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Executive Summary 

North Carolina has a constitutional duty to protect its natural resources for the benefit of 
its citizens. Whereas climate change poses an existential threat to these resources, the State has a 
duty to mitigate the damaging effects of climate change on its environment and economy. In order 
to compel such action, three youths from North Carolina are petitioning the North Carolina 
Environmental Management Commission (“Commission”) to create a rule that will reduce in-state 
carbon dioxide (“CO2”) emissions to net negative by 2050. This action is necessary to secure a 
healthy environment, stable economy, and safe future for all North Carolinians.  

 
The Petitioners submitted petitions in 2014 and 2017 asking the Commission to regulate 

greenhouse gas emissions, neither of which were granted by the Commission. The current Petition 
reflects significant changes made in response to feedback received at the 2018 Environmental 
Management Commission hearing. The valid comments and concerns raised by Commissioners at 
that time were heard and incorporated into the current Petition, resulting in a fundamentally 
improved rule. In the subsequent two years, the urgency of addressing climate change in every 
sector and at every level of governance has only increased. Scientific consensus on the effects of 
climate change and the need to take action now has become even more certain since early 2018. 
Furthermore, an increasing number of states, cities, nations, and private companies have come to 
understand the importance of reaching net zero or net negative carbon dioxide emissions by 2050. 
North Carolina can and must join these states by implementing a framework for achieving the 
significant emissions reductions necessary to help avoid the worst effects of climate change. This 
rule provides such a framework: setting carbon dioxide emissions targets, providing for a carbon 
dioxide inventory and budgeting process, requiring regular reporting on progress towards the 
targets, and giving the Commission flexibility to meet those targets through rulemaking. Given the 
increasing urgency of climate change, and the renewed interest in the climate crisis from other 
actors, this Petition warrants new consideration by the Commission.  
 

Section 1 of this Petition provides the text of the proposed rule, and Section 2 outlines the 
statutory authority that allows the Commission to adopt the rule. Specifically, state law empowers 
the Commission to prepare and develop a comprehensive plan to prevent, abate, or control air 
pollution. State statutes direct the Commission to establish air quality standards that protect human 
health, prevent injury to animal and plant life, and ensure that the State’s natural resources will be 
protected and conserved for future generations. Moreover, the North Carolina Constitution 
requires the Commission to “control and limit the pollution of our air and water […] to preserve 
as a part of the common heritage of this State its forests, wetlands, estuaries, beaches, historical 
sites, openlands, and places of beauty.” The proposed rule, which directs the Commission to study 
sources of carbon dioxide—an air pollutant—and to prepare a comprehensive inventory, budget 
and plan to reduce them, fits squarely within the Commission’s powers and duties. 

 
Section 3 of the Petition outlines the myriad reasons for adopting the proposed rule. The 

best available science shows that anthropogenic carbon dioxide emissions are threatening to 
disrupt the global climate system. Climate change is already harming forests, wetlands, estuaries, 
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beaches and other places of beauty in North Carolina. If not addressed adequately, climate change 
will continue to injure the State’s residents, economy, and environment, and will devastate the 
State’s coastal resources. The best available science also points to technologically-proven, 
economical methods to reduce carbon dioxide emissions, thereby stabilizing the climate system. 
The window of opportunity for preventing long-term climate disasters is quickly closing. North 
Carolina should join the twenty-one other states that have enacted legally-binding greenhouse gas 
emissions targets by adopting this proposed rule. Clear, long term targets support current voluntary 
efforts to reduce carbon dioxide emissions and encourage other nations, states, industries, and 
consumers to set compatible targets. 

 
Section 4 of the Petition addresses the effect the rule will have on existing rules or orders. 

The proposed rule will complement recent actions taken by the State’s executive branch to address 
climate change through executive order. The proposed rule would create a framework for the 
Commission to use its rulemaking authority to advance long-term planning goals, putting the full 
force of the Commission’s legislatively-derived power behind efforts to address climate change. 
Additionally, the proposed rule is not preempted by the few federal rules and laws on carbon 
dioxide emissions. Section 5 indexes additional documents and data submitted in support of the 
proposed rule. 

  
Sections 6 and 7 discuss the effect this rule will have on existing practices in North 

Carolina, including direct and indirect economic costs and benefits of the proposed rule. The direct 
costs associated with this proposed rule are limited to administrative costs to the North Carolina 
Department of Environmental Quality and the Commission. There may be indirect costs on the 
private sector associated with this rule in the event that reports required by the rule show that North 
Carolina sources are not on track to meet the targets. To aid planning for the State, Section 6 
documents the indirect costs and benefits that may be incurred by the electric power sector to 
reduce emissions by 2030. This section also documents the benefits for state and local 
governments, as well as benefits to the private sector in avoided climate change impacts. 
 

Section 8 provides a description of those most likely to be affected by the proposed rule. 
Entities most likely to incur costs as a result of the rule include the largest fossil fuel-burning utility 
companies, which may eventually need to replace their fossil fuel generating capacity with 
renewable energy to comply with implementing rules developed in the future by the Commission. 
Importantly, beneficiaries of the rule include all residents of North Carolina, who will experience 
reduced impacts from storms and flooding, fewer health impacts from extreme heat events and 
urban smog, lower electricity rates, and more in-state job growth.  

  
The time has come for the Commission to act to reduce the harmful effects of climate 

change on the people and natural resources of North Carolina. Statutory directives to the 
Commission, the North Carolina Constitution, and the best available climate science compel the 
Commission to act now to address climate change and provide the best possible chance of avoiding 
catastrophic disruption to North Carolina’s environment and economy. This Petition and the rule 
it proposes start a process long overdue. 
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Preamble 
 

This Petition is brought by three Youth Petitioners from the state of North Carolina whose 
interests are adversely affected by the State’s support and promotion of a fossil fuel-based 
economy and failure to enact a greenhouse gas reduction program to address climate change and 
its detrimental impacts. As discussed in this Petition, the best available science demonstrates that 
significant reductions in carbon dioxide (“CO2”) emissions are required to stabilize the global 
climate system for present and future generations and prescribes a pathway to achieve these 
reductions. Thus, Petitioners submit this Petition on behalf of themselves and present and future 
generations of North Carolinians.  

 
Youth Petitioner Hallie Turner, age 17, by and through her natural mother and guardian, 

Kelly Turner, is a resident of Raleigh, North Carolina, and strongly supports government action to 
reduce greenhouse gas emissions. Hallie’s involvement in climate action began in the third grade 
when she learned about the various ways humans harm the environment. She has since become a 
passionate advocate for involving young people in the effort to protect the planet for future 
generations. In 2014 and 2017, Hallie filed a Petition for Rulemaking with the North Carolina 
Environmental Management Commission to promulgate a rule to reduce carbon dioxide emissions 
in North Carolina. Hallie is filing a third Petition because she knows that immediate action is still 
needed to reduce atmospheric carbon dioxide levels.  

 
Hallie is concerned that the state government of North Carolina does not realize the severity 

and urgency of climate change, especially for vulnerable communities. As an avid runner and a 
resident who loves the natural wonders of North Carolina, Hallie is concerned that the State’s 
forests, beaches, and mountain ecosystems will be irreparably impacted by further delaying 
climate action. She believes that clean air, clean water, and a stable climate system are the right of 
all North Carolinians and will continue to fight for a future worth inheriting.  

 
Youth Petitioner Emily Liu, age 18, is a resident of Chapel Hill, North Carolina and a first-

year student at Stanford University. For the last five years, Emily has been actively engaged in 
research and outreach involving climate change. Her passion for environmental science developed 
through her participation in the University of North Carolina’s Climate Leadership and Energy 
Awareness program and the Alliance for Climate Education’s Action Fellowship program.  

 
Emily has spoken at the North Carolina Climate Justice Summit, Raleigh city council 

meetings, and various other climate change symposia to voice her passion for climate change 
action. Emily is especially concerned about the air quality impacts of climate change in North 
Carolina and has published multiple articles in local newspapers on this subject. Emily envisions 
a future where everyone can breathe freely and is working to ensure a safe, healthy, and clean 
environment for generations to come. Emily is filing this Petition because she thinks that North 
Carolina must take action to address climate change and its impacts on the State’s current and 
future residents. 
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Youth Petitioner Arya Pontula, age 19, is a resident of Raleigh, North Carolina and is a 
sophomore at the University of North Carolina at Chapel Hill. Arya first became involved with 
climate change activism as a sophomore in high school through the Alliance for Climate 
Education’s Action Fellowship. There, she worked with other high school students across the State 
and connected with organizations such as the Sierra Club to expand the power of the youth voice 
in the fight against climate change. Arya spoke at the Raleigh hearing for the Clean Power Plan 
and has attended many local hearings to encourage the city of Raleigh to commit to addressing 
climate change.  

 
As a high schooler, Arya worked to evaluate her school’s energy efficiency and potential 

for renewable energy use, and believes that North Carolina must undergo the same process to 
preserve the State’s natural areas and protect the health of its residents. Arya is concerned about 
the irreversible damage that climate change is imposing on North Carolina’s ecosystems and on 
the incidence and severity of climate-related health issues, including asthma, food insecurity, and 
exacerbated allergies. She believes that unmitigated climate change will prejudice North 
Carolina’s future generations unless immediate action to reduce carbon dioxide emissions is taken.  

 
These young students ask the North Carolina Environmental Management Commission to 

do what the North Carolina General Statutes and Constitution empower and require it to do: 
conserve and protect the lands and waters for the benefit of all North Carolinians. These principles 
set out in the Constitution are further enshrined in North Carolina General Statutes’ requirement 
that standards of air quality must be set so as to secure for the people the beneficial uses of their 
natural resources “now and in the future.” This petition formally requests what so many North 
Carolinians, including regulated utilities, have previously asked the State and federal government 
to do: regulate carbon dioxide emissions.1 The Petitioners’ proposed rule will establish a plan to 
reduce North Carolina’s carbon dioxide emissions, a step necessary to preserve Petitioners’ and 
future generations’ ability to enjoy these natural resources. Continuing to promote fossil fuels as 
the State’s primary energy source and stall on implementing these measures will only impose 
greater costs, greater burdens, and greater injustice upon North Carolina’s youth and future 
generations, including these three petitioners. 
 
 

                                                           
1 See, e.g., N.C. Dep’t of Envtl. Quality, Div. of Air Res., Report of Proceedings of Public Hearings on Adoption of 
15A NCAC 02D .2700, Standards of Performance for Existing Electric Utility Generating Units under Clean Air 
Act Section 111(d) (2016); see also John Downey, Duke Energy Wants N.C. to Open up Planning for EPA Carbon 
Mandate, Charlotte Business Journal (Jan. 29, 2016), available at 
https://www.bizjournals.com/charlotte/blog/energy/2016/01/duke-energy-wants-n-c-to-open-up-planning-for-
epa.html; see also Emily Holden, Energy CEOs Tell EPA Chief They Want Carbon Regulation, Scientific American 
(June 22, 2017), available at https://www.scientificamerican.com/article/energy-ceos-tell-epa-chief-they-want-
carbon-regulation/.  
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1. Provide the text of the proposed rule(s) for adoption or amendment. 1 
 2 
15A NCAC 02X XXXX PURPOSE  3 

This rule directs the Division of Air Quality to produce an annual inventory of carbon dioxide 4 

from North Carolina sources and to allocate the carbon dioxide emissions reductions required by 5 

the rule across sources and sectors through a carbon dioxide budget process. The inventory 6 

required by this rule tracks carbon dioxide emissions reductions for the purpose of measuring 7 

progress towards set targets. Meeting these targets is necessary to protect human health, to prevent 8 

damage to public and private property from the worst effects of climate change, and to achieve 9 

and maintain for all residents of the State a total environment of superior quality. Protecting North 10 

Carolina’s environment from catastrophic degradation due to climate change will require other 11 

states and nations to undertake similar reductions, and North Carolina should lead by example. 12 

This rule promotes a gradual improvement to restore health and wealth and create a permanent 13 

foundation for economic well-being. By enacting this rule, North Carolina reclaims its leadership 14 

role in reducing air pollution by committing to reduce carbon dioxide pollution and accurately 15 

tracking the progress of North Carolina’s sources toward the targets. The rule is also necessary to 16 

ensure that North Carolina takes steps to meet its legal obligations to protect the State’s natural 17 

resources and limit pollution. Periodic reviews of the North Carolina inventories and budgets will 18 

require future Commissions to promulgate additional implementing rules to achieve the required 19 

emissions reductions, unless energy market changes obviate the need.  20 

 21 

15A NCAC 02X XXXX DEFINITIONS  22 

(a) For the purposes of this Subchapter, the definitions in G.S. 143-212 and the following 23 

definitions apply:  24 

(1) “Commission” means the North Carolina Environmental Management Commission.  25 

(2) “Division” means the North Carolina Division of Air Quality.  26 

(3) “State” means the State of North Carolina. 27 

(4) “Carbon Dioxide Emissions” or “CO2 Emissions” refers to carbon dioxide emissions, 28 

rather than carbon dioxide equivalent emissions. 29 
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(5) “North Carolina Source” includes both any source, as defined by 15A NCAC 02D 30 

.0101(37), that is located within the boundaries of North Carolina, and any motor 31 

vehicle, as defined by N.C. G.S. 20-4.01(23), that is registered in North Carolina. 32 

(6) “In-boundary Carbon Dioxide Emissions” or “In-boundary CO2 Emissions” means all 33 

carbon dioxide emissions produced by North Carolina Sources.  34 

(7) “Carbon Dioxide Emissions Targets” or “CO2 Emissions Targets” means carbon 35 

dioxide emissions reduction requirements set by the Commission for In-boundary 36 

Carbon Dioxide Emissions. 37 

(8) “North Carolina Carbon Dioxide Inventory” or “North Carolina CO2 Inventory” means 38 

a detailed accounting and listing of annual In-boundary Carbon Dioxide Emissions 39 

from all North Carolina Sources, organized by sector and source.  40 

(9) “North Carolina Carbon Dioxide Budget” or “North Carolina CO2 Budget” means a 41 

plan establishing the annual amount of In-boundary Carbon Dioxide Emissions 42 

reductions needed to achieve the Carbon Dioxide Emissions Targets. The North 43 

Carolina Carbon Dioxide Budget is set by the Division as detailed in this rule as a plan 44 

to guide further rule development.  45 

 46 

15A NCAC 02X XXXX CARBON DIOXIDE EMISSIONS INVENTORY AND 47 

BUDGET 48 

(a) Carbon Dioxide Emissions Targets for North Carolina Sources: The Commission sets the 49 

following planning targets for reduction of In-boundary Carbon Dioxide Emissions: 50 

(1) By 2030, achieve at least 48 percent reductions in annual In-boundary Carbon Dioxide 51 

Emissions levels relative to 2005 levels, such that annual In-boundary Carbon Dioxide 52 

Emissions do not exceed 83 million metric tons (MMT) during or after 2030. 53 

(2)  By 2050, achieve at least 88 percent reductions in annual In-boundary Carbon Dioxide 54 

Emissions levels relative to 2005 levels, such that annual In-boundary Carbon Dioxide 55 

Emissions do not exceed 18 MMT during or after 2050.  56 

(b) North Carolina Carbon Dioxide Inventory: 57 

(1) Within thirty (30) days of publication of the final rule, the Division shall identify 58 

affected stakeholders including but not limited to representatives from the following 59 
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groups: the North Carolina Utilities Commission, industry, academia, 60 

nongovernmental organizations, coastal property owners, youth, medical experts, 61 

climate activists, tribal leaders, community leaders, state officials, local government 62 

officials, and all contacts identified as members of the NC Climate Change Interagency 63 

Council. Stakeholders shall also include any persons who contact the NCDEQ Deputy 64 

Assistant Secretary for Environment by email and request to be included. The identified 65 

groups of stakeholders shall be electronically notified of all notice and comment 66 

periods required by the rule, and input from stakeholders shall inform the development 67 

of the initial North Carolina Carbon Dioxide Inventory and the initial North Carolina 68 

Carbon Dioxide Budget.  69 

(2) Within one hundred and twenty (120) days of publication of this final rule, the Division 70 

shall complete the draft initial North Carolina Carbon Dioxide Inventory. The Division 71 

shall publish on its website the draft initial North Carolina Carbon Dioxide Inventory 72 

and shall solicit comments from the public for at least thirty (30) days. The Division 73 

shall consider the comments received during the comment period in finalizing the 74 

initial North Carolina Carbon Dioxide Inventory.  75 

(3) Within forty-five (45) days of the end of the public comment period, the Division shall 76 

finalize and publish the initial North Carolina Carbon Dioxide Inventory. Following 77 

the initial Inventory, the Division shall update the Inventory annually with the most 78 

current information available to the Division. Each subsequent Inventory shall be 79 

posted on the Division’s website annually no later than December 31st of each year. 80 

(c) North Carolina Carbon Dioxide Budget:  81 

(1) Within ninety (90) days of publishing its initial North Carolina Carbon Dioxide 82 

Inventory, the Division shall publish a draft initial North Carolina Carbon Dioxide 83 

Budget outlining a plan to reduce emissions in order to meet the Carbon Dioxide 84 

Emissions Targets set by the Commission. The draft initial North Carolina Carbon 85 

Dioxide Budget shall outline a path to meet the reductions required at 2030 and 2050, 86 

guided by the initial North Carolina Carbon Dioxide Inventory. The Division shall 87 

publish on its website the draft initial North Carolina Carbon Dioxide Budget and shall 88 

solicit comments from the public for at least thirty (30) days. The Division shall 89 
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consider the comments received during the comment period in finalizing the initial 90 

North Carolina Carbon Dioxide Budget. 91 

(2) Within forty-five (45) days of the end of the public comment period, the Division shall 92 

finalize and publish the initial North Carolina Carbon Dioxide Budget. Following the 93 

initial North Carolina Carbon Dioxide Budget, the Division shall update the Budget 94 

annually with the most current information available to the Division. The Division shall 95 

develop each subsequent Budget using the annual North Carolina Carbon Dioxide 96 

Inventory. Each Budget should outline a path to meet the Carbon Dioxide Emissions 97 

Targets and should be adjusted based on progress towards the Targets. Subsequent 98 

Budgets shall be posted on the Division’s website annually no later than December 31st 99 

of each year. 100 

(d) Reviewing, Reporting, and Planning Procedures: 101 

 (1) On the first meeting of the Commission scheduled for 2022, the Division shall submit 102 

a report to the Commission describing how North Carolina Sources are responding to 103 

the North Carolina Carbon Dioxide Budget. In the report, the Division shall assess how 104 

laws, rules, and policies adopted by the State of North Carolina and the government of 105 

the United States affect the ability of North Carolina Sources to meet the Commission’s 106 

Carbon Dioxide Emissions Targets. The Division shall identify laws, rules, or policies 107 

that need to be adopted, repealed, or amended in order for North Carolina Sources to 108 

meet the Commission’s Carbon Dioxide Emissions Targets and the North Carolina 109 

Carbon Dioxide Budget. Following the initial report, the Division shall present reports 110 

annually at the first Commission meeting scheduled for each year. The Division shall 111 

publish on the Commission’s website annual reports, made publicly available no later 112 

than January 31st of each year, beginning in 2022. 113 

 (2) Every five (5) years, beginning five years after the date of rule adoption, the 114 

Commission shall assess the effectiveness of both state and federal actions taken to 115 

reduce carbon dioxide emissions by North Carolina Sources to meet the Commission’s 116 

Carbon Dioxide Emissions Targets. The Commission shall review the record 117 

assembled by the Division on the progress of North Carolina Sources as well as the 118 

best assessment of scientific information, as determined by the Intergovernmental 119 
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Panel on Climate Change. At that time, the Commission shall consider further 120 

rulemaking or statutory changes needed to meet the Commission’s Carbon Dioxide 121 

Emissions Targets. At that time, the Commission shall consider setting emissions 122 

targets proposed by the Division for other greenhouse gasses as well. The Commission 123 

shall report on and explicitly recommend further rulemaking or statutory changes 124 

needed to meet the Targets. A written report detailing the Commission’s findings and 125 

recommendations for further rulemaking shall be posted on the Commission’s website 126 

and made publicly available no later than March 1st of that year and shall be open for 127 

public comment for thirty (30) days. The Commission shall consider public comments 128 

prior to finalizing a report and will publish the report no later than December 1st of that 129 

year, and every five years thereafter. The Commission will transmit copies of this report 130 

to every state and federal agency charged with enforcement of statutes, rules, programs, 131 

or policies identified in the Report. 132 

 (e) To the extent that any rule in this section conflicts with any other rule in effect, the more 133 

stringent rule favoring meeting the Commission’s Carbon Dioxide Emissions Targets governs.  134 

 135 

History Note:  Authority G.S. 143-211; 143-215.107; 143B-282  136 

   Eff. Upon adoption 137 

  138 
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2. Provide the statutory authority for the agency to promulgate the rule(s). 
 
 The proposed rule sets carbon dioxide emissions reduction targets and establishes 
inventory, budget, planning, and review procedures to track reductions in carbon dioxide pollution 
needed to help avoid catastrophic climate change. The rule proposes a process improvement cycle 
wherein North Carolina Department of Environmental Quality (“DEQ”) staff report to the 
Commission to regularly evaluate North Carolina’s progress towards the targets. The proposed 
rule also adds procedural protections, through a stakeholder participation process, for persons who 
are concerned about reducing carbon dioxide pollution. This section details the statutory authority 
for the Commission to promulgate the proposed rule. It sets forth the North Carolina General 
Statutes provisions that empower the Commission to establish a plan to abate carbon dioxide 
emissions, addresses the potential limitations on rulemaking by N.C. Gen. Stat. § 150B-19.3 
(sometimes referred to as the “Hardison Amendment”), and clarifies how the North Carolina 
Administrative Procedure Act (“NCAPA”) restricts the Commission’s ability to deny the petition. 
 

A. The North Carolina General Statutes empower the Commission with the statutory 
authority and duty to set air pollution reduction targets, create pollutant inventories, 
and plan for reducing pollution.  
 
North Carolina General Statutes Chapter 143 Article 21B grants the Commission 

regulatory powers and duties with respect to air quality needed to enact the proposed rule.2 The 
General Statutes direct the Commission to adopt air quality rules to control air pollution3 as 
necessary to implement the broader policy of preserving air resources “in the best interest of all its 
citizens.”4 In pertinent part, Article 21B provides as follows: 

 
(a) Duty to Adopt Plans, Standards, etc. – The Commission is hereby directed and 
empowered, as rapidly as possible within the limits of funds and facilities available 
to it, and subject to the procedural requirements of this Article and Article 21:  
 

(1) To prepare and develop, after proper study, a comprehensive plan or 
plans for the prevention, abatement and control of air pollution in the 
State or in any designated area of the State.  

. . .  

                                                           
2 N.C. Gen. Stat. § 143-215.107 (2018). NC General Statutes Chapter 143 contains rules pertaining to State 
Departments, Institutions, and Commissions. Chapter 143B establishes the Commission and its duties and powers. 
See N.C. Gen. Stat. § 143B-282 (2018). 
3 N.C. Gen. Stat. § 143-213(5) (2018) defines “air pollution” as “the presence in the outdoor atmosphere of one or 
more air contaminants in such quantities and duration as is or tends to be injurious to human health or welfare, to 
animal or plant life or to property or that interferes with the enjoyment of life or property.” N.C. Gen. Stat. § 143-
213(2) defines “air contaminant” as “particulate matter, dust, fumes, gas, mist, smoke, or vapor or any combination 
thereof.” Per these definitions, carbon dioxide is a gaseous air contaminant that contributes to air pollution, and 
therefore falls within the Commission’s regulatory scope. See also Massachusetts v. EPA, 549 U.S. 497 (2007) 
(holding that the Clean Air Act’s broad definition of “air pollutant” encompasses carbon dioxide emissions). 
4 N.C. Gen. Stat. § 143-211(a) (2018). 
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(3) To develop and adopt, after proper study, air quality standards applicable 
to the State as a whole or to any designated area of the State as the 
Commission deems proper in order to promote the policies and purposes 
of this Article and Article 21 most effectively. N.C. Gen. Stat. § 143-
215.107 (2018).  

 
This section gives the Commission the power and the duty to develop a comprehensive 

plan for prevention, abatement, and control of carbon dioxide pollution after proper study. The 
proposed rule does just that. Article 21 continues to direct the Commission to establish air quality 
standards that are protective of human health, that prevent damage to property, and that ensure 
continued use of North Carolina’s natural resources. 

 
Standards of . . . air purity shall be designed to protect human health, prevent injury 
to plant and animal life, to prevent damage to public and private property, to insure 
the continued enjoyment of the natural attractions of the State, to encourage the 
expansion of employment opportunities, to provide a permanent foundation for 
healthy industrial development and to secure for the people of North Carolina, now 
and in the future, the beneficial uses of these great natural resources. N.C. Gen. 
Stat. § 143-211(c) (2018).  

 
The proposed rule fits squarely within the powers enumerated in 21B and is consistent with 

the general policies espoused in Article 21. Specifically, the proposed rule asks the Commission 
to study carbon dioxide emissions through the inventory process, adopt emissions reduction 
targets, and develop a comprehensive plan to abate and control emissions through the budget, 
review, and planning procedures.  

 
The proposed carbon dioxide emissions targets are designed to protect human health and 

prevent damage to property from the worst effects of climate change, based on the best available 
science.5 By initiating rulemaking on the proposed rule, the Commission would be taking a 
proactive step to “secure for the people of North Carolina” the use of its natural resources in the 
face of an uncertain future. The Commission is therefore empowered to study sources of carbon 
dioxide, an air pollutant, and to prepare a comprehensive inventory, budget, and plan to reduce 
them. 
 

B. N.C. Gen. Stat. § 150B-19.3 does not limit the Commission’s authority to grant the 
rulemaking petition because no current federal rule or law establishes a carbon 
dioxide target, inventory, or budget process for the Commission. 

 
Part 2A of this section detailed the statutory provisions that empower and compel the 

Commission to prepare a plan to prevent, abate, and control carbon dioxide emissions, as proposed 
by Petitioners’ Rulemaking Petition. In response to carbon dioxide rule proposals accompanying 
petitions filed in 2014 and 2017, members of the Commission expressed concerns that language 
in N.C. Gen. Stat. § 150B-19.3 prohibited action by the Commission on both those petitions and 

                                                           
5 See infra Rulemaking Petition, Section 3. 
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the underlying rule proposals. Opponents of carbon dioxide pollution rulemaking by the 
Commission typically refer to these provisions as the “Hardison Amendment.”6 But Section 150B-
19.3 does not limit the Commission’s authority to grant the rulemaking petition itself, since the 
rulemaking petition only initiates the rulemaking process. The Hardison Amendment is silent on 
rulemaking petitions and does not refer to those decisions at all.  

 
 Section 150B-19.3 does provide boundaries for the Commission’s final rules. Specifically, 

the Commission  
 
may not adopt a rule for the protection of the environment or natural resources that 
imposes a more restrictive standard, limitation, or requirement than those imposed 
by federal law or rule, if a federal law or rule pertaining to the same subject matter 
has been adopted, unless adoption of the rule is required by one of the subdivisions 
of this subsection. A rule required by one of the following subdivisions of this 
subsection shall be subject to the provisions of G.S. 150B-21.3(b1) as if the rule 
received written objections from 10 or more persons under G.S. 150B-21.3(b2): 
 

(1) A serious and unforeseen threat to the public health, safety, or welfare. 
(2) An act of the General Assembly or United States Congress that 

expressly requires the agency to adopt rules. 
(3) A change in federal or State budgetary policy. 
(4) A federal regulation required by an act of the United States Congress to 

be adopted or administered by the State. 
(5) A court order. 
 
N.C. Gen. Stat. § 150B-19.3(a) (2018) (hereinafter referred to as “Section 
150B-19.3”).  

 
 Section 150B-19.3 only limits the Commission’s authority to “adopt a rule.”7 Section 
150B-19.3 does not prohibit the Commission from granting a rulemaking petition or initiating the 
rulemaking process. After a rule is proposed, the Commission can choose to either deny the 
petition or to initiate rulemaking proceedings in response in accordance with the North Carolina 
Administrative Procedures Act.8 Only at the end of rulemaking does Commission action trigger 
review of any proposed rule under the provisions of Section 150B-19.3. During the rulemaking 
process, it would be appropriate for commenters and legal experts to debate the applicability of 
Section 150B-19.3 and any other legal issue to the substance of the rule and how the rule could be 
modified to meet this restriction, among others. Such is the essence of notice and comment 
rulemaking. In making its final decision on any final rule, it would appear to be appropriate for the 
                                                           
6 See Order Denying Petition for Rulemaking, In re Hallie Turner, Arya Pontula, and Emily Liu Petition for 
Rulemaking (May 7, 2018). Note that the last of Senator Hardison’s eponymous amendments were repealed in 1995, 
approximately five years after he had left the legislature. The plain language and scope of 150B-19.3 is 
fundamentally narrower than the language of the repealed Hardison amendments. Nevertheless, people still refer to 
the current language as a Hardison Amendment, reflecting continued efforts to argue for a broader scope of the law 
than its current version supports.  
7 N.C. Gen. Stat. § 150B-2(1b) (2018) (“‘Adopt’ means to take final action to create, amend, or repeal a rule.”). 
8 N.C. Gen. Stat. § 150B-20(c) (2018). 
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Commission to consider whether any rule violates Section 150B-19.3. Until the rulemaking 
petition is decided and the rulemaking process initiated, considerations of Section 150B-19.3 
remain premature.  
 
 Additionally, Section 150B-19.3 serves as a limitation only on “certain environmental 
rules,” specifically where “a federal law or rule pertaining to the same subject matter has been 
adopted.”9 The term “same subject matter” is not defined within the NCAPA, nor has the 
Commission adopted a binding, generally-applicable rule interpreting this language through the 
NCAPA’s formal rulemaking process. Instead, individual Commission members have expressed 
differing and nonbinding interpretations of Section 150B-19.3 as related to the Commission’s 
authority to enact rules regarding carbon dioxide emissions.10 
 

The language of Section 150B-19.3, properly understood, limits environmental regulations 
only where a federal rule or law exists on the identical subject matter. There is no legislatively 
derived definition of “same subject matter” as a phrase. Under North Carolina law, the “primary 
rule of construction of a statute is to ascertain the intent of the legislature and to carry out such 
intention to the fullest extent.”11 The key to determining the intent of the legislature is often in the 
language of the statute itself.12 Where the language of a statute is clear, words in a statute must be 
given their plain meaning as long as it is reasonable to do so.13 Here, the legislature chose to write 
“same” subject matter, rather than “similar” or “related” subject matter. This understanding is 
supported by Merriam-Webster’s dictionary, which defines “same” as “resembling in every aspect; 
corresponding so closely as to be indistinguishable.”14 Giving weight to the plain meaning of 
words in the statute, the phrase “same subject matter” should be interpreted to refer to rules on a 
subject matter that resemble each other in every aspect and that correspond so closely as to be 
indistinguishable.  

 
The ordinary meaning of the word “same” is not “similar,” it is “identical.” Only if a 

proposed rule encompasses all parts of the federally regulated subject matter—pollutant, source 
and, circumstances—is the subject matter actually the same. To find that “same subject matter” 
may refer to rules where the same pollutant from different sources and under different 
circumstances is the “same subject matter” violates the plain meaning of the phrase and would be 
an unlawful abdication of the Commission’s statutory authority and duty. Thus, applying the rules 
of statutory interpretation recognized by courts of North Carolina, the phrase “same subject 
matter” should be understood as limiting the Commission’s authority, such that the Commission 
is only prevented from adopting a rule when a federal law regulates the same pollutant, from the 
same source, under the same circumstances. Because the language of Section 150B-19.3 only 
applies where a federal rule or law on the “same subject matter” exists, it does not bar this 
                                                           
9 Section 150B-19.3 is entitled “Limitation on certain environmental rules.”  
10 See Order Denying Petition for Rulemaking, In re Hallie Turner, Arya Pontula, and Emily Liu Petition for 
Rulemaking (May 7, 2018). 
11 Burgess v. Your House of Raleigh, Inc., 326 N.C. 205, 209 (1990). 
12 Lenox, Inc. v. Tolson, 353 N.C. 659, 664 (2001). 
13 Lenox, Inc. at 664; North Carolina State Bar v. Brewer, 644 S.E.2d 573, 577 (2007) (“Under our canons of 
statutory interpretation, where the language of a statute is clear, the courts must give the statute its plain meaning.”). 
14 Same, MERRIAM-WEBSTER, https://www.merriam-webster.com/dictionary/same?src=search-dict-box (last visited 
Feb. 3, 2020). 
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Commission from ultimately adopting the rule language proposed with this Petition. No current 
federal rule or law on the same subject matter exists. No federal law or rule establishes carbon 
dioxide emissions reduction targets, nor does a federal rule or law impose a carbon dioxide 
inventory or budget process duties on DEQ or on the Commission. 
 

Section 150B-19.3 must be read in light of the other laws specifically directing the 
Commission in the exercise of its duties, including the North Carolina Constitution. The 
Constitution emphasizes the State’s commitment to protecting the State’s air, water, and other 
natural resources.  
 

It shall be the policy of this State to conserve and protect its lands and waters for 
the benefit of all its citizenry, and . . . to control and limit the pollution of our air 
and water . . . and in every other appropriate way to preserve as a part of the 
common heritage of this State its forests, wetlands, estuaries, 
beaches, historical sites, openlands, and places of beauty. 
N.C. Const. art. XIV, § 5. 
 
This constitutional mandate guides the interpretation of all statutes relating to 

environmental protection and supersedes conflicting statutory provisions.15 In accordance with this 
provision, the Commission was formed as a commission of the Department of Environmental 
Quality with regulatory powers to protect, preserve, and enhance the State’s water and air 
resources.16 North Carolina General Statutes Chapter 143, Article 21 further confirms that it is 
North Carolina’s public policy to conserve its water and air resources, and to maintain a “total 
environment of superior quality.” 

 
It is hereby declared to be the public policy of this State to provide for the 
conservation of its water and air resources. Furthermore, it is the intent of the 
General Assembly, within the context of this Article 21A and 21B of this Chapter, 
to achieve and to maintain for all citizens of the State a total environment of 
superior quality. Recognizing that the water and air resources of the State belong 
to the people, the General Assembly affirms the State’s ultimate responsibility for 
the preservation and development of these resources in the best interest of all its 
citizens and declares the prudent utilization of these resources to be essential to the 
general welfare. 
N.C. Gen. Stat. § 143-211.  

 
Section 150B-19.3 must be interpreted and understood in light of these constitutionally and 

statutorily expressed policies. If Section 150B-19.3 is read too broadly, it has the potential to 
nullify the constitutional and statutory principles of environmental conservation powers and duties 
granted to the Commission, rendering the Commission functionally and unlawfully immobilized. 

                                                           
15 State v. Elder, 368 N.C. 70, 73 (2015) (noting that courts should interpret statutes in a manner consistent with the 
state Constitution); Smith v. Keator, 285 N.C. 530, 534 (1974); State v. Frinks, 284 N.C.472. 478 (1974) (“[W]here 
a statute or ordinance is susceptible of two interpretations, one constitutional and one unconstitutional, the courts 
should adopt the interpretation resulting in a finding of constitutionality”).  
16 N.C. Gen. Stat. § 143B-282 (2018). 
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In this light, Section 150B-19.3 is best understood as a regulatory ceiling – it serves as an upper 
limit on rules “for the protection of the environment or natural resources,” but only applies when 
a federal rule or law has been adopted. When there is no federal rule or law regulating the same 
pollutant, from the same source, and under the same circumstances, there is no ceiling and the 
Commission is not constrained in its regulatory authority. When federal rules create a patchwork 
landscape, failing to regulate a certain pollutant comprehensively or regulating certain sources but 
not others, the Commission is constrained only to the degree that a federal rule on the same subject 
matter is in place. In some cases, the federal landscape has been so comprehensively regulated that 
the ceiling is absolute. In many cases, there are holes in the ceiling, inviting regulation from the 
Commission. 
 

The Rulemaking Petition requires the Commission to commit to carbon dioxide emissions 
reduction targets and the associated implementation planning: producing annual carbon dioxide 
emissions inventories and budgets, performing regular reviews of progress towards the targets, 
and implementing new rules as necessary to reach the targets. At this time, the Commission is 
being asked to initiate the rulemaking process, as distinct from adopting the rule. Section 150B-
19.3 applies only to the adoption of rules so it does not prevent the Commission from granting the 
Petition and initiating the rulemaking process. Once the Commission initiates rulemaking, it may 
consider whether the proposed rule implicates Section 150B-19.3, and, if necessary, how the rule 
could be modified to avoid being more restrictive than federal rules or laws on the same subject 
matter.  

 
In its current form, the proposed rule is written so that if the Commission grants the 

Petition, and the rulemaking process resulted in a final rule with the current language unchanged, 
it would meet any challenges by the North Carolina Rules Review Commission under Section 
150B-19.3. First, the proposed rule is best characterized as a process rule that binds the 
Commission and is therefore not the “same subject matter” as any federal rule or law. The rule’s 
requirements apply to the Commission and the Division, directing them to fulfill inventory, budget, 
and planning obligations. The rule obliges the Commission to monitor progress towards the targets 
and provides an implementation process for emissions reduction. The Petition does not directly 
require any source to reduce carbon dioxide emissions. Instead, the rule provides the framework 
necessary to reach the reduction targets and leaves the Commission to decide exactly how to get 
there. The proposed rule regulates the conduct of the Commission and the staff at DEQ in preparing 
inventories, plans, and budgets where there is no federal requirement on either the Commission or 
DEQ. No federal law or rule yet enacted creates any similar process for the DEQ or Commission. 
Because there is no federal law implementing a similar process for the Commission (i.e., covering 
the “same subject matter”), the proposed rule is not prohibited by Section 150B-19.3.  

 
Second, no federal rule or law sets carbon dioxide emissions reduction targets or 

establishes a carbon dioxide inventory and budget process. Existing federal rules do govern air 
emissions generally, as noted by the Commission in its 2017 Order Denying Petition for 
Rulemaking.17 As long as the regulations do not cover the identical subject matter as the proposed 
rule, the existence of federal regulations related generally to air emissions does not preclude the 
                                                           
17 Regulations promulgated under the Clean Air Act address emissions from a number of air pollutants from both 
mobile and stationary sources.   
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Commission from adopting the proposed rule. Federal regulations may be related to the proposed 
rule in that they regulate the same sources (i.e., mobile and stationary sources) or regulate the same 
pollutant (i.e., carbon dioxide emissions), as long as no rule regulates the same pollutant, from the 
same source, and under the same circumstances. Reading Section 150B-19.3 more broadly would 
leave the Commission unable to fulfill its constitutional duties to “control and limit the pollution 
of our air” and its statutory duties to adopt air quality standards and plans under Article 21B. 
Instead, Section 150B-19.3 preempts more stringent regulation only when Congress or a federal 
agency has explicitly chosen to regulate a particular pollutant and source.  
 

 Existing federal regulations have failed to comprehensively address carbon dioxide 
emissions and do not specifically address carbon dioxide emissions in the manner proposed by this 
Rulemaking Petition.18 At the federal level, next to no action has been taken to set comprehensive 
carbon dioxide emissions targets across the board, outside of a few scattershot efforts.19 Federal 
law does not set a carbon dioxide emissions target, as proposed by this Petition.20 Nor does federal 
law require DEQ to prepare a carbon dioxide emissions budget or plan.21 Federal regulators have 
not mandated a Federal Implementation Plan or State Implementation Plan for carbon dioxide. 
While some federal laws and rules referencing carbon dioxide pollution do exist, these rules are 
extremely narrow in scope—confined to heat rate improvements of coal-fired power plants and 
tailpipe emissions standards for mobile sources.22 The federal landscape is currently wide open on 
the same subject area covered by the proposed rule, with federal laws failing to impose emissions 
inventories, budgets, or planning processes on state agencies for carbon dioxide emissions. In the 
absence of comprehensive federal regulation addressing carbon dioxide emissions, Section 150B-
19.3 leaves room for the Commission to fill a critical regulatory gap. The proposed rule allows the 
State to take responsible action in the absence of federal leadership by setting statewide carbon 
dioxide emissions targets, establishing an iterative process for measuring progress towards those 
targets, and initiating future processes to implement any required carbon dioxide rulemaking in 
the future, as necessary. 

 
                                                           
18 See infra Rulemaking Petition, Section 4. The Affordable Clean Energy Rule (“ACE”), finalized in July 2019, 
does not set state-specific carbon dioxide emissions standards or a federal emissions standard. It narrowly applies to 
plant-level efficiency improvements, giving states significant flexibility to set those standards. Importantly, it only 
applies to coal-fired power plants, meaning there is no federal standard for many carbon dioxide sources. See U.S. 
EPA, Repeal of the Clean Power Plan; Emission Guidelines for Greenhouse Gas Emissions From Existing Electric 
Utility Generating Units; Revisions to Emission Guidelines Implementing Regulations, 84 Fed. Reg. 32,520 (Jul. 8, 
2019) [hereinafter ACE]. 
19 See infra Rulemaking Petition, Section 4. 
20 Id. 
21 EPA does have a Greenhouse Gas Reporting Program, codified at 40 C.F.R. 98 (2009). This rule imposes 
greenhouse gas reporting requirements on certain facilities. EPA has traditionally used the resulting dataset to 
produce a national greenhouse gas inventory, in accordance with its United Nations Framework Convention on 
Climate Change commitments. See U.S. ENVTL. PROT. AGENCY, PUB. NO. EPA430-R-19-001, INVENTORY OF U.S. 
GREENHOUSE GAS EMISSIONS AND SINKS at ES-1, ES-2 (2019). The Greenhouse Gas Reporting Program does not 
provide for or require an emissions budget.  
22 See infra Rulemaking Petition, Section 4. The rules that do regulate carbon dioxide emissions are narrow. For 
example, the ACE rule is confined to heat rate improvements of coal-fired power plants, and the existing mobile 
source standards are confined to tailpipe emissions standards. See ACE, 84 Fed. Reg. 32,520 (Jul. 8, 2019); see also 
2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel Economy 
Standards, 77 Fed. Reg. 62,624 , 62,770 (Oct. 15, 2012). 
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Under the proposed rule, the Commission has years to develop any needed implementing 
rules after the inventory and budget process calls for them to do so. At those points, any proposed 
rules would be evaluated under the NCAPA requirements in place at the time they make those 
rules, including Section 150B-19.3 in whatever form it still exists. After assessing progress 
towards the targets, the Commission may determine that additional rules are needed to reach the 
targets by the required dates. Initially, the Commission may choose to implement the proposed 
rule by focusing efforts on sources it already regulates. This approach would allow the 
Commission to adopt the rule while remaining well within the bounds of Section 150B-19.3. If 
these efforts are insufficient to meet the reduction targets in time, the Commission will need to 
consider future rulemaking and should consider what sources federal law already regulates and 
whether a particular implementation might violate Section 150B-19.3. As with all rules the 
Commission adopts, this analysis will happen at the time the Commission considers adoption of 
each rule. However, at the current stage, the Commission may not reject the Petition based on fears 
that the rule will require implementing future rules which might later be challenged under Section 
150B-19.3.  
 

Read together with the rules of statutory interpretation, the North Carolina Constitution 
and Article 21, and the absence of federal law comprehensively regulating carbon dioxide 
emissions, Section 150B-19.3 does not prohibit the Commission from granting the instant Petition. 
Section 150B-19.3 does not apply at the current decision-making stage, nor will it ultimately 
impact the rule because the proposed rule itself is not the “same subject matter” as any existing 
federal rule. To the extent they are necessary, future implementing rules can be drafted so as to not 
cover the “same subject matter” as a federal rule or law. The meaning of “same subject matter” 
within Section 150B-19.3 should not be interpreted so broadly as to negate the Commission’s 
constitutional and statutory mandates to control air pollution – indeed, such a reading of Section 
150B-19.3 would be unconstitutional. Therefore, Section 150B-19.3 does not materially limit the 
Commission’s authority to grant the Rulemaking Petition, initiate the rulemaking process, or adopt 
the proposed rule. 
 

C. The North Carolina Administrative Procedure Act defines the Commission’s 
authority in reviewing rulemaking petitions and limits the Commission’s ability to 
deny a rulemaking petition based on uncodified statements of policy or interpretation. 

 
In carrying out its rulemaking powers and duties, the Commission must comply with the 

NCAPA,23 which requires that the Commission follow a uniform procedure for adopting air quality 
rules. The NCAPA creates procedural rights for all persons to have rulemaking petitions 
considered and for agencies to guide their discretion with clear rules.24 The NCAPA limits an 
agency’s ability to take actions against a party which prejudice the procedural rights of persons 
pursuant to uncodified statements of policy preference: 

 
This Article applies to an agency’s exercise of its authority to adopt a rule. A rule 
is not valid unless it is adopted in substantial compliance with this Article. An 
agency shall not seek to implement or enforce against any person a policy, 

                                                           
23 N.C. Gen. Stat. §§ 150B-1 to -64 (2018). 
24 N.C. Gen. Stat. § 150B-20 (2018). 
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guideline, or other interpretive statement that meets the definition of a rule 
contained in G.S. 150B-2(8a) if the policy, guideline, or other interpretive statement 
has not been adopted as a rule in accordance with this Article.25 

 
As such, each agency is required to establish by rule a “procedure for submitting a rule-

making petition to it and the procedure the agency follows in considering a rule-making petition.”26 
The Commission has codified its procedures in considering rulemaking petitions in 15A NCAC 
02I .0501, and is limited to these procedures in granting or denying this Petition for Rulemaking.27 
Aside from enumerating the basic requirements of a rulemaking petition, the Commission’s 
procedures do not provide meaningful guidelines for its review of proposed rules underlying any 
rulemaking petition. The procedures indicate only that the Commission shall “consider” in its 
review whether 

 
it has authority to adopt the rule; the effect of the proposed rule on existing rules, 
programs, and practices; probable costs and cost factors of the proposed rule; and 
the impact of the rule on the public and regulated entities.28 
 
 Specifically, the Commission’s rules lack of meaningful guidance as to the interpretation 

of “authority to adopt” and the other factors it is to consider in evaluating a rulemaking petition 
prejudices any petitioners’ ability to prepare for presenting before the Commission. The 
Commission has not been vested with absolute discretion to grant or deny a rulemaking petition, 
nor has it been given the power to interpret or enforce general rulemaking provisions of the 
NCAPA in its rulemaking review functions.29 Rather, the Commission must use the rules it has 
enacted as they are written. 
 

The Commission is therefore limited in its review of any rulemaking petition to the 
requirements outlined in its enabling statutes and the NCAPA.30 Because the Commission has not 
enacted rules that detail criteria for when it will grant or deny a rulemaking petition, it must grant 
petitions that meet the basic requirements established in 15A NCAC 021 .0501(b) unless it has 
previously enacted rules which clearly and directly support the basis for denial claimed. Attempts 
by the Commission to use its own interpretation of the NCAPA’s general provisions, such as 
Section 150B-19.3, to deny a petition exceeds its statutory mandate, and violates the NCAPA’s 
limits on enforcing uncodified policies or interpretive statements against a person. The 
Commission did not reference Section 150B-19.3 in its own rulemaking petition rules. The 
Commission cannot use what it did not reference to reject rulemaking petitions.  

 
                                                           
25 N.C. Gen. Stat. § 150B-18 (2018). 
26 N.C. Gen. Stat. § 150B-20(a) (2018). 
27 15A NCAC 021 .0501. The proposed rule meets the definition of a rule under 150B-3(8a)(a) because it creates a 
right for all persons to notice and comment on the inventory and budget process cycle.  
28 15A NCAC 021 .0501. 
29 See N.C. Gen. Stat. §§ 150B-2(8a), - 18 and -20 (2018); see also 15A NCAC 021 .0501. Neither the NCAPA nor 
Commission’s enabling statutes gives the Commission the power to enforce or interpret general rulemaking 
provisions of the NCAPA such as N.C. Gen. Stat. 150B-19.3 (2018). 
30 Under the NCAPA’s definition of Rule, Respondent’s discretion must be structured and guided by standards 
which are set forth in Rules. See N.C. Gen. Stat. §§ 150B-2(8a), -18 (2018). 
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Nor do the Commission’s rules permit the Commission to add evidence to the petition for 
the rulemaking record, including assertions made by individual Commissioners. Consideration of 
outside evidence for inclusion in the rulemaking record should occur once the rulemaking process 
is initiated as it always is during the process of notice and comment rulemaking. Consideration of 
anything not set forth in the Commission rules on rulemaking petitions is erroneous as a matter of 
law when deciding whether to grant or deny a petition. Additionally, objections to specific rule 
details—i.e., the deadlines proposed, the emissions reduction schedule chosen, or the form of the 
rule—can be remedied during the rulemaking process and do not provide justification for the 
Commission to deny the Petition.31 A decision to grant a rulemaking petition is not an endorsement 
of the rule and does not guarantee the enactment of a particular rule, but is merely a decision to 
initiate rulemaking on the text requested.32 Nothing in the Commission’s enacted criteria nor in 
the NCAPA prevent the Commission from granting the Petition, therefore the Commission must 
grant the Petition and initiate the rulemaking process.  
 
 
 
 

                                                           
31 The NCAPA allows the RRC to set later effective dates on rules which are delayed during the rulemaking process. 
See N.C. Gen. Stat. § 150B-21.3 (2018).  
32 N.C. Gen. Stat. § 150B-20(a) (2018). 
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3. Provide a statement of the reasons for adoption of the proposed rule. 
 

Adverse impacts of increasing levels of greenhouse gases (“GHGs”), including carbon 
dioxide (“CO2”), on Earth’s climate system are readily apparent, yet carbon dioxide pollution is 
not currently controlled by the Commission. Since 2000, global GHG emissions increased at a rate 
of 2.6% annually.33 As of January 2020, the atmospheric concentration of CO2 reached 411 parts 
per million (“ppm”) and will remain above this threshold in the absence of concerted 
intervention.34 Human activities are responsible for approximately 1ºC of global warming above 
pre-industrial levels.35 If governments and regulators do not take immediate action to curb 
emissions below the business as usual case, the world is on track to reach 1.5ºC of warming above 
pre-industrial levels by 2040.36 The risks to natural and human systems are much greater at 1.5ºC 
than at 1ºC, and greater still at 2°C.37 To limit warming to 1.5ºC the atmospheric CO2 concentration 
cannot exceed at 450 ppm by the year 2040.38 To limit long-term warming to 1ºC the atmospheric 
CO2 concentration must return to no more than 350 ppm by 2100. The proposed rule outlines 
emissions reductions from specific sectors of the North Carolina energy system calculated to limit 
short-term global warming to 1.5ºC.  

 
Achieving this ambitious reduction in atmospheric CO2 requires immediate and substantial 

emissions reductions such that global CO2 emissions reach net zero by 2050.39 Under the proposed 
rule the Commission will create targets and require the Division of Air Quality to create inventories 
and budgets to track efforts by North Carolina sources to reduce CO2 emissions. Every fifth year 
the Commission and Division will check progress and report on any changes that are needed to 
keep North Carolina’s sources on track to meet the targets. The reports will be made to all policy 
implementing bodies in North Carolina that need to take action.  

 
This rule alone does not fulfill North Carolina’s obligations to address climate change and 

reduce emissions from all sectors of its energy system. North Carolina, along with other states and 
countries, should take additional actions that are beyond the scope of this proposed rule to limit 
long-term global warming to 1.0ºC, which the best available science says is necessary to avoid 
catastrophic and irreversible climate impacts.40 Such additional actions include significant natural 
carbon sequestration through reforestation and improved agricultural techniques. 
                                                           
33 James Hansen et al., Young People’s Burden: Requirement of Negative CO2 Emissions, 1 EARTH SYSTEM 
DYNAMICS 18 (2016).  
34 Richard A. Betts et al., El Niño and a Record CO2 Rise, 6 NATURE CLIMATE CHANGE 806, 807-809 (2016); Nat’l 
Oceanic and Atmospheric Admin., Trends in Atmospheric Carbon Dioxide, Recent Global CO2 Trend, EARTH 
SYSTEM RESEARCH LABORATORY GLOBAL MONITORING DIVISION, https://www.esrl.noaa.gov/gmd/ccgg/trends/gl_ 
trend.html (last accessed Jan. 16, 2020). 
35 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC), GLOBAL WARMING OF 1.5°C 81 (Masson-Delmotte 
et al. eds., 2018). 
36 Id. 
37 Id. at 7.  
38 Philip Goodwin et al., Adjusting Mitigation Pathways to Stabilize Climate at 1.5°C and 2.0°C Rise in Global 
Temperatures to Year 2300, 6 EARTH'S FUTURE 601 (2018). 
39 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 14. 
40 James Hansen, et al., Target Atmospheric CO2: Where Should Humanity Aim? (2008); James Hansen, et al., 
Assessing “Dangerous Climate Change”: Required Reduction of Carbon Emissions to Protect Young People, 
Future Generations and Nature (2013); James Hansen, et al., Ice Melt, Sea Level Rise and Superstorms: Evidence 
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Because increased warming to date has exhibited a linear relationship with cumulative CO2 
emissions, the soundest strategy to limit global warming focuses on reducing CO2 emissions. 
Sequestering the excess CO2 already in the atmosphere is also important. Cutting CO2 emissions 
to limit short-term global warming to less than 1.5ºC and long-term warming to 1.0ºC will reduce 
the risk associated with extreme climate events and feedback processes that may be triggered at 
slightly higher temperatures. The latest Intergovernmental Panel on Climate Change (“IPCC”) 
report estimates that global net anthropogenic CO2 emissions must decline to 45% of 2010 levels 
by 2030 and to net zero by 2050 to keep warming at or below 1.5ºC. Significant sequestration of 
100 to 153 gigatons of carbon (“GtC”) through natural means could limit long-term warming to 
no more than 1.0ºC by 2100.41 GHG-induced changes to the climate system will severely impact 
North Carolina, as detailed below. As a result, the proposed rule recognizes that although reducing 
atmospheric CO2 concentrations will take a concerted global effort, every state, including North 
Carolina, must contribute.  

 
The North Carolina Environmental Management Commission (“Commission”) and the 

Department of Environmental Quality’s (“DEQ”) predecessor agencies were long leaders in 
forecasting the impact of rising CO2 emissions on the State’s natural resources. In 2007, the United 
States Supreme Court held that greenhouse gasses are air pollutants under the Clean Air Act.42 
Collaborative stakeholder processes led to the development of a Climate Action Plan Advisory 
Group whose work culminated in a report to the NC General Assembly in 2008. The report 
outlined steps to reduce North Carolina’s CO2 emissions to within one percent of 1990 levels by 
2020. Since that time, the cost of renewable energy has dropped exponentially while the cost of 
inaction on GHG pollution has grown drastically. Still, the Commission has not established any 
planning targets for reducing CO2 emissions from North Carolina sources. During the past year, 
inventories of all greenhouse gasses have been developed by DEQ and Executive Order 80 
(“EO80”) has committed the State to undertake actions to reduce greenhouse gas emissions.43 The 
Commission has regulatory authority to control emissions of CO2 pollution from North Carolina 
sources and can use that authority to promulgate CO2 emissions targets based on climate science. 
The proposed rule sets definite targets based on the best available science to support planning 
needed by North Carolina CO2 sources in order for them to switch to lower cost and lower carbon 
options, such as solar energy.  

 
 
 

                                                           
From Paleoclimate Data, Climate Modeling, and Modern Observations That 2ºC Global Warming Could Be 
Dangerous (2016); James Hansen, et al., Young People’s Burden: Requirement of Negative CO2 Emissions (2017); 
Veron, J., et al., The Coral Reef Crisis: The Critical Importance of <350 ppm CO2 (2009); Frieler, K., et al., 
Limiting Global Warming to 2ºC is Unlikely to Save Most Coral Reefs (2012). 
41 James Hansen, et al., Assessing “Dangerous Climate Change”: Required Reduction of Carbon Emissions to 
Protect Young People, Future Generations and Nature (2013); James Hansen, et al., Young People’s Burden: 
Requirement of Negative CO2 Emissions (2017). 
42 Massachusetts v. EPA, 549 U.S. 497, 524, 127 S. Ct. 1438, 1457, 167 L. Ed. 2d 248, 272 (2007). 
43 NC Executive Order No. 80, North Carolina’s Commitment to Address Climate Change and Transition to a Clean 
Energy Economy (Oct. 29, 2018). 
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A. The best available science shows that anthropogenic climate change threatens the 
stability of the global climate system. 

 
i. Global temperature is rising. 

 
1. The IPCC states that “warming of the climate system is unequivocal.”44 The rapid 

increase of global surface temperatures on land and at sea is a key observable 
component of climate change (Figure 3.1). Mean global surface temperature rose 
approximately 1ºC since the pre-industrial era.45 Warming that occurred from 1951 
to 2010 alone increased between 0.6ºC to 0.8ºC.46 This is the fastest span of 
warming during the Holocene Era (i.e., the last 10,000 years), during which human 
civilization developed.47  

 
2. The 1ºC increase in global mean surface temperature has already caused adverse 

changes to Earth’s climate system and, consequently, to climate-dependent natural 
and human systems. The frequency and magnitude of the impacts brought by these 
changes will grow successively more consequential as global mean surface 
temperature reaches 1.5ºC, 2ºC, 2.5ºC, etc.48 Climate models forecast with near 
certainty that regional climate will change between present-day and a warming 
scenario of 1.5ºC, and change again between 1.5ºC and 2ºC.49 

 
3. Over the last century, Earth has warmed at a rate “roughly ten times faster than the 

average rate of ice-age-recovery warming.”50 Because of the immense thermal 
inertia of the oceans, and the fact that it takes centuries for the climate system to 
fully absorb excess CO2 in the atmosphere, warming will continue under any future 
emissions scenario.51 The surface of the planet has warmed about 0.12ºC per decade 
since 1951.52 Surface temperatures are rising dramatically: ten of the warmest years 
since 1880 have occurred since 2000, with the exception of 1998.53 The last five 
years (2014 to 2018) are the five warmest years on record.54  

 

                                                           
44 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC), FIFTH ASSESSMENT REPORT: CLIMATE CHANGE 2013 
at 123 (2013) [hereinafter IPCC AR5]. 
45 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 51.  
46 T. KNUTSON ET AL., Detection and Attribution of Climate Change, in CLIMATE SCIENCE SPECIAL REPORT: 
FOURTH NATIONAL CLIMATE ASSESSMENT 114 (Wuebbles et al. eds., 2017).  
47 IPCC AR5, supra note 44, AT 4; Declaration of Dr. James E. Hansen, Juliana et al. v. United States et al., No. 
6:15-vc-01517-TC, (D. Or. Aug. 12, 2015).  
48 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 177.  
49 Id.  
50 NASA, How is Today’s Warming Different from the Past?, NASA EARTH OBSERVATORY (June 3, 2010), 
https://web.archive 
.org/web/20170710193942/https://www.earthobservatory.nasa.gov/Features/GlobalWarming/page3.php. 
51 IPCC AR5, supra note 44, at 128–29.   
52 IPCC AR5, supra note 44, at 5.  
53 NASA, Global Temperature, Global Climate Change: Vital Signs of the Planet, NASA CLIMATE (last updated 
April 17, 2019), http://climate .nasa.gov/vital-signs/global-temperature/. 
54 Id.  
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4. The annual average temperature in the continental U.S. increased 1.2ºF from 1986 
to 2016 and is projected to continue to rise, with very high confidence.55  

 
5. Many different aspects of Earth’s climate system are responding to the warming 

over the past century. For example, increased CO2 and other GHGs in the 
atmosphere not only cause warmer surface temperatures on land56 but also lead to 
warmer oceans,57 increased atmospheric moisture levels,58 rising sea levels,59 and 
changes in atmospheric and ocean circulation patterns that affect the global 
distribution of water and heat.60 

 
6. Global ocean temperatures have risen alongside land temperatures. These changes 

in water temperature affect the circulatory patterns of the world’s oceans, which in 
turn affect the climate because the ocean acts as a global heat delivery system.61 

                                                           
55 Wuebbles et al., supra note 46, at 17.  
56 IPCC AR5, supra note 44, at 5.  
57 Id. at 8. 
58 Id. at 17. 
59 Id. at 19. 
60 Id. at 5.  
61 Id. at 24; NASA, A Chilling Possibility, SCIENCE BETA (Mar. 5, 2004), https://web.archive.org/web/20170711 
142912/https://science.nasa.gov/science-news/science-at-nasa/2004/05mar_arctic.   

Figure 3.1. Global temperature anomalies (oC), compared to average global temperature 
between 1880 to 2018. 

