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December 12, 2019

The Honorable Dan R. Brouillette 
Secretary of Energy 
Washington, DC 20589

Dear Mr. Secretary,

	 In response to Secretary Perry’s September 21, 2017 request, the National Petroleum 
Council conducted a comprehensive study analyzing the changing dynamics of U.S. oil and 
natural gas transportation infrastructure.  The U.S. energy landscape has undergone dramatic 
changes in the past decade.  Of particular note—the United States has recently become the 
largest oil and natural gas producing country in the world and since 2008 the United States 
has transitioned from net importing the majority of the petroleum it consumes to rapidly 
approaching self-sufficiency, and from being a net importer of natural gas to a net exporter.  
America’s vast energy resources and infrastructure to deliver them to market are vital to the 
nation’s energy security.  In 2015, U.S. oil and natural gas operations and capital investments 
directly and indirectly generated $1.3 trillion of value added to the national economy, ac-
counting for 7.6% of U.S. gross domestic product and 10.3 million American jobs. 

	 The Council found that even in energy scenarios designed to meet climate change 
targets, the largest energy sources will continue to be oil and natural gas through at least 
2040.  The nation faces the dual challenge of providing affordable energy to support economic 
growth and human prosperity while addressing the environmental effects of that develop-
ment, including the risks of climate change.  The United States has a vast oil and natural gas 
infrastructure network, but existing infrastructure has been modified and adapted to near 
maximum capacity.  To connect America’s abundant energy supplies with domestic and glob-
al demand, significant public and private investment in new and existing pipelines, ports, rail 
facilities, and inland waterways will be essential. 

	 The permitting and construction of numerous energy infrastructure projects have 
been challenged, delayed, or stopped as a result of litigation by stakeholders concerned about 
climate change and the associated policy debate.  The public’s concern about climate change 
is a serious issue that must be addressed and litigation of individual projects to address 
climate concerns is an ineffective approach.  The Council makes several recommendations 
to overcome these challenges, including clarifying greenhouse gas assessments under the 
National Environmental Policy Act and enacting a comprehensive national policy to reduce 
greenhouse gas emissions.

	 The Council found that several critical infrastructure bottlenecks exist, such as natu-
ral gas pipeline access to New England/New York, channel capacity in the port of Houston, 
and insufficient oil and natural gas export capability.  Congress should fully appropriate the 
revenue coming into the Harbor Maintenance Trust Fund and ensure those funds are used to 
properly maintain waterways. 



	 Overlapping and duplicative regulatory requirements, inconsistencies across multiple 
federal and state agencies, and unnecessarily lengthy administrative procedures have created 
a complex and unpredictable permitting process.  While there have been bipartisan actions 
by Congress and the Executive Branch to expedite the permitting process, more improve-
ments are necessary.  The Council recommends that states be incentivized to participate in 
permitting reform efforts and adopt a single point of contact for permit coordination.  Indus-
try should collaborate with state organizations to develop a master model structure for state 
permitting.  The Council also makes several recommendations for the U.S. Army Corps of 
Engineers, including recommendations to provide procedural consistency among nationwide 
permit programs, improve the efficiency of the Corps’ regulatory process, and create consis-
tent approaches to permit interpretation among the Corps’ field offices.  

	 The Council also found that crude oil, petroleum products, and natural gas moved 
by the nation’s infrastructure reach their destinations with a high degree of safety, resiliency, 
and environmental performance.  Advancements in new technologies have been an impor-
tant contributor to this performance.  The Council found that cyber threats to energy infra-
structure control systems are increasing and security protections are being challenged due to 
increasing connectivity and growing malicious cyber activity. 

	 The Council makes recommendations to address these issues in the following areas:
•	 Increase the efficiency, effectiveness, and predictability of permitting processes for 

siting, construction, operation, and maintenance of infrastructure projects
•	 Enhance recent regulatory reform efforts
•	 Improve stakeholder engagement
•	 Promote economic development of oil and natural gas resources to provide soci-

etal benefits
•	 Promote more rapid development and implementation of technology to increase 

transportation safety and integrity
•	 Demonstrate excellent industry safety and environmental performance.

	 The attached report, Dynamic Delivery – America’s Evolving Oil and Natural Gas Trans-
portation Infrastructure, provides additional detail and recommendations.  The Council looks 
forward to sharing this study with you, your colleagues, and broader government and public 
audiences.

		  Respectfully submitted, 

		  Greg L. Armstrong, Chair  
		  National Petroleum Council 
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STUDY REQUEST AND OBJECTIVES

By letter dated September 21, 2017, Secretary 
of Energy Rick Perry requested that the National 
Petroleum Council conduct a study analyzing the 
changing dynamics of U.S. oil and natural gas 
transportation infrastructure.  This request was 
referred to the Agenda Committee for review and 
recommendation as to whether the study should 
be undertaken by the Council.  The Agenda Com-
mittee recommended, and the Council agreed to 
undertake, a study on U.S. Oil and Natural Gas 
Transportation Infrastructure. 

In the Transportation Infrastructure study 
request, Secretary Perry asked the Council to 
conduct a study that would explain the extent 
of the transportation infrastructure today and 
the United States’ infrastructure needs under 
varying demand assumptions.  The study should 
include a review of any constraints to growing 
domestic oil and natural gas production caused 
by infrastructure limitations that reduce domes-
tic demand or energy exports.  In addition, the 
study should evaluate technology and policy 
options for improving infrastructure siting and 
related permitting processes, which in turn could 
improve safety, environmental performance, and 
resilience of the system.

The Secretary posed the following questions to 
consider in the study: 

	y What are the important changes in future sup-
ply and demand patterns, and what transporta-
tion infrastructure improvements are required 
to leverage the regional and national opportu-
nities offered by these changes?

NATIONAL PETROLEUM COUNCIL

The National Petroleum Council (NPC) is an 
organization whose sole purpose is to pro-
vide advice to the federal government.  At 

President Truman’s request, this federally char-
tered and privately funded advisory group was 
established by the Secretary of the Interior in 
1946 to represent the oil and natural gas indus-
try’s views to the federal government: advising, 
informing, and recommending policy options.  
During World War II, under President Frank-
lin Roosevelt, the federal government and the 
Petroleum Industry War Council worked closely 
together to mobilize supplies that fueled the 
Allied victory.  President Truman’s goal was to 
continue the successful cooperation in the uncer-
tain postwar years.  Today, the NPC is chartered 
by the Secretary of Energy under the Federal 
Advisory Committee Act of 1972, and the views 
represented are considerably broader than those 
of the oil and natural gas industry.

Council members, about 200 in number, are 
appointed by the Energy Secretary to assure 
well-balanced representation from all segments 
of the oil and natural gas industry, from all sec-
tions of the country, and from large and small 
companies.  Members are also appointed from 
outside the oil and natural gas industry, repre-
senting related interests such as states, Native 
American nations, and academic, financial, 
research, and public interest organizations and 
institutions.  The Council provides a forum for 
informed dialogue on issues involving energy, 
security, the economy, and the environment of 
an ever-changing world.

PREFACE
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ticipated in outreach sessions and workshops. 
While all have relevant expertise for the study, 
approximately 44% do not work for oil and natu-
ral gas companies or within the oil and natural 
gas value chain.  This broad support and input 
into the study process is a critical component of 
the study.  Appendix B in the full report contains 
rosters of the study groups, and Figure P-2 depicts 
the diversity of participation in the study process.  
In addition to these study group participants, 
many more individuals representing communi-
ties such as Native American tribes, environmen-
tal groups, conservation groups, and agriculture 
representatives were involved through outreach 
activities.  These efforts were an integral part of 
the study, with the goal of informing and seeking 
input from a range of interested parties.

Study group and outreach participants con-
tributed in a variety of ways, ranging from full-
time work in multiple study areas, to involve-
ment on a specific topic, to reviewing proposed 
materials, or to participating solely in an out-
reach session. Involvement in these activities 
should not be construed as a participant’s or 
their organization’s endorsement or agreement 
with all statements, findings, or recommenda-
tions in this report.  Additionally, while U.S. 
government participants provided significant 
assistance in the identification and compilation 
of data and other information, they did not take 
positions on the study’s recommendations.  As 
a federally appointed and chartered advisory 
committee, the NPC is solely responsible for the 
final advice provided to the Secretary of Energy.  
However, the Council believes that the broad and 
diverse study group and outreach participation 
has informed and enhanced its study and advice.  
The Council is truly appreciative of the commit-
ment and contributions from all who partici-
pated in the process.

STUDY SCOPE

At the outset of the study in early 2018, the 
study leadership formed the core of the Coor-
dinating Subcommittee to develop a proposed 
work plan for the study that would define the 
study scope, organization, and timetable.  This 
step was to guide the study process and to 
ensure that the study plan was aligned with and 

	y What advances in technology could improve 
the U.S. oil and natural gas transportation sys-
tem, in terms of safety, reliability, efficiency, 
and environmental performance?  In what 
new technology areas should research be pro-
gressed?

	y How can state and federal governments lever-
age efforts to support U.S. petroleum and natu-
ral gas supply and transportation infrastruc-
ture capacity improvements?

	y Are there regulatory requirements or policies 
that may be causing unintended consequences 
on energy system resilience?  If so, what solu-
tions can accomplish the regulatory objective 
more effectively?

	y What emerging issues should policy makers be 
aware of and what actions should be consid-
ered to address these issues?

Appendix A contains a copy of the Secretary’s 
request letter and a description of the NPC.

STUDY ORGANIZATION

In response to the Secretary’s request, the 
Council established a Committee on U.S. Oil and 
Natural Gas Transportation Infrastructure to 
study this topic and to supervise the preparation 
of a draft report for the Council’s consideration.  
The Committee was led by a Steering Committee 
that consisted of the Committee’s Chair, Govern-
ment Cochair, and seven members representing a 
cross section of the Committee.  A Coordinating 
Subcommittee and four analytical Task Groups 
were also established to assist the Committee in 
conducting the study.  The study organization 
and leadership are shown in Figure P-1.  These 
study groups were aided by multiple study teams 
focused on specific subject areas and supple-
mented by outreach sessions focused on impor-
tant stakeholder groups. 

The members of the various groups were drawn 
from NPC members’ organizations as well as from 
many other industries, state and federal govern-
ment agencies, Native American tribes, nongov-
ernmental organizations (NGOs), other public 
interest groups, consultancies, and academia.  
More than 300 people served on the study’s Com-
mittee, Subcommittee, and Task Groups or par-
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The study plan was organized around four key 
areas:

1.	 The changes to supply and demand with the 
energy markets and how traditional U.S. en-
ergy flows have changed with shale develop-
ment.

2.	 The state of the U.S. oil and natural gas in-
frastructure today, including associated as-
sets such as refineries, liquefied natural gas 
terminals, and storage.  This section includes 
analysis of energy delivery challenges and 

designed to meet the Secretary’s request.  This 
initial work plan formed the base for the study 
and helped identify the specific expertise and 
representation on the Coordinating Subcommit-
tee and Task Groups.  The work plan identified 
the fourth quarter 2019 as the time frame for 
completing the study.

The objective of the study is to provide the 
Secretary of Energy with the Council’s per-
spective on the present and future state of oil 
and natural gas transportation infrastructure. 

NATIONAL PETROLEUM COUNCIL
(NPC)

NPC STUDY COMMITTEE
(must be NPC members)

COORDINATING
SUBCOMMITTEE

(not restricted to NPC
members’ organizations)

TA
SK

 G
R

O
U

PS

INFRASTRUCTURE
RESILIENCY, MAPPING, 

AND ANALYSIS

PERMITTING, SITING,
AND SOCIAL LICENSE

TO OPERATE

CHAIR – ALAN ARMSTRONG, WILLIAMS
GOVERNMENT COCHAIR – DAN BROUILLETTE, DOE
STUDY COMMITTEE MEMBERS – SEE APPENDIX B IN FULL REPORT
SECRETARY – MARSHALL NICHOLS, NPC

CHAIR – AMY SHANK, WILLIAMS
GOVERNMENT COCHAIR – SHAWN BENNETT, DOE
ASSISTANT CHAIR – KRISTEN DREW, WILLIAMS 
ASSISTANT GOVERNMENT COCHAIR – CHRISTOPHER FREITAS, DOE
COORDINATING SUBCOMMITTEE MEMBERS – SEE APPENDIX B
SECRETARY – JIM SLUTZ, NPC

GREG GARLAND – PHILLIPS 66
RUSS GIRLING – TC ENERGY

STEERING COMMITTEE
CHRISTI CRADDICK – RAILROAD COMMISSION OF TEXAS

RYAN LANCE – CONOCOPHILLIPS
AL MONACO – ENBRIDGE
RICHARD NEWELL – RESOURCES FOR THE FUTURE
MIKE WIRTH – CHEVRON 

CHAIR:
PAUL McNUTT,

CONOCOPHILLIPS

GOVERNMENT COCHAIR:
KEN VINCENT, DOE 

CHAIRS: LYDIA JOHNSON
AND BROOKE HARRIS,

EXXONMOBIL;
RICH CAIN, CHEVRON

GOVERNMENT COCHAIR:
DOUG MACINTYRE, DOE

CHAIRS: 
MARK GEBBIA, WILLIAMS

AND MARIA DUNN,
PHILLIPS 66

GOVERNMENT COCHAIR:
CHRISTOPHER FREITAS, DOE

CHAIRS: JAY CHURCHILL
AND DOUG SAUER,

PHILLIPS 66

GOVERNMENT COCHAIRS:
JARED CIFERNO, NETL

AND ERIC SMISTAD, DOE

SUPPLY AND DEMAND TECHNOLOGY ADVANCES
AND DEPLOYMENT

Artist _______   Date _______   AC _______   BA _______   MAG _______

Figure P-1. Infrastructure Study Organization and Leadership

INFRA

Figure P-1. Infrastructure Study Organization
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future.  The second component, infrastructure 
resiliency, mapping, and analysis, provides the 
historical and present oil and natural gas infra-
structure system.  This report component also 
evaluates current and developing infrastructure 
constraints and challenges, as well as develop-
ing methodology to appreciate the value of the 
existing oil and natural gas transportation infra-
structure to the individuals and to the economy 
as a whole.  The third component, permitting, 
siting, and community engagement, is the most 
complicated portion of the study.  This section 
undertakes three primary areas: understanding 
the regulatory processes, analyzing key issues 
underlying public concerns and opposition, and 
finally, identifying opportunities to improve the 
regulatory processes.  The fourth component 
of the report looks at technology advancement 
and deployment across the oil and natural gas 
transportation infrastructure value chain with 
a focus on technology that improves safety or 
environmental performance. In addition, this 
section reviews the key technology challenges 
around cybersecurity, focusing on the interface 
with operating systems technology.  Figure P-3 
provides a high-level overview of the scope of 

constraints caused by current or insufficient 
future physical infrastructure.

3.	 The role government and regulatory agencies 
play in permitting, and identifying changes 
needed to create a predictable and efficient 
regulatory environment.  This  includes the 
challenges to permitting and siting, the effi-
ciency of the National Environmental Policy 
Act (NEPA) evaluation process, and the pro-
cess for replacing aging infrastructure as well 
as the challenges to modernization.  Public 
and stakeholder engagement is a critical com-
ponent of the permitting process and is ad-
dressed.

4.	 The impacts of emerging and future technolo-
gies and which nascent technologies merit 
additional research and development invest-
ment.

The first component of the report addresses 
the supply and demand outlook, including the 
evaluation of lower carbon future energy sce-
narios.  These outlooks are the basis of demon-
strating the continuing need for oil and natural 
gas in the U.S. energy mix for the foreseeable 

Figure P-2.  Infrastructure Study Participation

Artist _______   Date _______   AC _______   BA _______

Figure P-2.  Infrastructure Study Participation

INFRA
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	y Front-end alignment of team leads on scope, 
resources, and schedule

	y Identification and involvement of a broad and 
diverse set of interests to participate in the 
study, starting with the leadership

	y Consensus built among study participants

	y Principle of analysis, discussion, and then rec-
ommendations in order to build consensus on 
the facts

	y Comprehensive communication of the report’s 
assumptions and conclusions via tailored pre-
sentations delivered to multiple interested 
parties.

REPORT STRUCTURE

In the interest of transparency and to help 
readers better understand this study, the NPC is 
making the study results and many of the docu-
ments developed by the study groups available 
to all interested parties.  To provide interested 
parties with the ability to review this report and 
supporting information in different levels of 

work and the task groups, organized to provide 
the detailed analysis. 

STUDY APPROACH

The study was conducted with a fundamental 
expectation that all parties would fully comply 
with regulations and laws that cover a project of 
this type.  Every effort was made to conform to 
all antitrust laws and provisions as well as the 
Federal Advisory Committee Act.  As part of this 
compliance effort, this study did not include 
evaluations of commodity prices.  In addition, 
processes were put in place to ensure that any 
information on various industry outlooks, pro-
jections, and specific data (including geospatial 
attributes) were handled to protect any propri-
etary information between competitors.

Based on lessons learned from recent Coun-
cil studies, the following principles were used to 
guide the study process:

	y Well-defined study scope and execution plan, 
understood by all participants

Artist _______   Date _______   AC _______   BA _______

Figure P-3. Overview of Study Scope

INFRA

Secretary’s Request:
• How are the dynamics of U.S. oil and natural gas
 transportation infrastructure changing
• How can federal and state governments leverage
 efforts to support U.S. petroleum and natural gas
 supply and transportation infrastructure capacity
 improvements
• What are the constraints to energy production growth
• What are the policy recommendations for the future
• What technology developments and future
 opportunities are emerging

Approach:  For Each Task Group…
• Frame key questions and background context
• Describe current framework
• Offer recommendations to address key questions

Study Task Summary:
Analyze the changing dynamics and future needs of oil, natural gas, and NGL transportation infrastructure, 
existing and future constraints, and technology and policy options to improve siting and permitting, which can 
improve safety, environmental performance, and resiliency.

Task Groups

Supply and Demand

Infrastructure Resiliency, 
Mapping, and Analysis

Permitting, Siting, and
Social License to Operate

Technology Advances and
Deployment

Figure P-3. Overview of Study Scope
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group membership, and a list of topic papers.  
This section also contains a list of acronyms 
and abbreviations used in the report.

	y Topic Papers provide a final level of detail for 
the reader.  These papers, developed or used by 
the study’s various task groups, are included 
on the NPC website.  These papers may include 
greater detail and background information than 
was useful to include in the study report or that 
helped the study team with specific analyses. 
A list of the topic papers appears at the end of 
this report.

The Council believes that these materials will 
be of interest to the readers of the report and 
will help them better understand the results.  
The members of the NPC were not asked to 
endorse or approve all of the statements and 
conclusions contained in the topic papers but, 
rather, to approve the publication of these 
materials as part of the study process.  The topic 
papers were reviewed by study participants but 
are essentially stand-alone analyses.  As such, 
statements and suggested findings that appear 
in these topic papers are not endorsed by the 
NPC unless they were incorporated into the 
Full Report. 

