policies should allow natural gas to qualify as a clean energy source based on relative  carbon-related emissions performance.



										Any policy should include consideration of the impacts on the national economy and industry and should provide a predictable investment climate.  To minimize adverse impacts on energy security and affordability, implementation should address the need for phase-in of carbon prices and emission controls.

								

							
						

					
				

				Policies for Keeping Options Open for Advanced Technology for CCS

				Direct and indirect policies to set a price on carbon emissions from fossil fuel combustion and delivery would value natural gas’ ability to provide energy with lower GHG emissions than other fossil fuels.  However, if very deep reductions in GHG emissions are desired over the long run, fossil fuels, including natural gas, could play only a limited role in providing energy unless there is a means to capture and sequester the CO2 emissions from burning fossil fuels.  CCS could provide such a means.  

				Currently, CCS research is focused on coal-fired power production.  However, all fossil fuels, including natural gas, would benefit from CCS; thus, CCS research, development, and demonstration should be fuel neutral and include options that allow for potential applications in and out of the power sector.  Therefore, CCS research and development funding should include natural gas.  The petroleum refining and natural gas processing industries have been separating CO2 from gas streams for decades and have invested significant research in developing technologies for making this separation.  Even so, separating CO2 remains expensive.  Additional research might lower this cost.  There is also a need for further research on aspects of long-term  geological storage.  

				CO2 separation from flue gas on the scale of a large electric power plant has not been demonstrated to date.  Full-scale demonstration projects would provide the opportunity to learn how current CCS technologies might work on a large scale.  Several demonstration projects are underway and more have been proposed. CCS demonstration projects will require government support in the near term, since they will be uneconomic without a significant price on carbon.

				A way to reduce the cost of research and development of CCS is to combine it with commercial opportunities for using captured CO2.  Enhanced oil recovery is a technique currently in use for increasing the amount of oil that can be extracted from an oil field.  When CO2 is injected into certain types of oil fields for EOR, the CO2 enhances oil mobility and can increase recovery from a reservoir.  This use of CO2 in EOR can be a method of geologic sequestration and it can provide first movers with repositories for scaled-up capture projects.  CO2 EOR production has been increasing for the last two decades and now amounts to about 10% of onshore conventional oil volumes.  

				There are various mechanisms to support funding for research, development, and demonstration programs, and policymakers should consider innovative methods to address support for CCS research and development.  In addition, the need to “develop the legal and regulatory framework to enable CCS” remains as important today as it was when Hard Truths was published in 2007. These include policies that provide for a clear transfer of long-term responsibility for closed storage sites, after appropriate site integrity verification, to a government or other public entity for long-term management.

				
					
						
								
								Recommendation

								To keep the option open in the long run of using natural gas in a situation where deeper reductions in GHG emissions are desired or necessary, the NPC makes the following recommendations regarding advanced technology for CCS:

								
										The federal government should work with the states, universities, and companies in the electric, oil and gas, chemical, and manufacturing sectors to:	Fund basic and applied research efforts on CCS such as the cost of carbon capture, geologic issues, and the separation of CO2 from combusted gases
	Develop some number of full-scale CCS demonstration projects on a range of technologies and applications
	Establish a legal and regulatory framework that is conducive to CCS
	Find mechanisms to support the use of anthropogenic CO2 without raising its cost to users in appropriate EOR applications
	Strive to be fuel, technology, and sector neutral, and include a range of geologic storage options.



								

							
						

					
				

				Policies for Providing Information about Environmental Footprints and FullFuelCycle Impacts

				All energy choices involve trade-offs of one form or another.  Environmental footprint analyses incorporate the impacts that energy choices have on a variety of impact measures, including water and air quality, land and water resource use, human health, and wildlife health.  Such footprint analyses provide a method for comparing the impacts of energy resources on different environmental outcomes.  For example, a well-constructed footprint analysis would compare on a common basis the water use or land use associated with extraction of one energy resource such as shale gas development, with other energy resources such as coal or biofuels.  In that example, water use could be measured in terms of energy content of the fuel or in terms of each fuel’s ability to power a common unit of electricity.  

				In theory, an environmental footprint analysis is an objective, science-based assessment of the potential positive and negative impacts of each energy source.  In practice, however, environmental footprint analyses are in early stages of development, with analyses exhibiting different techniques for measuring impacts and widely varying assumptions that often end up producing apples-to-oranges  comparisons across fuel and energy resources.  There are technical issues such as incomplete data and the lack of consensus around quantification of impacts and risks.  This latter fact complicates the ability of this potentially important technique to provide policymakers with useful information to evaluate the relative importance of the different impacts.  Moreover, the different resource types for the same fuel may have different impacts, such as with shale gas versus conventional gas.  Environmental footprint results, however, are not intended to be a rationale for not mitigating the impacts of any fuel.

