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Abstract

Recent federal climate policy rollbacks in the United States have slowed progress toward high-ambition
climate targets under the Paris Agreement. In the absence of federal climate leadership, there is a
growing need to better understand the potential impacts of non-federal climate action. We assess the
impacts of recent changes in federal policy, non-federal climate leadership, and potential federal re-
engagement on U.S. greenhouse gas (GHG) emissions through 2035 using an integrated assessment
model with state-level detail. We find that if all states adopt high-ambition policies and the next federal
government re-orients on climate policy, a 56% reduction in GHG emissions can be delivered by 2035,
relative to 2005 levels. A 45% reduction can be achieved with high-ambition actions from climate-leading
states only, under existing federal policies. This compares to a 35% reduction under existing federal and
subnational policies. Total electricity demand could increase by 24% to 34% from 2021 levels due to
electrification policies and data center growth, with more than 90% of new capacity additions coming from
renewables across scenarios. These findings highlight the potential impacts of non-federal leadership on
near-term targets, and offer specific policy actions that can support electricity demand growth and
domestic climate action.

Introduction
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As the largest economy and the second largest greenhouse gas (GHG) emitter in the world, the United
States plays a key role in limiting global warming to 1.5°C above pre-industrial levels under the Paris
Agreement.! Strong climate ambition from the United States is critical for both driving emissions
reductions domestically and catalyzing ambitious targets in other countries. In 2024, the United States
articulated ambitious short-term targets, including a 61-66% reduction below 2005 levels by 20352, and a
long-term strategy for net zero GHG emissions by 2050.3

Changes to federal priorities, beginning in 2025, have created substantial challenges toward meeting
these targets. Internationally, a second U.S. withdrawal from the Paris Agreement was later followed by a
withdrawal from the United Nations Framework Convention on Climate Change.* Domestically, wide-
ranging policy rollbacks that favor fossil fuel expansion and constrain the use of renewable energy and
other low-emissions technologies have been enacted, including funding freezes for major climate
mitigation projects (e.g. $20 billion for clean energy projects under the Greenhouse Gas Reduction Fund),
phasedown of clean energy tax credits and investments originally enacted under the Inflation Reduction
Act (IRA) of 2022 and Bipartisan Infrastructure Law of 2021, redefined energy goals, repeal of climate
regulations, and more.5~7 Many of these policies were expected to substantially reduce GHG emissions
and help the United States move toward its climate targets.8-'" Attempts have also been made to restrict
subnational authorities over climate policy, including removal of the California waiver under the Clean Air
Act, which allowed the state to set its own emissions standards for vehicles,'®'® though some of these
changes face legal challenges and their long-term impacts are unclear.''® Recent literature has
assessed the potential impacts of federal policy rollbacks on GHG emissions reductions, with estimates
ranging from 25% to 35% below 2005 levels in 2035, compared to reductions of 38-56% prior to the
rollbacks.'""8

However, fully understanding the U.S. climate policy landscape in modeling studies also requires explicit
consideration of non-federal action. Literature has shown that high-ambition actions from subnational
actors have the potential to deliver substantial economy-wide GHG emissions reductions.®9%-2" Within the
U.S. federal system, subnational governments, including states, cities, and counties, have numerous
policy authorities over sectors related to climate.?223 Yet, significant variation in climate ambition exists
across states. Historically, states such as California and New York have led on climate action through
setting aggressive mitigation targets and proposing pioneering policies,?? including an all-electric building
standards?* and EV sales mandates for light-duty vehicles.?® On the other end of the spectrum are states
with few or no climate policies, due to factors including politics, public opinion, and industry
opposition.26-27 Within these lagging states, federal climate policy, including regulations, incentives, and
more, can play an important role in driving emissions reductions.?®

In the absence of federal climate leadership, there is a growing need to better understand the potential of
subnational climate action, particularly in lagging states. While lagging states are unlikely to enact climate
policies similar to those in the leading states, other approaches can be used to drive emission reductions.
Previous studies find that cities and other local actors can go beyond state commitments and contribute
significant emissions reductions.?%2° Other mechanisms include highlighting economic development
benefits of clean energy policies,3%3 policy spillover effects from more ambitious neighboring regions,32:33
private sector commitments,34 and market forces that favor clean energy technologies.?**¢ The variable
nature of political cycles also brings about the possibility that a future federal government may choose to
re-engage in climate policy.

Additionally, recent federal efforts to curtail renewable energy come at a time where there is growing
concern around rapid electricity demand growth, raising questions about impacts on U.S. decarbonization
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efforts and energy affordability.’”3"~%0 In particular, data centers are expected to exert pressure on the
grid and raise emissions from the electricity sector in the near-term. While climate policy can mitigate
emissions associated with data center load growth by accelerating the buildout of clean electricity, it also
introduces additional sources of electricity demand through electrifying end uses. Modeling studies have
projected national electricity demand from data centers under federal policy rollbacks'” and net-zero
targets.*® However, since data center load growth is highly concentrated in specific regions, it becomes
important to understand their interactions with climate policy at a finer scale.

This paper fills these gaps by modeling alternative U.S. energy and emissions pathways to 2035, taking
into account the latest policies at both federal and non-federal levels as of July 2025. We use an
integrated modeling framework with state-level resolution to assess these pathways under 1) recent
federal policy rollbacks and existing state policies, 2) high-ambition actions from the leading states and
less ambitious actions from the other states, and 3) expanded high-ambition actions from leading and
lagging states combined with new actions from a re-engaged federal administration after 2028. We also
assess the impacts of data center demand growth on emissions outcomes across scenarios.

We model specific policies at the state level across all economic sectors and gases using the integrated
assessment model GCAM-USA.#!' We find that the United States can achieve up to a 56% reduction in
GHG emissions by 2035 (relative to 2005 levels) under widespread high-ambition actions from
subnational actors and future federal climate action, assuming a central scenario for data center load
growth. Under a scenario that relies on the climate-leading states to enact high-ambition actions and no
federal engagement, we find that these emissions reductions fall to 45% by 2035. In comparison, the
United States achieves a 35% GHG emissions reduction in 2035 in a scenario with current policies.

Results

This analysis assesses GHG emissions and energy impacts under three distinct scenarios. The Current
Policies scenario includes recent rollbacks of federal policies including the Inflation Reduction Act,
Bipartisan Infrastructure Law, and Environmental Protection Agency (EPA) regulations. Existing state-
level policies, including renewable portfolio standards and building energy efficiency standards, are
assumed to be implemented.

In the Fragmented Action scenario, state-level climate policy is enhanced, but there is considerable
heterogeneity in state-level climate ambition. This heterogeneity is represented using a tiering system,
which is described further in the Methods section. Only climate-leading states, or the Tier 1 states, adopt
the high-ambition actions, while Tier 2 and 3 states adopt fewer and less ambitious policies. See
Supplementary Information for additional details.

In the Unified Action scenario, all states adopt high-ambition climate policies, with some level of
differentiation in terms of timing and ambition level based on state tiers. It also assumes that the federal
government re-introduces climate policies under a new administration after 2028, including clean energy
tax credits similar to the IRA, standards on fossil fuel power plants and tailpipe emissions similar to
previous EPA regulations, and new regulations on oil refineries. Table 1 lists the non-federal policies and
new federal policies modeled, with associated ambition levels and timelines. See Supplementary
Information for additional details.

Table 1. Non-federal and new federal policies modeled under Unified Action. Policies are
categorized by sector, implementing actor, and policy type. In the fourth column, the ambition levels and
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timelines assumed are listed. Ambition levels for federal policies are applied nationally. For non-federal
policies, the ambition levels assumed under each tier are listed. If no policy is explicitly assumed for a
certain tier, “Not applicable” is listed.

policies

Sector Actor Policy Type Ambition Level
. . Tax credits and rebates similar to those under the IRA are
Federal Tax credits and investments .
reinstated by 2030.
Clean Air Act (CAA) Section Reinstated by 2030, requiring at least 90% CCS for any
Federal ! 1(b.) Standards for New new natural gas turbines with a capacity factor higher than
Stationary Combustion 40%
Turbines °
Electricity } . Tier 1 and 2: 50% by 2030, 65% by 2035
Non-federal | Renewable portfolio standards Tier 3: 40% by 2030, 50% by 2035
H . 0,
Non-federal Clean electricity standards T|er.1 and 2: 80 /o.by 2035
Tier 3: Not applicable
" Tier 1 and 2: 2030 phaseout
Non-federal Coal phaseout policies Tier 3: 2035 phaseout
. . Tax credits and rebates similar to those under the IRA are
Federal Tax credits and investments .
reinstated by 2030.
Federal Tailpipe emissions standards | Reinstated by 2030 to help states achieve 100% EV sales
for LDVs by 2038
CAFE standards and GHG Re|n§tated by 2030 SL.JCh thatlnew v.e.hlcles.achleve the
Federal standards for LDVs same internal combustion engine efficiency improvement
from 2030-2035 as they would have under 2025-2030
. Reinstated by 2030 such that new vehicles achieve the
GHG emissions standards for . . . - .
Federal freiaht trucks same internal combustion engine efficiency improvement
9 from 2030-2035 as they would have under 2025-2030
Transport . o .
Non-federal LDV electrification policies All states achieve 100% EV sales _by 2038, with the
support of federal policies
All states achieve EV sales equivalent to California's
Non-federal | M/HDV electrification policies | Advanced Clean Trucks targets with a 3-year delay, with
the support of federal policies
Tier 1 and 2: 100% electrification of new bus sales in
Non-federal Bus electrification targets 2035.
Tier 3: 100% electrification of new bus sales in 2040.
Tier 1 and 2: 1% by 2030 and 1.25% by 2035 annual VMT
Vehicle miles traveled reduction per capita reductions by 2035
Non-federal

Tier 3: 0.5% by 2030 and 0.75% by 2035 annual VMT per
capita reductions by 2035
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Tier 1 and 2: 20% in 2030, 25% in 2035

Non-federal Low carbon fuel standards Tier 3: Not applicable
. . Tax credits and rebates similar to those under the IRA are
Federal Tax credits and investments .
reinstated by 2030.
Enhanced energy efficiency . - .
Non-federal All states achieve 4% annual efficiency savings by 2030
resource standards
o Tier 1 and 2: 100% electric heating and water heating
Buildings Non-federal Zero-emission appliance sales by 2035
standards Tier 3: 100% electric heating and water heating sales by
2040
Non-federal Zero-emission construction All states achieve 100% new electric construction by 2035
standards
. . Tax credits and rebates similar to those under the IRA are
Federal Tax credits and investments .
reinstated by 2030.
o I o
Federal Standards on oil refineries Introduced after 2030, requmng CCS capabilities for 25%
of oil by 2035
. ) Results in 12 MtCO2 removals by 2035. This level of
Industry Federal Z;roer(a:\t ae'r“g%g%nsi?ﬁég;eﬁsg: removal is consistent with announced DACCS facilities in
9 the United States*243
Tier 1 and 2: CCS capability for 40% of cement produced
by 2035
Non-federal Cement CCS targets Tier 3: CCS capability for 20% of cement produced by
2035.
Federal Coal methane requlations Implement reductions achievable at a cost of $60/tCO2e or
9 below on the EPA's MAC curves by 2035.
Aaricultural methane Implement reductions achievable at a cost of achievable at
Federal 9 . . . a cost of $30/tCO2e or below on the EPA's MAC curves by
regulations and incentives
2035
Regulations are reinstated by 2030, achieving reductions
Federal Oil and gas methane at a cost of $60/tCO2e or below on the EPA's MAC curves
regulations by 2035. A methane intensity standard of 0.2% is also
achieved by 2035.
Methane
All states achieve reductions at a cost of $60/tCO2e or
Non-federal Oil and gas methane below on the EPA's MAC curves by 2035, with the support
regulations of federal policies. A methane intensity standard of 0.2% is
also achieved by 2035.
Tier 1 and 2: Implement reductions achievable at a cost of
Non-federal Landfill methane capture $60/tCO2e or below on the EPA's MAC curves by 2035

regulations

Tier 3: Implement reductions achievable at a cost of
$40/tCO2e or below on the EPA's MAC curves by 2035
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Non-federal Enhanced waste diversion Tier 1 and 2: 60% reduction in landfill waste by 2035
efforts Tier 3: 40% reduction in landfill waste by 2035
Tier 1 and 2: Adopt Significant New Alternatives Policy
Other Non-federal HFC regulations (SNAP) and Refrigerant Management Programs (RMP)
programs.

i . Assume $160 billion in investments in climate-smart

Federal + EXpé'?de(_j funding for vY|Idf|re policies resulting from enhanced federal and state-level
Lands Non-federal mltlgat!on, tree planting, ) action, based on the ‘Enhanced Ambition’ scenario from a
conservation and healthy soils . 24
previous CGS report on lands

Overall emissions trends

GHG emissions in the United States have generally declined over the last 20 years, reaching 19% below
2005 levels in 2023 (averaging 71 MtCO2e/year).*®> Under the Current Policies scenario, GHG emissions
further drop by 30% in 2030 and 35% in 2035, relative to 2005 levels. This is aligned with previous
studies, though on the high end of the reduction range.'”-1846 The average rate of emissions reduction
between 2021 and 2035 is 81 MtCOze/year. To reach net zero in 2050, assuming a linear trend, the
average rate of emissions reduction between 2035 and 2050 would need to accelerate to 282
MtCOzelyear (Figure 1).

The Fragmented Action scenario achieves GHG emissions reductions of 36% in 2030 and

45% in 2035. This scenario reduces emissions at an average rate of 129 MtCOze/year between 2021 and
2035. To reach net zero in 2050, the emissions reduction rate would need to increase to 237
MtCO.elyear after 2035.

In the Unified Action scenario, GHG emissions reductions reach 40% in 2030 and 56% in 2035. The
average rate of reduction between 2021-2035 is 179 MtCOzelyear. This accelerates to 204 MtCOze/year
between 2030-2035 as the federal government steps in to support state action. Reductions would need to
continue at about this rate (191 MtCOze/year) after 2035 to reach net zero. For comparison, a linear
trajectory to reach the 2035 U.S. NDC (61-66%), which was set in 2024 under the Biden administration,?
requires an average reduction rate of 201-224 MtCOze/year from 2021 levels.

