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Abstract

Use of both natural gas and renewable energy has grown significantly in recent years. Both
forms of energy have been touted as key elements of a transition to a cleaner and more secure
energy future, but much of the current discourse considers each in isolation or concentrates on
the competitive impacts of one on the other. This paper attempts, instead, to explore potential
synergies of natural gas and renewable energy in the U.S. electric power and transportation
sectors.

Part I of this paper offers nine platforms for dialogue and partnership between the natural gas
and renewable energy industries, including development of hybrid technologies, energy system
integration studies, analysis of future energy pathways, and joint myth-busters initiatives.

Part II provides a brief summary of recent developments in natural gas and renewable energy
markets. It is intended mainly for non-experts in either energy category.

Part III, on the electric power sector, discusses potential complementarities of natural gas and
renewable energy from the perspective of electricity portfolio risk and also presents several
current market design issues that could benefit from collaborative engagement.

Part IV, on the transportation sector, highlights the technical and economic characteristics of an
array of alternative transportation technologies and fuels. Opportunities for natural gas and
renewable energy transportation pathways are discussed, as are certain relevant transportation
policies.
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1 Initiating Collaborative Engagement

1.1 Introduction

Natural gas and renewable energy have been touted as key elements of a transition to a cleaner
and more secure energy future.! Still, the specific roles, values, and merits of natural gas and
renewable energy in relation to long-term goals of energy security and climate change mitigation
have been, and continue to be, debated.

In the energy security arena, both natural gas and renewable energy are building blocks for a
robust domestic energy economy. However, there are currently large, but not insurmountable,
barriers to harnessing natural gas and renewable energy to meaningfully reduce our national
reliance on imported oil for transportation. These include the current state of the petroleum-
dependent transportation sector and a lack of clarity and consensus on how many alternative
pathways to pursue and which ones are best. Early adopters are testing alternatives and will
provide valuable experience, but full deployment of one or more alternative fuels will require
broader structural shifts.

Regarding climate change, the Intergovernmental Panel on Climate Change (IPCC) reports that
to avoid the largest negative impacts, global greenhouse gas emissions would need to decline by
50%—85% from 1990 levels by 2050.2 Some have argued that, given the difficulty in meeting
this goal, an exclusive focus on natural gas would distract from and impede progress toward the
ultimate goal of large-scale deployment of a suite of low-carbon technologies, including
renewable energy, energy efficiency, nuclear energy, and carbon capture and storage.3 Others
have offered roadmaps for how cost-effective deployment of natural gas and low-carbon
technologies to meet emissions targets might occur,4 while many more have provided insightful
analyses and framed relevant issues.5

Much of the current discourse is narrowly focused on either natural gas or renewable energy as
distinctly separate components or concentrates on the competitive impacts of one over the other.
This paper attempts, instead, to build upon embryonic effortsé to more closely examine the nexus
of natural gas and renewable energy and explore untapped complementarities and potential
synergies on a number of levels.

Use of natural gas and renewable energy has grown significantly in recent years. The two forms
of energy appear complementary in many respects: natural gas electricity generation enjoys low
capital costs and variable fuel costs, while renewable energy generators have higher capital costs
but generally zero fuel costs, excluding bioenergy (see Table 1 for selected examples). Natural
gas is a key input for corn starch-based ethanol fuel production, and new transportation
infrastructure and technology experiences could enable use of both natural gas and renewable
fuels in vehicles. Both forms of energy support a future orientation toward a built environment
that utilizes local energy supply and use, including distributed generation and home vehicle
fueling.

Despite the complementarities and potential for greater coordinated use, the natural gas and
renewable energy industries have at times viewed each other as direct competitors, especially in
the power sector. As of mid-2012, the primary competitive impact of inexpensive natural gas has
been over 300 terawatt-hours (TWh) of fuel switching from coal- to natural gas-fired electricity



since 2008. If natural gas prices remain below roughly $5/million British thermal units
(MMBtu), many developers of renewable electricity projects might be hard pressed to offer
competitive power purchase prices, thus limiting the number of projects deployed. Similarly,
natural gas producers and biofuel producers might compete over water, especially during drought

conditions.?”