Source: Rebecca Lindsey and LuAnn Dahlman, National Oceanic and Atmospheric Administration (NOAA), 
Climate Change: Global Temperature (2018). Available at https://www.climate.gov/news-
features/understanding-climate/climate-change-atmospheric-carbon-dioxide.  



 

 
 

Duke Environmental Law & Policy Clinic  24 
 

Current ocean warming extends down to several thousand meters below the ocean 
surface despite the ocean’s immense ability to absorb and dissipate heat.62 

 
7. Without any policies to meaningfully address global warming and cut emissions of 

greenhouse gases, global warming is expected to reach 4.1ºC to 4.8ºC above pre-
industrial levels by 2100.63 (See Section 3, part D of this Petition for more details 
on the impacts associated with the different successive thresholds of global 
temperature increases.) 

 
ii. Climate change is caused by anthropogenic activities, including CO2 emissions from 

North Carolina sources. 
 

8. Since at least 1899 scientists understood that CO2 concentrations in the atmosphere 
caused heat to be trapped on Earth.64 Further, the U.S. has known for over 50 years 
that CO2 released from burning fossil fuels causes climate change.65 The impact of 
CO2 emitted through human activities was noted by President Lyndon B. Johnson’s 
Scientific Advisers in 1965, who stated that “pollutants have altered on a global 
scale the CO2 content of the air” through the “burning of coal, oil and natural gas.”66  

 
9. At that time, the President’s Scientific Advisory Committee warned that “carbon 

dioxide [gases] are accumulated in such large quantities that they may eventually 
produce marked climate change”67 and recommended reducing CO2 pollution 
because of the “extraordinary economic and human importance” of the climate 
system.68 In more recent decades, scientists have thoroughly studied the link 
between CO2 emissions and observed marked changes in climate, prompting 
international consensus that CO2 emissions must be reduced. 

 
10. To address the need for reducing CO2 and other GHG emissions, the United Nations 

Framework Convention on Climate Change (“UNFCCC”) was ratified on October 
15, 1992 with the goal to “protect the climate system for the benefit of present and 
future generations of humankind.”69 As a minimal objective the UNFCCC works 
towards “stabilization of greenhouse gas concentrations in the atmosphere at a level 
that would prevent dangerous anthropogenic interference with the climate system. 
Such a level should be achieved within a time frame sufficient to allow ecosystems 
to adapt naturally to climate change, to ensure that food production is not threatened 

                                                           
62 IPCC AR5, supra note 44, at 8.  
63 Temperatures, CLIMATE ACTION TRACKER (December 11, 2018), https://climateactiontracker.org/global 
/temperatures/. 
64 T.C. Chamberlin, An Attempt to Frame a Working Hypothesis of the Cause of Glacial Periods on an Atmospheric 
Basis, 7 JOURNAL OF GEOLOGY 545, 574–575 (1899).  
65 Envtl. Pollution Panel, President’s Sci. Advisory Comm., Restoring the Quality of Our Environment 112-113 
(1965).  
66 Id. at 1 & 9.  
67 Id. at 12. 
68 Id. at 127. 
69 U.N. Framework Convention on Climate Change (UNFCCC), Article 3, paragraph 1, p. 4. (1992).  
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and to enable economic development to proceed in a sustainable manner.”70 The 
United States Senate ratified the UNFCCC treaty on October 7, 1992 and the U.S. 
remains a party to the present day. 

 
11. The EPA states, “the case for finding that greenhouse gases in the atmosphere 

endanger public health and welfare is compelling and, indeed, overwhelming.”71 
Further, the EPA notes, “the evidence points ineluctably to the conclusion that 
climate change is upon us as a result of greenhouse gas emissions, that climate 
changes are already occurring that harm our health and welfare, and that the effects 
will only worsen over time in the absence of regulatory action.”72 

 
12. Life was able to evolve and adapt on Earth because of the unique chemical 

composition of the atmosphere and stable climate, and this climate has allowed 
humans to expand and flourish.73 Earth is a “Goldilocks” planet that has lower 
atmospheric GHG concentrations than Venus (which is too hot for life) and higher 
GHG concentrations than Mars (which is too cold for life).74  

 
13. GHGs act as a blanket in the atmosphere by trapping radiative heat emitted by the 

sun to warm the surface of the planet.75 Without GHGs the global average surface 
temperature would be 0ºF (-18ºC) as opposed to 59ºF (15ºC).76 This fundamental 
mechanism of global warming has been understood by scientists since the late 19th 
century.77 

 
14. CO2 is naturally removed from the atmosphere through gas exchange at the surface 

of the ocean, chemical weathering of rocks, and biological uptake via 
photosynthesis.78 These processes have historically removed more than half of 
emitted CO2 within a century, but around 20% of emitted CO2 remains in the 
atmosphere for many millennia.79 As human activities emit more CO2 and other 
GHGs, the slow natural processes that remove these gases from the atmosphere are 
overwhelmed, leading to CO2 and GHG buildup in the atmosphere. 

 

                                                           
70 Id. at Article 2, p. 4.  
71 Proposed Endangerment Cause or Contribute Findings for Greenhouse Gases under Section 202(a) of the Clean 
Air Act, 74 Fed. Reg. 18886, 18904 (Apr. 24, 2009) (to be codified in 40 C.F.R. Chapter 1). 
72 Id.  
73 John Abatzoglou et al., A Primer on Global Climate Change and its Likely Impacts, in CLIMATE CHANGE: WHAT 
IT MEANS FOR US, OUR CHILDREN, AND OUR GRANDCHILDREN 11, 15-22 (Joseph F. DiMento & Pamela Doughman 
eds., 2007). 
74 James Hansen, STORMS OF MY GRANDCHILDREN 224-225 (2009).  
75 Abatzoglou et al., supra note 73, at 16. 
76 Id.  
77 Id. at 17. 
78 INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC), CONTRIBUTION OF WORKING GROUP I TO THE 
FOURTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 824 (Susan Solomon et 
al. eds., 2007).  
79 Id. 
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15. By emitting CO2 through human-made sources humans have significantly altered 
the chemical composition of the atmosphere, upsetting the balance of gases to 
which all life on Earth is adapted. Currently “the rate of emission of CO2 […] 
greatly exceeds its rate of removal,”80 and this causes CO2 to accumulate in the 
atmosphere. Fossil fuel emissions increased 1.5% per year from 1973 to 2000 and 
2.6% per year from 2000 to 2014.81 At the same time, the rate of increase in 
atmospheric CO2 concentrations has also accelerated from 0.85 ppm per year 
between 1960 and 1970 to 2.0 ppm per year between 2000 and 2010.82  

 
16. Current atmospheric CO2 concentrations are the highest they have been in the last 

800,000 years (Figure 3.2).83 In 2013, atmospheric CO2 concentrations exceeded 
400 ppm for the first time in recorded history and have remained above 400 ppm 
since 2016. The last time CO2 concentrations were above 400 ppm was over 3 
million years ago, during the mid-Pliocene.84 In January 2019 the global 

                                                           
80 Id. at 825. 
81 Declaration of Dr. James E. Hansen, Juliana et al. v. United States et al., No. 6:15-vc-01517-TC, (D. Or. Aug. 12, 
2015).  
82 Id. at 7.  
83 Id. at 4; Dieter Lüthi et al., High-Resolution Carbon Dioxide Concentration Record 650,000-800,000 Years 
Before Present, 453 NATURE 379, 379-381 (2008). 
84 Nicola Jones, How the World Passed a Carbon Threshold and Why It Matters, YALE ENVIRONMENT 360 (Jan. 26, 
2017), https://e360.yale.edu/features/how-the-world-passed-a-carbon-threshold-400ppm-and-why-it-matters. 

Figure 3.2. Atmospheric CO2 concentrations in parts per million (ppm) for the past 800,000 
years, based on EPICA (ice core) data. The peaks and valleys in CO2 levels track the coming and 
going of ice ages (low CO2) and warmer interglacials (higher levels). Throughout these cycles, 
atmospheric CO2 never rose higher than 300 ppm; in 2017, it reached 405.0 ppm (black dot).  

Source: National Oceanic and Atmospheric Administration (NOAA), Climate Change: Atmospheric Carbon Dioxide 
(2018). Available at https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-
carbon-dioxide.  
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concentration of CO2 reached 409 ppm.85 Because of the atmosphere’s capacity to 
retain CO2, atmospheric concentrations will likely remain above 400 ppm 
throughout the lifetime of every person alive today unless there is immediate and 
substantial human action.86 

 
17. Humans continue to add CO2 and other GHGs into the atmosphere at a rate that 

outpaces their removal through natural processes.87 The current changes in 
atmospheric GHG concentrations cannot be explained by natural variability alone. 
The Fourth National Climate Assessment, released by the U.S. Global Change 
Research Program in 2017, concluded that “the magnitude of climate change 
beyond the next few decades will depend primarily on the amount of greenhouse 
gases (especially carbon dioxide) emitted globally,”88 and that “human activities, 
especially emissions of greenhouse gases, are the dominant cause of the observed 
warming since the mid-20th century.”89 

 
iii. Sea level is rising. 

 
18. Data from satellite observations show that global sea levels rose at an average rate 

of 3.2 millimeters per year between 1993 and 2018.90 The global average sea level 
has risen 7 to 8 inches since 1900.91 This has resulted in approximately 230 
millimeters of sea-level rise since 1880, as noted by coastal tide gauge records 
(Figure 3.3).92 Although ocean levels have fluctuated along with global 
temperatures in the past, the rate of sea-level rise during the 20th century far 
surpassed the rate over the past 2,800 years.93  

 
19. Further, the rate of sea-level rise is accelerating.94 While global sea levels varied 

by up to ±8 cm over the pre-Industrial Common Era, sea level rose by ~11 cm in 

                                                           
85 Nat’l Oceanic and Atmospheric Admin., Trends in Atmospheric Carbon Dioxide, Recent Global CO2 Trend, 
EARTH SYSTEM RESEARCH LABORATORY GLOBAL MONITORING DIVISION, 
https://www.esrl.noaa.gov/gmd/ccgg/trends/gl_trend.html (last accessed April 18, 2019). 
86 Brian Kahn, The World Passes 400 PPM Threshold. Permanently, CLIMATE CENTRAL (Sep. 26, 2016), 
http://www. climatecentral.org/news/world-passes-400-ppm-threshold-permanently-20738.  
87 U.S. ENVTL. PROT. AGENCY, TECHNICAL SUPPORT DOCUMENT FOR ENDANGERMENT AND CAUSE OR CONTRIBUTE 
FINDINGS FOR GREENHOUSE GASES UNDER SECTION 202(A) OF THE CLEAN AIR ACT (2009) at ES-2 [hereinafter TS 
ENDANGERMENT FINDINGS].  
88 Wuebbles et al., supra note 46, at 10. 
89 Id.; Susan Solomon et al., Irreversible Climate Change Due to Carbon Dioxide Emissions, 106 PNAS 1704, 1704 
(2009). 
90 Sea Level, Global Climate Change: Vital Signs of the Planet, NASA (last updated June 26, 2017), http://climat 
e.nasa.gov/vital-signs/sea-level/.  
91 Wuebbles et al., supra note 46, at 12–34.  
92 John Church & Neil White, Reconstructed Global Mean Sea Level for 1870 to 2001, CSIRO Data Access Panel 
(Dec. 13, 2016), available at http://doi.org/10.4225/08/57BF859E3ACE4. 
93 Wuebbles et al., supra note 4646, at 333.  
94 John Upton, Study Reveals Stunning Acceleration of Sea Level Rise, CLIMATE CENTRAL (Feb. 22, 2016), 
https://web.archive.org/web/20170711144939/http://www.climatecentral.org/news/study-reveals-acceleration-of-
sea-level-rise-20055.   
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the 20th century alone.95 The rate of global sea-level rise in the 20th century was 
more than three times faster than the average rate from 1860 to 1900,96 and the rate 
of sea-level rise since 1993 is more than double that of the previous century.97 

 
20. Sea-level rise is caused by two main factors: first, warmer ocean and land surface 

temperatures cause global sea ice, polar caps, and glaciers to melt, adding water to 
the ocean.98 Second, the thermal expansion of warm water causes the volume of 
water to increase as the oceans warm.99 Scientists estimate that without global 
warming in the 20th century global sea level would have varied by between -3 cm 
and +7 cm. Observed sea-level rise was much higher, at ~11 cm,100 suggesting that 
warming has played a large role.  

 
21. At 1.5ºC, global average sea-level rise is expected to be 0.1 meters less than the 

sea-level rise associated with 2ºC. By year 2100, 10.4 million additional people 

                                                           
95 Kopp et al., Temperature-Driven Global Sea-Level Variability in the Common Era, 113 PROCEEDINGS NATIONAL 
ACADEMY OF SCIENCES E1434, E437 (2016) (see also Correction, which appeared in the September 2016 issue at 
E5694). 
96 Id. at E1435.  
97 John A. Church & Neil J. White, A 20th Century Acceleration in Global Sea-level Rise, 33 GEOPHYSICAL 
RESEARCH LETTERS L01602, L01602 (2006).  
98 IPCC AR5, supra note 44, at 11.  
99 Id.  
100 Kopp et al., supra note 95, at E1434.   

Figure 3.3. Sea level change from 1880 to the present, using coastal tide 
gauge records. 

Source: NASA, National Assessment of Coastal Vulnerability to Sea Level Rise (2015). 
Available at https://woodshole.er.usgs.gov/project-pages/cvi) 

https://woodshole.er.usgs.gov/project-pages/cvi)
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would be affected by sea-level rise associated with 2ºC compared to 1.5ºC.101 A 
more gradual rise in sea level provides a greater opportunity for communities and 
ecosystems to adapt and respond appropriately, particularly in small islands, deltas, 
and low-lying coastal areas.102 Limiting long-term global warming to 1ºC is critical 
to avoid locking in significant and irreversible sea-level rise.  

 
22. Sea-level rise is currently causing—and will continue to cause—flooding in coastal 

and low-lying areas.103 The combination of sea-level rise and increasingly severe 
storms, including hurricanes, may overwhelm coastal defenses such as levees, sea 
walls, and coastal wetlands, as experienced during Hurricane Katrina and Hurricane 
Sandy.104  

 
23. Due to rising sea levels, tidal floods or “nuisance floods” have increased 5- to 10-

fold since 1960 in several coastal cities in the U.S.105 The rate of these floods is 
increasing rapidly in 25 different cities on the Atlantic and Gulf coasts and is 
expected to increase in depth and extent throughout the rest of this century.106 

 
24. In the U.S. nearly 8 million people live in coastal areas where the annual probability 

of flooding is 1 in 100 or higher (the 100-year floodplain).107 Sea-level rise will 
increase the area of the flood-prone zone and will also increase the annual 
likelihood of flooding.108 As the coastal floodplain expands, shoreline dynamics 
and coastal erosion rates will change, land inundation will become more frequent, 
and saltwater intrusion into coastal freshwater aquifers will impact drinking water 
supplies.109 

 
25. The sea level is not rising uniformly around the globe due to differences in water 

temperature, currents, and the structure of the ocean basins.110 In the U.S., sea-level 
rise is expected to impact the Gulf and Atlantic coasts most immediately since these 

                                                           
101 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 178.  
102 Id. at 9. 
103 Sea Level Rise and Coastal Flooding Impacts Interactive Map, Nat’l Oceanic and Atmospheric Admin., 
https://coast.noaa.gov/slr/ (last accessed Apr. 18, 2019). 
104 Andrea Thompson, 10 Years Later: Was Warming to Blame for Katrina, CLIMATE CENTRAL (Aug. 27, 2015), 
https://web.archive.org/web/20170711152729/http://www.climatecentral.org/news/katrina-was-climate-change-to-
blame-19377; Oliver Milman, Hurricae Sandy-level Flooding is Rising So Sharply that it Could Become Normal, 
THE GUARDIAN (Oct. 11, 2016), https://web.archive.org/web/20170711152847/https://www.theguardian.com/ 
environment/2016/oct/11/hurricane-flooding-us-climate-change.   
105 Wuebbles et al., supra note 46, at 333.  
106 Id.  
107 Peter Folger & Nicole T. Carter, CONG. RESEARCH SERV., R44632, SEA-LEVEL RISE AND U.S. COASTS: SCIENCE 
AND POLICY CONSIDERATIONS 2 (2016) [hereinafter CRS SEA-LEVEL RISE REPORT].  
108 Id. at 23. 
109 Id. at 2. 
110 Alex Kirby, Ice Melt Means Uneven Sea Level Rise Around the World¸ CLIMATE CENTRAL (Feb. 22, 2013), 
https://web.archive.org/web/20170711172212/http://www.climatecentral.org/news/ice-melt-means-uneven-sea-
level-rise-around-the-world-15640.  
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areas are low-lying and coastal land is subsiding (Figure 3.4).111 Relative sea-level 
rise is currently occurring at a rate of 9 to 12 millimeters per year along the 
Mississippi delta near New Orleans,112 and a rate of 2 to 4.5 millimeters per year 
along the North Carolina coast.113 

 

26. The scientific consensus is that global sea levels could rise several meters this 
century if CO2 pollution is not quickly abated.114 In the U.S., scientists predict a 
rise in global sea level of up to 2.5 meters by 2100.115 The melting of Antarctica’s 
ice sheets alone could contribute more than a meter to sea-level rise by 2100 and 
more than 15 meters by 2500 if GHG emissions continue to increase.116 In the case 
of multi-meter sea-level rise, all coastal cities are predicted to “los[e] functionality” 
with “practically incalculable” economic and social costs.117 

 

                                                           
111 WILLIAM V. SWEET ET AL., NOAA TECHNICAL REPORT NOS CO-OPS 083, GLOBAL AND REGIONAL SEA LEVEL 
RISE SCENARIOS FOR THE UNITED STATES 10 (2017), available at https://web.archive.org/web/2017071115 
5545/https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_f
inal.pdf.  
112 CRS SEA-LEVEL RISE REPORT, supra note 107, at 1.  
113 N.C. COASTAL RES. COMM’N (CRC) SCI. PANEL, N.C. DEP’T OF ENVTL. AND NATURAL RES., NORTH CAROLINA 
SEA LEVEL RISE ASSESSMENT REPORT: 2015 UPDATE TO THE 2010 REPORT AND 2012 ADDENDUM at 12 (2015) 
[hereinafter CRC Sea Level Rise Report].  
114 James Hansen et al., Ice Melt, Sea Level Rise, and Superstorms: Evidence from Paleoclimate Data, Climate 
Modeling, and Modern Observations that 2 oC Global Warming Could be Dangerous, 16 ATMOSPHERIC CHEMISTRY 
AND PHYSICS 3761, 3761 (2016) [hereinafter Hansen et al., Ice Melt].     
115 Sweet et al., supra note 111, at 13. 
116 Robert M. DeConto & David Pollard, Contribution of Antarctica to Past and Future Sea-level Rise, 531 NATURE 
591, 591 (2016).   
117 Hansen et al., Ice Melt, supra note 114, at 3762. 

Figure 3.4. U.S Coastal sea-level rise vulnerability index.  

Source: U.S. Geological Survey (USGS), National Assessment of Coastal Vulnerability to Sea Level Rise 
(2015). Available at https://woodshole.er.usgs.gov/project-pages/cvi. 
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27. According to the Fourth National Climate Assessment, “[w]ith rapid ice loss from 
Greenland and Antarctica under the higher [NOAA] scenario (RCP8.5), an Extreme 
scenario of global sea level rising upwards of 8 feet by 2100 is a possibility. Under 
this rise, the average daily high tide would exceed the current 100-year (1% annual 
chance) coastal water level event location in most U.S. coastal locations.”118 

 
iv. Glaciers, sea ice, and permafrost are melting. 

 
28. Mountain glaciers, an important source of freshwater for millions of people 

worldwide, are receding because of warming temperatures.119 In 2010, Glacier 
National Park in Montana had only 25 glaciers compared to 150 in 1850.120 In the 
Brooks Range in northern Alaska, 100% of glaciers are in retreat, while 98% of 
southeastern Alaska’s glaciers are retreating.121 Rising temperatures are causing 
glaciers to melt in other parts of the world as well. For example, 99% of glaciers in 
the Alps and Himalayas are retreating, and 92% of glaciers in Peru and Chile are in 
retreat.122  

 
29. Glaciers supply drinking water for many different regions around the globe, 

including California, Bolivia, China, and India.123 Because they store water as ice 
and snow, glaciers also prevent flooding. As the extent of glaciers decreases 
scientists expect severe flooding to increase.124 

 
30. Arctic sea ice is also thinning,125 which will accelerate global warming through a 

feedback loop. Since 1980, average arctic sea ice has decreased in range by about 
3.5% to 4.1% each decade while becoming thinner by 4.3 to 7.5 feet.126 Arctic sea 
ice plays a role in stabilizing the climate because its light color (high albedo) 
reflects solar radiation back into space.127 As sea ice melts the amount of surface 

                                                           
118 Fourth National Climate Assessment Chapter 8: Coastal Effects, U.S. Glob. Change Research Program, 
https://nca2018.globalchange.gov/chapter/8/ (last visited Dec. 17, 2018). 
119 Early Warning Signs of Global Warming: Glaciers Melting, UNION OF CONCERNED SCIENTISTS (last visited July 
11, 2017), https://web.archive.org/web/20170711171750/http://www.ucsusa.org/global_warming/science_and_imp 
acts/impacts/early-warning-signs-of-global-5.html.  
120 Daniel Fagre & Lisa McKeon, Retreat of Glaciers in Glacier National Park, U.S. GEOLOGICAL SURVEY (last 
visited July 11, 2017), https://web.archive.org/web/20170711172103/https://www.usgs.gov/centers/norock/science/ 
retreat-glaciers-glacier-national-park?qt-science_center_objects=0#qt-science_center_objects.   
121 Lonnie G. Thompson, Climate Change: The Evidence and Our Options, 33 BEHAVIOR ANALYST 153, 158 
(2010).  
122 Id.    
123 Do Glaciers Affect People?, NATIONAL SNOW & ICE DATA CENTER (last visited July 11, 2017), 
https://web.archive.org/web/201 70711172914/https://nsidc.org/cryosphere/glaciers/questions/people.html; Jeremy 
Miller, The Dying Glaciers of California, EARTH ISLAND J., Summer 2013, 
http://www.earthisland.org/journal/index.php/eij/article/the_dying_glaciers_of_california/.   
124 TS ENDANGERMENT FINDINGS, supra note 87, at 162.  
125 Climate Change Indicators: Arctic Sea Ice, U.S. ENVT’L PROT. AGENCY (last updated Dec. 17, 2016), 
https://www.epa.gov/climate-indicators/climate-change-indicators-arctic-sea-ice.  
126 Wuebbles et al., supra note 46, at 303. 
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area occupied by dark water, which absorbs solar radiation, increases. The 
increased absorbance of dark water (low albedo) then accelerates warming, which 
increases sea ice melting and reinforces a positive feedback loop that exacerbates 
the warming effect.128  

 
31. Sea-ice levels are at a record low and continue to fall. Every September arctic sea 

ice reaches its annual minimum, and is declining at 12.8% per decade.129 
Throughout November and December 2016 sea-ice extent in the Arctic and 
Antarctic hit record lows daily (Figure 3.5).130 The extent of Arctic Sea ice in 
December 2016 averaged 12.1 million square kilometers, the second lowest 
December extent ever recorded.131 In addition, Arctic air temperatures in December 
2016 were more than 3oC above the 1981 to 2010 average.132  

 
32. With 1.5ºC of warming it is expected that the Arctic Ocean will maintain sea ice 

cover year-round, while 2ºC of warming significantly increase the chances of sea-
ice-free summers.133 

 
33. Permafrost is also melting. Much permafrost overlays old peat bogs; when it melts, 

the bogs release large quantities of stored methane (CH4) and CO2.134 CH4 is a very 
powerful GHG and contributes 28 to 36 times more to global warming than CO2 
over a 100-year time scale.135 Therefore, as permafrost melts and releases CH4 
another positive feedback loop is exacerbated: increased CH4 emissions warm the 
atmosphere, which in turn causes more CH4 to be released.136  

 
34. Scientists estimate that around 1,400 GtC is stored in permafrost in the form of CH4 

and CO2, which is almost double the amount of carbon that is already in the 
atmosphere.137 As northern regions continue to warm, permafrost carbon emissions 
will accelerate, causing climate change to progress more rapidly than expected 
based solely on projections of anthropogenic emissions.138 
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134 E.A.G. Schuur et al., Climate Change and the Permafrost Carbon Feedback, 520 NATURE 171, 171 (2015).  
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35. Around the world, large icebergs have been breaking up and melting at an 

accelerated rate. For example, a 97-square mile iceberg broke off Greenland in 
2010.139 In Antarctica, nine ice shelves have collapsed in the last 50 years.140 The 
Larsen “B” Ice Shelf, which had existed for at least 11,000 years, collapsed in 
2002.141 The U.S. Geological Survey stated that “during a 35-day period from 31 
January to 7 March 2002, there was a sudden and complete disintegration of the 
northern Larsen ‘B’ Ice Sheet.”142 In July 2017 a trillion-ton iceberg broke away 
from the Larsen “C” Ice Shelf.143 This 5,800-square km iceberg is one of the largest 
ever recorded, and holds a volume of water twice that of Lake Erie.144 

 
36. In addition, the West Antarctic ice sheet and the East Antarctic ice sheet are at risk 

of collapsing.145 When they do disintegrate, their collapse will result in multi-meter 
                                                           
139 Ice Island Calved Off Petermann Glacier, NASA (Aug. 2010),  
https://web.archive.org/web/20170711182755/https://earthobservatory.nasa.gov/NaturalHazards/view.php?id=4511
2&src=eorss-nh.  
140 Alister Doyle, Antarctic Ice Shelf Set to Collapse Due to Warming, REUTERS (Jan. 19, 2009), https://web.archive. 
org/web/20170711183038/http://www.reuters.com/article/us-antarctica-ice-idUSTRE50I4G520090119.   
141 Jane G. Ferrigno, Alison J. Cook, Amy M Mathie, et al., Coastal-Change and Glaciological Map of the Larsen 
Ice Shelf Area, Antarctica: 1940-2005, U.S. GEOLOGICAL SURVEY 10 (2008), https://web.archive.org/web/20170711 
183945/https://pubs.usgs. gov/imap/2600/B/LarsenpamphletI2600B.pdf.   
142 Id. at 10.  
143 Swansea University, The One Trillion Ton Iceberg: Larsen C Ice Shelf Rift Finally Breaks Through, 
SCIENCEDAILY (July 12, 2017), www.sciencedaily.com/releases/2017/07/170712110527.htm.  
144 Id.  
145 James Ayre, East Antarctica Ice Sheet More Vulnerable to Melting “Than Expected,” CLEAN TECHNICA (Jan. 2, 
2017), https://cleantechnica.com/2017/01/02/east-antarctica-ice-sheet-vulnerable-melting-expected/; NASA-UCI 

Figure 3.5. (A) Arctic sea ice extent as of January 2, 2017, along with daily ice extent data for four 
previous years; (B) Average December Arctic sea ice extent from 1978-2016.  

Source: NSIDC, Sea Ice Hits Record Lows, ARCTIC SEA ICE NEWS & ANALYSIS (December 6, 2016), available at 
http://nsidc.org/arcticseaicenews/2016/12/arctic-and-antarctic-at-record-low-levels/. 
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sea-level rise.146 The most recent studies that account for potential non-linear 
melting of these two ice sheets predict a sea-level rise of ten feet or more by mid-
century if these ice sheets disintegrate.147  

 
v. Precipitation patterns are being disrupted. 

 
37. Increasing atmospheric moisture levels and changes in air circulation patterns alter 

precipitation systems around the world. Although the atmosphere holds more 
moisture as it warms,148 warmer air temperatures also cause more evaporation in 
arid regions, making them drier.149 This phenomenon, whereby wet areas become 
wetter and dry areas become drier, has already been observed in the U.S.150 Heavy 
precipitation events have increased in frequency and intensity across the majority 
of the U.S. with the northeast experiencing the most drastic changes.151 

 
38. Three category 4 hurricanes hit the U.S. in 2017, marking the first time that multiple 

category 4 Atlantic hurricanes have struck the U.S. in the same year.152 These 
extremely strong storms were a product of warm surface water temperatures in the 
Atlantic Ocean causing increased evaporation, and warm air, which holds more 
moisture.153 Preliminary rainfall data from the National Weather Service shows that 
parts of Texas received over 60 inches of rain from Hurricane Harvey, marking the 
greatest single-storm rainfall totals on record in the U.S.154 Hurricane Irma made 
landfall in the Florida Keys with 130 to 185 mph winds speeds and tracked up the 
western coast of Florida. Irma caused flooding as far north as the mountains of 
western North Carolina, where 6 inches of rain were reported.155  

 
39. Elsewhere, droughts in arid regions of the Midwest, Southeast, and Western U.S. 

have increased in frequency and severity over the past 50 years.156 June through 
                                                           
Study Indicates Loss of West Antarctic Glaciers Appears Unstoppable, NASA (May 12, 2014), https://www. 
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149 TS ENDANGERMENT FINDINGS, supra note 87, at 111.  
150 John Walsh et al., Ch. 2: Our Changing Climate. Climate Change Impacts in the United States: The Third 
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151 Wuebbles et al., supra note 46, at 20.  
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August 2016 was the seventh-driest summer on record for Wyoming, and the ninth 
driest for Idaho.157 Although California and Nevada had wet years in 2016, these 
states experienced severe and persistent drought between 2011 and 2016.158 The 
years 2013 to 2016 were also the warmest on record for California.159 

 
40. Dry, hot conditions in the U.S. have caused an increase in the frequency and 

intensity of forest fires in the West and Southwest states,160 and Alaska.161 In 2015, 
Alaska experienced its second-worst fire season in history with over five million 
acres burned.162 The 2016 Soberanes fire in California burned for three months and 
cost $200 million to fight, making it the most expensive fire in U.S. history.163 In 
mid-October 2017, a historic firestorm raging through Northern California killed 
over 30 people and destroyed more than 3,500 homes and other structures.164 
California wildfires in 2019 continued this destructive and deadly trend. These fires 
rank as the deadliest ever recorded in California, and their severity is attributed to 
a combination of extremely dry conditions, hot weather, and strong winds.165 The 
U.S. wildfire season is expected to become increasingly destructive, dangerous, and 
expensive in coming years as a direct result of climate change.166  

 
41. Scientists predict that precipitation events will increase in high-latitude regions and 

decrease in subtropical and mid-latitude regions.167 In the U.S., the northern states 
are expected to experience more precipitation in the winter and early spring, while 
the Southwest will experience less.168 There will also be longer periods between 
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rainfalls, and when rainfall events do occur precipitation will be heavier both 
globally169 and within the U.S.170 

 
42. Decreasing precipitation at high altitudes and in high-latitude regions is causing a 

reduction in snowpack, which can decrease drinking water supply. Globally, 2 
billion people face a 67% risk of decreased drinking water supply by 2060 due to 
declining snowpack.171 

 
43. From 1955 to 2016, April snowpack declined at more than 90% of sampled 

locations in the western U.S.172 Decreases in snowpack are most pronounced in 
Washington, Oregon, and the northern Rockies.173 Cities in California’s Central 
Valley, as well as those that rely on drinking water from the Colorado River and 
Rio Grande, will experience decreases in the availability of freshwater as snowpack 
continues to decline.174 

 
vi. The oceans are becoming warmer and more acidic. 

 
44. The oceans have absorbed 93% of the excess heat created by the greenhouse gas 

effect since the mid-20th century, which has caused ocean surface temperatures to 
warm by 1.3ºF since 1900. Ocean surface temperatures are projected to increase by 
another 4.9º ± 1.3ºF by 2100 under current trends. 

 
45. Currently, the world’s oceans absorb around 30% of emitted CO2 and this 

absorptive capacity has greatly mitigated the effects of increased atmospheric CO2 
on the climate system.175

 However, their ability to absorb CO2 impacts the oceans 
in two main ways. First, absorbing CO2 changes oceans’ water chemistry, making 
them more acidic.176 Second, as oceans become warmer and more acidic their 
capacity to take up additional CO2 is reduced.177  

 
46. Over the past 250 years, acidification of the oceans has reduced the pH of seawater 

from 8.2 to 8.1, corresponding to a 30% increase in surface ocean acidity.178 Acidity 
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of the oceans is currently rising faster than during any period in the past 66 million 
years.179  

 
47. The acidity of the oceans has been higher in the past, but the rate at which acidity 

increased was much more gradual than today.180 Around 55 million years ago, the 
atmospheric concentration of CO2 was 1800 ppm and the pH of the oceans declined 
by 0.45 units over 5,000 years.181 This rise in acidity resulted in an extinction event 
wherein almost half of all benthic foraminifera species went extinct over a 1,000-
year period.182 By comparison, today ocean acidity is rising ten times faster and is 
outpacing the ability of the oceans to buffer excess CO2.183  

 
48. Increased acidity of seawater affects the ability of many marine organisms to form 

shells and skeletons, which are made of calcium carbonate (CaCO3).184 These 
organisms depend on the availability of bicarbonate and carbonate in seawater.185 
As ocean acidity increases, chemical reactions deplete the concentration of 
carbonate in seawater, which can lead to undersaturation of carbonate (Figure 3.6). 
In turn, seawater that is undersaturated with carbonate causes calcium carbonate 
structures to dissolve.  

 
49. The oceans are becoming undersaturated with respect to two calcium carbonate 

minerals used for shell-building: aragonite and calcite.186 Scientists predict that the 
Southern Ocean will be undersaturated with aragonite by 2050, and that this 
problem will extend to the subarctic Pacific by 2100.187  

 
50. At the current rate of acidification, scientists predict that the pH of the oceans may 

drop another 0.5 units by 2100, which is three times lower than ocean pH during 
pre-Industrial years (the pH scale is logarithmic).188 With continuing depletion of 
carbonate ions the acidification rate will increase as oceans become unable to buffer 
CO2 through chemical reaction of H+ with carbonate ions.189 

 
51. In addition to the impacts of acidification on shellfish and other marine 

invertebrates, coral reefs are also being affected by changes in ocean temperature 
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and pH.190 Specifically, the calcification rate of reef-building corals decreases as 
carbonate-ion concentrations decrease.191 Experimental studies have shown that an 
atmospheric CO2 concentration of 560 ppm decreases coral calcification and 
growth by 40%.192 Coral reef calcification is expected to approach zero at 
atmospheric CO2 concentrations of around 480 ppm.193 

 

52. Reductions in coral growth rates, reproduction, and skeletal density have already 
been observed in the Great Barrier Reef, and these increasingly brittle corals are at 
greater risk of storm damage.194 The growth rate of Porites corals in two regions 
450 kilometers apart on the Great Barrier Reef decreased 21% between 1991 and 
2007.195 A decrease in growth of this magnitude is unprecedented in recent 
centuries based on growth records from coral cores.196 
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196 Id. 

Figure 3.6. Diagram of chemical reactions involved in ocean acidification. 

Source: UK Ocean Acidification Research Programme, http://www.oceanacidification.org.uk/. 
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53. Combined with other stressors including warmer water, pollution, and physical 
impacts from tourism, reef ecosystems could exceed their ecological tipping points 
and change into alternative states that are not dominated by corals.197 The 
socioeconomic impacts of coral reef decline for communities and regional 
economies that rely on reefs for coastal protection, fisheries, and tourism become 
“unmanageable for [atmospheric CO2] above 500 ppm.”198  

 
54. Coral reefs are already significantly degraded with 1ºC of warming and massive 

coral bleaching events are occurring with increasing frequency. Coral reefs are 
projected to decline by an additional 70 to 90% at warming of 1.5ºC, with even 
larger losses (>99%) at 2ºC.199 

 
vii. Forest, fishery, and agricultural losses are occurring, with increased threats to food 

security. 
 

55. Changes in water supply and increases in heat, pests, crop disease, and weather 
extremes will impact the agricultural industry worldwide. Agriculture is highly 
dependent on the climate, and changes in the frequency and severity of droughts 
and floods threaten food security.200 In addition, warming land and water 
temperatures can affect the distribution and availability of fish and shellfish and 
can put livestock at risk of heat stress.201 

 
56. Extreme weather is already affecting crop yields and livestock health in the U.S. 

and these impacts will become more common as the frequency of extreme weather 
events increases.202 In 2010 and 2012 high temperatures sharply cut crop yields 
across the U.S. Corn Belt, and the warm winter in 2012 caused $220 million in 
losses of Michigan cherries.203 In 2011 high temperatures caused over $1 billion in 
losses from heat-related stress in livestock in the U.S.204 DEQ estimates that 
Hurricane Florence caused over $1.1 billion in crop damage and livestock loss to 
North Carolina’s agricultural sector in 2018.205 

 
57. Many pests, weeds, and fungi thrive under warm, wet conditions. For example, pine 

beetle outbreaks are worse during warmer summers when they can reproduce more 
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quickly.206 Between 1990 and 2015 more than 60 million acres of forest in North 
America were devastated by the pine beetle.207 Since the 1990s pine beetles have 
killed nearly 60% of mature pine trees in British Columbia, Canada, totaling over 
700 million cubic meters of pine volume and resulting in millions of dollars lost 
from timber and tourism revenues.208 As climate continues to warm, trees will 
become increasingly drought stressed and even more susceptible to pine beetle 
invasions.209  

 
58. Climate change is predicted to reduce crop yields and increase crop prices. 

Although increased CO2 can stimulate plant growth, it reduces the nutritional value 
of most food crops.210 Further, there is an upward temperature cap (about 40ºC) 
above which plant growth substantially slows.211 By 2050, decreased calorie 
availability worldwide is expected to cause child malnutrition to rise by 20%.212 As 
a result, global food security is directly threatened by climate change.  

 
59. The projected availability of food is lower at 2ºC than 1.5ºC or 1ºC, particularly in 

the Sahel, southern Africa, the Mediterranean, central Europe, and the Amazon.213 
Fisheries and aquacultures have already experienced increased risk from intensified 
acidification and warming of the oceans with the current 1ºC of global warming 
and are projected to sustain greater losses at 1.5ºC and beyond, threatening global 
food security.214  

 
viii. Human health is negatively affected by climate change. 

 
60. Climate change has been called “the most serious threat to public health of the 21st 

century”215 because of its multitudinous effects on human health. Increases in 
health issues including asthma, cancer, cardiovascular disease, heat-related 
morbidity and mortality, food-borne disease, neurological diseases and disorders, 
mental health issues, and insect-borne infectious diseases have all been linked to 
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climate change.216 The risks for diseases caused by parasites, viruses, and bacteria 
increase from 1ºC to 1.5ºC and again from 1.5ºC to 2ºC.217 

 
61. Mental health issues, including elevated stress, anxiety, and an overwhelming sense 

of loss are also linked to climate change.218 An increase in the frequency of extreme 
weather and disasters associated with climate change can lead to post-traumatic 
stress disorder (PTSD), adjustment disorder, and depression.219 Heat waves have 
been associated with mood disorders, anxiety, and dementia, along with physical 
health issues including cardiovascular and renal diseases.220 

 
62. By 2050, heat stress will have deadly impacts on major cities around the globe. 

Lower risks are associated with 1ºC of warming than 1.5ºC or 2ºC.221 One study 
suggests that even under 1.5ºC of warming, multiple megacities in North Africa, 
Asia, and the Middle East will become heat stressed.222 Combined with midrange 
population growth, 350 million additional people will become exposed to deadly 
heat stress by 2050.223 Under 2ºC of warming the situation is more dire: cities in 
the Middle East and Asia, including Karachi and Kolkata, are expected to 
experience deadly heatwaves annually.224 

 
63. Social disruptions including violence will rise as extreme weather increases and 

access to clean freshwater and adequate food decreases.225 Changes in climate that 
require populations to migrate will lead to acculturation stress and physical 
illness.226 Studies have demonstrated associations between crop failures due to 
unexpected extreme weather, such as drought, and suicide attempts by farmers.227  

 
64. Children are especially vulnerable to the health impacts of climate change.228 

Vector-borne diseases, acute respiratory infections, diarrheal diseases, and 
malnutrition disproportionately affect children and can impact early 
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development.229 Malnutrition among children is expected to increase in developing 
countries as climate change affects the food supply.230 In addition, children will feel 
the effects of climate change longer than today’s adults.231 The decisions made 
today regarding the future of the climate system will have the greatest impact on 
today’s children and future generations. 

 
ix. National security and global politics are negatively affected by climate change. 

 
65. Experts agree that “climate change will add to tensions even in stable regions of the 

world.”232 The U.S. Department of Defense has classified climate change as a 
“threat multiplier”233 and recognized the severity of climate change and its 
connection to national security. 

 
66. Specifically, “Pentagon leaders have identified three main ways that climate change 

will affect security: accelerating instability in parts of the world wracked by 
drought, famine, and climate-related migrations; threatening U.S. military bases in 
arid Western states or on vulnerable coastlines; and increasing the need for U.S. 
forces to respond to major humanitarian disasters.”234 

 
67. By 2025, 40% of the world’s population will be living in countries experiencing 

significant water shortages, while sea-level rise will displace tens to hundreds of 
millions of people.235 These stressors will cause increased migration and have the 
potential to escalate violence. Further, increased extreme weather including 
hurricanes will strain foreign aid and military forces.236 

 
68. In addition, military bases in the U.S. are at risk of permanently losing land and 

infrastructure as sea levels continue to rise. As a 2016 report by the Union of 
Concerned Scientists notes, “the U.S. Armed Forces depend on safe and functional 
bases […] to protect the security of the country.”237 Over the next 100 years, 
military bases on the Atlantic and Gulf coasts are at risk of more frequent and 
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232 THE CNA CORP., NATIONAL SECURITY AND THE THREAT OF CLIMATE CHANGE 7 (2007), available at 
https://web.arch 
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extensive tidal flooding, land loses from inundation and erosion, and impacts from 
storm surge.238 

 
B. Climate change is already occurring in North Carolina and will significantly affect 

North Carolina into the future. 
 

69. North Carolina’s General Assembly (“NCGA”) has been aware of the need for state 
agencies to address the impacts of climate change on the State for more than a 
decade. In 2005, the NCGA created the Legislative Commission on Global Climate 
Change (“LCGCC”) to “conduct an in-depth study of issues related to global 
climate change.”239 The LCGCC met twenty-three times between February 2006 
and May 2010; in their final report they noted that “because the effects of climate 
change on North Carolina will be significant, the General Assembly should not wait 
for national or international action before responding to these threats.”240 

 
70. In its final report, the LCGCC emphasized “the need to take actions to reduce 

greenhouse gas emissions and adapt to changes in North Carolina’s climate,”241 
recognizing that “failing to act and ignoring impending climate change will result 
in significant impacts to the State’s environment, economy, infrastructure, and 
society.”242 

 
71. On October 29, 2018, Governor Roy Cooper signed EO80, “North Carolina’s 

Commitment to Address Climate Change and Transition to a Clean Energy 
Economy.” EO80 reaffirms the State’s commitments to the 2015 Paris Agreement 
goals and honors the State’s commitments to the U.S. Climate Alliance.243 The 
Order requires a 40% reduction in greenhouse gas emissions below 2005 levels by 
2025, creates the Climate Change Interagency Council to recommend updated 
goals and actions, and creates a greenhouse gas inventory.244 

 
i. North Carolina’s climate has changed over the 19th and 20th centuries and the effects of 

a warming planet are visible. 
 

72. Across North Carolina, average annual temperatures rose 0.5 to 1.5ºF between 1991 
and 2012 compared to the average temperature between 1901 and 1960.245 In 
general, the southeastern states are warming more slowly than other parts of the 
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U.S.,246 but small increases in temperature have a large impact in North Carolina 
since the State already experiences very high summer temperatures.  

 
73. Between 1950 and 2000 the number of four-day heat waves experienced in 

Charlotte more than doubled, and heat-stressed days have also increased 
dramatically in other areas of the Piedmont and the Outer Banks, according to 
studies conducted in Cape Hatteras and Greensboro.247  

 
74. Between 1978 and 2018 sea level at the town of Duck, North Carolina rose at a rate 

of 4.62 millimeters per year.248 This rate of sea-level rise equates to 1.52 feet in 100 
years249 relative to mean sea level datums established by NOAA’s Center for 
Operational Oceanographic Products and Services.250 Sea-level rise in this region 
of the State is progressing at 3 to 4 times the mean global rate.251 

 
75. South of Duck, in the Oregon Inlet, tidal gauge data show that sea level rose at a 

rate of 4.69 millimeters per year between 1977 and 2018, equivalent to 1.52 feet in 
100 years (Figure 3.7).252 Still further south, sea levels in Beaufort, NC, rose at a 
rate of 3.1 millimeters per year (1.02 feet in 100 years) based on tidal gauge data 
from 1953 to 2018,253 and sea levels in Wilmington, NC rose at a rate of 2.39 
millimeters per year between 1935–2018 (0.78 feet in 100 years; Figure 3.7).254  

 
76. Rising sea levels in the 19th and 20th centuries have caused an increase in nuisance 

flooding along the Southeast Atlantic Coast.255 Five of the eight NOAA tidal gauges 
in this region have shown an acceleration in nuisance flooding since the 1980s, 
including gauges at two locations in North Carolina (Beaufort and Wilmington).256 
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In 2015, Wilmington, NC experienced a record number of nuisance flooding days 
(90).257  

 
77. Changes in precipitation over the 19th and 20th centuries have affected North 

Carolina’s agriculture, forestry, tourism, and recreation economies. In the past two 
decades, North Carolina ski resorts had 43,885 fewer visitors on average during 
low snowfall years compared to high snowfall years.258 Between 1999 and 2010 
average annual economic losses from North Carolina’s skiing industry equaled $3.5 
million in lost revenue and $2.7 million in economic value during low snowfall 
years.259 The impacts of climate change on North Carolina’s tourism and recreation 
economies are detailed in Section 6 of this Petition.  

 
78. Drought severely affects the agricultural and forestry industries in North Carolina 

and these impacts will increase as climate change worsens. In 2002 alone the 
agricultural sector in North Carolina incurred $398 million in drought-related 
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Figure 3.7. Relative rates of sea-level rise along the North Carolina coast, as measured from five 
tidal gauges. Yellow arrows denote rates of sea-level rise of up to two feet per decade, occurring 
at Duck and Oregon Inlet. Green arrows represent rates of sea-level rise of up to one foot per 
decade, at Beaufort, Wilmington, and Southport.  

Source: CO-OPS, Sea Level Trends, NOAA, https://tidesandcurrents.noaa.gov/sltrends/sltrends.html (last accessed 
Mar. 8, 2019) [Oregon Inlet Marine, NC is site number 8652587]. 
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losses.260 Drought in 2016 impacted hay production,261 Christmas tree 
availability,262 and resulted in water-use restrictions and water supply shortages.263  

 
79. In 2016, western North Carolina experienced one of the driest falls on record.264 

Cherokee and Clay counties were placed into the most severe drought category for 
the first time since 2008,265 and extreme drought conditions were present for the 
first time since 2011.266 Twenty-eight other western counties experienced lesser 
drought stages,267 with several experiencing the driest fall season in more than 105 
years of records.268 The impacts of drought on North Carolina’s agricultural 
economy are detailed in Section 6 of this Petition. 

 
80. While western North Carolina experienced one of its driest falls, eastern North 

Carolina experienced one of its five wettest on record.269 In eastern North Carolina 
the amount of precipitation released during heavy rainfalls has increased 27% since 
1958.270 In addition to increases in the frequency and severity of heavy rainfall, 
hurricanes and tropical storms have also become more intense during the past 20 
years, fueled in part by a warming ocean.271  
 

81. Between 1996 and 2006, 14 tropical storms or hurricanes caused $2.4 billion in 
damages to agriculture, forestry, and livestock in North Carolina.272 Hurricane Fran 
alone damaged 8.2 million acres of forest in North Carolina, resulting in $1.2 billion 
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lost from the State’s forestry industry in 1996.273 Human lives are also at stake as 
the frequency and severity of hurricanes increase: 36 people were killed during 
Hurricane Floyd in 1999,274 and during Hurricane Matthew in 2016 22 North 
Carolinians lost their lives.275 The impacts of changing precipitation patterns and 
more extreme storms on North Carolina’s economy are detailed in Section 6 of this 
Petition.  

 
82. As global warming progresses the differences in the temperature between the 

planet’s poles and the equator will continue to shrink, resulting in decreased wind 
and thunderstorms in mid-latitude regions.276 As a result Charlotte, NC has seen 
one of the largest increases in average number of summer stagnant air days in the 
U.S. since 1973, with 19 more stagnant air days per summer.277 Stagnant air 
drastically reduces circulation, which can increase the risks associated with 
pollution, particularly from ground-level ozone (smog).278  

 
83. Ozone is formed from burning fossil fuels and affects air quality both directly, by 

emitting compounds that form ground-level ozone (smog),279 and indirectly, by 
increasing the air temperature and exacerbating ground-level ozone formation.280 
Ozone can trigger multiple respiratory ailments, including asthma attacks.281 Ozone 
exacerbates bronchitis and emphysema, causes chronic obstructive pulmonary 
disease, inflames and damages airways, and can make the lungs more susceptible 
to infection.282 North Carolina’s efforts to combat ground-level ozone by reducing 
other pollutants may be compromised by temperature impacts from carbon dioxide, 
which can exacerbate ground-level ozone formation.  

 
84. In 2007, the Charlotte metro area was listed among the top twenty most ozone-

polluted cities in the U.S.283 The city climbed to 10th worst in 2010 and 2011,284 
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and although Charlotte’s air quality had been improving, the city experienced its 
worst air quality since 2012 in the summer of 2016.285  

 
85. Asthma is one of the leading health impacts of smog, and the number of adults and 

children with asthma has been increasing in North Carolina.286 Between 2001 and 
2010, the prevalence of lifetime asthma in North Carolina increased 24.8%.287 
Children are especially vulnerable to asthma: in 2011, children under the age of 
five with asthma had the highest hospitalization rate of any age group in North 
Carolina.288 Asthma is also consistently listed as the leading chronic health 
condition reported by North Carolina public schools and affected 93,106 students 
during the 2014–2015 school year.289 In 2003 alone, North Carolina spent $631 
million to treat asthma patients in the State.290 The impacts of climate change on 
the health of North Carolinians are detailed in Section 6 of this Petition.  

 
86. As average global temperature increases, the population will be exposed to 

increased instances of life-threatening heat.291 The eastern region of North 
Carolina, which consists of the 41 counties on the coastal plain, has been 
determined to be “characteristically vulnerable” to global warming due to the area’s 
climate and socioeconomic characteristics.292 A report studying this region found 
that from 1992 to 2006, North Carolina had the highest rate of heat-related deaths 
in the country, with the majority of these deaths occurring in the eastern region.293 

 
87. Rising temperatures and humidity has lengthened mosquito season throughout 

much of the U.S. Durham, NC has seen one of the biggest increases in the country 
in its mosquito season since 1980, with an average annual increase of 37 days.294 
This represents a public health concern and increases the risk of disease spread by 
mosquito vectors.295 
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ii. North Carolina’s climate will continue to change.  
 

a. Sea-level rise will devastate North Carolina’s coastal resources.  
 

88. Sea level along the Atlantic coast north of Cape Hatteras in North Carolina is rising 
at 3 to 4 times the global rate.296 Sea-level rise in this region is occurring rapidly 
due to a combination of unique ocean currents off the coast of North Carolina297 
and the fact that the North Carolina coastal plain is subsiding.298 For example, the 
Hyde County coast is sinking at a rate of over 1 inch per decade and the sea level 
in this region is rising at a rate of 3.5 inches per decade, which combine to produce 
a relative sea-level rise of greater than 4.5 inches per decade.299 This rate is 
extraordinarily high compared to the global mean sea-level rise of one inch per 
decade.300  

 
89. The rate of sea-level rise along North Carolina’s coast is expected to accelerate over 

the next century due to increasing rates of ocean warming and ice-sheet melting.301 
Some models indicate an increase in sea-level rise of two to four times the rate 
experienced during the 20th century.302 

 
90. Tidal gauge data from Dare County, North Carolina suggest that sea level will 

likely rise at least 39 inches (1 meter) by 2100 and potentially up to 55 inches (1.4 
meters) (Figure 3.8).303 In their 2010 report, the North Carolina Coastal Resources 
Commission Science Panel recommended that “a rise of 1 meter (39 inches) be 
adopted as the amount of anticipated rise by 2100, for policy development and 
planning purposes.”304 

 
91. In North Carolina, over 2,000 square miles of land currently lie in the coastal 

floodplain, and sea-level rise is expected to add an additional 700 square miles to 
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the coastal floodplain by 2050 (Figure 3.9).305 Further, over 120,000 people live in 
the 100-year coastal floodplain,306 and 45,000 more people are expected to reside 
in the coastal floodplain by 2050.307 

 
92. The impacts of this magnitude of sea-level rise on North Carolina’s coastal 

economy and population are expected to be immense. By 2080, losses in residential 
and commercial property in New Hanover, Dare, Carteret, and Bertie counties 
alone could amount to over $6.9 billion (2007 USD).308 “King” tides, which can 
cause flooding of up to four feet in certain areas of North Carolina’s coast, are 
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a_report.pdf (last accessed July 17, 2017) [hereinafter STATES AT RISK: NC].  
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Figure 3.8. Tidal gauge data from Duck, North Carolina (Dare County) between 
1978–2002 (purple line) along with projections for continued sea-level rise under a 
linear model (green line), a moderate acceleration model (blue line), and an 
extreme acceleration model (red line).  

Source: N.C. Coastal Resources Comm’n (CRC) Science Panel on Coastal Hazards, N.C. Dep’t of 
Env’t and Natural Resources, North Carolina Sea-level Rise Assessment Report 11 [2010]. 
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already becoming more common and are expected to worsen with continuing sea-
level rise.309 

 
93. In addition to direct flooding, continued sea-level rise will result in more frequent 

saltwater intrusion into North Carolina’s freshwater streams and aquifers, 
potentially impacting the availability of fresh water for drinking and agriculture.310 

 
 

b. Precipitation changes in North Carolina will exacerbate drought and flooding. 
 

94. North Carolina experiences an average drought threat compared to the rest of the 
U.S., but the severity of drought in the State is expected to increase 42% by 2050.311 
As drought increases, wildfires will become more common and the average annual 
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Figure 3.9. Potential land lost under different sea-level rise projections.  

Source: Amber Munger & Michael Shore, Envtl. Defense, Understanding Global Warming for North 
Carolina: Sound Science for Making Informed Decisions 13 (2005), available at 
http://cdm16064.contentdm.oclc.org/ cdm/ref/collection/p266901coll4/id/2720. 
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number of days with a high potential for wildfire is projected to increase from less 
than 5 to more than 10 per year by 2050.312 In North Carolina, 4.8 million people 
(~50% of the State’s population) live at the wildland-urban interface where the 
threat of wildfire is most extreme.313  

 
95. 2016 provided a glimpse into what a future with increased drought and wildfire 

could look like in North Carolina. During November 2016 more than 100 fires 
burned thousands of acres under severe drought in western North Carolina.314 
Conditions were not only extremely dry but also exceptionally warm, which caused 
increased evapotranspiration from plants and soil, resulting in drier and more fire-
prone vegetation.315 In total, more than 100,000 acres burned across the 
southeastern states that fall and wildfires were most devastating in North Carolina 
and Georgia.316 North Carolina declared a state of emergency in November 2016 to 
combat forest fires in the western counties.317 

 
96. North Carolina’s agriculture, forestry, tourism, and recreation industries are at risk 

under conditions of increasing droughts and wildfires. The 2016 drought curbed 
hay production and pasture productivity,318 reduced Christmas tree availability,319 
and resulted in reduced visits to golf attractions320 and fall tourism in the western 
part of the State.321 

 
97. In addition, the State’s water supply is at risk: over half of the State’s population 

depends on groundwater for drinking and 98% of all public water supply systems 
rely on groundwater.322 Increased drought will limit groundwater availability, 
straining the ability of these systems to provide fresh water to North Carolina’s 
residents.    

 
98. While drought is expected to increase in western North Carolina, inland flooding 

in the eastern part of the State is also expected to become more frequent as climate 
change progresses. Inland flooding refers to flooding that is not caused by saltwater 
intrusion or sea-level rise but rather by increased heavy rainfall that causes flash 
flooding and river overflow.323 In 2016, eastern North Carolina experienced one of 

                                                           
312 Id. at 6. 
313 Id. 
314 Henderson, supra note 265.  
315 Andrea Thompson, What a Warmer Future Means for Southeastern Wildfires, CLIMATE CENTRAL (Nov. 23, 
2016), https://web.archive.org/web/20170713201208/http://www.climatecentral.org/news/warmer-future-south 
eastern-wildfires-20912.   
316 Id. 
317 Henderson, supra note 265.  
318 Margulis, supra note 261. 
319 Waliga, supra note 262. 
320 Eldridge, supra note 263. 
321 Ward & Davis, supra note 264.  
322 KARETINKOV ET AL., supra note 260, at 12.  
323 U.S. Climate Resilience Toolkit, Inland Flooding, NOAA (last updated July 6, 2016), 
https://web.archive.org/web/201707141 83235/https://toolkit.climate.gov/topics/coastal-flood-risk/inland-flooding.  



 

 
 

Duke Environmental Law & Policy Clinic  53 
 

its top-five wettest falls on record,324 and the threat of inland flooding is expected 
to increase almost 40% by 2050.325 Currently, over 450,000 people (5% of the 
State’s population) live in flood-prone inland areas within 100-year riverine 
floodplains.326   
 

c. North Carolina’s agriculture, forestry, and tourism industries will experience losses.  
 

99. Changes in precipitation, continued temperature increases, and more frequent 
severe storms and hurricanes will combine to impair the farming, livestock, and 
forestry-related industries in North Carolina. Forests are at risk from increasingly 
intense hurricanes and tropical storms. One study estimates that forest damage 
increases by $500 million for every increase in hurricane category level in North 
Carolina.327 Hurricane Fran (category 3) damaged 8.2 million acres of forest, 
causing $1.2 billion in damage.328 

 
100. Climate change will likely cause the composition of southern forests to change,329 

and pests that thrive in warmer climates will pose new risks to the forestry 
industry.330 For example, pine beetle outbreaks are more common as summers 
become warmer and winters turn milder.331 Such outbreaks can cost the forestry 
industry: a pine beetle outbreak in 2001 resulted in $1 billion lost from the southern 
timber economy.332 

 
101. North Carolina ranks second in the country in hog production, and the hog industry 

contributes $2.9 billion annually to the State’s economy.333 Poultry comprises 36% 
of total farm sales in North Carolina334 and is the State’s primary agricultural 
industry.335 North Carolina’s poultry industry has an annual production value of 

                                                           
324 Ward & Davis, supra note 264. 
325 STATES AT RISK: NC, supra note 305, at 8.  
326 Id. 
327 Bin et al. in KARETINKOV ET AL., supra note 260, at 11.  
328 BIN ET AL., COASTAL RESOURCES, supra note 272, at 78. 
329 CRAIG HANSON ET AL., WORLD RESOURCES INST., SOUTHERN FORESTS FOR THE FUTURE 44-48 (2010), available 
at https://web .archive.org/web/20170714185605/http://www.wri.org/sites/default/files/pdf/southern_forests_for_the 
_future_lowres.pdf.   
330 Id. at 50.  
331 Aaron S. Weed et al., Consequences of Climate Change for Biotic Disturbances in North American Forests, 83 
ECOLOGICAL MONOGRAPHS 441, 441 (2013).   
332 KARETINKOV ET AL., supra note 260, at 11.  
333 CENSUS OF AGRICULTURE, 2012 CENSUS HIGHLIGHTS, U.S. DEP’T OF AGRIC. (last updated Mar. 19, 2015), 
https://web 
.archive.org/web/20170714190759/https://www.agcensus.usda.gov/Publications/2012/Online_Resources/Highlights
/Hog_and_Pig_Farming/.  
334 KARETINKOV ET AL., supra note 260, at 10.  
335 N.C. Poultry Fed’n, Poultry Facts, https://web.archive.org/web/20170714191232/http://www.nc 
poultry.org/facts/facts.cfm (last accessed July 14, 2017).   
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over $3.8 billion.336 However, heat stress is expected to reduce livestock yields337 
as excess heat affects metabolic processes in livestock.338 One study estimates that 
five dairy cows per thousand, and one swine sow per thousand die annually due to 
heat stress in North Carolina.339 In addition, heat stress could cause a loss of $2.6 
million annually in North Carolina’s poultry sector alone.340 The number of heat-
stress days and associated livestock losses will increase as temperatures continue 
to rise across the State.  