Figure 1. GHG emissions through 2035 under modeled scenarios. Historical emissions through 2023 are taken
from the latest EPA inventory.*® Modeled scenarios through 2035 are shown in the solid lines, differentiated by color.
The previously communicated 2025, 2030 and 2035 NDCs are also shown by the dashed line for reference, with the
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range under each NDC shown with the error bars. Dotted lines after 2035 represent the linear trajectory under each
scenario to reach net zero by 2050.

While all scenarios fall short of meeting the most recent US NDC, high-ambition actions from states and a
re-engaged federal government could significantly close this gap, missing the lower bound of the 2035
NDC (61% reductions) by five percentage points. In comparison, the United States would miss this bound
by 16 percentage points if only leading states enact ambitious climate policies under the Fragmented
Action scenario, and by 26 percentage points under Current Policies.

In terms of reaching the previously communicated U.S. net zero target by mid-century, substantially
accelerated rates of reductions would be needed under the Current Policies and Fragmented Action
scenarios, suggesting potential difficulties in achieving this goal. However, shifting toward the pathway
identified under Unified Action would meaningfully reduce difficulties of reaching net zero and keeping the
world on a 1.5°C trajectory.
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Figure 2. GHG emissions reductions across sectors needed to achieve the 56% and 45% overall reduction in
2035 under the Unified Action and Fragmented Action scenario, respectively. Bars show net GHG emissions in
million tonnes of CO2 equivalent, with reductions across electricity, transport, buildings, industry, and other sectors.
The gray bars on the left show residual emissions in 2005 and 2021. The blue bar on the left shows residual
emissions in 2035 under the Current Policies scenario. Green bars represent additional progress needed from each
sector by 2035. Emissions reductions achieved by the Fragmented Action scenario are represented by the green
bars with hashed lines, and additional emissions reductions under the Unified Action scenario are represented by the
solid green bars. The first blue bar on the right shows residual emissions in 2035 under Unified Action, and the
second blue bar shows residual emissions under Fragmented Action.

Achieving a 56% overall reduction from 2005 levels in 2035 under the Unified Action scenario requires an
additional 1,369 MtCO:e emissions reductions relative to the Current Policies scenario in 2035 (Figure 2).
While mitigation efforts are needed across all sectors, electricity, methane and transport have the largest
opportunities for emissions reductions, composing 39% (542 MtCOze), 17% (229 MtCOze), and 14% (187
MtCO:e) of the additional reductions needed. The buildings, industrial, and other (including direct air
capture; land-use, land-use change and forestry (LULUCF) COz; other COz; nitrous oxide; and fluorinated
gases) sectors contribute the remaining 30% (411 MtCOze) of emissions reductions needed.

The Fragmented Action scenario achieves a lower level of mitigation of 668 MtCO:ze relative to Current
Policies. The higher reductions under Unified Action are due to enhanced policies that significantly
expand mitigation across all sectors, with emphasis on the industry, methane, transportation, and
electricity sectors.

Electricity demand growth

Across the three scenarios, electricity demand increases by 24%-34%, or 949-1,356 TWh, from 2021
levels in 2035 (Figure 3a). Demand growth is significantly higher in the Unified Action scenario due to
strengthened electrification policies, particularly in the transportation sector. The buildings sector sees
less growth due to expanded energy efficiency measures, which help offset demand growth from
additional building electrification.
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A central assumption for data center growth is used in all scenarios. Data center expansion accounts for

30-42% of the total demand growth from 2021 to 2035 across scenarios (Figure 3a). Varying assumptions

around data center growth shifts overall electricity demand trajectories, where data centers make up 17-
27% of the new growth in 2035 under a low data center growth assumption, and 42-56% under a high

growth assumption, across scenarios. Sl Section 3.9.1 contains additional information on varying
assumptions around data centers. These rates of data center growth compare to 25-65% projected
across a number of industry and literature studies over similar time horizons.17:47-49
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Figure 3. Electricity demand growth, relative to 2021 levels. Panel a) shows national electricity demand growth in
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electricity demand growth by sector in 2035 under the Unified Action scenario, in TWh.

The impacts of data centers vary regionally. Texas, Virginia, Arizona, Oregon, and Ohio account for
nearly 70% of the electricity demand growth from data centers across scenarios (Figure 3b). In contrast,

data centers account for less than 5% of growth in states such as North Carolina, Florida, and Wisconsin.

California and Virginia are examples of two states that have similar levels of overall electricity demand
growth in 2035 (108 TWh and 95 TWh, respectively) with divergent sources for this growth: California’s
demand growth is driven largely by the transportation sector, while Virginia’s is driven by data centers.

Meeting the projected electricity demand growth would entail investments in new generation capacity. To

reflect announced gas turbine backlogs from major companies,®® we constrain new natural gas capacity
between model years 2025 and 2030 to roughly reflect only the 35 GW of planned additions as reported
to the U.S. Energy Information Administration as of August 2025.5' We assume that manufacturers are
able to increase new capacity from natural gas by up to that same amount between model years 2030
and 2035. Additionally, offshore wind deployment is currently facing substantial challenges in the United

Data centers
Buildings
Industry

Transportation
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States, including pauses on project leasing, increased regulatory uncertainty, and market volatility.>? As
such, new offshore wind capacity was explicitly constrained to only fully permitted projects, assuming that
those without permits would not be able to complete construction by 2035.%3

Across scenarios, more than 90% of new capacity additions come from solar, wind, and battery storage in
2035, adding 53 GW/year and 74 GW/year of new capacity under Current Policies and Fragmented
Action, respectively, and 120 GW/year under Unified Action (Figure 4). For reference, while renewables
already make up 90% of capacity additions in 2025 at 48 GW/year, %' the Unified Action scenario would
require more than doubling current levels of additions by 2035. Due to supply chain bottlenecks and clean
energy policies, natural gas plays a relatively smaller role in meeting new demand, adding 5-7 GW of new
capacity in 2035 in Current Policies and Fragmented Action. There are no new unabated natural gas
additions in 2035 under the Unified Action scenario due to new federal standards that phase out new gas
without CCS after 2030 assumed in this scenario (Sl Table S7); instead, 3 GW of natural gas with carbon
capture and storage comes online by 2035.
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Figure 4. Annual electricity capacity additions by technology. Panel a) shows historical electricity capacity
additions by technology through 2025, in GW/year.5' Panel b) shows projected annual average capacity additions in
2030 and 2035 across the three modeled scenarios, in units of GW/year.

With the gradual phase down of coal power, electricity CO2 emissions decline by 41% (636 MtCOze) by
2035 from 2021 levels under Current Policies (Figure 5). The share of wind and solar generation
increases from 12% of the electricity mix in 2021 to 38% in 2035 (Figure 7). Coal plants are retired in
accordance with announced retirement schedules and existing state-level clean energy policies as of

10
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2025, and coal generation makes up 5% of the electricity mix in 2035, down from 23% in 2021. The share
of natural gas is 34%, similar to 2021 levels.

Fragmented Action has a lower share of natural gas generation (31% in 2035) as compared to Current
Policies, a lower share of coal generation (2% in 2035), and higher generation from renewables (44% in
2035) due to ambitious clean energy policies from leading states.

With accelerated decarbonization policies, including expanded renewable portfolio standards and clean
energy standards, along with policies to phase out coal and new natural gas, in the Unified Action
scenario, electricity sector emissions fall by 75% (1,177 MtCOze) in 2035. Renewable generation rises to
56% of the electricity mix in 2035, with natural gas accounting for 23%. Unabated coal is phased out by
2035 in this scenario.
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Figure 5. Electricity generation by technology. Panel a) shows historical electricity generation by technology
through 2025 in TWh.5* Panel b) shows projected generation in 2030 and 2035 across the three modeled scenarios,
in units of TWh.

Wind and solar generation in 2035 under Unified Action are significantly accelerated relative to recent
trends (Figure S6). Reaching this level of renewable generation would require removal of key barriers,
including those related to permitting, siting, and transmission. While Tier 1 states are on track with
modeled levels of renewable growth, Tier 3 states would require the most acceleration in the near term
(Figure S7). Renewable energy buildout has been increasing steadily across all tiers in recent years,
demonstrating that the economics of renewables can play a key role in their deployment.

Recent federal efforts to halt solar and wind generation, rely on fossil fuels, and keep coal plants open

past their scheduled retirement dates,5 have created additional obstacles to achieving the levels of
renewable buildout modeled in our high-ambition scenarios. While coal generation has steadily declined

11
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over the past decade, it increased in 2025 due to a combination of federal policy changes, higher natural
gas prices and growing electricity demand. If this trend continues for another decade, it could entail
different outcomes for our modeled scenarios (see Sl Section 3.7.2 for additional detail).

Transformations in other sectors

To achieve the emissions pathways under Unified Action, transformations across other sectors are also
necessary. Methane mitigation is a key area for near-term emissions reductions, given methane’s ability
to trap more than 80 times as much heat over a 20-year period than CO2. Energy sector methane
emissions drop 63% from 2021 levels by 2035 under Unified Action as a result of oil and gas methane
regulations and incentives at the state and federal levels. Fragmented Action includes oil and gas
methane regulations from leading states only, which results in a 19% reduction in 2035. In contrast,
Current Policies assumes only cost-effective abatement strategies, yielding a 13% reduction by 2035.
The Unified Action scenario also sees significant reductions in methane emissions from the waste sector
(37% reduction from 2021 levels) due to state and local-level policies on waste management.

In the transportation sector, EV sales rise to 80% in 2035 for passenger road vehicles under Unified
Action (Figure 6). This is due to a combination of expanded state-level policies and incentives as well as
new federal EV incentives and standards for tailpipe emissions after 2028. With only leading states
adopting EV policies, passenger EV sales reach 46% in 2035 under Fragmented Action. This compares
to 32% sales in 2035 under Current Policies. Freight truck electrification is also accelerated under Unified
Action through a combination of state-level policies and new federal incentives, with EV sales in 2035
increasing to 41%. Freight EV sales are much lower under Fragmented Action and Current Policies, at
13% and 6%, respectively. Projected levels of both passenger and freight EV sales under Unified Action
would require significant acceleration relative to current trends (see Sl Section 3.7.5), with potential
challenges pertaining to critical mineral availability further discussed below.

Additionally, the buildings sector is further electrified in these scenarios. Under Unified Action, electricity
accounts for 60% of all building final energy consumption in 2035, up from 51% in 2021, as a result of
state-level electrification and efficiency measures and renewed measures from the federal government
(Figure 6). This compares to 58% and 55% under Fragmented Action and Current Policies, respectively.

Industry electrification (not including industrial feedstocks) under Unified Action increases modestly, from
15% in 2021 to 17% in 2035 (Figure 6). In contrast, electrification remains roughly the same at 14% in
2035 under Fragmented Action and Current Policies. The Unified Action scenario also sees additional
deployment of cement and refining CCS technologies relative to the other scenarios, mitigating 14 and 19
MtCOz, respectively. Compared to other sectors, relatively less progress is observed in the industrial
sector due to limited federal and state-level policies and technical challenges related to electrifying
industrial processes that require high temperatures.

Overall, substantial state-level variation exists across sectoral metrics. This is particularly noticeable in
the shares of renewable and clean electricity, which range from 16% to 78% and 29% to 97%,
respectively, in 2035 under Current Policies (Figure 6), with DC being an outlier in both scenarios at
100%. These examples reflect the different situations of states across the country, influenced by factors
including availability of renewable resources, reliance on fossil fuels, and political dynamics, which can
create opportunities or challenges for enhancing policy actions. Under the Unified Action scenario, states
start to converge to higher levels of renewable and clean energy; however, variation still exists as a result
of electricity trade. Model dynamics are more straightforward for passenger and freight EV sales. States
are clustered closely together under Current Policies and Unified Action due to similar policy assumptions
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across states, but diverge more in the Fragmented Action, where only the leading states adopt transport
electrification policies. Passenger and freight EV stock see even higher convergence across states due to
the long timelines associated with fleet turnover.

Negative emissions from carbon dioxide removal (CDR) technologies also play a role in these emissions
pathways. In 2035, 93 MtCOz/year is sequestered by CDR technologies in the power and industrial
sectors under Unified Action, with 12 MtCOz/year from direct air capture with carbon capture and storage
(DACCS) and 81 MtCOz/year from biomass energy with carbon capture and storage (BECCS)
technologies. The U.S. land sink is exogenously specified and contributes an additional 1,115 MtCOz/year
in natural carbon sequestration. For comparison, under Current Policies, 46 MtCOz/year is sequestered
from BECCS and 974 MtCOz/year from the land sink in 2035.

Renewable electricity = I

Clean electricity - |

Scenario
Passenger EV sales =

Unified Action

- Fragmented Action
Passenger EV stock - |

| Current Policies

Freight EV sales - -
National average
Freight EV stock = -I State value

Building electrification = |

Industry electrification = |

Percent share

Figure 6. Sectoral metrics in 2035 across scenarios. Each metric has a national value, represented by the bars,
and state-level values, represented by the transparent circles, across all three scenarios. Scenarios are differentiated
by color. The renewable electricity metric indicates the percentage of the generation mix that comes from solar and
wind resources. The clean electricity metric indicates the percentage of generation from clean sources, which include
solar, wind, biomass, nuclear, hydropower, and fossil fuels with CCS. The passenger EV stock metric indicates the
percentage of total road passenger vehicles that are electric. The freight EV stock metric indicates the percentage of
total road freight vehicles that are electric. The building electrification metric indicates the percentage of building
energy consumption that is from electricity. The industry electrification indicates the percentage of industry energy
consumption that is from electricity.

