
LEGAL PATHWAYS TO 
DEEP DECARBONIZATION 
IN THE UNITED STATES: 

SUMMARY AND 
KEY RECOMMENDATIONS

Michael B. Gerrard and John C. Dernbach

Editors

ENVIRONMENTAL LAW INSTITUTE 
Washington, D.C.



Copyright © 2018 Environmental Law Institute
1730 M Street NW, Washington, DC 20036

Cover design by Davonne Flanagan.
Artwork by Ivan Pharabod from James H. Williams et al., 

Pathways to Deep Decarbonization in the United States, 
U.S. 2050 Report (Deep Decarbonization Pathways Project & 

Energy and Environmental Economics, Inc., 2015)

Published November 2018.

Printed in the United States of America
ISBN 978-1-58576-195-1



iii

Contents
Contributing Authors....................................................................... vi

List of Acronyms............................................................................... x

Introduction, by John C. Dernbach...................................................1	.

Part I.	 Context

Chapter 1:	 Technical and Economic Feasibility of Deep 
Decarbonization in the United States, by 
James H. Williams, David Ismay, Ryan A. Jones, 
Gabe Kwok, and Ben Haley........................................4

	 Selected Figures...........................................................6

Part II.	 Cross-Cutting Approaches to 
Reducing Emissions

Chapter 2:	 Carbon Pricing, by Shi-Ling Hsu............................... 10

Chapter 3:	 Behavior, by Michael P. Vandenbergh and 
Paul C. Stern............................................................. 11

Chapter 4:	 Technological Innovation, by Gary E. Marchant.......... 13

Chapter 5:	 Financing Large-Scale Projects, by Robert Freedman, 
Monica Lamb, and Claire Melvin.............................. 15

Chapter 6:	 Financing at the Grid Edge, by C. Baird Brown......... 17

Chapter 7:	 Materials Consumption and Solid Waste, 
by Michael Burger..................................................... 20

Chapter 8:	 International Trade, by Elizabeth Trujillo.................... 22

Part III.	 Energy Efficiency, Conservation, and Fuel 
Switching in Buildings and Industry

Chapter 9:	 Lighting, Appliances, and Other Equipment, 
by Kit Kennedy......................................................... 25



iv	 Legal Pathways to Deep Decarbonization in the United States

Chapter 10:	 New Buildings, by Lee Paddock and 
Caitlin McCoy........................................................... 28

Chapter 11:	 Existing Buildings, by James Charles Smith................ 30

Chatper 12:	 Industrial Sector, by Gregg P. Macey.......................... 32

Part IV.	 Energy Efficiency, Conservation, and 
Fuel Switching in Transportation

Chapter 13:	 Transforming Transportation Demand, 
by Trip Pollard........................................................... 36

Chapter 14:	 Light-Duty Vehicles, by Amy L. Stein and 
Joshua P. Fershée....................................................... 38

Chapter 15:	 Heavy-Duty Vehicles and Freight, by Andrea Hudson 
Campbell, Avi B. Zevin, and Keturah A. Brown....... 40

Chapter 16:	 Aviation, by Aoife O’Leary........................................ 42

Chapter 17:	 Shipping, by Aoife O’Leary........................................ 44

Part V.	 Electricity Decarbonization

Chapter 18:	 Utility-Scale Renewables, by Michael B. Gerrard......... 47

Chapter 19:	 Distributed Renewable Energy, by K.K. DuVivier........ 49

Chapter 20:	 Transmission, Distribution and Storage: 
Grid Integration, by Alexandra B. Klass..................... 51

Chapter 21:	 Nuclear Energy, by David A. Repka and 
Tyson R. Smith.......................................................... 53

Chapter 22:	 Hydropower, by Charles R. Sensiba, 
Michael A. Swiger, and Sharon L. White................... 55

Chapter 23:	 Electricity Charges, Mandates, and Subsidies, 
by Jim Rossi.............................................................. 57