Table 1. Matrix of Selected Natural Gas and Renewable Energy Characteristics

Natural Gas Power Wind Solar Bioenergy
Resource Relatively diverse Diverse but often Diverse but best in Diverse but best in
Distribution for unconventional far from load Southwest Midwest and
supplies; less so for  centers Southeast
conventional
Capital Cost Low, stable Moderate, some Relatively high, Moderate-high,
fluctuation declining stable (early
generation biofuels)
Fuel Cost Variable but None None Moderate
currently low
Output Dispatchable; Variable and Variable and mostly  Dispatchable power
flexible somewhat predictable and fuel
predictable
Carbon Impact Most recent life Very low Very low Depends; corn

Environmental
and Social
Concerns

cycle assessments
conclude that both
conventional and
unconventional less
than half that of coal
Some opposition to
hydraulic fracturing;
relatively clean-
burning fossil fuel

Some opposition
to siting; no
combustion
emissions; low
water use

Some opposition to
siting of large
projects for
ecosystem reasons;
no combustion
emissions or water
use for PV

starch-based may
be slightly less than
gasoline

Concern over
ecosystem impacts
for many biofuels,
water use

This paper attempts to identify how the natural gas and renewable energy communities might:

e Promote a new systems approach to natural gas and renewable energy technologies

e Jointly research mutually beneficial policy and market structure options

e Communicate with each other, and jointly to the public, to clarify misconceptions.

The structure of this paper is:

1. Part I offers nine platforms for dialogue and partnership between the natural gas and
renewable energy industries, including development of hybrid technologies, energy
system integration studies, analysis of future energy pathways, and joint myth-busters
initiatives.

2. Part II provides a brief summary of recent developments in natural gas and renewable
energy markets. It is intended mainly for non-experts in either energy category.



3. Part III, on the electric power sector, discusses potential complementarities of natural
gas and renewable energy from the perspective of electricity portfolio risk and also
presents several current market design issues that could benefit from collaborative
engagement.

4. Part IV, on the transportation sector, highlights the technical and economic
characteristics of an array of alternative transportation technologies and fuels.
Opportunities for natural gas and renewable energy transportation pathways are
discussed, as are certain relevant transportation policies.

1.2 Platforms for Partnership

Partnerships between the natural gas and renewable energy industries have not historically been
a source of significant dialogue, yet today there are many opportunities for the two industries and
other energy stakeholders to jointly develop vibrant and robust hubs of integrated research and
development, information exchange, planning, and policymaking. The first step in reaching this
goal is laying the groundwork of open dialogue and engagement in all possible arenas within
which further collaboration might grow.

Opportunities exist for natural gas and renewable energy technologies to be integrated at
multiple levels, from tightly coupled hybrid technologies to more loosely coupled integrated
system and market designs. The following are a few ideas for potential platforms from which to
initiate dialogue:

e Hybrid technology opportunities. Hybrid technologies can uniquely capture the
respective benefits and minimize drawbacks of individual technologies. Examples
include hybrid concentrating solar power (CSP) and natural gas-fired power generation
systems; biogas and natural gas co-fired combined cycle gas turbines; natural gas-
powered compressed air energy storage (CAES) to store non-peak renewable electricity
generation for peak period usage; and alternative transportation fuel production processes
that can use both biomass and natural gas as feedstocks.

e Systems integration. Broader complementarities of natural gas and renewable energy
technologies can be realized through co-optimized system integration. Effective system
integration studies require the input and deep understanding of all components to
determine ideal system configurations. Additionally, the growing deployment of
innovative electricity systems utilizing real-time energy pricing, smart grids, demand
response, energy storage, and other emerging technologies further amplifies the need for
ever-finer levels of compatibility across system components. Lastly, proactive
engagement on planning for and investing in new infrastructure can significantly improve
the ability of energy systems to handle changing consumption patterns and future
industry trajectories.