Discussion

Though recent federal policy rollbacks have created roadblocks for reaching previously communicated
U.S. NDCs, we show that expanded actions from subnational governments, especially with support from
a future climate-aligned federal government, have the potential to make up ground. Critically, a high-
ambition pathway requires not only accelerated actions from states that are already leading on climate,
but also new and enhanced policies from non-leading states. Enhancing ambition within these states
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through emphasis on climate co-benefits, bold local actions, clean energy investments, and other
mechanisms, can help offset some of the federal rollbacks. Electricity, transportation, and methane are
poised to be key drivers of emission reductions, supported by policies such as renewable portfolio
standards, clean energy standards, EV incentives and mandates, mode shift policies, oil and gas
methane regulations, and waste reduction targets. Transformations will also be needed from the buildings
and industry sectors, through energy efficiency and electrification measures, and from CDR scale-up,
including both CCS technologies and expansion of natural land sinks.

This analysis models specific federal policy rollbacks (e.g. IRA, CAFE) with the assumption that
subnational policies are unaffected and able to proceed as normal. In reality, ongoing uncertainties
associated with rollbacks could impact subnational ambition. For example, major funding cuts and pauses
have meant fewer dollars for states to implement their climate policies — the cancellation of a $4.9
billion federal loan guarantee for a major transmission line across the Midwest would likely impede efforts
to deliver on clean energy targets.5¢ Further, the federal government has superseded state energy
planning in some areas, including attempting to pause leases and construction on five fully-permitted
offshore wind projects®” and using emergency orders to keep five coal plants open past planned
retirement.5 The 2025 repeal of California’s waivers for its EV sales mandates prevents states from
setting more stringent vehicle emissions standards than the federal government; this change in the state
policymaking landscape and the resulting lawsuit led by eleven states®® has created ongoing uncertainty
among state policymakers and automakers regarding emissions standards and the pace of future EV
adoption.

State climate ambition is also being shaped by expected increases in electricity demand. While our
modeling shows that building out renewable energy will be key for meeting the oncoming demand, the
federal government has substantially limited policy efforts to support renewable deployment. Some states
have turned to fossil fuels to support their data centers, citing the dispatchable, consistent generation
from natural gas and coal.6%-62 Yet, the economics of renewable energy may outweigh such policies.
Renewable energy, including battery storage, has been growing quickly due to decreasing costs and has
less price volatility compared to fossil fuels.t364 These characteristics have become especially relevant as
energy affordability rises to the forefront of U.S. economic and policy debates.®® Not only would meeting
new demand with fossil fuel generation mean risking state clean energy and emissions goals; it could
also mean higher electricity prices.

Our results show that sources for electricity demand growth vary widely across states, suggesting
different strategies and solutions to manage demand growth. For example, in states with high expected
levels of transport electrification, flexible vehicle charging initiatives and vehicle-to-grid technologies could
reduce strain on the grid during peak hours, especially if financial incentives are offered.®6:67 |n states that
expect high demand from data centers, policymakers may proactively control demand growth by requiring
large loads to adopt flexibility measures (e.g. shifting non-critical tasks to off-peak periods) and provide
their own generation.588° Nonetheless, the evolving nature of technologies related to artificial intelligence
(Al) inherently creates difficulty around predicting electricity demand from data centers, as Al applications
and potential efficiency improvements are still uncertain. Additionally, speculation of an Al bubble and an
imminent market collapse could also result in an overestimation of future demand from data centers.”

Upcoming electoral cycles, shifting political priorities, geopolitical dynamics, and macroeconomic trends
introduce additional sources of uncertainty. The 2026 U.S. mid-term elections could reshape congressional
dynamics, affecting budgetary authority, oversight of federal agencies, and the likelihood of new climate
legislation or regulatory action. Furthermore, it is uncertain whether the next administration would be willing
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to pursue climate action; even under a climate friendly administration, they may not be willing to deliver
legislation as comprehensive as the Inflation Reduction Act, and could approach some of the regulations
modeled in this study as incentives instead of requirements to gain bipartisan support. Geopolitical tensions
and changing trade policies can affect supply chains for key resources underpinning the energy transition,
such as critical minerals, solar technologies, and battery storage.”’-73 Critical minerals are particularly
vulnerable to geopolitical risks, such as export restrictions, resource nationalism, mineral cartels, political
instability, social unrest, and other external shocks (e.g., natural disasters, pandemics, wars).”® These risks
can translate into uncertainties around resource availability and cost trajectories, and discourage long-term
capital investment in clean energy. Additionally, periods of economic recession or expansion can alter
trajectories for energy demand and associated emissions.

This analysis can be improved by using different types of modeling tools in addition to GCAM-USA to
better represent some of the real-world energy interactions. With its dynamic feedbacks across economy-
wide sectors and its ability to represent emissions, energy, and trade at the state level with linkages to the
rest of the world, GCAM-USA is well-suited for analyzing economy-wide decarbonization scenarios with
state-level detail. However, GCAM-USA currently lacks representation of delays related to permitting
processes and transmission and distribution infrastructure buildout, which have become key bottlenecks
for renewable energy expansion.”#7% Additionally, though the model includes comprehensive electricity
generation technologies across different load segments at the state level, it does not presently represent
load shifting from peak demand to off-peak times, which could inform future electricity demand planning.
Further building on this analysis and assessing detailed electricity sector outcomes with sub-annual
resolution (seasonal or diurnal) would be a valuable next step.

While near-term challenges remain, compounded by rapidly changing geopolitical and economic
circumstances, this analysis demonstrates that non-federal actors can serve as the backbone of a high-
ambition U.S. climate trajectory and sustain progress toward net zero. We outline a suite of concrete
policy actions and ambition levels for non-federal actors, accounting for existing variation in climate
ambition across states. These levers, together with the broader policy implications from this study, can
guide state and local decisionmakers in identifying appropriate sectoral targets and policies to support
both electricity demand growth and domestic climate action. In parallel, the federal policies identified here
highlight opportunities for a future climate-aligned federal leadership to support and amplify subnational
efforts in pursuit of long-term national goals. More broadly, this study provides a framework for narrowing
the gap toward national climate targets under Paris Agreement during periods of federal policy
uncertainty.

Materials and Methods
Overview of Modeling Approach

Applying a sector-specific bottom-up aggregation framework and data analysis, we integrate the impacts
of federal- and state-level climate policy instruments into an economy-wide assessment using GCAM-
USA-CGS, a customized version of the open-source Global Change Analysis Model with 50-state
resolution in the United States. The bottom-up aggregation framework synthesizes state-level climate
policies and actions from official planning documents and policy collection databases, and quantifies their
expected changes in terms of technology deployment, electricity generation, energy use, costs, and
more. These impacts are then modeled as concrete state-level policy levers in GCAM-USA-CGS. The
overall modeling approach follows those in previous analyses, including Hultman et al. (2020) and Zhao
et al. (2024).2.1976-78 GHG emissions are reported in terms of CO2 equivalents using IPCC AR5 100-year
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GWP values, which is consistent with 2023 UNFCCC reporting guidance (see Sl Section 3.8). Sl Section
3 contains more detailed information on the overall modeling approach.

GCAM-USA-CGS is an integrated assessment model (IAM) examining linkages between the energy,
land, water, climate, and socioeconomic systems. The global version of GCAM disaggregates the world
into 32 geopolitical regions, one of which is the United States. GCAM-USA is the state-level version of
GCAM, with resolution for 50 states and the District of Columbia for the energy and economy components
in the U.S., and using the same level of detail as GCAM for water and land sectors. GCAM-USA-CGS is
based on the open-source release of GCAM-USA v8.2, which is calibrated to historical outcomes through
2021 (the first simulation period is 2025).4" GCAM-USA-CGS has been updated for the purposes of this
study, including updated renewable energy costs and socioeconomic trajectories, calibrations to better
match recent sectoral outcomes, and more.

Emissions of different GHGs and air pollutants across the energy, agriculture, land use, and other
systems, are tracked in GCAM-USA-CGS. The energy system in GCAM-USA-CGS has representation of
depletable primary energy sources, including coal, gas, oil, and uranium, in addition to renewable
resources, including biomass, hydropower, solar, wind, and geothermal. Additionally, GCAM-USA-CGS
represents the transformation processes that turn these resources into final energy carriers, including
electricity generation and oil refining. These carriers provide services to end users in the buildings,
transportation, and industrial sectors at the state level. In the electricity sector, a range of generation
technologies are represented, including technologies using fossil fuels and bioenergy (with and without
CCS), renewables, and nuclear. Sl Section 3.1 contains more detailed information on GCAM-USA-CGS.

U.S. climate policies in GCAM-USA-CGS are modeled at the state and/or national levels. To represent
state-level policy drivers, model parameters were adjusted based on information from the bottom-up
aggregation analysis. In cases where it was either not feasible or not necessary to use bottom-up
aggregation, model parameters were changed at the national level. We note that policies and actions
from cities, businesses, and other non-federal actors are not explicitly modeled, though they are assumed
to support the state and national-level policies modeled. Regions in the rest of the world are assumed to
follow emissions pathways consistent with their NDCs.

Construction of Policy Scenarios

We model three distinct scenarios to evaluate U.S. greenhouse gas emissions trajectories and energy
impacts through 2035. We carefully reviewed official policy documents, legislative texts, news articles,
and state policy databases to model the updated federal and non-federal policies (as of July 2025)
represented in these scenarios.

The Current Policies scenario reflects federal policy rollbacks, including repeals to different provisions of
the Inflation Reduction Act and Bipartisan Infrastructure Law, and EPA regulations on fossil fuel power
plants, tailpipe emissions, and oil and gas methane. Coal-fired power plants are assumed to phase down
according to announced retirements. State-level EV sales mandates for cars and freight trucks are
assumed to be repealed, in line with the recent removal of the California waiver. Existing state policies,
including renewable portfolio standards and building energy efficiency resource standards, are modeled.
In this scenario, planned coal retirements, and existing state-level policies are the key policy drivers.

The Fragmented Action scenario enhances state-level policy but with heterogeneity in ambition levels and
timelines across states. This heterogeneity in state-level ambition is represented using a tiering system.
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States are grouped into three tiers based on their propensity to adopt high-ambition climate actions,
based on their existing state and local policies, emissions trends, and climate commitments. We then
create policy assumptions based on the state tiers. Tier 1 states, or the climate leading states, adopt the
high-ambition policies that exist or have been proposed in the most climate-forward states like California
and New York; Tier 2 states adopt fewer policies at less ambitious levels in line with existing policies in
the most ambitious Tier 2 states; and Tier 3 states adopt few to no policies. This tiering system is further
described in Sl Section 2.4 and in Ordonez-Olazabal et al. (2026), who also conduct further analysis of
the implications of different state tiering methodological assumptions.

The Unified Action scenario assumes that all states adopt high-ambition policies. To add a layer of
plausibility, there is some level of differentiation in terms of timing and ambition level based on state tiers.
While we increase the ambition levels of Tier 2 states to those in line with Tier 1 states, we only increase
the ambition level of Tier 3 states to be consistent with Tier 2 states. We also assume that the federal
government re-introduces climate policies under a new administration after 2028, including clean energy
tax credits similar to the IRA, standards on fossil fuel power plants and tailpipe emissions similar to the
previous EPA regulations, and new regulations on oil refineries.

These scenarios were also assessed by varying the assumptions around a few key drivers, including data
center growth, GDP and population, clean energy costs, and fossil fuel prices. While this is not a
comprehensive sensitivity analysis, the selected drivers provide a reasonable range of emissions projects
that vary the technical and economic parameters of our scenarios. We find that varying fossil fuel prices
has the largest impact on emissions, followed by varying GDP and population. Sl Section 3.9 contains
more information on the sensitivity analysis. Further details regarding the methods can be found in the
supplemental information.

Data and code availability

GCAM is an open source community model available at http://github.com/JGCRI/gcam-core/releases
(DOI: 10.5281/zen0do.5093192). Comprehensive output data summaries and Input files used for this
study will be available upon publication at DOI: 10.5281/zenodo.19739221. Detailed model results can be
obtained running this input file set using the release version of GCAM 8.2 available at the above website.
Results presented in this paper may differ in some minor aspects from those obtained using the release
version of the model. Additionally, as noted in Supplementary Information Section 3.6, GHG emissions
results were post processed to harmonize with the EPA inventory, and will differ from raw model results.
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1 Introduction

In this study, we use a bottom-up aggregation framework paired with GCAM-USA-CGS, an integrated
assessment model with 50-state resolution, to assess economy-wide greenhouse gas emissions
reductions and associated energy system changes in the United States through 2035. This analysis
reflects recent changes to the federal climate policy landscape and the potential of subnational climate
action. We model three scenarios: 1) the Current Policies scenario, which includes recent federal policy
rollbacks and existing state-level policies; 2) the Fragmented Action scenario, which has the same federal
assumptions as Current Policies, and assumes that climate-leading states adopt high-ambition climate
actions; 3) the Unified Action scenario, which assumes that all states adopt high-ambition climate action
and the federal government re-introduces climate policies after 2028.

Bottom-up policy representation in these scenarios builds on previously developed methodology for
aggregating non-federal actions to the state-level for implementation in GCAM-USA."-6 We provide a
detailed description of our methodology in the following sections.

2 Scenario Overview

2.1 Current Policies scenario

The Current Policies scenario includes recent updates to federal policy as of July 2025. These include
provisions from the Inflation Reduction Act (IRA) and the Bipartisan Infrastructure Law (BIL) that were
rolled back through the One Big Beautiful Bill Act, as well as federal regulations that have been or are in
the process of being repealed, such as tailpipe emissions and fuel economy standards, fossil fuel power
plant regulations, oil and gas methane standards, and more. Other federal key rollbacks, including the
repeal of the endangerment finding and funding freezes related to the Greenhouse Gas Reduction Fund
(a $27 billion grant for clean energy projects under the IRA), were not explicitly modeled due to modeling
limitations and/or uncertainty related to the outcomes. Many of the recent repeals are going through
litigation, and the long-term impacts remain to be seen.

States and other non-federal actors continue to implement key existing policies, such as renewable
portfolio standards (RPS), energy efficiency resource standards (EERS), and carbon pricing programs.
For example, Maryland’s RPS mandates that electricity suppliers must procure 50% of their electricity
from renewable sources by 2030,” and its EERS covers all sales within the state with a goal to increase
energy savings by 2.5% by 2027.8 Over 20 other states also have RPS and EERS policies. California and
Washington have cap and trade programs that set a limit on GHG emissions for major polluters and
require them to buy allowances to offset them.%10 Existing state-level GHG reduction targets are not
assumed to be met in this scenario. Due to the recent federal repeal of the California waiver, states are
not assumed to have any mandates for EV sales in place, including legislation on Advanced Clean Cars
and Advanced Clean Trucks.

