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Abstract 

In 2022 alone, U.S. reliance on natural gas to meet peak demand electrical 

generation needs prevented the global use of fossil fuels to decrease, clearly signifying 

the link between the country’s energy dependence on fossil fuels and the global 

emissions profile (CO2 emissions in 2022, 2023).  

The United States has committed to decarbonizing as part of the Paris Accords, 

stating that by 2030 the United States will reduce total economy CO2e emissions 50-52% 

below 2005 levels, and by 2035 will have a 100% carbon pollution free electrical grid 

(President Biden Sets 2030 Greenhouse Gas Pollution Reduction Target, 2021). It is 

unclear how these goals will be met. There is no public tracking to demonstrate where the 

United States is on its decarbonization journey, and no public pathway to delineate how 

the administration intends to move the needle. A confounding factor is that power 

generation companies have set their own decarbonization targets that may not align with 

federal targets. 

The research focused on power companies in the United States with publicly 

stated decarbonization goals as well as those states that have set goals. I hypothesized 

that the United States will not reach its stated goals based on current trends, and power 

generation companies collectively have not divested from emissions intense operations to 

reach their own decarbonization goals. I also hypothesized that the western United States 

is decarbonizing faster than other regions. Leveraging data from self-published company 

reports sources as well as the EPA and EIA, I analyzed how the rate of decarbonization, 

both for a single company and then for the cohort of identified companies, as well as a 



single state, moved across the ten-year period. The average rate of decarbonization was 

applied to forecast the electric emissions for the United States through 2035 to determine 

if the 100% carbon pollution free electrical grid goal can be attained. A secondary 

analysis to determine if particular regions and types of companies are decarbonizing 

faster was also completed. 

The analysis of the U.S. electric consumption related emissions over the last ten 

years revealed that after the NDCs were published, emissions continued to increase. 

Power generation company emissions are volatile, and reflect that actions taken may not 

be enough to meet stated goals. Similarly, state emission trends over the 2012-2022 

period for states with emission reduction goals and states without emission reduction 

goals are not statistically different. 

This research demonstrated that while setting goals is a good first step to 

decarbonizing electricity, there must be intentional and immediate next steps to ensure 

those goals are met and decarbonization actions are taken. In a country as large and 

complex as the United States it is not enough to set a goal without interim targets or 

mandatory requirements for the sectors that contribute most to emission outputs. Leaders 

must set subsequent policies in place with appropriate administrative support to ensure 

that policies can be enacted on time. 
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Chapter I 

Introduction 

Electricity is the lifeblood of the industrialized world, lighting up the smallest 

provinces to the largest cities and powering all types of connections. Despite being a 

driving force behind complex industrialization to this point, electrical generation is a 

process that has not significantly changed since its discovery. The difference between 

now and when electricity was first discovered is that now electricity is used to power 

millions of homes and businesses rather than the odd street lamp or small community, 

requiring careful management and planning of resources. 

Now, with electricity powering every day activities of all kinds across the globe, 

there is an urgency for countries to transition energy sources from more carbon dioxide 

emissions intense sources to those that do not generate any emissions. An undertaking of 

this size and breadth requires intentional goal-setting and planning, and clear, regular 

communication to all involved on status of those goals, including regular citizens.  

The US has committed to decarbonizing as part of the Paris Accords, stating that 

by 2030 the US will reduce total economy CO2e emissions 50-52% below 2005 levels, 

and by 2035 the US will have a 100% carbon pollution free electrical grid (President 

Biden Sets 2030 Greenhouse Gas Pollution Reduction Target, 2021). It is unclear how 

the US will meet these goals. There is no public tracking to demonstrate where the US is 

on its decarbonization journey, and no public pathway to delineate how the 

administration intends to move the needle.  
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Research Significance and Objectives 

My research examined the current state of electricity generation in the United 

States and how it has shifted over the last 10 years of available emissions data. It also 

outlined how electricity generation is managed at a high level, and how that impacts 

decarbonization efforts at the company, state and federal levels. Lastly, my research 

modeled how effective decarbonization goals are in the United States, both at the federal 

and state levels, and how the country is tracking against its decarbonization goals based 

on historical rates of decarbonization and future industry models based on announced 

closures of high intensity carbon emitting power plants. From this modeling and 

comprehensive timeline, trends by region and company type were identified to better 

inform policy makers and other key stakeholders on how to realign planning actions to 

meet the stated decarbonization goals. 

My research objectives were to: 

• Describe the current state of electrical generation in the United States and trends 

in energy sources over the last 10 years 

• Analyze publicly stated decarbonization targets by power generation companies, 

individual states and the United States, and calculate their decarbonization rate 

over time based on their decarbonization goals and annual reported CO2 or CO2e 

emissions 

• Evaluate if actions taken by power companies, individual states and the United 

States are significant enough to meet their stated targets or decarbonization goals, 

assessing rates of decarbonization and industry models 
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• Identify challenges of decarbonization on a national scale based on these analyses, 

and identify potential thresholds or interim goals for consideration to meet 

publicly stated goals and timelines nationally 

Background 

The most famous form of electricity is lightning: dangerous, erratic, and 

unpredictable. The same three words can describe modern life across the globe when 

electricity lapses. All aspects of life in post-Industrial Revolution societies are 

inextricably dependent on electricity. As technology evolves, life in industrialized 

societies is increasingly tied to a continuous and dependable, predictable stream of 

electricity. Transportation, the internet, heating and cooling sources, light, nearly all 

forms of communication, the list of electricity dependent systems consistently grows. 

Despite the evolution of technology over time, electricity generation and transmission in 

the US has happened the same way for over 100 years (Lazar, 2016). 

Electrical Generation and Transmission in the United States 

To understand decarbonization, one has to understand electrical generation and 

transmission first. There are three major steps to get electricity from the point of 

production to the usage point (a home or business), as visualized in Figure 1 (Lazar, 

2016). The first step is generation. At a high level, generation is the combustion or 

consumption of a fuel, whether that be a fossil or renewable fuel source (Lazar, 2016). 

Once that fuel is consumed, the electricity is transported through a series of step up 

(increase in voltage) transformers to high voltage power lines, where it is then pushed 

through a step down (decrease in voltage) transformer to be distributed (Lazar, 2016). 
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Once the voltage is decreased, the energy is distributed to the user through their grid 

connection. For users with on-site generation (e.g., a home with a solar panel) the set-up 

can vary, but often involves a converter that changes the energy generated from direct-

current to alternating-current energy, which is used in residential and in commercial 

facilities (US Department of Energy, 2020). Again, at a high level, the technology behind 

energy generation, transmission and distribution system in the United States has not 

meaningfully changed in many years (Lazar, 2016). 

 

Figure 1. Electricity distribution elements (Lazar, 2016). 

Current State of Electricity Generation in the United States 

There are roughly 3,000 utilities in the United States, with the majority of 

consumers paying for electricity through one of the 189 investor-owned utilities (Bakke, 

2017; Lazar, 2016). These utilities are part of the three main power grids in the lower 48 

states: The Eastern Interconnection, The Western Interconnection and the Electric 

Reliability Council of Texas (How electricity is delivered to consumers, 2019; Willrich, 
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2017). In a global world, the US power grid remains state-centric and segmented 

(Willrich, 2017). Not only is transmission segmented into states but in many areas power 

transmission is managed by for-profit companies, adding a layer of complexity and 

conflicting obligations to the management of power distribution and reliance planning. 

Power generation companies take various forms, and power is a sector that 

changes often and quickly. Seventy-five percent of customers in the United States are 

serviced by power companies that are investor owned, are considered ‘large’ companies, 

and often have many fuel sources in their portfolio (e.g., Dominion, Duke, Entergy, 

Southern Energy, NRG) (Lazar, 2016). The remaining 25% of U.S. energy customers are 

serviced by municipality owned utilities, non-profit and privately managed co-ops or 

public utility districts (Lazar, 2016). Electricity is a dynamic industry and companies 

have taken many forms. In the past, many companies have been what is termed a 

‘vertically integrated’ utility, meaning the company (or co-op, or other service provider) 

owns the power plant that generates the electricity in addition to the power lines, and 

manages the entire process (e.g., Exelon prior to the sale of Constellation in 2022) (Lazar, 

2016; About Constellation, 2024). There are still a number of vertically integrated 

utilities present, but there are also ‘distribution only’ utilities, that have sold their 

generation business units and are solely responsible for the transmission and distribution 

of electricity (e.g., Consolidated Edison in New York state) (Lazar, 2016; Managing our 

Emissions, 2022).  

In 2022, the predominant fuel source for electrical generation in the United States 

was natural gas, followed by coal and then nuclear, with renewables (excluding 

hydroelectric and solar) slotting in as the fourth largest energy source (Figure 2) (Total 
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Electric Power Industry Summary Statistics, 2022 and 2021, 2023). Coal is at about half 

its use in 2022 compared to 2013, while natural gas has fluctuated over that time, with 

year over year change rates ranging from -6% to 15% (Total Electric Power Industry 

Summary Statistics, 2022 and 2021, 2023). Meanwhile, solar has increased steadily over 

that time, increasing 94% from 2013-2022, and other renewables (wind) have increased 

54% over that same time period (Total Electric Power Industry Summary Statistics, 2022 

and 2021, 2023). Sources for energy production in the US have changed dramatically in 

the last 10 years, and will continue to shift as decarbonization of electricity accelerates. 

 

Figure 2. Fuel source breakdown in the US in 2022 (Total Electric Power Industry 
Summary Statistics, 2022 and 2021, 2023). 
 
 

In addition to the segmented nature of the grid, electricity is generally produced 

and consumed simultaneously (unless battery storage is involved), which requires careful 

19.54%

0.55%

40.10%

18.18%

6.17%

3.43%

11.91%

-0.14% 0.26%

2022

Coal

Petroleum Products

Natural Gas

Nuclear

Hydroelectric

Solar

Renewables (excluding Hydroelectric and
Solar)

Hydroelectric Pumped Storage

Other



 

 7 

management. To complicate things further, power generation and distribution in the US 

sits at the intersection of many regulatory and management agencies. Several types of 

these agencies with their regulatory roles are listed and briefly described below (Lazar, 

2016; Shen et al., 2021):  

• Electric Cooperative (Co-op) – local; non-profit, consumer-owned electric 

cooperatives service primarily serving rural communities in the US 

• Environmental Protection Agency (EPA) – federal; can be promulgated to the 

state level; sets environmental regulations that affect power generation operations 

and facility siting 

• Federal Energy Regulatory Commission (FERC) – federal; regulates interstate 

transmission and distribution services 

• Independent System Operators (ISOs) – regional; manages a reliability planning 

area under guidance of NERC 

• North America Electric Reliability Council (NERC) – multinational (Canada, 

Mexico, US); manages the eight reliability planning areas in the three nations and 

oversight of flow of power in those areas 

• Public Utility Commission (PUC) – state; manages investor-owned utilities in a 

region (usually a state); charged with assuring that utilities provide reasonable, 

adequate and efficient service to customers at just and reasonable prices 

• Regional Transmission Organizations (RTOs) – regional; manages a reliability 

planning area under guidance of NERC 

• US Securities & Exchange Commission (SEC) – federal; enforces regulations to 

prevent market manipulation 
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Planning, Resilience and Reliance 

As described above, management of the electrical ecosystem in the US is 

segmented into several groups, and is a variable that can affect decarbonization. The 

RTOs and ISOs in North America cover approximately two thirds of the region (ISO 

RTO Council, 2023). The areas that are not covered by an ISO or RTO are generally 

served by a cooperative (ISO RTO Council, 2023). These organizations are responsible 

for a variety of tasks for their region, including planning and resilience. 

FERC regulations stipulate that NERC is the not-for-profit responsible for 

managing guidance and rules around grid reliability (Federal Energy Regulatory 

Commission, 2016). Reliability is the term that encompasses and describes (at a high 

level) how organizations that manage electrical generation and transmission ensure that 

the electricity is “on” when a customer turns on their light switch. NERC maintains 117 

separate standards as part of its reliability management program, demonstrating its 

complexity, despite how simple it may sound (Federal Energy Regulatory Commission, 

2016). These standards encompass topics like balancing the load of energy (energy being 

generated and transmitted through the grid), communications, facility design and 

maintenance, personnel training and management, and infrastructure and interconnection 

(facility to grid connection) management and maintenance (Federal Energy Regulatory 

Commission, 2016). While NERC maintains the guidance around these topics, the ISOs 

and RTOs themselves set their own reliability standards and thresholds, that must be 

approved by NERC (Federal Energy Regulatory Commission, 2016). 

Decarbonization of electricity incorporates a number of different technologies, not 

only solar and wind generation, but energy storage, hydro power, and things like 
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microgrids that control the flow of energy in smaller areas than an ISO or RTO. Those 

types of energy generation and storage systems interact differently with the grid 

technology than what the greater grid was originally constructed for, and those 

differences in technology, if not managed, could result in reliability issues. NERC creates 

standards to manage grid risks, and is currently building a set of standards that speak 

specifically to incorporating additional renewable energy sources, including solar 

photovoltaics, wind and storage (Howland, 2024b).  

When new facilities are cited, they are required to undergo an approval process 

with that ISO or RTO, and the various standards from NERC are employed in the review 

of the project (Reliability standards: Development and compliance, 2024). Additionally, 

as generating companies prepare to decommission facilities, the ISOs and RTOs typically 

require shutdowns and decommissions to undergo an approval process, and can (and do) 

veto those closures depending on how comfortable the agency feels the state of their grid 

segments and load capacity (Howland, 2022). As companies plan for decarbonization and 

publicize goals with stakeholders, consideration of how the respective ISOs or RTOs will 

approach reliability is a factor they consider, and affects how those goals are 

communicated publicly. 

Availability of electric generating sources are not the only risk to reliability ISOs 

and RTOs consider. Physical risks driven by extreme weather events are already affecting 

grid performance and management, with the blackout events in Texas and California 

clearly demonstrating that in recent years for two very different climate related events 

(Svitek, 2022; Rodriguez, 2022). In 2021 after winter storm Uri knocked out the ERCOT 

grid system in Texas, 246 people were reported by the Texas Department of State Health 
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services to have died directly or indirectly because of the storm impacts to the grid, 

clearly demonstrating the deadly impacts of inconsistent electricity on the community 

(Svitek, 2022). Causes of death from the storm ranged from hypothermia (two thirds of 

deaths) to motor vehicle accidents to exacerbation of pre-existing medical conditions 

(Svitek, 2022). Wildfires have taken place across nearly all of the state of California in 

recent years, with major fires in 2021 being attributed to electricity provider Pacific Gas 

& Electric (PG&E) (Rodriguez, 2022). Since 2017, more than 30 wildfires have been 

attributed to PG&E due to the utility’s management of vegetation near transmission lines, 

resulting in 100 deaths and destruction of 23,000 homes in California (Rodriguez, 2022). 

The United States has reached a critical point in its journey to fully decarbonized 

electricity, as more renewable energy sources come online, which can make the transition 

all the more difficult to manage as physical risks to the grid are realized. If electricity is 

already lapsing because of impacts to the grid, shifts in the energy sources and 

subsequent updates to the grid to align new generation technology to the transmission and 

distribution technology could leave room for additional lapses or other impacts to 

electricity in the US. Decarbonization of electricity is a critical climate mitigation 

strategy, and while there are several potential pathways, execution is not optional 

(Luderer et. al., 2019). 

Decarbonizing Energy 

Growing pains is an accurate, if not colloquial, description of where the United 

States is in its transition to decarbonized energy. The term “mid-transition” perhaps more 

clearly describes where the United States is in its pathway to decarbonizing its electrical 

grid. Grubert and Hastings‐Simon (2022) define the mid-transition as the period between 
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new technology entering the system and placing meaningful operational constraints on 

the system, and new infrastructure being put in place to reduce those operational 

constraints. For the electrical supply system of generating assets (facilities that generate 

electricity) in the United States, the authors define this quantitatively as roughly between 

20-80% implementation of renewable energy sources within the grid system being 

evaluated (Grubert & Hastings‐Simon, 2022).  

The 2022 energy sources breakdown (Figure 2) places the United States on the 

cusp on entering the mid-transition phase. If nuclear is included as a renewable source, 

then the United States is squarely in the middle of the previously defined mid-transition, 

with 39% of the energy being sourced from renewables (Total Electric Power Industry 

Summary Statistics, 2022 and 2021, 2023). If nuclear is not included, which is sometimes 

the case in renewable energy studies, then the United States has just hit the threshold to 

be considered in mid-transition of its electricity sources (19%). Nuclear energy has seen a 

1-2% fluctuation in use in the United States over the last 10 years, and despite mixed 

public opinion, new nuclear facilities are being approved and constructed, including the 

Vogtle facility units 3 and 4 in Georgia (US Energy Information Administration, n.d.; 

Southern Company, 2024).  

One of the defining hurdles for the transition to renewable energy is building 

technological solutions that can handle variable or changing energy loads (Grubert & 

Hastings‐Simon, 2022). The grid today was originally built to support energy sources that 

operated 24 hours a day, 7 days a week, 365 days per year (Bakke, 2017). Fossil fuel 

sources historically burned consistently and power generation facilities were massive, 

typically hundreds and sometimes even thousands of megawatts (Bakke, 2017). Shifting 
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an electrical network as large as the United States, that has also been implemented for 

several decades, is no simple feat even if the new energy sources were the same size and 

could be “dragged and dropped” into the current grid system.  

Rebuilding and transforming a system that accounts for variable energy inputs at 

utility scale is a massive undertaking. Identifying the pain points and potential pathways 

to implementation is the start and first step, and the United States (both government and 

corporations alike) has begun implementing regulations and plans to work through this 

step. Renewable sources annually account for greater shares of installations and capacity 

additions in the US (Fasching, 2023). The country and industry are now in the mid-

transition point, with renewables (including hydroelectric, but excluding nuclear) 

accounting for 20.4% of the net generated energy (Total Electric Power Industry 

Summary Statistics, 2022 and 2021, 2023). However, without clear next steps to 

accelerate implementation, the United States is in danger of languishing in the mid-

transition. Identifying a mechanism to track and chart out how the grid will decarbonize 

at a national level is a key next step, and setting clear interim targets is a way to 

accomplish this. 

Regional Differences 

Part of the reason energy is challenging to decarbonize in the United States is 

regional differences in energy needs and capacity for new energy development. The 

Northeast is characterized by large cities and densely populated suburbs. The Midwest 

and Southeast are characterized by agriculture and smaller cities, and heavy industry. The 

West is less populated in many areas, but has large swathes of dense population and 
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desert. These differences make for varied energy needs, and abilities to support different 

types of energy sources.  

Utility-scale solar fields require large open spaces and enough sunlight, and wind 

farms similarly require large open spaces. Both of these requirements make the Northeast 

a difficult region to cite utility-scale renewable energy in, though it is possible with 

offshore capacities. The western and southern United States have more open space that 

could more easily support utility-scale wind and solar, but the southern United States has 

a well-documented economic relationship with fossil fuels, resulting in a difficult cultural 

discussion on renewables, while the western United States is known for moving away 

from fossil fuels more quickly than other regions (O’Boyle, 2019).  

Decarbonization Goals and Tracking 

At the federal level, the administration has set a series of goals to reach a 

decarbonized economy, summarized below with emissions added by the author for 

additional context (President Biden Sets 2030 Greenhouse Gas Pollution Reduction 

Target, 2021): 

• 2030: the United States will reduce emissions 50-52% below 2005 levels (for the 

entire economy; 2005: 6.6 billion metric tons of carbon dioxide emitted; goal: 3.3 

billion metric tons of carbon dioxide emitted) 

• 2035: the United States will have a 100% carbon pollution-free electrical grid  

• 2050: the United States will be a net zero economy  

Accountability is essential for any transition, but especially for one that impacts 

331 million people. Under the Paris Accord, participating Parties were not required to set 
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public plans or interim targets when setting their nationally determined contributions 

(NDCs), although there are options to provide details on specific projects planned to be 

implemented by the Party to meet the NDC in the submittal form (United States NDC 

April 21, 2021). It is common knowledge that setting a goal without getting buy in from 

key stakeholders, and setting a clear plan with small steps will be more difficult to 

achieve. The US has put itself in a difficult position by setting these decarbonization 

goals without a clear plan. 

In addition to not setting a clear plan, what the administration did not do, and 

what has been repeatedly called for (Behr, 2022) is set additional regulations and/or 

interim targets to plan for decarbonizing the grid, which would further enhance 

accountability and transparency in the transition. The goals go from reducing overall 

emissions for the U.S. economy, with no additional requirements or goals for electric 

generation emission reductions or minimum generation requirements from renewable 

energy sources, to a net-zero grid five years later. This means that power generation 

companies, which are beholden to a number of stakeholders with conflicting interests, are 

left to set their own goals and timelines without sign off from at the federal level to 

confirm alignment. To complicate things further, a number of states have set their own 

decarbonization goals that now need to be overlaid the federal goals. 

 A goal in the context of this thesis is a commitment, whether voluntary or legally 

binding, that a state government (either the state legislature or state governor) has set to 

reduce emissions from the state economy. Those emission reductions could be from the 

overall economy or a specific industry, including electric related emissions. A goal does 

not include a renewable portfolio standard (RPS). An RPS is a tool that can be leveraged 
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at any level of government, but is most often used at the state level in the US (Renewable 

energy explained, 2022). The structure and enforcement of an RPS varies from state to 

state, but typically the RPS sets a minimum required amount of electricity to come from 

renewable sources by a particular time, set by the governing body (Renewable energy 

explained, 2022). In June 2023, 29 of the 50 U.S. states and the District of Columbia had 

an RPS in place that call for varying degrees of renewable energy implementation 

(Barbose, 2023). RPSs are often used in tandem with emission reduction goals and are 

also used where emission reduction goals are not in place (e.g., Maine), but are separate 

mechanisms from goals.  

 
 
States Without Goals 
 

To that end, 29 of the 50 states do not currently maintain a decarbonization or 

emissions reduction goal, including some states with the highest electric related 

emissions, like Texas and Florida. Texas has no history of a decarbonization or emissions 

reduction goal, but Florida previously maintained an emissions reduction goal that was 

later repealed. In 2007, through Executive Order 07-127 the governor of Florida at that 

time enacted legally binding electric utility emission reduction targets. The executive 

order required the state to reduce electric utility emissions to 1990 level emissions in 

2025 (86.6 MMT CO2 of electric utility emissions in 1990) and 80% below 1990 levels 

(17.32 MMT CO2 of electric utility emissions emissions) by 2050 (Executive Order 07-

127; State-Level Energy-Related Carbon Dioxide Emissions, 2019). The executive order 

required the Department of Environmental Protection (DEP) to enact a cap-and-trade 

program for carbon emissions to reach the reduction goals, which was done with 
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legislative approval. While originally the 2007 legislature in Florida agreed that DEP had 

the authority to set up and run that program, and passed legislation promulgating 

authority to the DEP to do so, in 2012, through HB 4001, the Florida legislators at the 

time repealed the original ruling and effectively nullifying the original executive order 

(HB 4001, 2012).  

Nebraska does not have a state electricity emissions reduction goal at the time of 

writing. However, the boards of three major public power districts in the state (Lincoln, 

Nebraska and Omaha) have set non-binding emission reduction goals (Harpel, 2021). The 

non-binding goals hold Lincoln to a 2040 carbon pollution free generation goal while 

holding Nebraska and Omaha to a 2050 carbon pollution free generation goal. The board 

of directors for all three public power districts voted (in 2020, 2020 and 2019 

respectively) (Harpel, 2021). Combined, these three public power districts provide 

electricity to over half of the state’s population (Harpel, 2021). None of the three power 

districts have published public updates on progress towards achieving those non-binding 

goals at the time of writing.  