The Executive Summary, Report Chapters, 
Appendices, and Topic Papers may be individu-
ally downloaded from the NPC report website at 
dynamicdelivery.npc.org.  The public is welcome 
and encouraged to visit the site to download the 
entire report or individual sections for free.  Also, 
printed copies of the report can be purchased 
from the NPC.

detail, the report is organized in multiple layers 
as follows:

	y Executive Summary is the first layer and pro-
vides a broad overview of the study’s principle 
findings and resulting recommendations.  It 
describes future U.S. oil and natural gas needs 
and the growing domestic supply to meet that 
demand and for export.  The report looks at the 
oil and natural gas transportation infrastruc-
ture and how that infrastructure has evolved 
over time.  The report describes the regulatory 
and public interest issues that have impacted 
time frames for permitting and siting new proj-
ects.  Finally, the report reviews technological 
innovations that can improve safety and reli-
ability, as well as reduce the environmental 
impact of oil and natural gas transportation 
infrastructure.

	y Report Chapters provide more detailed discus-
sion and additional background on the study 
analyses.  These chapters are grouped into 
four parts: Supply and Demand; Infrastructure 
Resiliency, Mapping, and Analysis; Permitting, 
Siting, and Community Engagement; and Tech-
nology Advancement and Deployment.  These 
chapters provide supporting data and analyses 
for the findings and recommendations pre-
sented in the Executive Summary.  The chap-
ters also provide additional, secondary findings 
and recommendations that were not included 
in the Executive Summary.

	y Appendices of the Full Report provide back-
ground material, such as Secretary Perry’s 
request letter, rosters of the Council and study 

¢ ¢ ¢



EXECUTIVE SUMMARY   7

Oil and natural gas are delivered via a vast 
infrastructure network in the United States.  This 
transportation infrastructure is dynamic and 
complex, uses multiple modes of transport, and 
is in a constant state of evolution.  The U.S. infra-
structure supporting oil and natural gas includes:

	y 300,000+ miles of natural gas transmission 
lines

	y 210,000+ miles of pipelines for crude oil, refined 
oil products, and natural gas liquids (NGLs)2 

	y 4,000,000+ miles of public roads

	y 135,000+ miles of freight railroads

	y 12,000+ miles of inland waterways

	y 388 active natural gas storage facilities

	y 1,499 crude oil and products terminals

	y 777 marine oil terminals

	y 5 operating liquified natural gas (LNG) export 
terminals.

One might think that with all of this infra-
structure in place, the United States does not 
need any more.  After all, gasoline demand has 
plateaued as automobile efficiency continues to 
increase.  However, the volumes of oil and natu-
ral gas consumed by Americans will continue to 
be large, even in forecasts that project the effects 
of policies to reduce greenhouse gas emissions.  
Therefore, the existing infrastructure needs to be 
maintained and expanded.  

2	 Natural gas liquids include ethane, propane, butane, and natu-
ral gasoline, and are commonly used to produce plastics and 
petrochemicals, as fuel blending components, and for space 
heating.

INTRODUCTION

Americans depend on reliable and afford-
able energy without always being aware 
of the vital role that oil and natural gas 

play in maintaining their way of life.  Assuring 
that way of life requires a resilient and growing 
energy transportation system so that energy 
can be moved from supply points and delivered 
to consumers safely.  Even scenarios designed to 
meet climate change targets estimate that this 
will be the case for decades to come.  

Americans expect readily available gasoline 
at their local gas station, continuously available 
electricity, and reliable natural gas, heating oil, 
and propane for heating and cooking.  American 
businesses and industry also depend upon reli-
able and affordable supplies of oil and natural gas 
in the form of fuels, feedstocks, petrochemicals, 
and electricity to produce and deliver the goods 
and services that Americans depend upon every 
day.  Oil and natural gas are essential building 
blocks for scores of manufactured goods such 
as plastics, packaging, textiles, paint, fertilizer, 
and even solar panels and lightweight electric 
automobile components.  The scale of the oil and 
natural gas industry is illustrated by its contribu-
tion to the U.S. economy.  In 2015, U.S. oil and 
natural gas operations and capital investments 
directly and indirectly generated $1.3 trillion of 
value added to the national economy, account-
ing for 7.6% of U.S. gross domestic product and 
10.3 million American jobs.1

1	 PriceWaterhouseCoopers, “Impacts of the Oil and Natural Gas 
Industry on the US Economy in 2015,” July 2017, https://www.
api.org/news-policy-and-issues/american-jobs/economic-
impacts-of-oil-and-natural-gas.  

EXECUTIVE 
SUMMARY
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to the preservation of culture and history.  The 
resulting framework of regulations is comprehen-
sive and complex.  The challenge for companies is 
to maintain, modify, and expand infrastructure 
in a way that balances all priorities: job creation, 
economic development, reliable and afford-
able energy supplies, environmental protection, 
national security, and other social priorities.  

The vast majority of energy infrastructure 
projects are completed successfully.3  However, 
there are rising levels of opposition to permitting 
and siting of new and modified infrastructure.  
The concerns driving this opposition range from 
worries about leaks and spills of hydrocarbons 
from accidents, to concerns about the disruption 
and environmental impacts caused by construc-
tion, to the government’s power to seize land 
using eminent domain, to concerns about climate 
change or doubts about the need for new supply 
of hydrocarbons.  Some major projects have been 
delayed or impeded, and the trend is concerning.  

 This report first reviews recent history and 
forecasts for future oil and natural gas supply and 
demand, including scenarios designed to produce 
reductions in greenhouse gas emissions.  Next, 
the report reviews the evolution of the interde-
pendent transportation system that moves crude 
oil, refined products, natural gas, and NGLs from 
supply areas to demand centers, and the need for 
future infrastructure changes and additions.  The 
report describes the processes for and challenges 
to obtaining federal and state permits to main-
tain and modify existing infrastructure and build 
new infrastructure.  Opportunities to address 
stakeholder concerns and improve the predict-
ability and timeliness of permitting are identi-
fied.  The report discusses the reliability, resil-
iency, safety, and environmental performance of 
existing infrastructure, including cybersecurity.  
Opportunities and technology developments that 
could enhance the safety and environmental per-
formance of energy transportation infrastructure 
are identified.

3	 EIA database; between 2012 and 2019, 144 liquid pipelines 
and 239 natural gas pipelines were completed (new con-
struction, reversals, conversions, and lateral pipelines).  U.S. 
Energy Information Administration, Natural Gas, Pipelines, 
https://www.eia.gov/naturalgas/data.php#pipelines (accessed 
August 23, 2019).  U.S. Energy Information Administration, 
Petroleum & Other Liquids, https://www.eia.gov/petroleum/
data.php#movement (accessed August 23, 2019).

Demands on energy infrastructure are con-
tinuously changing, requiring modifications and 
additions.  While domestic gasoline demand has 
been generally flat, jet fuel demand is projected 
to increase.  Natural gas demand is also projected 
to increase, as electricity generators rely on natu-
ral gas to replace coal and to provide backup for 
increasing supplies of intermittent wind and solar 
power.  Furthermore, supply sources of crude oil 
and natural gas have been undergoing a signifi-
cant geographic shift, requiring realignment of 
infrastructure to move these supplies to consum-
ers.  For example, Appalachia has become one of 
the top producing regions of natural gas, growing 
from almost nothing in 2009 to more than 30% 
of U.S. production in 2018.  The Permian Basin 
in west Texas and southeast New Mexico has dis-
placed the Gulf of Mexico as the top crude oil pro-
ducing region, and the Eagle Ford in south Texas 
grew from producing nearly nothing in 2005 to 
16% of U.S. production in 2018.  Abundant supply 
of domestic natural gas has supported announce-
ment of 334 petrochemical projects since 2010.

The United States has recently become the larg-
est oil and natural gas producing country in the 
world, providing benefits to the domestic econ-
omy and enhanced domestic and global energy 
security.  As the September 2019 attacks on Saudi 
Arabia demonstrated, the ability of the United 
States to reduce oil imports and withstand OPEC 
production cuts protected the U.S. economy from 
what could have been a major oil price shock.  
Additionally, export of growing excess capac-
ity can further benefit the U.S. economy.  More 
than 13 million barrels per day (MMB/D) of new 
crude oil export capacity and 16 billion cubic feet 
per day (BCF/D) of new LNG export capacity have 
recently been announced.  For these exports and 
projects to come to fruition, new transportation 
infrastructure in the form of pipelines, deepened 
waterways and ports, and export facilities must 
progress.  All of this activity stands to benefit the 
country through job growth and investment in 
local communities.

The U.S. Congress and individual states have 
passed numerous laws to ensure that oil and nat-
ural gas are delivered safely, with protections for 
other societal priorities, from the assurance of 
clean air and water, to the protection of species, 



EXECUTIVE SUMMARY   9

7.	 It is becoming increasingly challenging to 
keep pace with hiring and developing a well-
qualified workforce to build and maintain 
existing and future infrastructure.  A skilled 
labor shortage exists in the United States and 
will continue to grow as the current workforce 
continues to retire.

8.	 An interdependent infrastructure system of 
pipelines, truck, rail, and marine transport 
working together with storage ensures the 
delivery of reliable and affordable energy.  

9.	 Overlapping and duplicative regulatory re-
quirements, inconsistencies across multiple 
federal and state agencies, and unnecessarily 
lengthy administrative procedures have cre-
ated a complex and unpredictable permitting 
process.  

10.	Bipartisan actions by Congress and the Ex-
ecutive Branch, including mechanisms to ex-
pedite the permitting process for large infra-
structure projects, represent positive steps; 
however, further improvements are necessary.  

11.	Successful infrastructure projects depend 
upon early, effective, and continuous stake-
holder engagement and collaboration.  

12.	The nation faces the dual challenge of pro-
viding affordable energy to support economic 
growth and human prosperity while address-
ing the environmental effects including the 
risks of climate change.  Industry shares the 
public’s concerns that climate change is a se-
rious issue that must be addressed.  Litigation 
of individual projects to address climate con-
cerns is an ineffective approach.

13.	The permitting and construction of numer-
ous energy infrastructure projects have been 
challenged, delayed, or stopped as a result of 
litigation by stakeholders concerned about 
climate change and the associated policy 
debate.  

14.	Crude oil, petroleum products, and natu-
ral gas moved by the nation’s infrastructure 
reach their destinations with a high degree 
of safety, resiliency, and environmental per-
formance.  However, incidents have occurred, 
and oil and natural gas companies are com-
mitted to continuous improvement.

This study concludes that oil and natural gas 
will continue to be needed, even in scenarios 
designed to produce reductions in greenhouse 
gas emissions.  The United States needs to both 
maintain existing energy infrastructure and build 
new infrastructure to adapt to changing needs.  
The individual chapters that follow this Execu-
tive Summary provide greater detail.  Additional 
detail can be found in the topic papers on the 
National Petroleum Council website (at dynamic-
delivery.npc.org) and a list of those topic papers 
can be found in Appendix C in the full report.  

KEY FINDINGS OF THIS STUDY 
1.	 The United States has become the largest 

producer of both oil and natural gas in the 
world, which has provided the nation with 
increased employment and economic growth, 
reduced energy imports, and reduced green-
house gas emissions.  Increased natural gas 
use replacing coal to generate electricity has 
been the single largest contributor to reduc-
ing U.S. carbon dioxide (CO2) emissions by 
15% since 2005.  

2.	 Even in energy scenarios designed to meet 
climate change targets, the largest energy 
sources continue to be oil and natural gas 
through at least 2040 to provide reliable and 
affordable energy.

3.	 The benefits of the unprecedented increase in 
oil and natural gas production could not have 
come about without the significant expansion 
and adaptation of transportation infrastruc-
ture capacity.

4.	 The U.S. economy can benefit even further 
from increased export of oil and natural gas.

5.	 Existing infrastructure has been modified 
and adapted to near-maximum capacity.  To 
connect America’s abundant energy supplies 
with domestic and global demand, significant 
public and private investment in new and ex-
isting pipelines, ports, rail facilities, and in-
land waterways will be essential.

6.	 Several critical infrastructure bottlenecks 
exist:  natural gas pipeline access to New 
England/New York, Port of Houston chan-
nel capacity, and oil and natural gas export 
capability.  
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Increased natural gas use replacing coal 
to generate electricity has been the sin-
gle largest contributor to reducing U.S. 
carbon dioxide (CO2) emissions by 15% 
since 2005.

Crude Oil Production

Recent growth in U.S. crude oil production has 
been extraordinary.  Until 1974, the United States 
was the world’s largest producer of crude oil.  But 
in 1974, as Russia’s crude oil production increased 
and U.S. production declined, Russian production 
surpassed U.S. production.  U.S. production con-
tinued to decline, hitting a 62-year low in 2008.  
Since then, hydraulic fracturing and directional 
drilling technology have enabled U.S. oil produc-
tion to more than double, gaining 5.9 MMB/D by 
2018.  This increase represents an economic gain 
for the United States of $130 billion per year at $60 
per barrel of crude oil.  In late 2018, the United 
States once again became the largest crude oil 
producer in the world, as shown in Figure ES-1.  

15.	Advancements in new technologies have been 
an important contributor to industry’s safety, 
reliability, and environmental performance.  
Overcoming challenges and barriers to new 
technology development and deployment 
would accelerate these improvements.

16.	Cyber threats to energy infrastructure control 
systems are increasing, and security protec-
tions are being challenged due to increasing 
connectivity and growing malicious cyber ac-
tivity.  

U.S. OIL AND NATURAL GAS 
PRODUCTION

Key Finding 1

The United States has become the largest 
producer of both oil and natural gas in 
the world, which has provided the nation 
with increased employment and eco-
nomic growth, reduced energy imports, 
and reduced greenhouse gas emissions. 

Figure ES-1.  Crude Oil Production from 1970 to 2019 for the United States,  
Russia, and Saudi Arabia
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Figure ES-1. Crude Oil Production from 1970 to 2018 for the United States, Russia, and Saudi Arabia
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forecast or outlook’s assumptions is included in 
Chapter 1, “Supply and Demand.”

Projections examined for domestic crude oil 
production through 2040 range from a high of 
nearly 20 MMB/D to a low of 7.1 MMB/D, as shown 
in Figure ES-2.  Most forecasts examined by this 
study show increasing production through the 
mid-2020s, followed by generally flat to slightly 
declining production.

Growing world demand, as projected by several 
scenarios and discussed in a following section, 
will support continued growth in production as 
U.S. exports play an increasingly important role 
in satisfying world energy demand.

Natural Gas Production

Natural gas production began an upward climb 
in 2006, aided by technology that unlocked 
production from tight and shale formations.4  

4	 Tight formations are ones that have low permeability, such that 
oil or gas will not easily flow without some form of stimulation, 
such as hydraulic fracturing.  Shale is a specific type of rock that 
generally has low permeability.  

Future Oil Production

This study examined a wide range of forecasts 
for potential future U.S. oil production, includ-
ing scenarios assuming existing policies and 
technologies and scenarios assuming substan-
tial future changes.  Terms such as “forecast” 
or “outlook” are used throughout this report to 
describe estimates of possible energy futures.  
They do not imply any specific probability or 
likelihood of outcome.  All forecasts or outlooks 
make assumptions about future uncertainties.  
These assumptions may be calibrated to exist-
ing policies or to potential new policies, technol-
ogy developments, or geopolitical changes.  The 
assumptions may be outcome-agnostic, or they 
may be made to drive the forecast or outlook to 
a particular outcome.  For example, the Interna-
tional Energy Agency’s (IEA) Sustainable Devel-
opment Scenario makes assumptions to reduce 
greenhouse gas emissions consistent with limit-
ing global warming to 1.5ºC to 2ºC.  Forecasts 
are useful to provide a perspective on future pos-
sibilities, but their underlying assumptions must 
be considered.  A detailed discussion of each 

Figure ES-2.  U.S. Crude Oil Production Forecasts to 2040
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Figure ES-2.  Outlooks for U.S. Crude Oil Production to 2040

 Also used as Figure 1-5

M
IL

LI
O

N
 B

A
R

R
E

LS
 P

E
R

 D
A

Y

Sources:  EIA Annual Energy Outlook 2019, Rystad Energy, IHS Markit, BP, OPEC, and Wood Mackenzie.
 * OPEC outlook released in 2018. Other outlooks from 2019. ** BP Energy Outlook, 2019, Evolving Transitions scenario.

HISTORY

0

5

10

15

20

2000 2005 2010 2015 2020
YEAR

2025 2030 2035 2040

EIA REFERENCE CASE 
EIA HIGH TECH & RESOURCE
EIA LOW TECH & RESOURCE 

IHS MARKIT RIVALRY 
IHS MARKIT AUTONOMY

RYSTAD BASE CASE 
RYSTAD LOW CASE 

WOOD MACKENZIE

BP** 
OPEC*



12   DYNAMIC DELIVERY

Value of the U.S. Oil and Natural Gas 
Industry

Infrastructure is a critical component of effi-
cient production and delivery of affordable, 
reliable energy to businesses and consumers, 
unlocking the enormous value of the energy 
sector for the U.S. economy.  The U.S. oil and 
natural gas industry’s operations directly or 
indirectly generated $1.1 trillion of value in the 
national economy in 2015, and its capital invest-
ment added an additional $220 billion.  Com-
bining both operational and capital investment 
impacts, the industry’s total value added at the 
national level was $1.3 trillion, accounting for 
7.6% of U.S. GDP in 2015.  The U.S. oil and natu-
ral gas industry’s economic impact reaches all 50 
states and the District of Columbia.6

The U.S. oil and natural gas industry’s total 
employment in 2015, combining operations and 
capital investment, amounted to 10.3 million 

6	 American Petroleum Institute, “State of American Energy 
2019,” https://powerpastimpossible.org/state-of-american-
energy/.

Growth in natural gas supply has been propelled 
by development in Appalachia—the Marcellus 
and Utica formations in Pennsylvania, West Vir-
ginia, and Ohio—and from increased associated 
natural gas production5 in the Bakken, Eagle 
Ford, and Permian Basin formations in North 
Dakota, Texas, and New Mexico.  In 2012, the 
United States became the largest natural gas 
producer in the world, overtaking Russia, as 
shown in Figure ES-3.

Future Natural Gas Production

Forecasts generally project increasing U.S. 
natural gas production, as shown in Figure ES-4.  
Much of the projected growth is in the Appala-
chian Basin, where some forecasts project pro-
duction to double from 2018 to 2040.  Production 
in the Permian Basin is also expected to grow 
substantially through about 2030; after that, 
forecasts of Permian Basin production tend to 
level off.  

5	 Associated natural gas is natural gas that is produced with 
crude oil.  

Figure ES-3.  Top Three Natural Gas Producing Countries

Artist _______   Date _______   AC _______   BA _______

Figure ES-3. Top Three Natural Gas Producing Countries

Also used as Figure 1-3 
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oil and natural gas production over the past 
decade:

	y Increased supplies of low-cost natural gas 
enabled average retail electricity prices to grow 
at only about 8% from 2008 to 2018, a signifi-
cant reduction from the 40+% increase over the 
prior decade.

	y Consumers have benefited from a 15+% decline 
in motor gasoline prices.  

	y Energy expenditures as a share of GDP have 
fallen from about 10% to 6 to 8%.  

	y These consumer impacts have resulted in an 
average reduction in household energy cost of 
$800 to $2,500 per year.  

The expansion in the U.S. energy supply and 
its associated infrastructure has also benefited 
the economy in the form of direct and indirect 
employment and increased expenditures from 

full-time and part-time jobs and accounted for 
5.6% of total U.S. employment.  In 2015, the 
oil and natural gas industry directly provided 
2.8 million jobs for American workers, paid 
$290 billion in wages, salaries and fringe ben-
efits, and proprietors’ income, and it generated 
$603 billion in GDP.

The total number of jobs directly or indirectly 
attributable to the oil and natural gas industry’s 
operations as a percentage of each state’s total 
employment in 2015 ranged from 1.3% in the 
District of Columbia to 16.6% in Oklahoma.  The 
oil and natural gas industry directly or indirectly 
supported 5% or more of the total employment in 
13 states in 2015.7 

U.S. consumers have benefited from reduced 
retail energy prices that paralleled the increased 

7	 Oklahoma, Wyoming, North Dakota, Texas, Louisiana, Alaska, 
New Mexico, West Virginia, Kansas, Colorado, Nebraska, Mon-
tana, and Mississippi.

Figure ES-4.  U.S. Natural Gas Production Forecasts to 2040
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Figure ES-4. U.S. Natural Gas Production Forecasts to 2040
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tion in 2040—the final year in many detailed 
publicly available energy forecasts.