				Policymakers should refine their understanding of the life-cycle and environmental footprint of energy sources, including natural gas and oil, as part of providing a high-quality information base for making decisions about energy choices that reflect the different nature and intensity of impacts.  Information from environmental footprint analyses could be incorporated into analyses used in making investment and purchasing decisions by consumers, producers, and state and federal governments.

				
					
						
								
								Recommendation 

								The NPC makes the following recommendations on environmental footprint analyses to enhance the evaluation of the environmental impact of energy resource choices:  

								
										The federal government should support the development of consistent methodologies for assessing environmental footprint effects such as impacts on water and land.

										As sound methodologies are established and vetted, regulators and other policymakers should use environmental footprint analyses to inform regulatory decisions and in implementing other policies where energy resource choices involve economic and environmental trade-offs.

								

							
						

					
				

				In contrast to environmental footprint analysis, a full fuel cycle (FFC) analysis is a tool that can help inform choices about end-use technologies, such as a natural gas versus an electric water heater.  Such an FFC analysis incorporates information about both the impacts (e.g.,CO2 emissions) of energy consumption at the point of ultimate consumption, as well as those impacts attributable to the energy consumed or vented as part of the fuel extraction, processing, and transportation.  FFC analysis could also account for impacts associated with energy losses from thermal combustion in power-generation plants and energy losses in transmission and distribution to homes and commercial buildings.  

				FFC analysis could inform energy-related policies at different levels and branches of government.  FFC and footprint analyses are particularly useful in understanding the complete impact of energy-related decisions on total energy consumed and total emissions, especially when comparing two or more fuel options to achieve the same end-use result.  FFC analysis could be applied in various decision-making settings, such as: development and implementation of appliance and building energy efficiency standards; comparisons of different technology choices such as a natural gas water heater to an electric water heater; home energy rating systems (HERS) index; and decisions about whether to approve power plant applications.

				Continued development of FFC methodologies used to assess environmental benefits and costs of energy supplies would be instructive to policymakers, consumers, and the industry alike.  

				
					
						
								
								Recommendation

								The NPC makes the following recommendations for full fuel cycle analyses to enhance the evaluation of the environmental impact of energy choices: 

								
										The federal government should complete development of and adopt consistent methodologies for assessing full fuel cycle effects.

										As sound methodologies are established, regulators and other policymakers should use full fuel cycle analyses to inform regulatory decisions and implementation of other policies where fuel and technology choices involve energy and environmental trade-offs. 

								

							
						

					
				

				Enhance the Efficient Use of Energy

				Given the importance of energy efficiency and the continuing availability of untapped economical efficiency opportunities, the NPC finds that stronger action is still needed:

				
						To enhance efficiency of energy use in buildings and appliances, through:	Continued progress to adopt stronger efficiency standards for buildings and appliances 
	Regulatory changes to remove the disincentives for natural gas utilities and electric utilities to deploy energy efficiency measures.  



						To eliminate barriers to combined heat and power as a way to increase the efficiency of electricity production.

				

				Enhance Efficiency of Energy Use in Buildings and Appliances

				Building and Appliance Efficiency Standards

				Buildings constitute a major source of demand for power, space heating and cooling, and lighting.  In many situations, avoiding energy consumption through installation of more efficient appliances or changes to the building shell can be the most cost-effective strategy for satisfying customers’ energy needs.  Compared to implementing energy efficiency, all other energy resources and technologies involve trade-offs among economic, environmental, and energy security objectives.  

				The 2007 NPC Hard Truths report identified many energy efficiency policy options, most of which are still applicable today.  Implementing energy-efficient technologies can reduce the need to produce, deliver, and transform energy, thus avoiding emissions and resource use, mitigating environmental and health impacts, saving consumers money, and enhancing energy security.  For instance, if the United States used energy at 1973 efficiency levels in all sectors of the economy, about 56% more energy would be consumed today – equal to another 52quadrillion Btu that otherwise would have had to be extracted, delivered, combusted, or otherwise harnessed to produce usable energy for consumers’ needs.  Increasing energy efficiency can thus provide long-term benefits.

				Significant energy savings have been achieved in the United States through building codes and appliance and equipment standards.  Building codes are administered by the 50 states and by thousands of local authorities.  To help state and local governments, the federal government can further support development and periodic update of national model energy codes, allowing and encouraging states to adopt the most recent of such codes.[34]  These model codes are typically updated on a three-year schedule.  The federal government can also provide technical assistance, training, and other measures to improve state and local ability to enact and enforce codes.