o Power sector market design. Collaborative development of electricity market structures
and regulations, coordination of daily operations, and joint transmission planning can
optimize the use and abilities of natural gas and renewable energy technologies in lieu of
isolated energy planning that does not maximize potential complementarities of these
diverse technology options.



e Comparative analysis of alternative transportation pathways. Deeper analysis of
alternative transportation pathways is required to answer questions on the ideal
evolutionary path of the U.S. transportation sector. One immediate question is whether
natural gas vehicles or electric vehicles are a better choice in view of cross-sectoral
interests and public policy goals. Another question might be whether natural gas could
serve as a useful conduit toward a hydrogen-based transportation sector.

¢ Enhanced quantitative tools and models. Somewhat overlapping with the topic of
systems integration is the need for current energy reliability and planning models to
better incorporate cross-sectoral impacts, particularly arising from natural gas. One
example is the need for electricity reliability models to accurately reflect risk
probabilities of gas plant outages due to fuel supply constraints.

e Public policy goals. More dialogue and analysis is needed to better understand the
potential roles of natural gas and renewable energy in enhancing energy diversity,
economic prosperity, and climate change mitigation. Integrated action plans can realize
the opportunities of all options in achieving public policy goals at federal and state levels.

e Portfolio approach to research and development (R&D). Renewable energy, energy
efficiency, nuclear energy, and carbon capture use and sequestration all present
opportunities to decarbonize the energy sector; however, the options are often pitted
against each other, particularly when it comes to funding and support. Instead, given the
uncertainties surrounding the ability of each to reach expected heights of decarbonization
potential, a portfolio approach to supporting all for future flexibility might be pursued. In
addition, a portfolio approach could focus efforts to further develop technology
complementarities.

e Joint myth-busters and frequently asked questions (FAQ) initiative. Natural gas and
renewable energy both experience enduring misinformation and inaccurate portrayals
regarding their respective industries. A significant preparation for further collaboration
could involve a joint initiative to dispel popular myths and inaccurate beliefs about each
industry and answer the most frequently asked questions that each industry may have
about the other.

e Optimized long-term and cross-sectoral utilization of energy resources. One potential
effort could be to jointly research and analyze which industry and technology pathways
represent optimal utilization of the country’s diverse energy resources across sectors and
timescales. From this, opportunities for natural gas and renewable energy technologies to
support the other’s role may be elucidated and implemented.

The joint efforts of the natural gas and renewable energy industries to engage on these and other
platforms of dialogue and collaboration in good faith can bring new insights to existing bodies of
knowledge that will help define and frame current and future policy questions. Policymakers and
regulators can then use this foundation to craft well-designed and complementary energy policies
and regulations to successfully guide the evolution of the U.S. energy industry along desired
long-term pathways.



2 Background

2.1 History and Recent Developments of Natural Gas
2.1.1 Natural Gas Consumption in the United States

No energy source supplies a more diverse range of sectors and uses than natural gas: heating and
cooking in the residential and commercial sectors; feedstock for manufacturing processes in the
industrial sector; peak, intermediate, and base-load electricity generation in the electric power
sector; and fuel to power natural gas pipelines and vehicles in the transportation sector. In
comparison, almost all of the coal consumed in the United States is for electricity generation
while nearly three-quarters of U.S. petroleum consumption is for transportation.8

U.S. natural gas consumption is roughly equally divided across the residential and commercial
(32% in 2011), industrial (33%), and electric power sectors (31%) (Figure 1). Within each of
these sectors, natural gas accounted for a significant portion of energy consumption: in 2011,
75% of residential and commercial, 41% of industrial, and 20% of electric power sector energy
consumption.?® The only sector currently consuming little natural gas is the transportation sector,
which includes both the use of natural gas to power natural gas pipeline transmission networks as
well as natural gas used as vehicle fuel. Of total natural gas consumed in 2011, 2.8% was used
for pipeline operations, while 0.1% was used as vehicle fuel.10