Figure ES-5 compares the U.S. 2018 energy 
consumption by type to three energy forecasts 
for 2040: the EIA Annual Energy Outlook 2018 
(AEO) Reference Case, IEA World Energy Outlook 
2018 (WEO) New Policies Scenario (IEA NPS),10 
and IEA WEO 2018 Sustainable Development 
Scenario (IEA SDS).11

The EIA Reference Case assumes a continu-
ation of current U.S. policies.  The Reference 
Case projects U.S. energy demand in 2040 about 
the same as in 2018, with oil declining slightly 
and natural gas increasing.  The IEA NPS, which 
includes energy policies likely to stem from gov-
ernments’ announced intentions, projects oil 
declining further than EIA’s forecast and natu-
ral gas staying about the same.  The IEA SDS 
scenario forecasts a further decline in oil, near 
elimination of coal, and increasing renewables.  
Even in the SDS, natural gas and oil remain the 
first and second largest providers of U.S. energy 
in 2040.

U.S. Petroleum Liquids Demand

Most of the forecasts examined by this study 
project that total U.S. demand for petroleum 
liquids will be flat to slightly declining between 
2017 and 2040.  Forecasts that include addi-
tional policies to limit greenhouse gas emissions 
moderately reduce liquids demand.  For indi-
vidual refined transportation fuels, forecasts 
generally show flat-to-declining demand, with 
the majority of the demand decline in gasoline.  
The exception to this declining trend is jet fuel, 
which increases over the period to 2040 in many 
forecasts.  

U.S. Natural Gas Demand

Natural gas demand is generally projected to 
increase over the period as electricity generators 

10	The IEA New Policies Scenario incorporates existing energy 
policies as well as an assessment of the results likely to stem 
from implementation of announced policy intentions.

11	The IEA Sustainable Development Scenario is fully aligned with 
the Paris Agreement’s goal of holding the increase in the global 
average temperature to well below 2°C above preindustrial lev-
els and pursuing efforts to limit the temperature increase to 
1.5°C, https://www.iea.org/weo/weomodel/sds/.

ancillary industries, ranging from pipeline and 
equipment manufacturers to retail clothing and 
food.  Since 2010, 334 petrochemical projects val-
ued at $204 billion have been announced.8

Increased domestic energy production reduces 
the need for imports and supports exports, bene-
fiting the domestic economy and enhancing both 
the country and world’s energy security.  IHS 
Markit estimates that increased domestic petro-
leum production from 2007 to 2017 reduced the 
U.S. trade deficit by nearly $250 billion.

Using natural gas to generate electricity pro-
duces only about half of the greenhouse gas 
emissions as using coal.  From 2005 through 
2017, CO2 emissions from U.S. power genera-
tion declined by 28%.  An analysis by the U.S. 
Department of Energy’s (DOE’s) Energy Infor-
mation Administration (EIA) concluded that a 
substantial portion of this reduction resulted 
from switching from coal and oil to natural gas 
for power generation.9 

U.S. OIL AND NATURAL GAS DEMAND

Key Finding 2

Even in energy scenarios designed to meet 
climate change targets, the largest energy 
sources continue to be oil and natural gas 
through at least 2040 to provide reliable 
and affordable energy.

U.S. electricity production from wind and solar 
has grown nearly six-fold over the past decade.  
Fuel ethanol and biodiesel use have grown 60% 
over the same period.  Some groups and policy-
makers advocate for ending fossil fuel use within 
the next few decades.  However, wind, solar, and 
biofuels provided less than 6% of U.S. energy 
demand in 2018.  Numerous forecasts of future 
energy consumption show substantial continu-
ing growth in renewables, but these forecasts still 
project that oil and natural gas will continue to be 
the two largest sources of U.S. energy consump-

8	 American Chemistry Council, “U.S. Chemical Investment 
Linked to Shale Gas: $204 Billion and Counting,” May 2019, 
https://www.americanchemistry.com/Shale_Gas_Fact_Sheet.
aspx.

9	 Based on EIA’s “Today in Energy,” October 29, 2018.  
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rely on natural gas to replace coal and to pro-
vide backup for increasing supplies of intermit-
tent wind and solar power, with the exception 
of the IEA SDS scenario, which shows that total 
primary energy demand for natural gas declines.  
However, under the SDS, natural gas still com-
prises 32% of U.S. primary energy demand in 
2040.  Natural gas-fired generators can quickly 
ramp up and down, allowing natural gas to 
complement increasing supplies of intermit-
tent wind and solar power, assuring electrical 
grid stability and reliable supplies of electric-
ity.  More than 60% of U.S. electricity generating 
capacity installed in 2018 was fueled by natural 
gas.  In 2018, natural gas was the single largest 
domestic electricity generation source, compris-
ing 34% of total U.S. generation, as shown in 
Figure ES-6.

In the 10 years from 2007 to 2017, overall natu-
ral gas use increased by 17%.  However, methane12 
emissions from the natural gas production and 
distribution were down over the same period by 

12	Methane is the primary component of natural gas.

Figure ES-5.  U.S. Energy Consumption by Type
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Figure ES-6.  U.S. Electrical Generation Capacity 
by Fuel
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Figure ES-6. U.S. Electrical Generation Capacity by Fuel
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will be the largest growing source of energy, with 
demand growing by 41% over 2017 levels.  The 
EIA also forecasts that there will be an increasing 
need for oil, which grows by 15% and remains the 
single largest source of energy, providing 31% of 
all energy consumed in 2040.  

Even in scenarios with stringent greenhouse 
gas constraints, demand for natural gas remains 
robust.  The IEA SDS projects that total global 
energy demand will drop only slightly by 2040.  
Over this same time period, global natural gas 
demand actually increases by 11%, to replace coal 
and provide reliable backup for intermittent wind 
and solar power.  Natural gas is the single largest 
source of energy by 2040 in this scenario.

U.S. exports will play a vital role in supply-
ing oil, natural gas, and chemical feedstocks 
into this growing world demand.  U.S. exports 
will support global energy security, improve the 
balance of trade, and create economic value for 
the United States.  Growing exports will require 
continuing improvements and expansion of U.S. 
infrastructure.

about 3%.  Emissions from the natural gas trans-
portation and storage sector, the subject of this 
study, were down about 18%.  The transportation 
and storage sectors continue to focus on making 
further reductions.

Global Energy Demand

In its 2018 NPS, the IEA forecasts that the 
world will need 27% more total energy in 2040 
versus 2017, as shown in Figure ES-7.  The IEA 
projects that nearly half of this growth will come 
from oil and natural gas.  The IEA projects that 
natural gas will provide the largest amount of 
energy growth, slightly outpacing renewables, 
with oil being the third largest source of energy 
growth.  Compared to 2017 world demand, natu-
ral gas demand will grow by 43% and oil demand 
will grow by 10%.  

The IEA forecast aligns directionally with fore-
casts from the U.S. EIA, which projects in its 2017 
International Energy Outlook Reference Case that 
total world demand for energy will grow by 25% 
through 2040.  The EIA projects that natural gas 

Artist _______   Date _______   AC _______   BA _______

Figure ES-7. World Energy Demand, per the IEA New Policies Scenario

Also used as 1/2 of Fig. 1-25
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areas such as Alaska has been declining, as shown 
in Figure ES-8.  

From 2010 through 2018, crude oil transporta-
tion capacity was increased and modified with 
expansion, flow reversal, and greenfield13 proj-
ects adding more than 7 MMB/D of capacity to 
accommodate the change in historical crude oil 
flow patterns.  Most significantly, oil imports into 
the U.S. Gulf Coast and flows toward the Great 
Lakes area have reversed, with oil now flowing 
from Canada and North Dakota toward the Great 
Lakes area and on to Oklahoma and Texas, back-
ing out imports.

The exceptional rate of crude oil production 
growth in the Permian Basin of west Texas and 
southeast New Mexico has resulted in pipeline 

13	“Greenfield” refers to industrial development on land not pre-
viously used for industrial development; for example, laying a 
new pipeline along a route without existing pipeline easements.

NECESSITY OF ADEQUATE 
INFRASTRUCTURE

Key Finding 3

The benefits of the unprecedented 
increase in oil and natural gas production 
could not have come about without the 
significant expansion and adaptation of 
transportation infrastructure capacity.

Oil Production Geographic Shifts

The geography of oil production has changed 
with rising output.  Recent oil production growth 
has been led by tight oil development in the 
Permian Basin of west Texas and southeast New 
Mexico, and two new areas of major U.S. shale oil 
production—the Eagle Ford formation in south 
Texas and the Bakken formation in North Dakota.  
At the same time, production in some traditional 
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Figure ES-8. Significant Regional Crude Oil Production Volume Changes, 2005 to 2018
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less than 4 BCF/D in 2018, less than 5% of total 
U.S. production.  

These shifts have resulted in significant 
changes in domestic natural gas flows.  Prior to 
natural gas production from new shale fields, 
pipelines delivered natural gas from Texas and 
Louisiana to the Northeast.  Large produc-
tion increases in the Northeast have resulted in 
natural gas flowing south and west, supporting 
multiple new LNG export facilities on the Gulf 
Coast.  This was achieved initially by flow direc-
tion reversals and expansions of existing pipe-
lines.  The Rockies and Bakken gas typically flows 
east to the Midwest.  Permian gas flows west and 
south, also supporting Gulf Coast LNG exports.  
From 2010 through 2018, natural gas transporta-
tion projects added 23.8 BCF/D of transportation 
capacity.  These projects were a combination of 
expansions or extensions of existing pipelines, 
flow direction reversals, and new pipelines.

Crude Oil, Natural Gas, and NGL 
Takeaway Capacity Limitations

The ability to produce crude oil is frequently 
dependent on the ability to take away the natural 
gas and NGLs that are produced with crude oil.  
For example, Permian Basin takeaway capacity for 
crude oil, natural gas, or NGLs has occasionally 
been constrained, leading to situations in which 
producers may have needed to defer drilling until 
new capacity is built.  A lack of natural gas take-
away capacity led to increased flaring of natural 
gas in 2019.  Flaring waivers have allowed for tem-
porary flaring, but this may not be allowed long 
term.  If natural gas and NGL takeaway capacity 
does not develop in line with associated gas and 
liquids production, it could hinder oil production 
growth in the Permian Basin or elsewhere, such 
as the Bakken Formation.

U.S. OIL AND NATURAL GAS 
OPPORTUNITIES

Key Finding 4

The U.S. economy can benefit even fur-
ther from increased export of oil and nat-
ural gas.  

capacity additions struggling to keep up with 
production, as shown in Figure ES-9.  The blue 
area shows pipeline takeaway capacity grow-
ing, and the yellow line shows crude oil pro-
duction growth.  During 2012, 2014, 2017, and 
2018, takeaway capacity was strained, as indi-
cated by the shaded circles.  When this happens, 
demand rises for additional transportation by 
rail or truck, and some production can become 
uneconomic.  This demonstrates the importance 
of allowing infrastructure to adapt and grow as 
necessary.  

Natural Gas Production Geographic Shifts

Natural gas production geographies have also 
changed dramatically in recent years, as shown 
in Figure ES-10.  Production in the Marcellus 
and Utica formations in Pennsylvania, West Vir-
ginia, and Ohio has grown from essentially zero 
in 2009 to about 31% of total U.S. production in 
2018.  On the other hand, natural gas production 
in the Gulf of Mexico declined from 13.6 BCF/D 
in 2001, about 25% of total U.S. production, to 

Figure ES-9.  Permian Basin Crude Oil Produc-
tion and Pipeline Takeaway Capacity

Artist _______   Date _______   AC _______   BA _______

Figure ES-9. Permian Basin Crude Oil Production
and Pipeline Takeaway Capacity
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Key Finding 7

It is becoming increasingly challenging 
to keep pace with hiring and developing 
a well-qualified workforce to build and 
maintain existing and future infrastruc-
ture.  A skilled labor shortage exists in the 
United States and will continue to grow as 
the current workforce continues to retire.  

The shifting sources and increasing production 
of oil and natural gas discussed previously will 
necessitate new and modified infrastructure to 
ensure reliable and affordable delivery to custom-
ers.  Over the past decade, existing infrastructure 
has been significantly expanded, modified, and 
repurposed to meet changing needs.  However, 
oil and natural gas production in the Permian 
Basin has dramatically increased recently, and 
new takeaway capacity has struggled to keep up.  

Key Finding 5

Existing infrastructure has been modi-
fied and adapted to near-maximum 
capacity.  To connect America’s abundant 
energy supplies with domestic and global 
demand, significant public and private 
investment in new and existing pipelines, 
ports, rail facilities, and inland waterways 
will be essential.  

Key Finding 6

Several critical infrastructure bottle-
necks exist: natural gas pipeline access to 
New England/New York, Port of Houston 
channel capacity, and oil and natural gas 
export capability.

Artist _______   Date _______   AC _______   BA _______

Figure ES-10. Significant Regional Natural Gas Production Geography Shifts, 2005 to 2018
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ity, reduced trade deficits, and lower cost of sup-
ply of domestic energy.

Future supply and demand changes will require 
new greenfield pipelines, additional expansion 
of existing pipelines, and increased marine ter-
minal and waterway capacity.  Nearly 8 MMB/D 
in crude oil pipeline capacity is expected to be 
added over the next 2 to 4 years.  The EIA Refer-
ence Case forecasts a net increase of 5.6 MMB/D 
of oil exports from 2018 to 2040.  The value of 
5.6 MMB/D of oil exports would be $120 billion 
per year at $60 per barrel.  Figure ES-11 shows 
more than 13 MMB/D of new crude oil export 
projects announced for the Gulf Coast area.

The EIA forecasts modest growth in U.S. 
refining capacity of 500,000 barrels per day over 
the period to 2040.  Refinery equipment and the 
type of crude oil processed dictate the relative 
amounts of gasoline, jet fuel, and diesel pro-
duced; major new refining investment would be 
required to change these relative yields signifi-
cantly.  As a result, just maintaining supplies of 
domestically manufactured jet fuel and diesel in 
the face of declining domestic gasoline demand 

Similarly, natural gas production in Appalachia 
has grown from near zero in 2009 to more than 
30% of U.S. production; new infrastructure will 
be required to enable the substantial continued 
growth envisioned in many forecasts.

Most publicly available forecasts show U.S. 
oil demand flat to declining to 2040.  This com-
bined with increasing production means that oil 
exports are projected to increase.  The net of sup-
ply and demand for natural gas in most forecasts 
also results in projections of increased exports of 
natural gas.  Increased infrastructure will be nec-
essary to support these increased exports and the 
economic and energy security benefits that they 
can bring to the United States.

Oil Exports

The production forecasts discussed previously 
generally assume unrestricted global trade in oil 
and natural gas.  U.S. light oil, natural gas, and 
refined product supplies currently exceed domes-
tic demand.  This surplus has supported growth 
in exports, providing benefits to the United 
States, including jobs, revenue, economic activ-

Artist _______   Date _______   AC _______   BA _______

Figure ES-11. Planned New Gulf Coast Crude Oil Export Capacity Projects
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exports is about $29 billion per year at $5.00 per 
million BTUs.  

Natural gas exports can deliver not only 
increased jobs and value to the United States 
but also global greenhouse emissions reduction 
benefits.  The IEA NPS forecasts that global coal 
demand will increase by nearly 5% from 2016 
to 2040, driven primarily by a 200+% increase 
in India.  U.S. LNG exports could help stem an 
increase in global coal use for power generation, 
as power generation from natural gas typically 
results in only half the greenhouse gas emissions 
of power generation from coal.

Port and Waterway Capacity

On a national level, the U.S. port system can 
be viewed as having adequate capacity, but the 
recent oil production increase and develop-
ment of LNG export capacity has had significant 
impacts on a few key energy ports.  The Port of 
Houston is home to the largest petrochemical 
and refining complex in the United States.  Its 

will require increased exports of gasoline to 
allow the nation’s existing refinery capacity to 
operate efficiently.  If gasoline exports cannot be 
increased, refining jobs and economic value will 
be lost.

Natural Gas Exports

Natural gas is currently exported by pipeline 
to Mexico and Canada and by marine shipments 
of LNG.  Forecasts show substantial growth 
in LNG exports, principally from the U.S. Gulf 
Coast.  LNG exports will require not only addi-
tional liquefaction, terminal, storage, and water-
way capacity, but also increased pipeline capacity 
from producing fields to the new export termi-
nals.  Natural gas pipeline capacity and NGL pipe-
line capacity are expected to grow by 18 BCF/D 
and 3.5 MMB/D, respectively, over the next 2 to 4 
years.  Approved projects expected to export LNG 
are shown in Figure ES-12 and total 16 BCF/D 
capacity; another 23 BCF/D have been proposed 
to the Federal Energy Regulatory Commission 
(FERC).  The value of 16 BCF/D increased LNG 

APPROVED LNG 
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PROPOSED LNG 
TERMINALS

EXISTING LNG 
TERMINAL

FERC
MARAD/USCG

FERC
FERC PRE-FILE

Source: Hart Energy, with underlying data from FERC.

Figure ES-12. Recent and Announced LNG Export Projects

Also Figure 2-45
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increased significantly.  The skilled labor short-
age has increased the cost of new work for 63% 
of respondents, resulting in 40% of them having 
to turn down project opportunities.  

There is also a lack of skilled labor training of 
workers on the community level.16 In the absence 
of adequate supply of skilled workers in the com-
munity, projects must use transitory labor to 
meet their needs, which increases the unpre-
dictability of labor availability and limits direct 
economic benefits to the communities from job 
creation.  Skilled trades training and apprentice-
ship programs will not only help build a skilled 
workforce on the community level, but they will 
also maximize the economic earning potential 
for those communities.

Accredited apprenticeship programs add 
highly trained and skilled apprentices with on-
the-job training to the workforce every day.  For 
example, the building trades invest over $1.5 
billion annually in apprenticeship and journey-
men training, and they operate more than 1,600 
training centers in the U.S. Registered Appren-
ticeship Programs help fill the skills gap result-
ing from a wave of current workforce retire-
ments.17 

Consequences of Limits on  
Infrastructure Development

If infrastructure companies cannot respond 
to changing supply and demand, consumers will 
have fewer energy choices, more volatile energy 
prices, and lost opportunities to save money and 
reduce greenhouse gas emissions.  For example, 
the northeastern United States has severe capac-
ity constraints in its natural gas pipeline sys-
tem that supply electricity generation and heat 
for homes and buildings.  An ISO New England 
report studied 23 scenarios and found that in all 
but the most optimistic cases, without new natu-
ral gas pipeline capacity, households would need 
to curtail energy use or would experience rolling 

16	  NPR.org.  2018.  “High Paying Trade Jobs Sit Empty While High 
School Grads Line Up for University,” https://n.pr/2ORLDPb 
(accessed August 27, 2019).

17	North America’s Building Trades Unions, “Enhance Your 
Skills Advance Your Life,” January 17, 2020, https://nabtu.
org/wp-content-uploads/2019/02/NABTU_Apprenticeship-
Programs.pdf.

proximity to the NGL infrastructure in Mont 
Belvieu, Texas, makes it the largest exporter 
of NGLs in the United States.  The port is also 
a very active container port and receives steel 
and other bulk cargoes.  Congestion is becom-
ing a significant issue in the port, and the need 
to restrict the channel to one-way traffic when 
very large ships enter or leave has exacerbated 
the issue.  The U.S. Army Corps of Engineers is 
currently studying alternatives to deepen and 
widen the channel.  

Skilled Labor Required 

Constructing and maintaining America’s 
energy infrastructure requires an army of 
highly trained and skilled career profession-
als.  A chronic skilled labor shortage contin-
ues to overwhelm the construction industry 
as retirements outpace new trainees.  As the 
energy sector market expands, an acute skilled 
labor shortage is taking a toll on the oil and 
gas sector.  A 2018 industry-wide survey by the 
Associated General Contractors of America14 
determined that 80% of construction firms were 
having a hard time filling hourly craft positions.  
The Commercial Construction Index indicates 
that the skilled labor shortage will have a great 
impact on businesses over the next 3 years.  
Eighty-eight percent of contractors expected a 
moderate impact from the workforce shortages 
and 57% expected the impact to be high in the 
next 3 years.  