				While building codes typically apply only to new structures or major renovations, appliance standards can reduce energy consumption in existing buildings.  Efficient new appliances in the residential and commercial sectors could reduce energy consumption and, in turn, GHG emissions from these sectors by 12% and 7%, respectively.  FFC analysis could provide the basis for these appliance standards.[35]  

				
					
						
								
								Recommendation

								The NPC makes the following recommendations to support the adoption of energy efficiency in buildings and appliances:

								
										The federal government should continue to support the updating of national model building codes issued by existing institutions and to provide technical assistance, training, and other support for state and local enactment and enforcement of the updated codes.  

										The federal government should continue to update energy efficiency standards for appliances and equipment over which it has statutory authority.

										Federal and state governments should consider incentives for products and buildings that are more efficient than required by laws and standards, such as Energy Star qualifying products.

										State and local governments should adopt programs to support cost-effective energy efficiency in buildings.

								

							
						

					
				

				Utility Regulatory Policies to Support Greater Cost-Effective Energy Efficiency 

				Gas and electric utilities are natural entities to provide some types of energy efficiency programs, such as installing weather-proofing or distributing appliance rebates, because those utilities have information about the consumption patterns of their customers, have an ongoing relationship with them, and often have the expertise to implement energy efficiency programs.  Moreover, treating energy efficiency as a resource in their portfolio of supply options can help utilities deliver supply for their customers at lower overall costs.  

				Under traditional ratemaking policies, however, utilities that sell electric power or natural gas to end-use consumers have the incentive to sell more of their product to consumers once rates have been set: higher sales means higher revenues and lower sales means just the opposite.  To overcome this disincentive, ratemaking policies should align the financial interests of both electric and gas utilities with those of their customers in providing cost-effective energy efficiency measures.

				
					
						
								
								Recommendation

								The NPC makes the following recommendation to remove the disincentives for natural gas utilities and electric utilities to deploy energy efficiency measures:

								
										State and federal utility regulators should adopt for utilities:	Ratemaking policies to align utility financial incentives with the adoption of cost- effective energy efficiency measures
	Goals and targets for the deployment of cost-effective energy efficiency so as to support the adoption of cost-effective energy efficiency measures on a timely basis.



								

							
						

					
				

				Remove Barriers to Combined Heat and Power to Increase the Efficiency of Electricity Production

				Another opportunity for energy savings comes from combined heat and power (CHP) facilities.  Such facilities can function within industrial plants such as paper mills or chemical plants.  CHP can also be found in large institutions such as universities or hospitals.  These facilities produce steam for industrial purposes or heating and produce electricity as a secondary product for their own consumption or for sale.  CHP can operate at nearly 70% energy-efficiency rates versus about 32% for base-load coal plants.  Today CHP accounts for almost 9% of total electricity produced.

				Greater use of CHP can provide a significant opportunity to lower energy costs and thus improve the competitiveness of manufacturing, while providing larger societal benefits such as improving overall efficiency of power generation, lowering emissions, increasing reliability of the electric grid, and reducing transmission losses.  CHP’s power can be used internally or sold to the electricity grid.  

				In many areas, regulatory barriers prevent otherwise economic investments in CHP.  These barriers include rules relating to interconnecting CHP facilities to the grid, policies limiting the sale of CHP power to the market, problems with pricing, and the ability to enter into long-term contracts for the power output from CHP.  Greater flexibility, for instance, is needed to allow manufacturing facilities to sell power to one another, or in regulated states to wheel power from one facility to another.  Additionally, typical environmental regulations also measure emissions of power combustion as a function of heat input (e.g., emissions per Btu consumed) rather than emissions associated with output (e.g., emissions per kilowatt-hour of output).  This regulatory design disadvantages CHP units and other, more efficient technologies.  Higher efficiency generally means lower fuel consumption and lower emissions of all pollutants.  

				
					
						
								
								Recommendation

								The NPC makes the following recommendations to eliminate the barriers to CHP and thus increase the efficiency of electricity production in the United States:

								
										State and federal utility regulators should adopt policies for both natural gas and electric utilities that remove barriers to CHP in interconnection, power sales, and power transfers.

										Policymakers should include CHP and energy efficiency in any clean energy standard.

										The EPA should use output-based performance standards for emissions from power generation, including CHP, as a means to reflect inherent energy efficiency differences in power generation technologies.

								

							
						

					
				

				Enhance the Regulation of Markets

				In large part, the U.S. economy relies on open markets for goods and services that are influenced by government policy and regulation.  Government regulation creates the rules of the road for markets.  Accordingly, the design and implementation of regulations matter to accomplish desired results without introducing needless restrictions or costs.  In this study, the NPC found three areas where changes to government regulation would enhance the functioning of energy markets and promote the goals of prudent development of natural gas and oil resources, and national economic prosperity, environmental sustainability, and energy security.  These areas for improved regulation are:

				
						Mechanisms for utilities to manage the impacts of price volatility

						Harmonization of market rules and service arrangements between the wholesale natural gas and wholesale electric markets

						Environmental regulatory certainty affecting investments and fuel choices in the power sector.  