 
102. Tourism across the State will suffer if climate change persists unabated. More than 

half of all visitors to North Carolina spend time on the coast, but coastal visits are 
expected to decrease with increasing sea-level rise, erosion, and loss of coastal 
property and infrastructure.341 In addition, the cost of protecting the coast from 
climate-change related impacts will increase: sea-level rise of 20 inches will cost 
the State an estimated $660 million to $3.6 billion in dredging and beach re-
nourishment.342     

 
103. By 2030, sea-level rise is anticipated to cost the State $93 million in lost recreation 

value, and this could increase to $223 million annually by 2080.343 Annual beach 
trips by non-local North Carolina residents are also expected to decrease 16% by 
2030 and 48% by 2080.344 Beach recreation in southern North Carolina may no 
longer be possible by 2080, as 14 of the region’s 17 swimming beaches will 
experience erosion up to the road in the next 50–60 years.345 These impacts will 
combine for an estimated $3.9 billion in lost recreational benefits over the next 75 
years.346   

 
 
 
 

                                                           
336 NAT’L AGRIC. STATISTICS SERV., USDA, POULTRY – PRODUCTION AND VALUE: 2015 SUMMARY 6 (2016). 
Available at 
https://web.archive.org/web/20170714191948/http://usda.mannlib.cornell.edu/usda/nass/PoulProdVa//2010s/2016/P
oulProdVa-04-28-2016.pdf.   
337 EPA Climate Impacts on Ag, supra note 200.  
338 EPA CLIMATE CHANGE FOR NC, supra note 270, at 2.  
339 N. R. St-Pierre et al., Economic Losses from Heat Stress by US Livestock Industries, 86 J. DAIRY SCI. E52, E46 
(2003).  
340 Id. at E72.   
341 AMBER MUNGER & MICHAEL SHORE, ENVTL. DEFENSE, UNDERSTANDING GLOBAL WARMING FOR NORTH 
CAROLINA: SOUND SCIENCE FOR MAKING INFORMED DECISIONS 13 (2005), available at 
http://cdm16064.contentdm.oclc.org/cdm/ref/collection/p266901coll4/id/2720.  
342 Id. 
343 OKMYUNG BIN ET AL., IMPACTS OF GLOBAL WARMING ON NORTH CAROLINA COASTAL ECONOMY 4 (n.d.), 
available at https://web.archive.org/web/20170714200358/http://bipartisanpolicy.org/wp-content/uploads/sites/ 
default/files/NC %20Climate_ 0.pdf [hereinafter BIN ET AL., COASTAL ECONOMY].   
344 Id. 
345 BIN ET AL., COASTAL RESOURCES, supra note 272, at 40.  
346 BIN ET AL., COASTAL ECONOMY, supra note 343, at 4.  
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d. Climate change will reduce North Carolina’s biodiversity.   
 
104. The diversity and abundance of North Carolina’s forests will be affected by climate 

change as tree species vary in their ability to tolerate changes in temperature, 
moisture, and disturbances such as fire, drought, and insect outbreaks.347 Although 
forests are adapted to conditions of occasional drought, forests become more 
susceptible to insects and pathogens when prolonged drought occurs over multiple 
growing seasons.348 Further, since forests are adapted to particular climatic 
conditions, warmer year-round temperatures may cause species-specific habitats 
to shift to higher altitude regions. 349 Forests in western North Carolina are 
expected to experience pronounced changes as a direct result of climate change, 
which will affect the availability of forest resources important to North 
Carolinians.350 

 
105. North Carolina will experience biodiversity losses as a direct result of climate 

change. Ecological communities at high elevations, as well as reptiles, amphibians, 
and cold-water aquatic species are expected to be most vulnerable to temperature 
increases.351 Along the Outer Banks, sea-level rise will impact sensitive barrier 
island ecosystems, which are already experiencing habitat loss.352 These habitats 
are important breeding and migration grounds for many birds and other animals.353 

 
106. As seas rise, coastal wetlands, maritime forests, and shrub communities will be 

inundated by water and otherwise compromised by saltwater intrusion (e.g., 
through reduction in availability of fresh water and saltwater toxicity).354 
Temperature and precipitation changes will further reduce the availability of 
suitable habitat for these sensitive coastal ecosystems and may lead to invasion by 
foreign species.355  

 
107. Climate change will reduce the availability of fish species critical to North 

Carolina’s recreational and commercial fishing industries. In North Carolina, 83 
fish species, 43 mussel species, 21 crayfish species, and 10 snail species are at risk 

                                                           
347 Virginia H. Dale et al., Climate Change and Forest Disturbances, 51 BIOSCIENCE 723, 723 (2001).   
348 Western North Carolina Vitality Index, Climate Change, UNC ASHEVILLE’S NEMAC (last visited July 17, 2017), 
https://web.archive.org/web/20170717180719/http://www.wncvitalityindex.org/weather-and-climate/climate-
change.   
349 Id. 
350 Id. 
351 CONSERVATION PLANNING PROGRAM, DEFENDERS OF WILDLIFE, EXECUTIVE SUMMARY: UNDERSTANDING THE 
IMPACTS OF CLIMATE CHANGE ON FISH AND WILDLIFE IN NORTH CAROLINA 1, available at 
https://web.archive.org/web/20170717181102/http://www.ncwildlife.or 
g/Portals/0/Conserving/documents/ActionPlan/Revisions/Executive_Summary_Understanding_Climate_Change_Im
pacts_2009.pdf [hereinafter DEFENDERS OF WILDLIFE NC]. 
352 Sea Level Rise, NC Dept. of Envtl. Quality (DEQ), https://web.archive.org/web/20170815182905/ht 
tps://deq.nc.gov/about/divisions/coastal-management/coastal-management-hot-topics/sea-level-rise. 
353 DEFENDERS OF WILDLIFE NC, supra note 351, at 3. 
354 Id. at 1.  
355 Id. at 2.  
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due to changing climate.356 Cold-water species, including walleye (Sander 
vitreus), muskellunge (Esox masquinongy), and various trout species will suffer 
from shrinking habitats.357 These changes are already occurring: the suitable 
habitat for summer flounder (a.k.a. fluke, Paralichthys dentatus) has been shifting 
north at a rate of roughly 19 miles per decade over the last 40 years, affecting the 
ability of North Carolina’s commercial fishermen to fill their quotas. 358 

 
e. North Carolina’s human populations will suffer health consequences.   
 
108. Annual temperature averages in the Southeast are expected to increase by at least 

4.1ºF over the next century, and up to 10ºF.359 Within the next 70 years, the number 
of days with temperatures over 95ºF is expected to increase up to 40 days per 
year.360 On average, North Carolina currently experiences 10 days per year of 
dangerous or extremely dangerous heat.361 By 2050, the number of heat-wave days 
is projected to increase from 15 to 60 per year.362  

 
109. Continued temperature increases will put the State’s vulnerable populations at risk. 

In 2016, almost 5,000 heat-related illnesses were reported to emergency services, 
an increase of 43% over the previous summer.363 Young children (< 1 year old) 
are particularly at risk because their heat regulation systems are not yet fully 
developed,364 and the elderly have less efficient heat regulation systems.365  

 
110. North Carolina’s residents are at high risk of heart attack and stroke: every 21 

minutes a person dies from stroke in the State.366 Warmer weather, increased 
humidity, and poorer air quality can exacerbate heart diseases.367 Under projected 
temperature increases in North Carolina, one study estimates that deaths from heat 
stroke and stress during a typical summer could increase from 20 to over 35 (70% 
increase). 368 

 

                                                           
356 Id. at 3.  
357 Id.  
358 Marianne Lavelle, Uncivil War Breaks Out Over Fluke as Habitat Shifts North, SCIENTIFIC AMERICAN (June 3, 
2014), https://web.archive.org/web/20170717182658/https://www.scientificamerican.com/article/uncivil-war-breaks 
-out-over-fluke-as-habitat-shifts-north/.  
359 MUNGER & SHORE, supra note 341, at 10.  
360 EPA CLIMATE CHANGE FOR NC, supra note 270, at 2.  
361 STATES AT RISK: NC, supra note 305, at 2. 
362 Id.   
363 N.C. PUBLIC HEALTH, N.C. DHHS, NORTH CAROLINA HEAT REPORT: MAY 1 – SEPTEMBER 30, 2016 1 (2017), 
available at https://web. 
archive.org/web/20170717183852/http://publichealth.nc.gov/chronicdiseaseandinjury/doc/2016-NorthCa 
rolinaHeatReport.pdf.  
364 PSR DEATH BY DEGREES, supra note 247, at 9.   
365 Id. at 10.  
366 Id. 
367 Id. at 14.   
368 Id. at 4.   
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111. In addition to the direct impact of increased air temperature on human health, air 
quality also declines as temperatures rise because higher temperatures contribute 
to the formation of ground-level ozone (smog).369 Smog-related health problems, 
such as asthma, are already common in North Carolina. Over 300,000 children and 
over 500,000 adults in North Carolina are estimated to have asthma, and 
hospitalizations for asthma are most common in children under the age of five and 
adults over the age of 65.370  

 
112. Between 1982 and 1995, the prevalence of asthma in North Carolina rose by 63% 

overall and by 87% in children.371 Children are more susceptible to asthma because 
they breathe more rapidly and have smaller airways.372 The rate of hospitalization 
for children with asthma is also higher in poorer communities.373  

 
113. The respiratory health of vulnerable populations will also be affected as wildfires 

become more common across the State. Wildfire smoke adds microscopic 
particulate matter to the air that can lodge deep into lungs.374 These impacts are 
especially pronounced in children and the elderly, as well as people with asthma, 
chronic obstructive pulmonary disease, bronchitis, chronic heart disease, or 
diabetes.375 Carbon monoxide, which is commonly produced during the 
smoldering stage of a wildfire, can cause headaches, nausea, dizziness, and 
death.376 The impact of wildfire on human health has already been observed in 
North Carolina: in 2008, wildfires in Dare County caused emergency department 
visits to increase between 42% and 66%.377 In 2016, wildfires near Charlotte 
resulted in the city adopting a Code Red air quality warning, indicating that the air 
was unhealthy for all groups of people.378   

 
114. As water temperatures on the coast increase, harmful algal blooms are expected to 

become more common.379 These toxic events impact recreational opportunities380 

                                                           
369 Id. at 5.  
370 Asthma in North Carolina, CENTERS FOR DISEASE CONTROL AND PREVENTION (CDC), https://www.cdc.gov/ 
asthma/stateprofiles/as thma_in_nc.pdf (last accessed Apr. 18, 2019).  
371 PSR DEATH BY DEGREES, supra note 214, at 25. 
372 Id. 
373 Id. at 10.   
374 Janice Nolen, How Wildfires Affect Our Health, AMERICAN LUNG ASSOCIATION (Jan. 2, 2016), 
https://web.archive.org/w eb/20170717193944/http://www.lung.org/about-us/blog/2016/01/how-wildfires-affect-
health.html.  
375 Id. 
376 Id. 
377 N.C. DEP’T OF HEALTH AND HUMAN SERVS., NORTH CAROLINA CLIMATE AND HEALTH PROFILE 5 (2015), 
available at http://epi.publichealth.nc.gov/oee/climate/ClimateAndHealthProfile.pdf [hereinafter DHHS NC 
CLIMATE AND HEALTH PROFILE]. 
378 Karen Garloch, Smoke Over Charlotte is Talk of the Town – and a Danger to Some, CHARLOTTE OBSERVER 
(Nov. 16, 2016), https://web.archive.org/web/20170717200226/http://www.charlotteobserver.com/news/ 
local/article1152 25503.html.  
379 DHHS NC CLIMATE AND HEALTH PROFILE, supra note 377, at 4. 
380 Id. 
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and can cause fisheries closures.381 Warmer water is more thermally stratified and 
less viscous than cold water, conditions that favor the proliferation of harmful algal 
blooms.382 Blooms in fresh water affect drinking water availability.383 The 
presence of algal blooms also reduces dissolved oxygen, which can lead to fish 
kills.384  
 

115. The prevalence of many vector-borne illnesses is expected to increase with 
warming air temperatures. In North Carolina, most vector-borne illnesses are 
transmitted by ticks, mosquitos, or fleas.385 The incidence of Lyme disease, which 
is spread by ticks, is increasing across the U.S.386 and warming temperatures are 
expected to increase the occurrence of ticks in North Carolina by 2020.387  

 
116. Mosquito populations increase with rising temperatures and following heavy 

rainfalls and hurricanes, which produce breeding habitat.388 The mosquito species 
capable of transmitting West Nile Virus, dengue, chikungunya, and Zika is now 
found year-round as far north as Washington, D.C., increasing the likelihood that 
viruses from South and Central America spread into North America.389 In 2016, 
two North Carolina cities, Raleigh and Charlotte, were identified among the 30 
U.S. cities most at risk of Zika virus due to their climate and the number of visitors 
to Central and South America.390  

 
 
 
 
 

                                                           
381 Anna M. Michalak, Study Role of Climate Change in Extreme Threats to Water Quality, 535 NATURE 349, 349 
(2016). 
382 OFFICE OF WATER, U.S. ENVTL. PROT. AGENCY, EPA 820-S-13-001, IMPACTS OF CLIMATE CHANGE ON THE 
OCCURRENCE OF HARMFUL ALGAL BLOOMS 2 (2013), available at https://web.archive.org/web/20170717201716/ 
https://www.epa.gov/sites/production/files/documents/climatehabs.pdf [hereinafter EPA HARMFUL ALGAL 
BLOOMS]. 
383 See Michalak, supra note 348, at 1 (an algal bloom in Lake Erie in 2014 produced dangerous levels of liver-
damaging compounds, preventing 500,000 people from drinking tap water). 
384 EPA HARMFUL ALGAL BLOOMS, supra note 382, at 1. 
385 Diseases & Topics: Vector-Borne Diseases, N.C. DEP’T OF HEALTH AND HUMAN SERVS., http://epi.publichealth 
.nc.gov/cd/diseases/vector.html (last accessed Apr. 18, 2019). 
386 Climate Change Indicators: Lyme Disease, U.S. ENVTL. PROT. AGENCY (last updated Feb. 22, 2017), 
https://web.archive.org/web/20170718131711/ https://www.epa.gov/climate-indicators/climate-change-indicators-
lyme-disease.   
387 John S. Brownstein et al., Effect of Climate Change on Lyme Disease Risk in North America, 2 EcoHealth 38, 42 
(2005).  
388 DHHS NC CLIMATE AND HEALTH PROFILE, supra note 377, at 5. 
389 Andrew Lima et al., Evidence for an Overwintering Population of Aedes aegypti in Capitol Hill Neighborhood, 
Washington, DC, 94 AM. J. TROPICAL MEDICINE AND HYGIENE 231, 231 (2016).  
390 Tribune Media Wire, 2 NC Cities Make List of 30 American Cities Most at Risk of Zika Virus, FOX 8 (Apr. 11, 
2016), https://web.archive.org/web/20170718133244/http://myfox8.com/2016/04/11/30-american-cities-most-at-risk 
-of-zika-virus/.   
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C. North Carolina is in a position to meaningfully reduce carbon dioxide emissions while 
improving the State’s economy.  

 
i. North Carolina’s emissions are significant globally. 

 
117. The most direct way to mitigate the impacts of climate change is to reduce the 

emissions of greenhouse gases, including CO2. North Carolina cannot solve 
climate change on its own; however, the State has a critical role to play in the effort 
to reduce greenhouse gas emissions because the State’s emissions are globally 
significant.  

 
118. According to the most recent data, North Carolina is the 13th most substantial 

emitter of CO2 in the U.S. with 121.2 million metric tons of CO2 emitted in 2016 
(Figure 3.10).391 If North Carolina were a country it would be the 38th largest 
emitter of CO2 in the world, demonstrating the significant global impact of the 
State’s emissions.392 However, this data reflects emissions from energy-related 
fuel consumption and does not include emissions from agriculture or the 
consumption of goods and services by North Carolina residents. Thus, North 
Carolina’s total CO2 emissions are higher than this data reflects.  

 

                                                           
391 U.S. ENERGY INFO. ADMIN. (EIA), ENERGY-RELATED CARBON DIOXIDE EMISSIONS AT THE STATE LEVEL, 2000–
2014, (Jan. 17, 2017), https://web.archive.org/web/20170718135317/https://www.eia.gov/environment/emiss 
ions/state/analysis/.  
392 EIA, International Energy Statistics: Total Carbon Dioxide Emissions from the Consumption of Energy 2014 
[https://www.eia.gov/beta/international/] (last accessed April 24, 2019) (comparing North Carolina’s 2014 CO2 
emissions with the emissions from 216 other countries).    

Figure 3.10. Ranking of the twenty U.S. states with the highest emissions of CO2 in 2014, 
showing the rank location of North Carolina. NC’s 2014 emissions are indicated.  

Data source: EIA, Total Carbon Dioxide Emissions, 2016 (million metric tons), [2016]. Available at 
https://www.eia.gov/state/rankings/?sid=NC#series/226.  
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ii. North Carolina’s Business as Usual emissions scenario does not sufficiently reduce 
emissions. 

 
119. The 2018 NC GHG Inventory revealed that in following a business as usual 

(“BAU”) approach, North Carolina’s net GHG emissions would fall to 32% below 
2005 levels by 2025.393 The BAU scenario is not sufficient to fulfill North 
Carolina’s role in limiting long-term warming to 1ºC, let alone 1.5ºC or 2ºC. 

 
120. The electric power sector contributes the majority (36%) of North Carolina’s 

emissions. Duke Energy, Southern Company, and Reynolds Group were the three 
parent companies emitting the greatest portion of North Carolina’s CO2 in 2017 
(Appendix, Table A1).394 Duke Energy alone contributed 84% of the 52.7 MMT 
CO2 from large facilities in 2017.395 Because of its substantial CO2 contribution, 
this Petition refers to Duke Energy’s electricity-generating plans for North 
Carolina through 2033 as a business as usual (“BAU”) scenario for comparison to 
the proposed rule. 

  
121. In the company’s 2018 Integrated Resource Plan (“IRP”) Annual Reports, Duke 

Energy Carolinas (“DEC”) forecasts an annual demand growth rate of 0.9% with 
an energy growth rate of 0.8%.396 Duke Energy Progress (“DEP”) forecasts a 0.7% 
annual demand growth rate and a 0.5% energy growth rate.397 The IRPs predict 
meeting at least 60% of collective398 consumption needs with emission-free 
resources by 2030. Solar energy is Duke Energy’s primary renewable resource and 
their combined solar capacity is expected to be 3,958 MW in 2019, increasing to 
7,599 MW in 2033.399 

 
122. Solar energy has become increasingly cheap and cost-competitive, but Duke 

Energy continues to undervalue solar capacity in their IRPs. In DEC’s 2016 IRP, 
the company forecasted growth from 735 MW of solar capacity for 2017 to 2,168 
MW by 2031.400 The market has changed much more dramatically than Duke 
Energy predicted, as shown by DEC’s 2018 IRP that revealed plans for growth 
from 1,200 MW of solar in 2019 to 3,400 MW by 2033.401 Yet Duke Energy 
projects summer solar photovoltaic capacity values from 8.2% to 12%, which is 

                                                           
393 N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY DRAFT (1990-2030) 27, 
(November 2018). 
394 U.S. ENVTL. PROT. AGENCY (EPA), FACILITY LEVEL INFORMATION ON GREENHOUSE GASES TOOL (2017), 
available at https://ghgdata.epa.gov/ghgp/main.do. 
395 Defined as facilities emitting more than 25,000 MT CO2e. 
396 Duke Energy Carolinas, LLC, 2018 Integrated Resource Plan and 2018 REPS Compliance Plan, Docket No. E-
100 Sub. 157 at 8. 
397 Id. 
398 Duke Energy Carolinas in combination with Duke Energy Progress. 
399 Id. 
400 Duke Energy Carolinas, LLC, 2016 Integrated Resource Plan Supplemental Filing, Docket No. 2016-10-E at 20. 
401 Duke Energy Carolina, LLC, 2018 Integrated Resource Plan and 2018 REPS Compliance Plan at 22. 
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far lower than the national average of 27.6% for projects installed over the last ten 
years.402  

 
123. Furthermore, DEP projects it will add 1,441 MW of solar to its mix in the next 

fifteen years, with 1,000 MW of that growth occurring in the next five years as the 
company strives to meet North Carolina’s Renewable Portfolio Standard of 12.5% 
renewable electricity generation by 2020, as well as House Bill 589’s requirement 
that Duke Energy add 2,660 MW of renewables.403 DEP projects increasing solar 
by 36% in the first five years, but only 11.6% over the following ten years, and 
DEC plans to add 262 MW of solar annually in the next five years, decreasing to 
90 MW per year in the last ten years. Both of these projections fail to consider the 
rapidly decreasing costs of solar and experts have noted that it is not “reasonable 
for Duke Energy to plan for such minor, incremental investments in what is 
proving to be the least-cost generating resource.”404  

  
124. Recent analysis found that Duke Energy’s BAU energy mix for the 2018 IRPs is 

not the least-cost strategy for consumers, nor does it result in the greatest reduction 
of CO2 emissions. NRDC commissioned the energy consulting firm ICF to analyze 
Duke Energy’s 2018 IRPs using their Integrated Planning Model (IPM®) to create 
an “economically optimized” power sector analysis, which optimizes least-cost 
outcomes for power grids by retiring and adding new resources.405 The model 
found that Duke Energy’s 2018 IRPs do not “result in the least-cost mix of 
demand- and supply-side resources, as required by North Carolina law.”406 

 
125. The resource mix laid out the 2018 IRPs are more costly, risky, and polluting. 

Duke Energy’s coal plant retirement strategy falls alarmingly short. The IRPs 
reveal the company’s intention to keep aging coal units online, running at low 
capacity, to serve as “peaking plants” during times of increased demand.407 The 
high fixed costs of keeping aging coal plants online is an expensive strategy paid 
for by North Carolina ratepayers.408   

 
126. Under the least-cost retirement and replacement strategy, Duke Energy’s coal fleet 

shrinks dramatically over the next 5 years, with capacity falling from 10.5 GW to 
6.5 GW (Figure 3.11).409 This loss in capacity can be replaced by 8 GW of new 

                                                           
402 NC Utilities Commission, Docket No. E-100, Sub 157, Initial Comments of Southern Alliance for Clean Energy, 
Sierra Club, and Natural Resource Defense Council 9 (Mar. 7 2019), available at 
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-
6950de5d51ce. 
403 Id. 
404 Id. 
405 Id. at 2. 
406 Id. 
407 Id. at 5.  
408 Id. 
409 NC Utilities Commissions, Docket No. E-100, Sub 157, Economically Optimized Independent Power Sector 
Modeling Shows Multiple Benefits when Compared to Duke’s IRP 5 (2019), available at 
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utility-scale solar, and no additional unconstructed natural gas capacity would be 
needed.410 This shift in electricity generation over the short term will reduce 
electric sector emissions by 41% below 2005 levels by 2025.411  

 
 
 
 

 
 

 

 

 

 

127. The BAU strategy outlined in the combined 2018 IRPs would increase annual CO2 
emissions by 2.4 million tons in the next two decades, compared to the 
economically optimized case.412 Duke Energy’s BAU strategy also costs $5.6 
billion more than the economically optimized strategy and results in electric bills 
that are 5% higher for customers by 2035.413  

 
128. The State of North Carolina, through its agencies and educational institutions, 

owns and operates many large emitting facilities. For example, North Carolina 
State University emitted 260,771 metric tons of CO2e in 2017.414 The State also 
owns and operates a fleet of approximately 7,300 vehicles and thus is responsible 
for substantial CO2 emissions from both stationary and mobile sources, which 
contribute to the baseline level of emissions in the State.415 Previously, North 
Carolina has recognized its duty to reduce emissions stemming from its proprietary 

                                                           
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-
6950de5d51ce. 
410 Id. at 6. 
411 Id. at 7. 
412 NC Utilities Commissions, Docket No. E-100, Sub 157, Initial Comments of Southern Alliance for Clean 
Energy, Sierra Club, and Natural Resource Defense Council (2019), at 4 (Mar. 7, 2019), available at 
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-
6950de5d51ce. 
413 Id. at 5. 
414 U.S. Envtl. Prot. Agency (EPA), Facility Level Information on Greenhouse Gases Tool (2017), available at 
https://ghgdata.epa.gov/ghgp/main.do. 
415 Motor Fleet Management, STATE OF N.C., https://www.nc.gov/agency/motor-fleet-management (last accessed 
Apr. 18, 2019). 

Generation (TWh) 2018 (P) 2020 2025 2030 2035 
Coal 31.9 27.1 31.2 31.0 28.9 

Natural Gas 44.5 39.6 49.9 62.6 62.2 
Nuclear 41.7 42.0 42.1 42.1 42.1 

Solar 7.3 15.6 19.1 20.3 20.3 
Wind 0.5 0.6 0.8 0.8 0.8 

Other RE 4.7 4.2 4.2 4.3 4.3 
Other Non-RE 3.7 0.9 1.0 1.0 1.1 

Figure 3.11. In-state electricity generation for North Carolina in the “economically 
optimized” model conducted by ICF. 

Source: NC Utilities Commissions, Docket No. E-100, Sub 157, Economically Optimized Independent 
Power Sector Modeling Shows Multiple Benefits when Compared to Duke’s IRP (2019). 
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function: In 2005, the Division of Air Quality published a report pursuant to the 
Clean Smokestacks Act of 2002 in which it recommended that the North Carolina 
state government increase efforts to “reduce energy in, and emissions of CO2e 
from all government owned or leased buildings, and equipment.”416 EO80 takes 
an initial step to address these emissions by calling on cabinet agencies to conserve 
energy, integrate climate change mitigation into programming, and prioritize zero-
emission vehicles when purchasing new vehicles, but additional actions are 
needed.417 

 
iii. North Carolina’s renewable energy markets are poised to supplant fossil fuels. 

 
129. North Carolina is already a leader in clean and renewable energy. In August 2007, 

North Carolina became the first state in the southeast to adopt Renewable Energy 
and Energy Efficiency Portfolio Standards (“REPS”) and there have been 
significant benefits since the implementation of this program.418 As of 2019, North 
Carolina is ranked second in the nation in installed solar capacity.419 The State has 
seen a 20% decline in GHG emissions from 2005 to 2017 across all sectors.420 

 
130. Wind and solar capacity are North Carolina’s largest renewable energy sources.421 

More than 75% of the State’s total energy demand can be met by offshore wind 
and utility-scale photovoltaic solar.422 North Carolina ranks 5th in offshore wind 
energy potential with an estimated 634 TWh (terawatt-hours) per year available to 
harness (Figure 3.12).423  

 
131. In 2019, North Carolina’s solar industry generated 6,719 jobs within the State.424 

North Carolina has seen a 47% price decline in solar over the last five years.425 In 
2050, there will be an estimated 46,000 MW of potential residential and 
commercial solar capacity available throughout the State.426  

                                                           
416 What We Do, N. C. DEP’T OF ADMIN. MOTOR FLEET MGMT. (2019), https://ncadmin.nc.gov/government-
agencies/motor-fleet-management.   
417 NC Executive Order No. 80, North Carolina’s Commitment to Address Climate Change and Transition to a 
Clean Energy Economy (Oct. 29, 2018). 
418 EIA, North Carolina: Profile Analysis, (last updated Aug. 18, 2016), 
https://web.archive.org/web/20170718145447/https:/ /www.eia.gov/state/analysis.php?sid=NC.  
419 North Carolina Solar, SOLAR ENERGY INDUSTRIES ASSOCIATION (SEIA), https://www.seia.org/state-solar-
policy/north-carolina-solar (last accessed April 14, 2019).   
420 N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY DRAFT (1990-2030) 9, 
(November 2018). 
421 Mark Z. Jacobson et al., 100% Clean and Renewable Wind, Water, and Sunlight (WWS) All-Sector Energy 
Roadmaps for the 50 United States, 8 ENERGY & ENVT’L SCI. 2093, 2099 (2015). 
422 Id. 
423 Walt Musial et al., 2016 Offshore Wind Energy Resource Assessment for the United States, NATIONAL 
RENEWABLE ENERGY LABORATORY Technical Report NREL/TP-5000-66599, 1, 72 (September 2016). 
424 North Carolina Solar, SOLAR ENERGY INDUSTRIES ASSOCIATION (SEIA), https://www.seia.org/state-solar-
policy/north-carolina-solar (last accessed April 14, 2019).  
425 Id. 
426 Jacobson et al., supra note 421, at 2100 (combined potential capacity of suitable residential and commercial area 
in 2050).  
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132. The electric power sector is the largest emitter of CO2 in North Carolina, 
contributing to 36% of the State’s total greenhouse gas emissions.427 Therefore, 
the State’s 2030 and 2050 CO2 emissions targets would have the greatest impact 
on the energy sector, and the energy sector is already poised to make the transition 
to renewables.  

 
133. The second-largest emitter of CO2 in North Carolina is the transportation sector, 

which contributes 31% of the GHG emissions in the State.428 EO80 sets an 80,000 
zero-emission vehicle target.429 Combined, these measures will help transition the 
transportation sector to dramatically decrease emissions.  

 
134.  Duke Energy is one of the largest electric utilities in the U.S. and is the largest 

emitter of CO2 in North Carolina.430 Solar energy is Duke Energy’s primary 

                                                           
427 N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY DRAFT (1990-2030) 6, 
(November 2018).  
428 Id. 
429 Id.; NC Executive Order No. 80 (2018). 
430 Justin Walton, The World’s Top 10 Utility Companies, INVESTOPEDIA (Feb. 25, 2016), 
https://web.archive.org/web/20170718 154531/http://www.investopedia.com/articles/investing/022516/worlds-top-
10-utility-companies.asp?lgl=rira-baseline-vertical; U.S. ENVTL. PROT. AGENCY, 2015 GREENHOUSE GAS EMISSIONS 
FROM LARGE FACILITIES (Aug. 13, 2016), available at https://web.archive.org/web/2017081 
5182715/https://ghgdata.epa.gov/ghgp/main.do. 

Figure 3.12. Twenty states with the highest net technical wind energy potential in the U.S., 
showing the rank location of North Carolina. NC’s wind energy potential is indicated.  

Figure adapted from: Walt Musial, Donna Heimiller, Philipp Beiter, et al, 2016 Offshore Wind Energy Resource 
Assessment for the United States, NATIONAL RENEWABLE ENERGY LABORATORY Technical Report NREL/TP-
5000-66599, 1, 72 [September 2016]. 
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renewable resource and their combined solar capacity is expected to be 3,958 MW 
in 2019 and increase to 7,599 MW in 2033.431 

 
D. The window for limiting global warming below catastrophic levels is closing quickly, 

and current emission reduction goals for the State are not adequate. 
 

i. The window of opportunity for limiting dangerous and irreversible global warming is 
almost gone. 

 
135.  By 2006 to 2015, anthropogenic emissions had warmed the world 0.87ºC 

(±0.12ºC) compared to pre-industrial times (1850 to 1900).432 In 2017, global 
average temperature warmed to 1ºC (Figure 3.13).433 If the current rate of warming 
continues, global warming is likely to reach 1.5ºC between 2030 and 2052.434 

 
136. Due to the multi-decade timeline of the carbon cycle, if the atmospheric 

concentration of CO2 were immediately stabilized at the current level (409 ppm, 
as of January 2019), temperature would increase an additional 0.6ºC over the next 
century, relative to 1980 to 1999.435 

                                                           
431 Id. 
432 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 51. 
433 Id. at 82. 
434 Id. at 6.  
435 Wuebbles et al., supra note 46, at 134. 

Figure 3.13. How close are we to 1.5ºC? Human-induced 
warming reached approximately 1ºC above pre-industrial levels 
in 2017.   

Figure from: Intergovernmental Panel on Climate Change (IPCC), Global 
Warming of 1.5ºC (Masson-Delmotte et al. eds., 2018) 82. 
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137. If greenhouse gas concentrations are not immediately stabilized, current emissions 
trends project that global temperature will rise 0.3ºC to 0.7ºC in the next two 
decades.436 The spread results from uncertainties in natural sources of variability 
that can affect temperature in the short term, such as the cooling effect associated 
with sulfur dioxide and the shorter-lived temperature increases associated with 
methane and black carbon.437  

 
138. There is no analogous period in the past 66 million years in which CO2 was 

released at its current output of 10 GtC per year.438 During the Paleocene-Eocene 
Thermal Maximum (PETM) around 55 million years ago, the planet was 5ºC to 
8ºC warmer than today and experienced thousands of years of sustained CO2 
releases. Even then, the maximum output did not exceed 1.1 GtC yearly.439   

 
139. The latest IPCC Report, Global Warming of 1.5℃, estimates that that global net 

anthropogenic CO2 emissions must decline to 45% of 2010 levels by 2030 and to 
net zero by 2050 to limit warming to 1.5ºC.440 To limit warming to 2ºC with a 66% 
probability, global net anthropogenic CO2 emissions must decline 25% by 2030 
and reach net zero by 2070.441 Limiting long-term warming to 1ºC by 2100 
requires CO2 emissions reductions of approximately 80% by 2030 and close to 
100% by 2050.442  

 
140. In order to avoid locking in catastrophic and irreversible climate change, the 

atmospheric CO2 concentration must be reduced to no more than 350 ppm by 2100. 
In order to return the atmospheric CO2 concentration to 350 ppm by 2100 CO2 
emission need to be reduced to close to zero by 2050 and significant natural 
sequestration will be required by 2100.443 Returning the atmospheric CO2 
concentration to 350 ppm by 2100 should limit long-term global warming to 1ºC 
by the end of the century.  

 
141. Using global mean surface air temperature as a metric, the IPCC Report 

determined that the remaining global CO2 budget to keep warming limited to 1.5ºC 
with a 50% probability is 580 GtCO2.444

 To improve the probability to a 66% 
chance of limiting warming to 1.5ºC, there is a remaining carbon budget of 430 
GtCO2.445 A separate approach in the report uses global mean surface temperatures 

                                                           
436 Id.    
437 Id.  
438 Id. 
439 Id. 
440 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 95.  
441 Id. 
442 James Hansen, et al., Assessing “Dangerous Climate Change”: Required Reduction of Carbon Emissions to 
Protect Young People, Future Generations and Nature (2013); James Hansen, et al., Young People’s Burden: 
Requirement of Negative CO2 Emissions (2017). 
443 Id. 
444 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 95.  
445 Id. 
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(GMST) to determine the remaining global carbon budget, and estimated 770 
GtCO2 and 570 GtCO2 for a 50% and 66% probability, respectively.446 However, 
the IPCC assigns medium confidence to these CO2 budgets due to unknowns 
associated with global system feedbacks, such as permafrost thawing and radiative 
forcing and responses.447  

 
142. In order to limit long-term warming to 1ºC, the CO2 budget would be comparable 

to the first 1.5ºC budget described above (between 430 and 580 GtCO2) but 
significant carbon sequestration would also be required—between 100 and 153 
GtC—depending on how rapidly emissions are reduced.448 While significant 
carbon sequestration is necessary to fully address climate change it is beyond the 
scope of the proposed rule.  

 
143. Global yearly CO2 emissions grew 1.6% in 2017 to 36.2 Gt, and are expected to 

increase by 2.7% for the year 2018, reaching 37.1 Gt.449 Pathways that aim for 
little or no overshoot of 1.5ºC keep global GHG emissions for the year 2030 
between 25 and 30 GtCO2e.450  

 
144. All emission pathways that limit global warming to 1.5ºC and 2ºC with little to no 

overshoot involve the use of carbon sinks to absorb CO2, both to help emissions 
reach net zero by 2050 and 2075, respectively, as well as contribute to net-negative 
emissions that will prevent further warming.451  

 
145.  To achieve at least net zero CO2 emissions by 2050 after meeting the target of at 

least 88% below 2005 levels, North Carolina will have to rely on its CO2 sinks. 
Current carbon sinks for the State are estimated to take a total of 34.03 MMT of 
CO2e out of the atmosphere every year.452 Recent work suggests that North 
Carolina’s lands have the potential to absorb an additional 10 to 20 MMT of CO2e 
through reforestation and avoided land conversions, resulting in a potential total 
yearly reductions capacity of 44 to 54 MMT CO2e.453 Including these carbon sinks 
with the reduction target of 88% below 2005 levels by 2050 results in net zero 
emissions, with an additional 16 to 36 MMT of leftover carbon sink capacity 
beyond net zero. Using carbon sinks to drive net-negative emissions is essential to 

                                                           
446 Id. 
447 Id. at 19. 
448 James Hansen, et al., Assessing “Dangerous Climate Change”: Required Reduction of Carbon Emissions to 
Protect Young People, Future Generations and Nature (2013); James Hansen, et al., Young People’s Burden: 
Requirement of Negative CO2 Emissions (2017). 
449 RB Jackson et al., Global Energy Growth is Outpacing Decarbonization, 13 ENVIRONMENTAL RESEARCH 
LETTERS 120401 (2018). 
450 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 114.  
451 Id. at19. 
452 N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY DRAFT (1990-2030) 27, 
(November 2018).  
453 U.S. CLIMATE ALLIANCE, STATE NATURAL & WORKING LANDS INITIATIVE: NORTH CAROLINA OPPORTUNITY 
ASSESSMENT 4 (July 2018), available at https://files.nc.gov/ncdeq/climate-change/natural-working-lands/North-
Carolina-Briefing-Packet---NWL-Opportunity-Assessment-07.05.18.pdf. 
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avoiding catastrophic warming because sinks draw down existing CO2 from the 
atmosphere. Carbon sinks also help account for the additional warming caused by 
GHGs not covered by this rule and for which no natural sinks exist.  

 
146.  In the absence of any political action to mitigate climate change, the world is 

currently on track to reach 4.1ºC to 4.8ºC by 2100.454  
 

ii. The best available science demonstrates that long-term warming must be limited to no 
more than 1ºC to avoid the most catastrophic and irreversible impacts of climate 
change.  

 
147. Scientists and experts are clear that energy systems must be decarbonized rapidly 

in order to restore the Earth’s energy balance, the current imbalance of which is 
causing dangerous climate change. The best available science today prescribes that 
atmospheric CO2 concentrations must be restored to no more than 350 ppm by 
2100 (with further reductions thereafter). An emissions reduction and 
sequestration pathway back to 350 ppm by 2100 would stabilize long-term global 
warming at no more than 1°C above pre-industrial temperatures, though in the 
short term warming will inevitably exceed 1ºC. Two steps are required to reduce 
the atmospheric CO2 concentration to 350 ppm by 2100: (1) reducing CO2 
emissions; and (2) sequestering excess CO2 already in the atmosphere.455 The rule 
proposed herein focuses on the first step: GHG emission reductions.  

 
148. In December 2015, the world adopted the first universal global climate agreement 

at the Paris climate conference (COP21). As of February 2019, 195 countries have 
agreed to keep global warming to no more than 2ºC above pre-industrial levels 
while aiming to limit temperature increases to 1.5ºC.456 These parties represent 
88% of global greenhouse gas emissions and each country has committed to a 
different reduction target, referred to as their Intended Nationally Determined 
Contribution (INDC).457 

 
149. Importantly, neither 1.5°C nor 2°C warming above pre-industrial levels has ever 

been considered safe from either a political or scientific perspective. The 2018 
IPCC Special Report on 1.5°C has made clear that allowing a temperature rise of 
1.5°C “is not considered ‘safe’ for most nations, communities, ecosystems, and 
sectors and poses significant risks to natural and human systems as compared to 

                                                           
454 Temperatures, CLIMATE ACTION TRACKER (December 11, 2018), https://climateactiontracker.org/global/ 
temperatures/.  
455 James Hansen, et al., Assessing “Dangerous Climate Change”: Required Reduction of Carbon Emissions to 
Protect Young People, Future Generations and Nature (2013); James Hansen, et al., Young People’s Burden: 
Requirement of Negative CO2 Emissions (2017). 
456 Paris Agreement, EUROPEAN COMMISSION, https://ec.europa.eu/clima/policies/international/negotiations/paris_en 
(last accessed Feb. 24, 2019). 
457 FRAMEWORK CONVENTION ON CLIMATE CHANGE, REPORT OF THE CONFERENCE OF THE PARTIES ON ITS TWENTY-
FIRST SESSION, HELD IN PARIS FROM 30 NOVEMBER TO 13 DECEMBER 2015, 30–34 (Jan. 29, 2016).  
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current warming of 1°C (high confidence) . . .”.458 More than 45 eminent scientists 
from over 40 different institutions have published in peer-reviewed journals 
finding that the maximum level of atmospheric CO2 consistent with protecting 
humanity and other species is 350 ppm and no one, including the IPCC, has 
published any scientific evidence to counter that 350 ppm is the maximum safe 
concentration of CO2.459 

 
150.  The U.S. INDC was 26–28% below its 2005 levels by 2025.460 Following 

President Trump’s announcement that the U.S. would be withdrawing from the 
Paris Agreement, a coalition of governors formed the U.S. Climate Alliance and 
committed their states to the goals enumerated in the Paris Agreement.461 Twenty 
states and Puerto Rico are now a part of the U.S. Climate Alliance and have 
implemented legally binding greenhouse gas reduction targets that are, at a 
minimum, in line with the United States’ commitments in the Paris Agreement.462 
The majority of states that have implemented legally binding greenhouse gas 
reduction targets have set targets that exceed the U.S. INDC commitment and 2025 
timeline. 

 
151.  The 2018 IPCC Report found that the impact of the cumulative INDCs would not 

be sufficient to meet the goals of the Paris Agreement (Figure 3.14).463 Even if 
countries adhere to their INDCs—which they are not on track to do—global 
emissions will still exhaust the global carbon budget that is needed to limit 
warming to 1.5ºC, crossing the threshold by the year 2030.464 Current cumulative 
international pledges result in 3.3ºC warming.465 However, the majority of states 
that have implemented legally binding greenhouse gas reduction targets have set 
targets that exceed the U.S. INDC commitment and 2025 timeline. Pennsylvania, 

                                                           
458 Roy, J., et al., Sustainable Development, Poverty Eradication and Reducing Inequalities. In Global Warming of 
1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related 
global greenhouse gas emission pathways, in the context of strengthening the global response to the threat of 
climate change, sustainable development, and efforts to eradicate poverty at 447 (2018) (emphasis added). 
459 James Hansen, et al., Target Atmospheric CO2: Where Should Humanity Aim? (2008); James Hansen, et al., 
Assessing “Dangerous Climate Change”: Required Reduction of Carbon Emissions to Protect Young People, 
Future Generations and Nature (2013); James Hansen, et al., Ice Melt, Sea Level Rise and Superstorms: Evidence 
From Paleoclimate Data, Climate Modeling, and Modern Observations That 2ºC Global Warming Could Be 
Dangerous (2016); James Hansen, et al., Young People’s Burden: Requirement of Negative CO2 Emissions (2017); 
Veron, J., et al., The Coral Reef Crisis: The Critical Importance of <350 ppm CO2 (2009); Frieler, K., et al., 
Limiting global warming to 2 ◦C is unlikely to save most coral reefs (2012). 
460 U.S. COVER NOTE, INDC AND ACCOMPANYING INFORMATION (March 31, 2015), available at 
https://www4.unfccc.int/sites/submissions/indc/Submission%20Pages/submissions.aspx.  
461 Governors, United States Climate Alliance (2019), https://www.usclimatealliance.org/governors-1. 
462 Id. 
463 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 114. 
464 Id. 
465 Temperatures, CLIMATE ACTION TRACKER (December 11, 2018), https://climateactiontracker.org/global/ 
temperatures/. 
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New York, and California’s yearly emissions exceed North Carolina’s, but these 
states have adopted more aggressive GHG reduction targets than those in EO80.466 

 
152.  The purpose of the proposed rule is to inventory, budget and report on efforts 

needed so that CO2 emissions in North Carolina decline rapidly and the State 
decarbonizes its energy system, both of which are necessary steps to provide 
civilization with the best chance of survival. Drastic cuts in emissions and the 
transformation of North Carolina’s energy system are the bare minimum of North 
Carolina’s obligation to its residents and its neighbors across the globe. Twenty-
one states and Puerto Rico have enacted aggressive and legally binding greenhouse 
gas reductions targets to play a role in ensuring a stable climate. One hundred and 
twelve cities have committed to 100% renewable energy and coalitions of mayors, 
governors, organizations, and business leaders representing 154.6 million people 
have pledged toward the goals of the Paris Climate Agreement.467 

 
153. The reductions in EO80 aim for annual statewide CO2 emissions of approximately 

110 million metric tons (MMT) by 2025, excluding the impact of carbon sinks. 
The proposed target would limit emissions to no more than 83 MMT CO2 by 2030, 

                                                           
466 State Climate Policy Maps, CENTER FOR CLIMATE AND ENERGY SOLUTIONS (2019), 
https://www.c2es.org/content/state-climate-policy/.  
467 Ready for 100, THE SIERRA CLUB (2019), https://www.sierraclub.org/ready-for-100; America Is Still In. Are 
You?, WE ARE STILL IN (2019), https://www.wearestillin.com/. 

Figure 3.14. Baseline scenarios for global warming over the next 
century, taken from IPCC AR5 Working Group III data. 

Figure from: Temperatures, Climate Action Tracker (December 11, 2018), 
https://climateactiontracker.org/global/temperatures/. 
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requiring an additional reduction beyond EO80 levels by 2030. By adopting a 
carbon dioxide reduction target of 48% below 2005 levels by 2030 and at least net 
zero by 2050, North Carolina would mirror the efforts of twenty-one other states, 
be within the scope of the goals of the Paris Agreement ratified by 195 countries, 
and pursue reductions beyond those prescribed by EO80. Such actions are 
important steps to avoid the worst impacts of climate change but additional actions, 
including significant carbon sequestration, will be required both by North Carolina 
and other states and countries. 

 
iii. The risks for natural and human systems are greater at 1.5ºC of warming than present 

day, and even greater at 2ºC compared to present day.  
 

154.  As described above, with the current 1ºC of warming, North Carolina, the United 
States, and the rest of the world are already experiencing significant impacts of 
climate change. These impacts will get significantly worse if GHG emissions do 
not rapidly decline and long-term warming reaches 1.5ºC, 2ºC, or more.  
 

155. At 1.5ºC, 14% of the world’s population will be exposed to life-threatening heat 
once every five years. At 2ºC, that number rises to 37%, with the tropics seeing 
the largest increases in dangerously hot days.468 Seventy percent of the world’s 
population will face at least one severe heatwave every 20 years at 2ºC, compared 
to 50% at 1.5ºC.469  

 
156. Globally, there is an expected 25% increase in hot days at 2ºC, compared to a 16% 

increase at 1.5ºC.470 There is an expected 343% increase in the frequency of warm 
extremes over land at 2ºC, compared to a 129% increase at 1.5ºC.471  

 
157. At 2ºC, 18% of insects, 16% of plants, and 8% of vertebrates are projected to lose 

half of their “climatically determined geographic range.” At 1.5ºC, these numbers 
decrease to 6% of insects, 8% of plants, and 4% of vertebrates.472 Further, 13% of 
the world’s land will undergo ecosystem transformation at 2ºC, compared to 4% 
at 1.5ºC.473  

 
158. At 2ºC, 411 million people in urban centers will experience increased exposure to 

severe droughts, compared to 350 million at 1.5ºC.474 The Mediterranean and 

                                                           
468 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 178.  
469 V.V. Kharin et al., Risks from Climate Extremes Change Differently from 1.5°C to 2.0°C Depending on Rarity, 
6 EARTH'S FUTURE 704 (2018). 
470 Travis Aereson et al., Changes In Suite of Indicators of Extreme Temperature and Precipitation Under 1.5 and 2 
Degrees Warming, 13 ENVIRONMENTAL RESEARCH LETTERS (2018).  
471 V.V. Kharin et al., supra note 469. 
472 Id. at 179.  
473 Id. 
474 Id. at 215.  



 

 
 

Duke Environmental Law & Policy Clinic  72 
 

Middle East could lose 17% of their drinking water at 2ºC, compared to 9% at 
1.5ºC.475  

 
159. Global crop yields will result in smaller net reductions at 1.5ºC compared to 2ºC, 

particularly in the Sahel, southern Africa, the Mediterranean, central Europe, and 
the Amazon.476 For example, there is an expected 9% and 4% decrease in average 
maize and wheat yields by 2100 at 2ºC, compared to 6% and 5% losses at 1.5ºC.477 
The tropics will experience the most significant crop yield losses, with a 16% 
decrease in wheat production at 2ºC, compared to a 9% loss at 1.5ºC.478 

 
160. At 2ºC, losses of 7 to 10% of rangeland livestock are expected globally, which will 

have significant economic consequences for many regions.479 One global fishery 
model projects a decrease in global annual catch for marine fisheries of about 3 
million tons for 2ºC, compared to 1.5 million tons at 1.5ºC.  

 
161. By 2100, global mean sea-level rise is projected to be around 0.1 meter lower with 

global warming of 1.5ºC compared to 2ºC.480 An additional 10.4 million people 
will be affected by sea-level rise associated with 2ºC compared to 1.5ºC.481 Sea 
level will continue to rise well beyond 2100, and the magnitude and rate of this 
rise depend on future emissions pathways. A slower rate of sea-level rise enables 
greater opportunities for adaptation in the human and ecological systems of small 
islands, low-lying coastal areas, and deltas.482 This calculation does not include the 
loss of the marine sheet ice in Antarctica or the Greenland ice sheet, which would 
result in multi-meter sea-level rise and could be triggered at around 1.5ºC to 2ºC.483    

 
162. Ocean acidity is projected to increase 29% at 2ºC of warming by 2050, compared 

to a 17% increase at 1.5ºC.484 By the year 2100, the oceans will acidify an 
additional 9% at 1.5ºC, compared to an additional 24% at 2ºC.485    

 
 

                                                           
475 Id. at 200. 
476 Id. at 180. 
477 Claudia Tebaldi & David Lobell, Differences, Or Lack Thereof, in Wheat and Maize Yields Under Three Low-
Warming Scenarios, 13 ENVIRONMENTAL RESEARCH LETTERS 65001 (2018). 
478 CF Schleussner et al., Differential Climate Impacts for Policy-Relevant Limits to Global Warming: The Case of 
1.5 Degrees C and 2 Degrees C, 7 EARTH SYSTEM DYNAMICS 327 (2016). 
479 Id. 
480 Id. at 9. 
481 Id. 
482 Id. 
483 Id. 
484 The Impacts of Climate Change at 1.5°C, 2°C and Beyond, Carbon Brief (last visited April 24, 2019) available at 
https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-
degrees/?utm_source=web&utm_campaign=Redirect (2019). 
485 Robert J. Nicholls et al., Stabilization of Global Temperature at 1.5°C and 2.0°C: Implications for Coastal 
Areas, 376 PHILOSOPHICAL TRANSACTIONS - SERIES A, MATHEMATICAL, PHYSICAL, AND ENGINEERING SCIENCES at 
20160448 (2018).   
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iv. The risks for natural and human systems are substantially greater at 3ºC and 4ºC.  
 

163. Without any emissions reduction policies, the world is on track to reach 4.1ºC to 
4.8ºC by the end of the century.486 Assuming that countries adhere to their INDCs 
of the Paris Agreement, warming could be limited to 3.1ºC to 3.5ºC.487   

 
164. At 3ºC, the probability of the Arctic having an ice-free summer in any given year 

is 63%.488 Arctic sea ice cover plays an important role in moderating global 
temperatures as it reflects 80% of sunlight back into space. Ice-free oceans also 
expose more ocean surface to the sun, causing the oceans to absorb up to 90% of 
sunlight and further warming ocean temperatures.489  
 

165. The global average drought length is projected to rise to 18 months at 3ºC, 
compared to 9 months at 1.5ºC.490 Accumulated water deficits in most of Africa, 
southern Europe, the Caribbean, Central America, West Asia, and Australia are 
expected to increase fivefold at 3ºC of warming.491  
 

166. At 3ºC of warming, 15% of all global land could be exposed to what is currently 
understood as a 100-year drought event every five years.492   

 
167.  At 3ºC, Mediterranean Europe is projected to experience a dramatically sharp 

increase of 96–187% in area burned by summer wildfires due to increased 
drought.493 This area of the world already experiences drastic wildfires, averaging 
4500 km2 a year.494  

 
168.  Warming of 3ºC is the threshold typically associated with the loss of most of the 

world’s coastal cities due to rising sea levels: Shanghai, Hong Kong, Tokyo, 
Osaka, Miami, Alexandria, Rio de Janeiro, Buenos Aires, New York, and many, 
many more.495  

 

                                                           
486 Temperatures, CLIMATE ACTION TRACKER (December 11, 2018), https://climateactiontracker.org/global/ 
temperatures/. 
487 Id. 
488 Michael Sigmond, Ice-free Arctic Projections Under the Paris Agreement, 8 NATURE CLIMATE CHANGE 404–408 
(2018). 
489 Quick Facts on Arctic Sea Ice, NATIONAL SNOW & ICE DATA CENTER (2019), 
https://nsidc.org/cryosphere/quickfacts/seaice.html. 
490 G. Naumann et al., Global Changes in Drought Conditions Under Different Levels of Warming, 45 GEOPHYSICAL 
RESEARCH LETTERS 3285–3296 (March 2018).  
491 Id.  
492 Id. 
493 Marco Turco, Exacerbated Fires in Mediterranean Europe Due to Anthropogenic Warming Projected with Non-
Stationary Climate-fire Models, NATURE COMMUNICATIONS 4 (2018).  
494 Id. 
495 Mapping Choices: Carbon, Climate, and Rising Seas, CLIMATE CENTRAL (2015), 
http://sealevel.climatecentral.org/uploads/research/Global-Mapping-Choices-Report.pdf.  
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169. At 4ºC warming, countries representing 70% of the global population and global 
GDP will experience a 500% increase in flooding risks.496 For example, Germany 
is expected to see a 1,234% increase in economic damages from flooding, while 
the UK is expected to see a 6,543% increase in damages.497    

 
170. At 4ºC, the U.S. will experience a projected 2.2% increase in deaths due to heat, 

while Vietnam is expected to see a 16.2% increase.498  
 

171. At 4.5ºC warming, 68% of invertebrates, 44% of vertebrates, 67% of plants, 67% 
of insects, 41% of mammals, and 40% of birds will lose greater than 50% of their 
climatic range.499   

 
E. Summary  
 

Human activities are now responsible for 1°C of global warming above pre-industrial 
levels—warming which is causing significant climate impacts and disruption. Already, North 
Carolina and the world have begun to experience the consequences of this quickly changing 
climate: an increased frequency of dangerous storms, disease, and heat waves; losses in 
biodiversity; disappearing sea ice; substantially degraded oceans and marine ecosystems; and an 
increase in droughts. There is a massive and constantly growing body of science that forecasts the 
drastic impacts of a warming world, highlighting the critical importance of immediate action. In 
order to limit warming to 1.5°C, the world must see a 45% reduction in global anthropogenic CO2 
emissions by 2030, and net zero emissions by 2050. Additional GHG emission reductions and 
significant carbon sequestration through natural means, such as reforestation and improved 
agricultural techniques, are required to limit long-term warming to 1°C. 

 
Without immediate action to curb emissions, current trends place the world on track to 

reach 1.5°C of warming by around 2040.500 The risks for natural and human systems are much 
greater at 1.5°C than at present, and even greater at 2°C than at present.501 The risks and 
consequences for natural and human systems are already grave with 1°C of warming and get 
significantly worse with additional warming, which will result in flooded coastal cities, widespread 
famine, and tragic losses in biodiversity. These impacts will wreck civilization as it exists today 
and will be irreversible on any timescale relevant to humans.  

 
In order to reduce environmental catastrophe, all political bodies must act as soon as 

possible to make plans to abate, limit and control CO2 pollution. As of January 2020 the global 

                                                           
496 Lorenzo Alfieri et al., Global Projections of River Flood Risk in a Warmer World, 5 EARTH’S FUTURE 171 
(2016). 
497 Id. 
498 Ana Maria Vicedo-Cabrera et al., Temperature-related Mortality Impacts Under and Beyond Paris Agreement 
Climate Change Scenarios, 150 CLIMATE CHANGE 391–402 (2018). 
499 R. Warren et al., The Projected Effect on Insects, Vertebrates, and Plants of Limiting Global Warming to 1.5, 360 
Science Magazine 791–795 (2018). 
500 IPCC, GLOBAL WARMING OF 1.5°C, supra note 35, at 81.  
501 Id. at 7.  
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concentration of CO2 reached 411 ppm and continues to climb.502 In the absence of emissions 
reductions policies, the world is on track to hit 4.1°C to 4.8°C by the end of the century.503 All 
states and nations must act quickly towards this common goal of reducing GHG emissions to avoid 
locking in irreversible climate impacts, including rapid ice sheet disintegration and multi-meter 
sea-level rise. 

 
The window of opportunity for preventing long-term climate disasters is quickly closing. 

Now or never, North Carolina has the opportunity to claim its ascendancy in turning the tide 
against an impending global crisis. While North Carolina cannot prevent the harms of climate 
change alone, it can play the critical role of providing climate mitigation leadership at this pivotal 
moment in global history. North Carolina has both a moral and legal obligation to act and the 
economic resources to do so, all while claiming a bright and prosperous future for North 
Carolinians. The time to act is now.  
 

                                                           
502 NOAA, Trends in Atmospheric Carbon Dioxide, Recent Global CO2 Trend, EARTH SYSTEM RESEARCH 
LABORATORY GLOBAL MONITORING DIVISION (last accessed Jan. 16, 2020), https://www.esrl.noaa.gov/gmd/ccgg/tr 
ends/gl_trend.html. 
503 Temperatures, CLIMATE ACTION TRACKER (December 11, 2018), 
https://climateactiontracker.org/global/temperatures/. 
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4. Provide a statement of the effect on existing rules or orders. 
 

This section addresses the proposed rule’s interaction with existing rules within the North 
Carolina Administrative Code (“Administrative Code”), with North Carolina Executive Order 80 
(“EO80”), and with federal rules relating to carbon dioxide emissions. The proposed rule commits 
the Commission to a carbon dioxide emissions budgeting process. The proposed rule will 
complement actions taken by the North Carolina executive branch and grant procedural rights to 
persons for involvement in the carbon dioxide emissions budgeting process. The proposed rule is 
not preempted by any federal rule or law. The proposed rule complies with all provisions of the 
N.C. Administrative Procedures Act (“NCAPA”). Because the proposed rule gives the 
Commission significant flexibility in how to implement the carbon dioxide emissions budgeting 
process, state or federal laws outside of those mentioned here may apply to future implementing 
actions that the Commission may adopt. 

 
A. The proposed rule will not amend existing rules within the North Carolina 

Administrative Code. 
 

This rulemaking Petition does not dictate how the Commission should meet the proposed 
carbon dioxide targets and budget. Future additions or amendments to the Administrative Code 
will depend upon the particular implementation strategies the Commission adopts, although these 
strategies are unlikely to include amendments to current rules. Rather, Petitioners anticipate that 
adopting a carbon dioxide rule or rules following future implementation of the proposed rule would 
require the Commission to add new provisions to existing subchapters within the Administrative 
Code. For example, it would be logical for the Commission to add carbon dioxide emissions rules 
to Title 15A, Chapter 02, Subchapter D of the Administrative Code.  

 
B. The proposed rule will complement recent actions taken by the North Carolina 

Executive branch to address climate change. 
 

This proposed rule complements the goals and processes created by Governor Roy 
Cooper’s EO80, which affirms “North Carolina’s Commitment to Address Climate Change and 
Transition to a Clean Energy Economy.”504 EO80, announced in October 2018, asserts the State’s 
commitment to the 2015 Paris Agreement goals, calls for a forty percent reduction in statewide 
greenhouse gas emissions below 2005 levels by 2025, creates the Climate Change Interagency 
Council to recommend updated goals and actions, orders the DEQ to develop a North Carolina 
Clean Energy Plan, and creates a greenhouse gas inventory.505 While EO80 does not create binding 
law beyond its application to executive agencies, it demonstrates a clear initiative by the state 
government to put North Carolina on the path towards low carbon dioxide emissions. Informal 
stakeholder processes and voluntary engagement between policymakers and carbon dioxide 
emissions sources will be enhanced by long-term carbon dioxide emissions targets set as goals and 
complemented by a transparent inventory and budget process.  