2.1.2 Recent Developments and Market Effects of Shale Gas

U.S. natural gas production has traditionally come from conventional oil and gas wells.
However, in the 2000s, developments in drilling technology, notably the combined use of
horizontal drilling and hydraulic fracturing, along with access to private and public minerals,
high natural gas prices, and increasingly upward shale gas resource estimates, spurred a wave of
drilling activity in previously uneconomic shale basins, unlocking an abundant supply of
domestic natural gas. U.S. Energy Information Administration (EIA) data shows that shale gas
production grew by more than 15-fold from 0.32 trillion cubic feet (tcf) in 2000 to nearly 5 tcf in
2010—23% of natural gas production in 2010.11 With continued growth, shale gas is now
estimated to provide more than one-third of total gas production.12 Together, shale gas, tight gas,
and coalbed methane now account for more than half of total gas production (Figure 2). The
rapid growth of shale gas production has offset declining production from conventional wells
and helped maintain year-on-year increases in overall gas production.

As a result of the volume and speed of rising shale gas production in recent years, the following
impacts have occurred:

e Lowest natural gas prices in a decade

e Widening oil-to-gas price spreads

e Widening U.S. gas-to-international gas price spreads

e Immediate coal-to-gas switching in the electric power sector

e Decreasing net imports of natural gas

e Evolving supply estimates.
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2.1.2.1 Lowest Natural Gas Prices in a Decade

Natural gas wellhead prices are currently at their lowest in more than a decade, averaging below
$2/MMBtu in April and May 2012 (Figure 3).15 Prices climbed throughout the 2000s to a
monthly average peak of $10.52/MMBtua in July 200816 and a yearly average peak of
$7.78/MMbtub for 2008.17 From there, prices fell sharply to their current lows as shale gas
production began to oversupply markets. A warmer-than-average 2011-2012 winter also drove
prices down by decreasing heating demand.!® This decrease was partially offset by increased
demand from the power sector but still resulted in the lowest overall winter natural gas demand
in five years.12 Correspondingly, natural gas storage levels in underground facilities have been
substantially higher so far in 2012 compared to the five-year range over the same months.20
Residential and commercial natural gas prices have also dropped, albeit to a lesser extent, from
their 2008 peaks.21

Current natural gas prices of $2-$4/MMBtu are challenging for shale gas producers, who
generally require closer to a $5-$8/MMBtu range to maintain business operations, 22 particularly
in dry gas plays. Many have been operating at a loss for some time in hopes that prices will soon
rise again.23 In the meantime, drilling has shifted over to liquids-rich fields in search of more
profitable oil and natural gas liquids (NGL).24 Energy markets continue to equilibrate in response
to changing market dynamics of gas, oil, and NGL supplies and prices. How these dynamics will
settle in the long term and around what prices is uncertain, though EIA’s latest forecast
anticipates wellhead prices to be in the range of $4.00-$5.50/MMBtu for 2020-2030.25

20
15

10

S/MMBtu

Wellhead
0

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Figure 3. U.S. monthly natural gas prices, January 1990-July 2012%

2.1.2.2 Widening Oil-to-Gas Price Spreads

U.S. spot prices for crude oil and natural gas, historically strongly correlated, have become
increasingly decoupled as natural gas prices remain dampened by domestic oversupply and oil
prices continue to rise, mostly in line with global markets. This growing price spread has led to
increased interest in gas-for-oil substitution opportunities, particularly in the transportation
sector. Natural gas at $4/MMBtu roughly translates to an energy-equivalent price of $23/barrel

a Converted from $10.79/thousand cubic feet (Mcf) using 2010 average heat content of natural gas in the United
States of 1 Mcf = 1.025 MMBtu. (EIA. “What are Mcf, Btu, and Therms? How Do I Convert Prices in Mcf to Btus
and Therms?” Accessed August 29, 2012: http://www.eia.gov/tools/fags/faq.cfm?id=45&t=7.)

b Converted from $7.97/Mcf.
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of oil.c Given the low fuel cost, compressed natural gas (CNG) and liquefied natural gas (LNG)
vehicles present increasingly competitive alternatives to conventional gasoline vehicles. Indeed,
commercial and public sector investments in natural gas vehicle (NGV) fleets are already
occurring. But to achieve wider consumer adoption, significant refueling infrastructure
investments would be required and consumer concerns, such as vehicle range, would need to be
addressed (see Part IV). Another area of interest lies in converting gas into liquid fuels that can
be used in place of gasoline and diesel. This pathway may skirt infrastructure issues but is
subject to a number of financial uncertainties (see Part IV).