				

				Mechanisms for Utilities to Manage the Impacts of Price Volatility 

				Crude oil and natural gas price volatility poses a challenge to the natural gas and oil industry and the consumers of its products.  Volatility is a measure of the pace and magnitude of price changes.  Price changes send signals to consumers and producers that lead them to adapt their behavior to match market conditions.  Consumers tend to consume more when prices are lower and less when prices rise.  Higher prices tend to encourage the development of additional supply, while lower prices tend to discourage additional supply.  Well-functioning and transparent commodities futures markets provide producers and consumers of crude oil and natural gas the ability to mitigate price volatility.

				North American natural gas markets, with vast domestic supplies, have been relatively insulated from global supply and demand shocks.  Despite this, there have still been fluctuations in U.S. natural gas prices due to supply and demand imbalances, especially in the past decade.  The recent development of unconventional natural gas resources, however, is dramatically increasing supply relative to demand and dampening the expectation of future price volatility.  Moreover, other factors provide further dampening on the potential for natural gas price volatility.  First, substantial investments in LNG import capacity made over the past decade could now serve almost one-third of annual U.S. demand.  Second, new investments have been made in natural gas storage.  Third, some states use demand response and energy efficiency in order to manage price volatility.

				Natural gas prices are currently low in comparison to recent history, making gas-fired generation attractive relative to coal in some situations.  One form of risk faced by builders of new natural gas-fired power plants is the perception that natural gas prices are more volatile than the prices of competing fuels such as coal.  This perception is grounded in historical experience when utilities made investments in (or purchases of power from) natural gas-fired power generation technologies only to have the prices unexpectedly rise.  The price increases created difficulties, as these costs needed to be allocated between producers and consumers in states with traditionally regulated electric utilities and natural gas utilities.  Some regulators and electric utilities may fear another spike in prices, and be reluctant to engage in another era of gas-fired power generation investments.  Also, in many states, the regulatory legacy resulting from out-of-market, take-or-pay contracts from several decades ago creates regulatory risk and a barrier for electric and gas utilities, if they were to enter into long-term contracts for natural gas and then gas prices change in ways that introduce questions about the prudency of those original contract decisions.  Even where various contract instruments were used more recently for price hedging purposes, some utilities have been subject to hindsight review by state utility commissions and more recently have had to refund some hedging costs to ratepayers.  These experiences with regulatory risk have made investment in gas-fired generation less attractive for utilities.  

				
					
						
								
								Recommendation

								The NPC makes the following recommendations to allow natural gas utilities and electric power utilities to manage their natural gas price risk: 

								
										The NPC supports changes in regulatory policy that remove regulatory barriers from utilities managing their natural gas investment port-folios  using appropriate hedging approaches, including long-term contracts.  Any such rules should not impede the ability of utilities to appropriately hedge their price risk.  

										Regulators (such as state utility commissions) and other policymakers should allow market participants such as utilities to use mechanisms to mitigate and manage the impacts of price volatility.  These mechanisms include long-term contracts for natural gas, use of hedging instruments by regulated entities like utilities, and investment in storage facilities.

								

							
						

					
				

				Harmonization of Market Rules and Service Arrangements between the Wholesale Natural Gas and Wholesale Electric Markets

				From 2000 to 2010, the use of natural gas for power generation has increased from 16 to 24% of total electric sector generation.  In terms of fuel use, the power sector’s use of natural gas grew from 14 to 20 Bcf/d (rising from 22 to 31% of total gas demand).  Natural gas use for power generation is expected to increase further in the future, in light of three factors:

				
						A change in expectations about North American natural gas supply and costs due to the economic viability of shale gas development.  Concerns about high and volatile natural gas prices, flat production, and increasing LNG imports have changed to forecasts of lower and more stable natural gas prices and abundant North American natural gas supplies that could meet almost any natural gas demand requirement.[36]

						An expectation of strong growth in intermittent renewable generation capacity that increasingly requires backup by gas-fired generation to stabilize grid operations.

						An expectation of substantial retirements of coal-fired generation in the next few years as a consequence of implementation of the EPA’s proposed non-GHG regulations, combined with lower gas price expectations.

				

				Further growth in natural gas use for power generation, however, should not be taken for granted.  The increased use of natural gas for electricity production, especially during peak periods in regional gas and electric markets, is raising concerns about potential operational problems for both pipeline operators and power generators.  Some power generators have identified some terms and conditions of natural gas services that are inhibiting them from building and operating gas-fired generation plants.[37] Conversely, some pipelines have stated that they are not being adequately compensated for providing service to gas-fired generators that are backstopping intermittent renewables.[38] Accordingly, federal and state regulators and industry leaders are calling for more formalized coordination between the electric and gas sectors.  