Chapter 24:	 Phasing Out the Use of Fossil Fuels for the 
Generation of Electricity, by Steven Weissman 
and Réna Kakon (with appendices by Stephen 
Herzenberg and Michael B. Gerrard)......................... 59



v

Part VI.	 Fuel Decarbonization

Chapter 25:	 Bioenergy Feedstocks, by Blake Hudson and 
Uma Outka................................................................ 64

Chapter 26:	 Production and Delivery of Low-Carbon 
Gaseous Fuels, by Romany M. Webb and 
Melinda E. Taylor...................................................... 66

Chapter 27:	 Production and Delivery of Bioenergy Fuels, 
by James M. Van Nostrand........................................ 68

Part VII.	 Carbon Capture and Negative Emissions

Chapter 28:	 Carbon Capture and Sequestration, 
by Wendy B. Jacobs and Michael T. Craig................ 71

Chapter 29:	 Negative Emissions Technologies and Direct 
Air Capture, by Tracy Hester..................................... 73

Chapter 30:	 Agriculture, by Peter H. Lehner and 
Nathan A. Rosenberg................................................. 75

Chapter 31:	 Forestry, by Federico Cheever with 
Robert B. McKinstry, Jr., and Robert L. Fischman.... 79

Part VIII.	 Non-Carbon Dioxide Climate Pollutants

Chapter 32:	 Black Carbon, by Melissa Powers............................... 83

Chapter 33:	 Methane, by Steven Ferrey with 
Romany M. Webb..................................................... 85

Chapter 34:	 Fluorinated Gases, by Nathan Borgford-Parnell, 
Stephen Oliver Andersen, and Durwood Zaelke........ 87

Chapter 35:	 Nitrous Oxide, by Jessica Wentz and David Kanter.... 89

Key Recommendations Organized by Actor.................................... 91



vi	 Legal Pathways to Deep Decarbonization in the United States

Contributing Authors
Stephen Oliver Andersen, American Director of Research, Institute for Gov-

ernance & Sustainable Development

Nathan (BP) Borgford-Parnell, Science Affairs Adviser and Regional 
Assessment Coordinator, Climate & Clean Air Coalition to Reduce 
Short-Lived Climate Pollutants

C. Baird Brown, Principal, eco(n)law LLC

Keturah Brown, Associate, Van Ness Feldman LLP

Michael Burger, Executive Director, Sabin Center for Climate Change Law

Andrea Hudson Campbell, Partner, Van Ness Feldman LLP

Federico Cheever (deceased) was Professor of Law at the University of Den-
ver Sturm College of Law

Michael T. Craig, recent Ph.D. recipient, Carnegie Mellon University

John C. Dernbach, Commonwealth Professor of Environmental Law and 
Sustainability, Widener University Commonwealth Law School

K.K. DuVivier, Professor of Law, University of Denver Sturm College of Law

Steven Ferrey, Professor of Law, Suffolk University Law School

Joshua P. Fershée, Professor of Law, West Virginia University College of Law

Robert L. Fischman, George P. Smith, II Distinguished Professor of Law 
and Adjunct Professor of Public and Environmental Affairs, Indiana 
University Maurer School of Law

Robert Freedman, Partner, Shearman & Sterling LLP

Michael B. Gerrard, Andrew Sabin Professor of Professional Practice, 
Columbia Law School

Ben Haley, Co-Founder, Evolved Energy Research

Stephen Herzenberg, Executive Director, Keystone Research Center

Tracy Hester, Lecturer, University of Houston Law Center

Shi-Ling Hsu, D’Alemberte Professor of Law, Florida State University 
College of Law



vii

Blake Hudson, A.L. O’Quinn Chair in Environmental Law and Professor of 
Law, University of Houston Law Center

David Ismay, Senior Attorney, Conservation Law Foundation

Wendy B. Jacobs, Emmett Clinical Professor of Environmental Law and 
Director, Harvard Law School Emmett Environmental Law & Policy 
Clinic