In their first-quarter 2019 Commercial Con-
struction Index report,15 USG Corp. and the U.S. 
Chamber of Commerce reported that 70% of con-
tractors are struggling to meet project deadlines 
due to a chronic skilled labor shortage.  More 
than half of the respondents expressed con-
cern about their workers having adequate skills.  
More than 80% of the contractors reported that 
the workload for their existing employees has 

14	Associated General Contractors of America, “Eighty Percent of 
Contractors Report Difficulty Finding Qualified Craft Workers 
to Hire as Association Calls for Measures to Rebuild Workforce,” 
August 29, 2018, https://www.agc.org/news/2018/08/29/eighty-
percent-contractors-report-difficulty-finding-qualified-craft-
workers-hire-0.

15	USchamber.com.  2019.  USG Corporation + U.S. Chamber 
of Commerce, Construction Index Q1 2019, https://www.
uschamber.com/sites/default/files/cci_q1_2019_3-12-2019_
for_release_0.pdf.
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should promote vocational career educa-
tion and technical training of their constit-
uents, members, and communities.  

	y Industry, along with secondary and tech-
nical schools, should advocate for and 
support registered and accredited appren-
ticeship programs to ensure an adequate 
supply of skilled industrial construction, 
operations, and maintenance workers.  

ENERGY SYSTEM RESILIENCY

Key Finding 8

An interdependent infrastructure sys-
tem of pipelines, truck, rail, and marine 
transport working together with stor-
age ensures the delivery of reliable and 
affordable energy.

Oil and Liquids Transportation

Crude oil and petroleum liquids have multi-
ple options for transport from wellhead to con-
sumer, as shown in Figure ES-13.  Pipelines are 
typically the most economic option for moving 
large volumes of liquids over land.  Railcars and 
trucks move smaller quantities, although they 
have much more flexibility in pickup and delivery 
options than pipelines.  Nearly all retail gasoline 
and diesel make the final leg of their journey to 
retail stations by truck.  Marine movement of liq-
uids offers economical transportation between 
locations on inland and coastal waterways.  

Natural Gas Transportation

Within the United States, natural gas is pri-
marily moved by a network of pipelines from the 
wellhead to the ultimate consumer.  Natural gas 
pipelines can be divided into three general cat-
egories: 

	y Gathering lines — generally short, smaller-
diameter pipelines carrying gas from individ-
ual wells to a central collection point for pro-
cessing and transport.

	y Transmission lines — generally long, large-
diameter pipelines transporting gas from pro-
duction areas to demand areas.  Transmission 
pipelines are the focus of this study.

blackouts in 2024-25 during extended winter 
periods.18 

Some areas of New York State have been denied 
access to natural gas service due to projected lack 
of supply because of insufficient pipeline infra-
structure.  This impacts some households that 
are denied the choice to use natural gas for home 
heating.  

State and local policies, state denials of infra-
structure projects, and state restrictions on the 
movement of energy limit and fragment the 
infrastructure network.  In the last 5 years, 12 
energy infrastructure projects were denied per-
mits by state or local agencies, 15 projects were 
delayed due to permitting, and 12 were cancelled 
due to regulatory delay or change in the project 
economics.19  Fragmentation has consequences 
for interstate commerce by restricting the abil-
ity to transport energy from one state to another.  
Delay, denial, and cancellation of infrastructure 
projects impact job opportunities, economic 
activity, and tax revenue.  Solutions are difficult, 
complex, and involve competing interests includ-
ing governments.

The NPC recommends:

	y To mitigate negative impacts on interstate 
commerce, all levels of government should 
have constructive dialogue about the over-
all economic benefits from the nation’s 
energy resources and effectively engaging 
stakeholders and minimizing local impacts 
and risks.

	y Congress should fully appropriate the rev-
enue coming into the Harbor Maintenance 
Trust Fund and the Inland Waterways 
Trust Fund to restore and fully maintain 
all U.S port and waterways infrastructure 
at their authorized dimensions.

	y The U.S. government, states, local com-
munities, secondary schools, and industry 

18	ISO New England, Grid Resilience in Regional Transmission, 
Organizations and Independent System Operators.  Response 
of ISO New England Inc.  (Docket No. AD18-7- 000), https://
www.iso-ne.com/static-assets/documents/2018/03/ad18-7_iso_
response_to_grid_resilience.pdf.  

19	Based on study group research of public records.
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demand even when portions of the network have 
been disrupted.  Resiliency results from hav-
ing multiple transportation and storage options, 
enabled by allowing the infrastructure to build 
and adapt to ever-changing supply and demand 
dynamics.

In connecting production to demand, resil-
iency can be provided in various ways:

Multiple Routes.  An example would be two 
pipelines, one moving crude oil directly from 
west Texas to the Texas Gulf; and the other 
moving crude oil from west Texas to the large 
oil terminal in Cushing, Oklahoma, and joined 
to a pipeline moving crude oil from Cushing to 
the Texas Gulf.  In the event of interruption to 
the first pipeline, crude oil supply could reach its 
destination via the second pipelines assuming 
the alternative pipelines have sufficient avail-
able capacity.  

Multiple Modes.  For the same example of 
crude oil moving from west Texas to the Texas 
Gulf, secondary modes could include rail, truck-
ing, or a pipeline normally used for transporting 
a different commodity.  In any of these cases, 

	y Local distribution systems — generally short, 
smaller-diameter lines distributing gas to indi-
vidual consumers within demand centers.

For import or export, natural gas can be liquefied 
to become LNG for transport by specialized ships.  
LNG can also be moved by special trucks and rail 
cars to domestic users, though the applications are 
specialized and the volumes are small compared to 
pipeline movements.  A simplified view of natural 
gas distribution is shown in Figure ES-14.

Natural gas storage is a necessary part of the 
U.S. natural gas transmission and distribution 
system due to the large variations in seasonal 
demand.  Generally, lower summer demand 
months provide an opportunity for operators to 
fill storage, allowing for natural gas to be with-
drawn from storage to meet higher winter heat-
ing demand.  Natural gas storage is primarily 
underground, in depleted oil and gas reservoirs 
and salt caverns.

Resiliency

Energy transportation resiliency is the ability 
of an infrastructure network to continue meeting 
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Figure ES-13. Liquids Transportation Options
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INFRA

Source: Plains All American, adapted by NPC.

PRODUCTION GATHERING SUPPLY HUBS LONG-HAUL
TRANSPORTATION MARKET CENTERS DEMAND CENTERS

PRODUCTION

GATHERING 
PIPELINES

TRANSMISSION 
PIPELINES

BARGE

IN-BASIN
STORAGE

TERMINALS

TANKERS TANKERS

STORAGE
TERMINALS

EXPORTS

REFINERIES

RAIL

TRUCKS

Figure ES-13.  Liquids Transportation Options



EXECUTIVE SUMMARY   25

645 million barrels of crude oil as of June 30, 
2019, for deployment in the event of a disruption 
in global oil supply.  There is 4.3 trillion cubic feet 
of company-owned underground storage capac-
ity for natural gas, which provides storage during 
periods of low demand and is drawn down during 
periods of high demand.  

COMPLEXITY OF THE  
PERMITTING PROCESS

Key Finding 9

Overlapping and duplicative regulatory 
requirements, inconsistencies across 
multiple federal and state agencies, and 
unnecessarily lengthy administrative 
procedures have created a complex and 
unpredictable permitting process.

Federal Requirements

Federal laws aimed at achieving interstate com-
merce, energy security, environmental protec-
tion, and human health and safety have evolved 

responsiveness can be expected to be slower than 
for a parallel infrastructure pathway of the pri-
mary mode, because a new supply chain must be 
established with time and cost involved in secur-
ing shipper commitments, building physical 
assets, and, in many cases, permitting.  

Storage.  Storage provides resiliency at produc-
tion centers, market centers, and demand cen-
ters.  Storage is also an indispensable component 
of an economically efficient energy distribution 
system.  At demand centers, storage provides 
resiliency for consumer supply.  Near the point 
of production, storage guards against having to 
shut in production should a problem occur with 
the transportation infrastructure.  Since a short-
term production shut-in can degrade the long-
term performance of a well, producers have an 
incentive to plan for resilient offtake.  

 Throughout the United States, there is more 
than 2.3 billion barrels of storage capacity for 
crude oil and refined products at private bulk 
terminals and tank farms.  Additionally, the 
U.S. Strategic Petroleum Reserve contained 
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issuing guidance and interpreting regulations 
that implement NEPA’s procedural require-
ments.  CEQ also reviews and approves federal 
agency NEPA procedures, approves alterna-
tive arrangements for compliance with NEPA 
for emergencies, and helps to resolve disputes 
between federal agencies and with other gov-
ernmental entities and members of the public.  
Each federal agency is required to develop NEPA 
procedures that implement the CEQ regula-
tions.  Federal agencies’ NEPA procedures must 
meet the standards in the CEQ regulations while 
also reflecting each agency’s unique mandate 
and mission.  As a result, NEPA procedures vary 
from agency to agency, creating a potential for 
conflict.  

Further procedural differences may arise from 
other statutory requirements, agency-specific 
regulations and guidance, and the extent to 
which federal agencies use NEPA analyses to sat-
isfy other review requirements.  These include 
environmental requirements under statutes such 
as the Endangered Species and National Historic 
Preservation Acts, the Executive Order on Envi-
ronmental Justice, and other federal, state, tribal, 
and local laws and regulations.  Figure ES-15 
depicts the complexities of the NEPA process.

There have been several attempts over the 
years to improve the NEPA environmental 
review process.  Over the past four decades, 
CEQ has issued numerous guidance documents 
but has amended its regulations substantively 
only once.

Permitting Challenges

NEPA has become a leading basis for chal-
lenging agency decisions affecting energy infra-
structure.  Despite Supreme Court precedent on 
key issues such as the purpose of NEPA and the 
limiting principles governing NEPA review, new 
NEPA interpretations by agencies and the courts, 
changes in CEQ guidance on NEPA interpreta-
tion, and updated CEQ NEPA regulations have led 
to legal challenges.  

Courts continue to review NEPA-based chal-
lenges in litigation.  In 2016, the various U.S. 
Courts of Appeals issued 27 decisions involving 
implementation of NEPA by federal agencies.  

for more than a century.  The Rivers and Har-
bors Act of 1899 is considered the nation’s first 
environmental law, and with amendments since 
then, sets conditions for how oil and natural gas 
infrastructure can alter civil works along water-
ways built or maintained by the U.S. government.  
Congress passed the Natural Gas Act in 1938 to 
regulate the natural gas industry; now FERC uses 
authorities in the Natural Gas Act to oversee 
rates, permitting, construction, and operation of 
interstate natural gas pipelines.  

The regulatory framework for oil and natural 
gas transportation infrastructure is also shaped 
by a series of environmental laws enacted in the 
1970s, including the National Environmental 
Policy Act (NEPA) and Clean Air Act in 1970, the 
Clean Water Act in 1972, and the Endangered Spe-
cies Act in 1973.  These federal laws, along with 
at least 15 other federal and state laws, created 
processes for conducting reviews of infrastruc-
ture projects and federal standards for potential 
impacts of infrastructure development.  

NEPA created a government-wide mandate 
to consider the environmental impacts of major 
agency decisions.  The law directs all agencies of 
the federal government to evaluate: 

“(i) the environmental impact of the proposed 
action, 

(ii) any adverse environmental effects which 
cannot be avoided should the proposal be 
implemented, 

(iii) alternatives to the proposed action, 

(iv) the relationship between local short-term 
uses of man’s environment and the mainte-
nance and enhancement of long-term pro-
ductivity, and 

(v) any irreversible and irretrievable com-
mitments of resources which would be 
involved in the proposed action should it be 
implemented.”20

NEPA established the Council on Environmen-
tal Quality (CEQ) within the Executive Office of 
the President to ensure that federal agencies 
meet their obligations under NEPA.  CEQ over-
sees NEPA implementation, principally through 

20	 Sec.  102 [42 USC § 4332]
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State and Local Government Role

The states’ role in regulating oil and natural gas 
infrastructure is defined by specific provisions in 
federal statutes that create requirements for con-
sultation or that delegate federal authorities to 
the states.  States’ authority for some regulatory 
action also comes about by virtue of the absence 
of a national law, and states can enact their own 
policies and programs.  State legal challenges and 
statewide ballots can also create development 
and operational uncertainties for developers and 
operators of energy infrastructure.  

In addition to federal regulatory review of 
infrastructure projects and state exercise of fed-
erally delegated authority, state statutes and reg-
ulations apply to the permitting of infrastructure 
projects.  Twenty states have promulgated state 
environmental policy acts (SEPAs).  Furthermore, 
most other states have forms of environmental 
regulation and oversight that are substantive but 
not analogous to the federal NEPA.  These SEPA 
statutes and regulations share a similar objective 
to NEPA but vary widely in their requirements 
and implementation, creating additional poten-
tial for conflict.  

In some cases, a state will allow the federal 
NEPA review to substitute for completion of the 
state review.  This process is similar to when fed-
eral agencies adopt a lead federal agency’s NEPA 
analysis.  In others, the federal and state reviews 
run concurrently, and the state agencies can-
not issue any permits until their state review is 
completed.  As a result, these state reviews can 
add time to a project schedule, and sequential or 
duplicative state reviews can create inefficient 
regulatory review.

The wide variation in state-level environmen-
tal statutes and regulations is a concern.  Gen-
erally, states have adopted environmental policy 
acts that do not align with each other or with 
federal laws and regulation, and it is incumbent 
on operators to comply with such acts.  

Permitting for interstate oil or liquids pipe-
lines is governed primarily by the states.  FERC 
is responsible for regulating rates, charges, and 
rules for transporting oil by pipeline under the 
Interstate Commerce Act (ICA), but the ICA does 

The 27 cases involved 7 different departments 
and agencies.  Overall, the federal agencies pre-
vailed in 21 of the cases, partially prevailed in 
3 cases, and did not prevail in 3 cases.  

The uncertainty over the authoritative inter-
pretation of NEPA delays permitting.  The risk 
of litigation encourages agencies to expand their 
NEPA reviews as a defensive measure rather than 
to aid decision-making.  CEQ has the authority 
to ensure that revisions to the implementing 
regulations address common issues that are fre-
quently litigated.21 

Although originally expected to be concise, 
NEPA environmental assessments and environ-
mental impact statements have grown in length 
and corresponding agency review time.  Original 
NEPA regulations, which are still in effect, sug-
gest that an environmental impact statement 
(EIS) “normally be less than 150 pages and for 
proposals of unusual scope or complexity shall 
normally be less than 300 pages” plus appendices.  
A 2019 CEQ study analyzed the length of all EISs 
in a recent 5-year period across all federal agen-
cies.  The study found that final EISs averaged 
669 pages and final appendices averaged more 
than 1,000 additional pages.22  An EIS prepared in 
2019 to modify existing intracoastal waterways, 
floodgates, and locks in Texas contained more 
than 2,600 pages and 27 appendices.23  There is an 
opportunity for simplification of the EIS require-
ments.

21	From 2006 to 2016, the U.S. Courts of Appeals issued 238 deci-
sions in NEPA cases.  See National Association of Environmen-
tal Professionals, “NEPA Practice,” Annual NEPA Report 2016 
at 32.  In 2016, the U.S. Courts of Appeals issued 27 decisions 
involving implementation of NEPA by federal agencies.  FERC 
was involved in three of these cases.  Although FERC was not 
the agency with the largest number of cases, FERC’s three cases 
rank it high among agencies with NEPA cases in 2016.  Since 
2016, FERC has been involved in several notable NEPA deci-
sions issued by U.S. Courts of Appeals.  See, e.g., Sierra Club 
v. FERC, 867 F.3d 1357 (D.C. Cir. 2017); Delaware Riverkeeper 
Network v. FERC, 857 F.3d 388 (D.C. Cir. 2017); City of Boston 
Delegation, et al. v. FERC, Nos. 16-1081, et al.  (D.C. Cir. July 27, 
2018).

22	Council on Environmental Quality, Length of Environmental 
Impact Statements (2013-2017), July 22, 2019, https://ceq.doe.
gov/docs/nepa-practice/CEQ _EIS_Length_Report_2019-7-22.
pdf.  This document presents federal government-wide and 
agency-specific data but does not subdivide EISs by sector or 
project type.  

23	See Gulf Intracoastal Waterway, Brazos River Floodgates, and 
Colorado River Locks, Texas, EPA Environmental Impact State-
ment Database.  Accessed August 5, 2019.
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Governmental Agencies
• Advisory Council on Historic Preservation
• Army Corps of Engineers (USACE)
• Bureau of Land Management (BLM)
• Environmental Protection Agency (EPA)
• Fish and Wildlife Service (FWS)
• National Marine Fisheries Service (NMFS)
• National Oceanic and Atmospheric Administration (NOAA)
• National Park Service (NPS)
• Natural Resources Conservation Service
• Also, depending on the project… Department of Energy 

(DOE), Department of Defense (DOD), Coast Guard, 
Department of Transportation (DOT), etc.
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AHPA – Archaeological and 
Historical Preservation Act

CAA – Clean Air Act
CERCLA – Comprehensive 

Environmental Response, 
Compensation, and Liability Act

CFR – Code of Federal Regulations
CRA – Civil Rights Act
CWA – Clean Water Act
CZMA – Coastal Zone Management 

Act
EA – Environmental Assessment
EIS - Environmental Impact 

Statement
EPCRA – Emergency Planning and 

Community Right-to-Know Act
ESA – Endangered Species Act
FPPA – Farmland Protection Policy 

Act
FWCA – Fish and Wildlife 

Coordination Act
HSBAA – Historical Sites, Buildings 

and Antiquities Act

MBTA – Migratory Bird Treaty Act
MMPA – Marine Mammal Protection 

Act
MS4 – Municipal Separate Storm 

Sewer System
MSDS – Material Safety Data Sheet
NHPA – National Historic 

Preservation Act
PCBs – Polychlorinated Biphenyls
PPA – Pollution Prevention Act
RCRA – Resource Conservation 

and Recovery Act
RHA – Rivers and Harbors Act
SDWA – Safe Drinking Water Act
SPCC – Spill Prevention, Control 

and Countermeasures
TSCA – Toxic Substances Control 

Act
UST – Underground Storage Tank
WA – Wilderness Act
WOTUS – Waters of the United 

States
WSRA – Wild and Scenic Rivers Act

What’s That Acronym?

Depending on the results of 
the preliminary environmental 

site assessment (Phase I), 
see grey boxes above NEPA, 

you will need to engage in 
Phase II testing to confirm 

the presence or absence of a 
condition that would require 
remediation and “continuing 
obligations” and “reasonable 

steps” for the land owner.

Remediation activities to address known or discovered contaminates should be completed before 
engaging in construction activities that would disturb the contaminated area. For example, EPA’s 

Brownfields Program would cover remediation of petroleum brownfields, where a site was contaminated 
by a leaking Underground Storage Tank (UST), before reuse of the property.