2.2 Fragmented Action scenario

The Fragmented Action scenario uses the same federal assumptions as Current Policies, and models
enhanced state-level policies. Using the state tiering system described in Section 2.4, states are grouped
into three tiers based on their propensity to adopt ambitious climate policy. Tier 1 states, or climate-
leading states, are assumed to adopt high-ambition climate actions that are in line with the most
ambitious existing policies. While other states (Tier 2 and 3 states) also increase their ambition level
relative to current policies, the policies adopted are either less ambitious or have slower uptake.
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2.3 Unified Action scenario

In the Unified Action scenario, all states shift to high-ambition climate policies. This scenario uses the
same modeling assumptions as the Fragmented Action scenario for Tier 1 states, but further increases
climate ambition for Tier 2 and 3 states. In general, ambition for Tier 2 states is raised to Tier 1 levels, and
ambition for Tier 3 states is raised to Tier 2 levels. Additionally, the next federal administration is assumed
to re-orient toward climate policy, introducing legislation similar to the IRA and implementing regulations
on fossil fuel power plants, tailpipe emissions, and more, starting in 2029.

2.4 State tiering

State-level climate action in the United States varies considerably. For example, some states aim to achieve
100% clean energy generation by 2040, while others have less ambitious targets, and some lack these
targets altogether..'2 To account for the varying levels of policy adoption, we used a new methodology to
categorize states into three tiers based on their propensity to adopt high-ambition climate action. The
methodology is further described in Ordonez-Olazabal et al. (2026)'3, which classifies states into three
ambition tiers on a sectoral and multidimensional index of historical climate mitigation performance.

In each sector, state tiers are determined based on the strength of current state climate policy, progress in
emissions reductions, local climate policies, and climate commitments. These components are normalized
and weighted at 60% for current state climate policy, 20% for progress in emissions reductions, 10% for
the local climate policy, and 10% for climate commitment, emphasizing enacted policy strength while also
incorporating realized emissions performance and institutional context. States are then assigned to Tier 1,
Tier 2, or Tier 3 within each sector using k-means clustering applied to the resulting index values, allowing
tier boundaries to emerge endogenously from the distribution of state performance rather than from
predetermined thresholds. This approach captures state heterogeneity in policy ambition across sectors in
a transparent and reproducible process.

Tier 1 states have been leading the way on climate action, and are assumed to adopt a full range of climate
policies under high-ambition policy scenarios. Tier 2 states have some policies in place but tend to move
more slowly than Tier 1 states. Thus, they are assumed to adopt some level of climate ambition in high
ambition scenarios, though not at the same level or on the same timeline as Tier 1 states. Tier 3 states
have taken limited steps to advance climate action and are thus assumed to take few additional policy
actions.

Across tiers, our policy assumptions differ by the stringency of the policy target or the speed of policy
uptake. For example, EV sales targets vary in the speed of uptake: Tier 1 states achieve 100% EV sales
by 2038 (representing a 3-year delay of the Advanced Clean Cars Il targets), while Tier 2 states achieve
this target by 2041, and Tier 3 states achieve it by 2044. On the other hand, RPS implementation is based
on differences in the target itself: Tier 1 states set an RPS of 65% in 2035, which falls to 50% for Tier 2
states, and 20% for Tier 3 states. Targets for the different tiers are estimated based on high-achieving
states in each tier.

A full list of states categorized into Tier 1, Tier 2, and Tier 3 by sector is described in Table S1. Within
each sector, it is important to note that states with strong policies in one area but not other areas (e.g.
strong VMT policies but not EV policies in transportation) may be categorized in lower tiers because
states are evaluated comprehensively on policies within each sector in this index. Additionally, states that
are advancing the clean energy transition as a result of market forces and other non-policy drivers (e.g.
high shares of renewable energy in Texas) are not likely to be ranked highly in this index given the
current weighting structure.
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Table S1. State tiers by sector

Sector States by tier

Electricity Tier 1 states: California, Colorado, the District of Columbia, Hawaii, lllinois, Maine, Maryland,
Massachusetts, Michigan, Minnesota, Nevada, New Jersey, New Mexico, New York, Oregon,
and Washington

Tier 2 states: Arizona, Connecticut, Delaware, New Hampshire, North Carolina, Ohio,
Pennsylvania, Rhode Island, South Carolina, Vermont, Virginia, Wisconsin

Tier 3 states: Alabama, Alaska, Arkansas, Florida, Georgia, Idaho, Indiana, lowa, Kansas,
Kentucky, Louisiana, Mississippi, Missouri, Montana, Nebraska, North Dakota, Oklahoma,
South Dakota, Tennessee, Texas, Utah, West Virginia, and Wyoming

Buildings Tier 1 states: California, Colorado, Connecticut, the District of Columbia, lllinois, Maine,
Maryland, Massachusetts, New Jersey, New York, Oregon, Rhode Island, Vermont, and
Washington

Tier 2 states: Delaware, Hawaii, Louisiana, Michigan, Minnesota, Nevada, New Hampshire,
New Mexico, North Carolina, Pennsylvania, Texas, Virginia, Wisconsin

Tier 3 states: Alabama, Alaska, Arizona, Arkansas, Florida, Georgia, Idaho, Indiana, lowa,
Kansas, Kentucky, Mississippi, Missouri, Montana, Nebraska, North Dakota, Ohio,
Oklahoma, South Carolina, South Dakota, Tennessee, Utah, West Virginia, and Wyoming

Transportation Tier 1 states: California, Colorado, Connecticut, the District of Columbia, Maryland,
Massachusetts, New Jersey, New York, Oregon, Rhode Island, and Washington

Tier 2 states: Delaware, Hawaii, lllinois, Maine, Michigan, Minnesota, Nevada, New Mexico,
Pennsylvania, Vermont, and Virginia

Tier 3 states: Alabama, Alaska, Arizona, Arkansas, Florida, Georgia, Idaho, Indiana, lowa,
Kansas, Kentucky, Louisiana, Mississippi, Missouri, Montana, Nebraska, New Hampshire,
North Carolina, North Dakota, Ohio, Oklahoma, South Carolina, South Dakota, Tennessee,
Texas, Utah, West Virginia, Wisconsin, and Wyoming

Industry Tier 1 states: California, Colorado, Maryland, Massachusetts, New York, Oregon,
Washington

Tier 2 states: Connecticut, Hawaii, lllinois, Maine, Nevada, New Jersey, New Mexico, North
Caroline, Pennsylvania, Rhode Island, Vermont, and Virginia

Tier 3 states: Alabama, Alaska, Arizona, Arkansas, Delaware, Florida, Georgia, Idaho,
Indiana, lowa, Kansas, Kentucky, Louisiana, Michigan, Minnesota, Mississippi, Missouri,
Montana, Nebraska, New Hampshire, North Dakota, Ohio, Oklahoma, South Carolina, South
Dakota, Tennessee, Texas, Utah, West Virginia, Wisconsin, and Wyoming
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Land Use

Tier 1 states: California, Colorado, Maryland, New Mexico, New York, Washington

Tier 2 states: Connecticut, the District of Columbia, Delaware, Hawaii, lllinois, Louisiana,
Maine, Massachusetts, Michigan, Minnesota, Nevada, New Jersey, North Carolina, Oregon,
Pennsylvania, Rhode Island, Texas, Utah, Vermont, and Wisconsin

Tier 3 states: Alabama, Alaska, Arizona, Arkansas, Florida, Georgia, Idaho, Indiana, lowa,
Kansas, Kentucky, Mississippi, Missouri, Montana, Nebraska, New Hampshire, North
Dakota, Ohio, Oklahoma, South Carolina, South Dakota, Tennessee, Virginia, West Virginia,
and Wyoming

Economy-wide

Tier 1 states: California, Colorado, the District of Columbia, Maryland, Massachusetts, New
Jersey, New York, Oregon, Rhode Island, and Washington

Tier 2 states: Connecticut, Delaware, Hawaii, lllinois, Maine, Michigan, Minnesota, Nevada,
New Mexico, North Carolina, Pennsylvania, Vermont, and Virginia

Tier 3 states: Alabama, Alaska, Arizona, Arkansas, Florida, Georgia, Idaho, Indiana, lowa,
Kansas, Kentucky, Louisiana, Mississippi, Missouri, Montana, Nebraska, New Hampshire,
North Dakota, Ohio, Oklahoma, South Carolina, South Dakota, Tennessee, Texas, Utah,
West Virginia, Wisconsin, and Wyoming

2.5 GHG emissions reductions

Table S2 presents GHG emissions reductions achieved under the three scenarios described above.
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Table S2. Emissions results by sector. The AR5 100-year GWP is used to convert non-CO2 emissions
into CO2 equivalents .

Emissions | Emissions| Emissions 2035 (MMTCOze) Change ref:;‘;e(;‘)’m 2005 to
Sector/GHG 2005 2021
(MMTCOze) |(MMTCO2¢)
Current |Fragment| Unified Current | Fragmente| Unified
Policies |ed Action| Action Policies | d Action Action
Electricity CO2 2,413 1,553 917 653 376 -62% -73% -84%
Transport CO2 1,869 1,762 1,369 1,302 1,182 -27% -30% -36%
Industry CO2 1,188 1,111 1,107 1,035 977 -7% -13% -18%
Buildings CO2 586 556 501 431 388 -15% -26% -33%
Other CO2 71 38 31 28 25 -56% -60% -65%
CH4 858 783 756 674 526 -12% -21% -39%
N20 436 412 408 407 406 -6% -7% -7%
F-Gases 156 200 117 109 111 -25% -30% -29%
Direct Air Capture 0 0 0 0 -12 0% 0% N/A
Land sink -1,041 -1,044 -974 -1,081 -1,115 -6% 4% 7%
Net GHG Total 6,536 5,371 4,231 3,558 2,862 35% 45% 56%

3 Economy-Wide Analysis

3.1 GCAM-USA-CGS

Our analysis uses a version of the open-source Global Change Analysis Model (GCAM) to estimate the

aggregate impact of federal and non-federal climate policies and actions on economy-wide emissions

reductions in the United States. Specifically, we use GCAM-USA, a state-level version of GCAM. We refer
to the version of GCAM-USA used in this study as GCAM-USA-CGS.

GCAM is an integrated assessment model (IAM) of the energy, land, water, climate, and socioeconomic
systems. The global version of GCAM groups the world’s countries into 32 geopolitical regions with
representation of the energy and socioeconomic systems for each region. The United States is one of the
32 regions. GCAM represents the global climate system and uses 235 water basins and 384 land regions
to represent global water and land systems. GCAM tracks emissions and sinks of carbon dioxide (CO,),

16 other GHGs, and several air pollutants.

The state-level version of GCAM used in this analysis, GCAM-USA, disaggregates the U.S. energy and
economy components into 50 states and the District of Columbia while maintaining the same level of
detail as GCAM for water and land sectors. The energy system in GCAM-USA has representation of
depletable primary energy sources, including coal, gas, oil, and uranium, in addition to renewable
resources, including biomass, hydropower, solar, wind, and geothermal. Energy transformation processes
like oil refining and electricity generation are represented at the state-level in GCAM-USA. These energy
carriers, in turn, are used to deliver services to state-level end users in the buildings, transportation, and

industrial sectors. The electric power sector includes representation of a range of electricity generation
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technologies, including those fueled by fossil fuels and bioenergy (with and without CCS), renewables,
and nuclear.

GCAM-USA is a market equilibrium model. The model solves for equilibrium in each period by finding a
set of market prices such that supplies and demands are equal in all markets as model actors adjust the
quantities of the commaodities they provide and consume. GCAM operates in 5-year time-increments, with
each new period starting from the conditions that emerged in the previous period, and with most
technologies being vintaged such that existing capital stocks in each period carry over into future time
periods (subject to technical or economically-driven retirement).

GCAM-USA-CGS is based on the open-source release of GCAM-USA 8.2,'* which is calibrated to
historical outcomes through 2021 (the first simulation period is 2025). GCAM-USA-CGS has been
updated for the purposes of this study to reflect changes such as the most recent estimates of future
renewable energy costs.'® The model is also calibrated to the latest non-CO2 marginal abatement cost
curves from the U.S. Environmental Protection Agency (EPA).16

3.2 Modeling approach

Policy representation in our modeled scenarios utilizes bottom-up aggregation tools and data analysis to
evaluate the impacts of policies and climate actions in isolation and within specific sectors. Throughout,
we took care to avoid potential double counting of potential emissions reduction drivers from nested
governance levels. We then used this information in GCAM-USA-CGS to estimate the economy-wide
implications of associated policies. This modeling approach is consistent with previous analyses.'-6

All modeled policies in GCAM-USA-CGS are implemented at the state and/or national levels. Policies and
actions from city governments, businesses, and institutions are not explicitly modeled, but are assumed to
be embedded within or supportive of the state and/or national level policy representation in the model.
Descriptions of policy representation in GCAM-USA-CGS can be found in Tables S4-S8.

Model parameters in GCAM-USA-CGS were varied according to information from our bottom-up
aggregation analysis or changed directly for policy drivers where bottom-up aggregation was either not
feasible or not necessary in the case of small-scale potential impacts. The purpose of this analysis is to
assess the national emissions reduction potential in the United States for the policies modeled in our
scenarios. Accordingly, non-federal policies and actions are only modeled to the extent that doing so
would have a meaningful impact on the national-level emissions outcome.