2.1.2.3 Widening U.S. Gas-to-International Gas Price Spreads

Natural gas markets across the globe have thus far remained localized due to the expense, and
sometimes geopolitical challenges, of transporting gas over long distances, which requires
extensive pipeline networks or costly liquefaction/re-gasification facilities for importing and
exporting LNG. Consequently, U.S. natural gas is experiencing a significant price advantage
over other international gas supplies, presenting potentially large profit opportunities even after
factoring in the additional liquefaction and overseas transport costs.2? Several companies have
already applied for federal regulatory approval to build LNG export facilities.28 In April 2012,
the Federal Energy Regulatory Commission (FERC) gave its first authorization for construction
of export capacity of up to 2.6 billion cubic feet per day (bct/d) at the existing Sabine Pass LNG
terminal in Louisiana.d Preliminary analysis of the domestic market effects of exporting
substantial volumes of LNG predicts a combination of higher domestic gas prices, increased
production, reduced domestic demand, and fuel substitution. The eventual magnitude of these
effects is highly dependent on the scenario assumptions. 29

2.1.2.4 Immediate Coal-to-Gas Switching in the Electric Power Sector

The largest near-term effect of excess natural gas supplies and low prices has been the rapid
displacement of coal-generated electricity by natural gas generation. In the 1990s, the
combination of electricity market and natural gas price deregulation, availability of new highly
efficient natural gas combined cycle plant technology, developments in offshore production, and
expectations of a substantial domestic supply increase led to the construction of a large fleet of
natural gas plants.3° Since demand did not eventually grow to expected levels, this fleet of
natural gas plants has been underutilized.e3! In 2010, natural gas plants represented 39% of total

¢ $4/MMBtu x 5.8 MMBtu/barrel of 0il based on 2011 U.S. production = $23.20/barrel. (EIA. “Crude Oil
Conversion Calculator.” Accessed August 29, 2012:

http://www.eia.gov/kids/energy.cfm?page=about_energy_ conversion_calculator-basics#oilcalc.)

4 As of July 2012, seven other proposals for export facilities have been submitted to FERC with total export capacity
of 10.65 bef/d. Four more potential sites have been identified to FERC by project sponsors with total export capacity
of 6.18 bef/d. If approved and built, these 11 facilities plus the approved Sabine Pass terminal could provide 19.43
bef/d (or approximately 7 tcf/year) of export capacity, equivalent to 30% of total U.S. natural gas production in
2011. (FERC. North American LNG Import/Export Terminals, Approved. FERC, 2012. Accessed August 22, 2012:
http://www.ferc.gov/industries/gas/indus-act/Ing/L NG-approved.pdf.: FERC. North American LNG Import/Export
Terminals, Proposed/Potential. FERC, 2012. Accessed August 22, 2012: http://www.ferc.gov/industries/gas/indus-
act/Ing/I NG-proposed-potential.pdf.)

¢ Natural gas plants experienced average utilization rates of 30%-40% of plant capacity between 1997 and 2008,
compared to coal plant utilization rates of around 65%—75% over the same period (EIA. Electric Power Annual
2008, Table 5.2. Average Capacity Factors by Energy Source, 1997 through 2008. Accessed August 14, 2012:
http://205.254.135.7/electricity/annual/archive/03482008.pdf).
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installed capacity but only 24% of total generation. Meanwhile, coal represented 30% of capacity
and 45% of generation.32