Ryan A. Jones, Co-Founder, Evolved Energy Research

Réna Kakon, Legal Counsel, Fenix International (ENGIE Group)

David Kanter, Assistant Professor of Environmental Studies, New York 
University

Kit Kennedy, Senior Director, Climate and Clean Energy Program, Natural 
Resources Defense Council

Alexandra B. Klass, Distinguished McKnight University Professor, 
University of Minnesota Law School

Gabe Kwok, Principal, Evolved Energy Research

Monica Lamb, Clean Energy Lawyer and Advisor

Peter H. Lehner, Senior Strategic Advisor and Senior Attorney, Earthjustice

Gregg P. Macey, Professor of Law, Brooklyn Law School

Gary E. Marchant, Regents’ Professor and Lincoln Professor of 
Emerging Technologies, Law and Ethics, Arizona State University Sandra 
Day O’Connor College of Law

Caitlin McCoy, Climate, Clean Air & Energy Fellow, Harvard Law School 
Environmental and Energy Law Program

Robert B. McKinstry, Jr., Environmental and Climate Law Attorney and 
Consultant

Claire Melvin, Associate Attorney, Shearman & Sterling LLP

Aoife O’Leary, Senior Legal Manager, Environmental Defense Fund

Uma Outka, Professor of Law, University of Kansas School of Law

Lee Paddock, Associate Dean for Environmental Law Studies, The George 
Washington University Law School

Trip Pollard, Senior Attorney, Southern Environmental Law Center



viii	 Legal Pathways to Deep Decarbonization in the United States

Melissa Powers, Jeffrey Bain Faculty Scholar and Professor of Law, Lewis & 
Clark Law School

David A. Repka, Partner (retired), Winston & Strawn LLP

Nathan A. Rosenberg, Adjunct Professor, University of Iowa College of Law

Jim Rossi, Associate Dean for Research and Judge D.L. Lansden Professor of 
Law, Vanderbilt University Law School

Charles R. Sensiba, Partner, Troutman Sanders LLP

James Charles Smith, John Byrd Martin Chair of Law Emeritus, University 
of Georgia School of Law

Tyson R. Smith, Nuclear Energy Lawyer and Advisor

Amy L. Stein, Professor of Law and University Term Professor, University of 
Florida Levin College of Law

Paul C. Stern, President, Social and Environmental Research Institute (USA) 

Michael A. Swiger, Partner, Van Ness Feldman LLP

Melinda E. Taylor, Senior Lecturer, University of Texas School of Law, and 
Academic Director, Kay Bailey Hutchison Center for Energy, Law, and 
Business

Elizabeth Trujillo, Professor of Law, Texas A&M University School of Law

Michael P. Vandenbergh, David Daniels Allen Distinguished Chair of Law, 
Vanderbilt University Law School

James M. Van Nostrand, Professor and Director, Center for Energy and 
Sustainable Development at West Virginia University College of Law

Romany M. Webb, Associate Research Scholar and Senior Fellow, Columbia 
Law School Sabin Center for Climate Change Law

Steven Weissman, Lecturer, University of California Berkeley Goldman 
School of Public Policy and Vermont Law School, and Senior Policy 
Advisor, Center for Sustainable Energy

Jessica Wentz, Senior Fellow and Associate Research Scholar, Columbia Law 
School Sabin Center for Climate Change Law

Sharon L. White, Of Counsel, Van Ness Feldman LLP



ix

James H. Williams, Associate Professor of Energy Systems Management, 
University of San Francisco, and Director, Deep Decarbonization Path-
ways Project for the Sustainable Development Solutions Network

Durwood Zaelke, Founder and President, Institute for Governance and 
Sustainable Development