3.3 Core modeling assumptions

The results of this study rely on a set of core assumptions for drivers including economic growth,
population growth, fossil fuel prices, technology costs, and data center electricity demand (Table S3).
These assumptions draw from a set of data sources, including U.S. Energy Information Agency’s (EIA)
Annual Energy Outlook (AEO) 2023,'” National Renewable Energy Lab’s Annual Technology Baseline
2024,"5 and the Electric Power Research Institute (EPRI)’s data center load growth projections from
October 2024.18

The EPRI data used on data center load growth rates are based on public estimates of historical and
current load levels, as well as varying assumptions about future industry growth, such as the extent of
efficiency breakthroughs and saturation of service demand-'31# The data do not take into account
transmission constraints and assume that future data center load growth is concentrated in emerging and
already established markets. These extrapolated projections rely heavily on current assumptions about
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data center technology and demand. However, uncertainty remains around current data center load and
how technology and efficiency rates may improve in the future.

Table S3. Core modeling assumptions in GCAM-USA-CGS

Drivers Scenario assumptions

Economic Growth Overall gross domestic product (GDP) increases by 1.68% per year on
average from 2022 through 2035, based on EIA’s AEO 2023
Reference case.

Population Growth Population grows by 0.46% per year on average from 2022 through
2035, based on EIA’s AEO 2023 Reference case.

Fuel Prices Gas price is assumed to increase at an average rate of 1.3% per year
from 2022 through 2035, which is consistent with EIA’s AEO 2023
Reference case.

Oil price is assumed to increase at an average rate of 2.5% per year
from 2022 through 2035, which is consistent with EIA’s AEO 2023
Reference case.

Technology Costs Technology costs are updated with the National Renewable Energy
Laboratory (NREL) Annual Technology Baseline 2024 Moderate
Scenario assumptions.

Data Center Electricity The medium scenario is based on a 2024 EPRI study, which assumes
Demand an average 12% annual growth rate from 2023 to 2030. Projections
from 2030-2035 are linearly extrapolated from the medium scenario.

In addition to these core model assumptions, we also adjusted parameters related to offshore wind and
natural gas generation to reflect major barriers related to deploying these technologies. We constrain the
amount of offshore wind coming online by 2035 to reflect pauses on project leasing, increased regulatory
uncertainty, and market volatility.'® New offshore wind capacity is limited to fully permitted projects,
assuming that those without permits would not be able to complete construction by 2035.20 Additionally,
major companies have announced delivery backlogs for natural gas turbines, with GE and GE Vernova
stating that gas turbines would not be delivered until late 2028 at the earliest.2' To account for limitations
related to the natural gas turbines supply chain, we constrain new natural gas capacity between model
years 2025 and 2030 to roughly reflect only planned additions as of August 2025 from the U.S. Energy
Information Administration.22 We assume that manufacturers are able to increase new capacity from
natural gas by up to that same amount between model years 2030 and 2035.

3.4 Policy modeling assumptions

3.4.1 Current Policies

Federal Assumptions

The federal assumptions used in this scenario are described in Table S4.

Table S4. Federal policy assumptions under Current Policies

32


https://www.zotero.org/google-docs/?icEJy2
https://www.zotero.org/google-docs/?OUsDqq
https://www.zotero.org/google-docs/?KA3mcG
https://www.zotero.org/google-docs/?TFU6mO

NON-PEER REVIEWED PREPRINT (June 2026)

Sector Policy Type Provision/Policy Modeling Adjustment
Sections 13701 & 13702: New clean Rolled back after 2025
electricity PTC and ITC
Section 13302: Residential clean energy Rolled back after 2025
credit
Section 13015: PTC for existing nuclear No change, continues through 2033
IRA Section 50144: Energy infrastructure Rolled back after 2025
reinvestment financing
Electricity Rolled back after 2025 due to
Section 13104 — 45Q: Extension of credits termination of the greenhouse gas
for captured CO2 reporting program, which would make
this credit difficult to claim.23
CAA section 111(b) Standards for New Rolled back after 2025
. Stationary Combustion Turbines
Regulations - — —
CAA section 111(d) Emission Guidelines for Rolled back after 2025
Existing Fossil Fuel-Fired Sources
Section 13401 — 30D: Clean vehicle credit Rolled back after 2025
Section 13404: Alternative refueling property Rolled back after 2026
credit
IRA Section 13403 — 45W: Commercial clean Rolled back after 2025
vehicle credit
Sections 45Z: Clean fuel production credit Extended through 2030
Section 11401 and 11403: Grants from
charglng and fueling |nfrastru'cture, Carbpn Rolled back after 2025
. reduction program, and National Electric
Transportation .
Vehicle Formula Program
BIL Section 11115 and 11403: Congestion
mitigation and air quality improvement Rolled back after 2025
program, and Carbon reduction program
Sections 71101 and 30018: Clean school bus
program and Grants for buses and bus Rolled back after 2025
facilities
. CAFE standards for LDVs Rolled back after 2025
Regulations — -
GHG emissions standards for freight trucks Rolled back 2025
Section 13303:.Epergy eff|C|_ent commercial Rolled back after 2026
building deduction
Sections 13301 — 25C, 13304, and 50121:
Buildings IRA Energy efficient home improvement credit, Rolled back after 2025
Energy efficient home credit, and Home
energy efficiency credit
Section 51022: High-efficiency home rebate No change, continues through 2031
program
Rolled back after 2025 due to
Industry IRA Section 13104 — 45Q: Extension of credits termination of the greenhouse gas

for captured CO2

reporting program, which would make

this credit difficult to claim.23
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Section 13204 — 45V: Production credit for
clean hydrogen

Rolled back after 2027

Section 13501 — 48C: Manufacturing
investment tax credit for advanced energy
projects

Rolled back after 2025

Section 50161: Advanced industrial facilities
deployment program

Rolled back after 2025

Section 60113: Methane emissions reduction

(LULUCF)

IRA Rolled back after 2025
program
Methane
Regulations EPA standards for oil and gas methane Rolled back after 2025
National HFC phasedown is
AIM Act HFC phasedown |mplemepted consmtgnt with the
American Innovation and
Manufacturing (AIM) Act.
Other
Land | h ; Rolled back after 2025, using the
IRA and BIL and use, land-use change and forestry ‘Absent Climate-Smart Policies’

scenario from Kennedy et al. 2024.24

Non-federal Assumptions

The non-federal assumptions used in this scenario are described in Table S5.

Table S5. Non-federal modeling assumptions under Current Policies

Sector Policy Modeling Assumption
Renewable portfolio standards Current state-level RPS targets are modeled.
- The Regional Greenhouse Gas Initiative (RGGI) is
Electricity

modeled as a 50% reduction in power sector

Cap and trade emissions below 2020 levels by 2035 in
participating states. Additionally, cap and trade

targets for California and Washington are modeled.
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Scheduled retirements of coal-fired capacity are

Coal phase-out modeled through 2035.

LDV ZEV sales mandates and targets Rolled back after 2025
Freight truck ZEV sales mandates and targets Rolled back after 2025
Transportation Maijor existing incentives for LDV ZEVs at the

state-, utility-, and district levels from the
Alternative Fuels Data Center are modeled at the
LDV ZEV incentives state level as reductions in per-vehicle capital
cost. Altogether, these are equivalent to a national
average capital cost reduction for LDV EVs of
$826 per vehicle.

Current state-level EERS were modeled by

Buildings Energy efficiency standards (EERS) reducing state-level building service demands.
Non-federal actors are incentivized to reduce
Methane Methane incentives and regulations methane emissions reductions achievable at a

cost of $0/tCO2e or below on the EPA's MAC
curves.

3.4.2 Fragmented Action

Federal Assumptions

Fragmented Action uses the same federal assumptions as Current Policies. Detailed assumptions are
described in Table S4.

Non-federal Assumptions

In the Fragmented Action scenario, Tier 1 states adopt the most ambitious climate actions across sectors
based upon existing or proposed policies. Tier 2 states adopt similar policies but with a less stringent
target or at a slower pace. Tier 3 states have limited policy uptake, but increase their ambition in some
areas. Modeled policies include clean electricity standards, LDV electrification policies, vehicle miles
traveled reduction policies, zero-emission appliance standards, cement CCS targets, oil and gas methane
regulations, and more. Detailed assumptions are described in Table S6.

In place of EV sales mandates, we assume that a combination of other non-federal actions, including
clean car coalitions, transport emissions reduction targets, low carbon fuel standards, and automaker
commitments collectively helps states achieve what is equivalent to a delayed implementation of the
targets under Advanced Clean Cars Il (ACC IlI) and Advanced Clean Trucks (ACT). These specific
policies are not modeled explicitly but instead modeled through delayed implementation of the ACC Il and
ACT targets. See Section 4.3.1 for additional information.

Table S6. Non-federal modeling assumptions under Fragmented Action
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Sector Policy Tier 1 Ambition Tier 2 Ambition Level Tier 3 Ambition
Level Level
. 50% by 2030, 40% by 2030, 15% by 2030,
Renewable portfolio standards 65% by 2035 50% by 2035 20% by 2035
Electricity Clean electricity standards 80% by 2035 - -
Coal phaseout policies 2030 phaseout 2035 phaseout 2040 phaseout
LDV electrification policies (e.g.
clean car coalitions, emissions | 450/ £\ cales by | 100% EV sales by | 100% EV sales by
reduction targets, low carbon fuel
2038 2041 2044
standards, automaker
commitments, and more)
M/HDV electrlflcla.tlon p0|I(.:Ie§ (e.g. EV sales equivalent to
clean car coalitions, emissions ) .
. California's Advanced
reduction targets, low carbon fuel - -
Clean Trucks targets
standards, automaker .
. with a 3-year delay
commitments, and more)
Transportatio
n o . .
S 100% electrification of | 100% electrification of 100% electrlﬁcatlgn
Bus electrification targets . . of new bus sales in
new bus sales in 2030 | new bus sales in 2035 2040
1% by 2030 and 0.5% by 2030 and
Vehicle miles traveled reduction |1.25% by 2035 annual 0.75% by 2035 i
policies VMT per capita annual VMT per capita
reductions reductions
o/ 1 o/ 1
Low carbon fuel standards 20% in 2030, 25% in - -
2035
Enhanced energy efficiency 4% annual efficiency savings by 2030
resource standards
o . 100% electric heating | 100% electric heating
Zero-emission appliance . .
o standards and water heating and water heating
Buildings sales by 2035 sales by 2040
Zero-emission construction 100% new electric construction by 2035
standards
CCS capability for |CCS capability for 20% | CCS capability for
Industry Cement CCS targets 40% of cement of cement produced by 10% of cement

produced by 2035

2035

produced by 2035
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Reductions
achievable at a cost of
$60/tCO2e or below
on the EPA's MAC
curves by 2035

Oil and gas methane regulations

Reductions achievable

at a cost of $30/tCO2e
or below on the EPA's
MAC curves by 2035

Reductions
achievable at a cost
of $0/tCO2e or below
on the EPA's MAC
curves

Agricultural methane policies

MAC curves by 2035

Reductions achievable at a cost of $0/tCO2e or below on the EPA's

Methane
Reductions . . Reductions
. Reductions achievable .

achievable at a cost of at a cost of $404CO2e achievable at a cost

Landfill waste methane regulations| $60/tCO2e or below . of $20/tCO2e or

i or below on the EPA's .
on the EPA's MAC MAC curves by 2035 below on the EPA's
curves by 2035 y MAC curves by 2035

Enhanced waste diversion efforts 60% reduction in 40% reduction in 20% reduction in
landfill waste by 2035 | landfill waste by 2035 |landfill waste by 2035

Adopt Significant New Alternatives Policy
HFC regulations (SNAP) and Refrigerant Management
Programs (RMP) programs'’
Other

Expanded funding for wildfire
mitigation, tree planting,
conservation and health soils

Assume $42 billion in investments in climate-smart policies resulting
from enhanced state-level action, based on the ‘Current Policies’

scenario from Kennedy et al. 2024.%

3.4.2 Unified Action

Federal Assumptions

In the Unified Action scenario, we assume that the next federal administration re-engages on climate
policy after 2028. Federal assumptions for this scenario include the rollbacks specified in the previous
section (Table S4), in addition to new policies in Table S7 below. The policies assumed under re-
engagement are largely in line with what already existed under policies like the IRA and EPA regulations
but with adjusted timelines and requirements to reflect delayed action, as well as some additional policies
on refineries and direct air capture. These policies are also expected to be supportive of the state-level
policies modeled in this scenario. Some of the regulations, for instance, may instead be approached as

incentives instead of requirements due to political feasibility.

Non-federal Assumptions

All states accelerate their actions and adopt high-ambition policies: Tier 1 states continue to implement
the policies under Fragmented Action. Tier 2 states accelerate their actions and implement Tier 1 policies.
Tier 3 states also ramp up their ambition, implementing Tier 2 policies. Certain policies, such as EV sales
targets and oil and gas methane regulations, are further boosted by federal incentives and regulations.

Detailed assumptions are described in Table S8.

" Emissions impacts from national and state-level HFC regulations were derived from a short-lived climate pollutant tool developed
by CARB and extrapolated to additional states. We used the tool's Kigali phasedown scenario as a proxy for the impact of the AIM

Act.
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Table S7. Federal modeling assumptions under Unified Action

Sector

Policy

Modeling Assumption

Electricity, Transportation,
Buildings, Industry, Lands

Tax credits and investments

Tax credits and rebates similar to those under the IRA
are reinstated by 2030.