Kansas does not have any active emissions reductions goals, specific to electric or 

more broadly. Previously, the state did have a voluntary target, through the Kansas 

Corporation Commission, that stated that 20% of electric supply to meet peak demand 

would be from renewable sources (Kansas Renewable Energy Standard, n.d.). This goal 

was achieved, and at the time of writing the Commission reported that 46% of the state’s 

electricity is from wind (Kansas Electric Generation Sources by Total Megawatt hours, 

n.d.). While there is no active goal, the state is in the middle of drafting a comprehensive 

action plan, through funding from the IRA, called the Emissions Reduction and 
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Mitigation Plan (E-RAMP) (Emissions Reduction & Mitigation Plan, n.d.). The plan is 

set to be delivered and finalized in 2025, and will include emission reduction targets, 

greenhouse gas inventory for the state, workforce planning analysis and several other 

components as defined by the EPA (Emissions Reduction & Mitigation Plan, n.d.).  

The remaining states without any type of emission reduction goals are Alabama, 

Alaska, Arizona, Arkansas, Delaware, Georgia, Idaho, Indiana, Iowa, Maine, Mississippi, 

Montana, New Hampshire, North Dakota, Oklahoma, South Carolina, South Dakota, 

Tennessee, Utah, Vermont and Wyoming. Of these states, only Mississippi and Idaho 

increased their electricity related CO2e emissions from 2012 to 2021, 8% and 174% 

respectively. It is important to note that Idaho emitted 2 MMT of electricity related CO2e 

in 2021, up from 0.73 MMT in 2012 (EIA, 2023).  

States With Goals 

There are 22 states with active emission reduction goals, some of which specially 

require electric emission reductions, but many do not have this specificity and just set net 

zero overall economy goals. Not all state goals will be described in detail, but those with 

specifics around electric carbon emissions reductions or renewable energy development 

will be discussed below. 

 
2035 goals consistent with federal goals. Of the 22 states that do maintain carbon 

emission reduction goals, only New Jersey, Maryland and Rhode Island are consistent 

with the federal 2035 goal for a carbon pollution free grid. Rhode Island’s 100% 

renewable energy goal is set for 2030, setting the state ahead of the national goal for a 

carbon pollution free grid in 2035. Both New Jersey and Rhode Island’s goals are legally 
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binding and were set through executive order by state governors (Executive Order (EO) 

315 and 20-01 respectively) (Executive Order 315, 2023; Executive Order 20-01, 2020). 

Neither goal calls out a specific utility provider, or include specifics on the pathway to 

achieving the goals. Maryland’s 2035 goal was published in December 2023 through the 

state’s comprehensive Climate Pollution Reduction Plan, which is part of the 2022 

Climate Solutions Now Act actions; however, the 2035 goal itself is not currently legally 

binding (Maryland’s Climate Pollution Reduction Plan, 2023).  

New Jersey recently updated its clean energy goal via a 2023 EO (Executive 

Order 315, 2023). Previously, in 2007 the state had committed to a clean energy by 2050 

goal alongside a goal to reduce all state emissions to 80% below 2006 levels by 2050 

(Executive Order 315, 2023). The EO does not define clean energy, but a review of the 

state’s Department of Environmental Protection web publications around the EO 

confirmed that the clean energy technologies included are bioenergy, hydrogen, solar and 

wind (Clean Energy Technologies, 2023). The updated 2023 EO mandates that in 2024, 

the Board of Public Utilities (BPU) for the state will publish a plan to meet the 2035 goal 

as part of the state’s overall Energy Master Plan that would include short- and long-term 

actions for implementation (Executive Order 315, 2023). At the time of writing, no notice 

or timeline from the BPU on when the Energy Master Plan would be published was 

found to be publicly available.  

Executive Order 20-01 dictates that all electric demand shall be met with 

renewable energy sources by 2030 in Rhode Island (Murphy et al., 2020). Rhode Island 

commissioned a report from the state’s Office of Energy Resources and the energy 

consulting firm, the Brattle Group. The Road to 100% Renewable Energy by 2030 in 
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Rhode Island, was published at the end of 2020 and outlines potential forecasts in for 

increases in demand, policy suggestions for renewable energy standards, regional 

planning considerations for collaborations with NE-ISO alongside several other items to 

demonstrate how the state may meet the 2030 goal (Murphy et al., 2020). Based on a 

2024 update, Rhode Island set a schedule to implement a Renewable Energy Standard in 

2023 that would continue through 2033 while also developing the Primary Climate 

Action Plan that would open discussions for the final 2025 Climate Action Plan, all of 

which is projected to be in line with the updated timeline for 100% renewable energy 

(2025 Climate Action Strategy, 2024).  

Maryland currently has a legally binding goal that requires the state to source 

50% of its electricity from renewable sources by 2030 (Maryland’s Climate Pollution 

Reduction Plan, 2023). That goal is part of a larger piece of legislation titled Maryland’s 

2030 Greenhouse Gas Emissions Reduction Act (GGRA). The legislation includes 

portions that have not been enacted, including something titled the Clean and Renewable 

Energy Standard (CARES), that would have set a 2040 100% clean energy goal 

(Maryland’s Climate Pollution Reduction Plan, 2023). As part of the recent Climate 

Pollution Reduction Plan published by the Department of the Environment, the state 

wrote that it is not currently on track to meet the 2030 legally binding goal, or the not-

yet-active 2040 goal due to lower than anticipated deployment of wind and solar energy 

sources and supply chain issues (Maryland’s Climate Pollution Reduction Plan, 2023).  

As a way to course correct, the department is suggesting the 2035 goal be made 

legally binding and developed with a number of state agencies, including the Maryland 

Department of Natural Resources (DNR) Power Plant Research Program (PPRP), the 
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Maryland Public Service Commission (PSC), and the Office of People’s Counsel (OPC) 

(Maryland’s Climate Pollution Reduction Plan, 2023). As this suggested 2035 goal is 

developed, the Department hopes that the proposed legislation will include things like 

milestones for implementation, complimentary policy or policies and impacts to 

ratepayers (Maryland’s Climate Pollution Reduction Plan, 2023). Maryland is the only 

state to publicly state that they are not on track to meet their goals at the time of writing 

(Maryland’s Climate Pollution Reduction Plan, 2023). In 2021, the state emitted 11.23 

MMT of CO2e related to electricity, putting it in the bottom third of absolute electric 

related carbon emissions among the states, meaning the state has one of the lowest 

absolute electric related emissions rates (EIA, 2023). 

 

2040 goals. The states with the next closest carbon pollution free grid goals are 

Connecticut (set in 2022), Minnesota (set in 2023) & New York (set in 2019). All three 

goals are set for 2040, and all four goals arose from legislation (Public Act 22-5, House 

File 7 and Senate Bill S6599). Similar to New Jersey and Rhode Island, none of the three 

goals specify if any utility provider is beholden to any interim targets or goals. 

Connecticut’s Public Act 22-5 is a brief piece of legislation, coming in under two 

pages. The bill does not speak to pathways, or any specifics around how the emission 

reduction targets will be met, stating only that by 2030, carbon emissions for the state 

(not electric specific) be 45% below a 2001 baseline, and by 2040, electric related carbon 

emissions will be eliminated (Public Act 22-5, 2022). The bill does state that the 

Commissioner of Energy and Environmental Protection will have jurisdiction, but does 

not specify anything else relating to achieving the goals (Public Act 22-5, 2022). 
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The Minnesota regulation similarly requires all electric utility providers, both 

public and private, to submit utility plans to the public utility commission that outlines 

the organization’s pathway to complying with the regulation (House File 7, 2023). The 

regulation also requires that by 2035 the fleets for electric utility providers will be made 

up of at least 90% carbon-free energy (House File 7, 2023). The state defines carbon-free 

energy as wind, solar, hydroelectric (less than 100 MW capacity) or biomass (House File 

7, 2023). Minnesota specifically excludes a waste to energy or energy recovery facility 

that burns municipal solid waste in populated areas (greater than 1,500 persons per square 

mile but less than 2,500 persons per square mile) (House File 7, 2023).  

New York, the third and final state with an active 2040 zero electric carbon 

emissions goal, passed what is commonly called the CLCPA, or Climate Leadership and 

Community Protection Act, or the Climate Act, in 2019 (Senate Bill S6599, 2019). The 

bill is expansive, and includes standards for building heating and cooling efficiencies, as 

well electrification of public and private transportation and requirements for a just 

transition to attempt to ensure that Disadvantaged communities are not disproportionately 

impacted during the transition (Senate Bill S6599, 2019). Regarding electric carbon 

emissions, the CLCPA specifies that the state will source 70% of its electricity from 

renewable sources (offshore wind, solar) by 2030 and source all electricity from 

renewable sources by 2040 (Progress to our Goals, 2023). Other interim goals regarding 

electric carbon emissions include the development of 6,000 MW of distributed solar by 

2025 and 9,000 MW of offshore wind by 2035 (Senate Bill S6599, 2019).  

NYSERDA (New York State Energy Research and Development Authority) 

maintains an active “Clean Energy Dashboard” that tracks various metrics, including 
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renewable energy capacity, avoided CO2e emissions, electricity demand and many others 

(Clean Energy Dashboard, 2023). At the time of writing, the dashboard had been updated 

through the third quarter of calendar year 2023. The dashboard is unique to New York 

and presents a level of transparency and accountability to state stakeholders on progress 

towards the stated decarbonization goals not seen at the federal level or in other states 

reviewed for this analysis. Given that NY enacted the goal in 2019 and has been 

implementing for close to five years at the time of writing, it is not surprising that 

tracking mechanisms and overall transparency standards and practices are better 

developed than other states, or even the federal goals, that were enacted within the last 

two to three years. 

 

Goals that call out specific companies. Two states with legally binding goals, Colorado 

and Virginia, have called out their largest utility providers as part of their goal. Colorado 

does not name Xcel Energy specifically in the bill text (House Bill 19-1261) that sets the 

emission reduction goal, citing only that public electric utilities should create and submit 

clean energy plans, and will not be required to plan for emission reductions greater than 

80% below 2005 levels (House Bill 19-261, 2019). Xcel then published in its 2019 

Sustainability Report (note: the report was published in 2020, but covers reporting year 

January 1, 2019 – December 31, 2019) that the company worked closely with 

stakeholders in the state government to codify the company’s 80% reduction goal as part 

of the legislation, demonstrating commitment to the reduction (2020 Corporate 

Responsibility Report, n.d.). 
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Virginia does name AEP and Dominion Energy specifically in the 2020 bill (HB 

1526) for its emission reduction goals to reach carbon-pollution free energy by 2050 and 

2045, respectively from the two providers. Virginia not only calls out the two electric 

companies, but goes several steps further and states in the bill (HB 1526, 2020) that: 

• any provider that does not meet the stipulations in the bill will be forced to pay 

energy deficiency payments or purchase renewable energy credits to cover the 

deficit; 

• by 2035, the two providers will acquire or build 400 and 2,700 MW capacity 

energy storage projects respectively; and, 

• Dominion Energy will have at least 5,200 MW of offshore wind by 2034. 

The Virginia bill, commonly referred to as the Virginia Climate Plan, also 

specifies that all coal fired facilities, except for those operated by a Phase II utility 

(Dominion) that co-fire with biomass or operate with a capacity greater than 500 MW, 

must close by December 31, 2024 (HB 1526, 2020). At the time of writing, based on fleet 

information published on the Projects and Facilities section of their corporate webpage, 

Dominion maintains two active coal power generation stations in Virginia that (Clover 

and Mt. Storm), due to the exemption explained in the previous sentence, do not have 

firm closure or decommissioning timelines (Coal and Oil Facilities, n.d.). Additionally, 

AEP currently owns 4,270 MW of coal, as part of its subsidiary Appalachian Power 

Company (AEP 2023 Factbook, 2023). The two facilities however, Amos and 

Mountaineer, are both located in West Virginia (AEP 2023 Factbook, 2023). 
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Other goals. Through its 2023 regulation with a 2024 activation, Michigan requires 

electric providers that are subject to rate case submissions to the public utility 

commission to submit renewable energy plans by 2028 that specify the provider’s 

forecast to construct or acquire renewable resources to comply with the specified 

timelines in the regulation (Act No. 235, 2023). The regulation requires that in 2035 

electric providers’ portfolios will be made up of at least 80% clean energy sources, and 

will be made up of 100% by 204, but does not align with the federal non-binding 2035 

carbon pollution free goal (Act No. 235, 2023). For this regulation, Michigan has defined 

clean energy as: 

• the generation of steam without greenhouse gas emissions (including nuclear 

generation); 

• if the facility combusts natural gas to generate steam, carbon capture and storage 

with 90% effectiveness is also used at the facility; or, 

• if the facility is a combined cycle facility, there is some other type of carbon 

sequestration or removal technology used at the facility (Act No. 235, 2023).  

Pennsylvania, the state with the third highest absolute electric carbon emissions in 

2021, has set overall (not electric specific) emissions reduction targets via executive 

order in 2019 (EO 2019-01, 2019). The goals, that the state shall “strive” for a 26% 

reduction of net greenhouse gas emissions statewide by 2025 from 2005 levels; 80% 

reduction of net greenhouse gas emissions by 2050 from 2005 levels, are considered 

legally binding (EO 2019-01, 2019). Net in this scenario means the state takes into 

account the estimated quantities of sequestered carbon from forests and other land use 

types to determine the final emissions for the time period being quantified (EO 2019-01, 
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2019). The EO mandated that a “voluntary GHG inventory” would be built for the state 

and revisited annually, and this inventory serves as the basis for the state determining 

progress towards meeting the previously mentioned targets (EO 2019-01, 2019). Similar 

to the other states mentioned, Pennsylvania does not call out specific utility providers in 

the 2025 or 2050 targets. 

California, notably one of the most influential and proactive states when it comes 

to climate action, enacted their carbon emissions reduction goals in 2018 through 

legislation. The legislation, AB 32, required the state to reduce carbon emissions to 1990 

levels in 2020 (AB 32 Global Warming Solutions Act of 2006, 2018). The state did 

achieve this goal. In addition to AB 32 being passed in 2018, the state also passed SB 

100, which mandated all electricity be from renewable sources by 2045, and that 60% of 

electricity for the state be sourced from renewable sources by 2030 (SB 100, 2018). In 

2021, as required under SB 100 the first joint agency report between the state level 

Energy Commission, Public Utilities Commission and Air Resources Board was 

published, and demonstrated through various models that the SB 100 mandates were in 

fact achievable (SB 100 Joint Agency Report, n.d.).  

After the 2021 joint agency report, the state of California published the 2022 

Scoping Plan, which went into greater detail and laid out pathways to achieve the targets 

set in AB 1279, which include GHG emissions being reduced to 85% below 1990 levels 

(SB 100 Joint Agency Report, n.d.). The reporting and planning are akin to how New 

York publishes regular data driven updates through the Clean Energy Dashboard for 

public viewing. Both states achieved carbon emissions reductions from 2012 through 

2016, but for 2017 through 2021 electric emissions increased (7% for California, 13% for 
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New York). Overall, both states have decreased emission from 2012 to 2021, but given 

that both states implemented ambitious emissions reduction goals during the latter half, 

the increase in that five-year period is an interesting contrast. New York has not provided 

much public commentary on this trend, but in the 2022 Scoping Plan, California 

acknowledged the impact of weather on reliability and the increased use of fossil fuel 

electric during severe weather events (SB 100 Joint Agency Report, n.d.).  

A short description of the remaining state goals not listed here, whether voluntary 

or legally binding, can be found in the Results chapter.  

 

Company goals. At the company level, decarbonization goals are sometimes managed 

solely by the company, but can also be submitted for external verification and approval to 

an organization. There are a select few companies (Dominion, AEP, Xcel) with goals tied 

into legally binding state goals.  

The majority of power generation companies do not set externally verified goals 

that require regular public disclosure of progress, and track their progress privately and 

publish on an ad-hoc basis. When goals are tracked privately, it gives the power 

generation company license over what information is published, and how often. External 

verification of progress towards goals can enhance public trust and overall accountability. 

While private tracking may make sense for the goal-setting power generation company 

when it is first starting the goal-setting process, it does not lend itself well to 

accountability to stakeholders (e.g., customers).  

The earliest goal of the companies included here was set by Southern Company in 

2018 (Planning for a low carbon future, 2018). The voluntary goal calls for the company 
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to reduce emissions 50% from a 2007 baseline (156 MMT CO2e), and to reach net zero 

emissions by 2050 (Planning for a low carbon future, 2018). Three companies set goals 

in 2019: Xcel, Berkshire Hathaway Energy and Entergy. Xcel, as part of the larger 

legally binding goal set by Colorado for carbon pollution free energy by 2050, set a 

voluntary interim goal of an 80% reduction in emission from a 2005 baseline (64 MMT 

CO2e) by 2030 (2021 Sustainability Report. n.d.-a). Berkshire Hathaway Energy set a net 

zero by 2050 goal with an interim goal of a 50% reduction by 2030 from a 2005 baseline 

(Berkshire Hathaway Energy, n.d.). The last voluntary goal set in 2019 was set by 

Entergy, committing to a 50% reduction from 2000 base-year levels by 2030, 50% 

carbon-free energy capacity by 2030, and net zero emissions by 2050 (Entergy’s path to 

net-zero emissions, 2022).  

Nine companies set emissions reduction goals in 2020, including Dominion and 

AEP’s respective legally binding goals set by the state of Virginia. The other seven 

companies include Ameren, Exelon, FirstEnergy, PG&E, SCE, TVA and Vistra. All the 

voluntary goals include a net zero component, as well as interim 2025 or 2030 reduction 

goals from an earlier baseline. 

Eight other companies set goals in 2021, two of which (Evergy and NRG) 

included an interim target for 2025 or 2030, and net zero emissions by 2045 or 2050 

respectively. Brookfield set a Scope 1 & 2 net zero goal for 2030, as the company only 

operates renewable energy, making a more comprehensive emissions reduction goal less 

impactful for their operations. Consumers Energy, as previously noted, set a coal-free 

goal for 2025 and a net zero emissions goal for 2040. Energy Harbor set out to be a 

carbon free baseline energy producer by 2023, which the company achieved through 
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divestment of its coal operations, and also set a net zero operations goal for 2050. Lastly, 

the three public power districts in Nebraska, LES, NPPD and OPPD all set net zero goals 

for 2040, 2050 and 2050 respectively. The last three companies (DTE, Duke & NextEra) 

included in the analysis set their goals in 2022. All three companies set interim targets for 

2025, 2035 or 2040 as well as net zero targets for 2050 (DTE and Duke) or 2045 

(NextEra).  

Notably, the only company included in the analysis that does not maintain any 

type of emissions reduction goal, voluntary or otherwise, is Calpine. The company was 

included because of its geographic spread (22 states) and variation in types of operation 

and pursuit of carbon capture technology (2021 Sustainability Report, n.d.-b). Including a 

company without a goal that pursues electricity generation with lower carbon emissions 

and carbon capture technology seems an appropriate alternative to review against 

companies that have voluntary and/or legally binding goals. 

Rate of Decarbonization 

The rate of decarbonization for electric generation related emissions can be 

calculated as the ratio of renewable or carbon free energy to carbon producing energy, in 

MW or by calculating the rate of percentage change in carbon emissions. This rate of 

percent change can be calculated at a variety of levels, including the country or federal 

level, a single state or region, or at the individual company level. In 2022, PwC found 

that the rate of decarbonization within the global Net Zero Economy Index had fallen to 

0.5%, the lowest rate in a decade (Plasschaert, 2022). The Net Zero Economy Index 

(NZEMI) measures the progress of G20 nations in reducing carbon emissions 

(Plasschaert, 2022).  
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In the previous decade, the United States had maintained a rate of decarbonization 

of approximately 3%, (Figure 3) by the Center for Climate Change and Energy Solutions, 

based on data published by the Energy Information Administration, or EIA (Lawson, 

2018). In parallel, the rate of emission reductions over a set time period can also be 

referenced as a measurement of decarbonization, and depending on the level (e.g., state) 

can be more straightforward to calculate and evaluate. This demonstrates that while the 

United States is making small strides to decarbonizing, small contributions are not 

enough to lead or encourage other nations to follow similar pathways. This does not 

foster confidence that decarbonization globally will happen quickly enough or that the 

federal targets will be met on time.  

 

 
Figure 3. Total past and projected U.S. electricity generation by energy source and total 
sector emissions. (Lawson, 2018). 
 

 

The federal administration has not set a public method of tracking for the U.S. 

decarbonization goals. Data that covers emissions from any permitted source and energy 

source breakdown at various time intervals is available from the EPA and EIA at regular 
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frequencies, but that information is tracked at the facility or asset level and held in 

specific holding companies, so cannot be easily tracked back to the owner without a 

significant investment of effort by the researcher. With a rise in electrical generation still 

expected to meet increased demand, a lower rate of decarbonization paired with difficult 

tracking of emissions does not build confidence in the goal-setting in the United States.  

Tracking the rate of decarbonization at the company and regional level would 

allow for a closer level of analysis, and the identification of different trends. Eberle and 

Heath (2020) evaluated and characterized the differences between eight different sources 

and forecasts of emissions in the US, and their methodology provides a strong framework 

to draw from. They began their analysis with documentation reviews and informal 

stakeholder interviews with staff at each of the data publishers, and confirmed the 

relevance of their approach with each. The team then identified trending energy sources 

(e.g., biomass) and estimated the source’s potential influence on the energy system’s 

emissions (Eberle & Heath, 2020). From that estimation, the team built two models, Low 

and High, projecting to 2040. Leveraging capacity factors published and utilized by the 

California Public Utility Commission, Eberle and Heath (2020) then estimated emissions 

by source for each scenario. To close their analysis, they evaluated the ability of the 

federal government to effectively capture emissions information as the grid modernizes. 

Rebuilding a system is one thing, and understanding how the rebuild is 

progressing is another entirely. Currently, the United States has no publicly stated method 

to determine how the decarbonized reconstruction of the electrical grid is progressing, 

and with the global rate of decarbonization decreasing in a time where it should be 

increasing to meet demand, as one of the largest emitters of GHG emissions, the lack of 
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U.S. monitoring is concerning. Without a method in place or at least planned, it can be 

difficult or near impossible to track progress, which makes meeting goals unnecessarily 

difficult and nearly impossible. 

Research Questions, Hypotheses and Specific Aims 

I broke out my research into three main questions and hypotheses: 

1) Will the US meet its publicly stated decarbonization goals for 2030 and 2035? 

• H1: The United States will not meet its publicly stated decarbonization 

goals for 2030 or 2035. 

2) Are utilities in the US divesting from fossil fuel sources in line with their publicly 

stated decarbonization goals? 

• H2: For the years 2012-2022, power generation companies in the United 

States with publicly stated decarbonization goals did not divest from fossil 

fuels at a high enough rate to meet their goals. 

3) Are there particular grid regions in the United States that are decarbonizing at a 

faster rate than others, based on the previous 10 years? 

• H3: The western United States is decarbonizing at a faster rate than the 

rest of the country. 