Because of this spare capacity, the electric power sector has been able to capitalize on the current
abundance of natural gas supply, and low prices, with little need for additional infrastructure or
system investments.33 The switch has been exceptionally dramatic within the past six months,
with coal and natural gas plants each supplying 32% of total monthly power generation in April
2012.34 Further dispatch of natural gas will occur up to the constraints of current natural gas
pipeline and electricity transmission networks. Beyond that, new infrastructure and market
structures, particularly for natural gas supply, will be needed for greater deployment of natural
gas generation (see Part II1).35 Forthcoming expected environmental regulations from the U.S.
Environmental Protection Agency (EPA) on power plant emissions and scheduled age-based
retirements of coal plants have also driven the coal-to-gas switch;36 however, shale gas
production has significantly advanced the timeline and reduced the cost of this transition.

2.1.2.5 Decreasing Net Imports of Natural Gas

U.S. net imports of natural gas have fallen to their lowest level in decades as imports declined
and exports rose due to the growing domestic supply. The large majority of U.S. natural gas
imports come by pipeline from Canada (more than 80% for the past two decades),3” while
exports go primarily to Canada and Mexico (roughly two-thirds and one-third, respectively).38
LNG imports experienced strong growth in the early 2000s but have since subsided to around
10% of imports.39 LNG exports have stayed virtually the same since the 1970s, representing 5%
of exports today;+° however, as mentioned previously, there is burgeoning interest in ramping up
LNG exports, particularly to Europe and Asia. LNG exports are likely to contribute a growing
share to U.S. natural gas exports.f

2.1.2.6 Evolving Supply Estimates

Estimates of total available gas resources in the United States continue to change—mostly
increasing in recent years but with some instances where resource estimates were lowered as a
result of uncertainties surrounding unconventional gas resources.s Coupled with a future gas
consumption trajectory that is highly reliant on interdependent sectoral possibilities,
approximating the number of years of gas supply that the United States possesses is difficult (see
text box in Section 2.1.3). While a review of historical resource estimates shows a general trend
of increasing resources#! due to technological improvements, among other reasons, the lack of
consensus around unconventional gas resources and future consumption adds a significant factor
of uncertainty to gas-related planning and decision making, particularly for long-lived
infrastructure. Credible, objective analysis of potential scenarios of supply and demand profiles
would help inform ongoing dialogues that grapple with the question of how many years of
natural gas supply exist.

f EIA’s Annual Energy Outlook 2012 predicts that the United States will become a net exporter around 2022.

8 EIA adjusted their estimate of technically recoverable resources from the Marcellus shale play from 827 tcf in their
Annual Energy Outlook (AEO) 2011 publication to 482 tcf in the AEO 2012, a 40% decrease, largely as a result of
new well productivity data and updated U.S. Geological Survey (USGS) assessments.



2.1.3 Looking Ahead

The rapid ascendency of shale gas has caught many in the energy sector by surprise, prompting a
host of unexpected and significant departures from historical trends as energy markets readjust
toward equilibrium in the near term. Looking ahead, the emergence of unconventional gas
resources has also considerably altered the calculus of medium- and long-term energy options,
with potentially major implications for the long-term evolution of the U.S. energy portfolio.

How Many Years of Natural Gas Supply?

Reported supply longevity of natural gas varies widely—from 80-250 years and depends on many factors.” While
that metric could serve as a useful indicator for planning and policymaking purposes, it is important to understand
some of the technical uncertainties embedded within this simple estimate.

Supply
Technically recoverable resources (TRR), an indicator of total available gas supply, include both proved reserves
(technically and economically producible now) and unproved resources (technically but not necessarily
economically producible). TRR estimates vary as a result of using new data or different assumptions for various
factors, including:

e Geological assessments of oil and gas fields

e Field productivity based on observed and predicted well recovery rates

e  Current and expected improvements to drilling and production technologies

e Current gas market prices and other economic conditions

The materialization in recent years of huge unconventional sources of natural gas, such as shale gas, tight gas, and
coalbed methane, has added significant uncertainty to these estimates.' Industry experience with unconventional
resources, particularly shale gas, has been too brief and inconsistently documented to permit confident estimation of
resource field productivities. Other sources of natural gas, including methane hydrates and renewable natural gas
(RNG) could play a large role in the future but are currently at very early stages of development.’