Electricity

CAA section 111(b)
Standards for New Stationary
Combustion Turbines

Reinstated by 2030, requiring at least 90% CCS for any
new natural gas turbines with a capacity factor higher
than 40%

Transportation

Tailpipe emissions standards
for LDVs

Reinstated by 2030 to help states achieve 100% EV
sales by 2038

CAFE standards and GHG
standards for LDVs

Reinstated by 2030 such that new vehicles achieve the
same internal combustion engine efficiency improvement
from 2030-2035 as they would have under 2025-2030

GHG emissions standards for
freight trucks

Reinstated by 2030 such that new vehicles achieve the
same internal combustion engine efficiency improvement
from 2030-2035 as they would have under 2025-2030

Methane

Oil and gas methane
regulations

Reinstated by 2030 such that reductions identified on the
EPA’s MAC curves as achievable at a cost of $60/tCO2e
or below are achieved by 2035

Coal methane regulations

Introduced by 2030, delivering emissions reductions
achievable at a cost of $60/tCO2e or below on the EPA's
MAC curves by 2035

Agricultural methane
regulations and incentives

Introduced by 2030, delivering emissions reductions
achievable at a cost of achievable at a cost of $30/tCO2e
or below on the EPA's MAC curves by 2035

Industry

Standards on oil refineries

Introduced after 2030, requiring CCS capabilities for 25%
of oil by 2035

Direct air carbon capture and
storage (DACCS) incentives

Results in 12 MtCO2 removals by 2035. This level of
removal is consistent with announced DACCS facilities in
the United States as of March 2026.25:26

Lands

Expanded funding for wildfire
mitigation, tree planting,
conservation, and healthy
soils

Assume $160 billion in investments in climate-smart
policies resulting from enhanced federal and state-level
action, based on the ‘Enhanced Ambition’ scenario from

Kennedy et al. 2024.24

Table S8. Non-federal modeling assumptions under Unified Action

Sector Policy Type Tier 1 Tier 2 Tier 3
y lyp Ambition Level | Ambition Level Ambition Level
- Renewable portfolio
Electricity e 50% by 2030, 65% by 2035 40% by 2030, 50% by 2035
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Clean electricity o
standards 80% by 2035 )
Coal phaseout policies 2030 phaseout 2035 phaseout
LDV electrification
policies to help achieve
targets under Advanced o
Clean Cars I, including 100% EV sales by 2038
federal tax credits +
regulations
M/HDV electrification
policies to help achieve
targets under Advanced | EV sales equivalent to California's Advanced Clean Trucks targets with
Clean Trucks, including a 3-year delay
Transport federal tax credits +
regulations
Bus electrification targets 100% electrification of new bus 100% electrification of new bus
g sales in 2035. sales in 2040.
Vehicle miles traveled 1% by 2030 and 1.25% by 2035 0.5% by 2030 and 0.75%
reduction policies annual VMT per capita reductions | annual VMT per capita reductions
Low carbon fuel 20% in 2030, 25% in 2035 -
standards
Enhanced energy
efficiency resource 4% annual efficiency savings by 2030
standards
o Zero-emission appliance | 100% electric heating and water 100% electric heating and water
Buildings standards heating sales by 2035 heating sales by 2040
Zero-.emlssmn 100% new electric construction by 2035
construction standards
CCS capability for 40% of cement | CCS capability for 20% of cement
Industry Cement CCS targets produced by 2035 produced by 2035.
Oil and gas methane Deliver emissions reductions achievable at a cost of $60/tCO2e or
re ?Jlations below on the EPA's MAC curves by 2035. A methane intensity standard
9 of 0.2% is also achieved by 2035.
Deliver emissions reductions Deliver emissions reductions
Landfill methane capture | achievable at a cost of $60/tCO2e | achievable at a cost of $40/tCO2e
Methane regulations or below on the EPA's MAC curves | or below on the EPA's MAC curves
by 2035 by 2035
Enhanced waste 60% reduction in landfill waste by | 40% reduction in landfill waste by
diversion efforts 2035 2035
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Adopt Significant New Alternatives
. Policy (SNAP) and Refrigerant
Other HFC regulations Management Programs (RMP)

programs.

3.6 Calibrating emissions to EPA inventory

Emission results through the year 2021 were calibrated to historical GHG emissions from the 1990-2023
EPA inventory report.2” GCAM-USA-CGS is calibrated through 2021, with the first simulation period being
2025. Net GHG emissions fell by 114 MtCOze between 2021 and 2023, from 17.8% to 19.6% below 2005
levels.

3.7 Comparison with near-term trends

While our scenarios have incorporated recent policy developments and projections of core drivers, the
last calibrated model year in GCAM-USA-CGS is 2021. Thus, projections in model year 2025 may diverge
from historical outcomes in that year. In this section, we compare the latest historical trends with
projections from our modeled scenarios, noting areas of alignment and divergence.

3.7.1 GHG emissions

Although EPA data on 2025 has not been released, preliminary estimates from Rhodium Group were
published after the modeling for this study was conducted. They find that emissions increased in 2025,
reversing two years of decline and returning to an 18% GHG emissions reduction relative to 2005
levels.2® The report attributes much of the increase to buildings and the power sector, driven by colder
winter temperatures that raised heating demand and by higher electricity demand alongside a rebound in
coal generation.

GCAM-USA-CGS’s 2025 model year was parameterized based on earlier coal power plant retirement and
other emissions and energy trends, resulting in modeled 2025 emissions (24.7% below 2005 levels) that
are below the Rhodium estimate. While this difference could be perpetuated into lower modeled
emissions in subsequent periods under our main scenarios (see section 3.7.2 as an example), it is
possible that the recent change in trends is short lived and longer-term trends align more closely with our
projections for 2035. We also run additional sensitivities in Section 3.9 to account for potential changes to
core drivers related to socioeconomic changes, technology costs, data center demand load, and more.

3.7.2 Coal generation

National coal generation has been declining steadily from its peak in the mid-2010s due to a combination
of economics and environmental regulations. However, newly available data shows that this trend
reversed over the last year, with coal generation increasing 13% in 2025 year-on-year (Figure S1) . This
increase is primarily driven by additional generation from existing coal plants (increasing capacity factors)
due to higher natural gas prices, growing electricity demand, and federal policy changes.?%2° While it's
unclear whether the uptick in coal generation will continue in the coming years, there is likely a limit to the
amount of demand growth coal can accommodate due to retirement schedules and to the economics of
operating aging coal plants compared to newer and more efficient energy sources, like renewable energy
and natural gas.
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Modeled coal generation in 2025 is in line with historical 2024 levels but lower than 2025 levels (Figure
S1). The additional emissions from coal generation in 2025 would be equivalent to 4-6% of the 2035
overall GHG emissions across scenarios. However, high-ambition clean energy policies in the
Fragmented Action and Unified Action scenarios would mandate coal phaseout regardless of the shifting
trends, and thus the longer-term impacts associated with the increase in coal generation under these
scenarios would be minimal. Post 2025, coal generation is projected to continue to decline across
scenarios, with Unified Action driving the steepest reduction toward near-zero levels by 2035, and
Current Policies showing a slower downward trend, particularly after 2030.

Across tiers, coal generation in 2025 deviates particularly for Tier 2 and 3 states (Figures S2). Post 2025,
Tier 1 states are well positioned to phase out coal generation by 2030, whereas Tier 2 and 3 states would
require some acceleration in the rate of coal decline compared to historical trends (Figure S2).

Coal Generation With Historical Data Through 2025
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Fig. S1. U.S. coal generation, with historical data through 2025 from the U.S. Energy Information
Administration3® and projections from 2025 through 2035 under the Current Policies, Fragmented Action,
and Unified Action scenarios, in units of TWh. Markers indicate the model years; values for the years
between model years are estimated using a linear interpolation.
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Coal Generation With Historical Data Through 2025
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Fig. S2. Coal generation by state tier, with historical data through 2025 from the U.S. Energy Information
Administration3® and projections from 2025 through 2035 under the Current Policies, Fragmented Action,
and Unified Action scenarios, in units of TWh. Markers indicate the model years; values for the years
between model years are estimated using a linear interpolation.

3.7.3 Natural gas generation

Natural gas generation has increased over the last decade, playing a key role in replacing coal
generation. Historical data for natural gas generation is well aligned with model projections in 2025. Post
2025, Current Policies and Fragmented Action project a slow increase from 2025 levels, while Unified
Action shows declining generation (Figure S3).

In Tier 1 states, projected gas generation declines from 2025 levels across scenarios (Figure S4). In Tier
2 states, gas generation stays flat under Current Policies, but decreases under Fragmented Action and
Unified Action. In Tier 3 states, gas generation continues to increase from 2025 levels under Current
Policies and Fragmented Action, and increases in 2030 followed by a decrease in 2035 under Unified
Action.
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Gas Generation With Historical Data Through 2025
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Fig. S3. U.S. natural gas generation, with historical data through 2025 from the U.S. Energy Information
Administration3® and projections from 2025 through 2035 under the Current Policies, Fragmented Action,
and Unified Action scenarios, in units of TWh. Markers indicate the model years; values for the years
between model years are estimated using a linear interpolation.
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Fig. S4. Natural gas generation by state tier, with historical data through 2025 from the U.S. Energy
Information Administration3® and projections from 2025 through 2035 under the Current Policies,
Fragmented Action, and Unified Action scenarios, in units of TWh. Markers indicate the model years;
values for the years between model years are estimated using a linear interpolation.

3.7.4 Renewable generation

Solar and wind generation has been increasing steadily over the last decade due to falling costs and
clean energy policies. In 2025, solar and wind made up over 20% of the generation mix, surpassing
coal.?2 Renewable capacity has more than tripled since 2015, with annual capacity additions from solar,
wind, and battery storage reaching 48 GW/year and making up 90% of total capacity additions in 2025.22

National model projections follow historical trends closely (Figure S5). Post 2025, solar and wind
generation continues growing in all scenarios, with Unified Action showing the steepest acceleration and
exceeding the historical trajectory. Current Policies and Fragmented Action increase at a slower place,
roughly following a linear path relative to history.

Across tiers, historical 2025 generation is higher than projected levels in Tier 1 states, and slightly lower
than projected levels in Tier 3 states (Figure S6). Post 2025, all tiers project growth in solar and wind:
while Tier 1 states follow a roughly linear path relative to history for all scenarios, Tier 2 states require an
accelerated rate of increase. Tier 3 states show the highest rate of increase historically, and achieve the
generation levels under Current Policies and Fragmented Action on a roughly linear path relative to
history. The trajectory under Unified Action would still require additional acceleration.

Solar and Wind Generation With Historical Data Through 2025
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Fig. S5. Renewable generation (solar and wind), with historical data through 2025 from the U.S. Energy
Information Administration3? and projections from 2025 through 2035 under the Current Policies,
Fragmented Action, and Unified Action scenarios, in units of TWh. Markers indicate the model years;
values for the years between model years are estimated using a linear interpolation.
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Solar and Wind Generation With Historical Data Through 2025
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Fig. S6. Renewables generation by state tier, with historical data through 2025 from the U.S. Energy
Information Administration3® and projections from 2025 through 2035 under the Current Policies,
Fragmented Action, and Unified Action scenarios, in units of TWh. Markers indicate the model years;
values for the years between model years are estimated using a linear interpolation.

3.7.5 EV sales

EV sales reached 7.5% for battery electric vehicles (BEVs) and 1.6% for plug-in hybrid electric vehicles
(PHEVs) in 2025, though progress has stalled in the last two years (Figure S7). National model
projections for 2025 are in line with historical EV sales in 2025. Post-2025 projections would require an
accelerated rate of sales compared to recent years, especially in the Unified Action scenario.
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Fig. S7. Light-duty vehicle EV sales, with historical data through 2025 from Argonne National
Laboratory3' and projections from 2025 through 2035 under the Current Policies, Fragmented Action, and
Unified Action scenarios. Markers indicate the model years; values for the years between model years
are estimated using a linear interpolation. EVs include all-electric vehicles and plug-in hybrid electric
vehicles, assuming an average utility factor of 37%.

3.7.6 Electricity demand

Electricity demand has been stagnant over the past decade, though it has started to increase in recent
years (Figure S8). All three scenarios project increasing demand through 2035, at a faster rate than
recent history, due to new data centers as well as end-use electrification. Across tiers, Tier 3 states are
expected to experience the highest levels of electricity demand increase (Figure S9).
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Electricity Demand With Historical Data Through 2024
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Fig. S8. U.S. electricity demand, with historical data through 2024 from the U.S. Energy Information
Administration32, and projections from 2025 through 2035 under the Current Policies, Fragmented Action,
and Unified Action scenarios, in units of TWh. Markers indicate the model years; values for the years
between model years are estimated using a linear interpolation.
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Electricity Demand With Historical Data Throough 2024
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Fig. S9. U.S. electricity demand by state tier with historical data through 2023 from the U.S. Energy
Information Administration32, and projections from 2025 through 2035 under the Current Policies,
Fragmented Action, and Unified Action scenarios, in units of TWh. Markers indicate the model years;
values for the years between model years are estimated using a linear interpolation.

3.8 Global Warming Potential for Methane

In our scenarios, we use the 100-year global warming potential (GWP) from the IPCC Fifth Assessment
Report (AR5) to convert non-CO2 GHGs into CO2 equivalents, which is aligned with the latest EPA
inventory.33 The 100-year GWP for methane is 28. However, methane is much more potent over a shorter
time frame, given its high greenhouse warming impact per molecule and short atmospheric lifetime
compared with CO2 emission. When methane’s GWP is evaluated over a 20-year time frame (using a
GWP of 84), methane surpasses the transportation sector and becomes the second largest contributor
(after the electricity sector) towards emission differences between Current Policies and Unified Action.
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Fig. S10. GHG emissions by sector across scenarios. Panel a) shows historical GHG emissions in
2005 and 2021 and projected emissions in 2035 under Current Policies, Fragmented Action, and Unified
Action, using the 100-year GWP to convert non-CO2 GHGs into CO2z equivalents. Panel b) shows these
results when the 20-year GWP is used to convert methane emissions into CO2 equivalents.

3.9 Sensitivity analysis

3.9.1 Data centers

Significant uncertainty exists around the growth of electricity demand from data centers in the coming
years. The EPRI data used on data center load growth rates are based on public estimates of historical
and current load levels, as well as varying assumptions about future industry growth, such as the extent
of efficiency breakthroughs and saturation of service demand.-'314 While the central estimate is used in
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our analysis, the low and high estimates (documented in Table S8) could alter projected levels of
electricity demand, and, correspondingly, GHG emissions.

Under the central estimate used in our scenarios, overall electricity demand increases by 24%-34% (949-
1,356 TWh) from 2021 levels in 2035, and data centers account for 30%-42% of this growth.