Specific Aims 

To test my hypotheses, I: 

1. Defined the US federal decarbonization goals, individual state decarbonization goals 

and a selection of power company decarbonization goals and determined alignment 

on an overall timeline to 2035. 
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2. Estimated the rate of decarbonization for a stratified sample of power companies in 

the United States, as well as the states themselves from 2012-2022 and extrapolated 

this to grid regions and the entire country. 

3. Analyzed the relationship between publicly stated decarbonization goals for a 

selection of power companies in the United States to their actual rate of 

decarbonization from 2012-2022 and identify trends. 

4. Built a forecasting model (decarbonization timeline) extending to 2035 using the 

estimated rate of decarbonization and associated emissions with low and high 

emission scenarios for the United States. 

5. Identified those companies successfully decarbonizing, so that the United States can 

leverage their strategies to uplift the rest of the industry. 
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Chapter II 

Methods 

To answer the research questions and address the various hypotheses on whether 

or not the US will reach its 2030 and 2035 decarbonization goals, I utilized a number of 

publicly available data sources and statistical analyses of the data to determine the rate of 

decarbonization (the rate of change for emissions from electrical generation for 

residential and industrial consumption) from 2012-2022 for a selection of power 

companies across the United States, as well as for individual states and the country as a 

whole. The rate of decarbonization for this analysis is calculated as the percent change in 

CO2e year over year over the full ten-year (2012-2022) period, with subsequent analyses 

completed for the two successive 5-year periods (2012-2016 and 2017-2022) to better 

understand any trends in how emission rates shifted. 

Data Sources 

The research focused on private and publicly owned utilities in the United States 

with publicly stated decarbonization goals (e.g., published in a sustainability or corporate 

responsibility report). The analysis then went a step up, and brought in all the states, and 

compared those with decarbonization or electric emissions goals and those without. There 

are also a select number of utilities with legally binding decarbonization goals that are 

tied directly to state determined decarbonization targets, and the impact of the state set 

target was reviewed for those specific companies.  
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I analyzed how the rate of decarbonization has changed across two five-year 

periods for a sample of individual utilities, states and then the country as a whole. The 

mean rate of decarbonization was applied against the generation capacity for the US 

through 2035 to determine if the 100% carbon pollution-free electrical grid goal can be 

attained at the historical rate of decarbonization. A secondary qualitative analysis to 

determine if particular regions and types of companies are decarbonizing faster was also 

completed. A Pearson correlation coefficient was calculated to assess the linear 

relationship of emissions against time at the company, state and country level. This 

coefficient was used because of its ability to describe the strength of a relationship 

between two variables.  

The federal goals were reviewed and pulled from the NDC submittal form, 

published by the administration in 2021 and held on the United Nations Framework 

Convention on Climate Change webpage (2021). The emissions data for the national 

analysis were pulled from the United States Energy Information Agency (EIA), which 

serves as the independent, impartial energy data gatherer for the nation (EIA, n.d.). The 

agency publishes a variety of data summaries and raw data files, including annual reports 

on electric emissions at the federal level. 

State level emission reduction goals, decarbonization goals or renewable energy 

standards were sourced from state government online publications and legislative 

trackers. The states publish data in a variety of ways, and the sources cited will reflect 

this. The emissions data for the state analysis were also pulled from the EIA annual 

reports on emissions (EIA, n.d.). 
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A complete list of utilities and independent power producers participating in the 

six ISOs and RTOs and one major co-op in the United States was generated by pulling 

the list of participants from each of the organizations’ website. The seven organizations 

are: 

• California Independent System Operator (CAISO) 

• Electric Reliability Council of Texas (ERCOT) 

• Independent System Operator of New England (ISONE) 

• Midcontinent Independent System Operator (MISO) 

• New York Independent System Operator (NYISO) 

• PJM Interconnection Regional Transmission Operator (PJM) 

• Southwest Power Pool Regional Transmission Operator (SPP) 

The lists from each organization were current as of August 30, 2023. The Alberta 

Electric System Operator (AESO) and the Independent Electricity System Operator 

(IESO, for Toronto) were excluded from analysis as they do not serve energy consumers 

in the US.  

The list was compiled in Microsoft Excel and was categorized by organization, 

type of company and location. The combined list was filtered for duplicates, and only 

those companies that are categorized as “generation” were used as the final listing for 

selection of companies. Companies with legally binding emission reduction or 

decarbonization targets were immediately selected, and from the remaining companies, 

those with publicly stated decarbonization goals and were found to cover at least two ISO 

or RTOs were selected. 



 

 36 

While reviewing the list of generating companies from each ISO and RTO, I was 

also searching for “ultimate parent companies” for the operating entities. In energy, it is 

common that each asset (power generation facility) will have its own legal entity, and 

that entity is used on permit applications, and to register for the power market. Some lists, 

including PJM, provided this information up front and allowed for a simpler sorting. For 

the other organizations where the ultimate parent company was not provided or 

immediately obvious, I searched the entity name through Google and confirmed ultimate 

ownership through press releases and financial filings. There are also several large utility 

companies (e.g., Exelon, Southern Energy) that own several state-specific utilities (e.g., 

ComEd, Georgia Power), so understanding those roll-ups was essential to making 

company selections. Where those parent companies were selected or if there were 

financial transactions that substantially affected (e.g., the sell-off of an entire fleet of 

facilities), those relationships are explained in the results section. The 2021 GHG 

emissions (Scope 1) in MT of CO2e are included from each company, sourced from each 

company’s published emissions in their financial statements or corporate responsibility 

reports. The determination of largest utilities was based on a 2022 report generated by the 

2022 Emissions Benchmarking report from ERM’s SustainAbility Institute (2022). While 

2021 emissions are used in this analysis, the 2022 report from ERM was leveraged to 

confirm the most current grouping of large utilities was used in the analysis as the 

analysis was published in 2022 and based on 2021 data and utility activities. 

In several cases a larger company will own a state-specific utility (e.g., AEP owns 

Appalachian Power), and this is indicated in the table through parentheticals. In these 

cases, the ultimate parent company’s emissions will be listed. In the case of AEP and 
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Appalachian Power, because Appalachian Power is named in Virginia’s legally binding 

goal, Appalachian Power is named first and AEP is listed in parentheses to call out the 

ultimate owner and operator and decision maker. AEP also maintains a voluntary interim 

decarbonization goal that is listed secondarily in the table due to the voluntary nature. In 

the case of NextEra, Florida Power & Light (FP&L) is the state-specific utility and 

NextEra is the ultimate parent company. NextEra maintains a voluntary decarbonization 

goal that encompasses FP&L, so NextEra is the primary listed company with FP&L 

included in parentheticals for transparency and reference. Where abbreviations or 

shortened versions of the company name will be used, those are also listed in 

parentheticals.  

Following my review of the ISO and RTO listings alongside the list of power 

generation companies and utilities legally obligated to decarbonize due to state set 

targets, I compiled a list of 25 electric generation companies and utilities. Once these 

power companies were selected, I pulled the sustainability report and financial report 

directly from each company’s website. The information regarding goals was compiled in 

a Microsoft Excel workbook that included the terms of the goal(s), including the base 

year, the reduction goal (e.g., percent change or net zero emissions) and the year the goal 

was set. One company (Calpine) was selected that does not currently have a 

decarbonization target, but does publish sustainability reports that include greenhouse gas 

data.  

In this analysis, a legally binding goal for a company is defined as when a state 

(e.g., Colorado) sets a goal and calls out a specific power company or utility that services 

the state to reduce emissions by a certain percent by a particular year. States with goals 
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that do not call out a particular company, are not considered legally binding for 

companies that operate in those states for the sake of this analysis. Depending on how the 

state set its goal, through legislation or through an executive order, or through a statement 

by a state leader, the goal can be considered legally binding or not. For this analysis, 

goals set by executive order or legislation will be referred to as legally binding.  

The three Nebraska public power districts do not publish these types of reports, so 

the facilities listings were pulled from each district’s webpages and then data for 2021 

from each facility was pulled from EPA GHGRPA FLIGHT. To be in alignment with 

emissions available at the state level, 2021 data was used here instead of 2022 data. 

Given uncertainty in ownership, and in an attempt to not misstate or misattribute 

emissions if sites have been sold or closed between 2012 to 2021, only 2021 emissions 

were pulled from FLIGHT. 

Decarbonization Rate Calculation 

The rate of decarbonization was based on comparing published CO2e emissions 

over the 2012-2022 time period sourced from company published reports and from the 

EPA’s public emissions dashboard, FLIGHT or published sustainability report values for 

companies, and from EIA’s annual emission reports for individual states. Where 

emissions data was not available (e.g., if a company published reports with CO2e data 

starting in 2015) the period of analysis was shortened to match the available data. For all 

states and each power company selected as a sample, I took the following steps: 

• identified the decarbonization goal, including start and end date and % reduction 

(if applicable); 
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• identified CO2e emissions for the power company for the duration of the time 

period and calculated the rate of change year over year (decarbonization rate) for 

the selected time period; and, 

• determined what trends exist for each power company and state over the two 

consecutive five-year periods (2012-2016; 2017-2022) and the entire ten-year 

period (2012-2022). 

Decarbonization Timeline 

I leveraged existing data for 2012-2022 to calculate rates of decarbonization, and 

then to map the decarbonization timing for the United States. The goals for the United 

States are that: by 2030 the country will reduce emissions 50-52% below 2005 levels, and 

in 2035 have a 100% carbon pollution-free electrical grid (President Biden Sets 2030 

Greenhouse Gas Pollution Reduction Target, 2021). By using the decarbonization rate I 

calculated for the sample of power companies in the United States, I projected CO2e 

emissions to 2030 and 2035 to determine whether the goals will be met (or in the case of 

2030, whether the allocated emissions for electrical generation will be met).  

The National Renewable Energy Laboratory (NREL) is in the middle of a series 

of publications called the Electrification Future Studies (EFS) centered on electrification 

rates in the US, and has published several papers to date discussing the history of 

electrification, demand and supply side scenarios, grid scenarios and consumption 

patterns. For this thesis, the supply side scenarios were used as a guide for the projected 

timeline through 2035. These projections were similar in scope and magnitude to those 
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published by the EIA as part of the 2023 Annual Energy Outlook, which is specific to the 

US (EIA 2023). 

I also followed precedent set by Eberle and Heath (2020) and utilized capacity 

factors (based on population projections) to incorporate planned or anticipated changes in 

energy sources between 2023 and 2035, and build a more informed timeline under 

different scenarios. I calculated the emissions anticipated in a low and decarbonization 

scenario based on the historical rates of decarbonization and insights from NREL, and 

then applied the capacity factors against both scenarios. 
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Chapter III 

Results 

The overarching goal of the analysis was to evaluate how the United States, 

individual states and electric generation companies publicly represent their 

decarbonization actions against what the actual decarbonization actions being taken are. 

The analysis was intentionally designed to be straightforward, to expose what 

complexities are present based on publicly available information.  

Hypotheses 1 & 2 were set up to test the effectiveness of various types of 

decarbonization goals across different stakeholder groups, ranging from investor owned 

and public utility companies to the country at large. Specific aims 1 & 4 supported testing 

of hypothesis 1 by testing how publicly stated goals from utilities and states (both 

voluntary and legally binding) support the 2030 and 2035 federal decarbonization goals, 

and what the forecasted decarbonization timeline based on EIA data looks like. Specific 

aims 2, 3 and 5 helped evaluate hypothesis 2 by splicing utility specific data across 

regions and years to determine alignment with their own goals, and identify those utilities 

that are decarbonizing successfully. Hypothesis 3 examined if there were any regional 

differences across the country, and is supported by specific aim 3. 

Specific Aim 1 – Define the Goals 

There are three categories of goals that will be discussed. One, are the voluntary 

federal goals set by the administration as part of the nationally determined contributions 

for the United States as part of the Paris Agreement and EO 14008. The second are the 
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legally binding state set goals from various state governor set executive orders. The last 

are the mix of voluntary and legally binding goals associated with a selection of utility 

companies and independent power producers in the United States. 

 

Federal Goals 

The U.S. decarbonization goals are delineated in Table 1 (President Biden Sets 

2030 Greenhouse Gas Pollution Reduction Target, 2021). The 2050 net zero economy 

goal and 40% of benefits from federal investments being directed to disadvantaged 

communities are included in the below table for completeness but are not the focus of this 

thesis and will not be included in the analysis. 

Table 1. The US decarbonization goals. 

Year Goal Type of Goal 
2030 The US will reduce emissions 50-52% below 2005 

CO2e levels (2005: 6,635 million metric tons of 
CO2e total; goal: 3,317 million metric tons of 
CO2e) 

Nationally Determined 
Contribution (NDC) as part 
of the Paris Agreement 

2035 The US will have a 100% carbon pollution-free 
electrical grid (a 3317 million metric ton reduction 
from 2030) 

Part of Executive Order 
14008 

2050 The US will be a net zero economy Part of Executive Order 
14008 

N/A Delivering 40% of the benefits from federal 
investments in climate and clean energy to 
disadvantaged communities 

Part of Executive Order 
14008 

 
 

The United States cites a 2005 baseline year as a reference for reductions for the 

2030 goal. In 2005, the United States emitted (gross) 6,635 MMT of CO2e overall, with 

2,400 MMT of those emissions coming from electrical generation, or roughly 36% of the 

emissions (President Biden Sets 2030 Greenhouse Gas Pollution Reduction Target, 2021; 
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EIA, 2023b). It is important to note that the 50% reduction goal is for all emissions from 

US-based activity, not just electrical generation. If the proportion of electrical generation 

emissions to overall emissions remains at roughly 36% in 2030, then the industry would 

be “allocated” 1,200 MMT of emissions in 2030 to remain in line with the 2030 goal. 

However, emitting 1,200 MMT CO2e in 2030 would not align with the 2035 carbon free 

pollution goal, and would indicate a slow emissions reduction trend, indicating that the 

2035 goal may not be achieved.  

Figure 4 visualizes the trend in EIA reported emissions from electrical generation 

in the United States from 2005 through 2021. At the time of writing, 2022 data from EIA 

was not available for review. However, per the EPA Greenhouse gas reporting program 

(GHGRPA) tool, Facility Level Information on GHG Tool (FLIGHT) R.151, 

approximately 1,585 MMT of CO2e were emitted from electrical generation facilities in 

2022 (2023). The FLIGHT tool, in alignment with all EPA reporting, utilizes the global 

warming potential (GWP) values from the Fourth Assessment Report (AR4) of the 

Intergovernmental Panel on Climate Change (2023). The two databases release data on 

different schedules due to the respective agency review schedules, but are typically 

aligned on emissions data, which corroborates the assertion that the United States did in 

fact have a minor increase in GHG emissions related to electrical generation. As 

mentioned above, although the electrical generation industry would have an “allotted” 

1,200 MMT of CO2e (300 MMT less than what was emitted in 2021) under the 2030 goal 

scenario, maintaining that level of emissions would indicate that CO2e emissions 

reductions slowed and the 2035 carbon pollution-free grid goal would likely not be 

achievable under that rate of emissions reduction. 
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Figure 4. U.S. electrical generation related emissions in MMT of CO2e, 2005-2021 (EIA, 
2023b). 
 

The 10% reduction in emission from 2019-2021, and subsequent 7% rise in 

emissions from 2020-2021, can be attributed to the impacts of COVID-19 on standard 

activity in the United States. The approximate 2022 emissions from electrical generation, 

1,585 MMT of CO2e, would indicate a 3% rise. Given the overall trend towards 

electrification of heat in commercial buildings and homes to reduce reliance on natural 

gas, electrification of vehicles for personal and commercial transportation to reduce 

reliance on gasoline and other fossil fuels and in turn reduce overall emissions, the need 

for electricity will only increase in the future.  

State Goals 

Table 2 includes all states (and the District of Columbia), whether or not there is a 

goal, and if there is a goal, the terms. Some states include other types of decarbonization 

activities in their goals (e.g., decarbonizing fleet vehicles) and if that is the case that 
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portion of the goal has been intentionally excluded from this listing. The 2021 GHG 

electric related emissions by state, from consumption of electricity by state residents, are 

also listed alongside the goals (EIA, 2023b). 2021 data are presented in this table for 

consistency, because at the time of writing the 2021 dataset was the most recently 

available from EIA. 

Table 2. State decarbonization goals and terms, and 2021 electric related CO2e emissions. 

State Goal 2021 Electric 
CO2e emissions 
(MMT) (EIA, 

2023b) 

Reference 

Alabama No goal 47.20  
Alaska No goal 2.80  
Arizona No goal 34.33  
Arkansas No goal 28.54  
California 40% below 1990 emissions by 

2030; 100% carbon-free 
electricity by 2045; reduce all 
emissions to 85% below 1990 
levels by 2045 35.35 

SB 100, 2018 

Colorado Reduce 2025 greenhouse gas 
emissions by at least 26% from 
2005 baseline, 2030 greenhouse 
gas emissions by at least 50%, 
and 2050 greenhouse gas 
emissions by at least 90%; 
100% carbon-free electricity by 
2040 for Xcel Energy 30.58 

House Bill 19-
261, 2019 

Connecticut 100% carbon-free electricity by 
2040 9.23 

Public Act No. 
22-5, 2022 

Delaware No goal 1.77  
District of 
Columbia 

Reduce greenhouse gas 
emissions by no less than 60% 
relative to 2006 levels by 2030 
and to reach carbon neutrality 
by 2045; 100% renewable 
energy by 2032 through the 
RPS 0.00 

DC Law 24-
176, 2022 



 

 46 

Florida No goal 91.23  
Georgia No goal 40.87  
Hawaii Reduce all emissions 50-52% 

below 2005 baseline by 2030; 
100% renewable energy by 
2045 through the RPS 5.77 

HB 1800, 2022 

Idaho No goal 2.00  
Illinois 40% renewable energy by 2030; 

50% renewable energy by 2040; 
100% clean energy by 2050 52.43 

Public Act 102-
0662, 2021 

Indiana No goal 68.84  
Iowa No goal 24.12  
Kansas No goal 22.25  
Kentucky No goal 56.90  
Louisiana Reduce GHG emissions 26-

28% below 2005 levels by 
2025; Reduce GHG emissions 
40-50% below 2005 levels by 
2035; Net zero greenhouse gas 
emissions by 2050 30.40 

Executive Order 
Number JBE 
2020 – 18, 2020 

Maine No goal 1.26  
Maryland 60% GHG reductions from 

2006 levels by 2031; 50% 
renewable energy by 2030; 
100% renewable energy by 
2035; Net-zero greenhouse gas 
emissions by 2045 11.23 

Maryland’s 
Climate 
Pollution 
Reduction Plan, 
2023 

Massachusetts Net-zero greenhouse gas 
emissions by 2050 6.14 

Bill S.9, 2021 

Michigan Grid will have to be 50% 
renewable by 2034, 60% by 
2035, with a clean energy 
standard of 100% by 2040 52.91 

Act No. 235, 
2023 

Minnesota 30% GHG reductions from 
2005 by 2025; 50% reductions 
from 2005 by 2030; 100% 
carbon-free electricity by 2040; 
80% reductions from 2005 by 
2050 21.21 

Minnesota 
Statute 
§61.216H.02.01, 
2023 

Mississippi No goal 25.19  
Missouri No goal 60.21  
Montana No goal 12.46  
Nebraska No goal 19.79  
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Nevada 28% GHG reductions from 
2005 level by 2025; 45% GHG 
reduction from 2005 level by 
2040; near-zero or zero 
economy emissions by 2050 13.70 

SB No. 254, 
2019 

New 
Hampshire 

No goal 
2.10 

 

New Jersey 50% GHG reductions from 
2006 level by 2030; 100% 
carbon-free electricity by 2035; 
80% GHG reductions below 
2006 by 2050 13.33 

Executive Order 
274, 2021; 
Executive Order 
315, 2023 

New Mexico 45% GHG reductions from 
2005 level by 2030; 100% 
carbon-free electricity by 2045 17.13 

Executive Order 
2019-003, 2019 

New York 40% GHG reduction from 1990 
levels by 2030; 70% electricity 
from carbon-free sources; 100% 
carbon-free electricity by 2040; 
85% GHG reduction from 1990 
levels by 2050 25.00 

Senate Bill 
S6599, 2019 

North 
Carolina 

70% reduction in emission from 
2005 levels by electricity sector 
by 2030; Carbon neutrality in 
the electricity sector by 2050 40.13 

House Bill 951, 
2021 

North Dakota No goal 27.42  
Ohio No goal 68.45  
Oklahoma No goal 26.74  
Oregon 45% GHG reduction from 1990 

levels by 2035; 80% GHG 
reduction from 1990 levels by 
2050 8.23 

Executive Order 
20-04, 2020 

Pennsylvania 26% reduction of net 
greenhouse gas emissions 
statewide by 2025 from 2005 
levels; 80% reduction of net 
greenhouse gas emissions by 
2050 from 2005 levels 77.48 

EO 2019-01, 
2019 

Rhode Island 100% renewable energy 
electricity by 2030 3.38 

Executive Order 
20-01, 2020 

South 
Carolina 

No goal 
25.03 

 

South Dakota No goal 2.40  
Tennessee No goal 24.03  
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Texas No goal 180.30  
Utah No goal 29.94  
Vermont No goal 0.00  
Virginia By 2035, American Electric 

Power and Dominion Energy 
Virginia to construct or acquire 
400 and 2,700 megawatts of 
energy storage capacity, 
respectively; 100% carbon-free 
electricity by 2045 for 
Dominion Energy and 2050 for 
Appalachian Power Company 24.36 

HB 1526, 2020 

Washington 45% GHG emission reduction 
below 1990 levels by 2040; 
100% zero-emissions electricity 
by 2045; 95% GHG emission 
reduction below 1990 levels by 
2050 9.85 

RCW 
70A.45.020, 
2020; SB 5116, 
2019 

West Virginia No goal 58.97  
Wisconsin 100% carbon-free electricity by 

2050 35.00 
Executive Order 
38, 2019 

Wyoming No goal 34.08  
 

 

Figure 5 presents the year over year changes in CO2e emissions by state and DC 

from 2012-2021 based on data from EIA in a sparklines format (EIA, 2023b). The table 

highlights the general, albeit slight, downward trend emissions related to electrical 

generation are taking, as shown previously in Figure 1. The actual percent changes can be 

found in the Appendix.  
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Figure 5. 2012-2021 year over year CO2e emissions by state (EIA, 2023b). 
 

Company Goals  

The selection of 25 power company decarbonization goals, the type of goals 

(voluntary or legally binding) and the terms of the goals are outlined in Table 3. The 

utilities are presented alphabetically by type of goal (legally binding or voluntary). All 

companies with legally binding goals are included in this table. A selection of 19 of the 

largest power companies with decarbonization goals in the US were selected, and one 

company without a decarbonization goal.  
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Table 3. Table of companies selected with goals. 