h See, for example, Potential Supply of Natural Gas in the United States. (2012). Potential Gas Agency.; “FAQs:
Natural gas.” International Energy Agency. Accessed September 7, 2012: http://www.iea.org/aboutus/fags/gas/;
“Issues in Focus #11: U.S. Crude Oil and Natural Gas Resource Uncertainty.” (2012). EIA, Annual Energy Outlook
2012.

i According to the National Petroleum Council’s (NPC’s) compilation and assessment of industry, government, and
academic natural gas resource estimates, “the United States’ unconventional, remaining recoverable resource base is
around 60 to 75% of the total remaining gas volumes in the United States” (National Petroleum Council. Prudent
Development: Realizing the Potential of North America’s Abundant Natural Gas and Oil Resources. National
Petroleum Council, 2011. Accessed August 29, 2012: http://www.npc.org/reports/rd.html).

i A recent study estimated that approximately 4.8 tcf of domestic RNG, a substitute for conventional natural gas that
can be produced from biomass wastes, was potentially available (Mintz, M.; Wegrzyn, J. “Renewable Natural Gas:
Current Status, Challenges and Issues.” Clean Cities Program, U.S. Department of Energy, 2009. Accessed August
30, 2012: http://www 1 .eere.energy.gov/cleancities/pdfs/renewable nat ural gas.pdf; National Petroleum Council.
Renewable Natural Gas for Transportation. National Petroleum Council, 2012. Accessed August 31, 2012:
http://www.npc.org/FTF_Topic_papers/26RNG.pdf). Early assessments of methane hydrates, ice-like lattices of
water with natural gas trapped inside, indicate vast resource potential if able to be technically recovered (NETL.
Energy Resource Potential of Methane Hydrate. National Energy Technology Laboratory, 2011. Accessed
September 6, 2012: http://www.netl.doe.gov/technologies/oil-
gas/publications/Hydrates/2011Reports/MH_Primer2011.pdf; Boswell, R. “Resource Potential of Methane Hydrate
Coming into Focus.” Journal of Petroleum Science & Engineering (56:1-3), 2007; pp. 9-13).
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Demand
Significant uncertainty also exists on the demand side. It is very likely that U.S. gas demand will change and grow in
the coming years for several reasons, including:

e The United States is projected to become a net exporter of natural gas. The growing domestic supply is
reducing the need for imports while low domestic prices have prompted interest in exporting substantial
volumes of LNG.

o The electric power sector’s consumption of natural gas is likely to continue increasing as further coal-to-
gas fuel switching occurs and new natural gas plants continue to be built.

e  Greater deployment of natural gas transportation technologies would increase the currently marginal gas
consumption by the transportation sector.

If realized, these consumption possibilities may have considerable effects on future gas demand, with corresponding
effects on the ultimate length of domestic gas supply. Additionally, these possibilities are interdependent on each
other and will have unique impacts on overall gas market dynamics. Simple calculations of resources divided by
production omit the non-trivial factor of market economics and prices in determining levels of supply and demand.

Conclusion

Clear and accurate estimates of natural gas resources are a vital foundation for policymakers, regulators, and
industry stakeholders to develop successful long-term plans, policies, and investments. Significant uncertainties
exist on both the supply and demand side. Much of this uncertainty will likely be reduced as unconventional gas
production matures and industry trajectories crystallize. Until then, prudent risk and uncertainty analysis will help
inform robust decision making.
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2.2 History and Recent Developments of Renewable Energy
2.2.1 Introduction

Renewable energy has long held the promise of making significant contributions to the U.S.
energy sector, but it has only been over the past five years or so that newer technologies like
wind and solar PV have begun to concretely demonstrate some of that potential. Rapid growth in
renewable energy deployment and consumption over the past decade has been achieved by a
combination of technological improvements, policy incentives, and periodically high prices for
conventional energy sources, although new challenges now face the sector.