 
                                                           
504 North Carolina’s Commitment to Address Climate Change and Transition to a Clean Energy Economy, N.C. 
Exec. Order No. 80 (Oct. 29, 2018). 
505 Id. 
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EO80 also instructs DEQ to develop a North Carolina Clean Energy Plan (“CEP”) that 
“fosters and encourages the utilization of clean energy resources.”506 In October 2019, DEQ 
published the CEP, which included specific policy and action recommendations.507 The CEP sets 
a goal of reducing electric power sector greenhouse gas emissions by seventy percent below 2005 
levels by 2030 and attaining carbon neutrality by 2050.508 The CEP also sets goals of fostering 
energy affordability and price stability for NC residents and businesses, and of accelerating clean 
energy innovation to create economic opportunities throughout the State.  

 
Petitioners’ proposed rule is consistent with the EO80 requirements and the goals of the 

CEP. The proposed rule requires the Commission to pursue carbon dioxide reduction targets 
beyond those encompassed in EO80. The targets proposed in this rule build upon EO80’s statewide 
carbon dioxide emissions reduction targets by 2025, and would require that the State achieve 
additional reductions by 2030 and 2050. The proposed rule provides a framework for the 
Commission to engage in regular assessment of the State’s carbon dioxide emissions and develop 
paths towards reduction. The contemplated iterative rulemaking process fits neatly with many of 
the requirements of EO80. For example, EO80 requires detailed data collection, a subset of which 
will be helpful in the development of the North Carolina Carbon Dioxide Inventory required by 
this rule. Similarly, the emissions reductions accomplished through EO80’s requirements for 
cabinet agencies, state-owned buildings, and state-owned vehicles, as well as the emissions 
reductions achieved through the CEP, align with and count towards the targets proposed here. The 
CEP is also consistent with the provisions of this proposed rule, which require the Commission to 
identify pathways towards emissions reduction. At the same time, the proposed rule is broader in 
scope than the CEP, which only addresses the electric power sector. 

 
The proposed rule creates a process for the Commission to advance the broad goals of 

EO80 using the Commission’s rulemaking authority and to harmonize work with ongoing State 
Implementation Plan (“SIP”) processes. The proposed carbon dioxide budget process requires the 
Commission to work in tandem with the executive branch to address climate change through state 
regulatory action, and compels the Commission to use its rulemaking authority as needed to 
support actions taken under EO80 and the policies promoted by the CEP. The proposed rule would 
aid the Commission in using its rulemaking authority to address sectors not covered under the CEP 
and inform the Commission’s future actions as needed. Finally, the proposed rule is a way of 
implementing the goals of EO80 into a process set forth in rule with accompanying procedural 
rights. In the instance that a future governor changes the executive order, the proposed rule would 
ensure that the Commission remains focused on the critical emissions reduction targets set for 
2030 and 2050. Long-term planning processes aimed towards set targets are needed to make the 
wisest set of policy choices.  

 
 

                                                           
506 Id. 
507 North Carolina Clean Energy Plan: Transitioning to a 21st Century Electricity System, N.C. DEP’T ENVTL. 
QUALITY (Oct. 2019) (https://files.nc.gov/ncdeq/climate-change/clean-energy-plan/Exec-Summary-NC-Clean-
Energy-Plan-OCT-2019-.pdf). 
508 Id. at 12.  
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C. The proposed rule will not conflict with federal laws or rules on carbon dioxide 
emissions reductions. 

 
The proposed rule complements and does not conflict with existing federal laws and rules 

on carbon dioxide emissions. At the time of this Petition’s submission, no comprehensive federal 
climate change legislation or carbon dioxide emissions rule preempting the rule is in effect.509 The 
Clean Power Plan (“CPP”), finalized by the Obama administration in August 2015, would have 
imposed the first national limits on carbon dioxide pollution from power plants.510 The plan 
projected a thirty-two percent reduction in carbon dioxide emissions below 2005 levels by 2030, 
with individual emissions targets set for each state.511 However, the Clean Power Plan never took 
effect. Shortly after it was finalized, twenty-six states along with a number of industry groups 
brought suit against the rule, resulting in several years of litigation.512 In February 2016, the U.S. 
Supreme Court stayed the CPP pending the resolution of legal challenges in the D.C. Circuit 
Court.513  

 
Following the election of President Trump in November 2016, the EPA filed a motion to 

the D.C. Circuit Court to hold the cases in abeyance while the agency reviewed the CPP and 
assessed whether new rulemaking was necessary.514 The D.C. Circuit Court granted the motion 
and held the cases in abeyance.515 The Trump administration proposed to repeal the CPP in October 
2017516 and subsequently finalized the CPP repeal and a replacement rule, known as the Affordable 
Clean Energy Rule (“ACE”).517 Shortly after the ACE rule was finalized, several states, including 
North Carolina, brought suit challenging the rule.518 Upon the filing of the ACE rule, the D.C. 
Circuit Court granted motions to dismiss the previously stayed challenges to the CPP as moot.519 

                                                           
509 See American Clean Energy and Security Act, H.R. Res. 2454, 111th Cong (2009) (as passed by the House, June 
26, 2009). The Act, which would have established greenhouse gas emission caps to address climate change, never 
passed the U.S. Senate. Although there have been calls for EPA to list carbon dioxide as a criteria pollutant under 
the National Ambient Air Quality Standards (NAAQS) Program, the Trump administration is unlikely to do so. See 
Howard Crystal et al., Returning to Clean Air Act Fundamentals: A Renewed Call to Regulate Greenhouse Gases 
Under the National Ambient Air Quality Standards (NAAQS) Program, 31 GEORGETOWN ENVTL. LAW REV. 233, 
235 (2019). 
510 U.S. Envtl. Prot. Agency, Clean Power Plan for Existing Power Plants: Regulatory Actions, archived at 
[https://archive.epa.gov/epa/cleanpowerplan/clean-power-plan-existing-power-plants-regulatory-actions.html] (last 
visited Apr. 8, 2019). 
511 Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility Generating Units, 80 Fed. 
Reg. 64,662, 64,679 (Oct. 23, 2015).  
512 See Certificate as to Parties, Rulings, and Related Cases in Respondent EPA’s Opposition to Motions to Stay 
Final Rule, West Virginia v. Environmental Protection Agency, Nos. 15-1363 et al. (D.C. Cir. Dec. 3, 2015).  
513 West Virginia v. Environmental Protection Agency, 136 S. Ct. 1000, 194 L. Ed. 2d 17 (2016).   
514 Motion to Hold Cases in Abeyance, West Virginia v. Environmental Protection Agency, Nos. 15-1363 et al. 
(D.C. Cir. Mar. 28, 2017).  
515 Order, West Virginia v. Environmental Protection Agency, Nos. 15-1363 et al. (D.C. Cir. Apr. 28, 2017). 
516 Repeal of Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Generating Units, 82 
Fed. Reg. 48,035 (Oct. 16, 2017). 
517 See U.S. EPA, Repeal of the Clean Power Plan; Emission Guidelines for Greenhouse Gas Emissions From 
Existing Electric Utility Generating Units; Revisions to Emission Guidelines Implementing Regulations, 84 Fed. 
Reg. 32,520 (Jul. 8, 2019) [hereinafter ACE]. 
518 New York v. EPA, No. 19-1165 (D.C. Cir. 2019). 
519 Order, West Virginia v. Environmental Protection Agency, Nos. 15-1363 et al. (D.C. Cir. Sept. 17, 2019).   
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The ACE rule is both narrow in scope and flexible in implementation, so it will not block 
enactment of the proposed North Carolina Carbon Dioxide Budget rule. ACE only applies to coal-
fired power plants, not natural gas or co-fired plants and not other sources, meaning that there will 
be many carbon dioxide sources for which no federal standard applies.520 ACE does not create 
carbon dioxide targets for all sources and does not prescribe inventory and budget processes for 
implementing state agencies. While the CPP set state-specific carbon dioxide emissions standards, 
ACE does not prescribe overall carbon dioxide reductions beyond plant-level efficiency 
improvements. Nor does ACE set carbon dioxide emissions targets, inventory, or budget 
requirements for the Commission. Instead, ACE focuses solely on heat rate improvements (“HRI”) 
for existing coal-fired electric generating units (“EGUs”) as the Best System of Emissions 
Reduction (“BSER”).521 The rule requires states to establish standards of performance for each 
existing source using EPA BSER guidelines but gives states significant flexibility in setting those 
standards.522 The ACE rule suggests that there may be “technologies, methods, and/or fuels that 
can be adopted at the affected source to allow the source to comply with its standard of 
performance that were not determined to be the BSER.”523 EPA further clarifies: 

 
In general, the EPA envisions that the states would set standards based on 
considerations most appropriate to individual sources or groups of sources (e.g., 
subcategories). These may include consideration of historical emission rates, effect 
of potential HRIs (informed by the information in the EPA’s candidate technologies 
described earlier in section III.E), or changes in operation of the units, among other 
factors the state believes are relevant. As such, states have considerable flexibility 
in determining standards of performance for units, as contemplated by the express 
statutory text.524 
 
The ACE framework explicitly gives states significant flexibility to regulate EGUs at the 

plant level. ACE would allow North Carolina to set performance standards for coal-fired EGUs 
either as individual sources or groups of sources, and would allow the State to set standards based 
on HRI and other factors. Nowhere in ACE does EPA limit the states to only considering HRIs, 
and instead gives states discretion to set standards based on other appropriate considerations.525 
North Carolina would not be prevented from setting emissions standards for EGUs that require 
more aggressive reductions than would be possible from efficiency improvements alone. ACE 
does not govern the Commission’s consideration of the proposed rule because it is not on the same 
subject matter. ACE does not set carbon dioxide emissions targets for North Carolina nor does it 
require a carbon dioxide inventory or budget. ACE would give future Commissions flexibility to 
craft recommended changes needed to meet carbon dioxide budgets beyond the ACE HRI 
requirements.  
                                                           
520 ACE, 84 Fed. Reg. 32,520, 32,521 (Jul. 8, 2019). According to the NC Clean Energy Plan, natural gas combined 
cycle plants “provid[e] about 30% of NC’s electricity needs.” See NC Clean Energy Plan, supra note 507, at 23. 
521 Id. at 32,535. 
522 Id. at 32,550. 
523 Id. at 32,555. 
524 Id. at 32,550. 
525 ACE, 84 Fed. Reg. 32,520, 32,555 (Jul. 8, 2019) (“To the extent that a state develops a standard of performance 
based on the application of the BSER for a designated facility within its jurisdiction, sources should be free to meet 
that standard of performance using either BSER technologies or certain non-BSER technologies or strategies.”). 
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The landscape of federal rules and laws addressing carbon dioxide emissions from sources 
beyond coal-fired plants is minimal and scattershot. The EPA is authorized to regulate motor 
vehicle emissions of greenhouse gases under Clean Air Act § 202(a)(1) and has done so since 
2010.526 During the Obama administration, EPA promulgated carbon dioxide tailpipe emissions 
standards for motor vehicles through model year 2025.527 Since 1986, federal laws have authorized 
California to set its own, more stringent, mobile source emissions standards through a waiver 
process and allowed other states to opt into the California standards.528 Currently, thirteen states 
have opted to follow the California standards.529 Recent rules from the Trump administration 
would roll back both the mobile emissions standards and the California waiver.530 If successful, 
this action would preempt states from setting more rigorous tailpipe emissions standards than the 
national standard,531 but would not preempt states from addressing carbon dioxide emissions from 
mobile sources through other means, such as tax incentives. 

 
The lack of comprehensive federal carbon dioxide emissions standards highlights the need 

and provides an opportunity for North Carolina to act.532 The proposed rule sets statewide carbon 
dioxide emissions targets and establishes an iterative process for measuring progress towards those 
targets and initiating future processes to implement future greenhouse gas rulemaking. Such a rule 
reinforces Governor Cooper’s EO80, is not prevented by the proposed ACE rule or mobile source 
regulations, and cements the State’s role as a leader in reducing carbon dioxide pollution. 
 

 

 

                                                           
526 Clean Air Act, 42 U.S.C. § 7521(a)(1); see also Massachusetts v. EPA, 549 U.S. 497 (2007) (holding EPA can 
regulate greenhouse gas emissions of motor vehicles). See also Light-Duty Vehicle Greenhouse Gas Emission 
Standards and Corporate Average Fuel Economy Standards, 75 Fed. Reg. 25,324 (May 7, 2010) (finalizing the first 
national greenhouse gas emissions standards for motor vehicles under the Clean Air Act). 
527 See 2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel 
Economy Standards, 77 Fed. Reg. 62,624, 62,770 (Oct. 15, 2012). 
528 42 U.S.C. § 7543(b). 
529 Coral Davenport, Trump to Revoke California’s Authority to Set Stricter Auto Emissions Rules, N.Y. TIMES 
(Sept. 17, 2019) (https://www.nytimes.com/2019/09/17/climate/trump-california-emissions-waiver.html). North 
Carolina is not one of the states that has adopted California’s mobile emissions standards. 
530 See The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule Part One: One National Program, 84 Fed. Reg. 
51,310 (Sep. 27, 2019) (freezing average fuel economy standards after 2021 and withdrawing the California 
Waiver). 
531 See 42 U.S.C. § 7543(a) (“No State or any political subdivision thereof shall adopt or attempt to enforce 
any standard relating to the control of emissions from new motor vehicles or new motor vehicle engines.”).  
532 For an analysis of N.C. Gen. Stat. § 150B-19.3 and its application to the proposed rule, see infra Rulemaking 
Petition, Section 2B. 
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5. Provide copies of any documents and data supporting the proposed rules(s).  

Supporting documents/evidence are attached as:  

Appendix A: North Carolina’s Largest Emissions Sources 

Appendix B: Emissions Target Selection 

Appendix C: N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY 
FINAL (1990–2030) 11, (Jan.2019). Note: Specific CO2 and CO2e inventory data for North 
Carolina was received from email communication with the Division of Air Quality, Planning 
Section.  

Appendix D: N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, Economically Optimized 
Independent Power Sector Modeling Showing Multiple Benefits when Compared to Duke’s IRP 
(2019).  

Appendix E: N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, North Carolina’s Clean Energy 
Future: An Alternative to Duke’s Integrated Resource Plan (Mar. 2019).  

Appendix F: Hsiang et al., Estimating Economic Damage from Climate Change in the United 
States, SCIENCE, June 2017, https://science.sciencemag.org/content/356/6345/1362/tab-pdf. 
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6. Provide a statement of the effects of the proposed rule on existing practices 
in the area involved, including cost factors for persons affected by the 
proposed rule(s). 

The proposed rule is a process, planning, and budget rule that provides a framework for 
the Commission to plan on meeting the proposed CO2 reduction targets. The proposed rule’s only 
direct costs are administrative costs imposed on DEQ and the Commission to conduct research 
and prepare required reports for the Commission and the public. Costs were estimated based upon 
the explicit requirements of the rule: (1) publish an annual inventory of in-boundary CO2 emissions 
from North Carolina sources; (2) publish an annual CO2 budget that outlines a path to meet the 
CO2 emission reductions of the 2030 and 2050 targets; (3) beginning in 2022, present 
recommendations for new rulemaking to adopt, amend or extend Commission rules that affect the 
ability of North Carolina sources to meet reduction targets; and (4) every five years, report on the 
effectiveness of state and federal actions to reduce CO2 by North Carolina sources and identify 
rulemaking or statutory changes needed to meet reduction targets. This proposed rule does not 
impose any direct costs on other units of government or upon private persons, though it does create 
rights in those parties by allowing them to participate in guiding the planning processes created by 
the rule.  

 
However, there may be indirect costs associated with this rule in the event that these 

required reports demonstrate that North Carolina sources are not meeting the targets. If the 
Commission determines through the process of publishing the annual CO2 inventory and budget 
that North Carolina sources are not on track to meet the 2030 or 2050 targets, additional 
rulemaking recommendations or statutory changes will be necessary. Any additional rulemaking 
will likely have costs for the public and private sectors, although costs will be relative to the 
amount of CO2 reductions needed to meet the targets. Fiscal note review of those costs will need 
to be addressed within subsequent rulemaking proceedings, if any are required.  

 
Parts 6A and 6B of this section of the Petition present evidence that the GHG emission 

reduction objectives of EO80 and the subsequent CEP will allow North Carolina to get within 3.59 
MMT of the proposed rule’s 2030 CO2 target of 83 MMT. The costs associated with an additional 
reduction of 3.59 MMT of CO2 by 2030 would depend on the characteristics of the future planning 
recommendations made by the Commission, applicable economic data, and engineering 
considerations for the sectors or sources targeted by potential future federal or state rules. Since 
this proposed rule does not directly require any source to reduce CO2 emissions nor make any 
specific regulatory recommendations, there is no basis to show any direct cost impacts to North 
Carolina sources.  

 
To aid planning for the State, part 6C details some information that documents the indirect 

costs that may be incurred by the electric power sector to reduce their emissions by 3.59 MMT by 
2030. The Petition qualitatively examines a 3.59 MMT reduction in emissions through the 
industrial, residential, and commercial sectors. The electric power and industrial sectors represent 
two areas where the Commission currently has the authority to implement potential future 
rulemaking. The Petition also documents the benefits to the private sector that occur as a result of 
the replacement of fossil fuel generation with renewable energy, including energy system cost 
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savings, rate savings, and improved health outcomes. The potential indirect costs to the private 
sector from additional rulemaking that may occur from 2030 to 2050 becomes increasingly 
complicated to calculate or predict, particularly considering the trend of ever decreasing costs 
associated with renewable energy generation and the increasing costs of fossil fuel generation.533  

 
In parts 6D and 6E, the Petition documents direct and indirect costs and benefits for state 

and local governments that may occur as a result of meeting the proposed rule’s 2030 targets. The 
benefits will accrue as a result of improved local air conditions and changes to local and state 
economies. In part 6F, the Petition documents benefits incurred by the private sector in avoided 
climate change impacts, specifically with regards to agriculture, mortality, labor, violent crime, 
infrastructure, and real estate.  

 
A. Baseline Scenario: “Business as Usual,” EO80, and the CEP 

 
The indirect costs of this rule are relative to the amount of CO2 reductions needed to meet 

the targets. The following section shows the anticipated influence that business as usual trends, 
EO80, and the CEP will have on GHG emissions in North Carolina. Together, these influences 
chart scheduled future emission decreases and provide the baseline from which the proposed rule 
will operate. 

 
The North Carolina Greenhouse Gas Inventory (“NCGHGI”), finalized in January 2019, 

provides emissions data for the State using historical observations from 1990 to 2015 and projects 
emissions across all sectors until 2030. Absent policy interventions, the NCGHGI anticipates small 
but steady reductions in North Carolina GHG emissions (Figure 3.1). For example, gross GHG 
emissions for the State were 154.82 MMT CO2e in 2015 but are projected to drop to 138.28 MMT 
CO2e by 2025 under the BAU.534 These reductions are important but are not sufficient to meet the 
relative reductions required for North Carolina to do its share in limiting long-term global warming 
to 1°C and reduce atmospheric CO2 concentrations to 350 ppm by 2100.   

 
However, in the next decade North Carolina has the potential to make substantial 

reductions in statewide CO2 emissions beyond the BAU projections due to two key statewide 
initiatives: EO80 and the subsequent CEP.535 EO80 calls for a reduction in all GHG emissions to 
40% below 2005 levels by 2025 and the NC CEP calls for a 70% reduction in CO2 emissions from 
the electricity sector by 2030.536  

                                                           
533 North Carolina Clean Energy Plan: Transitioning to a 21st Century Electricity System 51, N.C. DEP’T ENVTL. 
QUALITY (Oct. 2019), https://files.nc.gov/ncdeq/climate-change/clean-energy-plan/Exec-Summary-NC-Clean-
Energy-Plan-OCT-2019-.pdf. 
534 N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY FINAL (1990-2030) 5, 
(January 2019) [hereinafter GREENHOUSE GAS INVENTORY FINAL], available at https://files.nc.gov/ncdeq/climate-
change/ghg-inventory/GHG-Inventory-Report-FINAL.pdf. 
535 North Carolina’s Commitment to Address Climate Change and Transition to a Clean Energy Economy, N.C. 
Exec. Order No. 80 (Oct. 29, 2018); NC Clean Energy Plan, supra note 533, at 52.  
536 Id. When calculating the exact emissions target of EO80, this Petition assumes that the State includes the effect 
of North Carolina’s carbon sinks. Thus, the EO80 target is not 40% below 2005 gross GHG emissions, but rather 
40% below 2005 net GHG emissions. This interpretation is consistent with the emissions accounting methodology 
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Although EO80 calls for reductions in all GHG emissions, this analysis assumes that the 

vast majority of these reduction by volume will be from CO2 pollution produced by the electricity 
sector. Emissions from CO2 make up 81% of North Carolina’s total GHG emissions, and in 2016 
the electricity sector generated 42% of the State’s CO2 emissions.537 Furthermore, the electricity 
sector is currently the only sector in North Carolina that has been specifically directed to cut 
emissions.538 Thus, it is reasonable to assume that the emissions reductions that occur as a result 
of EO80 will come from the electricity sector’s CO2 emissions. 
 

Under this assumption, North Carolina’s gross CO2 emissions by 2025 will be 
approximately 91.75 MMT (Figure 6.2). This is a 42% reduction in CO2 emissions below 2005 
levels. At that point EO80 will have achieved its goal of a 40% reduction below 2005 levels in net 
GHG emissions.  
 

                                                           
used in the 2019 NC GHG Inventory. Note, however, that the 2030 target of this petition does not include or allow 
for the use of carbon sinks.  
537 See GREENHOUSE GAS INVENTORY FINAL, supra note 534, at 11; U.S. ENERGY INFO. ADMIN., ENERGY-RELATED 
CARBON DIOXIDE EMISSIONS BY STATE, “2005-2016” (Feb. 2019), available at 
https://www.eia.gov/environment/emissions/state/analysis/pdf/table4.pdf. 
538 See NC Clean Energy Plan, supra note 533, at 12.  

Figure 6.1. The BAU projections for all North Carolina GHG emissions across all 
sectors, in terms of carbon dioxide equivalence (CO2e). 

Data from N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY 
FINAL (1990-2030) at 11, (January 2019). Note: Specific CO2 and CO2e inventory data for North 
Carolina was received from email communication with the Division of Air Quality, Planning 
Section. 
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In October 2019, DEQ published the final draft of the CEP. The CEP focuses on the 

electricity sector and calls for a reduction in GHG emissions to 70% below 2005 levels by 2030 
and carbon neutrality by 2050.539 Approximately 99% of North Carolina’s electricity sector GHG 
emissions are CO2, thus the reductions that result from the CEP will come from CO2.540 The 
emissions reductions projected to occur in the power sector from 2018 to 2025 as a result of EO80 
will help the CEP meet its 2030 target. Thus, by 2025, the electricity sector’s CO2 emissions will 
be 27.42 MMT (Figure 6.3). This is a 65% reduction below 2005 levels. In 2030, following the 
end of the CEP, North Carolina’s annual electricity sector CO2 emissions will be at 23.69 MMT. 
This is the baseline scenario that the Petition analyzes to estimate the proposed rule’s indirect 
impacts.  

                                                           
539 See NC Clean Energy Plan, supra note 533, at 52.  
540 U.S. ENERGY INFO. ADMIN., NORTH CAROLINA ELECTRICITY PROFILE 2017 (Feb. 2019), available at 
https://www.eia.gov/electricity/state/NorthCarolina/.  
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Figure 6.2. The targets of EO80 and this proposed rule, relative to North Carolina’s total 
GHG emissions and to its CO2 emissions. Following the influence of EO80, North 
Carolina’s CO2 emissions will be approaching this rule’s proposed 2030 target. 

Data from N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY FINAL (1990-
2030) 11, (January 2019). Note: Specific CO2 inventory data for North Carolina was received from email 
communication with the Division of Air Quality, Planning Section.  



 

 
 

Duke Environmental Law & Policy Clinic  86 
 

 
 
  
 

 
 
 
 

B. Baseline vs. Rule Scenario  
 
CO2 emissions reductions that occur as a result of EO80 and the CEP will result in a 45% 

decrease in statewide CO2 emissions relative to 2005 levels, putting North Carolina within 3.59 
MMT of the proposed rule’s 2030 target absent additional intervention (Figure 6.4). Barring any 
additional BAU reductions from 2030 to 2050, North Carolina will need to cut CO2 emissions by 
an additional 65 MMT by 2050.   
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Figure 6.3. The projected influence of BAU, EO80, and the CEP on statewide CO2 
emissions and power sector CO2 emissions. 

Data from N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY FINAL 
(1990-2030) 11, (January 2019). Note: Specific CO2 inventory data for North Carolina was received from 
email communication with the Division of Air Quality, Planning Section. 
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C. Private Sector Impacts of Potential Future Rulemaking Conducted in Response to 

Inventories and Reports Required by this Proposed Rule  
 

This proposed rule does not directly require any source to reduce CO2 emissions nor does 
it make any current regulatory recommendations for North Carolina sources beyond tracking and 
reporting emissions. Thus, it is not possible to reliably estimate cost impacts of future rulemaking 
initiated in response to the budgets and reports required by this proposed rule. However, to aid 
planning for the State, the Petition estimates the cost of a 3.59 MMT reduction in CO2 from the 
electric power sector.  
 

i. Electric Power Sector – 3.59 MMT Reduction  
  
If the entire burden of this 3.59 MMT reduction is put upon the electric power sector, electric 

utilities would likely need to replace fossil fuel generation with renewable generation to meet this 
reduction. The exact cost of such a transition depends on the amount of capacity that needs to be 
replaced and the specific renewable technology that replaces it, which is subject to ever-decreasing 
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Figure 6.4. The projected influence of BAU, EO80, and the NC CEP on statewide 
CO2 emissions and power sector CO2 emissions. 

Data from N.C. DEP’T OF ENVTL. QUALITY, NORTH CAROLINA GREENHOUSE GAS INVENTORY FINAL 
(1990-2030) 11, (January 2019). Note: Specific CO2 inventory data for North Carolina was received from 
email communication with the Division of Air Quality, Planning Section. 
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renewable energy costs. For the purposes of this Petition, the cost estimate assumes that coal 
generation is replaced by utility-scale solar, a transition that is already well underway.541 

 
ii. Electric Power Sector – Capital Costs  

 
Replacing approximately 3.3 million MWh of coal generation (equivalent to 1,538 MW of 

coal capacity) with solar generation will abate roughly 3.59 MMT of CO2. However, replacing 
coal with solar requires an additional investment in storage. Coal generation has the ability to 
produce electricity at all hours of the day, while solar only generates electricity when the sun is 
shining. Utility-scale photovoltaic (“PV”) storage offers one solution to this problem. For this 
reason, the Petition estimates the cost to the electricity sector of installing 1,538 MW of solar 
capacity alongside 920-MW/3689-MWh of battery storage. If the sector replaces an equal amount 
of capacity each year over a period of ten years, using a discount rate of 7%, the total present-value 
cost is approximately $2 billion (see Section 7).542 However, the actual cost would likely be less 
given the steadily declining costs of PVs and batteries.  

 
iii. Electric Power Sector – Benefits of Reduced System Costs 
 
Expanding solar capacity over the next decade will require upfront capital expenditures, 

but the benefits of the transition far outweigh the costs. A transition to a grid with more renewables 
would increase cost savings over the entire energy system. An analysis of Duke Energy’s joint 
2018 Integrated Resource Plan (“IRP”) found that the company’s “business as usual” plan from 
2018 to 2032 did not result in the least-cost scenario for the company or for ratepayers.543 This 
analysis compared Duke Energy 2018 IRPs to an “economically optimized” model generated by 
energy consulting group ICF using their Integrated Planning Model (“IPM”).544 This economically 
optimized model shrank the company’s coal fleet from 10.5 GW in 2018 to 5.8 GW by 2030, while 
adding an additional 1.5 GW of solar.545   

 
                                                           
541 Eric Gimon, Mike O’Boyle, Christopher T.M. Clack & Sarah McKee, The Coal Cost Crossover: Economic 
Viability of Existing Coal Compared to New Local Wind and Solar Resources, ENERGY INNOVATION (March 2019), 
https://energyinnovation.org/wp-content/uploads/2019/03/Coal-Cost-Crossover_Energy-
Innovation_VCE_FINAL.pdf. 
542 An alternative method for calculating this cost could use the average price of the winning bids for new solar 
projects in the first round of Duke Energy’s Competitive Procurement of Renewable Energy Program, at $38/MWh. 
At this price, the total present value of replacing the 3.3 million MWh of coal generation with solar over a ten year 
period at a 7% discount rate would total $441 million. At $38/MWh, Duke Energy procured 551.22 MW of solar 
capacity, a little more than a third the amount of replaced capacity required to see a 3.59 MMT of CO2 reduction. 
However, as PV expansion continues on large scales, the cost per MWh will rise due to the decline of easily 
developable and cheap land and transmissions interconnection costs. Notably, the $38/MWh price does not include 
storage capacity costs. See N.C. UTIL. COMM’N, Docket Nos. E-2, Sub 1159 and E-7, Sub 1156, Final Report of the 
Independent Administrator 1 (Jul. 23, 2019), available at 
https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=5b68acb6-db0c-4a1a-bad4-c06ad45828c8. 
543 See N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, Economically Optimized Independent Power Sector 
Modeling Shows Multiple Benefits when Compared to Duke’s IRP 5 (2019), available at 
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-
6950de5d51ce. 
544 Id. at 1. 
545 Id. at 5.  
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ICF then compared the total system costs of the two models, including capital, fuel, and 
other operations and maintenance costs from 2020 to 2035.546 Not only is Duke Energy’s 2018 
IRP $5.5 billion more expensive than the cleaner, economically optimized model, but the 
incremental cost increases each year for the IRP case as a result of added natural gas combined 
cycle and natural gas combustion turbines capacity.547 In the long run, it is more economical for 
Duke Energy to expand renewable generation in their portfolio than to continue to use coal plants 
and build new natural gas plants.  

 
iv. Electric Power Sector Ratepayers – Benefits of Lower Bills 

  
The capital expenditures made by electric utility companies to expand solar capacity are 

mitigated by the benefits to North Carolina ratepayers. North Carolina ratepayers can expect to see 
increased savings on their electricity bills as the grid replaces fossil fuel capacity with renewables. 
North Carolina ratepayers will pay more for electricity when grids are dominated by fossil fuels.548 
The ICF analysis of Duke Energy’s 2018 IRPs found that ratepayers would see a 3% increase on 
their electric bills by 2030, and a 4.9% increase by 2035 as compared to the economically 
optimized, cleaner model.549 These electricity bill increases result from Duke Energy’s plans to 
add additional natural gas capacity in the near term.550   
 
 Synapse Energy Economics, Inc. conducted a separate analysis of Duke Energy’s 2018 
IRP and compared it to a “Clean Energy” economically optimized scenario, using the EnCompass 
capacity expansion and product cost model.551 The Clean Energy scenario removed “must-run” 
designations for coal units, added the increased demand from EO80’s electric vehicle goal to the 
projected load increase, and included any natural gas additions that are currently under 
construction.552 The Clean Energy model could then select to build future additions in any 
combination of utility-scale solar, storage, wind, or natural gas-fired facilities in order to meet 
capacity and future demand at lowest cost.553 By 2033 the Clean Energy model had 18 GW of gas 
and coal resources, compared to Duke Energy’s 27 GW.554 The Clean Energy model built 27 GW 
of renewable energy resources, while Duke Energy’s IRP had 11 GW.555 Notably, in any given 
year in the Clean Energy model ratepayers save $0.24/kWh to $0.48/kWh.556 Residential 
consumers see electricity savings of $27 to $58 each year, relative to Duke Energy’s IRP.557   
 

                                                           
546 Id. at 8. 
547 Id. 
548 Id. at 9. 
549 Id. 
550 Id. 
551 N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, North Carolina’s Clean Energy Future: An Alternative to 
Duke’s Integrated Resource Plan 2 (Mar. 2019), available at 
https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=891ac0cc-7aa9-4835-aed2-b15e9b5713e6. 
552 Id. 
553 Id. at 3. 
554 Id. at 4. 
555 Id. 
556 Id. at 14. 
557 Id. at 15. 
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 A grid that continues to add more natural gas capacity and keep aging coal units online is 
more expensive for ratepayers in the long term than a grid that retires coal-firing units and expands 
solar capacity. This underscores the value of the upfront capital investments in building more solar 
generation.  
 

v. Air Quality Benefits – Improved Health Outcomes  
 

There are substantial air quality benefits associated with reduced pollution from retiring 
coal-fired plants and replacing them with clean energy. North Carolina residents will suffer fewer 
respiratory-, cardiovascular-, and asthma-related hospital visits as coal facilities are retired.558 
Figure 6.5 summarizes the monetary benefits of avoided health outcomes associated with the 
“Clean Energy” model by Synapse Energy Economics, Inc. for North Carolina, which removes 
the “must run” designations on remaining coal plants, accelerates the retirement of several of Duke 
Energy’s coal plants, and replaces coal with renewables.559 These substantial benefits accrue from 
a transition consistent with the targets set by the proposed rule and would likely increase over time.  

 

 
 

vi. Electric Power Sector Impacts – 2030 to 2050  
  

The potential indirect costs to the electric power sector from additional rulemaking that 
may occur from 2030 to 2050 becomes increasingly complicated to calculate or predict. But the 
clear trend of ever-decreasing costs associated with renewable energy generation and the 
increasing costs of fossil fuel generation indicate that costs will continue to steeply decline. 560 

 
Using past trends as a guide, solar is expected to continue to become cheaper, making it 

cost-competitive with coal, gas, or new nuclear generation. Installed cost trends in solar PV have 
                                                           
558 Id at 11. 
559 Id. 
560 Id. at 7. 

Figure 6.5. Avoided costs to North Carolina related to air pollution health 
impacts, including lost productivity, wages, restrictions on outdoor activity, 
and medical treatment.  

Source: N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, North Carolina’s Clean Energy 
Future: An Alternative to Duke’s Integrated Resource Plan 12 (March 2019), available at 
https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=891ac0cc-7aa9-4835-aed2-b15e9b5713e6. 
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dropped dramatically since the early 2000s (Figure 6.6). Solar PV module prices have dropped 
81% from 2009 to 2017, and solar electricity costs have dropped from $0.36/kWh to $0.06/kWh.561  

 

 
 

 
  “Clean energy portfolios,” which combine renewables, storage, and demand-side 
management, are now cost-competitive with new natural gas plants.562 It is cheaper for electric 
utility companies to construct additional capacity using clean energy technology than build new 
natural gas plants.563 Yet utilities and other investors have announced $70 billion in new natural 
gas plants by 2025, 90% of which are more costly than clean energy portfolio equivalents.564 By 
2035, it is projected that building new clean energy portfolios will be cheaper than continuing to 
operate existing gas plants (Figure 6.7). Overall, current data strongly suggest that the costs of 
replacing fossil fuel generation with renewables will continue to drop substantially over the next 
several decades.  

                                                           
561 INTERNATIONAL RENEWABLE ENERGY AGENCY, RENEWABLE POWER GENERATION COSTS IN 2017 16, 17 (Jan. 
2018), available at https://www.irena.org/publications/2018/Jan/Renewable-power-generation-costs-in-2017; 
SunShot 2030: New Solar Opportunities for a New Decade, OFFICE OF ENERGY EFFICIENCY AND RENEWABLE 
ENERGY, available at https://www.energy.gov/eere/solar/sunshot-2030 (last accessed Feb. 3, 2020). 
562 Charles Teplin, Mark Dyson, Alex Engel & Grant Glazer, The Growing Market for Clean Energy Portfolios 
(2019), ROCKY MOUNTAIN INST., https://rmi.org/insight/clean-energy-portfolios-pipelines-and-plants. 
563 Id.  
564 Id. 

Figure 6.6. Installed PV price trends in the US for residential, small non-
residential, and large non-residential.  

Source: Galen Barbose and Naïm Darghouth, Tracking the Sun: Pricing and Design Trends 
for Distributed Photovoltaic Systems in the United States 12 (October 2019), available at 
https://emp.lbl.gov/sites/default/files/tracking_the_sun_2019_report.pdf. 
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vii. Alternate Pathways for a 3.59 MMT Reduction  
 

This section qualitatively discusses the potential for CO2 emissions reduction from sectors 
other than the electric power sector. While the electric power sector contributes substantially to 
CO2 emissions, onsite combustion from the residential, commercial, and industrial sectors remains 
a significant source of CO2 emissions in North Carolina. For example, many households cook with 
a natural gas stove and many factories generate heat through onsite fuel combustion. Combined, 
the North Carolina residential, commercial, and industrial (“RCI”) sectors were responsible for 
21.57 MMT of CO2 in 2018.565 

 
Achieving significant emissions reductions in the RCI sectors requires a shift from on-site 

combustion to zero-carbon electricity purchased from the power grid. Decarbonization in these 

                                                           
565 See GREENHOUSE GAS INVENTORY FINAL, supra note 534, at 11. Note: Specific CO2 inventory data for North 
Carolina was received from email communication with the Division of Air Quality, Planning Section. 

Figure 6.7. Historical and projected evolution of clean energy portfolio costs 
compared to natural gas.  

Source: ROCKY MOUNTAIN INST., The Growing Market for Clean Energy Portfolios (2019), available at 
https://rmi.org/insight/clean-energy-portfolios-pipelines-and-plants. 
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sectors will require coordinated efforts in the RCI and the electric power sectors.566 The RCI 
sectors will need to purchase electricity and electrify facilities and appliances while the electric 
power sector will need to expand its renewable energy generation capacity to meet extra energy 
demand. In addition, meeting the large energy demands of the industrial sector with clean energy 
will require significant capital investment to expand and strengthen grid capacity.567 The specific 
investment required will depend on many factors such as facility type and existing infrastructure 
in the local area.568  

 
To achieve the proposed rule’s 2050 emissions targets, the Commission may need to 

consider strategies for reducing emissions from the industrial sector. Decarbonization of this sector 
is currently technologically feasible but is not currently cost-competitive with conventional 
technology.569 However, the ever-decreasing cost of renewable energy and changing customer 
preferences will be important drivers of economically feasible reductions from this sector.570 

 
To achieve the proposed rule’s 2050 emission targets, carbon abatement may also need to 

occur in the residential and commercial sectors. As in the industrial sector, electrification is a 
method to reduce CO2 emissions from these sectors. Actual electrification costs depend heavily on 
specific scenarios, including factors such as building characteristics and neighborhood 
infrastructure. Generally, constructing a new all-electric house is cheaper than constructing a house 
that uses natural gas.571 An all-electric house requires less capital expenditure on neighborhood 
natural gas infrastructure and a stand-alone furnace for heating. Lower capital expenditures 
outweigh the higher energy rate in the long run.572 However, retrofitting a house that depends on 
natural gas would be more costly than continuing to use natural gas appliances because the price 
of natural gas is lower than that of electricity with equivalent energy.573 Therefore, it is most cost-
effective to replace residential natural gas systems with electrified components as old systems need 
replacing, and in new home construction.  

 

                                                           
566 MCKINSEY & COMPANY, DECARBONIZATION OF INDUSTRIAL SECTORS: THE NEXT FRONTIER 9 (June 2018), 
available at https://www.mckinsey.com/business-functions/sustainability/our-insights/how-industry-can-move-
toward-a-low-carbon-future. 
567 Id. at 49. 
568 Id. at 8. DEQ has offered assistance to industrial users to improve efficiency and change processes to reduce 
waste and energy production for decades. Experienced professionals such as those in DEQ and private sector 
consultants would be required to help industrial users implemented changes needed at each plant site and for each 
industrial use. For more details see NC DEQ’s Division of Environmental Assistance and Customer Service 
programs, available at https://deq.nc.gov/conservation/energy_conservation.  
569 Id at 2.   
570 Id. 
571 Sara Mullen-Trento, Ram Narayanamurthy, Brandon Johnson & Penn Zhao, SMUD All-Electric Homes Deep 
Dive, Presentation at the CA Building Decarbonization Research + Resources Synthesis (May 2016). 
572 Jeff Deason et al., Electrification of buildings and industry in the United States, Drivers, Barriers, Prospects, and 
Policy Approaches, LAWRENCE BERKELEY NATIONAL LABORATORY (March 2018), 
https://emp.lbl.gov/publications/electrification-buildings-and. 
573 ROCKY MOUNTAIN INST., THE ECONOMICS OF ELECTRIFYING BUILDINGS: HOW ELECTRIC SPACE AND WATER 
HEATING SUPPORTS DECARBONIZATION OF RESIDENTIAL BUILDINGS (June 2018), available at 
https://rmi.org/insight/the-economics-of-electrifying-buildings/. 
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In summary, it is currently more economical to decarbonize the electric power sectors 
than the RCI sectors. Understanding approximate costs for carbon abatement from residential, 
commercial, and industrial combustions would be beneficial for planning for further emission 
reductions beyond 2030 into 2050.  
 

D. State Government Impact 
 
Under this proposed rule, Petitioners do not expect any additional costs to the State except 

for the opportunity costs associated with the time that staff spend overseeing the rule’s 
implementation. Clean air benefits detailed in the Petition demonstrate that the proposed rule will 
help DEQ meet its goals of improving air quality, reducing health impacts and improving the 
environmental quality of North Carolina. The cost of at least one full-time equivalent (“FTE”) 
environmental program supervisor may be required to oversee the implementation of this rule and 
manage the data, which would cost the State approximately $98,561. 
 

E. Benefits to Local Governments: Increased Revenue 
 
Petitioners anticipate that under the proposed rule clean energy investments will generate 

additional revenue streams for local governments. Local governments throughout North Carolina 
have already seen significant benefits from the surge of new solar developments across the State 
(Figure 6.8).574 Solar facilities generate both real property and personal property taxes on 
equipment.575 Data from Caswell, Catawba, Cumberland, Johnston, and Rutherford counties 
suggest that, on average, $4,469 per MW of PV can be generated in property tax revenue.576 If the 
1,518 MW of solar capacity from this Petition’s proposed 3.59 MMT electric power sector 
reduction scenario in 6C was constructed in rural counties, these counties could expect a combined 
$6.7 million in annual property tax revenues once all projects were completed. This will have a 
large impact on rural communities where local governments can invest the new revenues in 
education and job training programs.577 Investment and development in rural areas not only 
generates additional revenue for local governments but helps provide jobs and economic 
development to these areas. Rural areas have struggled economically under the status quo but now 
account for approximately 25% of the clean energy jobs in North Carolina.578 

                                                           
574 North Carolina Clean Energy Plan Supporting Document: Jobs & Economic Outlook DRAFT 15, N.C. DEP’T 
ENVTL. QUALITY (Aug. 2019) [hereinafter Jobs & Econ. Outlook], https://files.nc.gov/ncdeq/climate-change/clean-
energy-plan/6.-Jobs-and-Econ-draft-8.22.19.pdf.  
575 Id. 
576 Id. 
577 Id. 
578 Lukas Brun, Danny Hamrick & Jack Daly, The Solar Economy: Widespread Benefits for North Carolina, DUKE 
UNIVERSITY CENTER ON GLOBALIZATION, GOVERNANCE & COMPETITIVENESS (2015), available at 
https://www.seia.org/sites/default/files/resources/Duke_CGGC_NCSolarEnergyReport.pdf; Jobs & Econ. Outlook, 
supra note 574, at 15.  
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F. Benefits to the Private Sector: Avoided Climate Change Impacts  
 
Climate change causes heat stress, sea-level rise, and distorted climate patterns, profoundly 

disrupting various social and economic sectors.579 This section discusses economic losses from 
climate change in North Carolina under alternative scenarios: (1) all sectors operate under the BAU 
scenario, or (2) all economies in the world take carbon reduction efforts proportional to the target 
of this Petition. These impacts span across sectors including agriculture, health, and labor. Since 
North Carolina is one of the major global CO2 emitters, the State must pull its weight as part of 
global decarbonization efforts. 

 
Most of the data in this section are adopted from Hsiang et al., a widely cited research study 

modelling the economic costs of climate change. Data from other studies specific to North Carolina 
supplement the modelling results by Hsiang et al. In 2017, Hsiang et al. developed an integrated 
model to project climate-change-related costs by sectors, calibrated by observed data.580 This 
Petition uses county-level data from the model to estimate potential cost of the proposed rule. 
Hsiang et al.’s state-level data are expressed in terms of percent change relative to the population 
and economy fixed at values observed in 2012, the baseline year.581 To estimate climate change 
damages for North Carolina, Hsiang et al.’s state-level data were converted into monetary costs 

                                                           
579 Martin Parry & Osvaldo Canziani, et al., Climate Change 2007: Impacts, Adaptation and Vulnerability (2007), 
https://www.ipcc.ch/site/assets/uploads/2018/03/ar4_wg2_full_report.pdf 
580 Hsiang et al., Estimating Economic Damage from Climate Change in the United States, SCIENCE, June 2017, 
https://science.sciencemag.org/content/356/6345/1362/tab-pdf. 
581 James Rising, Amir Jina, and Solomon Hsiang, et al., “All-Age Mortality Climate Impact Distributions,” Zenodo 
(May 2017), doi: 10.5281/zenodo.581699; James Rising, Amir Jina, and Solomon Hsiang, et al., “Total Agriculture 
Climate Impact Distributions,” Zenodo (May 2017), doi:10.5281/zenodo.581696; James Rising, Amir Jina, and 
Solomon Hsiang, et al., “Crime Climate Impact Distributions,” Zenodo (May 2017), doi:10.5281/zenodo.581697.; 
James Rising, Amir Jina, and Solomon Hsiang, et al., “Labor Productivity Climate Impact Distributions,” Zenodo 
(May 2017), doi:10.5281/zenodo.581698.; James Rising, Amir Jina, and Solomon Hsiang, et al., “Age-specific 
Mortality Climate Impact Distributions,” Zenodo (May 2017), doi:10.5281/zenodo.581700. 

Figure 6.8. The impact of solar development in five North Carolina counties. 

Source: North Carolina Clean Energy Plan Supporting Document: Jobs & Economic Outlook 
DRAFT 15, N.C. DEP’T ENVTL. QUALITY (Aug. 2019). 
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using 2012 values for the target sectors.582 All values are adjusted for inflation to 2019 USD using 
the consumer price index (“CPI”). 
  

This section presents estimated climate change-induced economic costs for time intervals 
of (1) 2040 to 2050 and (2) 2080 to 2099. Four sectors—agriculture, mortality, labor, and violent 
crime—are included for cost estimation. This section discusses results adjusted with a 3% discount 
rate, because a 3% discount rate is accepted by leading institutions, such as the Interagency 
Working Group, for long-term economic projection.583 Discount rates of 0% and 7% are also 
provided. 7% is the standard discount rate used by the North Carolina State Office of Budget and 
Management.584 However, many economists argue that any modest or even a positive discount 
rate grossly undervalues future generations.585 For example, the obliteration of Florida by sea-level 
rise in 200 years essentially counts for nothing in a cost-benefit analysis that uses any 
discounting.586 A 0% discount reflects intergenerational neutrality by valuing the welfare of people 
who live in the future.587  
 

Between 2040 and 2059, the average annual economic cost of climate change under the rule 
scenario is $6.96 billion lower than that under the BAU scenario (3% discount rate). This is 
approximately 3% of North Carolina’s 2018 GDP.588 The annual cost under a 3% discount rate 
between 2080 and 2099 will be $10 billion, or approximately 4.3% of North Carolina’s 2018 GDP 
(Table 6.1). For all sectors, projected climate change effects are stronger under the BAU scenarios 
than those under the rule scenarios during both time intervals. However, Hsiang et al.’s research 
on agriculture impacts does not include impacts on some major economically important crops in 
North Carolina, such as tobacco. And while the model uses mortality as a health indicator, it does 
not fully consider costs from nonlethal diseases. 
 
 
 

 

                                                           
582 For labor calculations, Gross Domestic Product (GDP) data in North Carolina were collected from Bureau of 
Economic Analysis. For agriculture calculations, the values of crop sales in North Carolina were collected from the 
United States Department of Agriculture. For crime calculations, crime statistics for North Carolina were collected 
from the Criminal Justice Information Services Division of the Federal Bureau of Investigation, and the cost of 
crime was taken from “Economic Costs of Crime” by Aaron Chalfin. For mortality, the value of a statistical life 
(VSL) of $9.4 million (in 2019$), which includes both market and non-market costs.  
583 Technical Support Document: Social Cost of Carbon for Regulator Impact Analysis Under Executive Order 
12866, INTERAGENCY WORKING GROUP ON SOCIAL COST OF CARBON (February 2010).  
584 Tier II- Substantial Economic Impact Rules, N.C. OFFICE OF BUDGET & MGMT., retrieved from 
https://www.osbm.nc.gov/budman7-rule-analysis (last accessed Feb. 3, 2020). 
585 David Weisbach & Cass R. Sunstein, Climate Change and Discounting the Future: A Guide for the Perplexed, 
27 Yale L. & Pol'y Rev. 436 (2008), https://digitalcommons.law.yale.edu/ylpr/vol27/iss2/6. 
586 Id. 
587 Id. 
588 Real Gross Domestic Product (GDP) of the Federal State of North Carolina from 1997 to 2018 (in billion U.S. 
dollars), https://www.statista.com/statistics/188097/gdp-of-the-us-federal-state-of-north-carolina-since-1997/ (last 
accessed Feb. 3, 2020). 
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Table 6.1. (1) Projected average percent changes in agricultural yield, mortality, labor for high-
risk jobs, and violent crime under the BAU and the proposed rule scenarios and (2) annual 
economic costs associated with these changes under the two scenarios. 
 

Climate Change Impact 2040 to 2059 2080 to 2099 
BAU Rule BAU Rule 

Percent 
change 

Agriculture Yield 13.57% (-) 7.93% (-) 39.32% (-) 11.53% (-) 
Mortality 4.26% (+) 1.97% (+) 13.42% (+) 2.7% (+) 

Labor 0.53% (-) 0.32% (-) 1.52% (-) 0.42% (-) 
Violent Crime 1.26% (+) 0.88% (+) 2.93% (+) 1.04% (+) 

Total Cost 
(billions) 

0% discount rate $24.32 $11.42 $76.35 $15.7 
3% discount rate $13.10 $6.14 $12.58 $2.58 
7% discount rate $5.87 $2.76 $1.23 $0.25 

 
Climate Change Impact 2040 to 2059 2080 to 2099 

Avoided Cost 
(billions) 

0% discount 
rate 

$12.90 $60.65 

3% discount 
rate 

$6.96 $10.00 

7% discount 
rate 

$3.11 $0.98 

 
There are additional costs associated with climate change not captured by the model. These 

include nonlethal diseases, sea-level rise, and infrastructure damage. Heat stress, transmissive 
disease, and compromised air quality are major contributors to health problems related to climate 
change. According to a national study on 15 U.S. cities, by meeting the 1.5°C threshold rather than 
3°C all studied cities can reduce the number of hot days per decade by 202 to 510 days.589 The 
attributable fraction of avoided heat-related mortality ranges from 1.1% to 3.1%.  
 

Additionally, the model does not consider some major local concerns specific to North 
Carolina, such as coastal property damage caused by sea-level rise, one of the costliest damages 
from climate change in North Carolina. North Carolina is at high risk of flooding, and forecasted 
water intrusion patterns and events are already lowering coastal property values and related 
spending. The North Carolina Coastal Resources Commission’s policy development and planning 
guidance predicts a sea-level rise of 39 inches by 2100 along parts of North Carolina’s coastline 
(see Section 3B).590 

                                                           
589 Y.T. Eunice Lo et al., Increasing Mitigation Ambition to Meet the Paris Agreement’s Temperature Goal Avoids 
Substantial Heat-Related Mortality in U.S. Cities, 5 SCIENCE ADVANCES, June 2019, 
https://advances.sciencemag.org/content/5/6/eaau4373 . 
590 N.C. COASTAL RES. COMM’N SCI. PANEL ON COASTAL HAZARDS, NORTH CAROLINA SEA-LEVEL RISE 
ASSESSMENT REPORT 10–12 (2010), available at https://www.sealevel.info/NC_Sea-
Level_Rise_Assessment_Report_2010--CRC_Science_Panel.pdf. 
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Home sales in counties considered to be flood-prone have grown 25% more slowly than 
those in non-flooding counties.591 In some counties, existing property values have already 
decreased while the costs of flood insurance are expected to continue increasing.592 Sea-level rise 
is estimated to cause approximately $4.8 billion in estimated property value losses through 2080 
between New Hanover, Dare, Carteret, and Bertie due to sea-level rise of 81 cm (~32 inches) in 
2080.593 
 

Table 6.2. Projected values of residential and non-residential property in only four of North 
Carolina’s coastal counties by 2080. North Carolina has 20 coastal counties.594 
 

County Residential property loss (million) Non-residential property loss (million) 
New 
Hanover 

$189 $68 

Dare $2,040 $1,920 
Carteret $235 $255 
Bertie $9 $6 

 
Adapting to such effects by building a sea wall or bulkhead along North Carolina’s coast 

is estimated to cost $2.22 billion.595 Importantly, sea walls and bulkheads are not considered to be 
effective long-term adaptation approaches for withstanding continuous flooding, storm surges, or 
hurricanes, especially on barrier beaches.596 North Carolina has already borne significant coastal 
adaptation costs from climate change. In 2010 alone, Nags Head and Dare County spent $36 
million repairing beachfront severely eroded by sea water intrusion.597 In addition, repairs to State 
Highway 12 along the Outer Banks have cost the Department of Transportation approximately 
$100 million from 1983 to 2011 due to frequent storm and flood damage.598  

 
                                                           
591 Ian Urbana, Perils of Climate Change Could Swamp Coastal Real Estate, N.Y. TIMES (Nov. 24, 2016), 
https://www.nytimes.com/2016/11/24/science/global-warming-coastal-real-estate.html. 
592 Id. 
593 Okmyung Bin, Ben Poulter & Chris Dumas, et al., “Measuring the Impacts of Sea-Level Rise on Coastal Real 
Estate in North Carolina,” 21st International Conference on Coastal Zone Processes and Management, 20, 21–23 
(2008). Lost property values of $227.70, $3,544.75, $433.40, and $12.57 (in millions of 2008 USD) for New 
Hanover, Dare, Carteret, and Bertie counties were summed and converted to 2017 USD using the CPI Inflation 
Calculator, with 2% discount. Property is considered “lost” when the projected SLR would inundate a property 
based on its present elevation above sea level.  
594 CAMA Counties, N.C. DEP’T ENVTL. QUALITY, https://deq.nc.gov/about/divisions/coastal-management/about-
coastal-management/cama-counties (last accessed Feb. 3, 2020). 
595 UNIV. OF MD. CTR. FOR INTEGRATIVE ENVTL. RESEARCH, ECONOMIC IMPACTS OF CLIMATE CHANGE ON NORTH 
CAROLINA (2008), available at http://cier.umd.edu/climateadaptation/North%20Carolina%20Economic%20Impacts
%20of%20Climate%20Change%20Full%20Report.pdf. Original estimate of $1.89 billion in 2007 USD was 
converted to $2.22 billion (2017 USD) using the CPI Inflation Calculator. 
596 Peter Dunn, Can Seawalls Prevent Beaches from Eroding? MIT SCHOOL OF ENGINEERING (2009), available at 
https://engineering.mit.edu/engage/ask-an-engineer/can-seawalls-prevent-beaches-from-eroding/. 
597 Lori Montgomery, On N.C.’s Outer Banks, Scary Climate-change Predictions Prompt a Change of Forecast, 
THE WASHINGTON POST (Jun. 24, 2014). 
598 Stanley R. Riggs, Dorothea V. Ames, Stephen J. Culver, et al., The Battle for North Carolina’s Coast: 
Evolutionary History, Present Crisis, and Vision for the Future, THE UNIVERSITY OF NORTH CAROLINA PRESS 73 
(2011). 
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Losses in annual recreational value to shore anglers will total $18 million in 2030 and rise 
to $22 million by 2080, totaling a cumulative loss of $700 million in the 50 year span.599 These 
figures are based on the conservative assumptions of no population or income growth in the 
affected areas. Out-of-state tourist spending on North Carolina beach trips (both day trips and 
overnight trips) is expected to decrease 16% by 2030 and 48% by 2080 due to sea-level rise, 
compared to 2004 spending.600 Sea-level rise will impose welfare costs to beachgoers due to fewer 
beach trips of lesser quality and will reduce regional economic activity. 
 

G. Summary of Costs and Benefits  
 
The only direct costs associated with this proposed rule are administrative costs to DEQ 

and the Commission. This is because the explicit requirements of this rule are to: (1) publish an 
annual inventory of in-boundary CO2 emissions from North Carolina sources; (2) publish an 
annual CO2 budget that outlines a path to meet the CO2 emission reductions of the 2030 and 2050 
targets; (3) beginning in 2022, present recommendations for new rulemaking to adopt, amend or 
extend Commission rules that affect the ability of North Carolina sources to meet reduction targets; 
and (4) every five years, report on the effectiveness of state and federal actions to reduce CO2 by 
North Carolina sources and identify rulemaking or statutory changes needed to meet reduction 
targets. One FTE for an environmental program manager may be required to oversee the 
implementation of this rule and manage data. The average salary of the State’s environmental 
program supervisors is $73,262, plus fringe benefits, totaling $98,561 per year. 

 
There may be indirect costs associated with this rule in the event that the required reports 

generated by the rule show that North Carolina sources are not on track to meet the targets. If so, 
the Commission may have to initiate additional rulemaking recommendations or statutory changes 
to meet this rule’s targets. Fiscal note review of those costs will need to be addressed within the 
subsequent rulemaking proceedings. Although it is not possible to predict the exact indirect costs 
associated with this rule, it is clear that the benefits of transitioning to a cleaner electricity grid 
before 2030 far outweigh the costs (Table 6.3). Part 6C underscores how the electricity sector can 
cut CO2 emissions before 2030 in a manner that is net-beneficial to North Carolina. Understanding 
approximate cost for carbon abatement from residential, commercial, and industrial combustions 
will assist planning for further emissions reductions. 

 
The analysis of private sector impacts across North Carolina, part 6E, assumes a 

collaborative, global effort toward CO2
 emissions reduction. It is imperative that North Carolina 

demonstrate leadership on climate change action to increase the likelihood of effective 
international collective action. The costs associated with emissions reduction are minor when 
compared with the cost of inaction and continued support for fossil fuels.   

                                                           
599 OKMYUNG BIN ET AL., NAT’L COMM’N ON ENERGY POLICY, MEASURING THE IMPACTS OF CLIMATE CHANGE ON 
NORTH CAROLINA COASTAL RESOURCES at vi (2007), available at http://econ.appstate.edu/climate/NC-
NCEP%20final%20report.031507.pdf. If $14 million is lost every year between 2030 and 2080, North Carolina 
stands to lose $700 million over a 50-year period in recreational shore fishing associated tourism revenue. This is a 
conservative estimate, assuming the annual value lost does not increase before 2080; Original estimates of $14 
million and $17 million in 2004 USD were converted to 2017 USD using the CPI Inflation Calculator.  
600 Id. 
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Table 6.3. Summary of the costs of installing 1,518 MW of PV before 2030 and the benefits 
for North Carolina associated with a cleaner grid.  
 

 
 
 

 

 

Summary of Potential Indirect Costs and Benefits from Proposed Rule (2019 USD)  
Impact Cost Benefit 
Capital costs of installing 1,518 
MW of solar (2021-2030) 

$2 billion - 

Administrative costs 
to State 

$98,561/year - 

Benefits for reduced energy 
system operation costs (2020-
2035) 

- $5.5 billion 

Benefits to ratepayers from lower 
electricity bills 

- $27 to 
$58/year/customer 

Benefits in improved health 
outcomes (2020 to 2033) 

- $709 million to $1.6 
billion 

Benefits in increased revenues  
to local governments from 
property taxes 

- $6.7 billion 
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7. Provide a statement explaining the computation of cost factors.  

A. Cost to State Government of Adopting the Proposed Rule 

The costs of the proposed rule are limited to costs of the new inventory, budget and 
planning processes which the Commission and DEQ staff would be required to conduct. The 
calculation was based on the assumption that the staff time required to meet the proposed rule 
would equal at least one full time equivalent (“FTE”).  

 
The average salary of an environmental program supervisor is $73,262 plus fringe benefits, 

totaling an opportunity cost to the State of $98,561. Thus, the annual costs to the Department of 
Environmental Quality and the Commission for the proposed rule is less than $100,000 per year. 

 
Table 7.1. Calculation of total costs incurred by the State in the first year of the proposed rule.  