				This will not be an easy task.  Both the natural gas pipeline network and the electric transmission grid operate under different complex systems of rules and regulations that have evolved independently over decades.  For example, the natural gas industry uses a standardized definition of an operating day, but the power sector has multiple definitions of operating days.  The scheduling rules and timelines for power generators (e.g., for day-ahead and real time markets) may not synchronize between electric control areas or with pipeline capacity nomination schedules or rights.  Gas-fired generators not holding firm pipeline transportation frequently have to commit power to the regional electricity grid before they have the assurance of pipeline capacity.  With the prospects that natural gas will become an even larger supply source for power generation, and with the increasing need for natural gas generation to backstop intermittent renewable generation, coordinating these respective operating and regulatory systems will become increasingly complicated.  

				As natural gas and electric markets become more entwined, greater coordination between the two will be required.  One way to enhance this coordination and to minimize surprises is to increase the transparency of operations.  The Federal Energy Regulatory Commission has done this for natural gas markets by requiring interstate pipelines to post on the web extensive data on their operations.  Increasing the information about generation and transmission operations would increase transparency and would benefit the smooth functioning of the market.

				Another interdependency issue that needs to be addressed is the recovery of costs incurred by pipelines in providing service to gas-fired generators and, in turn, the recovery of those costs by gas-fired  generators from electric customers.  The diversity of various organized and non-organized wholesale power markets requires different approaches.  

				Finally, there is an expectation that any retirement-related reduction in coal-fired generation can be met, to some extent, by existing gas-fired generation.  However, none of the retirement studies examined whether there were any electric transmission bottlenecks to doing so.  

				
					
						
								
								Recommendation

								The NPC recommends continuing the efforts to harmonize the interaction between the natural gas and electric markets:

								
										The Federal Energy Regulatory Commission, the North American Electric Reliability Corporation, the North American Energy Standards Board, the National Association of Regulatory Utility Commissioners, and each formal wholesale market operated by the Regional Transmission Organizations should, with robust participation from market participants, undertake to:	Develop policies, regulations, and standardized business practices that improve the coordinated operations of the two industries and reduce barriers that hamper the operation of a well-functioning market
	Increase the transparency of wholesale electric power and natural gas markets
	Address the issue of what natural gas services generators should hold, including firm transport and storage, and what services pipeline and storage operators should provide to meet the requirements of electricity generators as well as compensation for such services for pipeline and storage operators and generators Transmission operators should identify any transmission bottlenecks or power market rules that limit the ability of natural gas combined-cycle plants to replace coal-fired generation.



								

							
						

					
				

				

				Environmental Regulatory Certainty Affecting the Power Sector

				The EPA is in the process of finalizing a number of regulations that will affect the power sector over the next several years.  These include the Clean Air Transport Rule (now finalized and called the Cross-State Air Pollution Rule); the proposed Air Toxics rule (also known as the “Maximum Achievable Control Technology” rule); and proposed regulations regarding cooling water intake structures (the “316(b) Rule” under the Clean Water Act); and coal combustion byproducts (coal ash).  Compliance costs associated with these regulations may contribute to some power plant owners’ decisions to retire some coal-fired power plants rather than retrofit them to comply with the new environmental rules.  There is debate in the industry with respect to costs, benefits, and effects on reliability.  

				Economics suggest that natural gas generation will be a likely source of power to replace generation from retired coal units.  According to studies reviewed by the NPC, the estimated amount of coal-fired capacity that will retire through 2020 ranges from 12 GW to 101 GW of capacity.  Based on the study average of  58 GW, this represents about 6% of total U.S. generating capacity, or around 18% of coal-fired capacity.  If this amount of coal-fired generation is replaced by gas-fired generation as a result of these regulations, there could be a decrease in power sector CO2 emissions of 11% of total emissions by 2020.  Other impacts would include lower electric power sector emissions of sulfur dioxide, nitrogen oxides, and mercury, with reductions of 19%, 16%, and 12%, respectively, below 2005 levels.

				Current uncertainty regarding the timing and content of some of the pending EPA regulations contributes to some power plant owners and operators waiting to make decisions on affected power plants and on alternatives in the marketplace.  These decisions may include whether and when to retire aging coal-fired power plants, as well as whether and when to build other generation types, including natural gas generation.  Increasing the certainty with respect to the timing of new regulations would support timely investment decisions affecting an important amount of power generation capacity and regarding impacts on fuel markets.  Resolution of the EPA rules, as well as compliance timelines and implementation decisions affecting individual plants, must take into consideration reliability impacts, recognizing that there are a variety of tools available to address location-specific reliability issues.