Company Goal Base 
year 

Goal 
Set 

2021 Scope 1 
(MMT CO2e) 

Reference 

AEP* 100% carbon-free 
electricity by 2050 for 
Appalachian Power 
Company; AEP: 80% 
reduction in GHG by 
2030; net zero 2045 

2005 2020 51 2022 
Corporate 

Accountability 
Report, 2022 

Dominion* 100% carbon-free 
electricity by 2045 for 
Dominion Energy; 
Dominion: 55% 
reduction in GHG by 
2030 based on 2005 

2005 2020 31 Climate 
Report 2022, 

2022 

Xcel* 100% carbon-free 
electricity by 2050 for 
Xcel Energy; Xcel: 
80% reduction in GHG 
by 2030 

2005 2019 39 Sustainability 
Report Data 
Summary, 

2022 

Ameren Reduce carbon 
emissions 60% by 
2030; 85% by 2040; 
net zero by 2045 

2005 2020 28 2023 EEI 
AGA 

Sustainability 
Report, 2023 

Berkshire Net zero by 2050 2019 2019 39 2021 
ESG/Sustaina

bility 
Quantitative 
Information, 

2022 
Brookfield Net zero by 2030 for 

Scope 1 & 2 in 
renewables profile 

2020 2021 0 Accelerating 
the net-zero 
transition, 

n.d. 
Calpine N/A N/A N/A 44 2021 

Sustainability 
Report, n.d.-b 

Consumers 
Energy 

Coal free 2025; net-
zero 2040 

2020 2021 143 CMS Energy 
to Combat 

Climate 
Change, 2022 

DTE 90% CO2 emissions 
reduced by 2040; net-
zero 2050 

2005 2022 27 DTE Energy 
Company—

Climate 
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Change 2021, 
n.d. 

Duke Exit coal by 2035; 80% 
reduction Scope 1 
2040; net-zero 2050 

2005 2022 77 Duke Energy 
details clean 

energy 
transition in 

impact report, 
2023 

Energy 
Harbor 

Carbon free base load 
power producer by 
2023; net zero 
operations by 2050 

2021 2021
  

Not 
published 

Building a 
Sustainable 
Future, n.d. 

FirstEnergy Carbon neutral 
operations by 2050; 
interim 30% reduction 
in GHGs by 2030 
based on 2019 levels. 

2019 2019
  

16 Climate 
Report, 2022 

Entergy 50% reduction from 
2000 base-year levels 
by 2030; 50% carbon-
free energy capacity by 
2030; net zero by 2050 

2000 2019 36 Entergy’s 
path to net-

zero 
emissions, 

2022 
Evergy 70% reduction from 

2005 base-year levels 
by 2030; net zero by 
2045 

2005 2021 26 2021 
Sustainable 

Transformatio
n, 2022 

Exelon 50% carbon reductions 
by 2025; net zero by 
2050 

2015 2020 5 Exelon 
Sustainability 
Report 2022, 

n.d. 
LES Net-zero carbon 

emissions from 
generation resources by 
2040 for Lincoln 
Electric System 

2018 2021 1 Harpel, 2021; 
EPA Facility 

Level 
Information 

on 
Greenhouse 
gases Tool, 

2023 
NPPD Net-zero carbon 

emissions from 
generation resources by 
2050 for Nebraska 
Public Power District 

2021 2021 8 Harpel, 2021; 
EPA Facility 

Level 
Information 

on 
Greenhouse 
gases Tool, 

2023 
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NextEra 67% reduction in Scope 
1 by 2025; 100% 
carbon-free electricity 
by 2045 

2005 2022 42 2022 
Environmenta

l Social & 
Governance 
Report, 2023 

NRG 50% carbon reductions 
by 2025; net zero by 
2050 

2014 2021 37 2022 
Sustainability 
Report, 2023 

OPPD Net-zero carbon 
emissions from 
generation resources by 
2050 for Omaha Public 
Power District 

2021 2021 9 Harpel, 2021; 
EPA Facility 

Level 
Information 

on 
Greenhouse 
gases Tool, 

2023 
PG&E 2030 50% reduction 

Scope 1, 2 & 25% 
reduction Scope 3; 
2040 net zero energy 
system 

2015 2020 2 Our 
Commitment, 
n.d.; Electric 

Company 
ESG/Sustaina

bility 
Quantitative 
Information, 

2022. 
SCE 100% carbon-free 

electricity by 2045 
2020 2020 1 Countdown to 

2045, 2023; 
Electric 

Company 
ESG/Sustaina

bility 
Quantitative 
Information, 

2023. 
Southern 50% reduction in 

emissions by 2025; net 
zero 2050 

2007 2018 83 Planning for a 
low carbon 

future, 2018; 
2021 CDP 

Climate 
Change 

Disclosure, 
n.d. 

Tennessee 
Valley 
Authority 
(TVA) 

70% reduction of 
carbon emissions by 
2030; approximate 

2005 2020 38 FY 2022 
Sustainability 
Report, 2022; 

2021 EEI 



 

 53 

80% reduction by 
2035; net-zero by 2050 

ESG/Sustaina
bility 

Reporting 
Template, 

2022b. 
Vistra 60% reduction in Scope 

1 and Scope 2 
emissions by 2030; net 
zero by 2050 

2010 2020 95 Sustainability 
Report 2022, 

n.d. 

 
 

Legally binding goals are noted with an asterisk beside the company name, 

otherwise goals included in Table 3 are voluntary. Note that the Exelon companies 

include: Atlantic City Electric (ACE), BGE, ComEd, Delmarva Power, PECO & PEPCO. 

In 2024, Exelon primarily functions as a transmission and distribution company, after 

divesting from its generation businesses in 2022 with the sale of Constellation Energy 

(About Constellation, 2023). The emissions reported for 2021 include emissions from 

generation that in 2024 is associated solely with Constellation.  

Notably, Calpine does not maintain a decarbonization goal of any type, but does 

publicize carbon capture technology and decarbonization activities as a key pillar of the 

company’s sustainability profile (2022 Sustainability Data Supplement, 2023). Calpine is 

included as a reference point, given the geographic spread of the operations across the 

United States. 

Energy Harbor, a former subsidiary of FirstEnergy Corporation, emerged as a 

standalone company in 2020. Its fleet was comprised of nuclear and coal, and through 

divestment of the coal facilities to a brownfield asset manager, has successfully 

decarbonized its energy generation and achieved its goal (W.H. Sammis Plant, 2023). It 
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was also announced in 202 that Vistra Energy was approved to acquire Energy Harbor 

(Vistra receives approval, 2024).  

The total 2021 emissions from the companies listed above sum to about 878 

MMT of CO2e. This total is about 56% of the total electric emission (1,542 MMT of 

CO2e) for the US in 2021. 

Specific Aim 2 – Estimated Rate of Decarbonization by Company 

Table 4 lists the self-reported emissions per year, from 2012-2021 in MT of CO2 

or CO2e, depending on how data is published by the power company. The emissions data 

was sourced from either the power company’s self-published sustainability report, or 

from a CDP submission and is rounded to the nearest tenth. Where data was not available 

in a consolidated format (e.g., published by the power company in a sustainability report 

or on CDP) a dash is listed. When a zero is listed that indicates that the power company is 

reporting zero emissions from electrical generation that year. For ease of reading only 

2012 and 2021 are listed, but a table with each year’s data can be found in the Appendix.  
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Table 4. Emissions by year and power company, in millions of metric tons of CO2. 

Company / 
MMT 2012 2021 

Reference 

AEP 122 50.8 
2013 Corporate Accountability Report, 2013; 
2022 Corporate Accountability Report, 2022 

Dominion - 31.3 Climate Report 2022, 2022 

LES - 1.4 
EPA Facility Level Information on Greenhouse 

gases Tool, 2023 

NPPD - 7.8 
EPA Facility Level Information on Greenhouse 

gases Tool, 2023 

OPPD - 8.8 EPA Facility Level Information on Greenhouse 
gases Tool, 2023 

Xcel 54.5 39 Corporate Responsibility Overview 2013, n.d.; 
Sustainability Report Data Summary, 2022 

Ameren 55.2 28.2 CDP, n.d.;  
2023 Climate Report. n.d. 

Berkshire - 39 
2021 ESG/Sustainability Quantitative 

Information, 2022 

Brookfield - 0 Accelerating the net-zero transition, n.d. 

Calpine - 43.6 
2021 Sustainability Report, n.d.-b 

Consumers 
Energy - 14.3 

CMS Energy to Combat Climate Change, 2022 

DTE 38.1 26.5 
DTE Energy Company—Climate Change 

2021, n.d. 

Duke - 77.4 Duke Energy details clean energy transition in 
impact report, 2023 

Energy 
Harbor - - 

Building a Sustainable Future, n.d. 

FirstEnergy - 16 
Climate Report, 2022 

Entergy 34 35.5 
2012 GHG Inventory, 2013;  

Entergy’s path to net-zero emissions, 2022 

Evergy - 26.1 
2021 Sustainable Transformation, 2022 

Exelon - 8.3 
Exelon Sustainability Report 2022, n.d. 
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NextEra - 42.4 
2022 Environmental Social & Governance 

Report, 2023 

NRG - 36.6 2022 Sustainability Report, 2023 

PG&E - 2.5 
Our Commitment, n.d.; Electric Company 

ESG/Sustainability Quantitative Information, 
2022. 

SCE - 1 
Countdown to 2045, 2023; Electric Company 
ESG/Sustainability Quantitative Information, 

2023. 

Southern 100 82.5 
Planning for a low carbon future, 2018; 2021 

CDP Climate Change Disclosure, n.d. 

TVA 81.2 38.4 
Tennessee Valley Authority, n.d.; 

2021 EEI ESG/Sustainability Reporting 
Template, 2022b. 

Vistra - 94.8 
Sustainability Report 2022, n.d. 

 
 

Table 5 lists the annual rate of change in emissions for years of available data 

from power companies first listed in Table 3. Where data was not available in a 

consolidated format, the calculation was not performed and a dash is listed in the table. 

 Regarding the absence of data for certain companies and time periods: 

• The three public power districts in Nebraska (LES, NPPD, OPPD) do not self-

publish consolidated emissions for their operated assets. The data for 2021 was 

pulled from FLIGHT, and is based on current ownership. 

• Brookfield, an independent power producer that is a subsidiary of the larger 

investment firm, primarily invests in and provides renewable energy (e.g., solar, 

wind). Emissions data was not published publicly until 2020.  

• Energy Harbor represents a segment of FirstEnergy Corporation, another power 

company, that was divested into bankruptcy and emerged as the standalone 

company, Energy Harbor in 2020. 
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Table 5. Rate of change in emissions 2012-2021 by company. 

Company 2012-
2013 

2013-
2014 

2014-
2015 

2015-
2016 

2016-
2017 

2017-
2018 

2018-
2019 

2019-
2020 

2020-
2021 

AEP -6% 7% -16% -9% -23% -5% -15% -24% 14% 

Dominion - - - 9% -19% -8% 15% 4% -6% 

LES - - - - - - - - - 

NPPD - - - - - - - - - 

OPPD - - - - - - - - - 

Xcel -4% 2% -2% -7% -3% 0% 3% -14% -7% 

Ameren -40% -7% -7% -6% 13% -2% -17% 6% 9% 

Berkshire - - - - - -36% -2% -9% 1% 

Brookfield - - - - - - - - -21% 

Calpine - - - - - - 3% 10% -4% 

Consumers 
Energy - - - - - - -26% -16% 26% 

DTE 3% -7% -1% -12% 0% 7% -10% -20% 8% 

Duke - - - -1% -3% 0% -11% -21% 5% 

Energy 
Harbor - - - - - - - - - 

Entergy -2% 0% -6% 12% -6% 10% -6% -5% 10% 

Evergy - - - - - - - - - 

Exelon - - - - - - -1% -10% -3% 
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NextEra - - - - - - 19% -13% -2% 

NRG - - -13% -23% -3% 0% -13% -26% 46% 

PG&E - - - - - 10% -1% 3% -3% 

SCE - - - -11% -21% -42% 27% 7% -33% 

Southern 0% 17% -15% 0% -2% 5% -14% -15% 10% 

TVA -11% 7% -9% -1% -10% -2% -6% -28% -6% 

Vistra - - - - - -17% -11% -6% -4% 

 
 
 

• Exelon has undergone a change in operations, due to a sale of the generation 

business (now known as Constellation) in 2022, and is now functioning primarily 

as a transmission and distribution company. Constellation is excluded from this 

dataset given that the company’s standup took place in 2022 and that is outside 

the time period being reviewed. 

• Similar to Exelon, FirstEnergy has undergone changes in operations, primarily the 

spin-off of Energy Harbor (mentioned above) in 2020, which eliminated several 

coal-fired and nuclear power stations from FirstEnergy’s fleet of operations. 

• Many utilities publish lists of their current fleet as part of overall corporate 

governance and transparency measures, though obtaining verified listings of 

historical fleets and ownership is discernible through reviews of owners listed in 

EPA filings which are found through EPA FLIGHT. The ownership percentages 

are not listed in the EPA filings, however. Depending on calculation 

methodologies for non-EPA filings, companies can exclude facilities based on the 
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ownership percentage. To eliminate uncertainty in ownership and as a result 

uncertainty in emissions, where published data was not made available for certain 

years by the company itself, no values were included. 

• SCE & PG&E noted a change in methodology for calculating emissions 

beginning in 2019, associated with requirements in the state of California (SCE, 

2019). This resulted in roughly a 2% reduction in reported emissions. 

Specific Aim 3 – Relationship Between Goals and Action 

To analyze the relationship between goals and action set in aims 1 and 2, a series 

of analytical tests were performed to determine statistical significance. 

Federal 

A Pearson correlation coefficient was calculated for the U.S. annual emissions 

from 2012-2022 to assess the linear relationship, and a strong negative correlation was 

noted, with r(9) = -.94, p = .165. The strong negative correlation indicates that as the 

years pass, emissions from electrical generation decrease, although it is not statistically 

significant. Figure 5 visualizes emissions over time with a trend line. 
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Figure 6. Annual U.S. electrical generation emissions from 2012-2022. 
 

The U.S. goals were announced in 2021, and in 2022 emissions rose 

approximately 3%, per EPA FLIGHT datasets. Given that at the time of writing, only one 

year of data was available post-goal setting, it is unlikely that any statistical test of the 

year over year emission changes will be of any value.  

States 

A two-tailed t-test with an unequal variance was performed to analyze the 

difference in emissions for states with goals and states without. The actual percent change 

in emissions from 2005-2021 was calculated for each state, with the two populations 

being states with goals (n = 22), and states without (n = 28). Note that the District of 

Columbia, while included for qualitative purposes, was excluded from this statistical 

analysis as it is not a state. These populations are not paired, because the rate of change is 

being measured for states (and one city) that have chosen to enact emission reduction 
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goals and those that have not. 2005 was selected as the starting year in alignment with the 

overarching federal goal (the base year for emissions reductions is 2005). 

States with goals had an average 15% decrease in total CO2e emissions from 2005 

to 2021, while states without goals had an average 17% decrease in total CO2e emissions 

over that same time period. The median decrease in total emissions for states with goals 

was 20%, while 26% for states without goals. The two-tailed t-test with an unequal 

variance returned a value of p=0.394, indicating there is not a statistical difference 

between the emissions reductions of the two populations. 

Given that there were only three companies with legally binding goals (AEP, 

Dominion & Xcel), the originally planned statistical test comparing voluntary and legally 

binding goals could not be performed. 

Specific Aim 4 – Decarbonization Forecasting 

In 2021 the US voluntarily committed to the public that the country would have a 

carbon pollution free grid by 2035, in parallel with setting the NDC target of a 50-52% 

reduction in total economy CO2e emissions by 2030 (President Biden Sets 2030 

Greenhouse Gas Pollution Reduction Target, 2021). At the end of 2021, the emissions 

associated solely with electrical generation totaled 1,542 MMT of CO2e (EIA, 2022). 

This means to reach a carbon pollution free grid in 2035, the US would need to steadily 

decrease electrical generation related emissions by approximately 7% (110 MMT CO2) 

each year to reach zero emissions. 

In 2022, the US electrical generation related emissions increased by 3% from 

2021 emission levels, to 1,585 MMT of CO2e due to an increase in demand for electricity 

and a higher proportion of that electricity coming from coal (EPA Facility Level 
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Information, 2023). 2021 to 2022 was the first rise in coal generation since 2014 (EIA 

Monthly Review January 2022). Given the recency of the implementation of the 2035 

goal, the immediate rise in emissions, however small, is cause for concern. 

Figure 7 demonstrates the anticipated emissions reductions based on planned 

closures (as published by EIA in December 2023, as part of a summary of Form 860s) of 

major fossil fuel emitting sources (primarily coal facilities) alongside the projected 

average reductions to meet the carbon free grid goal for 2035.  

 

  
Figure 7. Projected emissions based on coal emission elimination versus policy consistent 
emission reductions. 
 

The focus on coal closures in Figure 6 is due to the general emissions intensity of 

coal operations. At the time of analysis, based on data published in October 2023 by EIA, 

there are 63 natural gas facilities scheduled to close by 2035, (EIA, 2023d). In 

comparison there are 102 coal facilities scheduled to close by 2035 (EIA, 2023d). There 

are also 132 projects with varying natural gas powered technologies slated to be built 
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between 2023 and 2027 with no new coal facilities slated to be built in that time (EIA, 

2023d). The lack of natural gas facility closures and continued new natural gas fired 

generation facilities results in a projected gap of 1,189 MMT of CO2 which would 

prevent the US from reaching the 2035 carbon free grid goal. 

The projections above assume no increase in demand for electricity over the 

forecasted period. However, it is not reasonable to assume that demand will not increase, 

given the increased focus on retrofitting commercial and residential buildings for electric 

heat and water heating, and incorporating electric vehicles for both commercial and 

personal use (EIA, 2023c). Population growth in the US has slowed in recent years, but 

any future increases in population would lead to increased demand for electricity (Jarosz, 

2023). In its 2023 International Energy Outlook, the EIA stated that continued population 

growth and gross domestic product (GDP) growth will both offset any decreases in 

energy and carbon intensity emissions; that is, while emissions intensity will continue to 

decrease, because of the overall increase in demand, emissions will continue to rise 

(International Energy Outlook 2023, 2023). 

Figure 8 visualizes potential emission pathways for a low-, high- and standard 

emissions pathway. The starting point for all three pathways was the 2021 emissions 

figure (1,542 MMT CO2e), converted to metric tons. The pathway that approached the 

US’ 2035 carbon pollution free grid goal is the low emissions pathway, with an estimated 

120 million metric tons of CO2e. The standard emissions pathway, which attempted to 

forecast emissions in line with current trends, landed at 436 million metric tons, while the 

high emissions pathway, which demonstrated a potential pathway if emissions are 

reduced more slowly, forecasted 834 million metric tons in 2035. 
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Figure 8. Decarbonization forecast 2022-2035. 
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Chapter IV 

Discussion 

The primary question driving the hypotheses I proposed was whether or not the 

US will meet its decarbonization goals for 2030 and 2035. The answer should be 

straightforward, but understanding the reason behind the answer is complex at best. 

Understanding how electricity is generated, and the overlapping jurisdictions of 

regulators and reporting requirements for electrical generation, both voluntary and legally 

required is really just the start. Electricity is a layered and nuanced business, and setting 

goals to reduce emissions from electrical generation is complex as a result. 

Goals  

Several sets of goals are in place in the United States, and nearly all of them 

conflict. In addition to the conflict, it is unclear how effective these goals are in spurring 

emission reductions.  

Federal Goals 

As outlined previously, the US has set a series of emission reduction goals at the 

federal level, two of which are the focus for this analysis (emission counts added by 

author for context): 

1. The US will reduce CO2e emissions 50-52% below 2005 levels by 2030 for the 

entire economy (2005: 6.6 billion metric tons of CO2e total economy, 2.4 billion 
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metric tons from electrical generation; goal: 3.3 billion metric tons of CO2e total 

economy, 1.2 billion metric tons from electrical generation).  

2. The US will have a 100% carbon pollution-free electrical grid by 2035. 

However, the federal goals set by the US do not have an active tracking 

mechanism or public plan to transition out electrical generation facilities with high 

emissions or phase in carbon free generation facilities to replace them. The 

administration states that these goals are ambitious, but does not provide context as to 

why the goals are described as such (The Long Term Strategy of the US, 2021). Based on 

the internationally accepted science, the 2035 goal is in line with the net zero 2050 goal, 

and is stated to be in line with domestic policy (based on scenario analyses) to meet both 

the 2030 and 2050 goals, which would indicate the goals are reasonably planned (The 

Long Term Strategy of the US, 2021). It could be that because there is not a defined step-

by-step plan at the federal level (e.g., an RPS that requires CO2e intensive electricity 

generation activities be closed by some year prior to 2030 to spur immediate emission 

reductions) that sets out specific timelines with stakeholders engaged and given 

appropriate buy-in that the goals feel lofty to achieve. 

At the time of writing, the EIA and EPA have continued to publish annual 

emissions summaries. While there have been regular policy updates and funding releases 

to further emission reductions in residential and industrial operations, there has not been a 

formal update from the administration on where the country stands in meeting its 2030 

and 2035 commitments since the publication of the goals in 2021. Regardless of any 

interim updates, the UNFCCC mandates updated NDCs every five years, so the US will 
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be required to provide some sort of status and timeline on emission reductions in 2026 

(five years from 2021, original submission) (The Paris Agreement, n.d.). 

It is also important to highlight that the 2030 goal is the country’s nationally 

determined contribution (NDC) to the Paris Agreement, while the 2035 goal is a 

commitment made outside the NDC framework as part of an executive order (Executive 

Order 14008, 2021; The Long Term Strategy of the US, 2021). This means that while the 

2035 goal is considered legally enforceable due to its inclusion in Executive Order 

14008, and the development and submittal of the NDC is, the NDC itself is not 

(Enforceability of US NDC, 2017). For the 2030 NDC however, there is an element of 

international tension and social pressure to meet the set contributions for each of the 

participating nations (Enforceability of US NDC, 2017; Stankovic et al., 2023). It is not 

clear at this time what missing the 2035 goal would mean from a legal perspective.  

Based on the data published by EIA and EPA to date, it is difficult to decisively 

say whether or not the US will make the stated goals by 2030 and 2035 due to a short 

trendline. With the national goals being set in 2021, in the midst of a tumultuous and 

difficult global event, total economy emission trends, as well as electrical use and 

associated emissions are rebounding and settling into a new pattern, similar to the carbon 

dioxide equivalent emissions rebound after the 2008 financial crisis (Davis et al., 2022). 

It is reasonable to say that if this low annual rate of reduction continues and does not 

ramp up further, the US will likely not meet either decarbonization goal and will likely 

need to re-evaluate and potentially reset the NDC. 
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Emission trends. Prior to 2020, CO2e emissions from electrical generation were steadily 

decreasing, with the only increase of 1% coming in 2017-2018. CO2e emissions dropped 

10% from 2019 to 2020, which can largely be attributed to the dramatic shift in day-to-

day activity because of the impacts of COVID-19 (EIA, 2023). In 2023, the National 

Institute of Health (NIH) published a study that reviewed total economy CO2e emissions 

trends from ten countries with the highest total economy CO2e emissions, and found that 

while CO2e emissions were reduced in the short term, and primarily during the months 

with highest infection rates (April 2020), total CO2e emissions for the full 2020 year to 

the atmosphere were not impacted or reduced in a meaningful way (Ronaghi & Scorsone, 

2023).  

The United Nations (UN) Department of Economic and Social Affairs had similar 

findings, and the December 2020 economic analysis briefing stated that while there was a 

pronounced dip in total economy CO2e emissions, again specifically citing April 2020 as 

the month with lowest emissions, total economy CO2e emissions had rebounded by the 

second half of the year (Monthly Briefing, 2020). The International Energy Agency has 

also projected that after a dip in 2023, electricity demand will increase by 2.5% in 2024, 

and continue to increase an average of 1% in 2025 and 2026 (Electricity 2024, 2024). An 

increase in demand, alongside  

All three of these publications readily align with CO2e emissions from electricity 

rebounding in the US after the quarantine period of COVID-19 in 2020 subsided. In 

2021, emissions from electricity generation increased 7% from 2020 (EIA, 2023b). In 

2022, emissions from electricity increased again by 3% relative to 2021 electrical 
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generation related emissions, which is out of line with the planned emissions trend to 

meet the decarbonization goals (EIA, 2023b). 