Under the low estimate, overall electricity demand growth increases by 19-30% (764-1,171 TWh) in 2035,
relative to 2021 levels, across scenarios. Data centers are responsible for 17-27% of the growth. Under
the high estimate, overall electricity demand growth increases by 31-41% in 2035, with data centers
responsible for 42-56%. of the growth. Figure S11 shows the change in electricity demand growth under
the Unified Action scenario, comparing the default assumption to the low and high variations.
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Fig. S11. Electricity demand growth by sector under different data center assumptions in the Unified
Action scenario.
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Impacts of different data center assumptions on GHG emissions are minimal. GHG emissions reductions
in 2035 relative to 2005 range from 34.6-35.7% for Current Policies (35.3% in the central scenario), 46.1-
44 8% for Fragmented Action (45.6% in the central scenario), and 56-56.4% for Unified Action (56.2% in
the central scenario) under different data center load growth assumptions (Fig S12). In scenarios with
high data center demand, constraints on fossil fuel buildout (based on observed supply chain limitations
for new gas turbines) and clean energy policies in the electricity sector mean that renewables are
meeting a significant portion of the new demand across scenarios, and therefore significant increases in
emissions are not observed. Additionally, other sectors decrease their use of electricity in response to the
higher electricity prices associated with higher demand, reducing additional emissions from the sector. In
scenarios with low data center demand, given that renewables are the primary source of new generation,
decreasing demand does not substantially impact fossil fuel generation and emissions. Additionally, other
end-use sectors increase their use of electricity due to lower prices.
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Fig. S12. GHG emissions under different data center assumptions across scenarios.

3.9.2 Other sensitivities

Beyond data center expansion, there are other sources of uncertainty that could impact emissions
trajectories. In this study, we accounted for variations in future projections of Gross Domestic Product
(GDP), population growth, oil and gas prices, and solar and wind capital costs, as documented in Table
S9. We developed the high and low variations for each parameter.
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Table S§9. Assumptions under sensitivity scenarios

Driver Core Assumptions Sensitivities
GDP GDP is assumed to grow by 1.68% per High: GDP is assumed to grow by 2.12% per
year on average from 2022 through year on average through 2035.
2035. Low: GDP grows by 1.08% per year on
average through 2035.
Population Population is assumed to grow by High: Grows by 0.66% per year on average
0.46% per year on average from 2022 through 2035.
through 2035. Low: Grows by 0.34% per year on average
through 2035.
Gas prices are assumed to increase at High: Gas prices are assumed to increase at
Fuel prices an average rate of 1.3% per year from an average rate of 4.3% per year from 2021
2021 through 2035. through 2035.
Low: Gas prices are assumed to decrease at
an average rate of 0.01% per year from 2021
through 2035.
Oil prices are assumed to increase at an | High: Oil prices are assumed to increase at an
average rate of 2.5% per year between average rate of 8.4% per year through 2035.
2021 and 2035.
Low: Qil prices are assumed to decrease at an
average rate of 0.3% per year through 2035.
Solar power Utility solar PV capital costs are High: Utility solar PV capital costs are
assumed to decrease by 44% from 2022 | assumed to decrease by 55% in 2035.
to 2035.
Low: Utility solar PV capital costs are assumed
to decrease by 27% in 2035.
Wind power Land-based wind and offshore wind High: Land-based wind and offshore wind

capital costs are assumed to decrease
by 21% and 45%, respectively, from
2022 to 2035

capital costs are assumed to decrease by 26%
and 47%, respectively, in 2035.

Low: Land-based wind and offshore wind
capital costs are assumed to decrease by 9%
and 47%, respectively, in 2035.

Data centers

Data center load is assumed to grow at
an average 12% annual growth rate
from 2023 to 2030, based on a 2024
EPRI study. Projections from 2030-2035
are linearly extrapolated.

Low: Data center load is assumed to grow at
an average 6% annual growth rate from 2023
to 2030, based on a 2024 EPRI study.
Projections from 2030-2035 are linearly
extrapolated.

High: Data center load is assumed to grow at
an average 18% annual growth rate from 2023
to 2030, based on a 2024 EPRI study.
Projections from 2030-2035 are linearly
extrapolated.

We also combined these sensitivities to represent a low-emissions trajectory—with low GDP and
population growth, high oil and gas prices, low solar and wind capital costs, and low data center demand
growth— and a high-emissions trajectory—with high GDP and population growth, low oil and gas prices,
high solar and wind capital costs, and high data center demand growth—for each of our main scenarios

(Fig. S13).
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Accounting for the low- and high-emissions trajectories, we find that 2035 emissions reductions in 2035,
relative to 2005, range from 29-45% in Current Policies, 40-53% in Fragmented Action, and 52-64% in
Unified Action. These scenarios represent the substantial cumulative effects of these uncertainties on the
final emissions outcomes
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Fig. $13. GHG emissions under high and low emissions variations of aggregated drivers across
scenarios.

Figure S14 further illustrates the independent effects of each of these parameters on emissions
trajectories using the Current Policies scenario. Under the central assumptions for these drivers, this
scenario achieves a 35% reduction in 2035, relative to 2005 levels. Varying oil and gas prices drives the
largest change in future emissions, with 2035 emissions reductions ranging from 32% to 43%. Variations
around other parameters are more modest by comparison. 2035 emissions reductions range from 33-
37% across different GDP and population assumptions; 35-36% across wind and solar capital cost
assumptions; 35-36% across data center electricity demand assumptions.
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Fig. S14. GHG emissions under high and low variations of disaggregated drivers in the Current Policies
scenario.

4 Bottom-up Aggregation Analysis

4.1 Overview of approach

The goal of the bottom-up aggregation analysis is to estimate the overall economy-wide emissions
reductions resulting from a combination of climate actions by non-federal actors. In this analysis, we build
upon a previously developed methodology, including the Accelerating America’s Pledge Technical
Appendix (2019)," Hultman, et al. (2020)?, and Zhao et al. (2024)8.

We focus on state-level climate action, with the assumption that additional policies from cities and
businesses will also be needed to support the state-level actions modeled. We consider non-federal
climate actions with the potential to drive greenhouse gas emissions reductions, which are inclusive of
actions taken to induce cost savings, promote economic growth, and deliver health impacts, among
others.
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This bottom-up aggregation framework involves collecting data on climate actions across sectors at the
state level from official planning documents and policy databases. We then quantified the relative impacts
of these climate actions against a no policy baseline in terms of technology deployment, electricity
generation, energy use, costs, and more. The resulting state-level impacts of these non-federal climate
actions were then represented in GCAM-USA-CGS to estimate potential emissions reductions across the
entire economy.

4.2 Electricity

4 2.1 Renewable Portfolio Standards

Legally binding state-level renewable portfolio standards (RPS) in 29 U.S. states and the District of
Columbia were included in our assessment of existing policies. We differentiated between policies that
include hydroelectric and non-hydroelectric sources, and assumed that all future renewable energy
demand driven by the goals is satisfied by non-hydroelectric generation. In states with RPS that include
hydroelectric sources where hydroelectric generation already meets or surpasses the RPS target, we will
assume a 0% of demand is satisfied by renewable energy.

To estimate future renewable electricity generation driven by RPS legislation, we used effective RPS
demand rates (representing the actual percentage of a state’s electricity load needed to meet RPS
requirements for a specific year) from the Lawrence Berkeley National Lab.3* We then projected state-
level electricity load by coupling historical state-level electricity sales data from the EIA35 with the
projected annual growth rates sourced from GCAM-USA-CGS’s state-level electricity demand outputs.

We assumed that all legally binding state-level RPS would be achieved in the Current Policies scenario.
In the Fragmented Action and Unified Action scenarios, we make assumptions for enhanced action
according to state tiers specified in Table S1. Under Fragmented Action, Tier 1 states are assumed to
reach 65% renewable energy generation by 2035, while Tier 2 states achieve 55% renewable by 2035,
and Tier 3 states achieve 20% renewable energy generation by 2035. Under Unified Action, Tier 1 and
Tier 2 states are assumed to reach 65% renewable energy generation by 2035, and Tier 3 states achieve
50% renewable energy generation by 2035.

After calculating the appropriate ambition levels for state-level RPS, the RPS are aggregated at the grid
level, weighted by the share of electricity consumed by each state.

Table S9. Modeled state-level RPS under Current Policies
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State 2030 2035 s 5 0%
AK 0% 0% MT 0% 0%
:'F-{ 8Z° 8:? NC 0% 0%

b 6 ND 0% 0%
AZ 0% 0% NE 0% 0%
CA 55% 26% NH 17% 17%
co 19% 19% NJ 53% 51%
cT 45% 45% NM 45% 58%
DC 87% 100% NV 43% 44%
o] 0,
DE 21% 32% NY 70% 70%
g; 8 Of’ 8 0;0 OH 0% 0%
b b OK 0% 0%
HI 48% 04% OR 25% 32%
A o o PA 14% 14%
(o] (s]
70 o,
I 37% 42% SRé 600//" g(i//(’
3 o (s] (o]
}'(’\é o o SD 0% 0%
= > N 0% 0%
’EX 8 0;0 8 0;" X 0% 0%
(] Y 0, 0,
MA 39% 43% - o o
= e VA 21% 31%
MD o i VT 39% 44%
ME ” i WA 12% 12%
MN 50% 76% W 0% 0%
MO 9% 9% WY 0% 0%
MS 0% 0%

4.2.2 Clean Electricity Standards

Clean electricity standards (CES) were implemented in the Fragmented Action and Unified Action
scenarios, with assumptions for enhanced action according to state tiers specified in Table S1. Under
Fragmented Action, Tier 1 states are assumed to reach 80% clean energy generation by 2035, while Tier
2 and Tier 3 states are assumed to not have an explicit clean energy generation target. Under Unified
Action, Tier 1 and Tier 2 states are assumed to reach 80% clean energy generation by 2035, while Tier 3
states are assumed to not have an explicit clean energy generation target.

The CES encompasses all low-emitting sources, including hydroelectric power, nuclear, biomass, solar,
wind, and fossil fuels equipped with carbon capture and storage.

4.2.3 Coal

It is assumed that no new unabated coal-fired power plants are constructed in the United States across
all modeled scenarios, consistent with existing EPA new source performance standards under section
111 of the Clean Air Act.38 For electricity generation from existing coal-fired power plants, we estimate an
upper limit based on announced retirement dates at the plant-level based reported in three data sources:
EIA-860 (March 2024)%2, Global Energy Monitor's Global Coal Plant Tracker (January 2024)%, and the
EPA National Electric Energy Data System (NEEDS) database (January 2024).38 For plants with an
announced retirement date reported only in the EPA NEEDS database, that retirement date was used.
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For plants with an announced retirement date in either EIA-860 or the Global Energy Monitor’s Global
Coal Plant Tracker, we used the earliest of the two, regardless of what was contained in the EPA NEEDS
database for a given coal plant. We then applied the retirement trajectories for each generating unit to
historical generation levels in 2020 and assumed that that amount of generation goes offline in each unit’s
retirement year.

The resulting electricity generation from all generating units in each model year was then aggregated to
the state level and was used to represent the upper bound on electricity generation from unabated coal in
each state. Additionally, federal and state-level policies in each scenario — for example, state-level
renewable portfolio standards — may drive further reductions in electricity generation from coal in each
state. In the Fragmented Action scenario, it is further assumed that Tier 1 states fully phase out unabated
coal by 2030, Tier 2 states by 2035, and Tier 3 states by 2040. In the Unified Action scenario, coal phase-
out in Tier 2 states is assumed to occur by 2030 as modeled in Tier 1 states, while Tier 3 states are
assumed to phase out unabated coal by 2035.

4.2.4 Nuclear

In all scenarios, a combination of federal and state policy actions are assumed to keep any nuclear power
plants at risk of retiring by 2035 to continue operating. Additionally, Vogtle units 3&4 in Georgia are
assumed to be operating at full capacity by the end of 2025 model period and no additional new nuclear
capacity is assumed to come online in the United States by 2035. The resulting level of nuclear
generation in each state is exogenously specified in GCAM-USA-CGS for each model period.

4.3 Transportation

4.3.1 Zero Emission Vehicle Standards

California has become a model state for electric vehicle adoption by passing emission reduction
regulations and setting ZEV sales targets. California’s Advanced Clean Cars (ACC) | requires vehicle
manufacturers to sell increased shares of zero-emission passenger cars and light-duty trucks starting in
model year 2017 and ending in model year 2025. Under 2012 amendments, state manufacturers can opt
to comply with California’s enhanced standards over the EPA’'s GHG regulations.3® In 2022, California
passed ACC I, which extends light-duty vehicle (LDV) sales targets after 2025 with an ultimate goal of
100% sales of ZEVs by 2035.40 Since then, thirteen states have announced their adoption of ACC Il over
the less stringent EPA regulations. As states adopt regulations targeted toward LDVs, there has been
concurrent movement towards the electrification of medium and heavy-duty vehicles. California’s
Advanced Clean Trucks (ACT) program sets ZEV sales targets for medium and heavy-duty vehicles
through 2035, which was adopted by eleven states as well.#!

However, with the recent removal of the California Waiver under the Clean Air Act, the trajectory for ZEV
deployment in the United States has become uncertain. In response to the waiver removal, the U.S.
Climate Alliance Governors launched the Affordable Clean Cars Coalition (ACCC), with eleven states
signing on. Still, many states have halted their enforcement of EV sales targets or issued delayed
achievement announcements.*2-44 To represent these ongoing developments and uncertainty around the
waiver repeal, we assume that no EV sales mandates are enforced under the Current Policies scenario
as a conservative assumption.

In the Fragmented Action scenario, we assume that various state-level initiatives, including clean car
coalitions, transport emissions reduction targets, low carbon fuel standards, paired with momentum in the
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electric vehicle market, continues the sales of electric vehicles consistent with ACC Il and ACT, buton a
delayed trajectory. For LDV electrification, Tier 1 states follow California and achieve ZEV sales targets
consistent with ACC |l lagged three years, with ZEVs making up 25% of LDV sales by 2028, increasing to
68% in 2033, and maxing out at 100% in 2038. We assumed a six-year time lag for Tier 2 states and a
nine-year time lag for Tier 3 states for achieving ACC Il targets. For medium and heavy-duty vehicle
electrification, ACT stipulates the following ZEV sales targets between 2024 to 2035: 55% for Class 2b-3
trucks, 75% for Class 4-8 straight truck sales, and 40% for truck tractor sales. Under Fragmented Action,
Tier 1 states follow California and achieve ZEV sales targets consistent with ACT lagged three years. In
light of federal rollbacks, we do not implement ACT sales targets for Tier 2 and Tier 3 states.