				
					
						
								
								Recommendation

								The NPC makes the following recommendation to provide more regulatory certainty to the power sector: 

								
										Policymakers should take into account the benefits for market conditions from the finalization of EPA regulations affecting the power sector, especially those regulations not related to controlling GHG emissions.  These benefits include reduced uncertainty in the market and provision of near-term investment signals, as well as the reduction of emissions of sulfur dioxide, nitrogen oxide, mercury, and particulates, along with collateral reductions of GHG emissions from power generation.

								

							
						

					
				

				Support the Development of Intellectual Capital and a Skilled Workforce 

				Compared to other industries, the workforce in the natural gas and oil industry and the agencies that regulate them has an older average age.  A large gap exists between the number of retiring technical professionals and the number of graduates coming out of junior college, college, and graduate school with the knowledge and skills required to work in the industry.   Figure ES-12 illustrates this for one segment.  This leads to potential workforce challenges for the industry and its regulators.  

				[image: NARD_Executive_Summary%2035.pdf]

				

				Part of this is pure demographics, as the baby boomer generation has begun to retire from the workforce.  But there also is not enough industry activity on university campuses.  Moreover, government study grants to undergraduate and graduate-level engineering and geosciences projects often do not relate to the natural gas and oil industry.  Despite a recent uptick in enrollments in petroleum engineering and natural gas and oil-focused geosciences programs, the prospective graduates will not have the experience or the raw numbers to replace the number of retiring, well-seasoned professionals.

				Increased support for new faculty positions and research programs could address this problem at various levels of higher education: in community colleges, universities, graduate programs, faculty appointments, and in various fields (in the geosciences, in addition to other areas of earth sciences, engineering, below-surface-water hydrology, and environmental programs).  In addition, there is evidence that support at the K-12 (kindergarten to 12th grade level) would also be helpful.[39] Because science literacy is important for public understanding of energy issues, energy science should be included in curricula at these levels.

				
					
						
								
								Recommendation

								The NPC makes the following recommendations to increase the number of qualified natural gas and oil professionals:

								
										Natural gas and oil companies should review and consider increasing their financial support for educational/training activities to support the development of the next generation of professionals with knowledge and skills in the fields necessary for prudent development of the nation’s natural gas and oil  resource base.  Congress should provide financial support for higher-education programs, including faculty positions and research programs in areas of national interest related to energy resources.

								

								The NPC also supports the recommendations of the National Academy of Sciences’ Rising Above the Gathering Storm with respect to the need to “move the United States’ K-12 education system in science and mathematics to a leading position by global standards.”

							
						

					
				

				CONCLUSIONS

				The NPC reiterates the important findings of this study:  The North American natural gas resource base is very large indeed, a size that has only become apparent over the last half decade.  Natural gas plays a critical role in supplying a quarter of the United States’ energy and what is likely to be a growing share of electric generation, including enabling renewable energy.  Similarly, the oil resources are also very large, with major opportunities for development.  The United States needs these resources to reduce oil imports even after continued efforts to improve energy efficiency, and even as the nation transitions to a lower-carbon energy system.  Realizing the benefits of these natural gas and oil resources requires environmentally responsible development of them in all circumstances, continually taking advantage of new technologies and evolving effective practices.  That is the route forward for advancing America’s economic, environmental, and energy security objectives.
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Figure ES-10. North American Natural Gas Production Could Meet High Demand
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Figure ES-8. Estimated GHG Emission Reductions
from the Use of Natural Gas Vary Widely
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Figure ES-4. Natural Gas Technologies Can Help Reduce Greenhouse Gas Emissions
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Figure ES-7. The Power Sector Shows the Most Variation in Projected U.S. Natural Gas Demand
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Figure ES-12. More Petroleum Engineers are Approaching Retirement (2010)
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Hydraulic Fracturing

Hydraulic fracturing is the treatment applied to reservoir rock to improve the flow of trapped oil or natu-
ral gas from its initial location to the wellbore. This process involves creating fractures in the formation
and placing sand or proppant in those fractures to hold them open. Fracturing is accomplished by injecting
water and fluids designed for the specific site under high pressure in a process that is engineered, controlled,
and monitored.

Fracturing Facts

® Hydraulic fracturing was first used in 1947 in an oil well in Grant County, Kansas, and by 2002, the prac-
tice had already been used approximately a million times in the United States.*

Up to 95% of wells drilled today are hydraulically fractured, accounting for more than 43% of total U.S. oil
production and 67% of natural gas production.

The first known instance where hydraulic fracturing was raised and addressed as a technology of concern
was when it was used in shallow coalbed methane formations that contained freshwater (Black Warrior
Basin, Alabama, 1997).

® In areas with deep unconventional formations (such as the Marcellus areas in Appalachia), the shale gas
under development is separated from freshwater aquifers by thousands of feet and multiple confining
layers. To reach these deep formations where the fracturing of rock occurs, drilling goes through the
shallower areas, with the drilling equipment and production pipe sealed off using casing and cementing
techniques.