Something obvious that is missing from the federal goals is a tie-in or any sort of 

tangible link between the subsets of state emissions and power company carbon 

emissions. The federal goals appear to exist in a sort of vacuum, without a clear 

mechanism to at least encourage, or at the most mandate, states or large utilities to reduce 

electrical generation related carbon emissions by 2030 and 2035. Electricity is regulated 

not only at the federal level by FERC, but at the regional level by each of the ISOs and 

RTOs, and within each state as well. Supply and demand, and while the federal 

government sets permitting terms for these facilities, the approval of new electrical 

generation facilities and retirement of old facilities are managed by each of the ISOs and 

RTOs, effectively stripping any federal mechanism to enact or enforce the national goals 

to rapidly change the generation fleets nationally. The Inflation Reduction Act (IRA), 

implemented in 2022, provides funding for clean energy (defined as wind and solar 

primarily) construction and implementation both to states and directly to companies, but 

there is no provision or requirement in the IRA that ties new clean energy construction to 

the shutdown of CO2e intensive facilities or to limit emissions from these types of 

facilities (Closing the Gap, 2023). A potential interim goal or target the administration 

could consider, is phasing out coal nationally by 2030, or that electrical generation 

related carbon emissions in particular will be 75% below 2005 levels by 2032. An interim 

target in line with the original NDC and the carbon pollution free target would enhance 

performance and likelihood of achieving those two original goals, and give more 

opportunity to course-correct if operationalizing the goals has been delayed.  
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Additionally, EIA and EPA utilize different methodologies in their GHG 

calculations, and report in different units (CO2 and CO2e, respectively) which may seem 

“close enough” but represent different things (Greenhouse Gas Reporting Program, n.d.). 

This dissonance may seem minor, but combined with different reporting protocols 

circulating for voluntary carbon emissions reporting and more comprehensive and 

mandatory emissions reporting (GHG Protocol and EPA regulations 40 CFR Part 98, 

respectively) the differences between what a company publishes in relation to its own 

goal could look different than what is reported under mandatory permit requirements and 

cause confusion among data consumers. The EPA also currently recommends that 

reporters utilize the AR4 100-year global warming potential values (GWPs) and uses that 

in their own publications and calculations, which is out of sync with what is 

recommended by the IPCC, which is AR6 (published in 2021), which generates and 

publishes the GWPs (Greenhouse Gas Reporting Program, n.d.). 

State-Level Goals 

As stated in the results, 28 of the 50 states do not maintain any type of 

decarbonization or emission reductions goals. Figure 9 below visualizes the electricity 

CO2 emissions over time from the eight states with the highest absolute electricity related 

CO2 emissions, only one of which maintains a carbon emissions reduction goal of any 

kind (Pennsylvania). Per EIA from 2012 to 2021, Texas, the state with the most absolute 

CO2 emissions from electricity, decreased CO2 emissions from electricity by about 20%, 

but have hovered around 200 MMT of CO2 annually in that period. Based on EPA 

publications, Texas carbon emissions from electricity increased to 193 MMT of CO2e in 

2023 (FLIGHT, 2023). 
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With only two states legally bound at the time of writing to meet the 2035 

national voluntary carbon free grid goal, that means that approximately 1% of the 

electricity related emissions from 2021 (16.71 MMT CO2e) are legally obligated to be 

eliminated before 2035. To that end, if one looks at progress towards the overall 2035 

national goal based solely on how the states are progressing in electricity related carbon 

emissions reductions, it seems unlikely that the US will make the 2035 goal. 

 

 

Figure 9. MMT CO2 from electricity by year in highest emitting states (EIA, 2023b). 
 

Additionally, the difference between the rates of decarbonization for states with 

goals and states without was not statistically significant. Those states without goals had a 

17% reduction in CO2e emissions from 2012 – 2021, while those states with goals had an 

average decarbonization rate of 15% over that same time period. Because of their larger 
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population sizes, the 28 states without goals were responsible for two thirds of 2021 

emissions (roughly 1 billion metric tons of 1.5 billion metric tons of CO2) not being 

obligated in some fashion to reduce over time (EIA, 2023b). The 2030 US emissions 

reduction goal (50-52% below 2005 levels for the entire economy) roughly translates to 

1.2 billion metric tons from electrical generation (EIA 2023b). This means that if nothing 

else changed in terms of electricity related CO2 emission outputs from the states without 

emission reduction goals, over two thirds of the 2021 electricity related CO2 emissions 

from states with goals would need to be eliminated over the next six years (EIA, 2023b). 

This translates to a roughly 16% decrease in electricity related CO2 emissions year over 

year for those states with emission reduction goals, which is slightly higher than the 15% 

average found from historical emission trends. The closeness of the historical emission 

reduction (decarbonization rate) rate from the states with emission reduction goals to the 

projected policy aligned reduction rate seems lucky, rather than planned, and speaks to 

the need for more intentional planning by the federal government to meet these goals.  

Further, the states that do not have emission reduction goals include nine of the 

twelve states with the highest electric related emissions, and those nine states alone 

represent 43% of the 2021 emissions in the US related to electricity. In contrast, the states 

with emission reduction goals, specifically for electricity emission reductions, in total (all 

22 states) represent about 33% of the electric related emissions in 2021. When the 

starting population is that much smaller, the reductions will be much smaller overall. In 

turn, while the larger population in this scenario is not intentionally forcing change, but 

change is happening anyway, the reductions will make more of an impact. In many cases, 

utilities and power companies cross state lines, and if those companies have emission 
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reduction goals, their emissions should reduce over time regardless of what the state the 

company is operating in is legislating, so the state emissions profile will change as the 

companies change.  

Additionally, the majority of state goals were enacted between 2019 and 2022, 

with the earliest state goal (net zero electric emissions by 2045) being set in 2015 by 

Hawaii (HB 1800, 2022). In contrast, New York, which has one of the more 

comprehensive and transparent communication strategies around their emissions 

reduction goals that includes a dashboard of total economy and sector specific emissions 

that is updated quarterly, enacted their goal in 2019 (SB6599, 2019). California enacted 

their goal in 2018 and has passed subsequent legislation to reduce emissions overall in 

tandem to the electric emissions reductions (SB 100 Joint Agency Report, n.d.). With 

such recent goals, and with published data for 2022 and 2023 not consistently available at 

the time of writing, detecting the impact of the goals set in 2020 and beyond with 2021 

data is likely not achievable. 

This is all to say, that even though the difference in decarbonization rates between 

states without goals and states with goals is not statistically significant at this time, this 

does not mean decarbonization goals are ineffective at the state level. Repeating this 

analysis in a year’s time, or five years’ time may show something entirely different and 

demonstrate that states with goals are decarbonizing their energy use at a statistically 

significant rate compared to states without goals. 

 

Renewable portfolio standard. The renewable portfolio standard (RPS), mentioned 

briefly in the introduction, is an important regulatory tool for the transformation of 
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electrical systems globally and the United States in this case. An RPS speaks directly to 

the amount of renewable energy that is being constructed and put into use (EIA, 2022). 

While the use of renewable energy sources is intrinsically tied to the reduction of 

electricity related CO2 emissions, the concept of a required minimum required amount of 

renewable electricity capacity in a certain regulated area (e.g., a state) is different than 

requiring the reduction of electricity related CO2 emissions. Electricity related CO2 

emissions can be reduced through other means, including stricter permit limits on 

emissions and associated technology (e.g., a scrubber placed on a stack), or carbon 

capture systems (if permitted as an acceptable technology solution under the specific 

goal) (Closing the Gap, 2023). Many of the states (e.g., Pennsylvania) with 

decarbonization targets also have an RPS in place, which undoubtedly has hastened 

progress towards the decarbonization goals. However, the goal of this analysis was to 

gauge the effectiveness of emission reduction goals, and for that reason the RPS 

mechanisms in place in individual states were excluded from the analysis. 

What this analysis does demonstrate though is that with the majority of state goals 

for carbon pollution free grid or 100% renewable energy being set for 2040 or beyond, 

there is a clear lack of alignment with the federal goals and perhaps a need for a federal 

RPS as a potential aid to meeting the federal goals. On its own, the misalignment 

between the 22 states with goals indicates that the federal goals may not be met on time 

as a result. Paired with the fact that the majority of states, particularly those with the 

highest electrical generation related emissions, do not maintain any type of emissions 

reductions goal for electricity, a stronger argument that the federal goals for 2030 and 

especially 2035 will not be met based on currently available data.  
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Companies 

There are a number of layers of regulations to consider for electricity, emissions 

and goals. Electricity is regulated nationally, regionally, at the state level, and sometimes 

locally depending on the location. Electricity is not generated centrally, but by companies 

that span geographies, and because of this are required to mind several sets of regulations 

depending on the region in which their assets are located. Stakeholders, including large 

energy purchasers like manufacturing companies and chemical companies, are aware of 

the regulatory soup that electric generating companies and utilities are subject to, made 

clear in a survey published by PwC by stating that regulations and government policies as 

a key concern or roadblock to progress in meeting their own corporate sustainability 

goals (PwC 2023 US Large Energy User Survey, 2023). 

The companies were intentionally selected to incorporate a variety of approaches 

to decarbonization as well as the complexity in regulatory requirements. Figure 10 

visualizes the geographic coverage of the states the companies included provide power 

to. 80% of the states are covered by the companies selected, along with CAISO, ERCOT, 

NYISO, MISO, NEISO and PJM all having generation participants included in the 

analysis. The highlighted states indicate operations by a utility or power company 

selected and included in the analysis. 
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Figure 10. Operating states for selected companies. 

Company Goals 

As mentioned, there are two types of emission reduction goals that affect power 

and utility companies: legally binding and voluntary. State or federal goals are not 

inherently legally binding just because they are set by a state or federal leader, but as 

described in the previous section all the state emission reduction goals currently enacted 

are legally binding or enforceable, because the goals are tied specifically to legislation 

passed by the appropriate regulatory bodies and signed into law by governors, or by 

executive order and again signed by the governor and enforceable in a court of law.  

In a few cases, the legislation and subsequent goal or target has called out a 

specific electric provider or utility, but in many cases the goal does not have this level of 

specificity. While outside the scope of this analysis, many states (with and without 

emission reduction goals) leverage an RPS with minimum requirements for portfolios to 
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include renewable energy sources to accelerate a shift in energy production with 

companies.  

The majority of companies included in the analysis have self-selected and 

voluntarily committed to reducing emissions. The majority of these companies commit to 

a net zero by 2040 (1 company), 2045 (6) or 2050 (12) goal, while a smaller grouping set 

specific 2030 or 2035 (2) emission reduction goals from a baseline. One of the more 

interesting goals was published by Consumers Energy. Consumers Energy has committed 

to be coal free by 2025, accelerating a previous commitment to close the company’s coal 

operations by 2040 (Environment: Take a Stand for Michigan’s Future, 2024). In a search 

of similar “coal free” type goals for power or electric companies, no other results were 

found. However, in Illinois, while specific power companies are not named in the state 

regulation to meet specific emission reduction requirements, the regulation requires that 

all privately owned coal and oil power generation to be “zero emissions” by 2030, and 

the publicly owned coal and oil power generation to be “zero emissions” by 2045 

alongside interim 2035 goals (Gov. Pritzker Signs Transformative Legislation, 2021).  

Published Data 

The majority of companies included in the analysis, excluding the three public 

power districts in Nebraska, publish some amount of emissions data each year through a 

corporate sustainability report (CSR) or sustainability report. Several of the companies, 

including Southern, Dominion and Xcel, also publish data through CDP, as part of the 

annual Climate Change questionnaire companies can opt-in reporting to. All of the 

companies included are required to submit emissions data under their facilities Title V 
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Operating Permits, which is the data source the EPA utilizes for the FLIGHT dashboard 

referenced throughout this analysis.  

Unless otherwise stated, the data for the power company analysis was pulled from 

self-published CSRs and other company publications. This decision was made partially 

due to ease of access, but largely to fully understand how the companies selected were 

discussing and publishing their emissions data. While this analysis is largely quantitative, 

having a full understanding of not only what the emissions data is, but how the 

companies responsible for the emissions and the goals craft the narrative around the two 

things is also important. For example, if a company is publishing that they are reducing 

emissions 10% year over year, and achieving goals in a short amount, but in the back 

appendices of their CSR in their data tables they disclose that they only emit 10 tons of 

CO2e to start with and their goal is to get down to eight tons of CO2e, then while that 

achievement is still important, knowing the numbers grounds the reaction of the reader. 

Trends 

For those companies with published emissions data, a graph that visualizes the 

emissions for 2018-2021 is presented in Figure 11. A table summarizing the values 

presented in Figure 11 can be found in the Appendix.  

Due to the lack of available consolidated emissions data from LES, NPPD and 

OPPD, those three power districts have been left off the graph. Additionally, Brookfield 

Renewables has also been left off for two reasons: one, consolidated emissions data was 

not available for 2018 and 2019, and secondly, the consolidated emissions data available 

for 2020 and 2021 was so low in comparison to the other companies presented, that it 

was not easily presented and skewed the presentation of the other companies included. It 
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is also important to note that where there years of data missing and there is not a bar 

included on the graph (e.g., for Evergy 2018-2019 data is not shown) the absence of data 

that does not indicate no emissions for that period, and only indicates that no 

consolidated emissions data was available at the time of writing. No inquiries about data 

availability were made with the companies included in the analysis, as the intent of this 

portion of the analysis is to primarily understand how companies are publicizing their 

respective decarbonization narratives and goals. A number of the companies included in 

the analysis either did not publish emissions data for a number of years early on in the 

period, making 2018 the first year the majority of companies published data and therefore 

the graph starts in that year (Figure 11). 

 

 

Figure 11. MMT of CO2e by company – 2018-2021. 
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Figure 11 demonstrates a lack of a consistent trend for nearly all companies 

shown over the full four-year period. While there is a general downward trend seen in 

many of the individual companies over the four-year period, as with many of the state 

emissions, in 10 (AEP, Ameren, Consumers, DTE, Duke, FirstEnergy, Entergy, Evergy, 

NRG and Southern) of the 20 companies, there is an increase from 2020 to 2021 in 

published emissions. Given that AEP in particular has a legally binding net zero goal, any 

increases over time are cause for concern, but overall, the fact that half of the companies 

analyzed demonstrated an increase from 2020 to 2021 is cause for question of 

commitment and progress to those stated goals. 

Dominion, another company with a legally binding net zero goal alongside a 

voluntary interim goal for 2030, demonstrated increases consistently in its published 

emissions through 2020, and then a slight decrease in 2021. Calpine exhibited the same 

pattern in their published emissions over the same years. Similarly, Ameren demonstrates 

increases steadily in 2019-2021 after a dip from 2018 to 2019. 

Berkshire and Exelon both present as holding their published emissions as 

relatively stagnant in 2020 and 2021, as do PG&E and SCE. The companies with 

consistent decreases in published emissions over the four-year period are Xcel, TVA and 

Vistra. Based solely on this figure, one might make the conclusion that those three 

companies are decarbonizing successfully. A closer look at the three companies over a 

longer time period is presented in Figure 12. Data for Vistra were not available for years 

prior to 2017. 
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Figure 12. MMT of CO2e by company – 2012-2021. 
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published emissions is encouraging, the goals set are not aligned with the overall federal 

goal for a carbon pollution free grid in 2035.  

In all three companies’ (TVA, Vistra, Xcel) recent publications that discuss their 

decarbonization strategies and published emissions, there is a consistent narrative that 

places regulation and reliability front and center. All three put forth a vision that drives 

innovation, decarbonizes consistently year over year and includes technological 

advancements that are yet to come. TVA summarizes this sentiment well in the 

company’s 2022 sustainability report: 

“Fluctuations in year-over-year carbon emissions numbers are expected as 
TVA works toward its aspirational goal of net-zero by 2050. TVA 
recognizes the challenges and opportunities presented by the clean energy 
transition.” (FY 2022 Sustainability Report: Delivering Sustainable 
Solutions, 2022).  

Electricity does not exist in a vacuum, and electric companies, whether public or 

private, are reliant on technological advances and updates to regulations that allow those 

advances to be implemented in a reasonable timeframe, in their words. The key word in 

the quote from TVA’s report is aspirational. It indicates a preemptive acceptance of the 

status quo energy system not changing in time, despite companies having the power to 

change their energy sources. So long as companies are compliant with applicable 

regulations, and meet the required reliability and other NERC standards, it does not 

matter what energy source is used, so long as the energy is available to be put into the 

grid on demand. The use of the word aspirational signals that companies are unwilling to 

make the jump and are relinquishing autonomy in changing their energy sources in favor 

of other drivers. This consistent framing exacerbates my doubt of the commitment to 

meeting these stated decarbonization goals by the companies included in the analysis. 
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Federal Regulation 

The aspirational framing ties back to federal regulations and overall management 

of the decarbonization process in the electrical generation sector in the United States. The 

prior sections outlining the state and company specific emissions reduction goals, and 

related trends in published emissions for both groups, sheds light on a disconnect 

between not only the federal goals with state and company specific goals, but also 

between all three groupings of goals and how regulations and approvals are currently 

functioning, resulting in a slowed ramp up to implementing more emission reduction 

opportunities in electricity.  

Over the last several years there have been numerous articles and published 

decisions on changing coal facility closure timelines in the US. In 2018, in an interview 

with Utility Dive, an online energy sector news publication, a consultant from energy 

consulting firm The Brattle Group commented not only that “plant closure decisions can 

vary by region” but also that the decision to close a facility can be dependent on “market 

dynamics and renewable penetration, as well as the characteristics of the particular power 

plant” (Maloney, 2018). In 2022, Ameren, Alliant Energy and WEC Energy Group, 

delayed closures of several of their coal plants (one, two and one respectively) in 

Missouri and Wisconsin due to reliability concerns from the grid operator, MISO 

(Howland, 2022; Gheorghiu, 2022).  

In 2024, TVA announced that the closure of one of their coal plants 

(Cumberland), scheduled for a 2026 partial and 2028 total closure (Howland, 2024). In 

the FERC filing, TVA urges the regulator to expedite and complete a review and 

approval of a new natural gas pipeline that would kick off construction on a new natural 
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gas plant intended to replace the Cumberland facility (Tennessee Gas Pipeline Company, 

L.L.C., Docket No. CP22-493-000). TVA states in the letter to the agency that a delay in 

construction would not only cause a delay in closure, but also force the federal power 

company to incur additional costs to keep the Cumberland facility compliant with water 

discharge regulations and perform necessary upgrades, as well as put the net zero and 

2035 80% emissions reduction goal for TVA in jeopardy (Tennessee Gas Pipeline 

Company, L.L.C., Docket No. CP22-493-000). While natural gas is not a zero-emission 

energy source and will not support the federal carbon-pollution free grid goal, the delayed 

approval of the pipeline and eventual (likely) delayed replacement of the emissions heavy 

coal plant further highlights a disconnect between the overlapping regulatory 

requirements in place for electric generation and how power companies are approaching 

decarbonization at this time. 

While facilities and their operators (the power companies) need to be compliant 

with current environmental, security and reliability regulations as various levels (state, 

federal and grid operators) when the plant is running, there are almost as many 

regulations that dictate how and when (or if, as demonstrated by the TVA Cumberland 

case) a plant can be closed. Recently, what appears to the most commonly cited rationale 

for delaying fossil plant closures is impacts to reliability. In a targeted review of 2023 

publications discussing impacts of closing fossil fuel fired plants, reliability and grid 

stability were continuously cited by industry groups and company leaders (Baldwin, 

2023; Howland, 2023a; Howland, 2023b). 

 To that end, NERC has published a schedule of activities and is actively working 

to review and update the reliability standards used across the industry (Reliability 
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Standards Update Plan, 2023). The updates are scheduled to be complete on a staggered 

schedule, with some standards complete in 2023, and others in 2024 and beyond 

(Reliability Standards Update Plan, 2023). The standard updates cover gaps that touch on 

topics like model validation; planning and operational studies; and performance 

requirements (Reliability Standards Update Plan, 2023). While these standards are 

finalized and implemented, the updates and timing of those updates (and the fact that the 

request for updates to the standards was requested by FERC after the publication of the 

federal level goals), as demonstrated by the Ameren, Alliant and WEC closure delays, 

emission reductions and plant closures may continue to be delayed.  

The standard review and update timeline highlights a disconnect between the 

federal goal for a carbon-pollution free grid and how regulations are followed and 

actioned by grid operators and power companies. Further highlighting and underlining 

this disconnect is the amount of capacity for renewable energy projects sitting in the 

queues of the ISOs and RTOs across the country. At the time of writing, per a 

consolidation of active interconnection queues, there is an estimated 1.3 terawatts of 

energy capacity waiting for approval (State of Interconnection January 2024, 2024). To 

put this into context, approximately 4.1 terawatts of electricity were consumed in 2021 

(EIA, 2023a). Capacity in this context refers to power that can be generated (e.g., a wind 

turbine) or energy storage (e.g., a lithium battery), or a facility that would contain both 

generation and storage. Approval and implementation of all the capacity currently in the 

queue would undoubtedly shift the energy supply in the US and support reaching the 

stated federal goals. Outside the scope of this analysis is what that mass approval and 
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implementation would look like to execute, and if that type of shift is even feasible for 

the US, with assumed manufacturing, logistical and workhour constraints.  

 Shifting regulations are not the only puzzle piece in misalignment with federal 

goals. Changes and increases in electricity demand impact the reliability needs, but also 

impacts how companies decide what types of projects to execute and build. The IEA has 

projected that after a dip in 2023, electricity demand will increase by 2.5% in 2024, and 

continue to increase an average of 1% in 2025 and 2026 (IEA, 2024). The IEA also stated 

that the primary drivers of these increases and models are increases in industrial activity 

(IEA, 2024). Given the focus in the US on electrification of vehicles, heating and other 

processes, it can likely be assumed that demand will continue to rise and models may 

change to reflect this (The Long Term Strategy of the US, 2021; EIA, 2023c).  

Conclusions 

There is a great deal of research to be done in the electricity emission reduction 

tracking and goal setting space. This research did not begin to cover all the facets and 

nuances of the electricity sector. It does draw the following conclusions, though. 

 If the United States does not accelerate emission reductions in the electricity 

sector in the short term (2-3 years most likely), it will not meet its 2035 carbon pollution 

free grid goal. It is also not likely, based on the existing trend, that the electric sector will 

meet its allocated emissions for the 2030 NDC total economy reduction. The vast 

majority of state electric emission reduction goals are not aligned with the federal electric 

emission reduction and total economy reduction goals, making achievement of the federal 

goals that much more difficult. In the relatively short time (approximately 2-3 years) 

from when the majority of sampled electric companies have set their goals, the associated 
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relatively flat or erratic trendline for electric emissions from these companies does not 

support the conclusion that the goals will be met. There is also significant and 

demonstrable doubt that the power companies included in the analysis display a strong 

commitment to meeting their published decarbonization targets and goals based on their 

actions and emissions trends in recent years, and no one company pulls ahead as a leader 

over the others. There is an overall reduction in electric emissions across the US, but due 

to the year over year fluctuations in each state and overall minor reductions in electric 

emissions, no one region is decarbonizing electricity faster than another. 
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Appendix 

Annual Electric Emissions by Company & State (in MMT of CO2e) 

Table 6. Annual electric emissions (in MMT of CO2e) by company. 