Any Public or Private Construction Project
1) That requires a federal license or permit to conduct an activity that 

may discharge to a Waters of the United States (WOTUS) must 
provide the federal agency with a CWA Section 401 State Water 
Quality Certification 

AND 
2) That requires a federal license, or permit, or approval, or that utilizes 

federal financial assistance, must comply with 
• NEPA 
• ESA Section 7 Consultation 
• NHPA 
• CZMA

• Coordinate with Appropriate Endangered Species Office
• Initiate Development of Habitat Conservation Plan HCP
• Consult/Negotiate with USFWS to Determine Scope and Complexity of HCP
• Application Form; Copies of Approvals or Status of Applications and Final HCP: 

Draft NEPA Analysis
• Review Application Materials for Completeness
• Is the HCP Statutorily Complete?
• Complete Internal Section 7 ESA Consultation (See ESA Section on this Chart)
• Based on the HCP, is an EA or EIS Necessary under NEPA?
• Publish Notice of Application in the Federal Register; Open for Public Comment
• Incidental Take Permit Decision
• Reconsideration/Permit Appeals Process

A NEPA review involves many meetings with many government agencies to analyze the project impacts; evaluate 
alternatives; and prepare detailed plans on how to comply with applicable environmental law and avoid, minimize, and 

mitigate environmental damage. On-site investigations, field studies, surveys, research of best available scientific 
information (including reports and monitoring) is all part of this comprehensive, costly, and time-consuming process. 

HSBAA

Applicable Federal Rules and Regulations

FWCA

Prior Use:

PRE-CONSTRUCTION REMEDIATION WORK, CONDUCT CONSTRUCTABILITY REVIEWS, ETC.

FWCA

402 Related Reviews and Permits

FWCA

FWCA

Federal Project or Permit?

Modify Flow or Drainage of 
Waterbody?

Mitigation Plan

Consultations with USFWS 
and State Agency

Figure ES-15.  Depiction of a NEPA Permitting Process by the  
Associated General Contractors of America
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Governmental Agencies
• Advisory Council on Historic Preservation
• Army Corps of Engineers (USACE)
• Bureau of Land Management (BLM)
• Environmental Protection Agency (EPA)
• Fish and Wildlife Service (FWS)
• National Marine Fisheries Service (NMFS)
• National Oceanic and Atmospheric Administration (NOAA)
• National Park Service (NPS)
• Natural Resources Conservation Service
• Also, depending on the project… Department of Energy 

(DOE), Department of Defense (DOD), Coast Guard, 
Department of Transportation (DOT), etc.
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Are Alternative Measures 

Needed?
Final Decision

Notify Agency and 
Developer/Contractor

Appeal Decision (if applicable)

Review for Applicability

Adverse Effect on Wild 
and Scenic Rivers?

Mitigation Procedures

Submit Revised Plans

Grant License, Permit or 
Other Authorization

Consult with FWS and 
Appropriate State Agencies

Conduct Surveys and 
Studies

Analyze Project-Related 
Impacts to Migratory Birds

Impact to Nests? 
Apply to USFWS for 

“Take” Permit

Comply or Face Strict 
Liability

Develop Conservation Plan 
(ECP)

Review ECP for Sufficiency to 
Avoid or Minimize Take

Modify Project Proposal?

Application for Nonpurposeful 
Eagle Take Permit 

Review Application 

Nonpurposeful 
Eagle Take Permit

Monitor Eagle Population for 
Agreed Upon Period
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AHPA – Archaeological and 
Historical Preservation Act

CAA – Clean Air Act
CERCLA – Comprehensive 

Environmental Response, 
Compensation, and Liability Act

CFR – Code of Federal Regulations
CRA – Civil Rights Act
CWA – Clean Water Act
CZMA – Coastal Zone Management 

Act
EA – Environmental Assessment
EIS - Environmental Impact 

Statement
EPCRA – Emergency Planning and 

Community Right-to-Know Act
ESA – Endangered Species Act
FPPA – Farmland Protection Policy 

Act
FWCA – Fish and Wildlife 

Coordination Act
HSBAA – Historical Sites, Buildings 

and Antiquities Act

MBTA – Migratory Bird Treaty Act
MMPA – Marine Mammal Protection 

Act
MS4 – Municipal Separate Storm 

Sewer System
MSDS – Material Safety Data Sheet
NHPA – National Historic 

Preservation Act
PCBs – Polychlorinated Biphenyls
PPA – Pollution Prevention Act
RCRA – Resource Conservation 

and Recovery Act
RHA – Rivers and Harbors Act
SDWA – Safe Drinking Water Act
SPCC – Spill Prevention, Control 

and Countermeasures
TSCA – Toxic Substances Control 

Act
UST – Underground Storage Tank
WA – Wilderness Act
WOTUS – Waters of the United 

States
WSRA – Wild and Scenic Rivers Act

What’s That Acronym?

Depending on the results of 
the preliminary environmental 

site assessment (Phase I), 
see grey boxes above NEPA, 

you will need to engage in 
Phase II testing to confirm 

the presence or absence of a 
condition that would require 
remediation and “continuing 
obligations” and “reasonable 

steps” for the land owner.

Remediation activities to address known or discovered contaminates should be completed before 
engaging in construction activities that would disturb the contaminated area. For example, EPA’s 

Brownfields Program would cover remediation of petroleum brownfields, where a site was contaminated 
by a leaking Underground Storage Tank (UST), before reuse of the property.

Any Public or Private Construction Project
1) That requires a federal license or permit to conduct an activity that 

may discharge to a Waters of the United States (WOTUS) must 
provide the federal agency with a CWA Section 401 State Water 
Quality Certification 

AND 
2) That requires a federal license, or permit, or approval, or that utilizes 

federal financial assistance, must comply with 
• NEPA 
• ESA Section 7 Consultation 
• NHPA 
• CZMA

• Coordinate with Appropriate Endangered Species Office
• Initiate Development of Habitat Conservation Plan HCP
• Consult/Negotiate with USFWS to Determine Scope and Complexity of HCP
• Application Form; Copies of Approvals or Status of Applications and Final HCP: 

Draft NEPA Analysis
• Review Application Materials for Completeness
• Is the HCP Statutorily Complete?
• Complete Internal Section 7 ESA Consultation (See ESA Section on this Chart)
• Based on the HCP, is an EA or EIS Necessary under NEPA?
• Publish Notice of Application in the Federal Register; Open for Public Comment
• Incidental Take Permit Decision
• Reconsideration/Permit Appeals Process

A NEPA review involves many meetings with many government agencies to analyze the project impacts; evaluate 
alternatives; and prepare detailed plans on how to comply with applicable environmental law and avoid, minimize, and 

mitigate environmental damage. On-site investigations, field studies, surveys, research of best available scientific 
information (including reports and monitoring) is all part of this comprehensive, costly, and time-consuming process. 

HSBAA

Applicable Federal Rules and Regulations

FWCA

Prior Use:

PRE-CONSTRUCTION REMEDIATION WORK, CONDUCT CONSTRUCTABILITY REVIEWS, ETC.

FWCA

402 Related Reviews and Permits

FWCA

FWCA

Federal Project or Permit?

Modify Flow or Drainage of 
Waterbody?

Mitigation Plan

Consultations with USFWS 
and State Agency

Figure ES-15.  (continued)
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against impermissibly discriminating against or 
regulating interstate or foreign commerce.  

U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers (USACE) 
plays a large role in the permitting process, 
including coordination among governments, 
agencies, and companies.  The agency’s varied 
responsibilities include operation of more than 
600 dams and 12,000 miles of inland navigation 
channels and maintenance of 926 harbors on 
coasts, the Great Lakes, inland waterways, and 
reservoir lakes.  Today, the USACE has more than 
20,000 employees at its headquarters in Wash-
ington, D.C., and 38 district offices.  

The USACE has the authority to issue permits 
to discharge dredged or fill material into waters of 
the United States under Section 404 of the Clean 
Water Act.  The USACE also has jurisdiction over 
structures or work in navigable waters of the 
United States under Section 10 of the Rivers and 
Harbors Act.  If any activity could affect a federal 
project, such as a levee, dam, or navigation chan-
nel, permission from the USACE is required.  

The USACE can issue general permits for 
activities that have minimal impacts provided 
certain conditions are met.  Pipelines fall under 
one of these nationwide permits (NWP12); how-
ever, states can modify or supplement nationwide 
permits as they deem appropriate.  Additionally, 
guidance from the 38 USACE district offices who 
do not share common implementation standards 
leads to inconsistent requirements and internal 
disagreements on policy, as well as disagree-
ments with states.  The result is that the nation-
wide permit program, intended to have a single, 
predictable set of standards, has variations and 
additional conditions.

The USACE, along with states, is also involved 
with Section 401 of the Clean Water Act (CWA) 
water quality certificates.  CWA 401 regulates 
pollutant discharges into the waters of the 
United States and requires state certification of 
compliance with applicable water quality stan-
dards.  Federal agencies may not issue permits 
for activities that could result in discharges into 
waters of the United States unless the state cer-
tifies that the activity will comply with state 

not mandate regulation of permitting, siting, or 
constructing these pipelines; that authority rests 
with the states.  Individual states retain broad 
authority to permit and regulate oil pipelines for 
eminent domain, pollution control, and natural 
resource and environmental protections along 
any proposed route.  An interstate oil pipeline 
must therefore obtain permits on a state-by-
state basis, with processes and even government 
agency structures differing by state.

The role of local governments in regulating oil 
and natural gas transportation infrastructure dif-
fers from state to state depending on how much 
the state constitution or law delegates authority 
and how active the local government is in enact-
ing relevant policies.  Some states, such as Alaska 
and Pennsylvania, designate a lead agency for 
permit review; this is an efficient approach.  State 
organizations and councils, such as the Envi-
ronmental Council of the States and the Inter-
state Oil and Gas Compact Commission, which 
champion conservation and efficient recovery of 
oil and natural gas resources while protecting 
health, safety, and the environment, are avenues 
to share regulatory best practices and efficient 
permitting regimes.

Counties and cities may pass local zoning or 
other ordinances to protect local citizens’ safety 
and the environment.  Since the local govern-
ment provides the first level of response to 
emergencies, preparedness and response issues 
are important to local officials, and infrastruc-
ture operators partner with emergency response 
teams to address these concerns.  Local ordi-
nances that may overlap with federal and state 
law often relate to waters and wetlands cross-
ings; for example, even the smallest municipali-
ties may have zoning, conservation, or wetlands 
commissions, building officials, or a health officer 
that have been granted authority to issue local 
permits for activities that affect land and water 
resources.  

Some local governments and states have been 
delaying or denying permits for projects intended 
to improve infrastructure that would provide 
their citizens with improved access to oil and nat-
ural gas products.  States and local governments 
must abide by the federalism within the U.S. 
Constitution and Commerce Clause protections 
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in requirements across watershed and 
political boundaries.  

	– Continue working and implementing 
One Federal Decision process initiatives 
to improve the efficiencies of the USACE 
regulatory processes, including a lead 
district for projects crossing multiple 
districts and a single point of contact for 
One Federal Decision and any project 
crossing district boundaries.  

	– Clarify when the pre-construction noti-
fications requirements for use of NWP12 
are required, e.g., when there are public 
water supply intakes downstream of the 
activity, or when the activity may affect 
listed species or officially designated 
critical habitat.

	– Implement consistent approaches to 
permit interpretation among its field 
offices to minimize variation of nation-
wide permit programs.

PERMITTING IMPROVEMENT 
INITIATIVES

Key Finding 10

Bipartisan actions by Congress and the 
Executive Branch, including mechanisms 
to expedite the permitting process for 
large infrastructure projects, represent 
positive steps; however, further improve-
ments are necessary.

In the past two decades, there have been 
multiple efforts to improve the regulatory pro-
cess.  In 2015, the Fixing America’s Surface 
Transportation (FAST) Act was signed into 
law.24 Title 41 of the FAST Act (FAST-41) cre-
ated a new governance structure, a set of pro-
cedures, and funding authorities to improve 
the federal environmental review and permit-
ting process for eligible infrastructure projects 

24	The current administration has demonstrated its support for 
the FAST-41 process through Executive Order 13807, which 
called for the designation of cross-agency priority goals, use of 
the One Federal Decision Process, and coordination with the 
FAST-41 created Federal Permitting Improvement Steering 
Council.  Executive Order 13807 (August 15, 2017).

water quality standards or waives certification.  
Because states can condition their Section 401 
water quality certificates or impose conditions 
on regional or other general permits to be issued 
by the USACE under Section 404, conditions can 
vary from state to state or within a water shed.  
As a result, there is no predictable nationwide set 
of standards.

In fiscal year 2018, the 38 USACE district 
offices issued 56,000 permits and finalized 
more than 76,000 permit-related activities.  
Its decentralized decision-making creates a 
high degree of subjectivity and little opportu-
nity for administrative appeal up the chain of 
command.

The NPC recommends:

	y States should consider utilizing the Envi-
ronmental Council of the States’ relation-
ships with state officials and knowledge of 
the federal process, to facilitate a common 
agreement between federal and state juris-
dictions when there are potential conflicts 
between a NEPA review and a SEPA review 
to avoid delay, confusion, and legal vulner-
ability.

	y A national organization made up of state 
regulatory agencies, such as the Inter-
state Oil and Gas Compact Commission or 
the Environmental Council of the States, 
and representatives of local governments, 
communities, interested nongovernmen-
tal organizations (NGOs), and industry 
should collaborate to develop a model 
master structure for state permitting and 
coordination of approvals for infrastruc-
ture, to provide for efficient collaboration 
with operators and better coordination 
with federal agencies.  

	y States should adopt a single point of con-
tact for permit coordination.  

	y The U.S. Army Corps of Engineers should:

	– Implement rulemaking to provide pro-
cedural consistency among nationwide 
permit programs, potentially requir-
ing pre-application to identify lead dis-
tricts, points of contact, and variations 
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decision, unless certain conditions specified in 
the EO apply.  The EO also requires agencies to 
establish an accountability and tracking system 
to ensure that project review schedules are met, 
the guidance for which will be issued in consul-
tation with the FPISC.  The Federal Infrastruc-
ture Permitting Dashboard tracks the federal 
government’s environmental review and permit-
ting processes for covered major infrastructure 
projects.  

More time is needed to tell whether these leg-
islative and executive branch efforts to reform 
the permitting process will result in greater 
efficiency and certainty.  However, the reforms 
are already improving the transparency of fed-
eral processes by requiring regular reports to 
Congress on progress and by creating dash-
boards that track the permitting process across 
agencies.  

within the structure of existing federal environ-
mental reviews and permits.  FAST-41 promotes 
early consultation and enhanced interagency 
coordination through the development of a proj-
ect-specific plan and deadlines for completing 
environmental reviews and permits.  Eligible 
projects’ environmental review and permit-
ting completion date targets are required to be 
posted online to track the status of federal per-
mitting and reviews and improve coordination, 
transparency, and accountability.  

FAST-41 provides new funding authority for 
governance, oversight, and processing.  The act 
established the Federal Permitting Improve-
ment Steering Council (FPISC) composed of 
agency deputy secretary-level members and 
chaired by an executive director appointed by 
the President.  FPISC oversees FAST-41 imple-
mentation, interagency coordination, and dis-
pute resolution.

Further developments in the federal permit-
ting processes come from several executive 
orders (EOs) issued to address specific issues.  
EO 13807 establishes an approach called One 
Federal Decision for use in evaluating major 
infrastructure projects.  The goal of EO 13807 
is for the federal government to make efficient 
and effective infrastructure decisions and to 
change the way federal agencies process envi-
ronmental reviews and permit decisions.  The 
EO states: 

“Inefficiencies in current infrastructure 
project decisions, including management 
of environmental reviews and permit 
decisions, have delayed infrastructure 
investments, increased project costs, and 
blocked the American people from enjoy-
ing improved infrastructure that would 
benefit our economy, society, and envi-
ronment.”

One Federal Decision requires the identifica-
tion of a lead federal agency that will be responsi-
ble for navigating the project through the federal 
environmental review and permitting process.  
Involved federal agencies “shall all agree to a 
permitting timetable” and agencies shall record 
their individual decisions in a single record of 

The NPC recommends:

	y A federal agency should consult with FAST-
41 project sponsors and other stakehold-
ers to obtain feedback to improve FAST-41 
before reauthorization.

	y Congress should reauthorize FAST-41 for 
an additional 7 years and include the fol-
lowing improvements:

	– Expand FAST-41 to include eligibility for 
all federal energy infrastructure projects 
and continuing staffing of FPISC.  

	– For federal permits or decisions dele-
gated to the states (CZMA, CWA, CAA), 
states should be incentivized to comply 
with FAST-41 and One Federal Decision 
and make decisions in conjunction with 
federal NEPA process timeline.  

	– FPISC should be leveraged to drive con-
current review by the states during fed-
eral permitting processes.  

	y Further reauthorizations by Congress of 
FAST-41 should consider eliminating sun-
set provisions.
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rights, and protection of sacred sites.  Companies 
and government should respond to these con-
cerns, including emphasizing the construction, 
maintenance, and environmental protection 
measures to be taken.

The footprint of the oil and natural gas industry 
has experienced a period of significant growth in 
the past decade, some in areas that have not pre-
viously experienced development of large energy 
infrastructure projects.  This has increased pub-
lic awareness and heightened controversy over 
infrastructure projects, resulting in greater pub-
lic involvement in the permitting process.

Regulatory processes at all levels of govern-
ment furnish opportunities for stakeholders to 
provide input to the permitting process, recog-
nizing the importance of public involvement in 
and transparency of regulatory decisions.  Stake-
holder acceptance can influence if a project goes 
forward or gets delayed.  Agencies and project 
developers typically develop proactive strategies 
for identifying and communicating with stake-
holders to educate them on the details of the 
project, alert them on where and how to partici-
pate in the process, and understand and address 
their concerns early.  

American Indian and  
Alaska Native Tribes

The sovereign nation status of American Indi-
ans, Alaska Natives, and Native Hawaiians (tribes) 
is constitutionally recognized, with Congress hav-
ing the power to regulate commerce with foreign 
nations, among the several states, and with the 
tribes.  Tribal governments may enact their own 
regulations to protect tribal members and lands, 
although Congress has the ultimate authority to 
enact laws concerning tribes.  The federal gov-
ernment has an obligation to consult with tribes 
on a government-to-government basis in imple-
menting those laws as they relate to tribal lands 
and people.

Tribes have interests in the development of 
energy infrastructure on tribal lands, not only 
in protecting their land, water, treaty rights, and 
sacred sites, but also in sharing in the economic 
benefits of new infrastructure.  Any decisions 

STAKEHOLDER ENGAGEMENT

Key Finding 11

Successful infrastructure projects de-
pend upon early, effective, and con-
tinuous stakeholder engagement and 
collaboration.  

A critical element of successful siting and 
operation of energy infrastructure is productive 
engagement with all stakeholders.  Throughout 
the history of infrastructure development, there 
have been episodes of successes and failures.  
Transparent and consistent land and right-of-
way acquisition practices, sufficient communi-
cation about project implementation plans, and 
effective community engagement practices can 
help avoid project delays.

Stakeholders include individuals, state and 
local governments, and organizations that can 
affect or be affected by infrastructure develop-
ment and operation.  Private citizen stakehold-
ers may include affected landowners, farmers 
and ranchers, small business owners, and local 
community leaders and individuals.  States have 
their own environmental protection plans, and 
communities can have concerns about the impact 
of infrastructure on local culture or economies.  
Local and national public interest groups and 
NGOs advocate as stakeholders for a number of 
issues, including the environment, wildlife, his-
toric preservation, and public safety.  There is a 
wide range of NGOs, covering myriad concerns 
and interests, with diverse membership.  Stake-
holders also include federal, state, and local 
government officials, and even federal and state 
legislators.

Stakeholders regularly express concerns about 
the siting, permitting, construction, operation, 
maintenance, and abandonment of pipelines, 
rail, LNG facilities, and other facilities to trans-
port and store oil, natural gas, and NGLs.  Stake-
holder concerns include safety, climate change, 
air and water quality, noise, traffic, wear and tear 
on roads and bridges, impacts on wildlife, envi-
ronmental justice, loss of property use, eminent 
domain, historic and cultural preservation, pro-
motion of local jobs and economic benefit, treaty 
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within the energy industry, including infrastruc-
ture providers.