The technology and its application are continuously evolving. For example, testing and development are
underway of safer fracturing fluid additives.

The Interstate Oil and Gas Compact Commission (IOGCC), comprised of 30 member states in the United
States, reported in 2009 that there have been no cases where hydraulic fracturing has been verified to have
contaminated water.*

® A new voluntary chemical registry (FracFocus) for disclosing fracturing fluid additives was launched in
the spring of 2011 by the Ground Water Protection Council (GWPC) and the IOGCC. Texas operators are
required by law to use FracFocus.

© The Environmental Protection Agency concluded in 2004 that the injection of hydraulic fracturing fluids
into coalbed methane wells poses little or no threat to underground sources of drinking water.5 The EPA
is currently studying hydraulic fracturing in unconventional formations to better understand the full life-
cycle relationship between hydraulic fracturing and drinking water and groundwater resources.

© The Secretary of Energy’s Advisory Board is also studying ways to improve the safety and environmental
performance relating to shale gas development, including hydraulic fracturing.¥

Interstate Oil and Gas Compact Commission, Testimony Submitted to the House Committee on Natural Resources, Subcommit-
tee on Energy and Mineral Resources, June 18, 2009, Attachment B.

t IHS Global Insights, Measuring the Economic and Energy Impacts of Proposals to Regulate Hydraulic Fracturing, 2009; and EIA, “Nat-
ural Gas and Crude Oil Production,” December 2010 and July 2011.

+

Interstate Oil and Gas Compact Commission, Testimony Submitted to the House Committee on Natural Resources, Subcommit-
tee on Energy and Mineral Resources, June 18, 2009, Attachment B.

§ U.S. EPA, Office of Water, Office of Ground Water and Drinking Water, “Evaluation of Impacts to Underground Sources of Drink-
ing Water by Hydraulic Fracturing of Coalbed Methane Reservoirs,” (4606M) EPA 816-R-04-003, June 2004.

-

Secretary of Energy Advisory Board (SEAB), Natural Gas Subcommittee (http://www.shalegas.energy.gov/aboutus/
members html), 90-Day Interim Report (https//www.shalegas.energy.gov/resources/081811_90_day_report_final.pdf), Safety
of Shale Gas Development, May 5, 2011, http://www.shalegas.energy.gov/
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Foundational Concepts

Based on the request from the Secretary of Energy, the NPC used four key concepts to evaluate potential
policy recommendations that arose in the study: economic prosperity, environmental sustainability, energy
security, and prudent development.

“Economic prosperity” means not just the level of wealth of a country, but also its economic growth,
economic security, and economic competitiveness. This goal also includes the notion of balancing the
interests of today’s society against those of tomorrow’s.

“Environmentally sustainable” means allowing for the maintenance of environmental quality and
resource protection over time. Environmental sustainability encompasses impacts such as air and water
pollution that directly affect public health, as well as these and other impacts affecting ecosystem vitality,
biodiversity, habitat, forestry and fisheries’ health, agriculture, and the global climate. It is related to the
concept of sustainable development as defined by the Brundtland Commission, formerly known as the World
Commission on Environment and Development: “meeting the needs of the present without compromising
the ability of future generations to meet their own needs.”

“Energy security” means minimizing vulnerability to energy supply disruptions and the resulting
volatile and disruptive energy prices. Since most of the U.S. energy supply is domestic, energy security
is affected by the development of domestic resources, as well as the security of delivery and production
systems such as natural gas pipelines, refineries, power plants, and electric power transmission. Likewise,
as some of the U.S. energy supply comes from other countries, energy security also involves geopolitical
considerations associated with protecting and enhancing U.S. strategic interests internationally. Potential
disrupters of energy security cover a range, among which are turmoil in foreign supplier countries; the dis-
ruption of a major supply source or delivery infrastructure; assaults on the supply chain; natural disasters;
and global environmental issues and extreme weather events, as characterized by the 2010 Quadrennial
Defense Review Report of the U.S. Department of Defense.