2.2.1.1 Characteristics of Renewable Energy

Renewable energy sources are diverse and have different types of benefits and challenges. Wind,
solar, and ocean energy are plentiful and carry no fuel costs, although their often-higher capital
costs can make financing difficult, especially if their energy output is variable or otherwise not
dispatchable. Conventional geothermal, biomass, and hydroelectric energy also enjoy no fuel
costs and are dispatchable, although the resource base is more limited and location specific. Most
renewable energy sources have far fewer greenhouse gas emissions associated with their full life
cycle compared to coal and petroleum (Figure 4) and, because they are often available
domestically, can help improve aspects of energy security by offsetting reliance on imported
fuels.4z A growing body of work has been dedicated to understanding the challenges and costs of
increasing integration of renewable energy into the existing energy infrastructure; these studies
often conclude that challenges and costs are manageable up to certain levels of renewable
penetration but may require changes in operation to traditional business and regulator practices.*3
Finally, most types of renewable energy have fewer conventional pollutants than traditional
fossil fuels and generally require less consumable water to operate.44

2.2.2 Renewable Energy Market Activity and Drivers

Hydropower, the largest single source of renewable energy in the United States, has seen
relatively stagnant growth since the 1970s, but wind, biofuels, and solar have grown rapidly over
the past five years. Today, renewable energy exceeds nuclear in the U.S. energy supply

(Figure 5).

Wind power and ethanol biofuels began growing rapidly in the early 2000s due to high oil and
natural gas prices, technological advancements, deployment mandates (i.e., renewable portfolio
standards), and fiscal incentives. When fossil fuel prices declined due to the global recession,
wind, solar, and other forms of renewable energy continued to see strong growth due to
incentives offered in the American Recovery and Reinvestment Act of 2009, traditional tax
credits, and state-based renewable energy standards (also known as renewable portfolio
standards, or RPSs). Some of the Recovery Act incentives have now expired and the future for
renewable energy in general looks more challenging given the low growth in demand for
electricity and potentially reduced tax incentives. In addition, low prices for natural gas can make
it difficult for renewable energy project developers to sign power purchase agreements, often
necessary for financing, and could force many sources of renewable energy to the sidelines until
natural gas prices rise.
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Figure 5. Renewable energy as share of total primary energy consumption in 2011 (left) and
growth of renewable energy consumption, 1950-2011 (right)“°

In the transportation sector, corn-based ethanol has been the fastest growing source of renewable
energy over the past decade. Ethanol production has grown by more than seven-fold to 14 billion
gallons in 2011, about 8% of the total U.S. highway vehicle fuel.47 Ethanol use has been
promoted by a combination of mandates and incentives, and now accounts for about 2% of
primary U.S. energy supply. Without further developments in non-corn-based ethanol
production, continued growth in domestic ethanol supply may be limited; production in 2012 has
already declined due to the drought affecting many corn-growing regions of the United States.48

In the electric power sector wind has dominated other forms of renewable energy to date in terms
of growth in generation and capacity installed. Solar PV, in particular, has been growing very
rapidly even if it has started from a much smaller base. After nearly 2 GW of installed solar
capacity in 2011, the United States could cross the 3 GW level in 2012.49 State-level RPSs will
continue to incent deployment of some renewable energy going forward, although many states
are currently ahead of their deployment schedules and some are even debating scaling back their
targets.>0

2.2.3 Renewable Energy Costs

Many sources of renewable energy are still more expensive than non-renewable options,
although full economic costs, values, and risks are often not represented in market prices across
all energy production sectors. Some renewable energy costs are changing rapidly, while others
are relatively stagnant. Over the past two decades, wind turbine costs have fluctuated
considerably.5! Perhaps more widely noted, solar PV module costs have declined by a reported
75% over the past four years,52 making them increasingly competitive with the cost of average
retail electricity service in different regions of the world. Figure 6 summarizes different levelized
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costs of energy service for renewable and non-renewable energy options. How these price
dynamics change in the future will be influenced by many variables, an increasing number of
which may be beyond the direct control of U.S. decision makers.
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