Company 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

AEP 122 115 123 103 93 82 69 58 44 51 

Dominion - - - 34 37 30 28 32 33 31 

Xcel 54 52 53 52 48 47 47 49 42 39 

Ameren 55 33 31 29 27 20 30 24 26 28 

Berkshire - - - - - 68 44 43 39 39 

Brookfield - - - - - - - - 0.1 0.1 

Calpine - - - - - - 40 41 46 44 
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Consumers 
Energy - - - - - - 18 14 11 143 

DTE 38 39 37 36 32 32 34 31 25 27 

Duke - - - 109 108 105 105 94 74 77 

Energy 
Harbor - - - - - - - - - - 

FirstEnergy - - - - - - - - 15 16 

Entergy 34 33 33 31 35 33 36 34 32 36 

Evergy - - - - - - - - 24 26 

Exelon - - - - - - 10 94 8 8 

LES - - - - - - - - - 1 

NPPD - - - - - - - - - 8 

NextEra - - - - - - 42 500 43 42 

NRG - - 60 52 40 39 39 34 25 37 
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OPPD - - - - - - - - - 9 

PG&E - - - - - 2 3 25 26 2 

SCE - - - 3 2 2 1 1 2 1 

Southern 100 100 117 100 100 98 102 88 75 83 

TVA 81 72 77 70 69 62 61 57 41 38 

Vistra - - - - - 144 119 106 99 95 

 

References: 

• AEP: 2013 Corporate Accountability Report, 2013. 2014 Corporate Accountability Report, 2014. 2015 Corporate 

Accountability Report, 2015. 2016 Corporate Accountability Report, 2016. 2017 Corporate Accountability Report, 

2017. 2018 Corporate Accountability Report, 2018. 2019 Corporate Accountability Report, 2019. 2020 Corporate 

Accountability Report, 2020. 2021 Corporate Accountability Report, 2021. 2022 Corporate Accountability Report, 

2022. 

• Dominion: 2022 Environmental Metrics, 2023. Search and review past responses, n.d. 
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• Xcel: 2019 Corporate Responsibility Data Summary, 2020. 2020 Corporate Responsibility Data Summary, 2021. 2022 

Sustainability Report, 2023. Corporate Responsibility Overview 2013, n.d. Corporate Responsibility Overview 2014, 

n.d. Corporate Responsibility Overview 2015, n.d. Corporate Responsibility Overview 2016, n.d. Corporate 

Responsibility Overview 2017, n.d. Corporate Responsibility Report: Destination 2050 Building the Future, 2018. 

Corporate Responsibility Report The Future in Sight, 2019.  

• Ameren: 2023 Climate Report, n.d. Search and review past responses, n.d. 

• Berkshire: 2017 ESG/Sustainability Quantitative Information, 2021. 2018 ESG/Sustainability Quantitative Information, 

2021. 2019 ESG/Sustainability Quantitative Information, 2021. 2020 ESG/Sustainability Quantitative Information, 

2021. 2021 ESG/Sustainability Quantitative Information, 2022. 2022 ESG/Sustainability Quantitative Information, 

2023. 

• Brookfield: Accelerating the net-zero transition, n.d. 

• Calpine: 2021 Sustainability Report, n.d.-b. Sustainability Report 2020: Powering a Sustainable Future, n.d.  

• Consumers Energy: Search and review past responses, n.d. 
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• DTE: 2016-2017 Corporate Citizenship Report, n.d. 2021 Sustainability Report, 2022. DTE Energy Company—

Climate Change 2018, n.d. DTE Energy Company—Climate Change 2019, n.d. DTE Energy Company—Climate 

Change 2020, n.d. DTE Energy Company—Climate Change 2021, n.d. Search and review past responses, n.d. 

• Duke: Duke 2020 Climate Report: Achieving a Net Zero Carbon Future, n.d. Search and review past responses, n.d. 

• FirstEnergy: Climate Report, 2022. 

• Entergy: 2012 GHG Inventory, 2013. 2013 GHG Inventory, 2014. 2014 GHG Inventory, 2015. 2015 GHG Inventory, 

2016. 2016 GHG Inventory, 2017. 2017 GHG Inventory, 2018. 2018 GHG Inventory, n.d. 2019 GHG Inventory, n.d. 

2020 GHG Inventory, n.d. Entergy’s path to net-zero emissions and climate resilience, 2022. 

• Evergy: 2021 Sustainable Transformation, 2022. 2022 EEI ESG/Sustainability Reporting Template, n.d. 

• Exelon: Exelon 2020 Edison Electric Institute (EEI) / American Gas Association (AGA) Environment, Social and 

Governance (ESG) Sustainability Reporting Template, n.d. Exelon Sustainability Report 2022, n.d. 

• LES: EPA Facility Level Information on Greenhouse gases Tool, 2023. 

• NPPD: EPA Facility Level Information on Greenhouse gases Tool, 2023. 

• NextEra: 2020 EEI Template, n.d. 2022 Environmental Social & Governance Report, 2023.  
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• NRG: 2014 Sustainability Report, 2015. 2015 Sustainability Report, 2016. 2016 Sustainability Report, 2017. 2017 

Sustainability Report, 2018. 2018 Sustainability Report, 2019. 2019 Sustainability Report, 2020. 2020 Sustainability 

Report, 2021. 2021 Sustainability Report, 2022. 2022 Sustainability Report, 2023. 

• OPPD: EPA Facility Level Information on Greenhouse gases Tool, 2023. 

• PG&E: Electric Company ESG/Sustainability Quantitative Information, 2022. 

• SCE: 2020 Edison International Sustainability Report, n.d. Electric Company ESG/Sustainability Quantitative 

Information, 2023. 

• Southern: 2017 CDP Climate Change Disclosure, 2018. 2018 CDP Climate Change Disclosure, n.d. 2019 CDP 

Climate Change Disclosure, n.d. 2020 CDP Climate Change Disclosure, n.d. 2021 CDP Climate Change Disclosure, 

n.d. 2021 Corporate Responsibility Executive Summary: Sustainable Commitment, n.d.  

• TVA: 2018 EEI ESG/Sustainability Reporting Template, 2019. 2019 EEI ESG/Sustainability Reporting Template, 

2020. Tennessee Valley Authority, n.d.  

• Vistra: 2020 Sustainability Report, 2021. 2021 Sustainability Report, n.d. 2022 SASB Standards Table, 2023.  
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Table 7. Annual electric emissions (in MMT of CO2e) by state. 

State 
Electricity Related CO2 emissions (million metric tons) 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
Alabama 66.99 64.73 65.55 62.36 55.57 50.99 53.86 48.47 42.69 47.20 
Alaska 3.13 2.65 2.91 2.95 2.76 2.79 2.69 2.72 2.74 2.80 
Arizona 51.78 55.18 53.52 50.04 44.59 43.84 46.81 43.53 35.58 34.33 
Arkansas 34.88 35.87 35.81 27.27 30.47 32.07 36.98 31.22 22.57 28.54 
California 48.02 45.68 46.22 44.14 36.47 32.90 33.65 31.12 33.65 35.35 
Colorado 39.53 38.99 38.06 37.00 35.65 35.19 34.19 33.47 28.58 30.58 
Connecticut 7.22 6.78 6.69 7.42 6.97 6.27 8.03 7.92 8.65 9.23 
Delaware 4.58 4.07 3.62 3.25 3.58 2.94 2.55 1.76 1.80 1.77 
District of 
Columbia 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Florida 107.50 105.11 109.66 107.96 106.17 103.24 100.72 94.35 92.28 91.23 
Georgia 56.17 54.04 59.94 56.06 57.87 52.40 52.26 48.61 37.31 40.87 
Hawaii 6.89 6.57 6.53 6.43 6.41 6.29 6.26 6.30 5.87 5.77 
Idaho 0.73 1.33 0.99 1.49 1.25 1.13 1.28 1.69 1.64 2.00 
Illinois 86.34 90.03 88.82 77.36 67.16 65.17 67.10 58.19 42.60 52.43 
Indiana 99.88 99.51 104.40 88.29 84.53 81.01 90.24 75.81 63.18 68.84 
Iowa 34.83 32.57 32.88 28.84 25.09 25.88 29.47 23.92 16.23 24.12 
Kansas 30.99 32.33 30.99 26.73 25.12 21.67 23.13 20.34 19.82 22.25 
Kentucky 87.44 87.03 87.37 77.56 73.39 64.05 67.14 59.51 50.47 56.90 
Louisiana 43.20 41.02 39.47 39.35 36.25 33.46 33.91 30.67 27.55 30.40 
Maine 1.74 1.43 1.65 1.58 1.49 1.03 1.07 0.71 0.70 1.26 
Maryland 19.19 17.54 19.23 16.84 17.32 11.97 16.34 11.80 9.22 11.23 
Massachusetts 12.13 12.66 10.78 11.31 10.70 10.27 7.65 6.23 5.74 6.14 
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Michigan 63.49 62.71 60.17 63.04 55.54 55.76 58.95 54.57 46.96 52.91 
Minnesota 25.71 25.99 29.39 27.25 26.72 25.28 26.74 22.87 19.21 21.21 
Mississippi 23.25 21.71 23.78 24.68 25.92 23.73 25.73 24.51 26.30 25.19 
Missouri 73.85 76.59 74.02 66.57 62.41 68.50 65.61 57.92 54.82 60.21 
Montana 15.70 16.61 17.31 17.79 16.12 15.56 15.17 15.94 10.10 12.46 
Nebraska 24.67 26.33 24.58 23.68 21.40 20.70 23.85 22.02 19.65 19.79 
Nevada 14.71 15.42 16.02 14.43 13.89 12.86 13.67 13.60 13.26 13.70 
New 
Hampshire 4.14 3.30 3.32 3.50 2.37 1.83 2.05 1.81 1.59 2.10 
New Jersey 14.86 14.44 16.76 17.86 19.64 16.70 17.33 17.38 13.56 13.33 
New Mexico 29.17 28.50 24.69 24.81 23.22 23.07 18.34 20.28 18.60 17.13 
New York 32.29 30.03 30.49 29.09 27.67 22.04 24.42 21.45 23.45 25.00 
North Carolina 57.33 56.04 57.46 52.11 51.12 47.50 48.36 46.06 37.11 40.13 
North Dakota 29.74 29.04 29.21 30.14 29.27 29.34 30.36 28.33 27.43 27.42 
Ohio 95.11 102.59 98.69 83.42 81.36 79.89 77.61 67.46 66.96 68.45 
Oklahoma 47.48 44.54 42.27 39.85 35.53 30.72 33.51 27.62 25.30 26.74 
Oregon 6.95 9.07 7.95 8.57 7.77 7.51 8.36 10.53 8.89 8.23 
Pennsylvania 108.26 106.86 99.70 88.56 82.62 77.04 74.86 75.10 70.06 77.48 
Rhode Island 3.33 2.56 2.49 2.78 2.57 2.80 3.16 2.81 3.18 3.38 
South Carolina 33.70 28.46 32.76 29.54 27.74 25.25 28.79 24.95 22.84 25.03 
South Dakota 3.22 3.18 3.04 1.91 2.64 2.47 2.88 3.19 2.28 2.40 
Tennessee 37.67 33.95 37.49 33.90 36.23 32.35 26.12 24.04 19.72 24.03 
Texas 223.74 227.85 226.33 214.91 208.77 212.40 202.18 190.79 176.88 180.30 
Utah 32.10 35.25 34.74 33.21 27.73 27.48 28.67 28.45 26.44 29.94 
Vermont 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Virginia 25.32 31.09 30.51 31.99 33.73 28.76 30.59 26.92 28.79 24.36 
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Washington 6.23 11.73 11.73 10.87 9.58 10.39 10.14 13.69 10.99 9.85 
West Virginia 67.70 69.48 74.17 66.80 69.59 66.10 61.33 57.78 50.42 58.97 
Wisconsin 37.43 43.76 40.12 41.97 38.89 41.20 39.88 33.28 31.51 35.00 
Wyoming 43.88 46.75 43.70 43.85 40.73 40.91 40.72 36.48 35.24 34.08 

 

(EIA, 2023b) 

 



 

 

References 

2012 Sustainability Report. (2013). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2012 GHG Inventory. (2013). Entergy. 
https://cdn.entergy.com/userfiles/content/our_community/pdfs/GHG_Inventory20
12FINAL_VERIFIED_030813_REDACTED.pdf?_gl=1*1vrt1dl*_ga*NjAxNjk0
NjI4LjE3MDM5NjgzNjM.*_ga_4CB8RDLGDZ*MTcwNDYzNzUxNi4yLjAuM
TcwNDYzNzUyMi4wLjAuMA..*_ga_HK6YSZ6LT0*MTcwNDYzNzUxNi4yLj
AuMTcwNDYzNzUyMi41NC4wLjA.*_ga_H0JW6TJK3Y*MTcwNDYzNzUxN
i4yLjAuMTcwNDYzNzUyMi4wLjAuMA.. 

2013 Corporate Accountability Report. (2013). AEP. 
https://aepsustainability.com/lib/docs/AEP-CAReport2013.pdf 

2013 GHG Inventory. (2014). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/our_community/pdfs/Entergy_GHG_Inv
entory_2013.pdf?_gl=1*swlmw8*_ga*NjAxNjk0NjI4LjE3MDM5NjgzNjM.*_ga
_4CB8RDLGDZ*MTcwNDYzNzUxNi4yLjEuMTcwNDYzNzU2Ni4wLjAuMA.
.*_ga_HK6YSZ6LT0*MTcwNDYzNzUxNi4yLjEuMTcwNDYzNzU2Ni4xMC4
wLjA.*_ga_H0JW6TJK3Y*MTcwNDYzNzUxNi4yLjEuMTcwNDYzNzU2Ni4
wLjAuMA.. 

2013 Sustainability Report. (2014). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2014 Corporate Accountability Report. (2014). AEP. 
https://aepsustainability.com/lib/docs/AEP-CAReport2014.pdf 

2014 GHG Inventory. (2015). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/Entergy_GHG_Invent
ory_2014.pdf?_gl=1*4wv7ea*_ga*NjAxNjk0NjI4LjE3MDM5NjgzNjM.*_ga_4
CB8RDLGDZ*MTcwNDYzNzUxNi4yLjAuMTcwNDYzNzUxNi4wLjAuMA..*
_ga_HK6YSZ6LT0*MTcwNDYzNzUxNi4yLjAuMTcwNDYzNzUxNi42MC4w
LjA.*_ga_H0JW6TJK3Y*MTcwNDYzNzUxNi4yLjAuMTcwNDYzNzUxNi4w
LjAuMA.. 

2014 Sustainability Report. (2015). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2015 Corporate Accountability Report. (2016). AEP. 
https://aepsustainability.com/lib/docs/AEP-CAReport2015.pdf 



 

 98 

2015 GHG Inventory. (2016). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/Entergy_GHG_Invent
ory_2015.pdf 

2015 Sustainability Report. (2016). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2016 Corporate Accountability Report. (2016). AEP. 
https://aepsustainability.com/lib/docs/2016-AEP-Corp-Accountability-Report.pdf 

2016 Corporate Responsibility Report: The energy to lead. (n.d.). Southern Company. 
Retrieved January 5, 2024, from 
https://www.southerncompany.com/content/dam/southerncompany/pdfs/about/go
vernance/reports/2016_Corporate_Responsibility_Report_PDF3.pdf 

2016 GHG Inventory. (2017). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/GHG_Inventory_201
6.pdf 

2016 Sustainability Report. (2017). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2016-2017 Corporate Citizenship Report. (n.d.). DTE Energy. Retrieved January 15, 
2024, from https://www.newlook.dteenergy.com/wps/wcm/connect/7194e3af-
ff7a-4f14-ab1d-601b74a64086/DTE_CCR_PDF_digital.pdf?MOD=AJPERES 

2017 CDP Climate Change Disclosure. (2018). Southern Company. Retrieved January 5, 
2024, from https://www.southerncompany.com/content/dam/southern-
company/pdf/corpresponsibility/2017_Carbon%20Disclosure%20Report.pdf 

2017 Climate Report to Shareholders. (n.d.). Duke Energy. Retrieved January 4, 2024, 
from https://www.duke-energy.com/-/media/pdfs/our-company/shareholder-
climate-report.pdf?rev=24ac28f1447d422182225e81bb0c99d3 

2017 Corporate Accountability Report. (2018). AEP. 
https://aepsustainability.com/lib/docs/AEP-2017-Corporate-Accountability-
Report.pdf 

2017 Corporate Responsibility Report. (2017). Southern Company. 
https://www.southerncompany.com/content/dam/southerncompany/pdfs/about/go
vernance/reports/2017_Corporate_Responsibility_Report_PDF2.pdf 

2017 Edison International Sustainability Report. (n.d.). Edison International, Inc. 
Retrieved January 5, 2024, from 
https://download.edison.com/405/files/202210/eix-2020-sustainability-report-
scorecard.pdf?Signature=P%2BPuMlg%2BitzAyAhskUc%2B86elg5I%3D&Expi
res=1704727983&AWSAccessKeyId=AKIAJX7XEOOELCYGIVDQ&versionId



 

 99 

=zFwrVWH.3F00nYg_l6htpgWHCmGB4Skq&response-content-
disposition=attachment 

2017 ESG/Sustainability Quantitative Information. (2021). Berkshire Hathaway Energy 
Company. https://www.brkenergy.com/esg-sustainability/governance 

2017 GHG Inventory. (2018). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/GHG_Inventory_201
7.pdf 

2017 Sustainability Report. (2018). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2018 CDP Climate Change Disclosure. (n.d.). Southern Company. Retrieved January 5, 
2024, from 
https://www.southerncompany.com/content/dam/southerncompany/sustainability/
pdfs/2018_CDPClimateChangeDisclosure.pdf 

2018 Corporate Accountability Report. (2018). AEP. 
https://aepsustainability.com/lib/docs/2018-AEP-Corporate-Accountability-
Report.pdf 

2018 Corporate Responsibility Report. (2018). Southern Company. 
https://www.southerncompany.com/content/dam/southerncompany/pdfs/about/go
vernance/reports/2018_Corporate_Responsibility_Report_PDF1.pdf 

2018 EEI ESG/Sustainability Reporting Template. (2019). Tennessee Valley Authority. 
https://tva-azr-eastus-cdn-ep-tvawcm-prd.azureedge.net/cdn-
tvawcma/docs/default-source/default-document-library/site-content/investors/eei-
esg-sustainability-reporting-template.pdf?sfvrsn=b4a09e7c_0 

2018 ESG/Sustainability Quantitative Information. (2021). Berkshire Hathaway Energy 
Company. https://www.brkenergy.com/esg-sustainability/governance 

2018 GHG Inventory. (n.d.). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/2018_Entergy_GHG_
Inventory.pdf 

2018 Sustainability Report. (2019). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2019 CDP Climate Change Disclosure. (n.d.). Southern Company. Retrieved January 5, 
2024, from https://www.southerncompany.com/content/dam/southern-
company/pdf/corpresponsibility/CDP-Climate-Disclosure-2019.pdf 

2019 Corporate Accountability Report. (2019). AEP. 
https://aepsustainability.com/lib/docs/2019-AEP-Corporate-Accountability-
Report.pdf 



 

 100 

2019 Corporate Responsibility Data Summary. (2020). Xcel Energy. 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/2019%20CRR/201
9_Performance%20Summary_CRR.pdf 

2019 Corporate Responsibility Report. (n.d.). Xcel Energy. Retrieved January 6, 2024, 
from https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/2019%20CRR/201
9_CorporateResponsibility_Report_FullFinal.pdf 

2019 EEI ESG/Sustainability Reporting Template. (2020). Tennessee Valley Authority. 
https://tva-azr-eastus-cdn-ep-tvawcm-prd.azureedge.net/cdn-
tvawcma/docs/default-source/investors/2020-eei-esg-sustainability-
report.pdf?sfvrsn=4cb97e24_2 

2019 ESG/Sustainability Quantitative Information. (2021). Berkshire Hathaway Energy 
Company. https://www.brkenergy.com/esg-sustainability/governance 

2019 GHG Inventory. (n.d.). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/GHG_Inventory_201
9.pdf 

2019 Sustainability Report. (2020). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2019/2020 Corporate Responsibility Executive Summary. (2021). Southern Company. 
https://www.southerncompany.com/content/dam/southerncompany/sustainability/
pdfs/2019-2020-Corporate-Responsibility-Executive-Summary.pdf 

2020 CDP Climate Change Disclosure. (n.d.). Southern Company. Retrieved January 5, 
2024, from 
https://www.southerncompany.com/content/dam/southerncompany/sustainability/
pdfs/2020_CDPClimateChangeDisclosure.pdf 

2020 Corporate Accountability Report. (2029). AEP. 
https://aepsustainability.com/lib/docs/2020-AEP-Corporate-Accountability-
Report.pdf 

2020 Corporate Responsibility Data Summary. (2021). Xcel Energy. 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Sustainability%20Report/2020%20SR/2020-Sustainability-
Data-Summary-SR.pdf 

2020 Edison International Sustainability Report. (n.d.). Edison International, Inc. 
Retrieved January 5, 2024, from 
https://download.edison.com/405/files/202210/eix-2020-sustainability-report-
scorecard.pdf?Signature=P%2BPuMlg%2BitzAyAhskUc%2B86elg5I%3D&Expi
res=1704727983&AWSAccessKeyId=AKIAJX7XEOOELCYGIVDQ&versionId



 

 101 

=zFwrVWH.3F00nYg_l6htpgWHCmGB4Skq&response-content-
disposition=attachment 

2020 EEI ESG/Sustainability Reporting Template. (2021). Tennessee Valley Authority. 
https://s25.q4cdn.com/191816265/files/esg/reports/2021/EEI-ESG-Sustainability-
Report-Final.pdf 

2020 EEI Template. (n.d.). NextEra Energy. Retrieved January 5, 2024, from 
https://www.investor.nexteraenergy.com/~/media/Files/N/NEE-
IR/Sustainability/EEI%20Quantitative%20Metrics%20Template%202019_vF/20
20%20EEI%20Template.pdf 

2020 Environmental, Social & Governance. (n.d.). NextEra Energy. Retrieved January 5, 
2024, from 
https://www.nexteraenergy.com/pdf/2020%20NEE%20ESG%20Report.pdf 

2020 ESG/Sustainability Quantitative Information. (2021). Berkshire Hathaway Energy 
Company. https://www.brkenergy.com/esg-sustainability/governance 

2020 Exelon Corporation Sustainability Report. (n.d.). Exelon. Retrieved January 5, 
2024, from 
https://www.exeloncorp.com/sustainability/Documents/dwnld_Exelon_CSR%20(
1).pdf 

2020 GHG Inventory. (n.d.). Entergy. Retrieved January 5, 2024, from 
https://cdn.entergy.com/userfiles/content/environment/docs/GHG_Inventory_202
0.pdf 

2020 Sustainability Report. (n.d.). Xcel Energy. Retrieved January 7, 2024, from 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Sustainability%20Report/2020%20SR/2020-Sustainability-
Report-Full.pdf 

2020 Sustainability Report. (2021a). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2020 Sustainability Report. (2021b). Vistra Energy. 
https://vistra.app.box.com/s/kugpcyye7rw2r2sxe2m6tgkyd1u543s7 

2021 CDP Climate Change Disclosure. (n.d.). Southern Company. Retrieved January 5, 
2024, from 
https://www.southerncompany.com/content/dam/southerncompany/pdfs/about/go
vernance/reports/CDP-Climate-Disclosure-2021.pdf 

2021 Corporate Accountability Report. (2021). AEP. 
https://aepsustainability.com/lib/docs/AEP_2021_Corporate_Sustainability_Repo
rt.pdf 



 

 102 

2021 Corporate Responsibility Executive Summary: Sustainable Commitment. (n.d.). 
Southern Company. Retrieved January 5, 2024, from https://www.paperturn-
view.com/?pid=Mjg283820&v=2 

2021 EEI ESG/Sustainability Reporting Template. (2022a). Pacific Gas & Electric. 
https://www.pgecorp.com/assets/pgecorp/localized/en/sustainability/corporate-
responsibility-sustainability/reports/2022/assets/EEI_Quantitative_PGE.pdf 

2021 EEI ESG/Sustainability Reporting Template. (2022b). Tennessee Valley Authority. 
https://s25.q4cdn.com/191816265/files/doc_downloads/2022/2022-EEI-
ESG_FNL3.pdf 

2021 ESG/Sustainability Quantitative Information. (2022). Berkshire Hathaway Energy 
Company. https://www.brkenergy.com/esg-sustainability/governance 

2021 SB 100 Joint Agency Report. (2021). California Energy Commission. 
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-
achieving-100-percent-clean-electricity 

2021 Sustainability Report. (n.d.-a). Xcel Energy. Retrieved January 7, 2024, from 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Sustainability%20Report/2021%20SR/2021-Sustainability-
Report-Full.pdf 

2021 Sustainability Report. (n.d.-b). Calpine. Retrieved January 6, 2024, from 
https://dnnt93026.blob.core.windows.net/portals/0/Document%20Library/Sustain
ability%20Reports/Calpine%202021%20Sustainability%20Report_Final.pdf?sv=
2017-04-
17&sr=b&si=DNNFileManagerPolicy&sig=3rK1mwSLLKXjodrPIX3fdqllLdBR
ixmkbpSvi24xuzg%3D 

2021 Sustainability Report. (n.d.-c). Vistra Energy. Retrieved January 7, 2024, from 
https://vistracorp.com/wp-content/uploads/2022/05/VST-sustainability-report-
2021.pdf 

2021 Sustainability Report. (2022a). NRG. 
https://www.nrg.com/assets/documents/sustainability/2021-sustainability-
report.pdf 

2021 Sustainability Report. (2022b). DTE Energy. 
https://dteempowermi.wpenginepowered.com/wp-
content/uploads/2021SustainabilityReport-1.pdf 

2021 Sustainable Transformation Task Force on Climate-related Financial Disclosure. 
(2022). Evergy, Inc. 
https://investors.evergy.com/TCFD#:~:text=Since%202005%2C%20and%20as%
20of,percent%20and%2088%20percent%2C%20respectively. 