Average salary for environmental program supervisor601 $73,262 
Retirement contribution602  
(18.55% x $73,262) 

$13,590 

FICA contribution  
(7.65% x $73,262) 

$5,605 

Health insurance cost603 $6,104 

Total opportunity cost for one FTE state environmental 
program supervisor to oversee the rule’s implementation 

$98,561 

 
 

B. Cost of 3.59 MMT CO2 Emissions Reduction from Electric Power Sector 
 

In order to determine the cost of achieving a 3.59 MMT reduction in CO2 emissions in the 
electricity sector pathway, the amount of coal-fired electricity generating units (“EGUs”) that 
would need to be replaced to meet the target was calculated. Calculations were based on looking 
at the annual CO2 emissions, capacity utilization, and actual generation by North Carolina coal-
fired EGUs. 

 
The Mayo plant in Roxboro, North Carolina and the Roxboro 4 plant in Semora, North 

Carolina are two EGUs that provide comparable proxy data for the cost calculation (Table 7.2). 
These EGUs are appropriate for proxy data because their combined emissions total 3.4 MMT of 
CO2, their capacity factors are comparable to the current capacity factor of solar in the U.S., and 
they are proposed to be retired after the year 2030.604  
                                                           
601 OFFICE OF STATE CONTROLLER, STATE PERSONNEL SALARY DATABASE (Nov. 2019), available at 
https://www.newsobserver.com/news/databases/state-pay/article11865482.html. 
602 N.C. DEP’T OF STATE TREASURER, MEMBER HANDBOOK: TEACHERS’ AND STATE EMPLOYEES’ RETIREMENT 
SYSTEM (January 2019), available at https://www.myncretirement.com/retirees/benefits/member-handbooks. 
603 Id. 
604 The capacity factor for solar in the US at 25.1%. Notably, twelve of Duke Energy’s remaining eighteen coal units 
are running at a 30% capacity factor or less. See U.S. ENERGY INFO. ADMIN., ELECTRIC POWER MONTHLY: TABLE 
6.07.B. CAPACITY FACTORS FOR UTILITY SCALE GENERATORS PRIMARILY USING NON-FOSSIL FUELS (2019), 
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Table 7.2. Summer capacity, CO2 emissions, power generation, and capacity factor of the Mayo 
and Roxboro 4 plants.   

 Summer 
Capacity605 

(MW) 

2018 CO2 
Emissions606 

(MMT) 

2018 
Generation607 

(MWh) 

2018 Capacity 
Factor608 

Mayo 746 1.7 1,491,333 23% 
Roxboro 4 711 1.7 1,678,281 27% 
TOTAL 1,457 3.4 3,169,614 - 

 

Combined, these EGUs do not quite meet the target reduction of 3.59 MMT. However, 
their data suggests that replacing 1,538 MW of coal capacity or 3,346,739 MWh of coal generation 
with solar will result in reductions of CO2 emissions totaling 3.59 MMT.609 Additional coal-fired 
EGUs would need to be retired beyond the Mayo and Roxboro plants to meet the target, but other 
plants are similarly underutilized already.610 In calculating the costs of replacing 1,538 MW of 
coal generation with solar generating capacity and electricity storage, the following factors were 
considered: 

 

1. The generation and storage would be replaced in equal increments over a ten-year period.  
2. The price of solar and battery storage remains constant.   
3. The new solar capacity and battery storage would be co-located.611  
4. A discount rate of 7% was used to determine the total present value expenditures because 

it is the standard discount rate used by the North Carolina State Office of Budget and 
Management.612 

                                                           
available at https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_6_07_b; See N.C. UTIL. 
COMM’N, Docket No. E-100, Sub 157, Economically Optimized Independent Power Sector Modeling Shows 
Multiple Benefits when Compared to Duke’s IRP 5 (2019), available at https://starw1.ncuc.net/NCUC/page/docket-
docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-6950de5d51ce. 
605 N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, Duke Energy Progress, LLC 2018 Integrated Resource Plan 
and 2018 REPS Compliance Plan 111 (2018), available at https://starw1.ncuc.net/NCUC/page/docket-
docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-6950de5d51ce.  
606 U.S. ENERGY INFO. ADMIN., 2018 Form EIA-923 (2018), available at 
https://www.eia.gov/electricity/data/eia923/.  
607 Id. 
608 See N.C. UTIL. COMM’N, Docket No. E-100, Sub 157, Economically Optimized Independent Power Sector 
Modeling Shows Multiple Benefits when Compared to Duke’s IRP 6 (2019), available at 
https://starw1.ncuc.net/NCUC/page/docket-docs/PSC/DocketDetails.aspx?DocketId=73a530c8-031b-4f4b-a13e-
6950de5d51ce. 
609 These numbers were calculated with cross multiplicative ratios: 
(1,457 MW*3.59 MMT)/3.4 MMT = 1538 MW.  
(3,169,614 MWh*3.59 MMT)/3.4 MMT = 3,346,739 MWh. 
610 Docket No. E-100, supra note 608.  
611 Developers can cut costs by building storage alongside new solar generation or with existing generation, 
generating savings related to site preparation, land acquisition, permitting, interconnection, installation labor, 
hardware, overhead, and profit. This can result in costs savings of 7%–8%. See NAT’L RENEWABLE ENERGY LAB., 
2018 U.S. UTILITY-SCALE PHOTOVOLTAICS-PLUS-ENERGY STORAGE SYSTEM COSTS BENCHMARK at iv (2018), 
available at https://www.nrel.gov/docs/fy19osti/71714.pdf. 
612 Tier II- Substantial Economic Impact Rules, N.C. OFFICE OF BUDGET & MGMT., retrieved from 
https://www.osbm.nc.gov/budman7-rule-analysis (last accessed Feb. 3, 2020). 
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Adding 1,538 MW over a ten-year period in equal increments results in 154 MW of solar 
capacity added annually. The latest price data from the National Renewable Energy Laboratory 
(“NREL”) reports that the cost of a co-located, DC-coupled PV 100 MW system with 60-MW/240-
MWh storage is $186 million.613  

 
Table 7.3. Calculation of total capital costs incurred by the electricity sector to add 1,538 
MW of solar capacity and 920 MW of storage capacity. 

Year Added Capacity/Storage Cost 
1 154-MW/92-MW $267,700,934.58 
2 154-MW/92-MW $250,187,789.33 
3 154-MW/92-MW $233,820,363.86 
4 154-MW/92-MW $218,523,704.54 
5 154-MW/92-MW $204,227,761.25 
6 154-MW/92-MW $190,867,066.59 
7 154-MW/92-MW $178,380,436.07 
8 154-MW/92-MW $166,710,687.91 
9 154-MW/92-MW $155,804,381.23 
10 154-MW/92-MW $145,611,571.24 

TOTAL 1538-MW/920-MW $2,011,834,696.58 
 

 

 

                                                           
613 See NAT’L RENEWABLE ENERGY LAB., supra note 611, at iv. Price includes the cost of the PV module, lithium-
ion battery, bidirectional inverter, structural BOS, electrical BOS, installation labor and equipment, EPC overhead, 
sales tax, permitting feet, interconnection fee, transmission line, and contingency fee.  
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8. Provide a description, including the names, addresses, if known, of those 
most likely to be affected by the proposed rule.  

 All residents of North Carolina stand to benefit from the proposed rule, which will create 
jobs and electricity cost-savings, and mitigate the impacts of climate change on the environment 
and human health. For example, coastal residents will benefit from reduced severity of coastal 
storms and flooding from sea-level rise that will accompany CO2 emissions reductions. Residents 
living in cities will benefit from improved air quality, fewer extreme heat days, and reduce 
incidence of smog. North Carolina’s renewable energy sector will benefit from increased 
investment, creating jobs for tens of thousands of North Carolinians in an industry that is already 
poised to advance and expand. As renewable energy projects progress, the cost of renewable 
electricity for the end user will continue to decline, resulting in a net electricity cost-savings to 
North Carolina residents by 2050, compared to the business-as-usual fossil fuel baseline (see 
Section 6).  
 
 The proposed rule will result in a reduction of CO2 emissions from coal and other fossil 
fuel-fired power plants, because energy and electricity will need to be generated from renewable 
sources such as wind, water, and solar. In North Carolina, the parent companies most likely to be 
affected by the transition from fossil fuels to renewables are those that own facilities responsible 
for the highest CO2 emissions in the State. Duke Energy, Southern Co., Reynolds Group Holdings 
Inc., Capital Power Corp., and NTE Carolinas Holdings, LLC collectively own facilities in North 
Carolina that emitted 49.23 MMT of CO2 in 2018 (Appendix A, Table A1). Meeting the targets 
may require these companies to source renewable or clean energy to replace fossil fuel-sourced 
energy.  
 
 Duke Energy, North Carolina’s largest individual contributor to CO2 emissions (Appendix 
A, Table A1) has already begun to take action to reduce its CO2 emissions. In September 2019, 
Duke Energy announced their intention to achieve net zero carbon emissions by 2050.614 Progress 
towards this goal is underway—the company has already reduced CO2 emissions by thirty-one 
percent since 2005, demonstrating that reducing CO2 emissions and maintaining good business 
practices are not mutually exclusive, and in fact provide opportunities for common interest.615 
However, as this Petition illustrates, much more ambitious action is need both from CO2-emitting 
power plants and other facets of industry in North Carolina in order to meet the statewide CO2 
reductions required under the proposed rule.  
 

 

                                                           
614 Duke Energy, Duke Energy Aims to Achieve Net-Zero Carbon Emissions by 2050 (September 2019), retrieved 
from https://news.duke-energy.com/releases/duke-energy-aims-to-achieve-net-zero-carbon-emissions-by-2050.  
615 Id.  
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9. Provide the name(s) and address(es) of the petitioner(s) 

Names:  Hallie Turner 
Arya Pontula 
Emily Liu  

 
Phone:   919-613-7207 
Fax:  919-613-7262 
Email:  DukeELPC@law.duke.edu  
Address:  210 Science Dr. 

   Box 90360 
   Durham, NC 27708-0360  
 

 

mailto:DukeELPC@law.duke.edu


 

 
 

Duke Environmental Law & Policy Clinic  106 
 

10. Conclusion 
 
 North Carolina’s atmosphere, waters, fish and wildlife, and other natural resources are vital to 
the survival and well-being of all North Carolinians. The State of North Carolina has an affirmative 
duty to protect this environment: the North Carolina Constitution requires that the North Carolina 
Environmental Management Commission and the North Carolina Department of Environmental 
Quality hold vital natural resources in trust for both present and future generations of its residents. In 
recognition of this responsibility, the Commission was entrusted with both the duty and power to adopt 
regulations for air quality and emissions control standards for air pollution sources pursuant to N.C. 
Gen. Stat. § 143-215.107.  
 
 Climate change is an urgent problem that demands attention and leadership from the 
Commission. The State of North Carolina is already seeing the effects of rising temperatures, changes 
in precipitation, and devastating extreme weather events. These changes endanger North Carolinians, 
including the youth petitioners, and threaten the stability of the State’s environment, infrastructure, and 
economy. The Commission must take the threat of climate change seriously. It must act now to protect 
human health and preserve the environment for today’s youth and future generations to inherit. 
  
 As this Petition has illustrated, the State has the capacity to protect North Carolina’s essential 
natural resources by transitioning away from an energy industry that is reliant on fossil fuels to one 
built on renewable energy sources such as wind and sunlight. The transition to a renewable energy 
future is supported by scientific evidence showing that the only way to preserve a safe, healthy, and 
stable climate system is to reduce carbon dioxide emissions to net negative by 2050 (see Section 3). 
Economic analyses demonstrate that the benefits of this transition far outweigh the costs (see Sections 
6 & 7).    
 
 For the reasons above, it is with the utmost respect that this Petition is hereby submitted on 
behalf of Hallie Turner, Arya Pontula, and Emily Liu, citizens of the State of North Carolina, as well 
as present and future generations of North Carolinians. The Petitioners respectfully request that the 
Commission and the Division of Air Quality promulgate a rule that requires the agency to reduce in-
boundary CO2 emissions to 48% below 2005 levels by 2030, and to 88% below 2005 levels by 2050 
(see Section 1), in order to preserve the integrity of Earth’s climate system by protecting their 
atmosphere, waters, and other natural resources upon which all North Carolina residents rely for their 
health, safety, sustenance, and security.  
 
 The Petitioners respectfully request an opportunity for a public hearing on the Rule proposed 
in this Petition and a written decision on whether or not to proceed with the rulemaking process. We 
appreciate your consideration of this Petition. If you have any questions or require additional 
information, please contact us. 
 

Very truly yours, 

 
/s/ 
James P. “Ryke” Longest, Jr. 
Director, Duke Environmental 
Law & Policy Clinic 

 

/s/ 
Daniel Lee Miller 
Lecturing Fellow of Law, 
Duke Environmental Law & 
Policy Clinic 

 
Emma S. Wheeler 
Legal Intern, Certified to 
Practice under Rules of the 
NC State Bar
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Appendix A: North Carolina’s Largest Emissions Sources 

Table A1. North Carolina CO2 emissions for large facilities by parent company (2018), in 
decreasing order of magnitude. The State’s top five highest-emitting parent companies are 
indicated in bold.  

Parent Companies  
 

2018 CO2 Emissions  
(Metric Tons)616 

  
Duke Energy 44,974,611 
  
Southern Co.  2,289,831 
 
Reynolds Group Holdings Inc.  886,753 
 
Capital Power Corp.  584,964 
 
NTE Carolinas Holdings, LLC  503,135 
 
North Carolina Electric Membership Corp.  314,844 
 
Nucor Corp.  309,349 
 
Potash Corp of Saskatchewan USA  301,047 
 
Pilkington North America Inc.  256,713 
 
State of North Carolina  248,060 
 
International Paper Co.  232,132 
 
Westrock Co.  220,322 
 
Edgecombe Manager, LLC  159,409 
 
Ardagh Group  155,892 
 
Carolina Stalite Co.  145,947 
 
Elements Worldwide  145,921 
 
Valley Proteins Inc.  141,929 
  
Domtar Corp.  131,611 
 
Carolina Gas Industries  104,067 

                                                           
616 Data available from U.S. Environmental Protection Agency (EPA), 2018 Greenhouse Gas Emissions from Large 
Facilities (2018), available at https://ghgdata.epa.gov/ghgp/main.do#. 
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North Carolina State University  95,307 
 
Nippon Electric Glass America Inc.  93,531 
 
Duke University  

 
88,909 

  
United Global Foods (US) Holdings Inc. 88,301 
 
New NGC Inc.  87,516 
 
Owens-Illinois Inc.  73,678 
 
Allegheny Technologies Inc.  61,947 
 
Clearwater Paper Corp.  55,487 
 
Charlotte Pipe & Foundry Co.  54,226 
 
Bridgestone Americas Inc.  47,839 
 
Gerdau USA Inc.  46,136 
 
The Goodyear Tire & Rubber Co.  45,431 
 
Dak Americas LLC  43,488 
 
Campbell Soup Co.  42,309 
 
NGK North America  41,035 
 
The Williams Companies, Inc.  39,821 
 
E.I. du Pont de Nemours & Co. 39,322 
 
The Chemours Co.  38,809 
 
Cargill Inc.  36,752 
 
Tyson Foods Inc.  36,498 
 
Greenville Service Co Inc.  35,855 
 
PQ Corp.  33,845 
 
Starpet Inc.  32,088 
 
Evonik Industries  31,625 
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Tyson Foods Inc.  26,656 
 
Koch Industries Inc. 

 
26,269 

 
3M Co.  

 
25,822 

 
Granges  25,751 
 
Dominion Energy Inc.  20,766 
 
Ingredion Inc.  19,455 
 
Cree Inc.  13,453 
  
Perdue Farms Inc.  8,890 
 
GlaxoSmithKline  8,159 
 
Qorvo Inc.  2,777 
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Appendix B: Emissions Target Selection  

The proposed rule sets CO2 emissions reductions targets for North Carolina based on the 
Intergovernmental Panel on Climate Change (“IPCC”) 2018 report, Global Warming of 1.5℃ and 
research by other leading climate scientists.617 The IPCC report outlines global mitigation 
pathways compatible with a significant chance of limiting warming to or below 1.5°C. Other 
climate scientists have set forth pathways compatible with limiting long-term global warming to 
1ºC by 2100.618 Limiting short-term warming to no more than 1.5°C through emissions reductions 
is a necessary step in curbing long-term, catastrophic warming. Section 3 of this Petition discusses 
the importance of limiting short-term global warming to no more than 1.5°C and long-term global 
warming to no more than 1°C.  

 
All mitigation pathways with limited or no overshoot of 1.5°C require at least a global 45% 

reduction of net anthropogenic CO2 below 2010 levels by 2030, and global net zero or net negative 
CO2 emissions by 2050.619 While the IPCC report uses a 2010 baseline in its analysis, EO80 uses 
a 2005 baseline. For purposes of comparison, reducing North Carolina CO2 emissions 45% below 
2010 levels is equivalent to a 48% reduction from 2005 levels, as shown in the table below. The 
targets in this Petition were put in terms of reductions based on 2005 levels rather than 2010 in 
order to mirror the format of reduction targets set by EO80 and the CEP.   

 

 
The targets in this Petition are a necessary first step in limiting long-term, catastrophic 

warming to 1°C. To limit long-term warming to 1°C, the atmospheric CO2 concentration must 
return to no more than 350 ppm by 2100. With the current concentration of atmospheric CO2 at 
411 ppm, all pathways to 1°C will require carbon sequestration.622 North Carolina carbon sinks 

                                                           
617 See, e.g., James Hansen, et al., Assessing “Dangerous Climate Change”: Required Reduction of Carbon 
Emissions to Protect Young People, Future Generations and Nature (2013); James Hansen, et al., Young People’s 
Burden: Requirement of Negative CO2 Emissions (2017). 
618 See, id. 
619 Intergovernmental Panel on Climate Change (IPCC), Global Warming of 1.5°C at 14 (Masson-Delmotte et al. 
eds., 2018). 
620 Data from North Carolina Department of Environmental Quality, North Carolina Greenhouse Gas Inventory 
FINAL (1990-2030), [2019]. Note: Specific CO2 inventory data for North Carolina was received from email 
communication with the Division of Air Quality, Planning Section.  
621 Id. 
622 Richard A. Betts et al., El Niño and a Record CO2 Rise, 6 NATURE CLIMATE CHANGE 806, 807-809 (2016); Nat’l 
Oceanic and Atmospheric Admin., Trends in Atmospheric Carbon Dioxide, Recent Global CO2 Trend, EARTH 
SYSTEM RESEARCH LABORATORY GLOBAL MONITORING DIVISION, https://www.esrl.noaa.gov/gmd/ccgg/trends/gl_ 
trend.html (last accessed January 16, 2020). 

North Carolina 
Total CO2 
Emissions 
2010620 

45% below 2010  North Carolina 
Total CO2 
Emissions 
2005621 

48% below 2005 88% below 
2005 

151 MMT 83 MMT 158 MMT 83 MMT 18 MMT 
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are currently estimated to remove 33 to 36 CO2e out of the atmosphere every year.623 The 2050 
target of 18 MMT CO2 emissions results in net-negative emissions for 2050, absorbing an 
additional 14 MMT of CO2 out of the atmosphere. North Carolina can and should consider taking 
additional actions to sequester CO2 before and after 2050.  
 

                                                           
623 U.S. CLIMATE ALLIANCE, STATE NATURAL & WORKING LANDS INITIATIVE: NORTH CAROLINA OPPORTUNITY 
ASSESSMENT, 4 (July 2018), available at https://files.nc.gov/ncdeq/climate-change/natural-working-lands/North-
Carolina-Briefing-Packet---NWL-Opportunity-Assessment-07.05.18.pdf. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix C: North Carolina Greenhouse Gas Inventory FINAL (1990-2030) 



1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Total�GHG 136.89 135.98 148.66 155.67 150.17 157.72 169.7 170.72 169 170.31 177.93
Total�CO2 118.85 117.05 128.76 134.65 127.68 133.90 144.42 145.01 143.23 145.07 152.54
Electricity�Use 46.05 46.79 53.80 58.36 53.13 56.14 63.94 66.53 65.74 65.08 69.19
Imported�electricity 8.24 6.78 8.22 8.47 6.14 6.09 4.87 3.31 2.49 5.54 5.43
RCI 26.39 25.74 28.34 27.88 27.09 28.70 30.20 29.02 27.73 26.14 27.98
Transportation 38.08 37.57 38.30 39.81 41.07 42.66 45.06 45.88 46.99 47.97 49.65
Agriculture� 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid�waste 0.02 0.10 0.03 0.06 0.03 0.09 0.09 0.05 0.06 0.09 0.07
Wastewater 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial�Processes 0.07 0.07 0.07 0.07 0.21 0.22 0.25 0.22 0.22 0.25 0.22
Natural�Gas�and�Oil�Systems 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Total�GHG 175.37 175.93 174.4 181.65 184.74 180.72 188.44 184.9 169.59 178.86 167.05
Total�CO2 149.58 150.22 148.13 155.26 158.32 154.13 160.94 157.60 142.36 151.62 139.77
Electricity�Use 66.59 69.04 68.32 69.37 72.90 70.31 75.94 72.32 62.39 70.70 60.41
Imported�electricity 6.94 6.27 3.20 7.13 6.06 7.20 8.19 9.92 10.87 10.57 12.78
RCI 26.79 24.98 25.77 26.41 25.65 23.40 22.11 22.45 20.97 22.02 19.61
Transportation 48.91 49.54 50.34 51.95 53.28 52.68 54.17 52.39 47.67 47.80 46.42
Agriculture� 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid�waste 0.09 0.10 0.07 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.06
Wastewater 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial�Processes 0.27 0.30 0.44 0.37 0.39 0.49 0.48 0.46 0.40 0.48 0.49
Natural�Gas�and�Oil�Systems 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Total�GHG 158.18 158.29 160 154.82 155.22 150.08 144.22 146.34 143.57 143.86 141.65
Total�CO2 130.92 131.57 133.45 127.99 127.51 121.71 115.20 116.63 113.21 112.87 110.06
Electricity�Use 55.68 54.54 55.96 50.89 49.80 45.11 38.63 40.82 38.20 38.80 36.93
Imported�electricity 10.83 7.23 7.09 7.33 7.34 7.24 7.31 7.35 7.35 7.38 7.42
RCI 18.34 19.85 20.42 20.81 20.49 20.58 21.57 21.85 22.17 22.28 22.41
Transportation 45.57 49.35 49.41 48.42 49.29 48.18 47.07 45.98 44.86 43.76 42.63
Agriculture� 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid�waste 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07
Wastewater 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial�Processes 0.44 0.54 0.50 0.48 0.53 0.54 0.55 0.56 0.58 0.59 0.60
Natural�Gas�and�Oil�Systems 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2023 2024 2025 2026 2027 2028 2029 2030
Total�GHG 140.95 142.63 138.28 138.87 140.1 141.58 141.83 141.37
Total�CO2 108.73 109.75 104.75 104.89 105.66 106.68 106.48 105.57
Electricity�Use 36.47 37.61 32.87 33.22 34.21 35.41 35.36 34.56
Imported�electricity 7.47 7.52 7.55 7.58 7.61 7.65 7.69 7.71
RCI 22.59 22.80 22.91 23.02 23.16 23.31 23.43 23.56
Transportation 41.53 41.13 40.73 40.36 39.95 39.57 39.26 38.97
Agriculture� 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solid�waste 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08
Wastewater 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial�Processes 0.61 0.62 0.63 0.64 0.65 0.66 0.67 0.68
Natural�Gas�and�Oil�Systems 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Economically Optimized Independent Power Sector Modeling Shows Multiple 
Benefits when Compared to Duke’s IRP 

Introduction 

Power sector dispatch modeling helps utilities, regulators, and stakeholders understand the 
costs and benefits of different policy choices and power portfolios at state, regional, and 
national levels.  The Natural Resources Defense Council (NRDC) commissioned energy 
consultant ICF to perform a power sector analysis using its Integrated Planning Model (IPM®), 
with assumptions developed by NRDC. IPM is a national model – not a model of the Duke 
Energy Carolinas (DEC) and Duke Energy Progress (DEP) systems – but the model does provide 
reporting at a state and regional level. NRDC’s IPM analysis detailed below focuses on the state-
level reporting for North Carolina.  

NRDC commissioned ICF to develop two modeling scenarios for North Carolina: (1) an 
“economically optimized” case designed to select the least-cost future energy portfolio for the 
state; and (2) an “IRP” scenario designed to replicate as closely as possible DEP and DEC’s “No 
CO2 Base Case” portfolios in their 2018 Integrated Resource Plans. NRDC’s IPM analysis, which 
will include these two scenarios in addition to other scenarios, is also intended to help inform 
the state’s ongoing Executive Order 80 discussions and drafting of a Clean Energy Plan.  

The key findings from NRDC’s IPM analysis are: 

1. The state sees a significant reduction in coal capacity in the near term.
2. Reduced coal capacity and generation is replaced primarily by new solar capacity.
3. The only additional natural gas capacity added is from units already under

construction.
4. Renewable energy generation more than makes up for the generation reductions from

other sources leading to significant emission reductions without impacting in-state
generation totals.

5. The IRP case depends much more heavily on natural gas.
6. The IRP case sees higher – and rising – carbon pollution over the next two decades.
7. The IRP case comes at a higher cost for the state’s energy system.
8. Under the IRP case, the average residential customer would see higher bills.

The findings are explained in greater detail below. 

https://www.icf.com/solutions-and-apps/ipm
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What is the Integrated Planning Model? 

IPM is a detailed model of the U.S. electric power system routinely used by the electricity 
industry and regulators.  Utilities and regulators, including the U.S. Environmental Protection 
Agency, Regional Greenhouse Gas Initiative, Dominion Energy, and Virginia Department of 
Environmental Quality, have used IPM to assess the effects of environmental regulations and 
policy.  IPM determines the least-cost means of meeting electric energy and capacity 
requirements while complying with specified constraints, including air pollution regulations, 
transmission constraints (e.g. security-constrained economic dispatch, or SCEDs), and plant-
specific operational constraints.  IPM integrates extensive information on power capacity and 
generation, technology performance, transmission, energy demand, electricity and fuel prices, 
policies, reserve margin requirements, reliability standards, and other factors. IPM then 
determines the most cost-effective future capacity and generation mixes to meet electricity 
needs, based on its detailed representation of the U.S. electricity system. It can build new 
power plants, retire existing plants, and ramp these facilities up and down to meet demand in 
the least-cost way. IPM provides a range of outputs for modeled scenarios, including: capacity, 
capacity factors, generation, net exports, wholesale energy prices, fuel prices and costs, retail 
bills, total system costs, and emissions (including carbon dioxide, sulfur dioxide, and nitrogen 
oxide) by fuel and technology type. 

NRDC’s scenarios, inputs, and assumptions provided to ICF 

ICF ran IPM with two different cases based on NRDC’s assumptions: an “economically 
optimized” reference case and an “IRP” case. 

x In the “economically optimized” case, the model was allowed to endogenously retire 
and add generating resources to determine a least-cost pathway for the state given 
existing federal and state regulations. This included the North Carolina Renewable and 
Efficiency Portfolio Standard (REPS), House Bill 589 (HB 589), and federal regulations like 
the Mercury and Air Toxics Standards, but excluded the federal Clean Power Plan and 
Affordable Clean Energy rules or any future state policies (including those related to 
Executive Order 80). This case is illustrative of a more holistic assessment and 
determination of a “least-cost” portfolio, as recommended in the report completed by 
Applied Economics Clinic on behalf of NRDC, the Sierra Club and Southern Alliance for 
Clean Energy, which is also attached to our comments on the Duke IRPs. 

x In the “IRP” Case, the model was forced to build the new natural gas capacity (CT and 
CC) included in DEC’s and DEP’s “Base Case No CO2” for the years 2019 – 2032. The 
model was allowed to economically retire coal (unlike in Duke’s own IRP modeling), but 
the model was prevented from closing nuclear facilities before the end of a 60-year 
license. Annual solar builds were capped at the levels included in the DEC and DEP IRP 
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Base Cases (the model could build less, if least-cost, but could not build more than the 
combined additions identified in each year in the IRP base cases). This case was 
designed to more closely match the long-term resource plans submitted by DEP and 
DEC, and allow for a direct comparison of costs, generation, and emissions outcomes 
between an “economically optimized” portfolio and a scenario more representative of 
the utilities’ proposed future portfolios.  However, it likely underestimates total costs 
and emissions since it is allowed to economically retire coal capacity, which Duke’s 
modeling did not allow.   

Assumptions for this analysis were developed by NRDC, relying primarily on publicly available 
projections from various parts of the U.S. Department of Energy (DOE):  

x For gas prices and energy demand, we relied on reference case (“business as 
usual”) projections from the Energy Information Administration (EIA), which is an 
independent statistical agency of the DOE. The projections came from EIA’s Annual 
Energy Outlook 2019 (AEO2019), published January 2019.  

x We also relied on EIA’s AEO2019 for conventional power plant costs, or the costs of 
building new fossil fuel-fired generation and new nuclear plants.  

x NRDC used the DOE’s National Renewable Energy Laboratory (NREL) 2018 Annual 
Technology Baseline projections for the costs of building new wind and solar projects, 
which represent the agency’s expert view on the future costs of renewable 
technologies.  

x Limits on variable renewable generation were also incorporated to approximate the 
amount of solar and wind the grid can accommodate without additional transmission 
investments based on research by and discussions between ICF and NRDC.1  

x NRDC used IPM v6 (the most current version) for this analysis, which incorporates 
modeling improvements to solar and wind resources including: hourly generation 
profiles (8760 hourly profiles) customized for each resource “tranche” and state 
combination in IPM based on NREL data; seasonal capacity factors; and revised reserve 
margin assumptions for intermittent resources to estimate the capacity credit of wind 
and solar resources at a unit level based on the modeled penetration of solar and wind 
within each region. This allows the model to endogenously account for the decline of 
capacity credit for intermittent resources with their rising penetration. 

                                                           
1 This included a robust review of historical performance at the individual utility and ISO/RTO levels, utility near-
term operating plans, and renewable integration studies to assess feasibility and costs of varying wind, solar, and 
wind & solar penetration levels. Historical performance included data from CAISO, ERCOT, SPP, Kansas, Xcel (CO), 
Xcel (Upper Midwest), MidAmerican (IA), and DTE. Studies included SPP’s Wind Integration study, PJM Renewable 
Integration study, Western Wind and Solar Integration study, Eastern Wind Integration and Transmission study, 
New England Wind Integration study, California Low Carbon Grid study, and NREL’s Renewable Electricity Future 
Study, International studies and performance in the UK, Denmark, and Germany were also reviewed. 

https://www.eia.gov/outlooks/aeo/
https://www.nrel.gov/analysis/data-tech-baseline.html
https://www.nrel.gov/analysis/data-tech-baseline.html
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A detailed list of our assumptions is included below: 

  2019 Reference Case 
Assumption Reference Case Proposed Sources 

IPM Version IPM EPAv6 

Electric Demand AEO 2019 

Peak Demand AEO 2019 

Capacity Build Costs - Conventional AEO 2019 

Capacity Build Costs - Renewable NREL 2018 ATB. ITC and PTC assumed per 2015 omnibus. 

Capacity Build Costs - Storage Storage allowed as an economic addition. Costs reflect NRDC assumed trajectory, reflecting a mid-
case projection between ICF’s default costs, McKinzie, Lazard, and Bloomberg New Energy Finance. 

Coal Supply/Prices EPA v6 

Gas Supply/Prices Fuel Supply Curves (AEO 2019). 

Firm capacity additions and retrofits Latest market information (Q1 2019) and NRDC input; NC units explicitly reviewed by ICF: Reidsville, 
Asheville, & King’s Mountain are firm builds, as well as Amazon Wind 2. 

Nuclear Retirements Any nuclear reactors that reach age 40 can receive a subsequent license renewal and operate for 20 
more years. One additional 20-year renewal is allowed at age 60 (max lifetime is 80 years). 

Pollution Control Retrofit Costs EPA v6 

CCS Retrofit cost and performance - Coal EPA v6 

CCS Retrofit cost and performance - Gas Include new build options only; EPA v6 

Biomass co-firing at coal facilities EPA v6 

Gas co-firing at coal facilities EPA v6; NC units with co-firing capabilities in the model include Marshall units 1-4, Cliffside 5 

Coal-to-gas conversions EPA v6; NC units Cliffside 6 and Belews Creek modeled as conversions. 

Unit-level heat rates EPA NEEDS v6 

(Regulatory) RPS & State Policies Reflects RPS as of January 2019. HB 589 in NC is explicitly modeled (model required to have 6.2 GW 
of solar online by 2022 in NC, at minimum) 

(Regulatory) SO2/NOx CAIR and CSAPR 

(Regulatory) MATS As finalized; allow HCl compliance via low-chlorine PRB coals 
(Regulatory) Coal Combustion Residuals Include 
(Regulatory) Water Intake Structures Include 

(Regulatory) RGGI Include new model rule; NJ and VA join at NRDC’s recommended levels in 2020. 

(Regulatory) CA AB32 Include  

(Regulatory) Regional Haze Include 

(Regulatory) CPP Constraints No Banking. No CPP in Base Case. 

(Structure) Run years   (state reporting 2020 - 2050) 

(Structure) EE Supply Curves 3 supply curve steps per region with utility program costs in line with NRDC 2017 analysis 

(Structure) Heat Rate Improvements EPA v6 (not included in Reference Case) 

EE penetration Based on NRDC analysis 

FOM and VOM EPA v6 

 

Results for NRDC’s IPM Economically Optimized Case  

As set forth above, ICF’s Integrated Planning Model determines the least-cost means of meeting 
electric generation energy and capacity requirements while complying with specified 
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constraints, including air pollution regulations, transmission constraints, and plant-specific 
operational constraints.  NRDC developed a set of modeling assumptions, reflecting what NRDC 
believes are the best publicly available forecasts and data sources, to produce defensible and 
reasonable projections of the state’s electric sector over the next two decades.  

The economically optimized model run aims to represent a future, optimized electric sector 
where the model is allowed to select the least-cost resources available.  This “optimized” case 
reflects existing requirements (like HB 589 and the state’s REPS), announced power plant 
retirements, future electricity demand, and expected natural gas prices – but otherwise allows 
the model to add or retire resources as it sees fit to select the least-cost portfolio. The results 
from this case are used to benchmark other cases, like the IRP case. 

However, this “optimized” case only represents a possible future in which decisions are made 
by an infallible market operator, instead of a reality where regulators may have to base their 
decisions on imperfect or incomplete information and utilities are driven by incentives that do 
not always align with their customers’ interests. Even so, we hope this case provides a view into 
what is possible - and economical - for the state’s power sector in the future.   

Key Findings: 

1. The state sees a significant reduction in coal capacity in the near-term. 

The state’s coal fleet shrinks in response to both economic and announced retirements in the next 5 
years. In run year 2020 (which is inclusive of years 2019 – 2022), operating capacity falls to 6.5 GW – or a 
4 GW reduction from 2018 levels. (See Table 1) 

Installed 
Capacity (GW) 

2018 (P) 2020 2025 2030 2035 

Coal 10.5 6.5 6.5 5.8 5.8 
NGCC 5.2 5.8* 6.3* 6.3 6.3 
NG CT 6.2 6.2 6.2 6.2 6.2 
Nuclear 5.1 4.8 4.8 4.8 4.8 
Solar 3.7 6.0 11.7 11.7 11.7 
Wind 0.2 0.2 0.3 0.3 0.3 
Storage 0.0 0.0 0.0 1.3 1.3 
Table 1. In-state capacity results for North Carolina in the “economically optimized” case. * denotes firm (i.e. hard-wired) 
addition. 

Despite these coal closures, coal generation does not decrease as significantly from 2018 levels. (See 
Table 2) This is driven by the model’s increased utilization of the remaining fleet.2 As noted in Duke’s 

                                                           
2 For example, Duke has several units that have been converted to run with either coal or gas. The IPM results 
suggest that, contrary to Duke’s findings, the economics of running these units on gas are poor. The IPM model 
finds that the co-fired facilities are less efficient at burning gas than a NGCC unit. Based on the gas prices used, the 
lack of a carbon price or other policy that would disadvantage coal, the model finds it more economical to utilize 
other resource options, including use of coal at those co-fired facilities. At a minimum, this suggests that the 
investment in co-firing at coal plants may only be economic in a narrow range of gas and coal price futures. 
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IRP, Duke currently runs some coal plants as “peaking units” with very low capacity factors. The report 
produced by Applied Economics Clinic on behalf of the intervenors provides additional detail on 
forecasted unit operations and associated cost and operational impacts from this type of 
implementation. 

The coal closures projected in the “economically optimized” case in the next few years allows the 
remaining fleet to run at higher capacity factors in the modeled future. In our model runs, the capacity 
factor or utilization for the state’s coal fleet remains between 50-55% annually from 2020 to 2040. 

2. Reduced coal capacity and generation is replaced primarily by new solar capacity. 

By 2025, the reduction in coal capacity and generation has been predominantly replaced by clean solar 
energy. 8 GW of new utility-scale solar is projected to come online by run year 2025 (representing years 
2023 – 2027). In total, 11.7 GW of utility-scale solar is operating in the state by this time – representing 
not only additions required under HB 589, but also a substantial number of additions economically 
chosen by the model.  

By 2030, the model finds it economic to build about 1.3 GW of battery storage.  The battery storage is 
built instead of new natural gas combined cycle (CC) units or combustion turbines (CT) to help balance 
and integrate higher renewable generation in the state. 

3. The only additional natural gas capacity added is from units already under construction. 

There are a few modest additions of natural gas combined cycle capacity. However, it should be noted 
that all these additions are already approved and under construction; the model does not economically 
add any additional natural gas capacity. Despite the addition of these three new NGCC plants in the next 
few years, natural gas generation in this optimized case is relatively stable, with total gas generation 
remaining below or in line with 2018 generation through 2040. 

Generation (TWh) 2018 (P) 2020 2025 2030 2035 
Coal  31.7   28.5   31.2   31.0   28.9  

Natural Gas  44.1   40.1   43.1   45.0   40.0  
Nuclear  42.1   39.2   38.8   38.8   38.8  

Solar  7.0   13.5   22.6   22.6   22.6  
Wind  0.5   0.6   0.8   0.8   0.8  

Other RE  5.0   4.2   4.2   4.2   4.2  
Other Non-RE  3.7   0.9   1.0   1.0   1.0  

Total  134.1   127.0   141.6   143.5   136.5  
Table 2. In-state Generation for North Carolina in “optimized” case 

4. Renewable energy generation more than makes up for the generation reductions from other 
sources leading to significant emission reductions without impacting in-state generation totals 

Reductions in non-renewable generation are more than replaced by solar additions by 2025, with total 
utility-scale generation remaining above 2018 levels between 2025 and 2035 (Table 2). With the 
addition of zero-carbon resources and a shift away from coal, the state’s power sector sees carbon 
emissions fall from current levels in the future. Between 2018 and 2020, emissions fall by 15% to 45.7 
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million short tons.  If North Carolina were to follow this optimized path, electric sector carbon emissions 
would fall to 41% below 2005 levels by 2025.  

 
Results for NRDC’s “IRP” IPM Case 

As noted above, the “optimized” case only represents one possible future – and a future that 
differs significantly from the Base Cases in DEC and DEP’s IRPs. NRDC also ran an “IRP” case, 
which was designed to more closely match the long-term resource plans submitted by DEP and 
DEC. Running both cases allows for a comparison of costs, generation, and emissions outcomes 
between an “economically optimized” portfolio and a scenario more representative of the 
utilities’ proposed capacity build-out.  

We recognize that NRDC’s “IRP” case does not perfectly match the Duke IRPs. In NRDC’s 
analysis, the model was still allowed to economically retire fossil capacity; the only constraints 
were on the capacity addition side.  In this run, the model was required to build the new NGCC 
and NGCT capacity included in the Base Case “No CO2“ scenarios for both DEP and DEC and 
annual solar builds were capped at the annual MW additions included in these two Base Cases. 
Because the model could chose to economically retire fossil capacity, it is likely that the IPM run 
results underestimate costs and carbon emissions when compared to the scenario set forth in 
Duke’s IRPs, but NRDC’s “IRP” case nevertheless provides a useful comparison. 

Key Findings: 

5. The “IRP” case depends much more heavily on natural gas  

The assumptions in the “IRP” case result in significant changes to the capacity and generation mix, as 
compared to the economically optimized case (see Table 3). The additional natural gas plants crowd-out 
economic investments in solar and storage technologies. Storage builds drop from 1.3 GW by 2030 to 
0.2 GW by 2030. Solar deployment is also delayed significantly. This is partly a product of the imposition 
of caps during the 2019 – 2032 timeframe, but also likely in response to the higher fossil capacity and 
generation in this “IRP” case.  

Note that in this “IRP” case, the model still retires the same amount of coal capacity as in the 
economically optimized case.  

Capacity (GW) 2018 (P) 2020 2025 2030 2035 

Coal 10.5 6.5 6.5 5.8 5.8 
NGCC 5.2 5.8 7.6 8.9 8.9 
NG CT 6.2 6.2 6.7 9.9 12.7 
Nuclear 5.1 5.2 5.2 5.2 5.2 
Solar   3.7 7.3 9.5 10.2 10.3 
Wind 0.2 0.2 0.3 0.3 0.3 
Storage 0 0 0.2 0.2 0.2 
Table 3. In-state capacity results for North Carolina in the “IRP” case. 
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The generation mix also sees substantial changes, as compared to the economically optimized case (see 
Table 4). Coal generation falls compared to current levels. Coal generation is also slightly lower than in 
the optimized case in 2020, as additional gas builds tamp down utilization of the remaining coal fleet. 
However, coal generation is the same as the optimized case in 2025 and beyond. While coal looks 
similar between the two cases, natural gas generation grows significantly in the IRP case, increasing by 
about 40 percent in 2030 from both current levels and 2030 levels in the economically optimized case.  

Generation (TWh) 2018 (P) 2020 2025 2030 2035 
Coal 31.9 27.1 31.2 31.0 28.9 

Natural Gas 44.5 39.6 49.9 62.6 62.2 
Nuclear 41.7 42.0 42.1 42.1 42.1 

Solar 7.3 15.6 19.1 20.3 20.3 
Wind 0.5 0.6 0.8 0.8 0.8 

Other RE 4.7 4.2 4.2 4.3 4.3 
Other Non-RE 3.7 0.9 1.0 1.0 1.1 

Total 134.3 129.9 148.3 162.1 159.7 
Table 4. In-state Generation for North Carolina in “IRP” case. 

6. The “IRP” case sees higher – and rising – carbon pollution over the next two decades 

This large increase in natural gas generation results in both steady growth of in-state generation and 
power sector carbon emissions, especially in the later years. By 2030, carbon dioxide emissions from the 
state’s power sector are 2.4 million tons higher annually, as compared to the economically optimized 
case. This grows to 8.5 million tons higher annually by 2035. Cumulatively, power emissions are 46.9 
million tons higher between 2020 and 2035 in the “IRP” case than in the economically optimized case. 

7. The “IRP” case comes at a higher cost for the state’s energy system 

Lastly, total system costs for the state’s energy system are also higher in the “IRP” case. The total system 
costs below include the capital, fuel, and other operations and maintenance costs of running the state’s 
energy system, as well as energy costs associated with importing power to meet state energy needs. 
(See Table 5). 

As shown in Table 5 below, not only is the “IRP” case more expensive for the state than the 
economically optimized case, but the incremental cost of the “IRP” case increases over time as more 
NGCC and NGCT capacity is added to the system (as outlined in DEC and DEP’s IRPs and incorporated in 
the “IRP” case in NRDC’s modeling).  By 2030, the “IRP” case comes at a net cost of $389 million 
annually. By 2035, that cost is $590 million annually. Between run years 2020 and 2035, the cumulative 
cost of the “IRP” case – over and above the system costs of the cleaner, economically optimized case – 
total almost $5.6 billion. 

The numbers below include the energy cost savings seen in the “IRP” case from reduced electricity 
imports (due to higher in-state generation). However, the additional costs of building this new gas 
capacity substantially outweigh these savings from reduced market purchases.  
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Millions $ 2020 2025 2030 2035 Total 
Economically Optimized  $4,679.8 $5,351.8 $5,672.8 $5,885.3 $103,268.8 
“IRP”  $4,738.5 $5,441.7 $6,062.1 $6,475.2 $108,849.5 
Net Cost of IRP Case $58.7 $89.9 $389.3 $590.0 $5,580.7 
Table 5. Total System Costs (inclusive of electricity imports) for North Carolina in the economically optimized and IRP cases. 

8. Under the IRP case, the average residential customer would see higher bills. 

The proposed buildout of new natural gas capacity outlined in the utilities’ plans results in substantial 
costs for the average consumer, as compared to the solar and storage buildout projected to occur in the 
economically optimized case.  

By 2030, the IRP case results in bills that are more than 3% higher than in our economically optimized 
case. By 2035, bills are about 5% higher than in the optimized case.  

Residential Retail Bills (2012$) 2020 2025 2030 2035 

Avg. Annual Bill Impact under “IRP” 
case (compared to optimized case) 

$5.89 $8.68 $35.90 $52.52 

% increase in monthly bill in “IRP” case 
(compared to optimized case) 

0.6% 0.8% 3.4% 4.9% 
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1. Introduction 
The Southern Environmental Law Center (SELC), on behalf of its clients, the Natural Resources 
Defense Fund, the Sierra Club, and the Southern Alliance for Clean Energy, engaged Applied 
Economics Clinic (AEC) to review the 2018 Integrated Resource Plans (IRPs) filed by Duke Energy 
Carolinas (DEC) and Duke Energy Progress (DEP) (collectively the Companies” or Duke) with the 
North Carolina Utilities Commission (NCUC) under Docket E-100 Sub 157.1 This report focuses on 
the Companies’ treatment of their existing coal-fired power plants in the 2018 IRPs.  

We find that the Companies’ analysis underlying their 2018 IRPs falls short of best practices in IRP 
development. Of particular importance, Duke fails to take the critical step of modeling an optimal 
allocation of existing and new resources. The Companies have hardwired the retirement dates for 
their coal units and prevented their capacity expansion model from retiring a unit or units for 
economic reasons prior to the end of the units’ useful life.2 Thus, the Companies’ IRPs do not fully 
investigate the lowest-cost option for ratepayers. Furthermore, many of the Companies’ coal units 
are identified as peaking resources in the IRPs, which, on a cost- and performance-basis, is 
unsustainable. Coal plants are physically ill-suited to run as peaking plants, with high start-up costs 
and long start-up times. Also, frequent cycling of coal units has been found to damage equipment 
and shorten life expectancies due to cycling-associated thermal fatigue, stress and wear on 
equipment, and corrosion of parts.3 Finally, coal plants also have high fixed costs (typically 
between $40 and $80 per kw-year4) making it a costly option to keep them online but run rarely. 
The Companies’ own modeling indicates that they do not  for 
these units—in fact, some are expected to  than in recent years. If the 
Companies conducted a more rigorous modeling process and allowed for a true cost-optimization 
of their resource selection, ratepayers could benefit from a lower-cost, lower-risk portfolio.    

2. The Companies Did Not Evaluate the Economics of Existing Coal 
Units 

The Companies’ analysis of their capacity and energy needs focuses on new resource selection 
while failing to evaluate other possible futures for existing resources. As part of the development of 
the IRPs, the Companies conducted a “quantitative analysis of the resource options available to 

                                                
1 AEC has reviewed both public and confidential versions of these IRPs as well as the Companies’ 
responses to data requests from NRDC, SACE and the Sierra Club and the Public Staff. 
2 See Data Response to SC 2-1(g) 
3 Nichols, Chris. National Energy Technology Laboratory (NETL). Characterizing and Modeling Cycling 
Operations in Coal-fired Units. June 2016. Available online: 
https://www.eia.gov/outlooks/aeo/workinggroup/coal/pdf/EIA%20coal-fired%20unit%20workshop-NETL.pdf 
4 Lazard Levelized Cost of Energy. Version 12.0. November 2018. Available online: 
https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf 
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meet customers’ future energy needs.”5 This analysis intended to produce a “base case” through a 
“least cost analysis” where each company’s system was optimized independently.6 However, the 
modeling exercise fails to consider whether existing resources can be cost-effectively replaced with 
new resources. Therefore, Duke has not performed a “least-cost” analysis to design its 
recommended plans.  

The Companies’ modeling does not allow for retirement based on economics 

The Companies’ IRPs present portfolios of new resources based on modeling variations in future 
conditions—such as fuel prices and capital costs. However, the lifetimes of existing resources are 
fixed in their analyses. Their approach also did not allow for existing resources to compete with 
new resources to serve customers on a least-cost basis.  

The Companies used two types of modeling for their generating fleet: 1) capacity expansion 
modeling and 2) production cost modeling:  

x Capacity expansion modeling is commonly used by utilities to evaluate resource 
decisions, including what types of resources to pursue in the future and what existing 
resources should be maintained or retired. These models are intended to produce the least-
cost portfolios of resources based on future conditions such as: peak demand, capital costs 
of new resources, fuel prices, and environmental compliance costs (among others). For 
these IRPs, the Companies used the System Optimizer model, and developed seven 
resource portfolios based on their forecasts of future conditions and select resource mixes 
(e.g. “CT Centric” which builds gas combustion turbines to meet future capacity needs). 
However, these portfolios only differed in the types of new resources added to the system: 
existing resources’ retirement dates were the same in every portfolio modeled. 

x Production cost modeling simulates the dispatch of a utility’s fleet (usually on an hourly 
or sub-hourly basis). The Companies used the PROSYM model to optimize the seven fixed 
portfolios discussed above. The Companies modeled these portfolios under varying 
assumptions of carbon prices, fuel prices and capital costs. Costs were reported as the 
present value of revenue requirements (PVRR) for each of these sensitivities. They found 
that the portfolios called “Base CO2 Future” and “Base No CO2 Future” were the lowest cost 
options among those modeled, and therefore selected them as their base cases.  

It is common for utilities to conduct capacity expansion modeling and subsequent production cost 
modeling for resource planning. However, the Companies have neglected to evaluate the future of 
their existing units in these IRPs. They are effectively treating the existing resources as immune to 
future conditions while simultaneously assuming that these future conditions determine which new 
resources will be built.  

                                                
5 DEC 2018 IRP, p. 83; DEP 2018 IRP, p. 84 
6 Ibid. 
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Unfortunately, with these sophisticated tools at hand, the Companies are squandering an 
opportunity to evaluate the economics of existing coal units alongside new resources. As we 
discuss in Section 4 of this report, other utilities have conducted IRP modeling that permitted 
retirement of existing resources on the basis of economics and found that earlier retirement of coal 
units produced a lower-cost portfolio. However, such an outcome is prevented by the Companies’ 
framework—regardless of how uneconomic these units may be.  

In response to a data request seeking separate retirement analyses conducted by the Companies 
since 2013, they provided analyses for  

  The retirement analysis provided for  showed that  
 In general, each of the 

analyses was 
 

  

The Companies, like other utilities, have significant leeway in how modeling is conducted—
including development and/or selection of portfolios and of input assumptions. At first glance, the 
Companies’ IRP modeling may appear robust. For example, the Companies selected seven 
portfolios from System Optimizer that they determined would “encompass the impact of the range 
of input sensitivities” which they had previously identified.”8 However, those seven portfolios were 
constrained by pre-selected resources chosen in the Companies’ own screening process.  

The Companies further restricted the scope by testing Duke’s seven portfolios using sensitivities 
developed by the Companies, including “low fuel” and “high fuel” cases where both natural gas and 
coal prices move in the same direction (relative to a reference case). Yet Duke did not model any 
sensitivities where natural gas prices stayed low and coal prices rose more than expected (or vice 
versa).  

Given the Companies’ flawed, limiting framework, however, a more comprehensive set of future 
scenarios would still not allow for economic retirements. The most important change to the 
Companies’ analysis would be to allow for the capacity expansion model to retire existing units 
based on economics or, at the very least, to model other fixed dates of retirement to better 
understand the costs of running these existing units in the future.  
 

A. The Companies did not forecast fixed costs of existing units 

The Companies’ IRPs project the fixed costs of new units, but not existing units, making it 
impossible to review the total costs of all units going forward. The costs to ratepayers (i.e. revenue 
requirements) include the following: 

x Variable costs 

                                                
7 Companies’ data response to SACE/NRDC/SC DR2-9 CONFIDENTIAL 
8 DEC 2018 IRP, p. 86; DEP 2018 IRP, p. 88 
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o Variable operations and maintenance (VOM) 

o Fuel  

x Fixed costs 

o Fixed operations and maintenance (FOM) 

o Non-environmental capital investments (including depreciation, taxes, and rate of 
return) 

o Environmental capital investments (including depreciation, taxes, and rate of return) 

The Companies forecasted the variable costs for new and existing units, which determined when 
these units were dispatched (i.e. called upon to operate) in both models. This process is also 
known as “merit order dispatch” or “economic dispatch” whereby the models select the lowest 
variable cost unit available to serve load.  

The Companies forecasted fixed costs only for new units, not existing units. Fixed costs do not 
determine how often the units are dispatched, but they are still costs paid by ratepayers and must 
be included for an accurate accounting of revenue requirements. Evaluating future fixed costs 
allows for comparison of total costs for both existing and new units on an “apples-to-apples” basis.  

Using the Companies’ approach, including the fixed costs of existing resources would not change 
the outcome of their IRPs because the existing resources remain operational for the same length 
of time in every portfolio modeled. Therefore, the relative costs between portfolios would not 
change if fixed costs of existing units were included. However, while it is internally consistent, the 
analysis framework itself remains invalid because fixed costs should be used in determining 
whether a unit is retired or not. Critically, Duke’s logic ignores the obvious fact that future fixed 
O&M costs are avoidable if the plant retires.  

Moreover, the lack of fixed costs projections provided by the Companies prohibits third-party 
reviewers and the Commission from viewing the full costs of these resources. When asked for the 
Companies’ most recent forecasts of fixed costs for these units, they refused to provide them.9 In 
the absence of forecasts, historical data can be a useful proxy (with assumed cost escalation). In 
response to a data request, the Companies did provide historical data on fixed O&M costs for 
these coal units showing an average cost of $215 million per year for the coal fleet (excluding 
Asheville) between 2014 and 2017.10 This does not include annual capital expenditures.  

                                                
9 Companies’ data response to SACE/NRDC/SC DR2-4 
10 Companies’ data response to SACE/NRDC/SC DR2-3 
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3. Coal Units as “Peakers” is Not a Sustainable Solution 
Many of the Companies’ coal units operate infrequently, as shown in performance reports filed with 
the NCUC and by data filed with the U.S. Energy Information Administration. The Companies 
identify several of their coal units as “peaking” or cycling units in their IRPs. Moreover, the 
Companies’ own modeling indicates that they are planning on operating many of the coal units 

. However, this result  given the costs and 
physical impacts of operating coal plants in this way. Coal plants have high start-up costs and long 
start-up times. Frequent cycling of coal units has also been found to damage equipment and 
shorten life expectancies for coal plants due to cycling-associated thermal fatigue, stress and wear 
on equipment, and corrosion of parts.11 In addition, coal plants have high fixed costs making it a 
costly option to keep online but run rarely. Given these operating characteristics, it is highly 
unlikely that operating coal units as “peakers” is economically sound. 

A. The Companies’ coal units have mostly performed poorly in recent years 

Table 1 (below) shows the capacity factors for the Companies’ coal units since 2010.12 Assuming 
the Companies have been dispatching their units economically (i.e. using the lowest variable cost 
unit available), this indicates that Duke’s coal units have become increasingly more expensive 
relative to other units on the system. In 2018, only 3 of the 18 coal units shown operated at more 
than a 50 percent capacity factor.13 Most of the units (12 of the 18) are running at 30 percent 
capacity factor or less. Most of the units’ performance has trended downward during this decade. 
On a capacity-weighted basis, the fleet is operating at almost half the rate it did in 2010. This 
means that—if all costs, including fixed costs, were accounted for—ratepayers are likely paying 
much more than they were nearly a decade ago for every megawatt-hour of coal generated by 
Duke’s coal fleet. 

                                                
11 Nichols, Chris. National Energy Technology Laboratory (NETL). Characterizing and Modeling Cycling 
Operations in Coal-fired Units. June 2016. Available on-line: 
https://www.eia.gov/outlooks/aeo/workinggroup/coal/pdf/EIA%20coal-fired%20unit%20workshop-NETL.pdf 
12 The analysis in these comments excludes the Asheville coal units, which are being retired later this year.  
13 U.S. Energy Information Administration, Form EIA-923 detailed data with previous form data (EIA-
906/920), Last Updated February 28, 2019, https://www.eia.gov/electricity/data/eia923/.  
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Table 1: Capacity Factor of Duke Energy’s North Carolina Coal Units (%)14 

 
 

 

 

                                                
14 EIA Forms 923 and 860 data. Excludes Asheville coal units.  

Coal Unit 2010 2011 2012 2013 2014 2015 2016 2017 2018

Allen 1 46% 29% 7% 4% 18% 12% 13% 6% 5%
Allen 2 41% 24% 5% 2% 16% 13% 15% 6% 6%
Allen 3 61% 46% 26% 26% 25% 16% 18% 9% 7%
Allen 4 59% 51% 31% 36% 27% 19% 12% 10% 7%
Allen 5 54% 41% 16% 17% 27% 18% 11% 16% 14%
Belews Creek 1 84% 80% 77% 58% 76% 62% 56% 40% 49%
Belews Creek 2 64% 81% 63% 68% 59% 67% 54% 59% 33%
Cliffside 5 51% 54% 23% 28% 29% 20% 16% 18% 26%
Cliffside 6 65% 63% 42% 39% 67% 58%
Marshall 1 58% 43% 32% 39% 54% 33% 40% 33% 29%
Marshall 2 52% 56% 41% 45% 60% 22% 29% 30% 20%
Marshall 3 74% 69% 56% 32% 75% 46% 68% 52% 55%
Marshall 4 83% 71% 67% 64% 22% 54% 61% 71% 64%
Mayo 1 76% 55% 54% 40% 40% 44% 31% 22% 23%
Roxboro 1 82% 54% 61% 44% 65% 45% 31% 26% 25%
Roxboro 2 67% 44% 71% 66% 57% 57% 48% 28% 32%
Roxboro 3 80% 59% 60% 39% 48% 33% 37% 36% 25%
Roxboro 4 72% 62% 66% 44% 69% 38% 35% 21% 27%
Capacity-weighted avg 68% 61% 50% 48% 53% 43% 41% 38% 35%
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The Companies’ projections of variable O&M and fuel costs along with the units’ availability are 
used to determine how often the units will operate. The order in which units are dispatched is 
expected to change as fuel prices change, units retire, and new units are added by the model. 
Figure 1 shows units from lowest cost to highest cost (left to right) by the generation provided by 
each unit for the Duke Energy Carolinas (DEC) system in 2019 at the winter peak hour. The Allen, 
Belews Creek, Cliffside and Marshall coal units are  to operate than natural gas 
combined cycle (NGCC) units, most renewables, and nuclear units. Only DEC’s natural gas 
combustion turbines and DSM15 (demand response) are  generation 
currently.16  

Figure 1: Generation Supply Stack for DEC units in 2019, Winter Peak (Variable Cost, $/MWh) 
CONFIDENTIAL17 

 

                                                
15 Duke refers to demand response as “Demand Side Management” or “DSM” in its IRPs, per North Carolina 
law and NCUC rules. 
16 This effect is even more pronounced in the summer peak whereby the some of the coal units  

 than natural gas combustion turbines (NGCT)—these figures are shown in the appendix. 
17 DEC PSDR 2-24 DEC Generation Resource Stack_CONFIDENTIAL.  
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Figure 2 shows how the dispatch order changes in 2031. DEC’s remaining coal units are among 
the  to operate at peak time, with costs  DSM (demand 
response).18 The Companies are planning major investments, so that they can burn both coal and 
gas at the coal units shown below.19 The production cost modeling in the IRP accounts for these 
investments. However, it is unclear if the investments in dual-fuel capability are  
because the units remain s in the winter and are  

 in the summer (see appendix). 

Figure 2: Generation Supply Stack for DEC units in 2031, Winter Peak (Variable Cost, $/MWh) 
CONFIDENTIAL20 

19 Downey, John. “Duke Energy wrapping up $65M gas co-firing project for its Cliffside coal units”. Charlotte 
Business Journal. November 19, 2018. 
20 DEC PSDR 2-24 DEC Generation Resource Stack_CONFIDENTIAL 
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Figure 3 shows the dispatch order for the Duke Energy Progress (DEP) units in 2019 at the winter 
peak hour. The Mayo and Roxboro units in the DEP system are in the e of variable 
costs in 2019 (shown in Figure 3).  