Many companies have demonstrated models of 
successful best practices for community engage-
ment.  These companies seek to understand and 
respect the culture, norms, and concerns of each 
local community, communicate with local stake-
holders effectively by tailoring their methods to 
the unique needs of their local audiences, and 
validate stakeholder concerns through respect 
and empathy.  The desired goal of best prac-
tices for community engagement is to create an 
environment in which trust exists and the com-
munity comes to support and even promote the 
infrastructure development.  

Many landowners are concerned about the 
loss of the use of their property, just compen-
sation, and the degree of land restoration after 
the project is complete.  Restoration is an impor-
tant and often overlooked element of landowner 
agreements and is an opportunity for an infra-
structure company to create goodwill with 
stakeholders.

Industry and all levels of government agen-
cies should inform stakeholders from the earli-
est engagement on planned safety and environ-
mental measures.  These measures frequently 
exceed those imposed on operators by federal 
and state regulations.  Most infrastructure 
operators understand that compliance with 
regulations is a baseline expectation and that a 
culture focused on “performance beyond com-
pliance” is necessary to engender public trust.  
Industry must maintain the infrastructure and 
operate safely.

The NPC recommends that infrastruc-
ture companies should:

	y Implement existing best practices (e.g., Fed-
eral Energy Regulatory Commission, Inter-
state Natural Gas Association of America, 
American Petroleum Institute, Association 
of Oil Pipe Lines) for early and effective 
engagement with local governments, com-
munities, private citizens, public interest 
groups, and American Indian and Alaska 
Native Tribes to understand and address 

with implications for tribes, such as the siting 
of infrastructure, must be made in consultation 
with the affected tribe.  

CEQ regulations for implementing NEPA 
require agencies to consult with tribes dur-
ing the preparation of environmental reviews.  
Section 106 of the National Historic Preserva-
tion Act concerning historic, religious, or cul-
turally important sites requires consultation 
when activities will occur on historic proper-
ties either on or off tribal lands.  Federal agen-
cies have developed extensive regulations and 
guidelines, although different at each agency, 
for meaningful consultation.  Now that some 
federal agencies have created more effective 
stakeholder engagement protocols, tribes are 
using the federal courts to enforce them.  This 
provides tribes an opportunity to delay energy 
infrastructure projects if tribes feel their inter-
ests have not been considered in the siting and 
permitting process.

Community Engagement

Effective community engagement to develop 
and maintain public support helps a company 
engender customer loyalty, keeps employees in 
tune with stakeholder priorities, and educates 
regulators and communities on performance and 
compliance.  Lack of community engagement can 
result in negative public input to the regulatory 
agency, protests, or litigation to challenge an 
agency decision.  Public support is influenced by 
the company’s approach to and quality of inter-
action with stakeholders.  Judgments are made 
more quickly and spread more rapidly than ever 
before with the plethora of social media and viral 
videos that can be instantly uploaded and distrib-
uted globally.

The public’s perception of an energy company 
and how it operates, both within and outside of 
the community, can lead to either acceptance and 
approval or ongoing controversy and conflict.  
In the energy industry, one energy company’s 
behavior can influence the public’s perception 
of the entire industry.  If one company does not 
take local community and stakeholder concerns 
and issues seriously and does not address them 
honestly and expeditiously, that company’s mis-
steps influence public opinion for all companies 
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The fourth U.S. National Climate Assessment, 
released in 2018, notes that U.S. greenhouse 
gas emissions have been declining as a result of 
changes in the energy sector and policy actions 
across all levels of government and also notes, 
“While mitigation and adaptation efforts have 
expanded substantially in the last four years, 
they do not yet approach the scale considered 
necessary to avoid substantial damages to the 
economy, and human health over the coming 
decades.”

The 2019 EIA Annual Energy Outlook projects 
that U.S. economy-wide carbon emissions will 
essentially stay flat through 2040 under existing 
policies.  That level is substantially above the lev-
els of emissions contemplated by various emis-
sions reductions scenarios to avoid the negative 
impacts of climate change.25

The United States has been a global leader in 
CO2 reductions with the largest total tonnes of 
reduction since 2005,26 primarily as a result of 
the economic fuel switching from carbon inten-
sive fuels to the less carbon intensive natural 
gas, mostly in power generation.  Natural gas 
also supports the expansion of intermittent 
renewable power generation.  Moreover, energy 
companies have taken multiple collaborative 
actions and set up public-private programs to 
address greenhouse gases, including reducing 
greenhouse gases from the operation of energy 
infrastructure, funding and leading research 
to abate greenhouse gases, advancing technol-
ogy deployment, and improving transparency 
of actions to address emissions.  In recent years, 
much of industry has worked in concert with 
the government and advocates on programs to 
reduce greenhouse gas emissions from oil and 
natural gas infrastructure.  Reducing methane 
emissions across the natural gas value chain 
further improves the greenhouse gas reduction 
benefit of fuel switching to natural gas.

25	IEA, World Energy Outlook 2018, Annex A: Tables for Scenario 
Projections, United States: Current Policies and Sustainable 
Development Scenarios, p. 537.

26	BP Statistical Review of Energy, 2019.  The United States reduced 
emissions 706 million tonnes per year in 2018 versus 2005.  The 
second largest reduction was the United Kingdom at 182 mil-
lion tonnes per year.  On a percentage basis, the U.S. had the 
third largest reduction of the 10 largest 2005 emitters, behind 
the U.K. and Italy.

stakeholder concerns.  Infrastructure com-
panies should strive to incorporate stake-
holder input into a proposed action wher-
ever practicable and collaborate on finding 
solutions or conveying reasons in those 
circumstances where an interest is difficult 
to accommodate.

	y Engage in educational and awareness 
efforts with communities and stakehold-
ers to increase understanding of the need 
for infrastructure, the steps to be taken to 
construct and operate it safely, and how 
they will be engaged throughout the siting 
and development process.  

	y Work collectively toward more effective 
engagement practices regarding energy, 
environmental, and related public policies 
that encourage responsible energy devel-
opment and transport.

PERMITTING AND CLIMATE CHANGE

Key Finding 12

The nation faces the dual challenge of 
providing affordable energy to support 
economic growth and human prosper-
ity while addressing the environmen-
tal effects including the risks of climate 
change.  Industry shares the public’s 
concerns that climate change is a serious 
issue that must be addressed.  Litigation 
of individual projects to address climate 
concerns is an ineffective approach.

Climate change concerns have substantially 
increased since the 1992 UN Framework Con-
vention on Climate Change, which stated that 
addressing climate concerns requires “stabi-
lization of greenhouse gas concentrations in 
the atmosphere at a level that would prevent 
dangerous anthropogenic interference with 
the climate system….”  Since then, increasing 
numbers of companies and organizations and a 
significant portion of the public have developed 
concerns about climate change and the need for 
effective measures to reduce greenhouse gas 
emissions.
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The main NEPA interpretation issue in the liti-
gation is whether FERC, in assessing the envi-
ronmental impacts of a particular project, must 
include (1) greenhouse gas emissions upstream of 
a project, from an increase of production to sup-
port an infrastructure project, or (2) emissions 
downstream of a project, from the use of the 
fuel transported by the energy infrastructure.  
The legal dispute is whether these emissions are 
or are not reasonably foreseeable and causally 
related to the project.  This dispute can lead to 
costly and time-consuming litigation over the 
environmental review of infrastructure projects.  
Litigation consumes public and private resources, 
can delay the construction, maintenance, and 
operation of sited and approved projects, cre-
ates uncertainty for communities and project 
developers, and can reduce the resiliency of U.S. 
energy infrastructure. 

The lack of specific guidance or regulations 
under NEPA for agencies to make this green-
house gas assessment in their review of energy 
infrastructure projects results in uncertainty and 
confusion in the evaluation to be conducted.  The 
NEPA statute and regulations are not well suited 
for evaluating the relative significance of the 
environmental impact caused by an individual 
project’s greenhouse gas emissions in a national 
or regional context, particularly due to the global 
aspects of climate change.  The lack of clarity on 
conducting emissions evaluations creates uncer-
tainty for both the regulated community and reg-
ulators alike.  

Congressional action adopting a comprehen-
sive policy to reduce economy-wide greenhouse 
gas emissions could help alleviate the concerns 
of environmental stakeholders, thus minimizing 
the need for litigation as a forum for addressing 
their climate concerns and the delays to the con-
struction, operations, and maintenance of infra-
structure.  The patchwork of local, state, regional, 
and sector-specific greenhouse gas policies is 
affecting the resiliency of the national energy 
infrastructure and leads to inefficiencies in meet-
ing the dual challenge of supplying affordable 
and reliable energy to the nation while reducing 
greenhouse gas emissions.  Defining by law the 
appropriate environmental review process would 
limit the scope of legal challenges by clarifying 

The NPC recommends:

	y All infrastructure companies should strive 
for an outstanding environmental compli-
ance record and to reduce the intensity of 
greenhouse gas emissions from their opera-
tions.  Emissions reduction programs, such 
as One Future, the Methane Challenge, the 
Environmental Partnership, and the Envi-
ronmental Protection Agency’s Natural Gas 
Star Program are all means of demonstrat-
ing a company’s efforts to reduce methane 
emissions.  

Key Finding 13

The permitting and construction of 
numerous energy infrastructure projects 
have been challenged, delayed, or stopped 
as a result of litigation by stakeholders 
concerned about climate change and the 
associated policy debate.

Stakeholders are increasingly raising climate 
change concerns and the need for governmen-
tal action to address greenhouse gas emissions 
in the siting and permitting processes for new 
energy infrastructure.  Comments filed by citi-
zens in opposition to many infrastructure proj-
ects suggest that many who contest new infra-
structure do so out of the belief that the nation 
will not take other effective measures to achieve 
greenhouse gas emissions reductions.  

A 2019 study found NEPA to be the most fre-
quent statutory basis for litigation against natural 
gas and oil pipelines.27  For pipeline projects, the 
most frequently claimed NEPA errors have been 
insufficient analysis of direct and indirect effects 
and insufficient review of upstream greenhouse 
gases, downstream greenhouse gases, and cumu-
lative impacts.  Federal agencies’ NEPA reviews 
are typically thorough and generally upheld—
agencies have a more than 80% success rate in 
litigation.  Although FERC is not the agency with 
the largest number of cases, it ranks high among 
agencies with NEPA cases and in recent years has 
had mixed results.  

27	Analysis by ClearView Energy Partners, LLC, based on court 
data through July 12, 2019.
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TECHNOLOGY ADVANCEMENTS TO 
IMPROVE TRANSPORTATION SAFETY

Key Finding 14

Crude oil, petroleum products, and natu-
ral gas moved by the nation’s infrastruc-
ture reach their destinations with a high 
degree of safety, resiliency, and environ-
mental performance.  However, incidents 
have occurred, and oil and natural gas 
companies are committed to continuous 
improvement.

Oil and natural gas transportation companies 
have improved their performance over time in 
delivering its products with safety and environ-
mental care and are committed to continuing to 
improve safety and environmental performance 
across every mode of transportation.  Transpor-
tation of crude oil, petroleum products, and nat-
ural gas is performed with a high degree of safety, 
reliability, and environmental performance.  
More than 99.999% of volumes safely reach their 
destination.  In addition, oil and natural gas 
transportation companies focus on workplace 
safety and achieve safety results better than most 
industries.  However, incidents have occurred, 
and companies are committed to the elimina-
tion of such incidents.  Analysis shows that the 
majority of incidents result in part from human 
and organizational factors.  Strengthening safety 
management systems, advancing and deploying 
technologies, and creating a more adaptive and 
performance-based regulatory framework could 
accelerate safety performance improvements.

Oil and Natural Gas Pipelines

Liquid pipeline incidents impacting people or 
the environment have declined by 20% in the 
past 5 years, while pipeline mileage has grown 
by 12% in the same period.  Natural gas trans-
mission pipeline incidents have been reduced by 
17% in the past 5 years, while pipeline capacity 
has increased through modifications to the exist-
ing network.  Natural gas transportation volumes 
since 1990 have increased by more than 40%, 
while in the same time frame, pipeline transpor-
tation and storage facilities have reduced meth-
ane emissions by 43%.  

what should or should not be included in a NEPA 
greenhouse gas assessment.

While some opponents do not see a path for-
ward that allows for both new oil and natural gas 
infrastructure and national measures to mitigate 
the impacts of climate change, others would sup-
port new oil and natural gas infrastructure if the 
nation adopts policies to reduce greenhouse gas 
emissions. 

Concurrent Congressional action to reduce car-
bon emissions across the economy and to address 
how greenhouse gas emissions are treated within 
the siting and permitting process would both 
greatly improve the permitting certainty of 
energy transportation infrastructure and set the 
nation on a course to simultaneously address cli-
mate change concerns.  

Beyond voluntary measures, economists gen-
erally agree that a market-based approach is a 
much more economically efficient way of reduc-
ing CO2 emissions than inflexible standards and 
mandates or subsidies.  A well-designed pricing 
system would be an efficient way to build upon 
the emission reductions that have occurred over 
the past decade as a result of the market, tech-
nology, and policy changes that drove the U.S. 
energy renaissance.  

The NPC recommends that Congress 
should:

	y Clarify that greenhouse gas assessments 
under NEPA, for oil and natural gas infra-
structure projects, are confined to emis-
sions that are (1) proximately caused by the 
federal action (see Department of Trans-
portation v. Public Citizen, 541 U.S. 752 
[2004]), and (2) are reasonably foreseeable.  

	y Enact a comprehensive national policy to 
reduce greenhouse gas emissions and seek 
to harmonize federal, state, and sectoral 
policies to enhance efficiency and effec-
tiveness.  Congress should ensure that the 
enacted national policy is economy wide, 
applicable to all sources of emissions, mar-
ket-based, transparent, predictable, tech-
nology agnostic, and internationally com-
petitive.
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The oil and natural gas transportation indus-
try shares with the public and environmental 
agencies a desire to continue reducing emissions 
of methane, which is the main component of 
natural gas.  Advancements in new technology, 
consistent implementation of best practices, and 
revisions to regulations are important to help 
accelerate the adoption of new technologies to 
achieve additional reductions in methane emis-
sions.  The best opportunities to reduce methane 
emissions from the natural gas pipeline sector 
are reducing compressor station leaks, decreas-
ing uncombusted fuel in reciprocating engine 
exhaust, and reducing pipeline blowdowns.28 

Underground Natural Gas and Gas 
Liquids Storage Facilities

Important aspects of safely operating under-
ground storage include: (1) well, reservoir, and 
cavern integrity, (2) natural gas inventory con-
trol, and (3) maintaining and monitoring well, 
reservoir, and cavern performance.  Identifying 
deterioration in well casing and the cement sur-
rounding the casing is critical to maintaining well 
integrity.  Additional downhole casing inspection 
tools capable of analyzing multiple casing strings 
and the cement behind the casing help identify 
potential issues before they become a problem.  
Companies are pursuing research and testing in 
these areas to further improve safety and envi-
ronmental performance, including development 

28	Pipeline blowdown entails the planned venting of gas to 
depressurize a pipeline segment for repair, integrity testing, or 
for new pipeline connections.

The primary reasons for recent improvement of 
pipeline safety and environmental performance 
are technology advancements in leak detection 
systems and pipeline inspection technologies, 
coupled with industry’s implementation of safety 
management systems.  These management sys-
tems focus on both preventative and mitigating 
safeguards, as shown in Figure ES-16.  

Technology advancements have included a 
focus on in-line pipeline inspection capability 
to more reliably identify cracks and corrosion 
for proactive repair.  Pipe inspection technolo-
gies are now capable of identifying defects that 
were not previously detectable.  Leak detection 
technologies and programs have advanced to 
improve detection accuracies.  Improved surveil-
lance technology provides advance warning of 
external operations integrity concerns, such as 
geological hazards (e.g., land movement, wash-
out from flooding) or encroachments in pipeline 
right-of-way easements.  Emphasis has also been 
placed on improving the sensitivity of leak detec-
tion systems for more rapid response to mitigate 
public and environmental impact in the event 
of a loss-of-containment incident.  Examples of 
pipeline integrity technologies are shown in Fig-
ure ES-17.

Opportunities also exist in advancing and 
deploying data analysis technologies that offer 
the potential to identify multiple threats in a 
predictive and timely manner.  A key challenge 
is applying sophisticated analytics to trans-
late inspection and sensor data into actionable 
insights.

Artist _______   Date _______   AC _______   BA _______

Figure ES-16.  Key Safeguards for Managing Pipeline Integrity
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tions that govern the design and operations of 
domestic LNG terminals and storage facilities 
have served the U.S. market well.  Considering 
expected growth of the LNG export business, it 
is prudent to reexamine and update these regula-
tions to better address the development of world-
class LNG liquefaction and export facilities in the 
United States.  

Port rules and regulations related to LNG traf-
fic management include limits on the size and 
type of LNG carriers allowed to call, establish-
ment of safety and security zones around the ves-
sel, the possible imposition of night-only transits 
into and out of port, as well as other conditions.  
Regulations should be aligned with the best oper-
ating standards employed by the worldwide LNG 
industry and based on risk analyses.  

of coatings, treatments, cements, and other 
materials that could be used to make new and 
existing wells more durable under typical opera-
tion conditions.

LNG Shipping and Terminals

LNG has been commercially produced, stored, 
and transported in the United States to meet 
customers’ winter needs since the 1960s.  The 
United States safely exported LNG from Alaska 
for decades.  Since its inception, the LNG ship-
ping industry has operated without loss of LNG 
containment from a marine vessel.  

LNG storage tanks are unique in that they have 
multiple layers of structural elements together 
with different types of insulating materials to 
maintain cryogenic conditions.  The regula-

Figure ES-17.  Examples of Pipeline Technologies

Source: Satelytics Company.
Remote Sensing Technology and Geospatial Analytics for Detecting Integrity Threats and Leaks

Source: Baker Hughes Company.
Crack Detection In-Line-Inspection Tool
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tive adoption of new technologies.  An example of 
a marine navigation training simulator is shown 
in Figure ES-18.

Rail

The U.S. rail industry has a long history of 
safely transporting hazardous commodities.  
Federal Railroad Administration safety statis-
tics show that train accidents have declined by 
37% since 2000.  

Rail companies are focusing on addressing 
the leading causes of accidents: track, equip-
ment, and human error.  Track and equipment-
related safety can be improved by aggressively 
implementing defect detection technologies.  
These state-of-the-art systems can improve 
flaw detection through the use of various ultra-
sonic, laser, optical, and infrared technologies.  
Equipment-related improvements will be sup-
ported by enhanced tank car standards promul-
gated by the Pipeline and Hazardous Materials 
Safety Administration in 2015.  These updated 
standards require new and retrofitted tank cars 

Marine

Marine companies have made continued 
improvements in vessel safety and environmen-
tal performance.  The volume of oil spilled from 
tankers and barges in the U.S. Coast Guard’s 
jurisdiction has declined over the past decade.  
Improvements are largely attributed to com-
panies’ adoption of formal management sys-
tems, commitment to operating excellence, and 
improvements in international maritime safety 
standards.  Human factors are the leading cause 
of marine navigational accidents.

An opportunity for further improvement is to 
strengthen navigational technologies that can 
better inform vessel captains of approaching haz-
ards and accident threats so that they can take 
proactive measures to avoid accidents.  Advance-
ments in route planning, integrated navigational 
system technologies, mapping, and detection 
technologies offer the potential for maximizing 
channel capacity while making marine operations 
even safer.  Training of personnel and updating of 
management systems will be essential to effec-

Source: Wärtsilä Corporation.

Figure ES-18.  Marine Training Simulator
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provide valuable alerts and responses to help 
reduce forward collisions and lane departures, 
intervene to prevent fatigue-related distracted 
driving, and record incidents and near-miss driv-
ing information to improve driver training and 
competency assurance.  