 

 103 

2022 Annual Report and Form 10-k. (2023). Duke Energy. https://p-micro.duke-
energy.com/annual-report/-/media/pdfs/our-company/investors/de-annual-
reports/2022/2022-duke-energy-annual-
report.pdf?rev=e4c41d48c57643a68630966595eac564&_gl=1*7ivfxy*_ga*MTM
xNjYwMTA0MC4xNzAyNjU4ODAz*_ga_HB58MJRNTY*MTcwMzk3Nzk1N
S41LjEuMTcwMzk3Nzk3OC4wLjAuMA..&_ga=2.178063654.200859508.1703
977955-1316601040.1702658803 

2022 Corporate Accountability Report. (2022). AEP. 
https://aepsustainability.com/lib/docs/2022_AEP-Sustainability-Report.pdf 

2022 Corporate Sustainability Report. (2022). AEP. 
https://aepsustainability.com/lib/docs/2022_AEP-Sustainability-Report.pdf 

2022 Duke Energy Climate Report. (2023). Duke Energy. https://p-micro.duke-
energy.com/esg/-/media/pdfs/our-company/2022-climate-
report.pdf?rev=c99afa612247408fbe3f155c2126454b&_gl=1*19x7reg*_ga*MT
MxNjYwMTA0MC4xNzAyNjU4ODAz*_ga_HB58MJRNTY*MTcwMzk3Nzk1
NS41LjEuMTcwMzk3ODMwMS4wLjAuMA..&_ga=2.144584118.200859508.1
703977955-1316601040.1702658803 

2022 EEI ESG/Sustainability Reporting Template. (n.d.). Evergy, Inc. Retrieved January 
5, 2024, from https://investors.evergy.com/ESGMetrics 

2022 Environmental Metrics. (2023). Dominion Energy. 
https://sustainability.dominionenergy.com/assets/pdf/Metrics-Environmental.pdf 

2022 Environmental Social & Governance Report. (2023). NextEra Energy. 
https://www.nexteraenergy.com/content/dam/nee/us/en/pdf/2022_NEE_ESG_Rep
ort_Final.pdf 

2022 Environmental, Social, Governance and Sustainability Report. (2022). CMS 
Energy. https://www.cmsenergy.com/sustainability/default.aspx 

2022 ESG/Sustainability Quantitative Information. (2023). Berkshire Hathaway Energy 
Company. https://www.brkenergy.com/esg-sustainability/governance 

2022 Impact Report. (2023). Duke Energy. https://p-cd.duke-energy.com/esg/-
/media/pdfs/our-company/esg/2022-impact-
report.pdf?rev=f255acd17af84ad9973df41d88ee9338&_gl=1*o3czj7*_ga*MTM
xNjYwMTA0MC4xNzAyNjU4ODAz*_ga_HB58MJRNTY*MTcwNDU3MTAz
Mi42LjEuMTcwNDU3MTA0MC4wLjAuMA..&_ga=2.38987428.682729171.17
04571033-1316601040.1702658803 

2022 SASB Standards Table. (2023). Vistra Energy. https://vistracorp.com/wp-
content/uploads/2023/05/VST-2022-SASB-Table.pdf 



 

 104 

2022 Scoping Plan for Achieving Carbon Neutrality. (2022). California Air Resources 
Board. https://ww2.arb.ca.gov/sites/default/files/2023-04/2022-sp.pdf 

2022 Sustainability Report. (2023). NRG. 
https://www.nrg.com/sustainability/reporting.html 

2022 Sustainability Report: Building the Future. (2023). Xcel Energy. 
https://investors.xcelenergy.com/files/doc_downloads/sustainability/2022/2022-
sustainability-report-full-6-20-2023.pdf 

2023 Climate Report. (n.d.). Ameren. Retrieved January 7, 2024, from 
https://www.ameren.com/-/media/corporate-
site/files/environment/reports/climate-report-tcfd.pdf 

2023 EEI AGA Sustainability Report. (May 2023). Ameren. Retrieved January 7 2024 
from: https://www.ameren.com/-/media/corporate-
site/files/environment/reports/eei-aga-esg-sustainability-template.ashx 

2023 energy trend: Stakeholder pressure for sustainability. (2023, April 3). [Enel]. 
https://www.enelnorthamerica.com/insights/blogs/stakeholder-pressure-for-
sustainability 

2023 Integrated Resource Plan. (2023). Dominion Energy South Carolina, Inc. 
https://www.dominionenergy.com/-/media/pdfs/global/company/desc-2023-
integrated-resource-plan.pdf 

2023 Sustainability Report. (n.d.). AEP. Retrieved January 7, 2024, from 
https://aepsustainability.com/lib/docs/2023-AEP-Sustainability-Report.pdf 

2025 Climate Action Strategy. (January 9, 2024). Climate Change. Retrieved January 16, 
2024, from https://climatechange.ri.gov/act-climate/2025-climate-update 

AB 32 Global Warming Solutions Act of 2006. (September 28, 2018). Climate Change. 
Retrieved January 15, 2024 from https://ww2.arb.ca.gov/resources/fact-sheets/ab-
32-global-warming-solutions-act-2006 

Accelerating the net-zero transition. (n.d.). Brookfield Renewable Partners L.P. 
Retrieved January 7, 2024, from https://bep.brookfield.com/sites/bep-brookfield-
ir/files/Brookfield-BEP-IR-V2/2023/bep-esg-2022.pdf 

Act No. 235. 102nd Legislature. Regular session of 2023. (MI, 2023). 
https://www.legislature.mi.gov/documents/2023-2024/publicact/pdf/2023-PA-
0235.pdf 

AEP 2023 Factbook. (November 14, 2023). AEP. Retrieved January 7, 2024, from 
https://www.aep.com/Assets/docs/investors/eventspresentationsandwebcasts/2023
EEI_Factbook.pdf 



 

 105 

AEP’s Climate Impact Analysis 2021. (n.d.). AEP. Retrieved January 7, 2024, from 
https://aepsustainability.com/performance/report/docs/AEPs-Climate-Impact-
Analysis-2021.pdf 

Annual Decarbonization Perspective 2023: Carbon Neutral Pathways for the United 
States. (2023). Evolved Energy Research. 
https://www.evolved.energy/post/usadp2023 

Annual Report: 25 Years of Lighting the Way. (2023). FirstEnergy. 
https://s27.q4cdn.com/655807321/files/doc_financials/2022/q4/Fourth-Quarter-
2022-Investor-FactBook.pdf 

Baldwin, S. (2023, October 5). Skepticism persists around clean energy and grid 
reliability. Here’s how to fix that. https://www.utilitydive.com/news/skepticism-
persists-around-clean-energy-and-grid-reliability-heres-how-to/695393/ 

Barbose, G. (June 2023). U.S. State Renewables Portfolio & Clean Electricity Standards: 
2023 Status Update. Berkeley Lab Lawrence Berkeley National Laboratory. 
https://eta-
publications.lbl.gov/sites/default/files/lbnl_rps_ces_status_report_2023_edition.p
df 

Benchmarking Air Emissions of the 100 Largest Electric Power Producers in the United 
States. (2022). ERM. 
https://www.sustainability.com/globalassets/sustainability.com/thinking/pdfs/202
2/benchmarking-air-emissions-2022.pdf 

Berkshire Hathaway Energy. (n.d.). Environmental Respect. Retrieved from: 
https://www.brkenergy.com/about-us/environmental-respect 

Biden-⁠Harris Administration Releases Inflation Reduction Act Guidebook for Clean 
Energy and Climate Programs. (2022, December 15). The White House. 
https://www.whitehouse.gov/briefing-room/statements-
releases/2022/12/15/biden-harris-administration-releases-inflation-reduction-act-
guidebook-for-clean-energy-and-climate-programs/ 

Bill S.9. 192nd General Court. (MA 2021). https://malegislature.gov/Bills/192/S9 

Building a Sustainable Future 2022 Sustainability Report. (n.d.). Energy Harbor. 
https://energyharbor.com/en 

Climate & Energy. Colorado Energy Office. (n.d.). 
https://energyoffice.colorado.gov/climate-energy  

Clean Energy Dashboard. (September 2023). New York State Energy Research and 
Development Authority. https://www.nyserda.ny.gov/About/Tracking-
Progress/Clean-Energy-Dashboard/View-the-Dashboard 



 

 106 

Clean Energy Technologies. (December 1, 2023). New Jersey Department of 
Environmental Protection. Retrieved February 23, 2024 from 
https://dep.nj.gov/cleanenergy/technologies/ 

Climate Report. (2022). FirstEnergy. 
https://fecorporateresponsibility.com/content/dam/investor/files/climate-report.pdf 

Climate Report 2022. (2022). Dominion Energy. 
https://esg.dominionenergy.com/assets/pdf/2022-Climate-Report.pdf 

Closing the Gap: Delivering on the U.S. Nationally Determined Contribution. (2023). 
Clean Air Task Force. Retrieved from: https://www.catf.us/resource/closing-gap-
delivering-us-nationally-determined-contribution/ 

CO2 Emissions in 2022 (p. 19). (2023). International Energy Agency. 

Coal & Oil Facilities. (n.d.). Dominion Energy. Retrieved January 14, 2024 from 
https://www.dominionenergy.com/projects-and-facilities/coal-and-oil-facilities 

Committee on Accelerating Decarbonization in the United States, Board on Energy and 
Environmental Systems, Board on Environmental Change and Society, Division 
on Engineering and Physical Sciences, Division of Behavioral and Social 
Sciences and Education, & National Academies of Sciences, Engineering, and 
Medicine. (2021). Accelerating Decarbonization of the U.S. Energy System (p. 
25932). National Academies Press. https://doi.org/10.17226/25932 

Constellation Energy Corporation. (2024). About Constellation. Constellation Energy 
Corporation. https://www.constellationenergy.com/our-company/our-story/about-
constellation.html  

Consumers Energy. (2022, March 30). CMS Energy to Combat Climate Change by 
Achieving Net Zero Greenhouse Gas Emissions from Entire Natural Gas System 
by 2050. News Release. https://www.consumersenergy.com/news-releases/news-
release-details/2022/03/30/13/14/cms-energy-to-achieve-net-zero-greenhouse-
gas-emissions-from-natural-gas-system-by-2050  

Consumers Energy. (n.d.). Environment: Take a Stand for Michigan’s Future. 
Environment | Consumers Energy. 
https://www.consumersenergy.com/community/sustainability/environment#:~:tex
t=Our%20Plan%3A%20To%20Eliminate%20Coal,go%20coal%2Dfree%20by%2
02025.  

Corporate Responsibility Overview 2013. (n.d.). Xcel Energy. Retrieved January 7, 2024, 
from https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/Xcel-Energy-2013-
CRR-Overview.pdf 



 

 107 

Corporate Responsibility Report 2014. (n.d.). Xcel Energy. Retrieved January 7, 2024, 
from https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/Xcel-Energy-2014-
Corporate-Responsibility-Report.pdf 

Corporate Responsibility Report 2015. (n.d.). Xcel Energy. Retrieved January 7, 2024, 
from https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/2015-Corporate-
Responsibilty-Report.pdf 

Corporate Responsibility Report 2016. (n.d.). Retrieved January 7, 2024, from 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/2016%20Corporate
%20Responsibility%20Report.pdf 

Corporate Responsibility Report 2017. (n.d.). Xcel Energy. Retrieved January 7, 2024, 
from https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/CRR-2017-
Corporate-Responsibility-Report.pdf 

Corporate Responsibility Report: Destination 2050 Building the Future. (2018). 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/CRR-2018-
Corporate-Responsibility-Report.pdf 

Corporate Responsibility Report The Future in Sight. (2019). Xcel Energy. 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Corporate%20Responsibility%20Report/2019%20CRR/201
9_CorporateResponsibility_Report_FullFinal.pdf 

Countdown to 2045, Realizing California’s Pathway to Net Zero. (September 2023). 
Edison International. https://www.edison.com/our-perspective/countdown-to-
2045 

Davis, S. J., Liu, Z., Deng, Z., Zhu, B., Ke, P., Sun, T., Guo, R., Hong, C., Zheng, B., 
Wang, Y., Boucher, O., Gentine, P., & Ciais, P.. (2022). Emissions rebound from 
the COVID-19 pandemic. Nature Climate Change, 12, 412–414. 
https://doi.org/10.1038/s41558-022-01332-6 

DC Law 24-176. (DC 2022). https://code.dccouncil.gov/us/dc/council/laws/24-176 

DTE Energy. (n.d.). Investor Relations. https://ir.dteenergy.com:443/home/default.aspx  

DTE Energy Company—Climate Change 2018. (n.d.). DTE Energy. Retrieved January 
15, 2024, from 
https://empoweringmichigan.com/files/performance_pdf/CDP_Climate_Change_
2018.pdf 



 

 108 

DTE Energy Company—Climate Change 2019. (n.d.). DTE Energy. Retrieved January 
15, 2024, from 
https://empoweringmichigan.com/files/performance_pdf/CDP_Climate_Change_
2019.pdf 

DTE Energy Company—Climate Change 2020. (n.d.). DTE Energy. Retrieved January 
15, 2024, from https://empoweringmichigan.com/wp-content/uploads/2020-CDP-
Climate-Change.pdf 

DTE Energy Company—Climate Change 2021. (n.d.). DTE Energy. Retrieved January 
15, 2024, from https://empoweringmichigan.com/wp-content/uploads/DTE-2021-
CDP-Climate-Change.pdf 

Duke 2020 Climate Report: Achieving a Net Zero Carbon Future. (n.d.). Duke Energy. 
Retrieved January 4, 2024, from https://www.duke-energy.com/-/media/pdfs/our-
company/climate-report-2020.pdf?rev=49bbf0609086481fb190e75d9c09a29a 

Duke Energy details clean energy transition in impact report. Duke Energy | News 
Center. (2023, April 26). https://news.duke-energy.com/releases/duke-energy-
details-clean-energy-transition-in-impact-report  

Eberle, A. L., & Heath, G. A. (2020). Estimating carbon dioxide emissions from 
electricity generation in the United States: How sectoral allocation may shift as 
the grid modernizes. Energy Policy, 140, 111324. 
https://doi.org/10.1016/j.enpol.2020.111324 

Electric Company ESG/Sustainability Quantitative Information. PG&E. (July 2022). 
https://www.pgecorp.com/assets/pgecorp/localized/en/sustainability/corporate-
responsibility-sustainability/reports/2022/assets/EEI_Quantitative_PGE.pdf 

Electric Company ESG/Sustainability Quantitative Information. Edison International. 
(October 2023). 
https://download.edison.com/406/files/20239/EIX%20ESG_Template_Version_1
_Quantitative_vF%202023%2010%2023.pdf?Signature=Zm2LlzyZnUU7%2Ferd
7t1xIxMVdmU%3D&Expires=1710021428&AWSAccessKeyId=AKIAJX7XEO
OELCYGIVDQ&versionId=VTDYff0IP5KsaSzISo0EOUroQydqppQo&respons
e-content-disposition=attachment 

EIA. (n.d.). About EIA. U.S. Energy Information Administration (EIA). 
https://www.eia.gov/about/ 

EIA. (2022, November 30). Renewable energy explained: portfolio standards. U.S. 
Energy Information Administration (EIA). 
https://www.eia.gov/energyexplained/renewable-sources/portfolio-standards.php 

EIA. (2023a, March 10). Total Electric Power Industry Summary Statistics, 2022 and 
2021. Electricity Monthly. [dataset]. 
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_es1a 



 

 109 

EIA. (2023b, July 12). Energy-Related CO2 Emission Data Tables. [dataset]. EIA. 
https://www.eia.gov/environment/emissions/state/ 

EIA. (2023c, September 23). The United States surpassed two million on-road light-duty 
electric vehicles in 2021. U.S. Energy Information Administration (EIA). 
https://www.eia.gov/todayinenergy/detail.php?id=60422  

EIA. (2023d, October). Preliminary Monthly Electric Generator Inventory (based on 
Form EIA-860M as a supplement to Form EIA-860). [dataset]. U.S. Energy 
Information Administration (EIA). https://www.eia.gov/electricity/data/eia860m/ 

Electricity 2024: Analysis and forecast to 2026. (2024). International Energy Agency. 
https://iea.blob.core.windows.net/assets/6b2fd954-2017-408e-bf08-
952fdd62118a/Electricity2024-Analysisandforecastto2026.pdf 

Emissions Reduction & Mitigation Plan (E-RAMP). Kansas Department of Health and 
Environment, Division of Environment. (n.d.). 
https://www.kdhe.ks.gov/2071/Emissions-Reduction-Mitigation-Plan-E-RA 

Enforceability of US NDC in US Courts. (24 January 2017). Lawyers Responding to 
Climate Change. https://legalresponse.org/legaladvice/enforceability-of-us-ndc-
in-us-courts/?succes=1709999006 

Entergy’s path to net-zero emissions and climate resilience. (2022). Entergy. 
https://www.entergy.com/userfiles/content/environment/docs/2022-Climate.pdf 

Environmental, Sustainability & Governance. Dominion Energy ESG. (n.d.). 
https://esg.dominionenergy.com/  

EPA Facility Level Information on Greenhouse gases Tool (R.151). (2023). [dataset]. 
Pulled January 2024. 
https://ghgdata.epa.gov/ghgp/main.do#/facility/?q=Find%20a%20Facility%20or
%20Location&st=&bs=&et=&fid=&sf=11001100&lowE=-
20000&highE=23000000&g1=1&g2=1&g3=1&g4=1&g5=1&g6=0&g7=1&g8=1
&g9=1&g10=1&g11=1&g12=1&s1=1&s2=1&s3=1&s4=1&s5=1&s6=1&s7=1&
s8=1&s9=1&s10=1&s201=1&s202=1&s203=1&s204=1&s301=1&s302=1&s303
=1&s304=1&s305=1&s306=1&s307=1&s401=1&s402=1&s403=1&s404=1&s4
05=1&s601=1&s602=1&s701=1&s702=1&s703=1&s704=1&s705=1&s706=1&
s707=1&s708=1&s709=1&s710=1&s711=1&s801=1&s802=1&s803=1&s804=1
&s805=1&s806=1&s807=1&s808=1&s809=1&s810=1&s901=1&s902=1&s903
=1&s904=1&s905=1&s906=1&s907=1&s908=1&s909=1&s910=1&s911=1&si=
&ss=&so=0&ds=E&yr=2022&tr=current&cyr=2022&ol=0&sl=0&rs=ALL 

Evergy 2021 Integrated Resource Plan Overview. (n.d.). Evergy, Inc. Retrieved January 
7, 2024, from https://www.evergy.com/-/media/documents/smart-energy/irp-
executive-summary.pdf 



 

 110 

Executive Order 07-127. (FL, 2007). 
https://www.fsec.ucf.edu/en/media/enews/2007/pdf/07-127-emissions.pdf 

Executive Order 14008. (US, 2021). https://www.whitehouse.gov/briefing-
room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-
crisis-at-home-and-abroad/ 

Executive Order 20-01. (RI, 2020). https://governor.ri.gov/executive-orders/executive-
order-20-01 

Executive Order 20-04. (OR, 2020). https://www.oregon.gov/gov/eo/eo_20-04.pdf 

Executive Order 2019-01. (PA, 2019). 
https://www.oa.pa.gov/Policies/eo/Documents/2019-01.pdf 

Executive Order 2019-003. (NM, 2019). https://www.governor.state.nm.us/wp-
content/uploads/2019/01/EO_2019-003.pdf 

Executive Order Number JBE 2020 – 18. (LA, 2020). 
https://gov.louisiana.gov/assets/ExecutiveOrders/2020/JBE-2020-18-Climate-
Initiatives-Task-Force.pdf 

Executive Order 274. (NJ, 2021). https://nj.gov/infobank/eo/056murphy/pdf/EO-274.pdf 

Executive Order 315. (NJ, 2023). https://nj.gov/infobank/eo/056murphy/pdf/EO-315.pdf 

Executive Order 38. (WI, 2019). https://osce.wi.gov/Pages/EO38.aspx 

Exelon 2020 Edison Electric Institute (EEI) / American Gas Association (AGA) 
Environment, Social and Governance (ESG) Sustainability Reporting Template. 
(n.d.). Exelon. Retrieved January 5, 2024, from 
https://www.exeloncorp.com/sustainability/Documents/EEI-and-AGA-ESG-
Template.pdf 

Exelon Sustainability Report 2022. (n.d.) Exelon. Retrieved January 19, 2024, from 
https://www.exeloncorp.com/sustainability/interactive-sustainability-
report?year=2022&page=1 

Fasching, E. (2023, March 6). Wind, solar, and batteries increasingly account for more 
new U.S. power capacity additions. U.S. Energy Information Administration. 
https://www.eia.gov/todayinenergy/detail.php?id=55719 