Figure 3: Generation Supply Stack for DEP units in 2019, Winter Peak (Variable Cost, $/MWh) 
CONFIDENTIAL21 

21 DEP PSDR 2-24 DEP Generation Resource Stack_CONFIDENTIAL 
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By 2031 (Figure 4), DEP’s coal units are  including natural gas 
combustion turbine (NGCT or CT) units, which are commonly referred to as “peakers” as they only 
operate at peak times. CT’s are intended to cycle on and off quickly in order to respond to quickly 
rising or falling demand, respectively. In the summer peak, the coal units are  
compared to CT’s (as shown in the appendix).22  

Figure 4: Generation Supply Stack for DEP units in 2031, Winter Peak (Variable Cost, $/MWh) 
CONFIDENTIAL23 

22  NGCT’s typically run at a 10 percent capacity factor or less. (Lazard Levelized Cost of Energy. Version 
12.0. November 2018. Available online: https://www.lazard.com/media/450784/lazards-levelized-cost-of-
energy-version-120-vfinal.pdf.) Duke expects some of its NGCTs to operate . For example, 
production cost modeling of the Richmond CT’s shows them collectively operating at  percent 
capacity factor in the early 2020’s. (Modeling results from 2020 through 2023 from PROSYM Base CO2 and 
Base No CO2 scenarios, provided in response to SACE 2-1 CONFIDENTIAL.) This is more frequently than 
most of Duke’s ds of typical CT usage. It is unclear how the 
Duke expects to operate CT’s at this level.  
23 DEP PSDR 2-24 DEP Generation Resource Stack_CONFIDENTIAL 
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B. The Companies’ modeling shows that they expect many coal units to run as 
 

The outputs from the Companies’ modeling mostly show a  in their coal 
fleet’s performance. Figures 1 – 4, above, showed the changing variable cost, relative to existing 
and new units, which is a key determinant of how often the units are called upon. Figures 5 - 8 
below show the Companies’ historical and projected capacity factors for their coal units under the 
Base CO2 scenario.24  

Figures 5 and 6, below, show that in this base scenario, the capacity factors of Belews Creek and 
Cliffside units (Figure 5) as well as the Marshall units (Figure 6) are expected to  
their operation in the next 10 years. By 2028, seven of the eight units are operating below  
percent capacity factor. This is  the historically low performance for these units. The 
modeling shows some  for these units in the 2030’s but the highest predicted levels are 

 compared to recent history.25  

24 The projected data for their units comes from the results of the System Optimizer model. (The appendix to 
these comments shows the modeling results for the Base No CO2 scenario and both base scenario results 
from the PROSYM model.) 
25 Note that the expected  trends in the next decade are similar when there is no carbon price 
assumed (see Appendix). 
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Figure 5: Forecasted Capacity Factor for Belews Creek and Cliffside Units, Companies’ Base CO2 
Scenario in System Optimizer model - CONFIDENTIAL 
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Figure 6: Forecasted Capacity Factor for Marshall Units, Companies’ Base CO2 Scenario in System 
Optimizer model - CONFIDENTIAL 

 
 

As shown in Figures 7 and 8, below, the capacity factors of the Allen units (Figure 7) and Mayo 
and Roxboro units (Figure 8) all  to  percent for most years of the planning 
horizon. These units are expected to act as  in  According to the 
Companies’ modeling, Allen units remaining on the system after 2023 only operate during  

 of the year ( ). In this scenario, the Roxboro units only operate during 
 for 2026 through 2031 and Mayo Unit 1 only operates in  

 for 2021 through 2032. Notably, this means that these units are not called upon during 
 hours. As shown in the Appendix, the  performance of these units also occurs 

when there is no anticipated carbon price.  
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Figure 7: Forecasted Capacity Factor for Allen Units, Companies’ Base CO2 Scenario in System 
Optimizer model - CONFIDENTIAL 
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Figure 8: Forecasted Capacity Factor for Mayo and Roxboro Units, Companies’ Base CO2 Scenario in 
System Optimizer model - CONFIDENTIAL 

 

C. Duke expects some of its coal units to be  

The Companies’ modeling assumptions include how often it anticipates the units will be unavailable 
due to a forced (i.e. unplanned) outage. This means that even when it may be economic to 
operate—for instance, during a winter peak time—the unit may not be available to operate. While 
all coal units in the United States have outages from time to time, some of the Companies’ units are 
expected to have  of outage—meaning they are  to serve customers. The 
average equivalent forced outage rate (EFOR) for coal units in PJM from 2008 through 2017 was 
10.25 percent.26 Shown below in Table 2, seven of the Companies’ coal units are projected to have 

 PJM fleet-wide average. Allen 3, Allen 5, and Cliffside 5 all have rates 
 . This means that at any given time there is more than  chance that 

the unit will be unavailable. Coal units are not built to run sporadically, and operating coal units that 
way can lead to more mechanical problems, and by extension, more outages. It is unclear if the 
Companies are anticipating this effect in their forced outage rate assumptions.   
 

                                                
26 Monitoring Analytics. State of the Market Report for PJM. p. 280. Available at: 
https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2017/2017-som-pjm-volume2.pdf 
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Table 2: Equivalent Forced Outage Rates Assumed in Modeling - CONFIDENTIAL27 

 
 
The anticipated  of the Companies’ coal fleet further undermines any arguments 
for failing to allow economic retirement of existing units in their IRP modeling. Coal units have high 
fixed costs in order to remain available as capacity. The Companies anticipate that many of their 
coal fleet will operate at  levels because they will only be cost-effective  

; and some of those units will be frequently  to operate even if they were cost-
effective. Planning to have coal units operate as —some of which are  
providers of capacity and energy to the system—is not a low-cost, low-risk path forward for 
ratepayers. Duke’s coal units have  variable costs,  expected unplanned outage rates, and 

 expected capacity factors—as shown in their modeling. Moreover, the average age of the 
current fleet (excluding Asheville) is 49 years old; ten years older than the average age of all coal 
units operating in the US as of 2017.28 Yet the Companies expect most of their already old fleet to 
continue operating past 60 years of age—shown below in Table 3. Indeed, some units are 
expected to operate for almost 70 years. It is in ratepayers’ best interest that Duke re-examine its 
assumption that these aged units will nonetheless remain in operation, using the expensive and 
sophisticated modeling but under-utilized tools already at the Companies’ disposal. 

                                                
27 DEC PSNC 2-3_2018 IRP_Model Inputs_CONFIDENTIAL 
28 EIA. “Most coal plants in the United States were built before 1990”. April 17, 2017. Available online: 
https://www.eia.gov/todayinenergy/detail.php?id=30812 
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Table 3: Ages of Duke Energy’s North Carolina Coal Units (%)29 

 

4. Rigorous Analysis and Competition Lead to Lower Costs  
In light of the flaws and omissions discussed in the previous sections, Duke has failed to present 
an adequate evaluation of its existing resources as part of the 2018 IRPs. Below, we discuss 
specific requirements for the IRP process that would be in the best interest of ratepayers. We also 
discuss two examples of utility IRP processes that had more in-depth stakeholder engagement and 
scrutiny, both of which lead to better outcomes for customers. 

A. In the absence of other forums, the IRP is an opportunity to evaluate existing 
resources 

The Companies have hard-wired the useful lives for their existing coal units, preventing a fair 
comparison of the economics of these units relative to replacement resources. This methodology 
prevents the pursuit of potentially lower-cost options. Ratepayers are subject to the Companies’ 
major decisions about their existing resources with little, if any, recourse. Currently, the Companies 

                                                
29 Year operational: 2017 Form EIA-860 Data - Schedule 3; Duke planned retirement: DEC IRP p. 118 and 
DEP IRP p. 117. 

Coal Unit
Year 

operational
Duke planned 

retirement 
Current 

age
Age at planned 

retirement
Allen 1 1957 2024 62 67
Allen 2 1957 2024 62 67
Allen 3 1959 2024 60 65
Allen 4 1960 2028 59 68
Allen 5 1961 2028 58 67
Belews Creek 1 1974 2038 45 64
Belews Creek 2 1975 2038 44 63
Cliffside 5 1972 2032 47 60
Cliffside 6 2012 2048 7 36
Marshall 1 1965 2034 54 69
Marshall 2 1966 2034 53 68
Marshall 3 1969 2034 50 65
Marshall 4 1970 2034 49 64
Mayo 1 1983 2035 36 52
Roxboro 1 1966 2028 53 62
Roxboro 2 1968 2028 51 60
Roxboro 3 1973 2033 46 60
Roxboro 4 1980 2033 39 53
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make major decisions about their resources behind closed doors. For example, while pre-approval 
is required for building a new power plant, there is no pre-approval required for retrofits of existing 
power plants in North Carolina. This means that the Companies need not economically justify such 
investments in the context of a comparison to unit retirement and replacement. In the absence of a 
pre-approval process for retrofits to existing units, the IRP is the appropriate forum for the 
Companies to evaluate the future of those units, and for the Commission to review that evaluation.  

The main opportunity for the Commission to review major capital investment in existing units is in 
rate cases, where typically the project would have already been built or would be under 
construction. We are not aware of any opportunity other than the biennial IRP dockets for the 
Commission to evaluate the Companies’ retirement decisions. Therefore, to encourage rigor, 
Duke’s analysis of coal unit economics should have more transparency and stakeholder 
engagement, preferably throughout the decision-making process, as is the practice of the two 
utilities we discuss later.  

B. The Companies should encourage competitive resource options 

The Companies should consider a wide range of new or replacement resources, when needed. 
The most recent RFP provided by DEP claims there is a “near term need” of 2,000 MWs due to 
power purchase agreements (PPA) lapsing.30 To achieve the best results for ratepayers, the 
Companies should issue all-resource RFPs that are reasonably flexible. The results of such an 
RFP could then be evaluated as part of the IRP modeling. 

C. Other utilities have found lower-cost resource replacement in similar forums to 
this one 

There are many examples of utilities that routinely evaluate the economics of existing units. Below 
are two recent examples of IRP modeling that determined that replacement of coal units with new 
resources was cost-effective for customers. In both cases, the utilities also had an in-depth 
stakeholder engagement as part of the IRP process. 

Northern Indiana Power Supply Company (NIPSCO)  

According to Northern Indiana Public Service Company’s (NIPSCO) 2018 IRP submission to the 
Indiana Utility Regulatory Commission (IURC), its preferred portfolio is expected to “[l]ead to a 
lower cost, cleaner, diverse and flexible portfolio by accelerating the retirement of 85% of 
NIPSCO’s coal capacity by the end of 2023 and 100% by the end of 2028” and “[r]eplace retired 
coal generation resources with lower cost renewables including wind, solar and battery storage.”31 
This outcome was the result of capacity expansion modeling, using the Aurora model, whereby 
NIPCSO tested various retirement dates for its coal units (Schahfer 14, 15, 17 and 18 and 
Michigan City 12). The Company found that retiring all of its coal units by 2023 was the lowest-cost 

                                                
30 SACE/NRDC/Sierra Club 2-18. “DEP_Capacity_and_Energy_Market_Solicitation” 
31 Ibid, p.3. 
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option for ratepayers. However, it chose a portfolio where the Michigan City unit retirement was 
delayed until 2028, out of reliability concerns.32 

Prior to this analysis, NIPSCO hired an independent consultant to conduct an all-source request 
for proposals (RFP) for new capacity and energy. NIPSCO’s RFP put all resources on an even 
playing field and made available the most up-to-date, real-world pricing information for inclusion in 
their IRP modeling. The RFP results were then incorporated into NIPSCO’s modeling of various 
retirement scenarios. The RFP included the following key design elements:33 

 
x Technology – All solutions regardless of technology 
x Size  

o Minimum total need of 600 megawatts (“MW”) for the portfolio but without a cap 
o Allowed smaller resources to offer their solution as a piece of the total need 
o Also encouraged larger resources to offer their solution for consideration 

x Ownership Arrangements  
o Sought bids for asset purchases (new or existing) and purchase power agreements 
o Resource had to qualify as Midcontinent Independent System Operator (“MISO”) 

internal generation (not pseudo-tied) or load (demand response or “DR”) 
x Duration 

o Requested delivery beginning June 1, 2023 but evaluated deliveries before 2023 
o Minimum contractual term and/or estimated useful life of 5 years (except for DR, which 

is 1 year) 

In the months that led up to NIPSCO’s IRP submission34 to the Indiana Utility Regulatory 
Commission, NIPSCO gave stakeholders access to the proposed RFP under a nondisclosure 
agreement. NIPSCO also enabled stakeholders to comment on and recommend improvements to 
the RFP, and stakeholders were able to review the RFP responses and to ensure the IRP 
categorized its tranches of various resource technologies accurately. Beyond the RFP itself, 
stakeholders were provided access to—and the opportunity to comment and recommend 
improvements on—the inputs to the model and the model settings. NIPSCO also ran a requested 
alternative energy efficiency modeling proposal which included cost-effective energy efficiency 
programs.  

                                                
32 NIPSCO. October 18, 2018. “NIPSCO Integrated Resource Plan 2018 Update: Public Advisory Meeting 
Five”. Slide 33. Available online: https://www.nipsco.com/docs/default-source/about-nipsco-docs/nipsco-irp-
public-advisory-meeting-october-18-2018-presentation.pdf 
33 NIPSCO. July 24, 2018. “NIPSCO Integrated Resource Plan 2018 Update: Public Advisory Meeting 
Three”. Available online: https://www.nipsco.com/docs/default-source/about-nipsco-docs/7-24-2018-nipsco-
irp-public-advisory-presentation.pdf.  
34 NIPSCO. October 31, 2018. “2018 Integrated Resource Plan”. Available online: 
https://www.nipsco.com/docs/default-source/default-document-library/2018-nipsco-irp.pdf.  
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In Indiana, collaboration between utilities and stakeholders is mandated in the Indiana Utility 
Regulatory Commission’s IRP rule35: 

 
x 170 IAC 4-7-4(30): “The IRP must include a summary of the utility’s most recent public 

advisory process, including key issues discussed, how the utility responded to the issues, 
and a description of how stakeholder input was used in developing the IRP.” 

This means that, in Indiana, utility IRPs present a thorough documentation of stakeholder 
processes. NIPSCO’s IRP submission, for example, included “Section 2.1: IRP Public Advisory 
Process” that summarized their 2018 stakeholder process, including how stakeholder input was 
used to develop their all-source RFP.36 
 
Through its stakeholder process, RFP and subsequent modeling, NIPSCO found that its model 
selected “DSM and renewables as the replacement resources in all retirement cases” and that 
“retaining more coal in the NIPSCO portfolio results in higher costs to customers.”37 
 
Consumers Energy  
 
In Consumers Energy’s (“Consumers”) most recent IRP, filed in June of 2018 before the Michigan 
Public Service Commission (PSC), it concluded that it would expedite the retirement of two of its 
coal units: Karn 1 and 2. As a result of its modeling in the IRP, Consumers posited a Proposed 
Course of Action (PCA) including: 1) retiring the two coal units in 2023 instead of 2031 (the end of 
their design lives); and 2) replacement with renewable, demand-side and battery storage 
resources.38 Consumers did not issue an RFP prior to the IRP, but only because there was no 
capacity need for the next three years.39 

Consumers used the Strategist model (provided by ABB, the same vendor that provided System 
Optimizer and PROSYM to DEC and DEP) to conduct capacity expansion modeling for testing of 
both new and existing resources. Using this model, Consumers tested earlier retirement of its 
“Medium Four” coal units (Karn 1 and 2 and Campbell 1 and 2) in select combinations. It found that 
earlier retirement of the two Karn units would save ratepayers $30 million (in Consumers’ 
Business-as-Usual scenario).40 Consumers concluded that the units should be retired based on 

                                                
35 Indiana Utility Regulatory Commission. “Proposed Rule: LSA Document #18-127”. Available online: 
https://www.in.gov/iurc/files/20180725-IR-170180127PRA.xml.pdf.  
36 NIPSCO. October 31, 2018. “2018 Integrated Resource Plan”. Available online: 
https://www.nipsco.com/docs/default-source/default-document-library/2018-nipsco-irp.pdf. p.6.  
37 NIPSCO. October 18, 2018. “NIPSCO Integrated Resource Plan 2018 Update: Public Advisory Meeting 
Five”. Slide 27-28. Available online: https://www.nipsco.com/docs/default-source/about-nipsco-docs/nipsco-
irp-public-advisory-meeting-october-18-2018-presentation.pdf 
38 Application of Consumers Energy. Before Michigan PSC. Case No. U-20165. p.2.  
39 Testimony of Richard T. Blumenstock. Before Michigan PSC. Case No. U-20165. p.3, lines 23-24. 
40 Testimony of Thomas P. Clark. Before Michigan PSC. Case No. U-20165. p.17. 
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this savings as well as pending environmental compliance costs.41  

The Consumers’ analysis was not without flaws; chiefly the modeling focused on only a few, fixed 
retirement dates: 2021, 2023, and 2031. Consumers did, however, test its existing units along with 
new resources. Consumers also projected fixed costs of the existing units, allowing other parties to 
review future plans for these units. DEC and DEP have failed to conduct even a limited analysis of 
existing units’ fixed costs.  

Notably, the Consumers Energy IRP was a unique docket before the Michigan PSC that included 
several rounds of testimony and an evidentiary hearing. Prior to the filing of the IRP before the 
PSC, Consumers also held multiple public meetings and technical conferences for stakeholders—
as recommended by the Michigan PSC. The more stringent requirements for the Consumers IRP 
allowed for more in-depth stakeholder involvement and subsequent transparency in the docket 
provided for closer scrutiny of Consumers’ analytical process.42  

In contrast to the companies discussed above, DEC and DEP do not encourage competition for 
resources and they make retirement decisions outside of the IRP processes. If DEC and DEP were 
to provide a rigorous, transparent analysis as part of the IRP process, their ratepayers would 
benefit—as the ratepayers of Consumers and NIPSCO have. 

5. Conclusion 
The Companies have provided a flawed and incomplete analysis in these IRP filings. 

First, and most importantly, they have failed to provide a full, cost-based comparison of existing 
and new resources. The tools being used by the Companies are sophisticated, but they are not 
being used to their full potential. A capacity expansion model is commonly used by other utilities to 
determine the economics of all resources—as our examples discussed above show.  

Second, while the Companies’ modeling exercise is limited, the modeling they conducted tells a 
compelling story. Mainly it shows that many of these coal units are expected to operate only as 

. Indeed, some units were projected to run only  a year. Given the high fixed 
costs of maintaining coal units on-line, it is highly unlikely that this can be a least-cost solution for 
North Carolina ratepayers.  

Third, the Companies have also failed to encourage competition from potentially lower-cost 
resources. An all-resource RFP should be done in anticipation of a full economic analysis—casting 
the widest net possible.  

                                                
41 Ibid. p. 20, lines 7-11.  
42 Ibid. p. 6 
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Finally, there is a troubling lack of transparency in these IRPs. The Companies have failed to 
provide forecasted fixed costs for their coal units—even though they were requested in this docket. 
If the Companies are not going to do a complete analysis, at the very least they should provide the 
information with which third-party reviewers and the Commission could attempt to construct a fuller 
picture.  
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Review and Evaluation of the Load Forecasts for the Duke Energy Carolinas and Duke 
Energy Progress 2018 Integrated Resource Plans 

James F. Wilson, Wilson Energy Economics 

Prepared on behalf of the Southern Environmental Law Center 

March 7, 2019 

I. INTRODUCTION AND SUMMARY 

1. Duke Energy Carolinas, LLC (“DEC”) and Duke Energy Progress, LLC (“DEP”)

(collectively, “Companies” or “Duke”) filed their 2018 Integrated Resource Plans (“2018 

IRP”) on September 5, 2018 in North Carolina Utilities Commission Docket No. E-100 Sub 

157.  The 2018 IRPs present load forecasts (Chapter 3 and Appendix C) that, along with 

recommended reserve margins (Chapter 8), serve as the basis for each utility’s 

determination of the total generating capacity required over the IRP planning horizon.  

This report evaluates the load forecasts used in the 2018 IRPs.  The reserve margins and 

related solar capacity values are the subject of a separate Wilson Energy Economics report 

(“Resource Adequacy Report”).   

2. The 2018 IRPs include energy and peak load forecasts for the 2019 to 2033

time period (Table 3-A, p. 19; also Table C-7).  The companies use econometric models to 

forecast sales (energy) for the residential, commercial, industrial and wholesale customer 

classes.  The forecasts rely upon economic and demographic projections from Moody’s 

Analytics and projections of appliance efficiencies and saturations from Itron, Inc., which 

are based on U.S. Energy Information Administration data.  The Companies’ econometric 

models project future sales based on historical economic, demographic, and load data 

from the 2011 to 2017 period.1  For weather data, thirty years was used.2  The peak load 

1 Response to Data Request PS DR 1-7. 
2 DEC IRP p. 123, DEP IRP p. 120. 
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forecasts are based on data from the 2012 to 2017 period, and project future peaks 

primarily based on recent peaks and the impacts of weather conditions at peak times.3 

3. In a 2017 report, I reviewed and evaluated the Companies’ load forecasts

included in their 2016 IRPs.4  In that report I found that DEC’s winter peak forecast 

seemed high, and criticized the inclusion of a wholesale backstand agreement in the peak 

load forecast.  I also found that there was insufficient information to evaluate the DEP 

forecast, primarily due to a lack of historical information, and this too has been addressed. 

These issues have been addressed in the 2018 IRP.  However, in the 2017 report, I also 

recommended that the Companies research the drivers of load spikes on extremely cold 

winter mornings.  As discussed below, apparently little progress has been made on this 

important issue.  I also recommended additional documentation of wholesale contract 

arrangements and forecasting, and the 2018 IRPs again lack information in this regard. 

4. This report finds that the Companies’ winter and summer peak load

forecasts fall within reasonable ranges.  However, this report identifies several 

recommendations for future IRPs, presented in the final section. 

5. The remainder of this report is organized as follows.  Section II discusses

the value of weather-normalized historical peak loads for revealing load trends, and notes 

that the Companies’ new methodology appears flawed.  Sections III, IV and V present and 

discuss the retail, wholesale, and system-wide peak load forecasts, respectively.  Section 

VI evaluates the recent experience of very high winter loads under extreme cold 

conditions, and the historical frequency of the temperatures that have caused these load 

spikes.  Section VII summarizes my findings, and Section VIII presents recommendations 

for future IRPs. 

3 Response to Data Request PS DR 1-7. 
4 Wilson, James F., Review and Evaluation of the Peak Load Forecasts for the Duke Energy Carolinas and 
Duke Energy Progress 2016 Integrated Resource Plans, Attachment A to the Comments of Southern Alliance 
for Clean Energy, Natural Resources Defense Council, and the Sierra Club, Docket No. E-100 Sub 147 
(February 17, 2017). 



Wh�>/� VERSION 

Wilson Evaluation of Duke 2018 IRP Load Forecasts    Page 3 of 24 

II. COMPARISONS OF PEAK LOAD FORECASTS TO RECENT TRENDS

6. An evaluation of a peak load forecast can begin with a review of recent

trends in the actual and weather-normalized (or weather-adjusted) peak loads.  Actual 

summer and winter peak loads vary substantially from year to year, reflecting variability 

in the most extreme hot or cold weather that is generally the primary cause of the highest 

loads.  Weather-normalized peak loads are estimates of what the peak load would have 

been in a historical period had the peak occurred on a day with the typical weather 

expected to cause the peak in that season (that is, very hot or cold).  Weather-normalized 

historical peak loads remove the impact of weather variability and reveal the underlying 

peak load trend due to other factors such as economic and demographic trends, changes 

in industry and end-use technologies, and energy efficiency.  If the trends in these key 

drivers are fairly stable over time (as they generally have been in recent years in the 

Companies’ service territories), weather-normalization will reveal a quite steady 

underlying trend in the peak loads.  

7. The Companies consider their peak load forecasts to be median or 50-50

forecasts (meaning that the forecasters consider the actual future peak load to be equally 

likely to exceed, or to fall short of, the forecast value).5  Similarly, a weather-normalized 

historical peak is generally also intended to be a median value for the past period (a value 

that, based on actual weather, had a 50-50 chance of being exceeded).  Thus, the 

weather-normalized actual peaks correspond to what the peak load forecasts are 

attempting to estimate.  Peak load forecasts can be compared to the trends in weather-

normalized historical peaks, and the forecasts should generally be consistent with those 

trends (with consideration of any discontinuities in economic, demographic or efficiency 

trends and forecasts).  Therefore, comparison of a peak load forecast to the 

corresponding weather-normalized peak load trend is a useful starting point for 

evaluating the reasonableness of a forecast. 

5 Responses to Data Requests SACE/NRDC/Sierra Club 3-10 and 4-21. 
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8. For the 2018 IRPs, the Companies made changes to their approach to

weather-normalization.6  Unfortunately, the Companies’ new approach to calculating 

weather-normalized historical peak loads (shown in Figures 5 through 8 in a later section 

of this report) is rudimentary and fails to fully account for the impact of extreme weather 

on peak loads.  The approach entails simply calculating the difference in the actual 

average daily temperature on the actual peak day from a long-term average, and using 

this deviation to adjust the actual peak value.7  The Companies recognize that this 

approach is “imperfect” and does not fully remove the impact of actual weather, and also 

fails to reflect other relevant factors, such as wind speed, cloud cover, humidity, or day of 

week, in the calculations.8  For example, a daily average temperature will not accurately 

represent the heating load on an extremely cold winter morning, if the prior day and night 

were extremely cold, but temperatures rose during the day after the peak, raising the 

average temperature for the day of the peak.  The Companies’ prior weather 

normalization methodology, as employed in the 2016 IRPs, apparently removed the 

impact of the actual weather more effectively, and suggested quite stable trends in 

weather-normalized peak load. As will be seen below, the Companies’ new weather-

normalized values vary substantially from year to year, and, therefore, are of limited use 

in understanding recent peak load trends.   

9. The Companies also calculate weather-normalized values for system-wide

and retail energy (gigawatt-hours, or GWh) by customer class.9  These values are more 

stable than the peak weather-normalized peak load values.  However, weather-

normalized energy values do not necessarily reveal underlying trends in peak loads, which 

will reflect the penetration and efficiency of the particular appliances customers use for 

heating and cooling under peak load conditions, and customer behavior under such 

conditions, among other factors peculiar to very high load hours. 

6 DEC IRP p, 124, DEP IRP p. 121.  
7 Response to Data Request SACE/NRDC/Sierra Club 1-8; see also response to Data Request PS DR 1-1. 
8 Response to Data Request SACE/NRDC/Sierra Club 4-18.   
9 Response to Data Request PS DR 1-5. 
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III. REVIEW OF RETAIL CUSTOMER PEAK LOAD FORECASTS

10. Figure JFW-1, below, shows DEC’s recent actual retail peak loads along

with the forecast retail peaks.10  This is the forecast directly from the econometric model, 

before a small adjustment for utility energy efficiency programs (which is applied at the 

system level11).  Weather-normalized values for retail peak loads are not shown, as the 

Companies do not calculate such values.12   

11. The summer and winter DEC retail peak forecasts predict a modest rate of

growth, under 0.6% per year, from 2018 to 2023.   

10 The load values throughout this report are “at generation” and include transmission and distribution 
losses of 4.57% for DEC or 4.206% for DEP.  DEC IRP p. 130; DEP IRP p. 127; response to Data Request PS 1-
1. Retail peak values were not available for 2018.
11 DEC IRP Table C-1 p. 126; DEP IRP Table C-1 p. 123. 
12 Response to Data Request SACE/NRDC/Sierra Club 4-17.  This data response provided actual retail values 
only through 2017, so forecast values are shown for 2018. 

10000

11000

12000

13000

14000

15000

16000

17000

18000

19000

20000

2011 2013 2015 2017 2019 2021 2023 2025 2027

Figure JFW-1:  DEC Retail Peak Load - Recent and Forecast

Winter actual

Winter forecast

Summer actual

Summer forecast

Source: Data Request NC Public Staff 1-7.



Wh�>/� VERSION 

Wilson Evaluation of Duke 2018 IRP Load Forecasts    Page 6 of 24 

12. The residential, commercial and industrial sales forecasts are driven by

economic and demographic factors such as population, personal income and industrial 

production, along with assumptions about appliance penetration and efficiency.  The 

forecasts for these variables are generally stable and consistent with past trends, so they 

do not suggest any substantial deviation from recent trends in peak loads. 

13. The modest rates of growth in the 2018 DEC IRP forecasts compare to over

1%/year in the 2016 and 2014 IRPs.  These are more reasonable forecasts than in past 

IRPs, and more consistent with recent trends in peak loads (recent winter peak loads are 

discussed in a later section of this report).   

14. Figure JFW-2, below, shows DEP’s recent and forecast retail peaks.  The

summer and winter retail peak forecasts suggest modest rates of growth, 0.3% per year 

for winter and 0.5% per year for summer, from 2018 to 2023.  As for DEC, the forecast 

rates from prior IRPs were over 1%, and the current DEP forecasts are more reasonable 

and more consistent with trends. 
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15. While the DEC and DEP retail peak load forecasts appear reasonable, the

methodology is quite simple, based upon monthly (rather than daily) historical peak data, 

and only a few variables: a “base” variable representing non-weather-sensitive 

appliances, and cooling and heating variables (degree days) representing the impact of 

temperatures on summer and winter peaks, respectively.13   Only brief documentation 

was included in the IRP filings (Chapter 3, Appendix C) and in response to data requests.14   

The IRP documents state that the Companies’ SAE (“Statistically Adjusted End-Use”) 

approach was used for the peak forecasts as well as the energy forecasts, and that the 

peak model includes “monthly appliance saturations and efficiencies, interacted with 

weather and the fraction of each appliance type that is in use at the time of monthly 

peak,” but further description of the methodology was not provided.15  In light of the 

recent volatility of the Companies’ winter loads especially, such a simple model of future 

peak loads may not provide stable and robust results from year to year. 

IV. WHOLESALE CUSTOMER FORECASTS

16. The Companies now forecast wholesale customer loads using econometric

models driven by the same independent variables as used in the retail forecast models16 

(for prior IRPs, a simpler approach was employed).17  However, while forecast model 

equations, inputs, outputs, and statistics were requested, they were not provided for the 

wholesale models.18  Furthermore, two large DEP wholesale customers, NCEMC and 

NCEMPA, create their own forecasts which DEP takes “as is.”19  These two customers’ 

13 Response to Data Request PS DR 1-7. 
14 Response to Data Request PS DR 1-7, MS Word and Excel attachments. 
15 DEC IRP p. 123, DEP IRP p. 120. 
16 Supplemental response to Data Request SACE/NRDC/Sierra Club 4-14. 
17 Response to Data Request SACE/NRDC/Sierra Club 1-10. 
18 Responses to Data Requests PS DR 1-7, SACE/NRDC/Sierra Club 4-14. 
19 Supplemental response to Data Request SACE/NRDC/Sierra Club 4-14. 
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contracts are for over  MW, or  of DEP’s total wholesale contract commitments 

over the forecast period.   

17. The Companies historical and forecast peaks for wholesale customers are

shown in Figures JFW-3 and JFW-4, below.  The historical, and to a lesser extent forecast, 

wholesale peak loads reflect changes in wholesale contracts over time,20 and historical 

contract quantities were not provided, making it difficult to identify trends.  In particular, 

DEC loses roughly 250 MW of wholesale contracts beginning 2019.21   

18. The Companies intend for the wholesale forecasts to be “50-50” or median

forecasts, as they also intend for the retail and system-wide forecasts.22  This is a change 

from the 2016 IRP for DEC, in which the forecast included a 540 MW backstand agreement 

20 Responses to Data Requests SACE/NRDC/Sierra Club 1-10, SACE/NRDC/Sierra Club 4-18a, 
SACE/NRDC/Sierra Club 4-19b; see also notes to Table H-1. 
21 Response to Data Request SACE/NRDC/Sierra Club 4-19.c, footnote in attachment. 
22 Responses to Data Requests SACE/NRDC/Sierra Club 3-10 and 4-21. 
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Source: Data Request SACE/NRDC/Sierra Club 4-19.
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with one customer.  The backstand agreement has been removed in the 2018 IRP, 

allowing the forecast to better align with history, an appropriate correction.23  However, 

without more detail about the forecasting methodology, it cannot be concluded that the 

forecasts are 50-50 forecasts. 

19. The wholesale projections are generally consistent with the anticipated

contract quantities and recent trends.  However, DEP’s forecasts of its wholesale 

customers’ winter peaks are  

   

20. Note also that DEC’s retail customers are expected to have higher summer

peak loads while DEC’s wholesale customers are expected to have higher winter peak 

loads.  This may be a relevant consideration in discussions of reserve margins and related 

topics.   

23 DEC IRP p. 16. 

0

1,000

2,000

3,000

4,000

5,000

6,000

2010 2012 2014 2016 2018 2020 2022 2024 2026

Figure JFW-4:  DEP Wholesale Peaks, Historical and Forecast

Winter Peak: Actual

Summer Peak: Actual

Winter Peak: Forecast

Summer Peak: Forecast

Source: Data Request SACE/NRDC/Sierra Club 4-19.



Wh�>/��VERSION 

Wilson Evaluation of Duke 2018 IRP Load Forecasts      Page 10 of 24 

V. SYSTEM-WIDE PEAK LOAD FORECASTS 

21. Figures JFW-5 through JFW-8, below, show DEC’s and DEP’s system-wide

historical and forecast summer and winter peaks, including both retail and wholesale. 

The figures also show the Companies’ weather-normalized historical peaks.  The 

Companies’ retail, wholesale, and system-level forecasts reflect modest rates of growth 

(much lower than in prior IRPs) and seem to anticipate future peak loads in a reasonable 

manner.   

22. Note that the year-to-year changes in the Companies’ weather-normalized

values shown in these figures are generally large, and they also generally correlate with 

the changes in actual peak loads.  In particular, the weather-normalized values tend to be 

relatively high in those years when actual loads were very high.  A clear trend in the 

summer peaks is not apparent from this series.  As noted earlier, the Companies changed 

their approach to weather-normalization for this IRP, and the new approach apparently 

fails to fully account for weather and other factors that influence peak loads. 
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Figure JFW-7:  DEP Summer Peaks, Historical and Forecast

Summer Peak: Actual

Summer Peak: Weather Adjusted

Summer Peak: Forecast w/o EE

Summer Peak: Forecast w/ EE

Sources: IRP Tables C-5, C-8, C-9, Data Request NC Public Staff 1-3.
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Figure JFW-8:  DEP Winter Peaks, Historical and Forecast
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Sources: IRP Tables C-5, C-6, C-8, C-9, Data Request NC Public Staff 1-4.
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VI. RECENT WINTER PEAK LOADS UNDER VERY COLD WEATHER

23. As the above figures illustrate, the Companies have experienced some very

high winter loads in recent years.   Multiple times since 2014, very cold weather has led 

to very high loads for short periods around 7 to 9 AM.  These loads have in some instances 

far exceeded the Companies’ forecasts of winter peak loads (which, as noted above, are 

intended to be “50-50” forecasts, such that actual peaks should be roughly equally likely 

to exceed or fall short of the forecasts in any year).24   

24. The highest winter loads have consistently occurred under the coldest

weather.  This raises the question:  How extreme were these temperatures, and how 

frequently should such temperatures, and the associated high loads, be expected to occur 

over the coming years?25 

25. To address this question, I obtained historical hourly temperature data for

the locations the Companies consider indicative of their service territories.26   Figure JFW-

9 shows the annual minimum hourly temperatures by year since 1979 at Raleigh-Durham 

Airport (representative of the DEP-East service territory).  The annual winter peaks 

generally occur the same day as the annual minimum temperatures, and are likely to be 

very high if this minimum temperature is very low.   

26. The red line in Figure JFW-9 shows the trend in the annual minimum

temperatures over 1979 to 2019, and suggests an upward trend; the green line, for 1989 

to the present, suggests no trend.  The median annual minimum temperature was 12 

degrees over the 40-year period, or 13 degrees over 1989 to present.  This suggests that 

24 Responses to Data Requests SACE/NRDC/Sierra Club 3-10 and 4-21. 
25 Some research suggests that climate change may increase the frequency of polar vortex conditions in 
temperate latitudes such as North Carolina.  See, for instance, Polar Vortex: How the Jet Stream and Climate 
Change Bring on Cold Snaps Bob Berwyn, InsideClimate News, February 2, 2018.  For the purposes of this 
paper, the traditional assumption – that in the near-term, weather will generally reflect historical averages 
and variability – is employed. 
26 Hourly temperature data was accessed from the U.S. Department of Commerce National Oceanic and 
Atmospheric Administration’s National Centers for Environmental Information, available at 
https://www.ncdc.noaa.gov/cdo-web/search.   

https://www.ncdc.noaa.gov/cdo-web/search
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the 50-50 winter peak forecast should roughly correspond to the load levels that occur 

when temperatures at Raleigh-Durham Airport fall to about 12 or 13 degrees.  Of the 

recent years, 2016 had the most typical minimum temperature. 

27. Table 1 lists the recent instances of DEP winter loads in excess of its winter

peak forecast for 2019.  The table also shows the Raleigh-Durham Airport minimum 

temperature and the weighted average of five locations DEP uses for weather-

normalization purposes.27  Nearly all instances involved temperatures at or below the 

long-term median minimum temperatures noted above.  Two exceptions, January 8, 2018 

and January 8, 2014 with higher temperatures, followed days with very low temperatures 

that also appear in this list; and the broader temperature indices, which are typically 

higher than Raleigh, were relatively low on these dates.  Six entries in the table represent 

the January 2 through 8, 2018 period, an unusually long period of very cold weather.  

27 Response to Data Request SACE/NRDC/Sierra Club 1-8. 
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Figure JFW-9: Minimum Annual Temperatures at Raleigh Airport
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These data suggest that the recent above-forecast loads have generally occurred under 

temperatures below the typical peak-producing levels, and DEP’s forecast winter peak is 

consistent with more typical annual peak-producing temperatures.   

Table 1:  DEP Winter Loads Over 14,000 MW, 2013-2019, and Daily Minimum Temperatures 

Date Hour Ending MW Daily Minimum Temperature 

Raleigh Average of 5 [1] 

2/20/2015 8 AM 16,429 7.0  9.6 
1/7/2018 8 AM 16,191 4.0  8.7 
1/2/2018 8 AM 15,544 13.0  14.6 
1/5/2018 8 AM 15,476 13.0  15.1 
1/6/2018 8 AM 15,414 12.0  13.5 
1/8/2015 8 AM 15,289 11.0  12.8 
1/8/2018 8 AM 15,262 17.0  18.5 
1/9/2017 8 AM 15,020 9.5  14.9 
1/7/2014 8 AM 14,993 9.0  11.5 
1/3/2018 9 AM 14,938 10.0  14.2 
1/8/2014 8 AM 14,753 15.7  16.4 

1/30/2014 7 AM 14,679 7.0  12.6 
1/24/2014 8 AM 14,609 12.0  15.7 
2/19/2015 8 AM 14,185 12.0  15.2 
1/23/2014 8 AM 14,154 16.0  19.6 
1/18/2018 8 AM 14,073 12.0  16.9 

[1] Weighted average of Asheville, Raleigh, Columbia, Fayetteville and Wilmington. 

Sources:  Response to Data Request SACE/NRDC/Sierra Club 1-15, NOAA. 

28. Figure JFW-10 shows the same data for Charlotte Douglas Airport,

representative of the DEC service territory.  As for Raleigh-Durham Airport, the trend line 

based on the Charlotte annual minimum temperatures for the entire 40-year period 

suggests a rising trend, while a trend line since 1989 suggests very little trend.  The median 

annual minimum temperature was 13.5 degrees over the 40 years, or 15.0 degrees over 

1989 to present.   Of recent years, the coldest temperatures in 2016 and 2017 were close 

to median conditions, while other recent years had instances of much lower minimum 

temperatures. 
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29. Table 2, below, lists the recent instances of DEC winter loads in excess of

its winter peak forecast for 2019.  The table also shows the Charlotte Airport temperature 

and the average of three locations DEC uses for weather-normalization purposes.28  As 

for DEP, nearly all instances involved temperatures at or below the long-term median 

minimum temperatures noted above; the exceptions are generally instances with loads 

very close to the 2019 forecast value.  These data suggest that the recent high loads have 

generally occurred under temperatures below typical peak-producing levels, and DEC’s 

forecast winter peak is consistent with more typical annual peak-producing 

temperatures.  

28 Response to Data Request SACE/NRDC/Sierra Club 1-8. 
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Figure JFW-10: Minimum Annual Temperatures at Charlotte Airport

Linear (Annual minimum 1989 to 2019)
Linear (Annual minimum 1979 to 2019)

Source:  NOAA.  2019 through February 15. 
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Table 2:  DEC Winter Loads Over 17,800 MW, 2013-2019, and Daily Minimum Temperatures 

Date Hour Ending MW Daily Minimum Temperature 

Charlotte Average of 3 [1] 

2/20/2015 8 AM 20,455 8.0  8.0 
1/8/2015 8 AM 19,812 10.0  10.4 
1/5/2018 8 AM 19,436 12.0  11.1 

1/30/2014 8 AM 19,232 11.0  9.7 
2/19/2015 8 AM 19,170 13.0  13.3 

1/2/2018 8 AM 19,122 11.0  10.4 
1/7/2014 8 AM 18,664 7.0  8.7 

1/24/2014 8 AM 18,586 10.0  12.2 
1/7/2018 8 AM 18,346 13.0  7.3 

1/19/2016 8 AM 18,213 16.0  17.0 
1/9/2017 9 AM 18,069 18.0  12.1 
1/6/2018 8 AM 18,005 14.0  8.1 
2/6/2015 8 AM 17,851 19.0  18.6 

[1] Average of Charlotte, Greenville, and Greenville stations. 

Sources:  Response to Data Request SACE/NRDC/Sierra Club 1-15, NOAA. 

30. How often are the very low temperatures and very high loads seen since

2013 likely to recur in the coming years?  The longer-term trends suggest that the 

conditions seen in 2014, 2015 and 2018 are unusual and relatively unlikely to occur very 

often.   That suggests that while the Companies’ actual winter peaks have been greater 

than their forecasts in recent years, this is largely explained by a cluster of unusually cold 

weather events, and does not suggest shortcomings in their load forecasts or forecasting 

methodologies.  Again, it is important to keep in mind that the intention is for the winter 

peak load forecast to be a 50-50 forecast, so the actual peaks should be greater than the 

forecasts when unusually cold weather occurs. 

31. However, for resource adequacy planning, the likelihood of the most

extreme peak loads is important; utilities establish reserve margins and plan capacity not 

just for their 50-50 peak loads, but also for more extreme peaks that occur less often. 

Because very low temperatures and high loads are key determinants of required reserve 

margins (and also seasonal resource adequacy risk and capacity value), it is also important 



Wh�>/� VERSION 

Wilson Evaluation of Duke 2018 IRP Load Forecasts      Page 18 of 24 

to understand how high the extreme peaks can be (such as 90th percentile peaks, 

expected to occur only once per decade on average).29   

32. The potential impact of anticipated extreme peaks on reserve margins was

exhibited in the resource adequacy studies prepared for DEC and DEP by Astrapé 

Consulting in 2016 that served as the basis for the Companies’ recommended increases 

in winter reserve margins.  Those studies modeled very extreme temperatures and loads 

probabilistically.30  While the Companies use daily average winter temperatures for their 

load forecasting and weather adjustments,31 hourly temperatures were used in the 

resource adequacy studies as the basis for extrapolating the load levels under the most 

extreme temperatures.  These two approaches, in addition to being inconsistent with 

each other, are both very simple (taking into account only a single temperature measure), 

and both fail to accurately capture the impact of very cold weather on loads. 

33. It is also significant that the load spikes that occur under very extreme

temperatures are generally of short duration.  Figures JFW-11 and JFW-12, below, show 

the hourly loads on the top six recent winter load days for each utility, showing that the 

highest loads occurred at around 7 or 8 AM, after which loads fall sharply.  On these days, 

loads were 1,000 MW or more below the peak level just an hour or two before the peak, 

and again an hour or two later. 

34. The Companies state that these peaks are “driven by residential

consumption patterns,”32 but they have not performed any studies to understand what 

is behind these peaks, or developed any energy efficiency or demand response programs 

focused on these winter morning peaks.33  With regard to which customers and end uses 

29 As an example of forecasts of winter and summer 90th percentile (extreme) peak loads, see PJM 
Interconnection, L.L.C., PJM Load Forecast Report January 2019, Tables D-1 and D-2, available at 
https://www.pjm.com/-/media/library/reports-notices/load-forecast/2019-load-forecast-
report.ashx?la=en. 
30 The resource adequacy studies are discussed in detail in the Resource Adequacy Report. 
31 DEC IRP p, 124, DEP IRP p. 121. 
32 Response to Data Request SACE/NRDC/Sierra Club 1-18. 
33 Response to Data Request SACE/NRDC/Sierra Club 1-19. 

https://www.pjm.com/-/media/library/reports-notices/load-forecast/2019-load-forecast-report.ashx?la=en
https://www.pjm.com/-/media/library/reports-notices/load-forecast/2019-load-forecast-report.ashx?la=en
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are causing the load spikes, the Companies cite to a ĐŽŶĨŝĚĞŶƚŝĂů 2016 residential end 

use study that covered multiple states and contained only very broad information.34   

34 Response to Data Request SACE/NRDC/Sierra Club 4-15, citing to a confidential Residential End Use Study 
prepared in 2016. 
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VII. SUMMARY OF FINDINGS

35. For the 2018 IRPs, the Companies project their future peak loads based on

historical data from the 2012 to 2017 period, during which economic and demographic 

trends were fairly stable.  The forecasts are generally consistent with recent load trends. 

These forecasts are also generally consistent with the various economic, demographic, 

and efficiency-related independent variables that drive the energy forecasts (reviewed, 

but not shown in this report), which variables generally reflect continuation of recent 

trends.   While this report focuses on peak loads, the energy forecasts are also generally 

consistent with recent trends and the economic and demographic drivers. 

36. While the peak load forecasts appear reasonable, the retail peak

forecasting methodology is quite simple, based upon monthly rather than daily values 

(only the peak day of each month) and few variables.  Only brief documentation was 

included in the IRP documents (Chapter 3, Appendix C) and in response to data requests.  

In light of the recent volatility of the Companies’ winter loads, such a simple model of 

future peak loads may not provide stable and robust results from year to year. 

37. Wholesale customers represent a substantial fraction of both Companies’

peak loads (29% for DEP, 11% for DEC).  I was unable to evaluate the wholesale forecast 

models because details of the models, methodology and input data were not provided 

(and for DEP, much of the wholesale forecast is provided by the customers).  In addition, 

the relationship between historical wholesale peak loads and aggregate firm 

commitments is not known, because the historical contract quantity was not provided. 

The wholesale projections are generally consistent with anticipated future contract 

quantities, although DEP’s forecasts of its wholesale customers’ winter peaks  

   

38. Both DEC and DEP have experienced some very high loads on extremely

cold winter mornings, well in excess of forecast values, in some recent years.  The 

temperatures that led to these recent very high loads were, from a long-term historical 

perspective, generally unusually low, and expected to occur only infrequently.  

Consequently, despite multiple recent occurrences of unusually cold weather and 
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associated high loads, the Companies’ winter peak forecasts, which are intended to be 

median or “50-50” forecasts, are in a reasonable range.   

VIII. RECOMMENDATIONS FOR FUTURE IRPS

39. The review and analysis in this report lead to the following

recommendations for future IRPs: 

1. The Companies should research the drivers of the very high loads that have occurred

in each service territory under very cold weather.

2. The Companies should develop a more sophisticated model of how extreme winter

weather affects their loads, drawing upon the experience gained over the past five

years.  The focus should be on accurately modeling not just the usual (that is, long-

term typical) peak-producing weather, but also more extreme conditions, which have

occurred in recent years and can cause loads well above the usual annual peaks.

Detailed analysis might show, for example, that an average of temperatures over an

extended period leading up to the morning peak hour (perhaps 12 preceding hours)

better predicts the peak than the single hourly or daily average temperature, and that

other conditions, such as wind speeds and cloud cover, also have predictive value.  A

similar model for extreme summer weather could also be developed.  An enhanced

model of how cold weather impacts loads would be useful in multiple ways:

a. An improved understanding of how extreme weather affects loads would

assist in developing a more effective method for estimating historical weather-

normalized peak loads, and for improving the forecasting future peak loads.

b. In addition, as the 2016 resource adequacy studies suggest, the very high loads

that result from extreme weather affect the needed winter reserve margin to

meet resource adequacy criteria.  A sophisticated model of how extreme

weather affects loads would inform the assumptions to be used in future

resource adequacy analyses.  (The Wilson Energy Economics Resource

Adequacy Report section IV.A criticizes the simplified way the impact of
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extreme cold on winter loads was estimated in the Companies’ 2016 resource 

adequacy studies.)   

c. Finally, a model of how extreme weather affects loads would also be useful for

anticipating and preparing for the types of high-load events that have occurred 

in recent winters.  Extreme cold weather does not arrive by surprise – it is

generally predicted days in advance.   An accurate model of how an anticipated

weather event will impact loads would assist the Companies in planning for

such events days and hours in advance, and determining which actions to

mitigate the peak (discussed further below) are warranted.

3. The Companies should undertake targeted engagement with customers to prepare to

mitigate such winter load spikes under future extreme cold events.  The Companies

should develop focused demand response and energy efficiency programs to reduce

these peak loads.  The Companies should also prepare a tailored plan to engage

customers in mitigating extreme peak loads, to be activated if needed when extreme

winter weather approaches.  The potential to mitigate peaks may be particularly large

under these circumstances, because some schools, and commercial and industrial

facilities, may already be considering remaining closed or opening late.  The

engagement with large customers could encourage them to include thermostat

adjustments and other electricity conservation actions in their procedures for

weather-related closures.  Residential customers could be asked and given incentives

to pre-heat their homes overnight and to strive to avoid using electric heat during the

critical 6 AM to 9 AM time frame.

4. The potential peak-shaving impact of such efforts should be reflected in the

Companies’ future resource adequacy studies and peak load forecasts.  From the

customers’ perspective, while there would be some inconvenience to respond to such

requests, such events are likely to occur very rarely; and customers may appreciate

knowing that their responses help reduce the need for a higher reserve margin and

the construction of additional generating capacity to meet a higher reserve margin.
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5. The Companies should provide more comprehensive documentation of their peak

load forecasting methodology.  The Companies should consider enhancing their

approach to make use of a broader set of high load data (not just monthly peaks), and

an enhanced relationship between weather conditions and load as described above.

The Companies should also consider providing sensitivity analysis of the peak

forecasts to key drivers and assumptions, to demonstrate whether the forecasts are

likely to be stable over time, or instead may change substantially due to new data.

6. The Companies should develop a more effective method for estimating historical

weather-normalized peak loads.  Weather-normalized values are very useful for

understanding load trends, and the Companies’ new approach appears to have

shortcomings (the approach used in the 2016 IRPs accounted for weather variation

more completely).  The more sophisticated model of how weather affects loads,

recommended above, should contribute to a more accurate weather-normalization

methodology.

7. With respect to wholesale loads, the Companies should provide historical aggregate

wholesale firm commitments.  Weather-normalized historical peaks should be

estimated for the wholesale customer loads separately (and such estimates should

exclude quantities associated with any short-term wholesale transactions that may

have been in place at the time of the peak).  The Companies should further evaluate

wholesale customers’ contribution to system peak loads, which affect required

reserve margins and capacity needs.
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APPENDIX: QUALIFICATIONS OF JAMES F. WILSON 

James F. Wilson is an economist and independent consultant doing business as 

Wilson Energy Economics, with a business address of 4800 Hampden Lane Suite 200, 

Bethesda, Maryland 20814. Mr. Wilson has 35 years of consulting experience, primarily 

in the electric power and natural gas industries.  Many of his consulting assignments have 

pertained to the economic and policy issues arising from the interplay of competition and 

regulation in these industries, including restructuring policies, market design, market 

analysis and market power.  Other recent engagements have involved resource adequacy 

and capacity markets, contract litigation and damages, forecasting and market 

evaluation, pipeline rate cases and evaluating allegations of market manipulation.  His 

experience and qualifications are further detailed in his CV, available at 

www.wilsonenec.com. 
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Review and Evaluation of Resource Adequacy and Solar Capacity Value Issues with 
regard to the Duke Energy Carolinas and Duke Energy Progress 2018 Integrated 
Resource Plans and Avoided Cost Filing 

James F. Wilson, Wilson Energy Economics 

Prepared on behalf of the Southern Environmental Law Center 

February 12, 2019 

I. INTRODUCTION AND SCOPE OF THIS REPORT 

1. Duke Energy Carolinas, LLC (“DEC”) and Duke Energy Progress, LLC (“DEP”)

(collectively, “Companies” or “Duke”) filed their 2018 Integrated Resource Plans (“2018 

IRP”) on September 5, 2018 in Docket No. E-100 Sub 157.  The Companies filed their 

proposed Avoided Cost tariffs (“2018 Avoided Cost Filing”) on November 1, 2018 in 

Docket No. E-100 Sub 158.  The 2018 IRPs present load forecasts (Chapter 3) and 

recommended reserve margins (Chapter 8) that serve as the basis for each utility’s 

determination of the total generating capacity required over the IRP planning horizon. 

This capacity need is reflected in the capacity values for solar resources (IRP Chapter 9).   

2. The reserve margins used in the 2018 IRPs were based upon

recommendations from resource adequacy studies (“DEC 2016 RA Study”, “DEP 2016 RA 

Study”; collectively “2016 RA Studies”) that were prepared for DEC and DEP by Astrapé 

Consulting in 2016, and were also used for the DEC and DEP 2016 IRPs.  The capacity 

values for solar resources were based on an Astrapé report1 that employs the same model 

and many of the same assumptions that were used in the 2016 RA Studies.  The 2018 

Avoided Cost Filing proposes new Schedule PP avoided capacity credits with modified 

seasonal and hourly structures based on the Astrapé analyses.  

3. In a report filed on February 17, 2017 in Docket No. E-100 Sub 147 (“Wilson

2017 RM Report”), I reviewed and evaluated the 2016 RA Studies, raising a number of 

issues with the Studies’ assumptions and methodologies.  In this current report I re-

1 Response to Data Request SACE/NRDC/Sierra  Club 1-28, Duke Energy Carolinas and Duke Energy Progress 
Solar Capacity Value Study, August 27, 2018 (“Capacity Value Study”). 
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evaluate the reserve margins used in the 2018 IRPs and the 2016 RA Studies that formed 

the basis for them with the benefit of additional analysis and data that have become 

available since the Wilson 2017 RM Report.  I also comment on the implications of the 

various shortcomings in the 2016 RA Studies and the related Capacity Value Study for the 

projection of seasonal loss of load risk, seasonal capacity values, and avoided cost rate 

design.  The focus in this report is on demand-side assumptions, including load patterns 

and demand response; supply-side assumptions, including solar modeling, were outside 

the scope of this report.  The load forecasts used in the 2018 IRPs are the subject of a 

separate Wilson Energy Economics report.   

II. BACKGROUND 

4. In its final order on the 2016 IRPs, the North Carolina Utilities Commission 

(“NCUC” or “Commission”) concluded that the proposed reserve margins included in the 

2016 IRPs were “reasonable at this time for planning purposes”, but also concluded that 

the proposed move to a 17% winter reserve margin target was “not supported by the 

evidence.”2  The order called for DEC and DEP to work with the Public Staff to address the 

concerns raised by the Public Staff and in the Wilson 2017 RM Report, and to “implement 

changes as necessary to help ensure that the reserve margin target(s) are fully supported 

in future IRPs.” 

5. In its final order in the 2016 avoided cost docket, the Commission accepted 

Duke’s proposed seasonal capacity weighting of 80% winter and 20% summer for 

determining the avoided capacity rates, noting that the proposal relied upon the 2016 RA 

Studies, and stating that the Commission would be receptive to revisiting the seasonal 

capacity weighting in future avoided cost cases.3    

                                                 
2 Order Accepting Integrated Resource Plans and Accepting REPS Compliance Plans, Docket No. E-100, Sub 
147, June 27, 2017 at 21-22. 
3 Order Establishing Standard Rates and Contract Terms for Qualifying Facilities, Docket No. E-100, Sub 148, 
October 11, 2017 at 59. 
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6. On April 2, 2018 in the 2016 IRP docket, the Public Staff filed a joint report 

of the Public Staff, DEC and DEP addressing the reserve margin issues (“Joint Report”), to 

which was attached a Duke presentation to the Public Staff: 2016 Resource Adequacy 

Study – Outstanding Issues, December 12, 2017 (“December 2017 Presentation”).  In an 

order issued April 16, 2018, the Commission accepted the Joint Report, noting that the 

Public Staff and DEC and DEP did not reach consensus on all of the issues they discussed.  

The Companies’ views on these issues were also reflected in their May 10, 2017 Reply in 

the same docket. 

III. SUMMARY AND RECOMMENDATIONS 

7. Both 2018 IRPs recommend a 17% winter planning reserve margin (p. 8), 

based on the 2016 RA Studies (p. 6), which is an increase relative to the reserve margins 

used before the 2016 IRPs.  The Avoided Cost Filing proposes a 100%/0% winter/summer 

capacity payment weighting for DEP, and 90%/10% for DEC, citing to the 2018 IRPs (Table 

9-B), which recommendation is also based on the 2016 RA Studies and related Capacity 

Value Study. (p. 29)  These recommendations are based on analysis that attempts to 

reflect the recent experience with extreme cold temperatures and also higher solar 

penetration (2018 IRP, p. 38).   

8. The evaluation performed for this report focused on the following issues 

with regard to the 2016 RA Studies and Capacity Value Study: 

a. The representation of some very extreme winter loads, based on an 

extrapolation of the relationship between cold temperatures and winter 

loads; 

b. The “economic load forecast uncertainty” layered on top of the weather-

related load distributions; 

c. The assumptions regarding future winter demand response capacity; and 

d. The assumptions regarding operating reserves during brief load spikes on 

extremely cold winter mornings. 
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9. This report shows that the risk of very high loads under extreme cold was 

substantially overstated in the 2016 RA Studies, primarily due to the faulty approach to 

extrapolating the increase in load due to very low temperatures.  Winter resource 

adequacy risk was also overstated due to the demand response and operating reserve 

assumptions applicable to winter peak conditions.   Overall, the winter resource adequacy 

risk was substantially overstated relative to the risk in summer and other periods of the 

year.  Accordingly, the winter/summer capacity values of solar resources proposed for 

use in the 2018 IRPs (Tables 9-B and 9-C, pp. 45-46), as well as the avoided capacity cost 

weightings (100%/0%, 90%/10%) proposed for use in the Companies’ Schedule PP filed in 

Docket No. E-100, Sub 158, should be rejected, and much more balanced seasonal 

weights developed and approved.    

10. Both winter and summer risk were further overstated due to the economic 

load forecast uncertainty assumptions, which greatly overstate the risk of large and 

unexpected increases in peak load.  Due to this error as well as the overstatement of 

winter resource adequacy risk, I again conclude that the recommended increases in the 

DEC and DEP reserve margins (relative to IRPs before 2016) are unsupported and 

unnecessary. 

11. I also note that the Companies’ approach to estimating seasonal, monthly 

and hourly resource adequacy risk, seasonal capacity values of solar resources, and 

recommended reserve margins will be highly sensitive to various assumptions that can 

change dramatically over just a few years.  This suggests that a fixed rate design, such as 

reflected in Schedule PP, should not be overly focused on relatively few months of the 

year or hours of the day, because the Companies’ estimates of the seasons and hours 

with resource adequacy risk can change over time as load shapes and the resource mix 

change.  Additionally, the price signals inherent in the rate design can shifts capacity 

needs to adjacent hours or months.  While it is important to strive for accurate price 

signals, it is also important to strive for price signals that are reasonably stable over time, 

and likely to remain reasonably accurate as conditions change.  Because the Companies’ 

proposed Schedule PP rate designs are based on the same flawed analysis that is highly 
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sensitive to assumptions, I also recommend rejecting the proposed monthly and hourly 

rate structures. 

12. I do not recommend specific seasonal weightings, monthly and hourly rate 

structures, or reserve margins, as this would require use of the Companies’ modeling tools 

to perform further analysis with the flaws identified above corrected.  

13. The analysis documented in this report was again hampered by incomplete 

responses to some data requests and a lack of details and sensitivity analyses with regard 

to the 2016 RA Studies.  Appendix A to this report further discusses the importance of 

access to the full details of such analyses, and provides recommendations for future IRPs. 