Avi B. Zevin, Attorney, Institute for Policy Integrity, New York University 
School of Law



x	 Legal Pathways to Deep Decarbonization in the United States

List of Acronyms
AEA: Atomic Energy Act

AIA: American Institute of Architects

BAT: best available technology

BLM: Bureau of Land Management

BOEM: Bureau of Energy Management

CAA: Clean Air Act

CCS: carbon capture and sequestration

CEQ: Council on Environmental Quality

CES: clean energy standard

CFC: chlorofluorocarbon

CO2: carbon dioxide

CO2eq: carbon dioxide equivalent

CRP: Conservation Reserve Program

CSP: Conservation Stewardship Program

DAC: direct air capture

DDPP: Deep Decarbonization Pathways Project

DG: distributed generation

DOE: U.S. Department of Energy

DPF: diesel particulate filter

EERS: energy-efficiency resource standard

EIS: environmental impact statement

EISA: Energy Independence and Security Act

EPA: U.S. Environmental Protection Agency

EPAct 2005: Energy Policy Act of 2005

EPCA: Energy Policy and Conservation Act

EQIP: Environmental Quality Incentives Program

ESA: Endangered Species Act



xi

ETS: emissions trading scheme

EU: European Union

EVs: electric vehicles

FAA: Federal Aviation Administration

FAST: Fixing America’s Surface Transportation Act

FCIC: Federal Crop Insurance Corporation

FERC: Federal Energy Regulatory Commission

FHA: Federal Housing Administration

FITs: feed-in tariffs

FONSI: finding of no significant impact

FPA: Federal Power Act

FSA: Farm Service Agency

FWS: U.S. Fish and Wildlife Service

GHG: greenhouse gas

Gt: gigaton

GWP: global warming potential

HCFC: hydrochlorofluorocarbon

HDVs: heavy-duty vehicles

HFC: hydrofluorocarbon

HFCV: hydrogen fuel cell vehicle

ICAO: International Civil Aviation Organization

IMO: International Maritime Organization

IPCC: Intergovernmental Panel on Climate Change

ISO: independent system operator

LCCP: life-cycle climate performance

LCRs: local content requirements

LDVs: light-duty vehicles

LEED: Leadership in Energy and Environmental Design



xii	 Legal Pathways to Deep Decarbonization in the United States

LFG: landfill gas

LWR: light water reactor

M&V: measurement and verification

MEPS: minimum efficiency performance standards

MMT: million metric tons

MPOs: metropolitan planning organizations

MWh: megawatt hours

NEPA: National Environmental Policy Act

NETs: negative emissions technologies

NGCC: natural gas combined cycle

NHTSA: National Highway Traffic Safety Administration

NPDES: national pollutant discharge elimination system

NRC: Nuclear Regulatory Commission

NRCS: Natural Resources Conservation Service

NSPS: new source performance standards

PAB: private activity bond

PHMSA: Pipeline and Hazardous Materials Safety Administration

PM: particulate matter

PPA: power purchase agreement

PTC: production tax credit

PUC: public utilities commission

PURPA: Public Utility Regulatory Policies Act

PV: photovoltaic

R&D: research and development

RCRA: Resource Conservation and Recovery Act

RD&D: research, development, and demonstration

RFS: Renewable Fuel Standard

RMA: Risk Management Agency (USDA)



xiii

RPS: renewable portfolio standard

RTO: regional transmission organization

SFO: Sustainable Finance Organization

SIP: state implementation plan

SMR: small modular reactor

SWPA: Southwestern Power Administration

TNCs: transportation network companies

TOD: transit-oriented development

TPO: third-party ownership

UNFCCC: United Nations Framework Convention on Climate Change

USDA: U.S. Department of Agriculture

VMT: vehicle miles traveled

WAPA: Western Area Power Administration

ZEB: zero-energy building

ZNE: zero net energy



To purchase Legal Pathways to Deep Decarbonization in the United 
States, the longer volume from which the summaries and key 

recommendations in this shorter book originated, visit 
www.eli.org/DeepDecarbonization