FirstEnergy. (n.d.). Environmental policies, oversight and compliance. FirstEnergy 
Corporate Sustainability. 
https://fecorporateresponsibility.com/fecorporateresponsibility/environment/polic
y-and-compliance-excellence.html  



 

 111 

FY 2022 Sustainability Report: Delivering Sustainable Solutions. (2022). Tennessee 
Valley Authority. https://tva-azr-eastus-cdn-ep-tvawcm-prd.azureedge.net/cdn-
tvawcma/docs/default-source/environment/tva-sustainability-report-fy-
2022.pdf?sfvrsn=319a22fd_1 

Generation. Energy Harbor. (n.d.). https://energyharbor.com/en/powering-the-
grid/energy-harbor-generation  

Generation Resources. Lincoln Electric System. (2021). 
https://www.les.com/company/generation-resources  

Generational Sustainability Survey 2023. (2023). Ernst & Young. 
https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/corporate-
responsibility/ey-ja-2023-sustainability-report-27-july-2023.pdf 

Gheorghiu, Iulia. (2022, June 24). Alliant, We Energies walk back Wisconsin coal 
retirement plans in light of MISO’s expected capacity shortfalls. UtilityDive. 
Retrieved January 30, 2024, from https://www.utilitydive.com/news/wisconsin-
utilities-coal-retirement-miso-delay/626005/ 

Global climate change - environment. Duke Energy. (n.d.). https://www.duke-
energy.com/our-company/environment/global-climate-change  

Gov. Pritzker Signs Transformative Legislation Establishing Illinois as a National 
Leader on Climate Action. Illinois.gov. (2021, September 15). 
https://www.illinois.gov/news/press-release.23893.html  

Greenhouse Gas Reporting Program Emission Calculation Methodologies. (n.d.). 
Environmental Protection Agency. Retrieved January 8, 2024, from 
https://www.epa.gov/ghgreporting/ghgrp-reported-data#calculation-methods 

Grubert, E., & Hastings‐Simon, S. (2022). Designing the mid‐transition: A review of 
medium‐term challenges for coordinated decarbonization in the United States. 
WIREs Climate Change, 13(3), 1–19. https://doi.org/10.1002/wcc.768 

Harpel, H. (2021, April 21). More than half Of Nebraskans guaranteed to receive clean 
electricity by 2050 thanks to advocacy around state’s public utilities. Climate 
Xchange. https://climate-xchange.org/2021/04/29/more-than-half-of-nebraskans-
guaranteed-to-receive-clean-electricity-by-2050-thanks-to-advocacy-around-
states-public-utilities/ 

HB 1526. 2020 Session. (VA, 2020). https://lis.virginia.gov/cgi-
bin/legp604.exe?201+sum+HB1526 

HB 1800 HD2 SD2 CD2. (HI, 2022). 
https://www.capitol.hawaii.gov/sessions/session2022/bills/GM1340_.PDF 



 

 112 

HB 4001. 2012 Legislature, 2012 Reg. Sess. (FL, 2012). 
https://www.flsenate.gov/Session/Bill/2012/4001/Analyses/h4001z1.ANRS.PDF 

House Bill 19-261. 2019 Regular Session. (CO, 2019). 
https://leg.colorado.gov/bills/hb19-1261 

House Bill 951. Session Law 2021-165. (SC, 2021). 
https://www.ncleg.gov/Sessions/2021/Bills/House/PDF/H951v6.pdf 

House File 7. Ninety-third session. (MN, 2023). 
https://www.revisor.mn.gov/bills/text.php?number=SF4&version=1&session=ls9
3&session_year=2023&session_number=0&format=pdf 

Howland, E. (2022, August 22). Ameren Missouri to delay retiring 1,195-MW Rush 
Island coal plant under MISO reliability contract. UtilityDive. 
https://www.utilitydive.com/news/ameren-missouri-coal-rush-island-miso-
ferc/630226/ 

Howland, E. (2023a, May 5). FERC commissioners tell senators of major grid reliability 
challenges, with some blaming markets. UtilityDive. 
https://www.utilitydive.com/news/ferc-grid-reliability-senate-energy-
hearing/649523/ 

Howland, E. (2023b, November 10). EPA official says power plant carbon rule may need 
changes as groups stress reliability concerns. UtilityDive. 
https://www.utilitydive.com/news/epa-power-plant-carbon-ghg-emissions-
proposal-ferc-grid-reliability/699428/ 

Howland, E. (2024a, January 4). TVA may delay 2,470-MW coal plant shutdown over 
FERC pipeline inaction. UtilityDive. https://www.utilitydive.com/news/tva-delay-
cumberland-coal-power-plant-ferc-gas-pipeline/703623/ 

Howland, E. (2024b, January 23). NERC issues 3-year plan for setting reliability 
standards for wind, solar, storage. UtilityDive. 
https://www.utilitydive.com/news/nerc-ferc-reliability-standards-ibrs-inverter-
based-wind-solar/705282/ 

Hultman, N. E., Clarke, L., Frisch, C., Kennedy, K., McJeon, H., Cyrs, T., Hansel, P., 
Bodnar, P., Manion, M., Edwards, M. R., Cui, R., Bowman, C., Lund, J., 
Westphal, M. I., Clapper, A., Jaeger, J., Sen, A., Lou, J., Saha, D., … O’Neill, J. 
(2020). Fusing subnational with national climate action is central to 
decarbonization: The case of the United States. Nature Communications, 11(1), 
5255. https://doi.org/10.1038/s41467-020-18903-w 

Jackson, R. B., Le Quéré, C., Andrew, R. M., Canadell, J. G., Korsbakken, J. I., Liu, Z., 
Peters, G. P., & Zheng, B. (2018). Global energy growth is outpacing 
decarbonization. Environmental Research Letters, 13(12), 120401. 
https://doi.org/10.1088/1748-9326/aaf303 



 

 113 

Jarosz, B. (2023, November 15). Could the U.S. population shrink?. PRB. 
https://www.prb.org/articles/could-the-u-s-population-
shrink/#:~:text=The%20U.S.%20population%20has%20grown,Bureau%2C%20t
he%20answer%20is%20yes. 

Jia, Q. (2023). The impact of green finance on the level of decarbonization of the 
economies: An analysis of the United States’, China’s, and Russia’s current 
agenda. Business Strategy and the Environment, 32(1), 110–119. 
https://doi.org/10.1002/bse.3120 

Kansas Electric Generation Sources by Total Megawatt hours. Kansas Corporation 
Commission. (n.d.). https://www.kcc.ks.gov/electric 

Kansas Renewable Energy Standard (RES). Kansas Corporation Commission. (n.d.). 
https://www.kcc.ks.gov/electric/renewable-energy-standard 

Kerry, J. (November 2021). The Long-Term Strategy of the United States, Pathways to 
Net-Zero Greenhouse Gas Emissions by 2050. Retrieved from: 
https://www.whitehouse.gov/wp-content/uploads/2021/10/us-long-term-
strategy.pdf 

Lazar, J. (2016). Electricity Regulation In the US: A Guide. Second Edition. The 
Regulatory Assistance Project. 

Leadership & Innovation on a Path to Net-Zero: TVA and the Energy System of the 
Future. (2021). Tennessee Valley Authority. https://tva-azr-eastus-cdn-ep-
tvawcm-prd.azureedge.net/cdn-tvawcma/docs/default-
source/environment/carbon-report.pdf?sfvrsn=4971bcca_2 

Liu, Z. (2022). Global patterns of daily CO2 emissions reductions in the first year of 
COVID-19. Nature Geoscience, 15, 615–620. https://doi.org/10.1038/s41561-
022-00965-8 

Louisiana Climate Action Plan. (2022). Louisiana Climate Initiatives Task Force. 
https://gov.louisiana.gov/assets/docs/CCI-Task-
force/CAP/CAPExecutiveSummaryFinalWEB.pdf 

Luderer, G., Pehl, M., Arvesen, A., Gibon, T., Bodirsky, B. L., De Boer, H. S., Fricko, 
O., Hejazi, M., Humpenöder, F., Iyer, G., Mima, S., Mouratiadou, I., Pietzcker, R. 
C., Popp, A., Van Den Berg, M., Van Vuuren, D., & Hertwich, E. G. (2019). 
Environmental co-benefits and adverse side-effects of alternative power sector 
decarbonization strategies. Nature Communications, 10(1), 5229. 
https://doi.org/10.1038/s41467-019-13067-8 

Mai, T., Jadun, P., Logan, J., McMillan, C., Muratori, M., Steinberg, D., Vimmerstedt, 
L., Jones, R., Haley, B., & Nelson, B. (2018). Electrification Futures Study: 
Scenarios of Electric Technology Adoption and Power Consumption for the 
United States. NREL. https://www.nrel.gov/docs/fy18osti/71500.pdf 



 

 114 

Maloney, P. (2018, March 19). A complicated calculus keeps the remaining coal fleet 
alive. UtilityDive. https://www.utilitydive.com/news/a-complicated-calculus-
keeps-the-remaining-coal-fleet-alive/519076/ 

Many U.S. electric utilities plan slow decarbonization over next decade, out of sync with 
Biden plan. (2020, December 1). Energy and Policy Institute. 
https://energyandpolicy.org/utilities-carbon-goal-biden-climate-plan/ 

Maryland’s Climate Pollution Reduction Plan. (2023). Maryland Department of the 
Environment. 
https://mde.maryland.gov/programs/air/ClimateChange/Maryland%20Climate%2
0Reduction%20Plan/Maryland%27s%20Climate%20Pollution%20Reduction%20
Plan%20-%20Final%20-%20Dec%2028%202023.pdf 

Masiello, R., Fioravanti, R., Chalamala, B., & Passell, H. (2022). Electrification, 
decarbonization, and the future carbon-free grid: The role of energy storage in the 
electric grid infrastructure [point of view]. Proceedings of the IEEE, 110(3), 324–
333. https://doi.org/10.1109/JPROC.2022.3146843 

Mideksa, T. K., & Kallbekken, S. (2010). The impact of climate change on the electricity 
market: A review. Energy Policy, 38(7), 3579–3585. 
https://doi.org/10.1016/j.enpol.2010.02.035 

Minnesota Statute §61.216H.02.01. (MN, 2023). 
https://www.revisor.mn.gov/statutes/cite/216H.02 

MONTHLY BRIEFING ON THE WORLD ECONOMIC SITUATION AND PROSPECTS. 
(2020). United Nations Department of Economic and Social Affairs. 
https://www.un.org/development/desa/dpad/wp-
content/uploads/sites/45/publication/Monthly_Briefing_144.pdf 

Murphy, D., Hagerty, M., & Weiss, J. (2020). The Road to 100% Renewable Electricity 
by 2030 in Rhode Island. The Brattle Group; Rhode Island Office of Energy 
Resources. 
https://energy.ri.gov/sites/g/files/xkgbur741/files/documents/renewable/The-
Road-to-100-Percent-Renewable-Electricity---Brattle-04Feb2021.pdf 

Net-Zero Energy Provider by 2050. Xcel Energy. (n.d.). 
https://co.my.xcelenergy.com/s/our-commitment/carbon-reduction-plan  

NREL. (n.d.). Electrification Futures Study: A technical evaluation of the impacts of an 
electrified U.S. Energy System. Energy Analysis. 
https://www.nrel.gov/analysis/electrification-futures.html  

NRG Energy, Inc. (2023, March 3). Sustainability progress. 
https://www.nrg.com/sustainability/progress.html  



 

 115 

O’Boyle, M. (2019, October 8). The U.S. Southeast: A Hotspot For Uneconomic Fossil 
Power, Already Costs Consumers Millions. Forbes. 
https://www.forbes.com/sites/energyinnovation/2019/10/08/the-us-southeast-a-
hotspot-for-uneconomic-fossil-power-already-costs-consumers-
millions/?sh=7d0e47ac71be  

Paris Agreement, multilateral, December 12 2015. 
https://legal.un.org/avl/pdf/ha/pa/pa_e.pdf 

The Paris Agreement. (n.d.) United Nations. https://www.un.org/en/climatechange/paris-
agreement#:~:text=The%20Paris%20Agreement%20works%20on,Nationally%20
Determined%20Contribution%2C%20or%20NDC. 

Pennsylvania Climate Action Plan 2021. (2021). Pennsylvania Department of 
Environmental Protection. 
https://greenport.pa.gov/elibrary//GetDocument?docId=3925177&DocName=202
1%20PENNSYLVANIA%20CLIMATE%20ACTION%20PLAN.PDF%20%20%
3cspan%20style%3D%22color:green%3b%22%3e%3c/span%3e%20%3cspan%2
0style%3D%22color:blue%3b%22%3e%28NEW%29%3c/span%3e%209/21/202
3 

PG&E. Our Commitment: Helping to Heal the Planet. (n.d.) 
https://www.pgecorp.com/assets/pgecorp/localized/en/sustainability/corporate-
responsibility-sustainability/reports/2022/su04_our_commitment.html 

Polis Administration’s Roadmap to 100% Renewable Energy by 2040 and Bold Climate 
Action. (2019). State of Colorado. https://drive.google.com/file/d/1K_anGQpEf-
edqhjz5b6D3LJIsfFV3mI3/view 

President Biden Sets 2030 Greenhouse Gas Pollution Reduction Target Aimed at 
Creating Good-Paying Union Jobs and Securing U.S. Leadership on Clean 
Energy Technologies. (2021, April 22). The White House. 
https://www.whitehouse.gov/briefing-room/statements-releases/2021/04/22/fact-
sheet-president-biden-sets-2030-greenhouse-gas-pollution-reduction-target-
aimed-at-creating-good-paying-union-jobs-and-securing-u-s-leadership-on-clean-
energy-technologies/ 

Progress to our Goals. New York State. (2023). https://climate.ny.gov/Our-Impact/Our-
Progress 

Public Act No. 22-5. Session Year 2022. (CT, 2022). 
https://www.cga.ct.gov/2022/act/pa/pdf/2022PA-00005-R00SB-00010-PA.pdf 

Public Act 102-0662. (IL, 2021). 
https://epa.illinois.gov/content/dam/soi/en/web/epa/topics/ceja/documents/102-
0662.pdf 



 

 116 

PwC 2023 US Large Energy User Survey. (2023). PwC. 
https://www.pwc.com/us/en/industries/energy-utilities-resources/library/large-
energy-user-survey.html 

RCW 70A.45.020. (WA, 2020). 
https://app.leg.wa.gov/RCW/default.aspx?cite=70A.45.020&pdf=true 

Reducing Greenhouse Gases in the United States: A 2030 Emissions Target. (2021, April 
21). United Nations Framework Convention on Climate Change. 
https://unfccc.int/sites/default/files/NDC/2022-
06/United%20States%20NDC%20April%2021%202021%20Final.pdf 

Reliability standards: Development and compliance. ISO NE. (2024). https://www.iso-
ne.com/about/what-we-do/in-depth/reliability-standards-development-and-
compliance  

Reliability Standards Development Plan. (2023). 
https://www.nerc.com/pa/Stand/Pages/ReliabilityStandardsDevelopmentPlan.aspx 

Responsibility. Brookfield. (n.d.). https://www.brookfield.com/responsibility  

Rodriguez, O. R. (2022, April 11). PG&E to pay $55 million for two massive California 
wildfires. PBS NewsHour. https://www.pbs.org/newshour/nation/pge-to-pay-55-
million-for-two-massive-california-wildfires 

Ronaghi, M., & Scorsone, E. (2023). The impact of COVID-19 outbreak on CO2 
emissions in the ten countries with the highest carbon dioxide emissions. J 
Environ Public Health, 2023. https://doi.org/10.1155/2023/4605206 

SB 100 Joint Agency Report. (n.d.). California Energy Commission. Retrieved January 
15, 2024 from https://www.energy.ca.gov/sb100 

SB 5116. 67th Legislature, 2021 Regular Session. (WA, 2019). 
https://lawfilesext.leg.wa.gov/biennium/2019-
20/Pdf/Bills/Session%20Laws/Senate/5116-S2.SL.pdf?q=20210822161309 

Search and view past responses. CDP. (n.d.). https://www.cdp.net/en/search  

Senate Bill 100. 2017-2018 Session. (CA, 2018). 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180S
B100 

Senate Bill No. 254. 80th Session. (NV, 2019). 
https://www.leg.state.nv.us/Session/80th2019/Bills/SB/SB254_EN.pdf 

Senate Bill S6599. 2019-2020 Legislative Session. (NY, 2019). 
https://legislation.nysenate.gov/pdf/bills/2019/s6599 



 

 117 

Shen, B., Kahrl, F., & Satchwell, A. J. (2021). Facilitating power grid decarbonization 
with distributed energy resources: Lessons from the United States. Annual Review 
of Environment and Resources, 46(1), 349–375. https://doi.org/10.1146/annurev-
environ-111320-071618 

Southern Company. Planning for a low carbon future. (2018). 
https://www.southerncompany.com/content/dam/southern-
company/pdf/corpresponsibility/Planning-for-a-low-carbon-future.pdf 

Southern Company. (2024). Vogtle 3 and 4. Innovation. 
https://www.southerncompany.com/innovation/vogtle-3-and-4.html  

Stankovic, T., Hovi, J. & Skodvin, T. (2023). The Paris Agreement’s inherent tension 
between ambition and compliance. Humanities and Social Sciences 
Communications, 10(550). https://doi.org/10.1057/s41599-023-02054-6 

State-Level Energy-Related Carbon Dioxide Emissions, 2005-2016. U.S. Energy 
Information Administration - EIA - independent statistics and analysis. (2019, 
February 27). https://www.eia.gov/environment/emissions/state/analysis/  

State of Interconnection January 2024. (n.d.). Retrieved January 29, 2024, from 
https://www.interconnection.fyi/blog/state-of-interconnection-jan-2024 

State of Rhode Island. (n.d.). 2025 Climate Action Strategy. 2025 Climate Action 
Strategy | Climate Change. https://climatechange.ri.gov/act-climate/2025-climate-
update  

Steinberg, D., Brown, M., Wiser, R., Donohoo-Vallett, P., Gagnon, P., Hamilton, A., 
Mowers, M., Murphy, C., & Prasana, A. (2023). Evaluating Impacts of the 
Inflation Reduction Act and Bipartisan Infrastructure Law on the U.S. Power 
System. National Renewable Energy Laboratory. 
https://www.nrel.gov/docs/fy23osti/85242.pdf 

Stokstad, E. (2022). Surprise climate bill will meet ambitious goal of 40% cut in U.S. 
emissions, energy models predict. ScienceInsider, 377(6606). 
https://www.science.org/content/article/surprise-climate-bill-will-meet-ambitious-
goal-40-cut-us-emissions-energy-models 

Sustainability. Evergy, Inc. (n.d.). https://investors.evergy.com/sustainability  

Sustainability Report Data Summary. (November 2022). Xcel Energy. 
https://www.xcelenergy.com/staticfiles/xe-
responsive/Company/Sustainability%20Report/2021%20SR/2021-Sustainability-
Data-Summary-SR.pdf 

Sustainability Report 2020: Powering a Sustainable Future. (n.d.). Calpine. Retrieved 
January 14, 2024, from https://calpineactsonclimate.com/wp-
content/uploads/2021/08/Calpine_Final-2020-Sustainability-Report.pdf 



 

 118 

Sustainability Report 2022. (n.d.). Vistra Energy. Retrieved January 7, 2024, from 
https://vistracorp.com/wp-content/uploads/2023/05/VST-SR-2022-1.pdf 

Svitek, P. (2022, January 3). Texas puts final estimate of winter storm death toll at 246. 
Texas Tribune. https://www.texastribune.org/2022/01/02/texas-winter-storm-
final-death-toll-246/ 

Sylvia, T. (2020, April 13). Virginia passes 100% clean power mandate. https://pv-
magazine-usa.com/2020/04/13/virginia-passes-100-clean-power-mandate/ 

Teirstein, Z. (2021, December 10). In a red-state first, Nebraska plans to decarbonize 
power sector by mid-century. Grist. https://grist.org/energy/in-a-red-state-first-
nebraska-plans-to-decarbonize-power-sector-by-mid-century/ 

Tennessee Gas Pipeline Company, L.L.C., Docket No. CP22-493-000 Request for 
Commission Action. Federal Energy Regulatory Commission (FERC): Federal 
Energy Regulatory Commission (FERC). 

Tennessee Valley Authority. (n.d.) Carbon Dioxide. Retrieved from: 
https://www.tva.com/environment/environmental-stewardship/air-quality/carbon-
dioxide 

Trieu M., Steinberg D., Logan, J., Bielen, D., Eurek, K., & McMillan, C. (2018). An 
electrified future. IEEE Power & Energy Magazine, 16(4), 34–47. 
https://doi.org/10.1109/MPE.2018.2820445 

US coal-fired power plants scheduled to shut. (2021, October 28). Reuters. 
https://www.reuters.com/business/energy/us-coal-fired-power-plants-scheduled-
shut-2021-10-28/ 

U.S. Energy Information Administration (EIA). (2023, October 11). International Energy 
Outlook 2023. Analysis and Projections. 
https://www.eia.gov/outlooks/ieo/narrative/index.php  

U.S. Energy Information Administration (EIA). (2023a, December 28). U.S. electric 
capacity mix shifts from fossil fuels to renewables in AEO2023. Today in energy. 
https://www.eia.gov/todayinenergy/detail.php?id=61108  

US Energy Information Administration. (2019, February 27). Energy-Related Carbon 
Dioxide Emissions by State, 2005-2016. State-Level Energy-Related Carbon 
Dioxide Emissions, 2005-2016. 
https://www.eia.gov/environment/emissions/state/analysis/  

Vistra receives approval from Federal Energy Regulatory Commission on Energy 
Harbor Acquisition. Vistra Corp. (2024, Feb 19). 
https://investor.vistracorp.com/2024-02-19-Vistra-Receives-Approval-from-
Federal-Energy-Regulatory-Commission-on-Energy-Harbor-Acquisition 



 

 119 

W.H. Sammis Plant. ETEM. (2023, September 8). https://www.etem.eco/w-h-sammis-
plant  

Wiek, H. & Villegas, A. (2023). 2023 Sustainable Investment Survey. PitchBook. 
https://corpgov.law.harvard.edu/wp-
content/uploads/2023/07/2023_Sustainable_Investment_Survey-2.pdf 

Wilbanks, T., Bhatt, V., Bilello, D., Bull, S., Ekmann, J., Horak, W., Huang, Y. J., 
Levine, M. D., Sale, M. J., Schmalzer, D., & Scott, M. J. (n.d.). Effects of climate 
change on energy production and use in the United States. Climate Change. 

Woodward, Jacinda B. (2024). RE: TENNESSEE GAS PIPELINE COMPANY, L.L.C. 
DOCKET NO. CP22-493-000 REQUEST FOR COMMISSION ACTION. 
Tennessee Valley Authority. 
https://elibrary.ferc.gov/eLibrary/filelist?accession_number=20240103-
5125&optimized=false 

Zhang, S . (2024, January 17). State of interconnection queues—January 2024 
[Interconnection.fyi]. Insights. https://www.interconnection.fyi/blog/state-of-
interconnection-jan-2024 

Zhu, Q., Leibowicz, B. D., Busby, J. W., Shidore, S., Adelman, D. E., & Olmstead, S. M. 
(2022). Enhancing policy realism in energy system optimization models: 
Politically feasible decarbonization pathways for the United States. Energy 
Policy, 161, 112754. https://doi.org/10.1016/j.enpol.2021.112754 

 