14. The remainder of this report is organized as follows.  Section IV discusses 

the four issues with the 2016 RA Studies and Capacity Value Study that overstate winter 

risk and required reserve margins.  Section V summarizes findings and recommendations, 

including recommendations for future IRPs.  Appendix A lists additional information that 

was sought but not provided.  Appendix B summarizes the author’s qualifications.  

 

IV. CRITIQUE OF THE 2016 RA STUDIES AND CAPACITY VALUE STUDY  

15. The 2016 RA Studies document a probabilistic simulation of load and 

resources to find the planning reserve margin required to satisfy a “one day in ten years” 

(“1-in-10”) resource adequacy criterion, equivalent to an annual Loss of Load Expectation 

(“LOLE”) of 0.1 events per year.  The Capacity Value Study applies the same model logic 

and load modeling methodology, and many other common assumptions, to evaluate 

various levels of solar penetration.4  The 2016 RA Studies and Capacity Value Study 

determine certain months and hours of the year in which risk of loss of load occurs, 

according to the specific assumptions used in each study.  

                                                 
4 Response to Data Request SACE/NRDC/Sierra Club 4-6. 
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A. REPRESENTING THE IMPACT OF EXTREME COLD ON WINTER PEAK LOADS  

16. In recent years, brief periods of extreme cold have resulted in very high 

loads on the DEC and DEP systems.  To accurately evaluate winter period resource 

adequacy, it was appropriate for the 2016 RA Studies to model extreme cold and its 

impact on load levels.  The same representation of load was used in the Capacity Value 

Study. 

17. In the winters of 2014 and 2015 there were a few days colder than any that 

had occurred in the DEC and DEP-East service territories since 1996.  Based on the 

temperature data used for the DEC RA Study,5 2014 and 2015 each had two days in which 

temperatures dropped below 10 degrees Fahrenheit; in the years before 2014, 

temperatures had not dropped to even 11 degrees since 1996.  However, the 2016 RA 

Studies used 36 years of historical weather data, back to 1980, and even lower 

temperatures were seen in some years in the 1980s (3, 4, and 5 degrees in 1982, 1983, 

and 1986, respectively, and minus 5 in 1985).  Therefore, to use 36 years of weather data 

it was necessary to model loads under temperatures below any that had been seen in the 

last 30 years.   

18. The 2016 RA Studies determined load levels under extreme cold conditions 

applying a very simple regression analysis to recent data.6  The regressions consider only 

temperature (not wind speeds), and focus on temperatures in the 18-25 degree range 

(DEP East; 18-22 for DEC), for which observations are plentiful.  Based on the regression, 

the DEC RA Study estimated the DEC load, under extreme cold conditions, with the 

following linear equation: 

DEC Load (MW) = -231 * (Temperature) + 20,372. 

19. This equation implies that under extreme cold conditions, for each degree 

the temperature falls, DEC’s load is assumed to increase by 231 MW (roughly 1.3%).  Four 

                                                 
5 Response to Data Request NCSEA 3-12 in Docket No. E-100 Sub 158. 
6 Response to Data Request SACE/NRDC/Sierra Club 3-1 attachment.  This attachment includes the original 
regressions from the 2016 RA Studies. 
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additional degrees results in 924 MW of additional load (over 5% increase).  A similar 

equation was derived for DEP East loads, that suggested 228 MW per degree. 

20. The Wilson 2017 RM Report criticized this approach, providing analysis 

showing that for lower temperatures, the relationship between temperature and load 

was much weaker than this equation suggests.  This is logical -- once temperatures drop 

to the teens, customers may have turned on all of the equipment that will help them stay 

warm, and further declines in temperature do not increase loads as much.  In addition, 

some schools, offices, and other commercial, government and industrial facilities may 

close, reduce operations, or open late due to extreme cold conditions, reducing loads 

during the morning peak.   

21. The fact that beyond some point further cold does not have as great an 

impact on load was quantified in Figures JFW-1 and JFW-2 in the Wilson 2017 RM Report.  

In particular, the analysis shown in Figure JFW-1 of that report showed that for 

temperatures under 17 degrees, DEC load only increased 108 MW, not 231 MW, for each 

additional degree. 

22. The Joint Report did not address the inaccuracy of the regressions used in 

the 2016 RA Studies.  The Joint Report notes the issue of the regression equations, and 

then states, “After meeting with the Company, the Public Staff was satisfied that this 

approach was reasonable.” (p. 2) 

23. The December 2017 Presentation that was attached to the Joint Report 

claimed  that “use of more current data would suggest a similar load response to 

temperature” for both DEC and DEP. (pp. 11-12)  However, with the additional data, it 

also remains true that the impact of extreme cold on load is much weaker at lower 

temperatures, so the regressions used in the RA Studies are inaccurate for lower 

temperatures. 

24. The regressions for the 2016 RA Studies were based on data from 2010 

through 2014; for the December 2017 Presentation, data for 2015, 2016 and 2017 was 
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added.7  The Companies’ updated regressions, now with data through 2017, produce 

similar results to those in the 2016 RA Studies.   

25. I updated the analysis I performed in the Wilson 2017 RM Report using this 

updated data set, and got very similar results – the relationship between extreme cold 

and load is much weaker for the lower temperatures.  The results are shown in Figures 

JFW-1 and JFW-2.  For DEC, across the entire temperature range, the relationship suggests 

235.6 MW of additional load per degree, as shown in the green line in Figure JFW-1 and 

its regression equation.  However, for temperatures below 17 degrees, the relationship is 

only 139.5 MW per degree (red line and equation).  And it is likely that even this value 

(139.5 MW per degree) overstates the impact of the most extreme temperatures on 

loads, when, as suggested above, space heating appliances are already in full use and 

some facilities are remaining closed or opening late.  

                                                 
7 Response to Data Request SACE/NRDC/Sierra Club 3-1 attachment. 
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26. The 36-year data set used in the DEC RA Study includes temperatures as 

low as minus 5 degrees.  As the trend lines in Figure JFW-1 suggest, extrapolating based 

on all observations (green and yellow lines) leads to over 21,500 MW at minus 5 degrees, 

while extrapolating based on temperatures below 17 degrees (red line) leads to an 

estimated 20,000 MW load (which is probably still too high).  I again conclude that the 

DEC RA Study greatly overstates loads under extreme cold conditions.  This has a 

substantial impact on the DEC RA Study – of the simulated hours with load loss, most 

result from scenarios under which the winter extrapolated load exceeded 20,000 MW, 

even before the economic load forecast uncertainty was reflected.8 

27. Figure JFW-2 presents the updated analysis for DEP East, which leads to 

the same conclusion (the red line and equation) – after a point, as temperatures drop 

further, the impact on load is much weaker.  Compared to over 200 MW per degree for 

                                                 
8 Response to Data Request SACE/NRDC/Sierra Club 1-26 attachment (discussed below). 
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temperatures in the 20s, below 18 degrees the relationship is 109.4 MW per degree.  

Again, the impact would likely be even weaker at lower temperatures, if data were 

available, so even 109.4 MW per degree likely results in overstating the loads at the 

lowest temperatures.   

28. The 36-year data set used in the DEP RA Study includes temperatures 

below minus 3 degrees for DEP East.  As the trend lines in Figure JFW-2 suggest, 

extrapolating based on all observations (green and yellow lines) leads to 17,000 MW at 

minus 3 degrees, while extrapolating based on temperatures below 18 degrees (red line) 

leads to just over 15,000 MW (which is probably still too high).  In the DEP RA Study, two-

thirds of the simulated hours with load loss were based on winter extrapolated loads in 

excess of 15,000 MW.9  I again conclude that the DEP RA Study greatly overstates loads 

under extreme cold conditions. 

29. The 231 MW per degree assumption for DEC, and 228 MW per degree 

assumption for DEP East, used in the 2016 RA Studies resulted in some very extreme 

peaks under the very cold conditions represented in some of the 36 weather years.  Figure 

JFW-3 shows figures from the 2016 RA Studies illustrating how high winter peaks are 

assumed to go, as a result of the regression equations.  While the extreme cold in 2014 

and 2015 resulted in extreme peak loads roughly 5% to 8% above the anticipated, normal 

winter peak loads in those years, the 231 MW per degree assumption for DEC results in 

modeling peaks in the 1982 weather year 18% above the anticipated winter peak (for 

2019, the year that is the focus of the 2016 RA Studies, 18% equates to over 3,300 

additional MW).  Modeling such extreme peaks will, of course, drive the winter reserve 

margin higher, and increase winter resource adequacy risk relative to summer risk.  Using 

more realistic estimates would bring these extreme peaks down considerably.  Figure 

JFW-3 also shows the similar graphic from the DEP RA Study, which also reflects very 

extreme winter peaks (over 20% above the normal winter peaks) based on the unrealistic 

estimates of the relationship between extreme cold and load.  Figure JFW-3 also shows 

                                                 
9 Response to Data Request SACE/NRDC/Sierra Club 1-26 attachment. 
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that the highest loads modeled in the 2016 RA Studies correspond to two instances in the 

1980s and two in the 1990s; the 2014 and 2015 events are moderate in comparison. 

30. Through discovery, the Companies provided data showing the scenarios 

(weather year, day, hour, load forecast error assumption), that led to lost load in the 2016 

RA Studies.10 For DEP, using all years, the RA Study has 86% of the expected load loss 

hours in winter; if only weather data 1997 and later is used, 75% of the load loss hours 

                                                 
10 Response to Data Request SACE/NRDC/Sierra Club 1-26 attachment.   
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are in summer and only 25% are in winter.  For DEC, 69% of the expected load loss hours 

are in winter in the RA Study; but if only weather since 1997 is modeled, 92% of the load 

loss hours are in summer, 8% are in winter.  This data shows that in the RA Studies, the 

vast majority of the hours with load loss result from scenarios based on those instances 

of extreme cold from the 1980s and 1990s, and the overstated loads associated with them 

due to the flawed regressions.  While including more rather than less historical weather 

data is preferred, excluding the 1982-1996 data quantifies how the flawed regressions 

have skewed the results and overstated winter resource adequacy risk.  The data strongly 

suggest that if the regressions were corrected, the resource adequacy risk would still be 

weighted toward summer on both systems. 

31.   Thus, the vast majority of the winter LOLE in the 2016 RA Studies is based 

on a highly simplified and inaccurate assumption about how loads would increase due to 

extreme temperatures, applied to temperatures that have not been seen in decades.  

These assumptions, which were new in the 2016 RA Studies, drove the winter risk and 

reserve margins very high.    

32. The inaccuracy of the extrapolation equations used in the 2016 RA Studies 

was raised in the Wilson 2017 RM Report, but neither the Joint Report nor the December 

2017 Presentation substantively addressed this issue.11  The additional three years of data 

included in the updated data set provide further support for the conclusion that the 

extrapolation greatly overstated loads under the most extreme temperatures. 

33. The regressions used in the 2016 RA Studies are also flawed in that they 

did not consider wind speeds, which also have a substantial impact on loads.  Figures JFW-

1 and JFW-2 suggest that the relationship between temperature and load is not that 

strong; for example, Figure JFW-1 shows that temperatures in the low 20s have resulted 

in loads around 14,300 MW, but on other days such temperatures have resulted in loads 

about 2,000 MW higher.  One approach to reflecting the impact of wind speeds is to 

calculate a “wind chill” measure that combines temperature and wind into a single 

                                                 
11 Response to Data Request SACE/NRDC/Sierra Club 1-23(a) (stating that slides in the December 2017 
Presentation are the only response to the Wilson 2017 RM Report’s critique of the regressions). 
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parameter.  For example, the regional transmission organization PJM Interconnection, 

L.L.C. (“PJM”) utilizes a “Winter Weather Parameter” in its winter load forecasting.  The 

equation for the Winter Weather Parameter suggests that for winds in excess of 10 MPH, 

each 10 MPH of wind speed is equivalent to 5 additional degrees of cold.12   

34. While not addressing the inaccuracy of the regressions, the Joint Report 

did provide information showing the substantial impact of even small changes to the 

regressions on the 2016 RA Study results.  As a sensitivity case for DEC, the impact of 

colder temperature on load was reduced by 50% for the very few instances of 

temperatures below 6 degrees (7 days during 1982 to 1996; none have occurred since).  

This was estimated to reduce the reserve margin by 0.33%.13  That’s a substantial impact 

on the reserve margin and winter resource adequacy risk; but this sensitivity analysis falls 

far short of addressing the inaccuracy of the regressions.  As the trend lines in Figure JFW-

1 show (comparing the green to the red line), the DEC RA Study overstates loads by about 

500 MW at 6 degrees, increasing to about 1,500 MW at the lowest temperatures.  This 

sensitivity case used the flawed regression equation for loads at 6 degrees and higher 

temperatures, and made small changes for temperatures in the 4 to 6 degree range.  The 

adjustment in the sensitivity case exceeded 100 MW for only four days, and exceeded 

400 MW on only one day.14  Yet this minor adjustment was estimated to have a 0.33% 

impact on the reserve margin.  More completely correcting the regressions (for example, 

by using the red trend lines shown in Figures JFW-1 and JFW-2 for temperatures below 

about 11 degrees) would have a much larger impact on the reserve margin, and would 

also substantially reduce winter resource adequacy risk.   

                                                 
12 PJM Manual 19 Load Forecasting and Analysis rev. 33, October 25, 2018, pp. 13-14, available at 
https://www.pjm.com/-/media/documents/manuals/m19.ashx.   
13 Response to Data Request SACE/NRDC/Sierra Club 4-11, attachment slide 7. 
14 Response to Data Request SACE/NRDC/Sierra Club 4-11, attachment slide 3. 

https://www.pjm.com/-/media/documents/manuals/m19.ashx
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B. REPRESENTING ECONOMIC LOAD FORECAST ERROR 

35. If peaks loads grow faster than forecasted (for example, due to stronger 

than expected economic growth), it could result in actual reserve margins lower than 

were anticipated in resource plans published years in advance.  The 2016 RA Studies 

include “economic load forecast error,” intended to represent the possible error in four-

year-ahead load forecasts (DEC RA Study, p. 16).  This resulted in modeling scenarios 

under which the peak was under-forecast by 4%, with no supply-side adjustments.  This 

assumption had a substantial impact on the reserve margins: if the analysis instead uses 

the lower error reflected in one-year ahead load forecasts, the reserve margin declines 

by about 1%.15 

36. The Wilson 2017 RM Report criticized the representation of economic load 

forecast uncertainty on two grounds.  First, it explained why it was not appropriate to 

include multi-year economic load forecast uncertainty in the 2016 RA Studies, because 

the model used was unable to represent the short-lead-time actions that the Companies 

and market participants would take if stronger-than-expected load growth were to 

materialize and continue year after year.  Second, the Wilson 2017 RM Report explained 

that the probability distribution of economic load forecast error used in the 2016 RA 

Studies was not supported by the underlying data it was based upon, and greatly 

overstated the risk of large unexpected increases in peak load.  

37. The Public Staff criticized the same two aspects of the representation of 

load forecast uncertainty (multi-year, and probabilities assigned to large under-

forecast).16   In the Joint Report, the Public Staff stated (p. 10) that it believes the approach 

to load forecast uncertainty used in the 2016 RA Studies is “problematic and will likely 

result in an incorrect calculation.”  In its comments in the Joint Report, the Companies 

evaluated and criticized the Public Staff’s specific proposal for representing load forecast 

                                                 
15 December 2017 Presentation, slide 27. 
16 Joint Report pp. 9-11. 
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uncertainty.  Rejecting the Public Staff’s proposal, and failing to address my criticisms, the 

Companies then supported the assumptions used in the 2016 RA Studies.17 

38. The December 2017 Presentation rationalized using multi-year economic 

load forecast uncertainty as follows: “Given that it takes 3-5 years to put new generation 

infrastructure in place, the Companies and Astrapé believe that 3 years of economic load 

growth uncertainty is appropriate.”18  However, as explained in the Wilson 2017 RM 

Report, this ignores the fact that there are many short lead time actions that can and very 

likely would be taken.  If load grows faster than expected, the utilities (and customers and 

other market participants too) would have time to adjust their plans, if the rate of load 

growth raised concern about resource adequacy.  To name a few potential actions, the 

development of some new resources might be accelerated; demand response or energy 

efficiency programs could be increased; a planned retirement could be delayed; firm 

purchases from adjacent regions could be adjusted; or wholesale sales contracts could be 

allowed to expire.   

39. The 2016 RA Studies essentially assume the reserve margin and resource 

plan must be chosen over three years in advance, and then the resource plan must remain 

frozen, even if load growth is much stronger than expected year after year.19  This is not 

realistic, and is at odds with the Companies’ business practices, including the biannual IRP 

planning cycle.  The assumption that load can rise sharply and unexpectedly, but no 

adjustments to the resource mix can or would be made over three years, biases the 

planning reserve margin upward.   

40. It is notable that PJM, in its resource adequacy analyses, acknowledges 

that resource plans can and would be adjusted as needed if load grows faster than 

expected.  Accordingly, while PJM’s resource adequacy analysis focuses on determining 

                                                 
17 Joint Report pp. 21-24; December 2017 Presentation, slides 21-27. 
18 See also response to Data Request SACE/NRDC/Sierra Club 4-10. 
19 This was confirmed in the responses to Data Requests SACE 2-22 and 2-23 in Docket No. E-100 Sub 147. 
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planning reserve margins for peaks over three years into the future, PJM represents only 

one year of economic load forecast error in its analyses.20 

41. The Wilson 2017 RM Report also noted that it could be appropriate to 

represent multiple years of forecast uncertainty in a more sophisticated model that is able 

to internally determine supply-side or demand-side adjustments over time as the load 

forecast and other resources change over time.  For instance, the Electric Power Research 

Institute’s Over/Under capacity planning model, developed in the 1970s, had this 

capability.21  Planning reserve margins for future years are somewhat smaller if it is 

recognized that supply plans can be adjusted over time.  However, the SERVM model that 

was used in the 2016 RA Studies does not have the capability to represent any such 

contingent decisions.  To represent multi-year load forecast uncertainty, but not the 

actions that would be taken to adapt resource planning over time as such uncertainty 

resolves, is a flawed methodology that biases the result toward higher planning reserve 

margins.  I again conclude that it was inappropriate to use 3-year load forecast 

uncertainty; it would be more appropriate to use one year (which, as noted, would lower 

the reserve margin by 1%, even if no other changes were made). 

42. Turning to the values used for the economic load forecast error, the 

economic load forecast uncertainty was represented as a symmetric probability 

distribution (DEC RA Study Table 4 p. 17).  A 7.9% probability was assigned to both +4% 

and -4% shifts in load, 24% probability was assigned to both +2% and -2% shifts, and 36.3% 

chance was assigned to no change due to economic load forecast error.  Thus, all loads, 

including the extreme weather-related load levels discussed in the prior section of this 

report, are increased by an additional 4% under the highest economic load forecast error 

scenario, and 2% under an additional scenario assigned a 24% probability. 

                                                 
20 See, for instance, PJM, 2012 PJM Reserve Requirements Study, p. 20 (explaining the rationale for using a 
forecast error factor representing one year of forecast error). 
21 Decision Focus Incorporated, Costs and Benefits of Over/Under Capacity in Electric Power System 
Planning, EPRI EA-927, Project 1107, October 1978. 
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43. The DEC RA Study states (pp. 16-17) that the probability distribution was 

based on the historical forecasting errors reflected in the U.S. Congressional Budget Office 

(“CBO”) U.S. Gross Domestic Product (“GDP”) forecasts, and applying a 0.4 elasticity of 

peak demand to economic changes.22  The CBO data is readily available, including the 

CBO’s own analysis of its 3-year GDP forecasting errors.23  Figure JFW-4 presents the full 

distribution of the 3-year forward GDP forecast errors (left axis), and the corresponding 

load forecast errors based on the 2016 RA Studies’ 0.4 elasticity assumption (right axis).  

                                                 
22 It is also questionable whether CBO U.S. GDP forecasting errors are a reasonable proxy for the applicable 
economic forecasting errors for the North Carolina economy.  The DEC and DEP load forecasts rely upon 
forecasts of the North Carolina economy. 
23 Congressional Budget Office, CBO’s Revenue Forecasting Record, November 10, 2015, and 
Supplemental Data available at https://www.cbo.gov/sites/default/files/114th-congress-2015-
2016/reports/50831-RevenueForecasting-SuppData.xlsx.  In the response to data request 
SACE/NRDC/Sierra Club 4-12, Duke provided its own analysis of GDP forecast errors, however, Duke’s GDP 
data are different from the CBO’s, and its analysis is also different.  No citation was provided for the 
source of the data Duke used for this analysis. 
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Figure JFW-4:  Distribution of CBO 3-Year GDP Forecast Errors
(3-year forward GDP forecasts made in 1982 through 2012) 

Mean error:  0.7% over-forecast

GDP over-forecast by 3% or more 
occurred in 29% of the forecasts.  
Under-forecast by 3% or more 
occurred in 16% of the forecasts.

Source: Congressional Budget Office, CBO's Revenue Forecast Record, November 2015 (supporting data).

The largest under-forecast, 
in peak load terms (GDP 
error x 0.4), was 1.84%.

https://www.cbo.gov/sites/default/files/114th-congress-2015-2016/reports/50831-RevenueForecasting-SuppData.xlsx
https://www.cbo.gov/sites/default/files/114th-congress-2015-2016/reports/50831-RevenueForecasting-SuppData.xlsx
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44. The symmetric load forecast error distribution used in the 2016 RA Studies 

misrepresents the distribution of CBO forecast errors and associated load forecast errors.  

The CBO forecast errors are not symmetric, and the under-forecast errors tend to be 

small.  This is not surprising:  economic downturns can be sudden, largely unexpected, 

and sharp, as seen in 2008.  Surprisingly strong economic growth, by contrast, would tend 

to develop and accumulate more slowly over time. 

45. The 2016 RA Studies assign almost 32% probability to under-forecast 

errors whose magnitude (+4% or +2%, in load forecast terms) never occurred even once 

in 30 years, according to the CBO data the distribution was purportedly based upon.  Over 

the thirty years of CBO data, the largest 3-year GDP under-forecast error was 4.61 

percent, which translates (times 0.4) into a load forecast under-forecast of only 1.84%. In 

contrast, the 2016 RA Studies assign 7.9% and 24% probability to under-forecasting peak 

load by 4 percent and 2 percent, respectively, as described above.  The economic load 

forecast error distribution used in the 2016 RA Studies misrepresents the CBO data, and 

greatly overstates the risk of substantial under-forecasting.   

46. It is also notable that economic forecasters now expect lower U.S. GDP 

growth than occurred over the past thirty years, which further shrinks the likelihood of 

large under-forecasting errors.  According to the Federal Reserve Bank of Philadelphia’s 

biannual Livingston Survey of approximately 25 economic forecasters, up until 2006, 

forecasters expected 3.2 percent per year GDP growth, but more recently the median 

expectation has been only 2.2 percent per year.24   

47. It also notable that the Companies have not performed any research that 

supports the assumed elasticity value of 0.4.25 

48. The exaggerated representation of load forecast error (inappropriately 

using multi-year error, and misrepresenting the underlying CBO data) had a substantial 

impact on the 2016 RA Studies.  Of the scenarios with load loss in the RA Study simulations 

                                                 
24 Federal Reserve Bank of Philadelphia, Livingston Survey, December 2018; releases from 1991 to present 
are available at https://www.philadelphiafed.org/research-and-data/real-time-center/livingston-survey. 
25 Response to Data Request SACE/NRDC/Sierra Club 4-9c. 

https://www.philadelphiafed.org/research-and-data/real-time-center/livingston-survey
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for DEC, 62% occurred under the +4% load forecast error scenario, and 83% occurred 

under the +2% and +4% scenarios.26  For DEP, 51% of the load loss instances were under 

the +4% scenario, 77% under the +4% and +2% scenarios.   

49. Consequently, even accepting the inclusion of multi-year economic 

forecast errors, and accepting use of the CBO data to develop the distribution, the 2016 

2016 RA Studies have misrepresented the distribution of errors, exaggerating the risk of 

substantial under-forecasting.  This exaggeration of the potential for under-forecasting of 

economic load growth, in addition to the exaggeration of winter peak loads, will further 

bias the planning reserve margin upward. 

C. DEMAND RESPONSE ASSUMPTIONS 

50. Historically, the Companies were summer-peaking, with loss of load risk, 

and therefore capacity value, concentrated in the summer period.27  The Companies 

therefore have designed their demand response programs to reduce demand on the 

hottest summer days of the year,28 and, as a result, have had roughly twice as much 

demand response available in summer as in winter.  The 2016 RA Studies assume that 

demand response will continue to be summer-focused, despite now identifying more 

resource adequacy risk in winter than in summer.  Under more balanced demand 

response assumptions, the seasonal resource adequacy risk would also be more balanced. 

51. The DEC RA Study assumed 1,119 MW of summer demand response and 

514 MW of winter demand response. (p. 25)  If instead the winter demand response is 

brought up to the summer level (and everything else remains the same), this eliminates 

load loss in the winter in the 2016 RA Study to the point where there are now more 

summer than winter hours with load loss.29  The DEP RA Study assumes almost twice as 

                                                 
26 Response to Data Request SACE/NRDC/Sierra Club 1-26 attachment. 
27 See, for instance, Duke Energy Carolinas 2012 Generation Reserve Margin Study, p. 14; response to Data 
Request SACE/NRDC/Sierra Club 4-1c. 
28 Response to Data Requests NCSEA 3-36, 3-37. 
29 Response to Data Request SACE/NRDC/Sierra Club 1-26 attachment. 
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much demand response in summer than in winter -- 926 MW to 496 MW.  (p. 25) But if 

winter demand response is expanded by 900 MW (which, if DEP believes risk is mainly in 

the winter, it should definitely pursue), most of the hours with load loss would be in the 

summer. 

52. This shows that the conclusion that the risk of load loss is concentrated in 

the winter is not only greatly exaggerated due to the flaws discussed earlier in this report, 

it is also highly sensitive to particular resource mix assumptions, such as demand 

response, that can and should be adjusted for the future.  The Companies’ 2016 analysis 

shows that the technical and economic potential for residential winter demand response 

exceeds 2,300 MW for both DEC and DEP.30  Yet the Companies are not considering any 

changes to their demand response programs at this time.31 

D. OPERATING RESERVE AND LOAD FOLLOWING ASSUMPTIONS 

53. The 2016 RA Studies also exaggerate winter risk through the operating 

reserve assumptions.  The model used in the DEC RA Study (p. 25) sets aside 716 MW for 

operating reserve and regulation, plus 1.5% of load (approximately 300 MW) for load 

following, in all hours, for a total of over 1,000 MW (for DEP, the corresponding number 

is about 750 MW).   

54. For both DEC and DEP, about 60% of the annual load loss hours in the 2016 

RA Studies occur on the brief (and, as explained above, overstated) load spikes on very 

cold winter mornings, with the majority of these outages lasting one or two hours.32  

During these very brief winter morning load spikes, the system operators know that loads 

will soon decline and that such a substantial amount of reserve is not needed at that time.  

Accordingly, the system operators would very likely choose to go somewhat short on 

these reserves rather than call for firm load curtailment.  The modeling assumption that 

                                                 
30 Response to Data Request SACE/NRDC/Sierra Club 4-16 attachment, Duke Energy North Carolina DSM 
Market Potential Study, prepared by Nexant for Duke Energy, December 19, 2016, pp. 47, 50, 62, 71. 
31 Response to Data Requests NCSEA 3-38, 3-39. 
32 Response to Data Request SACE/NRDC/Sierra Club 1-26 attachment. 
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this large amount of resource would be held, causing firm load curtailment, further 

exaggerates the risk of load loss on winter mornings in the 2016 RA Studies.  By contrast, 

the summer peaks typically occur over multiple hours with load levels changing relatively 

slowly, so the adopted operating reserve assumptions are more justified for the summer 

period.   

55. In the DEC RA Study, if it is assumed that the system operators would allow 

the over 1,000 MW set aside as operating reserve and load following to briefly fall by 500 

MW during the brief winter morning load spikes, the instances of winter load loss would 

be fewer than in summer.33   

E. MODEL ESTIMATES OF SEASONAL AND HOURLY CAPACITY VALUE ARE HIGHLY 

SENSITIVE TO ASSUMPTIONS THAT MAY CHANGE 

56. The estimates of the particular seasons, months, and hours where the risk 

of load loss is highest, based on the modeling approach documented in the 2016 RA 

Studies and similar Capacity Value Study, will be highly sensitive to various model 

assumptions that can change over time.  Assumptions about the penetration of seasonal 

resources such as wind, solar and demand response can shift the seasonal balance, and 

also shift the particular hours in which capacity is likely to be scarce.  Tailored demand 

response programs, or energy storage capacity (such as storage associated with solar 

resources) can shave peaks or shift them to adjacent hours.  Load shapes may also change, 

due to the penetration of new end-use technologies, or changes in customers’ habits, 

such as usage of programmable thermostats.  Various scenarios of these assumptions 

might suggest very different seasonal and hourly patterns for the modeled load loss. 

57. The Companies’ methodology is to identify certain seasons, months, and 

hours, and assign capacity value to those time periods, based on such model runs.34  The 

winter/summer weights, mentioned earlier, are highly weighted toward winter, which, as 

                                                 
33 Response to Data Request SACE/NRDC/Sierra Club 1-26. 
34 The details are in a confidential response to Data Request NC Public Staff 6-2 in Docket No. E-100, Sub 
158. 
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explained above, is based on flawed analysis.  Correcting those flaws would shift resource 

adequacy risk back toward summer, as would higher penetration of winter demand 

response or wind resources, which tend to have higher output during winter peaks than 

summer peaks.   

58. A more balanced seasonal weighting is also suggested by the simple fact 

that the vast majority of high load hours are in summer on both systems.  According to 

DEC’s load forecast, 83% of the highest load hours (top 1%) are in summer; for DEP’s load 

forecast, 74% of the top 1% load hours are in summer. 35 

59. DEC’s proposed Schedule PP proposes summer capacity credit only in the 

months of July and August from 4 to 8 PM.  Both companies propose winter capacity 

credit for six hours per day, 6 to 9 AM and 6 to 9 PM.  DEC’s proposed Schedule PP sets a 

capacity credit more than three times higher for winter mornings than for winter 

evenings; DEP’s winter morning rate is more than twice the winter evening rate.  But the 

modeling that determined these particular schedules as well as the high ratios is also 

highly sensitive to various assumptions about load shapes, customer habits, and demand 

response. 

V.   SUMMARY AND RECOMMENDATIONS 

60. This evaluation leads to the conclusion that the recommended increases 

in the DEC and DEP reserve margins compared to pre-2016 levels are not supported by 

the 2016 RA Studies and are not necessary at this time.  This evaluation also leads to the 

conclusion that the 2016 RA Studies have greatly overstated winter resource adequacy 

risk relative to summer risk, so the winter/summer capacity values of solar resources 

proposed for use in the 2018 IRPs (Tables 9-B and 9-C, pp. 45-46), as well as the avoided 

capacity cost weightings (100%/0%, 90%/10%) proposed for use in the Companies’ 

Schedule PP filed in Docket No. E-100, Sub 158, should be rejected, and much more 

balanced seasonal weights approved.       

                                                 
35 Response to Data Request SACE/NRDC/Sierra Club 1-21 attachment.  These values are based on the 
forecasts for 2023. 
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61. The following flaws in the 2016 RA Studies, and associated Solar Capacity 

Value study, inflate both the winter resource adequacy risk and planning reserve margins, 

and consequently understate the capacity value of solar resources: 

a. The regressions used to estimate the impact of extreme cold on load levels 

substantially overstate the impact; more accurate regressions more 

focused on colder temperatures suggest a much more moderate impact of 

extreme cold on load.  

b. The assumption that roughly half as much demand response is available in 

winter as in summer. 

c. The assumption that large amounts of capacity would be held aside for 

operating reserve and load following, and firm load curtailed, during the 

rare and very brief load spikes that occur on very cold winter mornings. 

62. The flawed economic load forecast uncertainty assumption further inflates 

the recommended reserve margin: 

a. The application of multiple years of economic load forecast uncertainty is 

inappropriate in a model that does not represent the contingent actions 

that could be taken if load grows more rapidly than expected.   

b. Even accepting the application of multiple years of economic load forecast 

uncertainty, the probability distribution used, based on CBO data, 

misrepresents that data, and assigns substantial weight to outcomes that 

have never occurred in the underlying data. 

63. The Companies’ approach to estimating seasonal, monthly, and hourly 

resource adequacy risk, seasonal capacity values of solar resources, and recommended 

reserve margins, reflected in the 2016 RA Studies and similar Capacity Value Study, will 

be highly sensitive to various assumptions that can change dramatically in just a few 

years’ time, such as load shapes during summer and winter peak periods, demand 

response, and penetration of seasonal resources such as wind and solar.  This suggests 

that a fixed rate design, such as reflected in Schedule PP, should not be overly focused on 

specific months of the year or hours of the day, because the Companies’ estimates of the 
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seasons and hours with resource adequacy risk can change over time as load shapes and 

the resource mix change.  Additionally, the price signals inherent in the rate design can 

shifts capacity needs to adjacent hours or months.  While it is important to strive for 

accurate price signals, it is also important to strive for price signals that are reasonably 

stable over time, and likely to remain reasonably accurate as conditions change.  Because 

the Companies’ proposed Schedule PP rate designs are based on the same flawed analysis 

that is highly sensitive to assumptions, I also recommend rejecting the proposed monthly 

and hourly rate structures. 

64. I do not recommend specific seasonal weightings, monthly and hourly rate 

structures, or reserve margins, as this would require use of the Companies’ modeling tools 

to perform further analysis with the flaws identified above corrected.  

65. Finally, this evaluation leads to the following suggestions for future IRPs 

and supporting resource adequacy studies: 

a. The Companies should study the relationship between extreme cold 

conditions and load, taking into account other relevant factors such as 

likely facility closures and the impact of wind speeds, to inform future 

resource adequacy studies.   

b. The Companies should further research the drivers of sharp winter load 

spikes under extreme cold conditions, and develop programs for shaving 

these rare and brief spikes. 

c. The Companies should research the potential for load forecast errors due 

to economic and demographic forecast errors, and the realistic extent to 

which this could ultimately lead to less capacity than planned in a delivery 

year, also to inform future resource adequacy studies.  Resource adequacy 

studies must be internally consistent in their assumptions in this regard – 

if the potential for adjustments to the resource mix in a one- or two-year 

ahead time frame are not modeled, only one year of economic load 

forecast uncertainty should be modeled. 
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d. The Companies should provide much more scenario analysis and 

sensitivity analysis of its studies for determining reserve margins and 

seasonal, monthly, and hourly capacity values.  The sensitivity of the 

recommendations to key assumptions should be explored and 

documented.  For example, as shown above, the 2016 RA Studies results 

are very sensitive to the choice of 20 or 30 historical weather years, to the 

details of how extreme cold is assumed to affect load, and to demand 

response assumptions; such sensitivities should be explored and 

documented with any such study.  The sensitivity of the recommendations 

to various assumptions that can change over time, including assumptions 

that could change due to price signals or utility programs, should also be 

provided.   

e. More detailed information about future resource adequacy and related 

studies should be required.  To start, all model reports, and a more 

comprehensive set of sensitivity analyses, should be provided.     
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APPENDIX A:  LACK OF INFORMATION LIMITING THIS REVIEW 

1. Resource adequacy studies necessarily involve numerous assumptions 

about loads and resources.  To fully evaluate such a study requires a careful review of the 

various assumptions and how they interact through the simulation to create the study 

results.  Of critical importance is the probabilistic representation of loads and resources.  

Because the approach involves finding the reserve margin to satisfy LOLE = 0.1 (one 

outage event in ten years), the loss of load will occur only under extremely low-probability 

combinations of load and resource conditions.  Therefore, to validate such a simulation 

(to gain confidence that the various assumptions are realistic, individually and in 

combination, and combine to produce realistic results) requires careful review of, among 

other things, the combinations of multiple rare events that lead to the loss of load.  More 

specifically, it is necessary to examine when the loss of load occurs (what seasons, 

weather conditions, hour of the day), the load levels when load loss occurs (combining 

economic and weather uncertainty assumptions), the availability of all generation 

resources when load loss occurs, the reasons for lack of availability (including purchases, 

demand response, and energy-limited resources such as pumped hydro). 

2. A thorough review should also consider the results of additional sensitivity 

analyses around various assumptions, to understand the impact of the assumptions on 

the results and recommendations.  Sensitivity analysis will often reveal that the results 

are unexpectedly sensitive to certain assumptions.  This may suggest flaws in the model 

logic, and/or a need to more carefully consider the particular values chosen for the 

assumptions.    

3. While more details were provided in this proceeding than were available 

for the Wilson 2017 RM Report, much requested information was refused, including the 

following: 
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a. The standard SERVM model reports (“Default Reports”, “Debug Reports”, 

“Input Validation Information”) for the 17% and 16% winter reserve 

margin cases.36 

b. Additional details about the scenarios under which load loss occurs.37 

c. The load loss details under the base case that supports the recommended 

17% winter reserve margin.38 

d. The load loss details under the alternative case with a 16% winter reserve 

margin.39 

e. The load loss details under the four solar penetration cases evaluated in 

the Solar Capacity Value Study.40 

f. Hydro and pumped hydro production by hour in the simulations.41 

g. Additional sensitivity analyses requested pertaining to economic load 

forecast uncertainty, demand response, and neighbor assistance.42 

4. Some of these requests were refused, stating that the report was not 

generated when the model runs were performed, or the information was not saved.  

However, it is not burdensome to turn on additional reports and re-run a model.  The 

refusal to provide the information reflects an unwillingness to allow the full details of the 

simulations to come under scrutiny.  This lack of information hampered the evaluation of 

the 2016 RA Studies discussed in this report.   

 
 
  

                                                 
36 Response to Data Request SACE/NRDC/Sierra Club 4-7. 
37 Response to Data Request SACE/NRDC/Sierra Club 4-2. 
38 Response to Data Request SACE/NRDC/Sierra Club 4-4a. 
39 Response to Data Request SACE/NRDC/Sierra Club 4-4b. 
40 Response to Data Request SACE/NRDC/Sierra Club 4-4c. 
41 Response to Data Requests NCSEA 3-49, 3-50, 3-51. 
42 Response to Data Request SACE/NRDC/Sierra Club 4-13. 
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APPENDIX B: QUALIFICATIONS OF JAMES F. WILSON 

James F. Wilson is an economist and independent consultant doing business as 

Wilson Energy Economics, with a business address of 4800 Hampden Lane Suite 200, 

Bethesda, Maryland 20814.  Mr. Wilson has 35 years of consulting experience, primarily 

in the electric power and natural gas industries.  Many of his consulting assignments have 

pertained to the economic and policy issues arising from the interplay of competition and 

regulation in these industries, including restructuring policies, market design, market 

analysis and market power.  Other recent engagements have involved resource adequacy 

and capacity markets, contract litigation and damages, forecasting and market 

evaluation, pipeline rate cases and evaluating allegations of market manipulation.  His 

experience and qualifications are further detailed in his CV, available at 

www.wilsonenec.com. 
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1. INTRODUCTION 

The Integrated Resource Plans (IRP) filed in North Carolina by Duke Energy Carolinas (DEC) and Duke 
Energy Progress (DEP) in September 2018 reflect business as usual for the two utilities. The plans, which 
run through 2033 and include the Duke service territory in both North and South Carolina, rely heavily 
on new natural gas capacity. Together, they add more than 9,000 megawatts (MW) of new combined 
cycle and combustion turbine capacity over the 15-year analysis period from 2019 to 2033 to both meet 
anticipated increases in electricity demand and to replace certain retiring coal units. Renewable 
additions are comprised of solar photovoltaic (PV) and battery storage resources but are added in 
minimum amounts sufficient to comply with North Carolina House Bill 589. 

Synapse performed a rigorous, scenario-based analysis to evaluate an alternative clean energy future 
compared to the more traditional portfolio of fossil-fueled resource additions included in Duke Energy 
Carolinas and Duke Energy Progress’s (collectively Duke Energy) IRPs. The clean energy future analysis 
included resources such as solar, wind, energy efficiency, and battery storage. These resources were 
offered to the EnCompass electric sector model to provide both energy and capacity, and to meet future 
reliability requirements as coal resources in the Carolinas approach retirement. This report compares 
one such optimized Clean Energy scenario to a Duke IRP scenario. Synapse analyzed the benefits of this 
modeled clean energy future on the electric power system, emissions, public health, job creation, and 
electricity customer rates and bills. 

Renewable resource options, in addition to those modeled by Duke Energy, are comparably cost-
effective to new natural gas for North Carolina ratepayers and offer other benefits to the state. 

In the Clean Energy scenario, the EnCompass model is allowed to select the most cost-effective future 
resource build. In contrast to the Duke IRP scenario, the model chooses to build out solar and storage 
resources to meet future capacity and energy needs with zero incremental natural gas-fired unit 
additions. Coal generation declines between the Duke IRP and Clean Energy scenarios, lowering the 
electric system production cost and reducing emissions of carbon dioxide (CO2) while maintaining 
system reliability. Emissions reductions of additional air pollutants result in health benefits to North and 
South Carolina, avoiding hospital and emergency visits and lost work days. Total revenue requirements 
of the Clean Energy scenario are lower than in the Duke IRP scenario, and North Carolina consumers see 
lower electricity rates as a result. Under the Clean Energy scenario, North Carolina consumers also use 
less energy due to the increased energy savings associated with the High Energy Efficiency scenario from 
the Duke Energy IRPs. When coupled with the decrease in rates, residential consumers in the state see 
their average annual electricity expenditures decline by approximately 2.5 to 5.5 percent. 
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2. SCENARIO ANALYSIS 

Synapse used the EnCompass capacity expansion and production cost model, licensed by Anchor Power 
Solutions, to examine two different future energy scenarios in the Duke Energy service territories from 
2018 to 2033: 

Duke IRP: The Duke IRP scenario reflects the anticipated energy resource future as outlined in the most 
recent Duke Energy IRPs. Specifically, the Duke IRP scenario assumes: 

o The slate of planned resource additions already contracted or under construction, and 
the “optimized” natural gas combined cycle and combustion turbine plants selected 
during the IRP process. Duke Energy Carolinas and Duke Energy Progress were modeled 
as operating in a single Duke Energy service territory, but this does not assume the 
“capacity sharing” modeled by Duke in its IRPs as part of its Joint Planning scenario. 
Rather, the resource additions assumed by each utility in its individual IRPs are included 
and modeled as part of this scenario. 

o Cost and operational data as outlined in Duke’s discovery responses to North Carolina 
Utilities Commission Staff and other intervenors. In the absence of available data, 
Synapse relied on the Horizons Energy National Database (the primary data source for 
the EnCompass model) or other industry-recognized sources. 

o Retirement dates for certain existing coal generators that are consistent with the utility 
IRPs. 

o Must-run designations for coal units in the service territory, which force coal units to 
run regardless of price and reflect historical regional generation patterns. 

Clean Energy: The Clean Energy scenario reflects an optimized view of the Duke Energy service 
territory with relaxed assumptions around operation and up-to-date renewable costs: 

o The utility reserve margin is set at 15 percent (versus 17 percent in the Duke IRP 
scenario). This lower reserve margin was selected to be consistent with North American 
Electric Reliability Corporation (NERC) standards. It also reflects the assumption that as 
older units with higher forced outage rates retire and are replaced with new capacity, 
the reliability of the system is improved. 

o Must-run designations for coal units are removed.  

o Projected load includes the increased electric demand associated with the recent 
electric vehicle goal established in North Carolina Governor Roy Cooper’s Executive 
Order Number 80. 

o Energy efficiency is provided as a supply-side resource based on the High Energy 
Efficiency scenario in Duke Energy’s IRPs.  
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o Renewable costs are based on the 2018 NREL Annual Technology Baseline1 or Lazard’s 
Levelized Cost of Storage Analysis.2 

o The Clean Energy scenario incorporates all planned resource additions outlined in the 
Duke IRPs that are currently under construction or necessary to comply with North 
Carolina’s renewable procurement regulations but excludes the “optimized” natural gas 
combined cycle and combustion turbine units that were selected by the System 
Optimizer model to meet reserve margin constraints in and after 2025. 

o The model can choose to build generic utility-scale solar, storage, wind, and paired 
solar-plus-storage resources in any amount (e.g. no restrictions were placed on either 
total or incremental renewable capacity), in addition to traditional natural gas-fired 
generating resources. 

More information on the modeling structure, including detail on topology, load, fuel prices, and other 
assumptions, can be found in Technical Appendix A. 

                                                           
1 National Renewable Energy Laboratory (NREL). 2018. 2018 Annual Technology Baseline. Golden, CO: National Renewable 

Energy Laboratory. Available at: https://atb.nrel.gov/.  
2 Lazard. 2018. Lazard’s Levelized Cost of Storage Analysis: Version 4.0. Available at: 

https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/. 

https://atb.nrel.gov/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
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3. RESULTS 

3.1. Electric Sector Modeling 

New generating capacity is constructed during the analysis period to meet the respective reserve 
margins in both the Duke IRP and Clean Energy scenarios; however, the type of capacity constructed 
differs between scenarios. The Duke IRP scenario relies heavily on generic natural gas-fired combined 
cycle and combustion turbine units, with renewable resources (solar PV and battery storage) added only 
in amounts sufficient for Duke Energy to comply with North Carolina House Bill 589. The Clean Energy 
scenario, on the other hand, relies on a slate of clean energy resources to meet its reserve margin 
requirement that includes energy efficiency, utility-scale storage and solar, and paired solar-plus-storage 
resources. EnCompass model results are presented here for the entirety of Duke Energy’s service 
territory in both North and South Carolina. 

Figure 1, below, shows the generating capacity in the Duke IRP and Clean Energy scenarios in 2033, as 
compared to Duke’s actual capacity mix in 2019. As shown in Figure 1, approximately 55 percent (22 
GW) of Duke’s installed capacity in 2019 is fossil fuel-powered thermal (coal- or natural gas-fired), 27 
percent (10.7 GW) of capacity is nuclear, and the remaining 18 percent (7 GW) comes from 
hydroelectric, renewable, and distributed energy resources. By 2033, the proportion of fossil-fired 
resources in the Duke IRP scenario is unchanged at 56 percent (27 GW), while clean energy resources 
have increased modestly to 23 percent (11 GW).  

Figure 1. Duke Energy modeled nameplate capacity by scenario, 2019 and 2033 

 

In contrast, gas and coal resources in the Clean Energy scenario drop to 32 percent (18 GW) of the 
capacity mix by 2033, and renewable energy resources comprise 49 percent (27 GW) of the utility mix. 
Nuclear capacity remains constant in both scenarios throughout the period. Notably, the EnCompass 
model makes the choice to retire the Allen coal plant at the end of 2019, accelerating the retirement 
from Duke Energy’s anticipated dates of 2024 (for Units 1–3) and 2028 (for Units 4–5). While the coal 
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capacity is the same at the end of the analysis period for both the Duke IRP and the Clean Energy 
scenarios, the latter retires a portion of this coal capacity earlier in the analysis period and thus has a 
lower volume of coal capacity during that time. 

As shown in Figure 2 below, the fuel mix in Duke’s service territory changes very little over time in the 
IRP scenario. Coal generation drops from 21 percent in 20193 to 17 percent in 2033, while natural gas 
generation increases over the study period from 19 percent to 25 percent. Renewable generation 
increases only slightly over the study period, from 4 percent in 2019 to 7 percent in 2033. Note that 
these percentages do not match those shown in Duke Energy’s IRPs in Figure 12-F on pages 69 (Duke 
Energy Carolinas) and 71 (Duke Energy Progress). This is due to the different assumptions used by Duke 
Energy and Synapse around operational parameters of individual units and the regional market price of 
energy.  

Figure 2. Modeled generation in the Duke IRP scenario, 2019 and 2033 

   

In the Clean Energy Scenario, shown in Figure 3, renewable generation makes up 21 percent of the fuel 
mix in 2033 as compared to 7 percent in the Duke IRP scenario. Natural gas generation falls to 9 percent 
of total generation in 2033, as compared to 25 percent in the Duke IRP scenario in that same year. 
Imports make up a greater percentage of the generation in the Clean Energy scenario as the model takes 
advantage of lower out-of-system energy costs. Notably, coal generation is markedly lower in the Clean 
Energy scenario than in the Duke IRP scenario in 2019, and this immediate decrease can be attributed to 
the removal of the “must-run designations,” which are present in the Duke IRP scenario and force units 
to run without consideration of their variable costs.4 Duke’s coal-fired power plants are some of the 

                                                           
3 Note that approximately one-third of the coal generation shown in 2019 is exported to neighboring utility service territories 

rather than being used to meet Duke Energy’s own load requirements. 
4 Must-run designations are set by Horizons Energy, the developers of the National Database used by the EnCompass model. 

They are based on Horizons’ observations from EPA’s Continuous Emissions Monitoring (CEMS) data as well as data from 
Energy Information Administration (EIA) Form 923. In setting the must-run designations, Horizons assumes that coal 
generators will retire a coal asset rather than running it under high stress (e.g. daily shut-down) situations for any period of 
time. 
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more expensive resources to operate in both scenarios. With the must-run designations applied, the 
Duke IRP scenario alternates between importing and exporting energy as it seeks to find a use for the 
costly must-run coal generation that has been forced into the electric grid. In contrast, coal generation 
falls at the beginning of the analysis period in the Clean Energy scenario when the must-run designations 
are removed. 

Figure 3. Modeled generation in the Clean Energy scenario, 2019 and 2033 

 

 

Figure 4 shows the total production cost associated with each scenario over the course of the analysis 
period. The Clean Energy scenario is considerably less expensive from an operational perspective than 
the Duke IRP scenario for two primary reasons. First, we note an immediate cost decline in the first year 
of the analysis period due to the removal of the must-run designations, as described above. Production 
costs immediately drop by 28 percent when uneconomic coal capacity is no longer forced to generate. In 
the absence of this coal-fired energy, EnCompass substitutes no- and low- variable cost energy from 
other sources. 
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Figure 4. Duke Energy total production cost by year by scenario 

 

From a reliability perspective, Duke Energy meets its hourly demand requirements in all modeled days 
and hours during the analysis period. The Clean Energy Scenario maintains the required 15 percent 
reserve margin and EnCompass projects no loss-of-load hours and sees zero hours with unserved 
energy, even with the increased electric demand associated with the addition of new electric vehicles 
under Executive Order Number 80. 

Figure 5 and Figure 6, below, show energy generation on January 3, 2028—a representative winter peak 
day—for the Duke IRP and Clean Energy scenarios. Both scenarios rely on nuclear generation and some 
level of energy imports to meet demand in peak hours and then export energy during the midday 
trough. The Duke Energy scenario dispatches must-run coal units throughout the day, and uses a mix of 
natural gas-fired, hydroelectric, and some solar generation to meet the hourly peaks. The modest 
amounts of battery storage capacity are charged in the early morning and midday hours. Conversely, the 
Clean Energy Scenario uses very little coal, less natural gas-fired generation, and relies on a greater mix 
of resources. Battery capacity is charged via solar generation during both an extended morning period 
and the midday trough, which allows batteries to discharge during evening hours to help meet the 
evening peak. Duke Energy’s hourly load requirements are shown by the solid line. The area between 
the dashed line and the solid line in the two Figures represents the time in which battery resources are 
being charged, whether by solar resources within Duke’s service territory or via imported energy. The 
area between the solid line and the dotted line represents energy exports. 
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Figure 5. Sample winter peak generation by fuel type, January 3, 2028, Duke IRP scenario 

 

Figure 6. Sample winter peak generation by fuel type, January 3, 2028, Clean Energy scenario 

 

Finally, as expected based on the substantial difference in carbon-free capacity and generation between 
the two scenarios, the CO2 emissions in the Clean Energy scenario are well below those in the Duke IRP 
scenario. The removal of the must-run coal designations immediately leads to a reduction in CO2 
emissions of almost 17 million tons in 2019. Though both scenarios see overall emissions decline, the 
gap between the two widens by the end of the period, when the Duke IRP scenario continues to emit 
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almost 50 million tons of CO2 while the Clean Energy scenario emits just under 30 million tons. Figure 7 
depicts this widening gap, with both scenarios accounting for emissions associated with energy imports. 
Again, these volumes will differ from those reported by Duke Energy in Figure A-3 of each of its IRPs 
given the operational differences between generators that exist between the Company’s modeled 
scenario and the Synapse Duke IRP scenario. 

Figure 7. Duke Energy CO2 emissions by year by scenario 

 

Synapse also examined an Accelerated Coal Retirement scenario in order to examine the ways in which 
advancing certain coal unit retirements changes system emissions and costs. This scenario accelerates 
Duke’s retirement of the Roxboro Units 3 and 4 to December 2030 and the retirement of Marshall Units 
1 and 2 to December 2032. As shown in Figure 8, the EnCompass model chooses to make up for the 
retired coal capacity through capacity purchases from surrounding states. 

Figure 8. Duke Energy modeled nameplate capacity with Accelerated Coal Retirement, 2019 and 2033 
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Production costs are extremely similar between the Clean Energy and Accelerated Coal Retirement 
scenarios, as shown in Figure 9. Costs drop slightly in the Accelerated Coal Retirement scenario in 2030 
as the Roxboro 3 and 4 and Marshall 1 and 2 retirements move forward in time compared to the other 
scenarios. Energy imports increase slightly in the Accelerated Coal Retirement scenario as a replacement 
for the generation from these retiring units. 

Figure 9. Duke Energy production cost by year by scenario 

 

We see a comparable decrease in emissions after 2030 in the Accelerated Coal Retirement scenario, as 
shown in Figure 10. 

Figure 10. Duke Energy CO2 emissions by year by scenario 
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and Accelerated Coal Retirement scenarios were so similar, we limited our analysis to the differences 
between the Duke IRP and Clean Energy scenarios only. 

3.2. Health Impacts 

Synapse used the CO-Benefits Risk Assessment (COBRA) tool to assess the avoided health impacts in 
both North Carolina and South Carolina due solely to the change in emissions associated with our 
modeled Clean Energy scenario. Developed for the U.S. Environmental Protection Agency (EPA) State 
and Local Energy and Environment Program, COBRA utilizes a reduced form air quality model to 
measure the impacts of emission change on air quality and translates them into health and monetary 
effects. For this analysis, Synapse used modeled emissions (SO2, NOX, & PM2.5) from the Duke IRP 
scenario as a baseline and compared them to modeled emissions from the Clean Energy scenario. The 
health and monetary benefits described below are those avoided by the Clean Energy scenario.  

COBRA can estimate a number of detailed health impacts, including adult mortality, infant mortality, 
non-fatal heart attacks, respiratory hospital admissions, cardiovascular-related hospital admissions, 
acute bronchitis, upper respiratory symptoms, lower respiratory symptoms, asthma exacerbations, 
asthma emergency room visits, minor restricted activity days, and work loss days due to illness. A subset 
of those specific health impacts is shown in Table 1, with the numbers in the table representing the 
number of hospital visits and work loss days that could be avoided under the Clean Energy scenario. 

Table 1. Avoided health impacts of the Clean Energy scenario 

 
 
In 2020 the difference in Duke Energy’s electric system dispatch in the Clean Energy scenario avoids 
approximately six respiratory-related hospital admits, seven cardiovascular-related hospital admits, and 
11 asthma-related emergency room visits in North and South Carolina compared to the Duke IRP 
scenario. Notably, COBRA projects similar avoided health effects at the end of the modeling period 
(2033) compared to 2020. This is largely due to the removal of coal must-run designations in the Clean 
Energy scenario, which leads to an immediate decrease in emissions of air pollutants as coal generation 
drops. The Duke IRP scenario keeps uneconomic coal units online and, when not forced to generate, the 
Clean Energy scenario utilizes low-pollutant nuclear and renewable resources to generate in the place of 
coal. Thus, there is a sizeable difference in emissions between the two scenarios from the beginning of 
the period. The Duke IRP scenario slowly ramps down its reliance on coal-fired generation over the 
course of the analysis period, causing the gap in emissions avoided health impacts to narrow over time. 

Year

Hospital 

Admits, 

Respiratory

Hospital 

Admits, 

Respiratory 

Direct

Hospital 

Admits, 

Asthma

Hospital 

Admits, Lung 

Disease

Hospital 

Admits, 

Cardio

Emergency 

Room Visits, 

Asthma

Work Loss 

Days

2020 6.0 4.3 0.5 1.2 7.1 10.8 2,398

2025 5.9 4.3 0.5 1.2 7.0 10.7 2,372

2030 4.9 3.5 0.4 1.0 5.8 8.9 1,966

2033 4.8 3.4 0.4 0.9 5.6 8.6 1,911



 

Synapse Energy Economics, Inc.  North Carolina’s Clean Energy Future 12  

In addition to physical health effects and the costs of associated medical treatment, illnesses related to 
air pollution impose other costs on society, which include lost productivity and wages if a person misses 
work or school and restrictions on outdoor activity when air quality is poor. Table 2 shows low and high 
estimates of the monetized value of these total health benefits. These numbers place an economic value 
on all of the avoided health impacts modeled in COBRA, plus the value of minor restricted activity days 
and work loss days. 

Table 2. Monetary benefits of all avoided health impacts under the Clean Energy scenario 

 
 
The avoided health impacts and monetary benefits associated with the emissions reductions in the 
Clean Energy scenario vary by county, with the largest impacts seen in the most populous counties in 
North and South Carolina. Figure 11 shows the distribution of the monetized total health benefits across 
North and South Carolina in 2028. As one might intuit, greater benefits are realized in those counties 
with larger populations, where a larger number of people are affected by the local air quality. 

Figure 11. Total health-related monetary benefits ($ high estimate) of the Clean Energy scenario by county, 2028 

 

Year
Total Health 

Benefits, Low

Total Health 

Benefits, High

2020 $196,778,415 $444,771,642

2025 $194,592,175 $439,830,666

2030 $161,291,821 $364,570,301

2033 $156,736,570 $354,274,856
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3.3. Rate and Bill Impacts 

Revenue requirements are lower under the Clean Energy scenario than in the IRP scenario, due primarily 
to the lower production cost associated with the operation of Duke’s power plants. Capital expenditures 
in the IRP scenario are lower than in the Clean Energy scenario, as they represent only the cost of 
renewable procurement up to the levels specified by NC House Bill 589, along with North Carolina’s 
portion of new, “optimized” combined-cycle and combustion turbine units added by Duke Energy post-
2025. The Clean Energy scenario contains additional revenue requirements associated with capital 
spending on renewable resources over-and-above HB 589 levels and administration costs associated 
with incremental energy efficiency, but the fuel and operations and maintenance (O&M) savings from 
the operation of low- and no-variable cost resources lowers the total revenue requirement. These 
numbers do not include spending on transmission and distribution. Those revenue requirements are 
shown in Figure 12. 

Figure 12. Revenue requirement of the Duke IRP and Clean Energy scenarios, North Carolina 

 

Note that Duke Energy’s capital cost assumptions were used for the resources in the IRP scenario. 
Synapse used capital costs for standalone solar and battery storage, wind, and paired solar and battery 
from NREL and Lazard. Duke’s capital cost estimate for solar capacity from 2019 to 2033 is lower than 
the Synapse assumption, and the solar cost component of the capital spending revenue requirement is a 
conservative one. 

Ratepayers in North Carolina save money under the Clean Energy scenario. Synapse calculated the 
estimated change in the rate components associated with capital spending and production costs. These 
values were taken from EnCompass and were allocated to North Carolina based on the percentage of 
Duke energy sales occurring in the state in 2017 according to EIA data. In the Clean Energy scenario, the 
increased spending on energy efficiency programs was added to this value. Total costs were then 
divided by Duke’s energy sales to all customer classes to arrive at an average retail rate impact in each 
scenario that is associated with capital cost, production cost, and incremental energy efficiency 
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spending.5 We found that for any given year during the analysis period, ratepayers can expect to save 
anywhere from a minimum of .24 cents/kWh to a maximum of .48 cents/kWh, as shown in Figure 13, 
which translates to a savings of 4 to 9 percent over the study period. 

Figure 13. Estimated average retail rate impact of the Duke IRP and Clean Energy scenarios 

 
 

In order to estimate the total change in residential customers’ electricity bills under the Clean Energy 
scenario, the average retail rate was multiplied by an assumed energy consumption by residential 
customers of 1,000 kWh per month, or 12,000 kWh per year. This was assumed to represent the 
component of residential rates associated with capital, fuel, variable O&M, and incremental energy 
efficiency spending (in the Clean Energy scenario). Costs associated with Transmission, Distribution, and 
Customer Charges were taken from slides 22 and 23 of the presentation entitled North Carolina’s Public 
Utility Infrastructure & Regulatory Climate presented by the North Carolina Utilities Commission in 
October 2018.6 A single weighted average of the sum of these costs for DEC and DEP was calculated 
based on the number of residential customers in each state, and was added to the capital/production 
cost component. 