The concept of “prudent development of North American natural gas and oil resources” means
development, operations, and delivery systems that achieve a broadly acceptable balance of sev-
eral factors: economic growth, environmental stewardship and sustainability, energy security, and
human health and safety. Prudent development necessarily involves trade-offs among these factors.
Consideration of the distribution of costs and benefits is a key part of prudent development.
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Figure ES-2. U.S. Natural Gas Technically Recoverable Resources Are Increasing
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Notes: Minerals Management Service (MMS) no longer exists; its functions are now administered by the Bureau of Ocean Energy Management, Regulation and Enforcement (BOEMRE).
For a detailed discussion of the survey that the NPC used to prepare these “low,” “mid,” and “high” estimates, see the Preface as well as the Resources and Supply chapter.
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Figure ES-11. The Natural Gas and Oil Industry Is Well Regulated: Project Development Requirements in Pennsylvania
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Figure ES-5. United States and Canada Are Among Leading Oil Producers
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Environmental and Public Health Concerns

Environmental and public health concerns associated with oil and natural gas development vary according
to location and type of resource, whether the resource is onshore versus offshore, and the methods employed
to extract and deliver the resource. The following issues are addressed in the chapters of this report:

® Hydraulic fracturing - consumption of freshwater (volumes and sources); treatment and/or disposal of
produced water returned to the surface; instances of naturally occurring radioactive material in produced
water; seismic impacts; chemical disclosure of fracture fluid additives; potential ground and surface water
contamination.

® Onshore operations — wellbore integrity; air emissions from combustion, venting, or leaks; methane
migration into drinking water; community impacts including noise, odors, proximity to residential areas,
and volume of truck traffic;fragmentation of and impacts on wildlife habitats; water contamination; waste
management; and human health and safety.

® Offshore operations - the marine environment brings different concerns than for onshore; pressures and
temperatures at remote wellheads make prevention and response to a major release more challenging;
and seismic noise associated with exploration and drilling activities is recognized as a concern for whale
populations and other marine life, including fish.

® Arctic ice environments - responding to an oil spill in low temperatures with the presence of broken sea
ice; potential threats to sensitive habitat; and seismic noise.

* 0il sands - volumes of water needed generate issues of water sourcing; removal of overburden for sur-
face mining can fragment wildlife habitat and increase the risk of soil erosion or surface run-off events to
nearby water systems; GHG and other air emissions from production.
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Figure ES-9. Life-Cycle GHG Emissions for Natural
Gas Are about One-Half of Coal
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Figure ES-3. North American Natural Gas Resources Can Meet Decades of Demand
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Note: The y-axis represents estimated wellhead cost of supply. The cost of supply can vary over time and place in light of different
regulatory conditions, different technological developments and deployments, and other different technical conditions.
In none of these cases is “cost of supply” to be interpreted as an indicator of market prices or trends in market prices, since many
factors determine prices to consumers in competitive markets.

Source of MIT information: The Future of Natural Gas: An Interdisciplinary MIT Study, 2011.
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Figure ES-6. More Resource Access and Technology Innovation
Could Substantially Increase North American Oil Production
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Notes: The oil supply bars for 2035 represent the range of potential supply from each of the individual supply sources and types
considered in this study. The specific factors that may constrain or enable development and production can be different for
each supply type, but include such factors as whether access is enabled, infrastructure is developed, appropriate
technology research and development is sustained, an appropriate regulatory framework is in place, and environmental
performance is maintained.

Note that in 2010, oil demand for the U.S. and Canada combined was 22.45 million barrels per day. Thus, even in
the high potential scenario, 2035 supply is lower than 2010 demand, implying a continued need for oil imports
and participation in global trade.

Source: Historical data from Energy Information Administration and National Energy Board of Canada.
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Figure ES-1. United States and Canada Are Among Leading Natural Gas Producers
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Environmental Regulation of the Natural Gas and Oil Industry

State, federal, and in some cases, regional regulations are in place to govern oil and natural gas produc-
tion for the purpose of achieving safety, public health, and environmental protection. The interaction of
these many layers of regulation is complex and generally effective. However, regulation among jurisdictions is
uneven and in some cases requires strengthening resources available for staffing, keeping abreast of changes
in the industry, and enforcement.

In certain circumstances, there are federal legislative exemptions or special considerations afforded the oil
and gas industry that some environmental advocates believe result in material deficiencies in environmental
protection, particularly in relation to water and air quality. Others, including many in the natural gas and oil
industry and in state governments, maintain that the special classifications under federal law are appropriate
and supported by scientific or economic findings, addressed by state laws, and are parallel to special consider-
ations that exist for many industries.

There is a range of views on whether outstanding regulatory issues are best addressed through state or fed-
eral regulatory action. Many state agencies have been involved in regulating oil and gas development for much
longer than the federal government and have unique knowledge and expertise relative to the local geological,
hydrological, environmental, and land use setting, and are responsible for regulation and development of pri-
vate and state natural gas and oil resources, as well as for implementing certain federal laws and regulations.

Federal agencies have similar responsibilities for federal mineral development and environmental perfor-
mance of companies where the federal government owns or controls such mineral rights or lands. Some
entities believe states are generally more adept than federal agencies in their ability to adapt to changes in
technology and new industry practices and more efficient. Others believe that only through federal regulation
can there be assurance of a reasonably consistent level of environmental and public health protection across
the country, and on public and private lands.
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