Data sharing across industry and government 
stakeholders may support collision-avoidance 
investments, thus accelerating deployment and 
implementation.  In addition, it will take time 
for the existing trucking fleet to convert to new 
trucks.  

Key Finding 15

Advancements in new technologies have 
been an important contributor to indus-
try’s safety, reliability, and environmen-
tal performance.  Overcoming challenges 
and barriers to new technology develop-
ment and deployment would accelerate 
these improvements.

A strong collaborative framework for research 
programs across the Department of Transpor-
tation, the Department of Energy, and industry 
is necessary to ensure that the highest prior-
ity needs for new safety technology are funded 
and supported throughout the entire technology 
development cycle.  Without this collaboration, 
new technologies can fail to complete sufficient 

to meet strict design specifications, which will 
translate into a 50% to 70% lower probability of 
release in the event of a train accident.  

Additionally, the Rail Safety Improvement Act 
of 2008 mandated implementation of positive 
train control (PTC) technology, which is designed 
to reduce incidents caused by human error.  This 
technology is designed to prevent train-to-train 
collisions, derailments caused by excessive speed, 
and the movement of a train on the wrong track 
due to a track switch left in the wrong position.  
Implementation of PTC technology is underway 
throughout the industry and is expected to be 
complete in 2020.  Examples of rail safety tech-
nologies are shown in Figure ES-19.

Trucking

Trucking provides the most flexible means of 
transporting oil products because it can mobi-
lize on short notice and go where other trans-
port options are not available.  Commercial 
trucking safety performance improvements may 
be realized through deploying recently proven 
collision-avoidance technologies.  According to a 
2017 study by AAA Foundation for Traffic Safety, 
approximately 90% of all accidents result from 
driver error.  Anecdotal evidence from companies 
that have installed advanced collision-avoidance 
technologies shows that they can reduce at-fault 
crashes by more than 50%.  These technologies 
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Investment in R&D is occurring across the 
oil and natural gas transportation industry.  
Research investments by individual operating 
companies, research consortiums, or suppliers 
can be limited by competing priorities, slowing 
the developmental timeline leading to wides-
cale adoption by industry.  Strong investment 
levels are necessary from across the industry 
to accelerate technology innovations that pro-
vide promising opportunities for industry-wide 
improvements in safety, security, and environ-
mental protection.  

The NPC recommends:

	y While working with DOE, EPA, and the U.S. 
Coast Guard, the Department of Transpor-
tation (DOT) should lead creation of an 
agile pathway for evaluation and regula-
tory acceptance of new technologies that 
can improve transportation safety and 
shorten the research, deployment, and 
adoption cycle time.

	y Congress should authorize DOT to lead 
a collaborative effort, with support from 
industry, to develop and prioritize pilot 
programs that can accelerate pipeline, stor-
age, and LNG technology adoption based 
on performance-based rules with a goal of 
enhancing public safety.  Upon successful 
completion of pilot programs, regulators 
should promptly update their regulations 
to allow use of new technology.

	y Oil and natural gas transportation com-
panies should establish a collaborative 
effort with participation from DOT, DOE, 
EPA, and industry research consortiums to 
prioritize promising, risk-based research 
opportunities, establish consistent techni-
cal readiness processes, and prioritize field 
validation testing needs.  

	y FERC and state regulatory agencies should 
work with DOT, DOE, and others to pro-
mote laws, regulations, and public-private 
partnerships that support cost recovery 
for natural gas and oil pipeline safety 
research.

field validation to gain market acceptance.  In 
addition, federal agencies need the flexibility to 
adopt updated standards as a result of technol-
ogy advances.  Regulations need to keep up with 
technical developments.  

Companies face challenges with respect to 
research, development, commercialization, 
and adoption of new technologies.  The inher-
ent challenges to deploying new technologies 
include time and cost to develop and deploy, 
adequate acceptance testing, and regulatory 
impediments.  Most of these challenges trans-
late into higher risks, costs, and uncertainty in 
the benefit-cost evaluation of new technology 
investments.  These challenges can be over-
come with the proper level of collaboration 
among government and industry organizations 
and from a regulatory framework that promotes 
the use of advanced technologies to help enable 
continued improvements in safety and environ-
mental performance.  

More efficient pathways for field testing new 
technologies could reduce deployment time and 
accelerate quality and reliability improvements.  
Prescriptive, rules-based regulations, which can 
lock in old technology solutions and be slow to 
adopt more effective and often less costly prac-
tices, can stifle rather than foster innovation.  
For example, technology demonstrations of 
in-line inspection technologies for use in pipe-
line integrity management programs should be 
treated as trial runs as long as all other compli-
ance programs remain in place, and not be sub-
ject to prescriptive repair requirements while 
the technology accuracy is still being proven.  
Advancements of in-line inspection technolo-
gies can now identify smaller defects than pre-
viously possible.  Through engineering assess-
ment processes, some of these smaller defects 
can be proven not to be a risk to the integrity 
of the pipeline; however, prescriptive regula-
tions can require actions that are not needed 
for continued safe operation, such as repairing 
minor defects regardless of risk.  Performance-
based regulations where appropriate may pro-
vide technology developers and industry opera-
tors additional opportunity to continue to drive 
improvements in safety performance and opera-
tional integrity.
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safe mode.30 There have been no reported cyber-
attacks on energy OT systems in the United States 
that have resulted in significant safety incidents 
or disruption of energy supplies.  

This report does not address the cybersecurity 
threats relating to business information systems.  
Business systems and OT systems have very dif-
ferent goals and risk profiles.  Business systems 
focus on financial or other informational aspects 
and enable broad connectivity; OT systems are 
dedicated to maintaining safe and reliable opera-
tion of industrial systems and typically have less 
connectivity and fewer access points.  However, 
OT system connectivity is increasing with new 
sensors and control devices provided by multiple 
vendors and broader deployment of increasingly 
integrated control systems.  

Industry has measures in place to identify and 
mitigate risks to health, safety, and the environ-
ment.  However, the adoption of increasingly 
interconnected digital systems is introducing 
cyberattack vulnerabilities that could lead to 
security risks not predicted by traditional safety 
analysis methods.  Stakeholder support of efforts 
to improve digital security through technological 
innovation as well as adoption of improved oper-
ational and policy frameworks will strengthen 
cybersecurity defenses.  Partnerships between 
information technology groups, communications 
providers, cybersecurity services, industry oper-
ators, and government entities are essential to 
strengthen cybersecurity and enable outcomes to 
minimize vulnerabilities and supply chain risks.

DOE and FERC cohosted a Security Invest-
ments for Energy Infrastructure Technical Con-
ference in 2019 to discuss current cyber and 
physical security practices used to protect energy 
infrastructure and how federal and state authori-
ties can provide incentives and cost recovery for 
security investments, particularly the electric 
and natural gas sectors.  FERC reaffirmed that its 
2001 Policy on “Extraordinary Expenditures Nec-
essary to Safeguard National Energy Supplies” 
supports cybersecurity investment and flexibility 
for pipeline companies to address cost recovery.  

30	U.S. Department of Homeland Security, Energy Sector-Specific 
Plan, 2015, https://www.dhs.gov/sites/default/files/publica-
tions/nipp-ssp-energy-2015-508.pdf.

CYBERSECURITY

Key Finding 16

Cyber threats to energy infrastructure 
control systems are increasing, and secu-
rity protections are being challenged due 
to increasing connectivity and growing 
malicious cyber activity.  

Over the past 20 years, growth in internet 
access and the proliferation of internet-connected 
devices and systems have enabled real-time access 
to large amounts of data to elevate productivity, 
obtain efficiencies, and make informed decisions 
across all major industries.  This extraordinary 
level of connectivity has also introduced progres-
sively greater cyber challenges to the energy dis-
tribution system due to the increased connection 
of business information technology networks 
with operational technology (OT) systems.  The 
growing number of connected devices within OT 
systems and the further reliance on global sup-
ply chains has complicated the risk of exposure.  
Long-standing threats have evolved as nation-
states, terrorists, individual criminals, trans-
national criminal organizations, and other mali-
cious actors move their activities into the digital 
world.  Motivations include espionage, political 
and ideological interests, and financial gain.

In March 2015, the Department of Homeland 
Security (DHS) issued a report listing the energy 
sector, which includes electrical power and trans-
mission, nuclear, and oil and natural gas, as one 
of the U.S. sectors most under threat of cyber-
attacks.  In December 2015, Russian hackers trig-
gered outages at three Ukrainian utilities, result-
ing in hundreds of thousands of customers losing 
electricity service.  This attack spread around the 
world, costing companies $11 billion in economic 
losses worldwide.29  In 2017, an unplanned shut-
down of a plant in the Middle East was caused by 
malware designed to attack safety instrument 
systems.  The impact was contained due to a pro-
gramming error within the malicious code, and 
two systems within the refinery entered a fail-

29	U.S. Department of Homeland Security, CISI, ICS Alert, Cyber-
Attack Against Ukrainian Critical Infrastructure, last revised 
August 23, 2018, https://www.us-cert.gov/ics/alerts/IR-ALERT-
H-16-056-01.
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caused by the federal action (see Dep’t. 
of Transportation v. Public Citizen, 541 
U.S. 752 [2004]), and (2) are reasonably 
foreseeable.  

	– Enact a comprehensive national policy 
to reduce greenhouse gas emissions and 
seek to harmonize federal, state, and sec-
toral policies to enhance efficiency and 
effectiveness.  Congress should ensure 
that the enacted national policy is econ-
omy wide, applicable to all sources of 
emissions, market-based, transparent, 
predictable, technology agnostic, and 
internationally competitive.

	y States should consider utilizing the Envi-
ronmental Council of the States’ relation-
ships with state officials and knowledge of 
the federal process, to facilitate a common 
agreement between federal and state juris-
dictions when there are potential conflicts 
between a NEPA review and a SEPA review 
to avoid delay, confusion, and legal vulner-
ability.

	y A national organization made up of state 
regulatory agencies, such as the Inter-
state Oil and Gas Compact Commission or 
the Environmental Council of the States, 
and representatives of local governments, 
communities, interested nongovernmen-
tal organizations (NGOs), and industry 
should collaborate to develop a model mas-
ter structure for state permitting and coor-
dination of approvals for infrastructure, 
to provide for efficient collaboration with 
operators and better coordination with 
federal agencies.  

	y States should adopt a single point of con-
tact for permit coordination.

	y The U.S. Army Corps of Engineers should:

	– Implement rulemaking to provide pro-
cedural consistency among nationwide 
permit programs, potentially requir-
ing pre-application to identify lead dis-
tricts, points of contact, and variations 
in requirements across watershed and 
political boundaries.  

Companies are continuing to adopt risk-
management cybersecurity frameworks.  The 
private and public sectors are collaborating to 
align and improve cybersecurity frameworks and 
responses to cybersecurity incidents.  Expand-
ing adoption of risk-management frameworks is 
important to improve protection from cybersecu-
rity threats.  Performance-based standards will 
allow for more rapid and efficient adoption of new 
practices that are largely driven by technological 
advancement, emergence of new threat actors, 
and the resulting risk landscape.

The NPC recommends that cybersecurity 
protections should be advanced through:

	y Industry, in collaboration with trade asso-
ciations and federal government agencies, 
should adopt and maintain up-to-date 
performance-based cybersecurity manage-
ment standards.  

	y Increased DHS and DOE capabilities and 
resources to support independent and 
secure cybersecurity assessments and 
audits prioritized on critical infrastructure.

	y DOE, working with industry, DOD, DHS, 
and DOT, to establish a collaborative pro-
cess to identify and prioritize research and 
development aimed at sector-wide protec-
tion against nation-state and advanced 
persistent threat actors.  

SUMMARY OF EXECUTIVE SUMMARY 
RECOMMENDATIONS 

The National Petroleum Council recommends 
the following:

Increase the Efficiency, Effectiveness, and 
Predictability of the Permitting Processes 
for Siting, Construction, Operation, and 
Maintenance of Infrastructure Projects

	y Congress should: 

	– Clarify that greenhouse gas assess-
ments under NEPA, for oil and natural 
gas infrastructure projects, are confined 
to emissions that are (1) proximately 
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Improve Stakeholder Engagement

	y Infrastructure companies should:

	– Implement existing best practices (e.g., 
Federal Energy Regulatory Commis-
sion, Interstate Natural Gas Associa-
tion of America, American Petroleum 
Institute, Association of Oil Pipe Lines) 
for early and effective engagement with 
local governments, communities, pri-
vate citizens, public interest groups, 
and American Indian and Alaska Native 
Tribes to understand and address stake-
holder concerns.  Infrastructure compa-
nies should strive to incorporate stake-
holder input into a proposed action 
wherever practicable and collaborate on 
finding solutions or conveying reasons 
in those circumstances where an inter-
est is difficult to accommodate.

	– Engage in educational and awareness 
efforts with communities and stakehold-
ers to increase understanding of the 
need for infrastructure, the steps to be 
taken to construct and operate it safely, 
and how they will be engaged through-
out the siting and development process.  

	– Work collectively toward more effective 
engagement practices regarding energy, 
environmental, and related public poli-
cies that encourage responsible energy 
development and transport.

Promote Economic Development of Oil 
and Natural Gas Resources to Provide 
Societal Benefits

	y To mitigate negative impacts on interstate 
commerce, all levels of government should 
have constructive dialogue about the over-
all economic benefits from the nation’s 
energy resources and effectively engaging 
stakeholders and minimizing local impacts 
and risks.

	y Congress should fully appropriate the rev-
enue coming into the Harbor Maintenance 
Trust Fund and the Inland Waterways 

	– Continue working and implementing 
One Federal Decision process initiatives 
to improve the efficiencies of the USACE 
regulatory processes, including a lead 
district for projects crossing multiple 
districts and a single point of contact for 
One Federal Decision and any project 
crossing district boundaries.  

	– Clarify when the pre-construction noti-
fications requirements for use of NWP12 
are required, e.g., when there are public 
water supply intakes downstream of the 
activity, or when the activity may affect 
listed species or officially designated 
critical habitat.

	– Implement consistent approaches to 
permit interpretation among its field 
offices to minimize variation of nation-
wide permit programs.

Enhance Recent Regulatory  
Reform Efforts

	y A federal agency should consult with FAST-
41 project sponsors and other stakehold-
ers to obtain feedback to improve FAST-41 
before reauthorization.

	y Congress should reauthorize FAST-41 for 
an additional 7 years and include the fol-
lowing improvements:

	– Expand FAST-41 to include eligibility for 
all federal energy infrastructure projects 
and continuing staffing of FPISC.  

	– For federal permits or decisions dele-
gated to the states (CZMA, CWA, CAA), 
states should be incentivized to comply 
with FAST-41 and One Federal Decision 
and make decisions in conjunction with 
federal NEPA process timeline.  

	– FPISC should be leveraged to drive con-
current review by the states during fed-
eral permitting processes.  

	y Further reauthorizations by Congress of 
FAST-41 should consider eliminating sun-
set provisions.
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cal readiness processes, and prioritize field 
validation testing needs.  

	y FERC and state regulatory agencies should 
work with DOT, DOE, and others to pro-
mote laws, regulations, and public-private 
partnerships that support cost recovery for 
natural gas and oil pipeline safety research.

	y Cybersecurity protections should be 
advanced through: 

	– Industry, in collaboration with trade 
associations and federal government 
agencies, should adopt and maintain up-
to-date performance-based cybersecu-
rity management standards.  

	– Increased DHS and DOE capabilities 
and resources to support independent 
and secure cybersecurity assessments 
and audits prioritized on critical infra-
structure.

	– DOE, working with industry, DOD, DHS, 
and DOT, to establish a collaborative pro-
cess to identify and prioritize research 
and development aimed at sector-wide 
protection against nation-state and 
advanced persistent threat actors.  

Demonstrate Excellent Industry Safety 
and Environmental Performance

	y All infrastructure companies should strive 
for an outstanding environmental compli-
ance record and to reduce the intensity of 
greenhouse gas emissions from their oper-
ations.  Emissions reduction programs, 
such as One Future, the Methane Chal-
lenge, the Environmental Partnership, and 
the Environmental Protection Agency’s 
Natural Gas Star Program are all means 
of demonstrating a company’s efforts to 
reduce methane emissions.

The individual chapters contain additional 
recommendations.

Trust Fund to restore and fully maintain 
all U.S port and waterways infrastructure 
at their authorized dimensions.

	y The U.S. government, states, local com-
munities, secondary schools, and industry 
should promote vocational career educa-
tion and technical training of their constit-
uents, members, and communities.  

	y Industry, along with secondary and tech-
nical schools, should advocate for and 
support registered and accredited appren-
ticeship programs to ensure an adequate 
supply of skilled industrial construction, 
operations, and maintenance workers.

Promote More Rapid Development 
and Implementation of Technology to 
Increase Transportation Safety and 
Integrity

	y While working with DOE, EPA, and the U.S. 
Coast Guard, the Department of Transpor-
tation (DOT) should lead creation of an 
agile pathway for evaluation and regula-
tory acceptance of new technologies that 
can improve transportation safety and 
shorten the research, deployment, and 
adoption cycle time.

	y Congress should authorize DOT to lead 
a collaborative effort, with support from 
industry, to develop and prioritize pilot 
programs that can accelerate pipeline, stor-
age, and LNG technology adoption based 
on performance-based rules with a goal of 
enhancing public safety.  Upon successful 
completion of pilot programs, regulators 
should promptly update their regulations 
to allow use of new technology.

	y Oil and natural gas transportation com-
panies should establish a collaborative 
effort with participation from DOT, DOE, 
EPA, and industry research consortiums to 
prioritize promising, risk-based research 
opportunities, establish consistent techni-
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DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL

In May 1946, the President stated in a letter to the Secretary of the Interior that he had been impressed 
by the contribution made through government/industry cooperation to the success of the World War II 
petroleum program.  He felt that it would be beneficial if this close relationship were to be continued and 
suggested that the Secretary of the Interior establish an industry organization to advise the Secretary 
and the Executive Branch on oil and natural gas matters.  Pursuant to this request, Interior Secretary J. A. 
Krug established the National Petroleum Council (NPC) on June 18, 1946.  In October 1977, the Depart-
ment of Energy was established and the Council was transferred to the new department.

The purpose of the NPC is solely to advise, inform, and make recommendations to the Secretary of 
Energy on any matter requested by the Secretary, relating to oil and natural gas or the oil and gas indus-
tries.  Matters that the Secretary would like to have considered by the Council are submitted in the form 
of a letter outlining the nature and scope of the study.  The Council reserves the right to decide whether 
it will consider any matter referred to it.

Studies undertaken by the NPC at the request of the Secretary include:

	y Meeting the Dual Challenge: A Roadmap to At-Scale Deployment of Carbon Capture, Use, and Storage 
(2019)

	y Supplemental Assessment to the 2015 Report – Arctic Potential: Realizing the Promise of U.S. Arctic Oil and 
Gas Resources (2019)

	y Emergency Preparedness Implementation Addendum (2016)
	y Arctic Potential: Realizing the Promise of U.S. Arctic Oil and Gas Resources (2015)
	y Enhancing Emergency Preparedness for Natural Disasters (2014)
	y Advancing Technology for America’s Transportation Future (2012)
	y Prudent Development:  Realizing the Potential of North America’s Abundant Natural Gas and Oil Resources 
(2011)

	y One Year Later:  An Update On Facing the Hard Truths About Energy (2008)
	y Facing the Hard Truths about Energy:  A Comprehensive View to 2030 of Global Oil and Natural Gas (2007)  
	y Observations on Petroleum Product Supply (2004)
	y Balancing Natural Gas Policy – Fueling the Demands of a Growing Economy (2003)
	y Securing Oil and Natural Gas Infrastructures in the New Economy (2001)
	y U.S. Petroleum Refining – Assuring the Adequacy and Affordability of Cleaner Fuels (2000)
	y Meeting the Challenges of the Nation’s Growing Natural Gas Demand (1999)
	y U.S. Petroleum Product Supply – Inventory Dynamics (1998)
	y Future Issues – A View of U.S. Oil & Natural Gas to 2020 (1995)
	y Research, Development, and Demonstration Needs of the Oil and Gas Industry (1995)
	y Marginal Wells (1994). 