The lower production costs (fuel and variable O&M) in the Clean Energy scenario lead to immediate 
savings in customer electricity rates compared to the Duke IRP scenario. Under the Clean Energy 
scenario, North Carolina consumers also use less electricity under the Enhanced Energy Efficiency 
program. Lower electricity use,7 coupled with the decrease in rates, causes residential consumers in the 

                                                           
5 For more information on the rate and bill impact calculation methodology, see Appendix A. 
6 This presentation is available at: https://www.ncuc.net/documents/overview.pdf 
7 Annual electricity use was calculated by dividing Duke Energy’s forecasted energy sales by the forecasted customer count.  
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state see their average annual electricity costs decline by $27–$58 per year, or approximately 2.5 to 5.5 
percent, depending on the year. This savings is shown in Figure 14. 

Figure 14. Estimated residential bill impact of the Duke IRP and Clean Energy scenarios 

   

3.4. Economic Impacts 

Synapse used the IMPLAN model to evaluate the impacts of the Clean Energy scenario on employment, 
income, and Gross Domestic Product (GDP) in North Carolina. IMPLAN is an industry-standard model 
that can be used to evaluate the impacts of changes in direct spending patterns on a state’s economy. 
For this analysis, North Carolina-specific spending impacts were determined by allocating Duke costs 
and spending based on North Carolina’s proportion of system-wide energy sales. IMPLAN’s framework 
enables us to assess not only impacts in directly affected industries, but also impacts on industries that 
serve as suppliers to directly impacted industries or that serve employees of directly and indirectly 
impacted industries. Synapse evaluated macroeconomic impacts resulting from changes in direct 
spending on the construction of each generation resource type, the operation of generation resources, 
and the installation of energy efficiency measures. We also assessed impacts associated with changes in 
disposable income among households and businesses facing lower (or higher) energy costs under the 
Clean Energy scenario. 

Figure 15 displays the average annual North Carolina employment impacts of the Clean Energy scenario 
relative to the Duke IRP scenario in each of three five-year periods covering the IRP study timeframe. 
We find modest positive net positive employment impacts in each period, as positive impacts associated 
with re-spending of energy savings and increased spending on energy efficiency and renewable energy 
resources outweigh negative impacts associated with decreased spending on coal and natural gas power 
plants. Over the full IRP study period, our results indicate an average annual increase in North Carolina 
employment of approximately 3,000 full-time jobs.  

$0

$200

$400

$600

$800

$1,000

$1,200

An
nu

al
 a

ve
ra

ge
 re

si
de

nt
ia

l s
pe

nd
in

g 
(2

01
8$

)

IRP Clean Energy



 

Synapse Energy Economics, Inc.  North Carolina’s Clean Energy Future 16  

Figure 15. Average annual employment impacts of Clean Energy scenario relative to Duke IRP scenario 

 

Figure 16 presents a similar picture regarding impacts on income of North Carolina residents. Our results 
indicate that the net increases in employment drive modest net increases in total income. Over the 
period from 2019 through 2023 we estimate net increases in average annual income of approximately 
$110 million. 

Figure 16. Average annual income impacts of Clean Energy scenario relative to Duke IRP scenario 
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Figure 17 displays results for North Carolina state GDP. In this case, we find small net negative impacts, 
as GDP decreases associated with reduced spending on construction and operation of fossil fuel 
resources outweigh increases driven by greater spending on renewables, efficiency, and the wider 
economy. Over the period from 2019 through 2033 we find an average annual net GDP decrease of 
approximately $10 million. The discrepancy between this finding and our employment results reflects 
the fact that renewable resource and retail industries tend to be more labor-intensive than fossil fuel 
industries.  

Figure 17. Average annual GDP impacts of Clean Energy scenario relative to Duke IRP 

 

We note that all of these macroeconomic impacts are quite small in the context of North Carolina’s 
economy. For example, our finding of an average annual employment increase of 3,000 amounts to less 
than 0.1 percent of the total number of jobs in North Carolina.8 Similarly, an annual GDP impact of $10 
million amounts to less than 0.01 percent of North Carolina’s GDP.9 

To summarize, Synapse performed a rigorous, scenario-based analysis to evaluate an alternative clean 
energy future compared to the more traditional portfolio of fossil-fueled resource additions included in 
Duke Energy’s IRPs. In contrast to Duke’s preferred resource portfolio, we found that the EnCompass 
model chooses to build out solar and storage resources to meet future capacity and energy needs with 
zero incremental natural gas-fired unit additions when allowed to select the most cost-effective future 
resource build. Coal generation declines between the Duke IRP and Clean Energy scenarios, lowering the 

                                                           
8 Total employment in North Carolina is currently approximately 4.5 million. See https://www.bls.gov/news.release/

laus.nr0.htm. 
9 2017 North Carolina GDP was approximately $540 billion. See https://fred.stlouisfed.org/series/NCNGSP.  

https://www.bls.gov/news.release/laus.nr0.htm
https://www.bls.gov/news.release/laus.nr0.htm
https://fred.stlouisfed.org/series/NCNGSP
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electric system production cost and reducing CO2 emissions while maintaining system reliability. Our 
modeling shows that renewable resources are comparably cost-effective to new natural gas for North 
Carolina ratepayers and offer other benefits to consumers in the state, including a decrease in the 
number of hospital visits related to poor air quality, electricity rate and bill savings for consumers, and 
increased employment. 
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Appendix A. TECHNICAL APPENDIX 

Synapse used EnCompass to model resource choice impacts in Duke’s service territory in North and 
South Carolina. Developed by Anchor Power Solutions, EnCompass is a single, fully integrated power 
system platform that provides an enterprise solution for utility-scale generation planning and operations 
analysis. EnCompass is an optimization model that covers all facets of power system planning, including: 

x Short-term scheduling, including detailed unit commitment and economic dispatch, with 
modeling of load shaping and shifting capabilities; 

x Mid-term energy budgeting analysis, including maintenance scheduling and risk analysis; 

x Long-term integrated resource planning, including capital project optimization, 
economic generating unit retirements, and environmental compliance; and 

x Market price forecasting for energy, ancillary services, capacity, and environmental 
programs. 

Synapse used the EnCompass National Database created by Horizons Energy to model the Duke service 
territory. Horizons Energy has benchmarked dispatch and prices resulting from its comprehensive 
dataset to actual, historical data across all modeling zones. More information on EnCompass and the 
Horizons dataset is available at www.anchor-power.com.  

Topology and Transmission 

Synapse modeled two detailed areas with full unit-level operational granularity, the Duke Energy utility 
service territory, and the remaining SERC region comprised of North Carolina and South Carolina. 
Additionally, we modeled external contract regions representing the SERC and PJM balancing areas. We 
relied on transmission assumptions from the EnCompass National Database, displayed in Figure 18 
below. Energy transfers between SERC NC-SC and the Rest-of-SERC and PJM regions are subject to a 
default 3.44 $/MWh tariff. Capacity transfers are unlimited within SERC regions. Energy from the PJM 
and Rest-of-SERC regions are priced at recent historical energy prices and escalated throughout the 
period. 

http://www.anchor-power.com/
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Figure 18. Duke IRP modeling topology and energy transfer capabilities 

 

Peak Load and Annual Energy 

For the Duke Energy territory, Synapse relied on annual energy and peak load as defined in the 2018 
Duke Energy Carolinas and Duke Energy Progress IRPs. Synapse used annual energy and peak projections 
from the NERC Long-term Reliability Assessment for the SERC-NC-SC region. We utilized hourly load 
shapes supplied by Horizons Energy in the EnCompass National Database for all modeled regions. 
Synapse also performed analysis in the proprietary Electric Vehicle Regional Emissions and Demand 
Impacts Tool (EV-REDI)10 to model the load required to meet the electric vehicle (EV) target set in North 
Carolina Executive Order No. 80 (80,000 EVs by 2025, and an annual 5 percent increase through the end 
of the period). The additional EV load is included in the Clean Energy scenario. 

Fuel Prices 

For natural gas prices, Synapse relied on NYMEX futures for monthly Henry Hub gas prices through 
December 2019. For all years after 2019, Synapse used the annual average prices projected for Henry 
Hub in the AEO 2018 Reference case. We then applied trends in average monthly prices observed in the 
NYMEX futures to this longer-term natural gas price to develop long-term monthly trends. Delivery price 
adders for Zone 5 are sourced from the EnCompass National Database. Coal prices, from the Central 
Appalachia supply basin, and for the Carolinas delivery point are also sourced from the EnCompass 
National Database. Gas and coal price forecasts are shown in Figure 19 and Figure 20 below. 

                                                           
10 More information on EV-REDI is available at: http://www.synapse-energy.com/tools/electric-vehicle-regional-emissions-and-

demand-impacts-tool-ev-redi 
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Figure 19. Natural gas price forecast – Henry Hub and Zone 5 Delivery Point 

 

Figure 20. Coal price forecast – Central Appalachia Basin and Carolinas Delivery Point 

 

Programs 

Synapse modeled two major environmental programs: the North Carolina Renewable Energy & Energy 
Efficiency Portfolio Standard (REPS) and the carbon price forecast outlined in the 2018 Duke Energy IRPs. 
The REPS requires that 10 percent of electricity sales be met by renewable resources—stepping up to 
12.5 percent in 2021—and up to 25 percent of the requirement can be met through energy efficiency 
technologies (40 percent after 2021). The carbon price outlined in the Duke IRPs begins at $5/ton 
(nominal) in 2025 and escalates at $3/ton annually. 

Duke IRP Planned Resources 

The Duke IRP scenario includes all planned additions, upgrades, and retirements described in the Duke 
IRPs, shown in Table 3 below, as well as generic combined cycle and combustion turbines added by the 
System Optimizer model in 2025 and beyond (“modeled additions”). 
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Table 3. Duke IRP capacity (MW) 

 

Clean Energy Scenario Projects 

For the Clean Energy scenario, Synapse allowed five generic project options in both North Carolina and 
South Carolina. They include onshore wind,11  utility-scale battery, utility-scale solar, and a paired utility-
scale battery and solar project. For these projects Synapse uses NREL’s Advanced Technology Baseline 
projections and Lazard’s Levelized Cost of Storage 2018 report to define cost and operational 
parameters. 

Other Assumptions 

Synapse made additional adjustments to our core modeling assumptions in consultation with the North 
Carolina Sustainable Energy Association. We list those assumptions below. 

x In the Clean Energy scenario, the Duke territory has a required reserve margin of 15 
percent, while the Duke IRP case uses the 17 percent reserve margin outlined in the 
Duke IRPs. 

x Battery resources have a firm capacity credit of 75 percent throughout the analysis 
period, consistent with the recent study entitled Energy Storage Options for North 
Carolina and prepared by North Carolina State University. 

x Coal must-run designations are applied in the Duke IRP scenario and are removed in the 
Clean Energy scenario. 

x Energy efficiency is modeled as a supply-side resource in the Clean Energy scenario 
based on the Enhanced Energy Efficiency case described in the Duke IRPs. It is priced at 
the levels outlined in the 2016 Duke Energy North Carolina DSM Market Potential Study. 

x Carbon dioxide emissions associated with energy imports in each of the scenarios are 
calculated using a declining annual average emissions rate for generation in PJM. 
According to the region’s emissions report 2013-2017 CO2, SO2 and NOx Emissions 

                                                           
11 Offshore wind was not offered to the EnCompass model in Duke Energy’s service territory. However, it was offered to the 

external NC-SC region and was not selected by the model. 

TYPE PLANNED ADDITIONS PLANNED RETIREMENTS MODELED ADDITIONS

Coal 4,553

CC 560 173 5,352

Hydro 260 1

Nuclear 56

CHP 81

CT 402 843 3,220

Solar 673

Storage 232
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Rates,12 emissions of CO2 have declined over the past five years. We applied this 
declining rate to the PJM System Average in 2017 to project future emissions rates. 
These rates were then multiplied by the volume of energy imports in each year, and 
calculated emissions were added to emissions from Duke’s units to determine total 
annual CO2 emissions from all sources.  

COBRA Modeling Assumptions 

The U.S. EPA’s COBRA model contains baseline emissions estimates for the pollutants PM2.5, SO2, NOx, 
NH3, and VOCs for the year 2017. Users can adjust these estimates up or down, and the model utilizes a 
reduced form air quality model to estimate the effects of these emission changes on ambient particulate 
matter. It then calculates avoided health and monetary benefits associated with the emissions changes 
consistent with U.S. EPA practice. For more information visit https://www.epa.gov/statelocalenergy/co-
benefits-risk-assessment-cobra-health-impacts-screening-and-mapping-tool. 

To estimate the health and economic impacts of NOX and SO2, Synapse utilized annual emissions outputs 
from the EnCompass model scenarios for the Duke service territory in North and South Carolina. 
Emission rates were based on the following specific assumptions: 

x EnCompass approximates NOX and SO2 emissions using unit-specific emission rates, as 
defined in the Horizons Energy National Database. 

x For this project, Synapse incorporated an average PM2.5 emissions rate for all coal fuels 
in EnCompass of 0.027 lb/mmBtu. This emissions rate is in line with emission rates 
compiled by Argonne National Laboratory for GREET Model Emission Factors for Coal- 
and Biomass-fired Boilers and by EPA for the Avoided Emissions and generation Tool 
(AVERT). 

Synapse assumed a 7 percent discount rate for all COBRA analyses. Additionally, the COBRA analysis 
relies on historical county-level emissions allocations and assumes no county-level shifting. 

Rate and Bill Impacts 

Synapse used spreadsheet analysis to estimate the impact of the Clean Energy scenario on estimated 
electric rates and bills in North Carolina. Customer electric rates in a given year are made up of a 
number of components, including, but not limited to: utility capital expenditures inclusive of 
accumulated depreciation and an approved rate of return; the cost to a utility of generating the 
electricity necessary to meet customer demand; utility spending on any energy efficiency programs; and 
the volume of sales to customers. 

                                                           
12 Available at: https://www.pjm.com/-/media/library/reports-notices/special-reports/20180315-2017-emissions-

report.ashx?la=en 

https://www.epa.gov/statelocalenergy/co-benefits-risk-assessment-cobra-health-impacts-screening-and-mapping-tool
https://www.epa.gov/statelocalenergy/co-benefits-risk-assessment-cobra-health-impacts-screening-and-mapping-tool
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We determined utility capital expenditures for the Duke IRP scenario using Duke Energy’s anticipated 
future resource portfolio and capital cost trajectories for the resource technologies added to its capacity 
mix. In their IRPs, DEC and DEP do not differentiate between new thermal capacity added in North 
Carolina versus South Carolina, and thus capital expenditures on new natural gas-fired resources were 
allocated to states based on the proportion of customer sales. Renewable additions were assumed to be 
necessary to comply with North Carolina HB 589 and capital expenditures were allocated to North 
Carolina ratepayers. In the Clean Energy scenario, the capital expenditures associated with the volume 
of renewable additions necessary for HB 589 was again allocated to North Carolina, with any capital 
expenditures from renewable additions above these volumes being allocated between North and South 
Carolina based on forecasted energy sales. 

Production costs (fuel and fixed and variable O&M) in the two modeled scenarios were allocated 
between DEC and DEP based on forecasted energy sales. The volume of energy sales expected to occur 
in North Carolina versus South Carolina was calculated using the historical ratio of 2017 sales found in 
the most recent EIA 861 data. The historical percentage of sales occurring in North and South Carolina in 
DEC and DEP service territories was applied to the anticipated energy sales contained in the utilities’ 
IRPs. 

Program administration costs for energy efficiency are from the 2016 Duke Energy North Carolina DSM 
Market Potential Study and the 2016 Duke Energy South Carolina DSM Market Potential Study, both 
done by Nexant Consulting. 

Estimated average retail rates were calculated by summing anticipated capital expenditures, production 
costs, and incremental utility energy efficiency costs, and dividing by total sales in North Carolina. 
Though actual rates differ between different customer classes, for the sake of this analysis we assumed 
one standard electricity rate across customer classes, referred to in the text as the “average retail rate.”  

In order to estimate the total change in residential customers’ electricity bills under the Clean Energy 
scenario, the average retail rate was multiplied by an assumed energy consumption by residential 
customers of 1,000 kWh per month, or 12,000 kWh per year. This was assumed to represent the 
component of residential rates associated with capital, fuel, variable O&M, and incremental energy 
efficiency spending (in the Clean Energy scenario). Costs associated with Transmission, Distribution, and 
Customer Charges were taken from slides 22 and 23 of the presentation entitled North Carolina’s Public 
Utility Infrastructure & Regulatory Climate presented by the North Carolina Utilities Commission in 
October 2018. A single weighted average of the sum of these costs for DEC and DEP was calculated 
based on the number of residential customers in each state, assumed to grow at real rate of 2 percent 
per year, and was added to the capital/production cost component. 

Modeling Economic Impacts 

The differences in capacity, generation, emissions, and system costs between the Clean Energy and 
Duke IRP scenarios drive differences in employment, income, and state Gross Domestic Product (GDP). 
Synapse used the IMPLAN model to evaluate the impact of the Clean Energy scenario on each of these 
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macroeconomic indicators in North Carolina.13 IMPLAN is an industry-standard input-output model that 
relies upon historical economic relationships to evaluate the effects of changes in direct spending 
patterns on employment, income, and GDP within a given study area. For this analysis, Synapse assessed 
impacts resulting from changes in spending on the following economic activities: 

x Construction of generating resources 

x Installation of energy efficiency measures 

x Operation and maintenance of generation resources 

x Consumer and business re-spending of energy savings 

Our analysis accounts for three types of impacts: direct, indirect, and induced. 

Direct impacts 

Direct impacts consist of changes in employment, income, and GDP within energy resource sectors 
immediately impacted by the change in resource plan between the Duke IRP and Clean Energy 
scenarios. For example, direct employment impacts may consist of additional jobs for contractors, 
construction workers, and plant operators working on the building or operation of a power plant.  

Indirect impacts 

Indirect impacts are changes in employment, income, and GDP within sectors that serve as suppliers to 
directly affected industries. Examples of such sectors include turbine manufacturers and manufacturers 
of energy-efficient appliances. Note that our analysis only accounts for impacts among suppliers located 
within North Carolina.  

Induced impacts 

Induced impacts result from residents spending more or less money in the local economy. For energy 
resources, these impacts result from: (1) changes in disposable income among employees in directly and 
indirectly impacted industries and (2) changes in energy expenditures by North Carolina electricity 
customers. 

Direct inputs to our economic impact modeling consist primarily of vectors of changes in spending by 
and on various industries. These inputs are generally direct outputs from our EnCompass modeling. They 
include changes in spending on the construction and operation of each type of electricity resource (e.g., 
natural gas power plants, solar power plants, battery storage facilities). For each industry, Synapse 

                                                           
13 IMPLAN is a commercial model developed by IMPLAN Group PLC. Information on IMPLAN is available at: http://implan.com/. 

http://implan.com/
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allocated the total change in spending across the available IMPLAN industry categories based on data 
from the National Renewable Energy Laboratory’s JEDI model14 and supplemental Synapse research. 

  

                                                           
14 Available at: https://www.nrel.gov/analysis/jedi/ 
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Appendix B. QUALIFICATIONS AND EXPERIENCE 

About Synapse 

Synapse Energy Economics is a research and consulting firm specializing in energy, economic, and 
environmental topics. Since its inception in 1996, Synapse has grown to become a leader in providing 
rigorous analysis of the electric power sector for public interest and governmental clients.  

Synapse’s staff of 30 includes experts in energy and environmental economics, resource planning, 
electricity dispatch and economic modeling, energy efficiency, renewable energy, transmission and 
distribution, rate design and cost allocation, risk management, benefit-cost analysis, environmental 
compliance, climate science, and both regulated and competitive electricity and natural gas markets. 
Several of our senior-level staff members have more than 30 years of experience in the economics, 
regulation, and deregulation of the electricity and natural gas sectors. They have held positions as 
regulators, economists, and utility commission and ISO staff.  

Services provided by Synapse include economic and technical analyses, regulatory support, research and 
report writing, policy analysis and development, representation in stakeholder committees, facilitation, 
trainings, development of analytical tools, and expert witness services. Synapse is committed to the idea 
that robust, transparent analyses can help to inform better policy and planning decisions. Many of our 
clients seek out our experience and expertise to help them participate effectively in planning, 
regulatory, and litigated cases, and other forums for public involvement and decision-making.  

Synapse’s clients include public utility commissions throughout the United States and Canada, offices of 
consumer advocates, attorneys general, environmental organizations, foundations, governmental 
associations, public interest groups, and federal clients such as the U.S. Environmental Protection 
Agency and the Department of Justice. Our work for international clients has included projects for the 
United Nations Framework Convention on Climate Change, the Global Environment Facility, and the 
International Joint Commission, among others. 

Relevant Experience 

Modeling Gas-Fired Plant Alternatives in New Mexico  
Client: Sierra Club | Project ongoing 
On behalf of the Sierra Club, Synapse is performing modeling of the electric system in New Mexico using 
the EnCompass model in both capacity expansion and production cost modes. Synapse is 
comprehensively modeling zero-emission alternatives to a new utility-proposed gas-fired generation 
option intended to replace the retiring San Juan Generating Station units in New Mexico in 2023. The 
modeling accounts for the interconnectedness of the electric power grid in the Desert Southwest region, 
including detailed representation of generation units in Arizona and New Mexico (and portions of Texas 
and California), and aggregated treatment for resources in the rest of the West. Synapse has found that 
a combination of utility-scale and small-scale solar PV, utility-scale battery storage, and incremental 
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wind resource procurements would provide Public Service of New Mexico with a less-expensive, and 
lower-emitting alternative than its proposed gas-fired generation, while meeting all reliability 
requirements. 
 
Nova Scotia Power Generation Utilization and Optimization Study 
Client: Nova Scotia Utility and Review Board | Project completed August 2018 
Synapse was asked to conduct an Integrated Resource Planning-type analysis on the overall utilization 
and optimization of Nova Scotia Power’s coal and thermal generating fleet. Synapse used the PLEXOS 
electric sector simulation model for both capacity expansion and production cost purposes to estimate 
the costs associated with various unit retirement pathways and resource replacement options. 
 
Value of Solar Implications of South Carolina Electric & Gas Fuel Costs Rider 2018 
Client: Southern Environmental Law Center | Project completed May 2018 
Synapse provided analysis and expert testimony on behalf of the South Carolina Coastal Conservation 
League and the Southern Alliance for Clean Energy for South Carolina Electric & Gas’ (SCE&G) 2018 
annual update of solar PV avoided costs under PURPA. Witness Devi Glick submitted testimony (Docket 
no. 2018-2-E) regarding the appropriate calculation of benefit categories associated with the value of 
solar calculation for PURPA QF rates and for Act 236 compliance. 

Avoided Energy Supply Costs in New England 
Client: AESC Study Group | Project completed March 2018 
Synapse and a team of subcontractors used EnCompass and other tools to develop projections of 
electricity and natural gas costs that would be avoided due to reductions in electricity and natural gas 
use resulting from improvements in energy efficiency. The 2018 report provides projections of avoided 
costs of electricity and natural gas by year from 2018 through 2035 with extrapolated values for another 
15 years. In addition to projecting the costs of energy and capacity avoided directly by program 
participants, the report provides estimates of the Demand Reduction Induced Price Effect (DRIPE) of 
efficiency programs on wholesale market prices for electric energy, electric capacity, and natural gas. 
The report also provides a projection of avoided costs of fuel oil and other fuels, non-embedded 
environmental costs associated with emissions of CO2, avoided costs of transmission and distribution, 
and the value of reliability. The 2018 AESC study was sponsored by a group representing all of the major 
electric and gas utilities in New England as well as efficiency program administrators, energy offices, 
regulators, and advocates. Synapse conducted prior AESC studies in 2007, 2009, 2011, and 2013.  

Clean Energy for Los Angeles 
Client: Food & Water Watch | Project completed March 2018 
The Los Angeles City Council has mandated that the Los Angeles Department of Water and Power 
(LADWP), the largest municipally run utility in the United States, analyze powering 100 percent of 
demand with renewable energy. To date, LADWP's efforts have been insufficient, as the utility has only 
published an analysis of a slight increase over current renewable energy targets and is not planning to 
finalize its 100 percent renewable study until 2020 at the earliest.  
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Food & Water Watch engaged Synapse to analyze a potential pathway to 100 percent clean energy in 
Los Angeles by 2030 using the EnCompass model. The modeled scenarios in the Clean Energy for Los 
Angeles report include a substantial amount of storage capacity. The two 100 percent renewable 
scenarios build between 2 and 3 gigawatts of storage capacity which is dispatched liberally in order to 
shift generation from solar resources to meet demand in the region. Our analysis included hourly 
modeling that demonstrated exactly how storage could be charged and dispatched over the course of 
the day to meet the utility’s needs.  

In our study, we found that it is possible for LADWP to exclusively use renewable resources to power its 
system in every hour of the year. What's more, we found that under one of the clean energy pathways 
analyzed, the transition to 100 percent renewable energy in every hour of the year can occur at no net 
cost to the system. The resulting report, Clean Energy for Los Angeles, provides a roadmap for how to 
achieve 100 percent renewables by integrating and harnessing renewable energy more efficiently and 
investing in additional efficiency, storage, and demand response. 

Although the report only focuses on a single city, the results are important and applicable to many other 
parts of the country. Los Angeles's four million residents make the city larger than 22 entire states, while 
the annual energy served by LADWP is greater than sales in 13 individual states, indicating that if this 
transition is possible in Los Angeles, it is feasible in other parts of the country as well. 

An Analysis of the Massachusetts RPS 
Client: E4theFuture | Project completed August 2017 
Synapse Energy Economics joined with Sustainable Energy Advantage (SEA), as well as members from 
NECEC, Mass Energy Consumers Alliance, E4theFuture, and other organizations to analyze the current 
state of regional renewable portfolio standards in light of many of new policy actions that have been put 
into place over the last several years. These policy actions include new legislation requiring long-term 
contracting for renewables and other resources in Massachusetts, Connecticut, and Rhode Island, 
revised incentives for distributed generation resources, changes to RPS polices in other states in New 
England, proposed Massachusetts-specific CO2 caps, and newly-revised forecasts for electricity sales that 
take the full impact of new energy efficiency measures into account. The Synapse team used the 
EnCompass model for this analysis. 

Clean Power Plan Reports and Outreach for National Association of State Utility Consumer Advocates 
Client: National Association of State Utility Consumer Advocates | Project completed August 2015 
Synapse supported the National Association of State Utility Consumer Advocates and its members in 
addressing the EPA’s proposed Clean Power Plan in a manner that is cost-effective and efficient from an 
electricity consumer perspective. Prior to the release of the rule, Synapse presented to NASUCA 
members key issues regarding the details of the proposed rule and the primary compliance options that 
may be available to states. Following the rule’s release, Synapse prepared a report focusing on the 
details of the rule as proposed. Recognizing that stakeholders have a wide range of reactions to the 
EPA’s Plan, the intent of the report is to be a common resource to help all of NASUCA’s members think 
through a broad range of potential implications of various compliance approaches to their respective 
consumers—whatever their individual state’s positions. Synapse presented on the findings 
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of Implications of EPA’s Proposed “Clean Power Plan” at the 2014 NASUCA annual meeting in San 
Francisco, CA. 

Synapse used its Clean Power Plan Planning Tool (CP3T) to perform multi-state analysis of the proposed 
rule to identify and explain a variety of challenges and opportunities related to multi-state compliance, 
including how states with dissimilar renewable technical potential, states with utilities that cross state 
boundaries, states with existing mechanisms for cooperation, etc., may approach regional compliance 
with the Clean Power Plan. Pat Knight, the lead developer of CP3T, provided a webinar for NASUCA 
members giving an overview of key issues surrounding the Clean Power Plan, as well as a walkthrough of 
CP3T’s multi-state functionality. Synapse also prepared a report presenting the results of the analysis, 
presented at the NASUCA 2015 Mid-Year Meeting. 

As a third element of Synapse’s Clean Power Plan support to NASUCA members, Synapse prepared a 
report on best practices in planning for implementation of the Clean Power Plan. The report serves as a 
guide for consumer advocates to the logistics of developing a state implementation plan, with advice in 
areas such as stakeholder engagement, evaluating resource options, deciding on reasonable 
assumptions, identifying appropriate modeling tools, and selecting and implementing a plan. 

Long-Term Procurement Plan Rulemaking 
Client: California Office of Ratepayer Advocates | Project ongoing 
Synapse is providing technical and expert witness services to the California Office of Ratepayer 
Advocates in connection with the Long-Term Procurement Plan proceeding affecting the three largest 
investor-owned utilities in California: Southern California Edison, Pacific Gas and Electric, and San Diego 
Gas and Electric. As part of this project, Synapse conducted modeling of the California ISO (CAISO) area 
using PLEXOS to assess loads and emissions throughout California based on various California Public 
Utilities Commission scenarios. Synapse analyzed model inputs, assumptions, forecast projections, and 
outputs, and examined alternatives including renewable energy integration and retirement scenarios. 
Synapse’s modeling enabled determination of areas within California that would be capacity 
constrained. 

Best Practices in Electric Utility Integrated Resource Planning 
Client: Regulatory Assistance Project | Project completed June 2013 
Synapse prepared a report for the Regulatory Assistance Project examining best practices in electric 
utility integrated resource planning. Synapse researched and discussed specific integrated resource plan 
(IRP) statutes, regulations, and processes in Arizona, Colorado, and Oregon; examined "model" utility 
IRPs from Arizona Public Service, Public Service Company of Colorado, and PacifiCorp; and developed 
recommendations for prudent integrated resource planning. Our report provided recommendations for 
both the IRP process and the elements that are analyzed and included in the resource plan itself. These 
elements include load forecast, reserves and reliability, demand-side management, supply options, fuel 
prices, existing resources, and environmental costs and constraints, among others. 
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Estimates of climate change damage are central to the design of climate policies. Here,
we develop a flexible architecture for computing damages that integrates climate science,
econometric analyses, and process models. We use this approach to construct spatially
explicit, probabilistic, and empirically derived estimates of economic damage in the United
States from climate change. The combined value of market and nonmarket damage
across analyzed sectors—agriculture, crime, coastal storms, energy, human mortality, and
labor—increases quadratically in global mean temperature, costing roughly 1.2% of gross
domestic product per +1°C on average. Importantly, risk is distributed unequally across
locations, generating a large transfer of value northward and westward that increases
economic inequality. By the late 21st century, the poorest third of counties are projected
to experience damages between 2 and 20% of county income (90% chance) under
business-as-usual emissions (Representative Concentration Pathway 8.5).

E
conomically rational management of the
global climate requires that the costs of re-
ducing greenhouse gas emissions beweighed
against the benefits of doing so (or, converse-
ly, the costs of not doing so). A vast liter-

ature has considered this problem, developing,
among other insights, our understanding of the
optimal timing of investments (1), the role of un-
certainty (2), the importance of future adaptation
(3), the role of trade (4), and the potentially large
impact of unanticipated tipping points (5, 6).
Integrated assessmentmodels that value the bene-
fits of greenhouse gas abatement are used by gov-
ernments to estimate the social cost of climate
change (7, 8), which in turn informs the design
of greenhouse gas policies. However, the estima-
ted benefits of greenhouse gas abatement—or
conversely, the “damages” from climate change—
are conceptually and computationally challeng-
ing to construct. Because of this difficulty, previous
analyses have relied on rough estimates, theorized
effects, or limited processmodeling at continen-
tal scales or larger (9–11), with no systematic cali-
bration to observed human-climate linkages (12).
Since the original development of these models,
methodological innovations (13) coupled with data
availability and computing power have fueled

rapid growth in a spatially resolved, empirical un-
derstanding of these relationships (14). Yet inte-
grated assessments of climate change and their
calculation of the social cost of carbon do not re-
flect these advances (15–17).
Here, we develop an integrated architecture to

compute potential economic damages from cli-
mate change based on empirical evidence, which
we apply to the United States. Our risk-based
approach is grounded in empirical longitudinal
analyses of nonlinear, sector-specific impacts, sup-
plemented with detailed energy system, inunda-
tion, and cyclone models. Built upon a calibrated
distribution of downscaled climate models, this
approach is probabilistic and highly resolved
across geographic spacewhile taking into account
the spatial and sectoral covariance of impacts in
each possible future. Our framework is designed
to continuously integrate new empirical find-
ings and new climate model projections as the
supporting subfields of research advance in the
future. When applied to the U.S. economy, this
approach provides a probabilistic and empirically
derived “damage function,” linking globalmean
surface temperature (GMST) to market and non-
market costs in the United States, built up from
empirical analyses using micro-level data.

System architecture

Wedeveloped theSpatialEmpiricalAdaptiveGlobal-
to-LocalAssessment System(SEAGLAS) todynam-
ically integrate and synthesize research outputs
across multiple fields in near-real time. We use
SEAGLAS to construct probabilistic, county-level
impact estimates that are benchmarked to GMST
changes. [See section A of the supplementary
materials (SM) for additional details (18).]
County-level projections of daily temperature

and precipitation are constructed and sampled
following a three-step process that simultaneously
captures the probability distribution of climate

responses to forcing, spatiotemporal structures
within each climate realization, and spatiotem-
poral autocorrelation of weather (19): (i) For
each forcing pathway considered [Represen-
tative Concentration Pathways (RCPs) 2.6, 4.5,
and 8.5] (20), a probability distribution for GMST
change is constructed based on an estimated
distribution of equilibrium climate sensitivity,
historical observations, and a simple climatemodel
(SCM) (19). (ii) The joint spatiotemporal distribu-
tion ofmonthly temperature and precipitation is
constructed from a broad range of global climate
models (GCMs), statistically downscaled from the
CoupledModel IntercomparisonProject 5 (CMIP5)
archive (21) and assigned a probability of realiza-
tion such that the distribution of 21st-century
GMST changemirrors the distribution from the
SCM. Tails of the distribution beyond the range
present in the CMIP5 archive are represented by
“model surrogates” constructed by scaling pat-
terns from CMIP5 models using the GMST pro-
jections from the SCM. Together, we refer to the
union of monthly resolution GCM and model
surrogate output as the set of climate realizations
that are each weighted to reflect a single prob-
ability distribution (Fig. 1A). These weights are
used when we compute damage probability dis-
tributions for specific RCP scenarios. (iii) We then
construct a set of 10 daily projections for each
climate realization by superimposing dailyweather
residuals relative to monthly climatologies that are
resampled in yearly blocks from the period 1981 to
2010 (Fig. 1B).
A distribution of empirically grounded econom-

ic impacts is computed for each joint realization
of county-level daily temperature and precipita-
tion: (iv) Econometrically derived dose-response
functions (13) estimating the nonlinear effects
of temperature, rainfall, and CO2 on agriculture
(22, 23), mortality (24, 25), crime (26, 27), labor
(28), and energy demand (24) are constructed via
Bayesian meta-analysis (29) (e.g., Fig. 1, C to H,
and SMsections B andC). Following the approach
andcriteria laidout in (30),weonly employ studies
that are nationally representative, spatially dis-
aggregated, and account for temporal displacement
and unobserved heterogeneity across locations,
along with the additional criterion that studies
statistically identify marginal distortions in the
distribution of experienced daily temperatures
(13, 14). (v) Econometric uncertainty is accounted
for by resampling from the 26 posterior functions
in (iv) (fig. S4). (vi) County-level daily projections
from (iii) are mapped onto the distribution of pos-
sible responses from (v) to construct 3143 county-
level joint distributions for 15 impacts across 29,000
possible states of the world during 2000 to 2099
(SM sections D and E), although for display pur-
poses we primarily summarize 2080 to 2099 im-
pacts here.
A parallel approach is necessary to estimate

energy demand changes and coastal impacts: (vii)
Energy demand estimated in (iv) is used as a
partial calibration for the National Energy Mod-
eling System (NEMS) (31) (SM section G). NEMS
is then run with different weather realizations
to estimate energy supply costs. (viii) Cyclone
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exposure is simulated via analytical wind field
models (32) that force a storm surge model (33),
with cyclogenesis and storm tracks generated via
either (i) semiparametrically resampling histori-
cal activity (34) or (ii) resampling from projected
storm tracks and intensities (35) (SM section H).
(ix) Inundation from localized probabilistic sea
level rise projections (36) interacting with storm
surge andwind exposure in (viii) aremapped onto
a database of all coastal properties maintained
by Risk Management Solutions, where engineer-
ing models predict damage (SM section H).
Finally, economic impacts are aggregated and

indexed against the GMST in their corresponding
climate realization to construct multidimensional
probabilistic damage functions suitable for ap-
plication in integrated assessment modeling: (x)
Direct impacts from (vi), (vii), and (ix) are ag-
gregated across space or time within each sector.
Monetizing the value of nonmarket impacts
(deaths and crime) using willingness-to-pay or
accounting estimates (37, 38), impacts across all
sectors are aggregated to compute total damages
(SM sections I and J).
Importantly, for clarity, our approach holds

the scale and spatial distribution of the U.S.
population and economy fixed at values ob-
served in 2012, since current values are well
understood and widely agreed on. Various pre-
vious analyses [e.g., (39)] note that natural de-
mographic change and economic growth may
dominate climate change effects in overall mag-
nitude, although such comparisons are not our
focus here. Because we compute impacts using
scale-free intensive measures (e.g., percentage
changes), future expansion of the economy or
population does not affect our county-level esti-
mates, and our aggregate results will be un-
biased as long as this expansion is balanced
across space. If such expansion is not balanced
across space, then our aggregated results will re-
quire a second-order adjustment with a sign that
depends on the spatial covariance of changes in
climate exposure and changes in economic or pop-
ulation structure, as shown in (40). In previous
work (41), we demonstrated how results for some
direct impacts might change if future rates of
adaptation to climate mirror historical patterns
and rates. The paucity of existing quantitative
studies on adaptation prevents us from currently
applying this approach to all sectors, although such
additions are expected in future work.

Distribution of costs and benefits

Standard approaches to valuing climate damage
describe average impacts for large regions (e.g.,
North America) or the entire globe as a whole.
Yet examining county-level impacts reveals major
redistributive impacts of climate change on some
sectors that are not captured by regional or global
averages. Figure 2 and fig. S2 display the median
average impact during the period 2080 to 2099
due to climate changes in RCP8.5, a trajectory
consistent with fossil-fuel–intensive economic
growth, for each county. In caseswhere responses
to temperature are nonlinear (e.g., Fig. 1, C, E,
and H), the current climate of counties affects

whether additional warming generates benefits,
has limited effect, or imposes costs. For example,
warming reduces mortality in cold northern
counties and elevates it in hot southern counties
(Fig. 2B). Sectors with roughly linear responses,
such as violent crime (Fig. 1G), havemore uniform
effects across locations (Fig. 2H). Atlantic coast
counties suffer the largest losses from cyclone
intensification andmean sea level (MSL) rise (Fig.
2F and fig. S10). In general (except for crime and
some coastal damages), Southern andMidwestern
populations suffer the largest losses, while North-
ern and Western populations have smaller or
even negative damages, the latter amounting
to net gains from projected climate changes.
Combining impacts across sectors reveals that

warming causes a net transfer of value fromSouth-
ern, Central, andMid-Atlantic regions toward the
Pacific Northwest, the Great Lakes region, and
New England (Fig. 2I). In some counties, median
losses exceed 20% of gross county product (GCP),
while median gains sometimes exceed 10% of
GCP. Because losses are largest in regions that
are already poorer on average, climate change tends
to increase preexisting inequality in the United
States. Nationally averaged effects, used in pre-
vious assessments, do not capture this subnation-
al restructuring of the U.S. economy.

Nationally aggregated sectoral impacts
We recover sector-specific damages as a function
ofGMST change by nationally aggregating county-
level impacts within each state of the world
defined by an RCP scenario, climate realization,
resampled weather, and econometrically derived
parameter estimate (SM sections D and E). The
distribution of sectoral impacts is compared with
GMST change in each realization in Fig. 3 (SM
section J). Although several sectors exhibit micro-
level responses that are highly nonlinear with
respect to county temperature (e.g., Fig. 1C), ag-
gregated damages exhibit less-extreme curvature
with respect to GMST change, as was hypothe-
sized and derived in (42).
Average yields in agriculture declinewith rising

GMST, but higher CO2 concentrations offset much
of the loss for the coolest climate realizations in
each of the three RCP scenarios. Accounting for
estimated effects of CO2 fertilization (SM section
B) and precipitation, warming still dominates, re-
ducing national yields !9.1 (±0.6 SEM) % per °C
(Fig. 3A). Because effects of CO2 are highly un-
certain and not derived using the same criteria
as other effects, we evaluate the sensitivity of
these projections by computing losses without
CO2 fertilization (Fig. 3B) and find that temper-
ature and rainfall changes alonewould be expected
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Fig. 1. Recombining previous research results
as composite inputs to SEAGLAS. (A) Forty-
four climate models (outlined maps) and model
surrogates (dimmed maps) are weighted so that
the distribution of the 2080 to 2099 GMST
anomaly exhibited by weighted models matches
the probability distribution of estimated GMST
responses (blue-gray line) under RCP8.5.
Analogous display for precipitation in fig. S1.
(B) Example of 10 months of daily residuals in
New York City, block resampled from historical
observations at the same location and
superimposed on monthly mean projections for
a single model (GFDL-CM3) and scenario
(RCP8.5) drawn from (A). (C to H) Examples of
composite (posterior) county- level dose-
response functions derived from nonlinear
Bayesian meta-analysis of empirical studies
based on selection criteria in (30). Median
estimate is black, central 95% credible interval is
blue-gray. To construct probabilistic impact pro-
jections, responses for each category are inde-
pendently resampled from each distribution of
possible response functions and combined with
resampled climate realizations, as in (A), and
weather realizations, as in (B). [(C) and
(D)] Estimated causal effect of (C) 24 hours
temperature and (D) seasonal rainfall on maize
yields. (E) Daily average temperature on
all-cause mortality for the 45- to 64-year-old
population. (F) Daily maximum temperature on
daily labor supply in high-risk industries exposed
to outdoor temperatures. [(G) and (H)] Daily
maximum temperature on (G) monthly violent
crime rates and (H) annual residential electricity
demand. All sources are detailed in SM section B.
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to reduce yields !12.1 (±0.7) % per °C (see also
figs. S11 and S12 and tables S10 and S11).
Rising mortality in hot locations more than

offsets reductions in cool regions, so annual na-
tional mortality rates rise !5.4 (±0.5) deaths per
100,000 per °C (Fig. 3C). For lower GMST changes,
this is driven by mortality between ages 1 and 44
and by infant mortality and ages "45 for larger
GMST increases (fig. S13 and table S12).
Electricity demand rises on net for all GMST

changes, roughly 5.3 (± 0.14) % per °C, because
rising demand from hot days more than offsets
falling demand on cool days (Fig. 3D and table
S13). Because total costs in the energy sector are
computed using NEMS, demand is not statistical-
ly resampled as other sectors are (SM section G).
Total hours of labor supplied declines !0.11

(±0.004) % per °C in GMST for low-risk workers,
who are predominantly not exposed to outdoor
temperatures, and 0.53 (±0.01) % per °C for high-
risk workers who are exposed (!23% of all em-
ployed workers, in sectors such as construction,

mining, agriculture, and manufacturing) (Fig. 3,
E and F, and table S14).
Property crime increases as the number of cold

days—which suppress property crime rates (fig.
S4)—falls but then flattens for higher levels of
warming because hot days do not affect property
crime rates. Violent crime rates increase linearly
at a relatively precise 0.88 (±0.04) % per °C in
GMST (Fig. 3, G and H, and table S15).
Coastal impacts are driven by the amplifica-

tion of tropical cyclone and extratropical cyclone
storm tides by local MSL rise and by the alter-
ation of the frequency, distribution, and intensity
of these cyclones (SM section H). Rising MSL
increases the storm tide height and floodplain
during cyclones: Fig. 4, A to D, illustrates how 1-
in-100-year floodplains evolve over time due to
MSL rise (RCP8.5) with and without projected
changes in cyclones for two major coastal cities.
Coastal impacts are distributed highly unequally,
with acute impacts for eastern coastal states with
topographically low cities; MSL rise alone raises

expected direct annual economic damage 0.6
to 1.3% of state gross domestic product (GDP) for
South Carolina, Louisiana, and Florida in the
median case, and 0.7 to 2.3% for the 95th per-
centile of MSL rise (Fig. 4E) (RCP8.5). Nation-
ally, MSL rise would increase annual expected
storm damages roughly 0.0014% GDP per cm if
capital and storm frequency remain fixed (Fig.
4F). Accounting for the projected alteration of
the TC distribution roughly doubles the damage
from MSL rise, the two combined costing an es-
timated additional 0.5 (±0.2) % of GDP annually
in 2100 when aggregated nationally (Fig. 4G).

Uncertainty

At the county level, conditional upon RCP, un-
certainty in direct damages is driven by climate
uncertainty (both in GMST and in the expected
spatiotemporal distribution of changes conditional
on GMST), by within-month weather exposure,
and by statistical assumptions and sampling used
to derive dose-response functions, as well as by
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Fig. 2. Spatial distributions of projected damages. County-level median
values for average 2080 to 2099 RCP8.5 impacts. Impacts are changes
relative to counterfactual “no additional climate change” trajectories.
Color indicates magnitude of impact in median projection; outline color
indicates level of agreement across projections (thin white outline, inner
66% of projections disagree in sign; no outline, !83% of projections agree
in sign; black outline, !95% agree in sign; thick white outline, state
borders; maps without outlines shown in fig. S2). Negative damages
indicate economic gains. (A) Percent change in yields, area-weighted

average for maize, wheat, soybeans, and cotton. (B) Change in all-cause
mortality rates, across all age groups. (C) Change in electricity demand.
(D) Change in labor supply of full-time-equivalent workers for low-risk
jobs where workers are minimally exposed to outdoor temperature.
(E) Same as (D), except for high-risk jobs where workers are heavily
exposed to outdoor temperatures. (F) Change in damages from
coastal storms. (G) Change in property-crime rates. (H) Change
in violent-crime rates. (I) Median total direct economic damage across
all sectors [(A) to (H)].
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uncertainty generated by the interaction of these
factors. Figure 2 displays county-level uncer-
tainty in the impact on each sector by indicating
the level of agreement among 11,000 projections
on the overall sign of impacts in each county.
Notably, process models (e.g., NEMS) and other
variables, such as baseline work hours or the VSL,
contain uncertainty that remains uncharacterized.

Aggregating results nationally, we decompose
uncertainty into contributions from climate, within-
month weather, and dose-response relationships
by resampling each individually while holding the
others fixed (43), recovering how these variances
combine to produce the total variance across pro-
jections (figs. S6 and S7). In general, climate un-
certainty dominates, contributing 41 to 104% of

the total variance by end of century, with econo-
metric uncertainty in low-risk labor (88% of total
variance) being the only exception.Within-month
weather uncertainty has a negligible effect on
20-year averages. The interaction between climate
and dose-response uncertainty also contributes to
the total variance (negatively in somecases), because
impact functions are nonlinear (SM section F).

Nationally aggregated total damage

Impacts across sectors can be aggregated into a
single measure of overall economic damage if
suitable values can be assigned to each impact
category. For nonmarket costs, we use current
U.S. Environmental Protection Agency values for
the value of a statistical life (37) and published
estimates for the cost of crime (38), which we com-
bine with current average market valuations of
market impacts (SM section I). Summing across
impacts, we estimate the conditional distribution
of total directdamages asa functionofGMSTchange
(Fig. 5A), finding that expected annual losses in-
crease by !0.6% GDP per 1°C at +1°C of GMST
warming (relative to 1981 to 2010) to 1.7% GDP per
1°C at +5°C GMST (SM section J). This response
is well approximated by a quadratic function (fig.
S14) that is highly statistically significant for
changes above 1°C (P < 0.001) (table S16). Com-
bined uncertainty in aggregate impacts grows
with warming, so the very likely (5th to 95th per-
centile) range of losses at 1.5°C of warming is #0.1
to 1.7%GDP, at 4°C ofwarming is 1.5 to 5.6% GDP,
and at 8°C warming is 6.4 to 15.7% GDP an-
nually (gray band, Fig. 5A and table S17). Ap-
proximating this damage function with a linear
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Fig. 3. Probabilistic national aggregate
damage functions by sector. Dot-whiskers
indicate the distribution of direct damages in
2080 to 2099 (averaged) for multiple realiza-
tions of each combination of climate models
and scenario projection (dot, median; dark line,
inner 66% credible interval; medium line, inner
90%; light line, inner 95%). Green are from
RCP2.6, yellow from RCP4.5, red from RCP8.5.
Distributions are located on the horizontal axis
according to GMST change realized in each
model-scenario combination (blue axis is
change relative to preindustrial). Black lines are
restricted cubic spline regressions through
median values, and gray shaded regions are
bounded (above and below) by restricted cubic
spline regressions through the 5th and 95th
quantiles of each distribution, all of which are
restricted to intercept the origin. (A) Total
agricultural impact accounting for temperature,
rainfall, and CO2 fertilization (CO2 concentration
is uniform within each RCP, causing disconti-
nuities across scenarios). (B) Without CO2

effect. (C) All-cause mortality for all ages.
(D) Electricity demand used in process model,
which does not resample statistical uncertainty
(SM section G). (E and F) Labor supply for (E)
low-risk and (F) high-risk worker groups.
(G) Property-crime rates. (H) Violent-crime rates.
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form suggests losses of !1.2% GDP per 1°C on
average in our sample of scenarios (table S16).
The greatest direct cost forGMST changes larger

than 2.5°C is the burden of excessmortality, with
sizable but smaller contributions from changes
in labor supply, energy demand, and agricultural
production (Fig. 5B). Coastal storm impacts are
also sizable but do not scale strongly with GMST
because projections of globalMSL are dependent
on RCP but are not explicitly calculated as func-
tions of GMST (36), causing the coastal storm
contribution to the slope of the damage function
to be relatively muted. It is possible to use alter-
native approaches to valuing mortality in which
the loss of lives for older and/or low-income indi-
viduals are assigned lower value than those of
younger and/or high-income individuals (44), an
adjustment that would alter damages differently
for different levels of warming based on the age
and income profile of affected individuals (e.g.,
fig. S13). Here, we focus on the approach legally
adoptedby theU.S. government for environmental
cost-benefit analysis, in which the lives of all indi-
viduals are valued equally (37). Because the VSL
parameter is influential, challenging to measure

empirically, and may evolve in the future, its in-
fluence on damages is an important area for fu-
ture investigation.

Risk and inequality of total
local damages

Climate change increases the unpredictability and
between-county inequality of future economic out-
comes, effects that may alter the valuation of cli-
mate damages beyond their nationally averaged
expected costs (45). Figure 5C displays the prob-
ability distribution of damage under RCP8.5 as a
fraction of county income, ordering counties by
their current income per capita. Median damages
are systematically larger in low-income counties,
increasing by 0.93% of county income (95% confi-
dence interval = 0.85 to 1.01%) on average for
each reduction in current income decile. In the
richest third of counties, the average very likely
range (90% credible interval, determined as the
average of 5th and 95th percentile values across
counties) for damages is #1.2 to 6.8% of county
income (negative damages are benefits), whereas
for the poorest third of counties, the average
range is 2.0 to 19.6% of county income. These

differences are more extreme for the richest 5%
and poorest 5% of counties, with average inter-
vals for damage of #1.1 to 4.2% and 5.5 to 27.8%,
respectively.
We note that it is possible to adjust the aggre-

gate damage function in Fig. 5A to capture socie-
tal aversion to both the risk and inequality in Fig.
5C. In SMsectionK,wedemonstrate one approach
to constructing such inequality-neutral, certainty-
equivalent damage functions. Depending on the
parameters used to value risk and inequality,
accounting for these factors may dramatically
influence society’s valuation of damages in aman-
ner similar to the large influence of discount rates
on the valuation of future damages (46). This find-
ing highlights risk and inequality valuation as cri-
tical areas for future research.

Discussion

Our results provide a probabilistic, national dam-
age function based on spatially disaggregated,
empirical, longitudinal analyses of climate im-
pacts and available global climate models, but
it will not be the last estimate. Because we use
stringent selection criteria for empirical studies,
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Fig. 4. Economic costs of sea level rise interacting with cyclones.
(A) Example 100-year floodplain in Miami, Florida, under median sea
level rise for RCP8.5, assuming no change in tropical cyclone activity.
(B) Same, but accounting for projected changes in tropical cyclone
activity. (C) Same as (A), but for New York, New York. (D) Same as (B), but
for New York, New York. (E) Annual average direct property damages from
tropical cyclones and extratropical cyclones in the five most-affected
states, assuming that installed infrastructure and cyclone activity is

held fixed at current levels. Bars indicate capital losses under current
sea level, median, 95th-percentile and 99th-percentile sea level rise in
RCP8.5 in 2100. (F) Nationally aggregated additional annual damages
above historical versus global mean sea level rise holding storm
frequency fixed. (G) Annual average direct property damages nationally
aggregated in RCP8.5, incorporating mean sea level rise and either
historical or projected tropical cyclone activity. Historical storm
damage is the dashed line.
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there are multiple known sectors of the U.S. eco-
nomy for which no suitable studies exist and
were thus omitted from this analysis [e.g., ef-
fects of morbidity (47), worker productivity (48),
or biodiversity loss (49)]. The SEAGLAS archi-
tecture is constructed around the idea that rigo-
rous future studies will quantify climate impacts
in these “missing sectors” and thus should be in-
cluded in future assessments. Our approach there-
fore allows for updating based onneweconometric
results or climate model projections, and our re-
sults should be interpreted as current best esti-
mates thatwill be dynamically adjusted as research
in the community advances.

We stress that the results presented here are
projections relative to a counterfactual baseline
economic trajectory that is unknown and will
evolve based on numerous factors unrelated to
climate change. As constructed, knowledge of this
baseline trajectory is not essential to estimat-
ing the relative first-order impact imposed by
climate change.
We should expect that populations will adapt

to climate change in numerous ways (14). Some
actions, such as use of air conditioning (25), like-
ly limit the impact of climatic exposure, whereas
other actions, such as social conflict (30), likely
exacerbate impacts. Because the empirical results

that we use describe how populations have
actually responded to climatic conditions in the
past, our damage estimates capture numerous
forms of adaptation to the extent that populations
have previously employed them (50). For exam-
ple, if farmers have been adjusting their planting
conditions based on observable rainfall, the ef-
fect of these adjustments will be captured by our
results. Although, if there are trends in adaptive
behaviors, previously unobserved adaptation “tip-
ping points,” or qualitative gains in adaptation-
related technologies, then our findingsmay require
adjustment. In previous work, we demonstrated
how to employ empirical approaches to project
trends in adaptive behaviors and recomputed im-
pacts in some sectors (41), but sufficient data do
not yet exist to estimate these effects in all the
sectors we cover here. Yet in cases where suffi-
cient data do exist to simulate these adaptations,
the net effect of this correction is small in mag-
nitude relative to the large uncertainty that is
introduced by such adjustments (41), a result of
thehighuncertainty in current estimates for trends
in adaptation (25, 51).
As mentioned above, populations may move

across space in response to altered climate con-
ditions. This response will not alter our local
projections, but it will cause our estimates to over-
or underpredict nationally aggregated impacts,
depending on the spatial covariance between popu-
lation changes and local economic losses caused
by climate change. This adjustment will tend to
be second order relative to the direct effect of cli-
mate change (13); nonetheless, accounting for this
adjustment is an area for future investigation.
Another possible adjustment that may occur

in response to climate damages is for the econo-
my to reallocate nonlabor resources, partially shift-
ing the locations of economic activity, to cope with
these changes. We consider the extent to which
this responsemight alter the direct economic dam-
ages that we characterize above by developing a
computable general equilibrium (CGE) model
that reallocates capital across locations and indus-
tries in response to the capital and productivity
losses described above during each period of a
century-long integration (SM section L). Theo-
retically, it is possible for these reallocations to
reduce damages, as production migrates away
from adverse climates, or for them to increase
damages, as losses in one location alter economic
decisions in other locations and/or later periods
by influencingmarkets through prices. We simu-
late the trajectory of the future economy under
each RCP8.5 climate realization, imposing our
computed direct damages each period. When di-
rect damages are imposed on only one sector at
a time, the total end-of-century economic lossmay
be larger or smaller than the corresponding direct
damages estimate, depending on the sector and
climate realization (Fig. 5D). Market costs of mor-
tality computed with this approach are dramat-
ically lower than nonmarket costs described
above because the foregone earnings in the mar-
ket equilibrium are much smaller than the VSL
used to compute direct damages. Overall, in a
complete simulation where national markets are
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Fig. 5. Estimates of total direct economic damage from climate change. (A) Total direct
damage to U.S. economy, summed across all assessed sectors, as a function of global mean
temperature change. Dot-whisker markers as in Fig. 3. The black line is quadratic regression through
all simulations (damage = 0.283 DGMST + 0.146 DGMST2); the shaded region is bounded by quantile
regressions through the 5th and 95th percentiles. Alternative polynomial forms and statistical
uncertainty are reported in fig. S14 and tables S16 and S17. (B) Contributions to median estimate of
aggregate damage by impact category. (Coastal impacts do not scale with temperature.) (C) Probability
distribution damage in each of 3143 U.S. counties as a fraction of county income, ordered by
current county income. Dots, median; dark whiskers, inner 66% credible interval; light whiskers,
inner 90%. (D) Distributions of GDP loss compared with direct damages when a CGE model is
forced by direct damages each period. Black line, median (labeled); boxes, interquartile range;
dots, outliers. Energy, Ag., Labor, and Mortality indicate comparisons when the model is forced by
damages only in the specified sector and GDP losses are compared with direct damages in that
sector under the same forcing. CGE mortality only affects GDP through lost earnings, but direct
mortality damages in (A) to (C) account for nonmarket VSL. “All” indicates the ratio of total
costs (excluding mortality for consistency) in complete simulations where all sectors in the CGE
model are forced by direct damages simultaneously.
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simultaneously forced by direct damages in all
sectors, net market losses in general equilibrium
tend to be larger than direct damages by !50%
(mortality is excluded from both). These simu-
lations are relatively coarse approximations of
the complex national economy and do not cap-
ture international trade effects, but they suggest
that the spatial reallocation of economic activity
within theUnited Statesmay not easilymitigate
the economic damage from climate change.
Our results are “bottom-up” micro-founded

estimates of U.S. damages, although parallel analy-
ses have employed “top-down” macro-level ap-
proaches that estimate how overall productivity
measures (such as GDP) directly respond to tem-
perature or cyclone changes without knowledge
of the underlying mechanisms generating those
losses. This alternative approach can be compared
to our estimates of market losses only, as they will
not account for nonmarket valuations. Our mar-
ket estimates are for a 1.0 to 3.0% loss of annual
national average GDP under RCP8.5 at the end
of the century. Previous top-down county-level
analysis of productivity estimates that national
output would decline 1.2 to 3.1% after 20 years
of exposure to RCP8.5 temperatures at the end of
the century (52). In top-down global analyses of
all countries, the 10.3% intensification of average
U.S. tropical cyclone exposure in emissions scenar-
io A1B (roughly comparable to RCP8.5) (35) is
estimated to reduce GDP !0.09% per year (53)
(not accounting for MSL rise), and the cumu-
lative effect of linear national warming by an
additional 1°C over 75 years is estimated to re-
duce GDP !2.9% (2080 to 2099 average) (42). In
comparison, we estimate that losses to cyclone
intensification are !0.07% of annual GDP per
1°C in global mean temperature change and that
economy-wide direct damages are !1.2% of annual
GDP per year per 1°C. Overall, such comparisons
suggest that top-down and bottom-up empirical
estimates are beginning to converge, although im-
portant differences—in accounting procedures
as well as recovered magnitudes and temporal
structure—remain. Future investigation should
reconcile these differences.
Wehave focused on theU.S. economy, although

the bulk of the economic damage from climate
change will be borne outside of the United States
(42), and impacts outside the United States will
have indirect effects on the United States through
trade, migration, and possibly other channels. In
ongoing work, we are expanding SEAGLAS to
cover the global economy and to account for
additional sectors, such as social conflict (30), in
order to construct a global damage function that
is essential to estimating the global social cost
of carbon and designing rational global climate
policies (7, 9).
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