The NPC does not concern itself with trade practices, nor does it engage in any of the usual trade 
association activities.  The Council is subject to the provisions of the Federal Advisory Committee Act 
of 1972.

Members of the National Petroleum Council are appointed by the Secretary of Energy and represent 
all segments of the oil and natural gas industries and related interests.  The NPC is headed by a Chair and 
a Vice Chair, who are elected by the Council.  The Council is supported entirely by voluntary contribu-
tions from its members. 

Additional information on the Council’s origins, operations, and reports can be found at www.npc.org.





APPENDIX A – REQUEST LETTER AND DESCRIPTION OF THE NPC   A-5

NATIONAL PETROLEUM COUNCIL 
MEMBERSHIP 

2019

Nicholas K. Akins	 Chairman, President and	 American Electric Power Co., Inc. 
			   Chief Executive Officer

Robert Neal Anderson	 President and Chief Executive Officer	 Wood Mackenzie Inc.

Thurmon M. Andress	 President	 Andress Oil & Gas Company LLC

Troy J. Andrews	 Chief Executive Officer	 Paradigm Midstream, LLC

Robert H. Anthony	 Commissioner	 State of Oklahoma 
		  Oklahoma Corporation Commission		

Alan S. Armstrong	 President and Chief Executive Officer	 The Williams Companies, Inc.

Greg L. Armstrong	 Chairman	 Plains All American Pipeline, L.P.

Robert G. Armstrong	 Chairman of the Board	 Armstrong Energy Corporation

William D. Armstrong	 Founder and Chief Executive Officer	 Armstrong Oil & Gas, Inc.

Greg A. Arnold	 Chairman and Chief Executive Officer	 The Arnold Companies 

Vicky A. Bailey	 President	 Anderson Stratton Enterprises, LLC

Edward H. Bastian	 Chief Executive Officer	 Delta Air Lines, Inc.

John R. Baza	 Director, Division of Oil, Gas and Mining	 State of Utah 
		  Department of Natural Resources

Joseph A. Blount, Jr.	 President and Chief Executive Officer	 Colonial Pipeline Company

Stevan B. Bobb	 Executive Vice President and	 BNSF Railway Company 
			   Chief Marketing Officer

Allyson K. Anderson Book	 Former Executive Director	 American Geosciences Institute

Kevin D. Book	 Managing Director, Research	 ClearView Energy Partners, LLC

John F. Bookout			   Houston, Texas 

Jason E. Bordoff	 Professor of Professional Practice in	 Columbia University 
			   International and Public Affairs 
		  Founding Director, Center on  
			   Global Energy Policy

Stuart J. B. Bradie	 President and Chief Executive Officer	 KBR, Inc.

E. Russell Braziel	 President and Chief Executive Officer	 RBN Energy, LLC

Edward D. Breen	 Executive Chairman	 DuPont

Barton R. Brookman, Jr.	 President and Chief Executive Officer	 PDC Energy, Inc.

Jeffrey A. Bruner	 President	 Iroquois Pipeline Operating  
					     Company

Diane X. Burman	 Commissioner	 New York State Public Service  
					     Commission

Deborah H. Caplan	 Executive Vice President	 NextEra Energy, Inc. 
		  Human Resources and Corporate Services
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Robert B. Catell	 Chairman 	 Stony Brook University 
		  Advanced Energy Research and 
			   Technology Center

Adrian P. Chapman	 President and Chief Executive Officer	 WGL Holdings, Inc.

Harlan H. Chappelle	 Director	 High Mesa, Inc.

John J. Christmann, IV	 Chief Executive Officer and President	 Apache Corporation

Richard D. Courtney	 President and Chief Executive Officer	 International-Matex Tank  
					     Terminals

Christi L. Craddick	 Commissioner	 State of Texas 
		  Railroad Commission of Texas

Christopher M. Crane	 President and Chief Executive Officer	 Exelon Corporation

Helima L. Croft	 Managing Director and	 RBC Capital Markets Corporation 
			   Head of Commodity Strategy 
		  Global Research

Trammell S. Crow	 Founder	 EarthX

William A. Custard	 President and Chief Executive Officer	 Dallas Production, Inc.

Charles D. Davidson	 Venture Partner	 Quantum Energy Partners

Lisa Davis	 Managing Board Member	 Siemens AG

Roberto E. De Hoyos	 Vice President of Public Affairs	 Tenaris Global Services 

Nicholas J. Deluliis	 President and Chief Executive Officer	 CNX Resources Corporation

Claiborne P. Deming	 Director	 Murphy USA, Inc.

Leo P. Denault	 Chairman of the Board and	 Entergy Corporation 
			   Chief Executive Officer

Claudio Descalzi	 Chief Executive Officer and General Manager	 Eni S.p.A.

David E. Dismukes	 Executive Director	 Louisiana State University 
		  Center for Energy Studies 
		  College of the Coast & Environment

Timothy L. Dove	 Former President	 Pioneer Natural Resources Company

Laurence M. Downes	 Chairman of the Board	 New Jersey Resources Corporation

David D. Dunlap	 President and Chief Executive Officer	 Superior Energy Services

W. Byron Dunn	 Founding Partner and Chief Executive Officer	 Tubular Synergy Group, LP

John W. England	 Vice Chairman and 	 Deloitte LLP 
			   U.S. Energy & Resources Leader

Timothy B. Engle	 President	 Saltchuk Resources, Inc.

Corri A. Feige	 Commissioner	 State of Alaska  
		  Department of Natural Resources

John J. Ferriola	 Chairman, Chief Executive Officer	 Nucor Corporation 
			   and President

Fereidun Fesharaki	 Chairman	 FACTS Global Energy

NATIONAL PETROLEUM COUNCIL 
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James C. Fish, Jr.	 President and Chief Executive Officer	 Waste Management, Inc.

James C. Flores	 Chairman, Chief Executive Officer	 Sable Permian Resources LLC 
			   and President

Randy A. Foutch	 Chairman 	 Laredo Petroleum, Inc.

Benjamin G. S. Fowke III	 Chairman of the Board, President	 Xcel Energy, Inc. 
			   and Chief Executive Officer

John E. Futcher	 President and Chief Operating Officer	 Bechtel Global Corporation

Greg C. Garland	 Chairman and Chief Executive Officer	 Phillips 66 Company

Seifi Ghasemi	 Chairman, President and	 Air Products and Chemicals, Inc. 
			   Chief Executive Officer

James A. Gibbs	 Chairman	 Five States Energy Company, LLC

Russell K. Girling	 President and Chief Executive Officer	 TC Energy Corporation

David C. Glendon	 President and Chief Executive Officer	 Sprague Resources LP

Richard K. Glenn	 Executive Vice President of	 Arctic Slope Regional Corporation 
			   External Affairs

Paula R. Glover	 President and Chief Executive Officer	 American Association of  
					     Blacks in Energy

Lawrence J. Goldstein	 Trustee and Director of Special Projects	 Energy Policy Research  
					     Foundation, Inc.

David L. Goldwyn	 President and Founder	 Goldwyn Global Strategies, LLC

Joseph W. Gorder	 Chairman, President and	 Valero Energy Corporation 
			   Chief Executive Officer

Michael J. Graff	 Chairman and Chief Executive Officer	 Air Liquide Group 
		  American Air Liquide Holdings, Inc. 
		  Executive Vice President, Americas and 
			   Asia-Pacific

Kimberly S. Greene	 Chairman, President and	 Southern Company Gas 
			   Chief Executive Officer

Mauricio Gutierrez	 President and Chief Executive Officer	 NRG Energy, Inc.

James T. Hackett	 Partner	 Riverstone Holdings LLC

Michael E. Haefner	 Past President and Chief Executive Officer	 Atmos Energy Corporation

John A. Harju	 Vice President for Strategic Partnerships	 University of North Dakota 
		  Energy & Environmental Research Center

Marilu Hastings	 Vice President, Sustainability Programs	 Cynthia and George Mitchell  
					     Foundation

Hans Jakob Hegge	 Senior Vice President – 	 Equinor US 
			   DPI Global Unconventional 
			   and U.S. Country Manager

John B. Hess	 Chief Executive Officer	 Hess Corporation

Jack D. Hightower	 Chairman, President and	 HighPeak Energy 
			   Chief Executive Officer
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Stephen L. Hightower	 President and Chief Executive Officer	 Hightowers Petroleum Co.

Jeffery D. Hildebrand	 Executive Chairman and Founder	 Hilcorp Energy Company

Steven B. Hinchman	 President and Chief Executive Officer	 Scala Energy LLC

John D. Hofmeister	 Founder and Chief Executive Officer	 Citizens for Affordable Energy, Inc.

Forrest E. Hoglund	 Chairman and Chief Executive Officer	 SeaOne Maritime Corp.

Vicki A. Hollub	 President and Chief Executive Officer	 Occidental Petroleum Corporation

Bradley J. Holly	 Chairman, President and	 Whiting Petroleum Corporation 
			   Chief Executive Officer

Martin J. Houston	 Vice Chairman	 Tellurian Inc.

Hunter L. Hunt	 President and Chief Executive Officer	 Hunt Consolidated Energy, LLC

Ray L. Hunt	 Executive Chairman 	 Hunt Consolidated, Inc.

Hillard G. Huntington	 Executive Director	 Stanford University 
		  Energy Modeling Forum

J. Jon Imaz	 Chief Executive Officer	 Repsol

Terrence S. Jacobs	 President and Chief Executive Officer	 Penneco Oil Company

Roger W. Jenkins	 President and Chief Executive Officer	 Murphy Oil Corporation

C. Bradley Johnson	 President and Chief Executive Officer	 Ultra Petroleum Corp.

A. V. Jones, Jr.	 Chairman	 Van Operating, Ltd.

Christian S. Kendall	 President and Chief Executive Officer	 Denbury Resources Inc.

Paal Kibsgaard	 Former Chief Executive Officer	 Schlumberger Limited

E. Kristine Klavers	 Senior Vice President Consulting – Americas	 Argus Media Inc.

John Krenicki, Jr.	 Senior Operating Partner	 Clayton, Dubilier & Rice, LLC

Vello A. Kuuskraa	 President	 Advanced Resources  
					     International, Inc.

Holli C. Ladhani	 President and Chief Executive Officer	 Select Energy Services, Inc.

David L. Lamp	 Chief Executive Officer and President	 CVR Energy, Inc.

Ryan M. Lance	 Chairman and Chief Executive Officer	 ConocoPhillips Company

Roderick A. Larson	 President and Chief Executive Officer	 Oceaneering International, Inc.

Stephen D. Layton	 President	 E&B Natural Resources 
					     Management Corporation

Timothy A. Leach	 Chairman of the Board and	 Concho Resources Inc. 
			   Chief Executive Officer

Diane Leopold	 Executive Vice President and	 Dominion Energy, Inc. 
			   President and Chief Executive Officer 
			   of the Gas Infrastructure Group

Timothy C. Lieuwen	 Executive Director	 Georgia Institute of Technology 
		  The Strategic Energy Institute

Michael C. Linn	 President	 MCL Ventures LLC
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Ignacio Madridejos	 Former President	 CEMEX USA

Cary M. Maguire	 President and Chief Executive Officer	 Maguire Oil Company

David C. Mannon	 President and Chief Executive Officer	 Stallion Oilfield Holdings, Inc.

Jeffrey W. Martin	 Chairman and Chief Executive Officer	 Sempra Energy

Ross B. Matthews	 Chairman, President and	 Sinclair Oil Corporation 
			   Chief Executive Officer

Mark A. McCollum	 President and Chief Executive Officer	 Weatherford International plc

John P. McGinnis	 President	 Seneca Resources Company, LLC

Robert C. McNally	 President	 Rapidan Energy Group, LLC

Rae McQuade	 President	 North American Energy Standards  
					     Board

Michael N. Mears	 Chairman of the Board, President	 Magellan Midstream Partners, L.P. 
			   and Chief Executive Officer

Kenneth B. Medlock, III	 James A. Baker III and Susan G. Baker Fellow	 Rice University 
			   in Energy and Resource Economics and 
		  Senior Director, Center for Energy Studies, 
			   James A. Baker III Institute for Public Policy 
		  Adjunct Professor, Economics Department

D. Nathan Meehan	 2016 President	 Society of Petroleum Engineers

Augustus C. Miller	 Chairman and Chief Executive Officer	 Miller Oil Co., Inc.

David B. Miller	 Partner	 EnCap Investments L.P.

Jeffrey A. Miller	 Chairman, President and	 Halliburton Company 
			   Chief Executive Officer

Mark K. Miller	 President	 Merlin Oil & Gas, Inc.

John C. Mingé	 Former Chairman and President	 BP America Inc.

Al Monaco	 President and Chief Executive Officer	 Enbridge Inc.

David L. Murfin	 President	 Murfin Drilling Co., Inc.

Mark B. Murphy	 President	 Strata Production Company

Richard G. Newell	 President and Chief Executive Officer	 Resources for the Future

J. Larry Nichols	 Chairman Emeritus	 Devon Energy Corporation

John W. B. Northington	 Principal	 Northington Strategy Group

Pierce H. Norton II	 President and Chief Executive Officer	 ONE Gas, Inc.

Thomas B. Nusz	 Chairman of the Board and	 Oasis Petroleum Inc. 
			   Chief Executive Officer

James C. O’Rourke	 President and Chief Executive Officer	 The Mosaic Company

Michel J. Paque	 Executive Director	 Ground Water Protection Council

Stephen Pastor	 Former President Petroleum	 BHP

T. M. Patterson	 President and Chief Executive Officer	 Basic Energy Services, Inc.
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Donald L. Paul	 Executive Director of the USC Energy Institute	 University of Southern California 
		  Professor and William M. Keck Chair of 
			   Energy Resources  
		  Viterbi School of Engineering

Douglas J. Pferdehirt	 Chairman and Chief Executive Officer	 TechnipFMC plc

David L. Porges	 Former President 	 EQT Corporation

Patrick Pouyanné	 Chairman and Chief Executive Officer	 Total S.A.

Joseph H. Pyne	 Chairman of the Board	 Kirby Corporation

Paul M. Rady	 Chairman and Chief Executive Officer	 Antero Resources Corporation

Jeffrey P. Ramsey	 President and Chief Executive Officer	 Flint Hills Resources, LLC

Lee R. Raymond	 Former Chair	 National Petroleum Council

June Ressler	 Co-Chair	 Cenergy Partners

Gary G. Rich	 President and Chief Executive Officer	 Parker Drilling Company

Corbin J. Robertson, Jr.	 President and Chief Executive Officer	 Quintana Minerals Corporation

Julie J. Robertson	 Chairman of the Board, President	 Noble Corporation plc 
			   and Chief Executive Officer

Matthew C. Rogers	 Senior Partner	 McKinsey & Company, Inc.

Matthew K. Schatzman	 Chairman and Chief Executive Officer	 NextDecade Corporation

Tisha Conoly Schuller	 Principal	 Adamantine Energy LLC

David T. Seaton	 Former Chairman and Chief Executive Officer	 Fluor Corporation

Peter A. Seligmann	 Chairman of the Board	 Conservation International

Bobby S. Shackouls	 Former Chair	 National Petroleum Council

Suhail A. Sikhtian	 Managing Director	 Goldman, Sachs & Co. LLC  
		  Co-Head, Global Natural Resources Group

Lorenzo Simonelli	 Chairman and Chief Executive Officer	 Baker Hughes Company

Eric S. Slifka	 President and Chief Executive Officer	 Global Partners LP

Clark C. Smith	 President and Chief Executive Officer	 Buckeye Partners, L.P.

Jeffrey B. Spath	 Stephen A. Holditch ‘69 Department	 Texas A&M University 
			   Head Chair in Petroleum Engineering 
		  Head, Harold Vance Department of 
			   Petroleum Engineering

Terry K. Spencer	 President and Chief Executive Officer	 ONEOK, Inc.

John M. Stafford	 Former Representative	 Southern Ute Growth Fund

Bert Stedman	 Alaska State Senator	 The Energy Council

Todd A. Stevens	 President and Chief Executive Officer	 California Resources Corporation

Lisa A. Stewart	 Executive Chairman and	 Sheridan Production Partners, L.P. 
			   Chief Investment Officer

Travis D. Stice	 Chief Executive Officer and Director	 Diamondback Energy, Inc.
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David L. Stover	 Chairman and Chief Executive Officer	 Noble Energy, Inc.

Douglas J. Suttles	 Chief Executive Officer	 Encana Corporation

A. James Teague	 Director and Chief Executive Officer	 Enterprise Products Partners L.P.

Berry H. Tew, Jr.	 State Geologist of Alabama	 State of Alabama 
		  Oil and Gas Supervisor 
		  Geological Survey of Alabama

William R. Thomas	 Chairman of the Board and	 EOG Resources, Inc. 
			   Chief Executive Officer

Lee M. Tillman	 Chairman, President and	 Marathon Oil Corporation 
			   Chief Executive Officer

Scott W. Tinker	 Director, Bureau of Economic Geology and	 The University of Texas 
		  State Geologist of Texas 
		  Jackson School of Geosciences

William Paschall Tosch	 Vice Chairman	 J.P. Morgan Securities LLC 
		  Global Energy Investment Banking

H. A. True, III	 Partner	 True Oil LLC

Robert B. Tudor, III	 Chairman	 Tudor, Pickering, Holt & Co., LLC

D. James Umpleby III	 Chairman of the Board and 	 Caterpillar Inc. 
			   Chief Executive Officer

Vaughn O. Vennerberg, II	 President	 MorningStar Partners LP

Jeffrey L. Ventura	 President and Chief Executive Officer	 Range Resources Corporation

Frank A. Verrastro	 Senior Vice President and Trustee Fellow	 Center for Strategic & International 
		  Energy and National Security Program		  Studies

Bruce H. Vincent	 Chief Executive Officer	 Vincent & Company

Patricia K. Vincent-Collawn	 Chairman, President and	 PNM Resources, Inc. 
			   Chief Executive Officer

John B. Walker	 Chief Executive Officer	 EnerVest, Ltd.

John W. Wallace	 Chairman and Chief Executive Officer	 DeGolyer and MacNaughton

Cynthia J. Warner	 President and Chief Executive Officer	 Renewable Energy Group, Inc.

Kelcy L. Warren	 Chairman of the Board and	 Energy Transfer Partners, L.P. 
			   Chief Executive Officer

Gretchen H. Watkins	 President	 Shell Oil Company 

William J. Way	 President and Chief Executive Officer	 Southwestern Energy Company

J. Robinson West	 Managing Director	 The Boston Consulting Group 
		  Center for Energy Impact

Craig E. White	 President and Chief Executive Officer	 Philadelphia Gas Works

William H. White	 Chairman	 Lazard Freres & Co. LLC

Elizabeth J. Wilson	 Director, Arthur L. Irving Institute for	 Dartmouth College 
			   Energy and Society 
		  Professor of Environmental Studies
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Mary Jane Wilson	 President and Chief Executive Officer	 WZI Inc.

Michael K. Wirth	 Chairman of the Board and	 Chevron Corporation 
			   Chief Executive Officer

Patrick H. Wood III	 Principal	 Wood3 Resources

Darren W. Woods	 Chairman, President and 	 Exxon Mobil Corporation 
			   Chief Executive Officer

Robert R. Workman	 Former President	 DistributionNOW

Karen Buchwald Wright	 President and Chief Executive Officer	 Ariel Corporation

George M. Yates	 President and Chief Executive Officer	 HEYCO Energy Group, Inc.

Daniel H. Yergin	 Vice Chairman	 IHS Markit
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