In the Unified Action scenario, we assume that a re-engaged federal government passes ambitious
tailpipe emissions standards that further supports the state-level EV policies and the market momentum.
In this scenario, all states are assumed to achieve ZEV sales targets consistent with ACC Il with a 3-year
lag, reaching 100% of sales in 2038. For medium and heavy-duty electrification, all states are assumed to
achieve ZEV sales consistent with ACT targets with a 3-year lag.

Table $10. States that have implemented or have announced plans to implement ACC |, ACC Il, ACT
and signed on to ACCC. This table does not reflect states’ delayed implementation announcements.

ACCI ACCII ACT ACCC
Minnesota California California California
Nevada Colorado Colorado Colorado
Virginia Delaware Maryland Delaware
District of Columbia Massachusetts Maryland
Maryland New Jersey Massachusetts
Massachusetts New Mexico New Jersey
New Jersey New York New Mexico
New Mexico Rhode Island New York
New York Oregon Oregon
Oregon Vermont Rhode Island
Rhode Island Washington Washington
Vermont
Washington

4.3.2 Vehicle Miles Traveled

VMT per capita measures the total annual miles of vehicle travel divided by the total population in a state
or urbanized area.*®> VMT can be reduced by shifting away from single-occupancy vehicles and toward
car shares, public transit, micromobility, and other active modes of transportation.
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An increasing number of states and other local actors have turned to vehicle miles traveled (VMT)
reduction policies, in addition to vehicle electrification policies, as a strategy for achieving GHG reduction
goals. California’s 2022 Scoping Plan for Achieving Carbon Neutrality proposed a statewide VMT per
capita reduction of 25% below 2019 levels by 2030 and 30% by 2045.46 This target is in line with
California goals to “reduce demand for fossil transportation fuels and GHGs, and improve air quality.”6
Five other states - Connecticut, Minnesota, Oregon, Colorado, and Washington - varying VMT reduction
targets spanning both near- and long-term policy implementation. Massachusetts has proposed a Senate
Bill which would require VMT reduction targets for 2030, 2035, 2040, 2045, and 2050. Additionally, New
York City has proposed a Senate Bill with the goal of reducing total VMT by 20% by 2050 and
implemented a congestion pricing program that has reduced traffic while generating revenue and
improving air quality.*”

VMT targets for LDVs were modeled in the Fragmented Action and Unified Action scenarios. To create a
baseline case, we collected 2015 LDV VMT data from the FHWA Highway Statistics Series Publications
for each state and applied VMT growth rates for future years through 2035 from GCAM-USA-CGS.*8 We
then applied an annualized reduction target specific to each tier between 2026 and 2035 on top of the
baseline. California’s VMT target was estimated to have an annual per capita reduction of 1.75% between
2026 and 2030.4¢ Our scenarios use a more conservative annualized per capita reduction rate of 1.25%
for Tier 1 states and 0.75% for Tier 2 states under Fragmented Action, and 1.25% for both Tier 1 and Tier
2 states and 0.75% for Tier 3 states under Unified Action.

VMT reductions are implemented as a percentage reduction in total passenger service demand in the
model. The resulting decline in passenger service was predominantly from road vehicles, but a small
amount was from rail and short-haul aircraft.

4.4 Buildings

4.4.1 Efficiency

Energy Efficiency Resources Standards (EERS) are a policy lever at the state level to improve efficiency
in the delivery of residential, commercial, and industrial electricity and gas by setting energy savings
targets for utilities. The scope and ambition can vary across states: Maryland’s EERS covers all sales
within the state, while lowa’s only covers major utilities; targets range from 0-3% of sales; and electricity
standards are more common than than gas targets (data collection found 28 state-level EERS policies for
electricity efficiency, and 21 policies for gas).

To calculate EERS savings under Current Policies, we first collected current state-level efficiency
standards using American Council for an Energy-Efficient Economy’s documentation,*® and then cross-
checked these with individual state websites. Then, to calculate future demand projections, we used
historical state-level demand by sector from the EIA for the years 1990-2019%05' and layered on
projections of future demand obtained from GCAM-USA-CGS’s state-level electricity and natural gas
demand outputs through 2035. To avoid double counting, we removed the expected efficiency gains by
state in the absence of binding policies, from the calculated EERS savings. This approach allows us to
implement only the additional savings that would be achieved from EERS policies. We derived embedded
energy efficiency using projections of future demand from a GCAM-USA-CGS baseline scenario along
with projected energy efficiency savings reported by EIA’s Annual Electric Power Industry Report.5?

Under the Fragmented Action scenario, states begin to adopt more ambitious standards starting in 2025
(Table S11). Tier 1 states’ electricity and gas savings rates were linearly interpolated as if the state was
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on track to reach 4% in 2030, allowing states time to gradually reach higher efficiency levels. For Tier 2
states, we implemented electricity efficiency gains of 1.2% annually, based upon a previous version of
Virginia’s policy.>® We used annual natural gas savings of 0.75%, following efficiency policies currently
enacted in Michigan.?* Across sectors, by 2030 all Tier 1 and Tier 2 states reach a 4% annual electricity
savings, in alignment with the Global Renewables and Energy Efficiency Pledge.%® We assumed that Tier
3 states implement no additional efficiency targets. For states lacking an efficiency standard, we enacted
the corresponding Enhanced Ambition target at 50% ambition in 2025. For example, North Carolina, a
Tier 2 state, has no gas EERS policy, so we applied a gas target of 0.38% from 2025-2029. Additionally,
across all tiers and scenarios, if the Current Policies EERS savings in a state is more ambitious than what
is assumed under the enhanced scenario, we maintained the former savings levels.

Table S11. Implementation of EERS in the Fragmented Action scenario

Fuel Tier 1 Tier 2 Tier 3

Electricity Linearly interpolate between 1.2% beginning in 2025 n/a
2024 savings rate and 2030
If no existing EERS:

4% savings beginning in 2030 .6% beginning in 2025

4% savings beginning in 2030

Natural Gas 1.3% beginning in 2025 .75% beginning in 2025 n/a
If no existing EERS: If no existing EERS:
.65% beginning in 2025, 0.38% beginning in 2030

4% savings beginning in 2030 4% savings beginning in 2030

For both technologies and all Tiers, if the Current Policies savings target is higher than the Fragmented Action target,
maintain the Current Policies target until surpassed by Fragmented Action in ambition

Under the Unified Action scenario, states begin to adopt more ambitious standards starting in 2025 (Table
S$12). Within building electricity, Tier 1 and Tier 2 states’ electricity and gas savings rates were linearly
interpolated as if the state was on track to reach 4% in 2030, allowing states time to gradually reach
higher efficiency levels. We assume that Tier 3 states reach .6% savings annually from 2025-2029, in line
with savings assumed for Tler 2 states without previous targets under the Fragmented Action scenario.
For natural gas use in buildings, Tier 1 states follow New York’s gas efficiency policy, which mandates
annual savings of 1.3% beginning in 2025.5 We assume that Tier 2 states can achieve half of these
savings, at .65% per year, and that Tier 3 states are capable of savings of .38% annually. Across tiers
and sectors, by 2030 all states reach a 4% annual energy savings, in alignment with the Global
Renewables and Energy Efficiency Pledge formulated at COP28, which targets global average energy
efficiency improvements of 4% by 2030.5%

Table S12. Implementation of EERS in the Unified Action scenario

Fuel Tier 1 Tier 2 Tier 3
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Electricity | Linearly interpolate between Linearly interpolate between .6% savings from 2025-2029
2024 savings rate and a 4% 2024 savings rate and a 4%
savings rate in 2030 savings rate in 2030 4% savings beginning in 2030
4% savings beginning in 2030 4% savings beginning in
2030
Natural 1.3% savings from 2025-2029 0.65% savings from 2025- .38% savings from 2025-2029

Gas 2029
4% savings beginning in 2030 4% savings beginning in 2030
4% savings beginning in

2030

For both technologies and all Tiers, if the Current Policies savings target is higher than the Unified Action target,
maintain the Current Policies target until surpassed by Unified Action in ambition

4.4.2 Electrification

In addition to efficiency standards, some states have also enacted policies banning use of combustion-
powered appliances or otherwise encouraging electrification. Appliance bans in California%” and New
York58 prohibit installation of fossil-fuel hookups in new construction or, in California beginning in 2030, all
new fossil appliance sales. California’s ban includes fossil-fuel powered space heaters and water heaters,
while New York’s policy mandates all-of-building electrification. Other state policies include electrification
targets (e.g. New Jersey)®, mandated reductions in emissions or energy use in the building sector (e.g.
Maryland and Minnesota)e%6! and electric-ready hookup requirements (e.g. Colorado and Delaware).6263
Electrification mandates, particularly for cookstoves, have encountered fierce opposition: since 2020, 26
states have passed preemption laws prohibiting cities from banning natural gas.®* However, 21 of these
states with preemptive bans are listed as Tier 3 in our analysis, and not predicted to enact ambitious
electrification policies.

Building electrification under our enhanced scenarios is broadly based on California’s zero-emissions
appliance standard, which requires that all new sales of space heaters and gas heaters comply with a
zero-NOx standard beginning in 2030.57 Under our Fragmented Action scenario, Tier 1 states reach 100%
electric heating and water sales by 2035, with Tier 2 states following their lead in 2040. The pace of
electrification is faster under the Unified Action scenario, in which both Tier 1 and Tier 2 states reach
100% electric heating and water sales by 2035, with Tier 3 states joining to electrify in 2040. Building
upon this target, under Fragmented Action, all Tier 1 and Tier 2 states commit to all-electric new
construction by 2035, while under Unified Action, all states regardless of tier commit to 100% electric
construction by 2035.

4.5 Land Use, Land-use Change, and Forestry

Projected CH4 emissions in the land use, land-use change, and forestry (LULUCF) sector are estimated
based on the EPA’s MAC curves, as described in Table S6. CO2 and N20 emissions are estimated based
on results from the America Is All In lands sector report as described in Table S6.5 In this 2024 report,
the Forest and Agricultural Sector Optimization Model with Greenhouse Gases (FASOMGHG) is used to
assess the cost-effective combination of different land-based activities to maximize the greenhouse gas
mitigation potential of federal and non-federal policies.®® The model accounts for opportunity costs as
agriculture and forestry commodity markets adjust in response to GHG reduction investments, and
projects subnational land sector dynamics for 11 regions in the United States.
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This report examines three scenarios under alternative policy assumptions: an Absent Climate-Smart
Policies scenario, an Existing Policies scenario, and an Enhanced Ambition scenario. The Existing
Policies scenario assumes full implementation of current federal and state policies, including $42 billion in
investments in climate-smart agricultural practices, conservation policies across the forestry and
agriculture sectors, wildfire mitigation, and afforestation and reforestation efforts. The Enhanced Ambition
scenario assumes heightened ambition from climate-leading, fast-mover states, leading to an increase of
$160 billion in climate-smart policies and incentives for the agriculture and forestry sectors.

While these scenarios do not match the assumptions in our scenarios precisely given recent changes on
the federal side, we assume that the agriculture and forestry emissions projections under the baseline
scenario are achieved in this paper’s Current Policies scenario; the projections under the Existing Policies
scenario are achieved in this paper’s and Fragmented Action scenario; and the projections under the
Enhanced Ambition scenario are achieved in this paper’s Unified Action scenario.

5 Supplementary Figures
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Fig. S15. Road passenger service share in the Current Policies, Fragmented Action and Unified Action
scenarios, in units of percentages. The percentage of total service from electric vehicles is in blue, and
the percentage from gasoline is in gray. Under the Unified Action scenario, the share of EV sales
increases to 33% in 2035 as a result of additional EV incentives and mandates, compared to 22% under
the Fragmented Action scenario and 19% under the Current Policies scenario.
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Road freight service share
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Fig. S16. Road freight service share in the Current Policies, Fragmented Action and Unified Action
scenarios, in units of percentages. The percentage of total service from electric vehicles is in blue, and
the percentage from diesel is in gray. Under the Unified Action scenario, the share of EV sales increases
to 14% in 2035 as a result of additional EV incentives and mandates, compared to 4% under the
Fragmented Action scenario and 1% under the Current Policies scenario.

Buildings final energy
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Fig. S17. Buildings sector final energy demand in the the Current Policies, Fragmented Action and
Unified Action scenarios, in units of exajoules (EJ). Under the Unified Action scenario, the share of
electricity increases from 51% in 2021 to 60% by 2035 as a result of electrification incentives and
mandates, compared to 58% under Fragmented Action and 55% under the Current Policies scenario.
Additionally, total demand decreases in the Unified Action scenario as a result of enhanced energy
efficiency measures as well the higher share of electricity, which is more energy efficient than other fuels.
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Industry final energy (no feedstocks)
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Fig. S18 Industrial sector final energy under the Current Policies, Fragmented Action and Unified Action
scenarios, in units of exajoules (EJ). Under the Unified Action scenario, the share of electricity increases
from 22% in 2021 to 24% by 2035 as a result of electrification incentives and lower electricity prices,
compared to 21% under Fragmented Action and 20% under the Current Policies scenario.
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Fig. S19. National sectoral metrics in 2030 and 2035 across scenarios. Scenarios are differentiated
by color. The renewable electricity metric indicates the percentage of the generation mix that comes from
solar and wind resources. The clean electricity metric indicates the percentage of generation from clean
sources, which include solar, wind, biomass, nuclear, hydropower, and fossil fuels with CCS. The
passenger EV stock metric indicates the percentage of total road passenger vehicles that are electric.
The freight EV stock metric indicates the percentage of total road freight vehicles that are electric. The
building electrification metric indicates the percentage of building energy consumption that is from
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electricity. The industry electrification indicates the percentage of industry energy consumption that is
from electricity.

Bibliography

1. Hultman, N. et al. Accelerating America’s Pledge: Technical Appendix. The America’s
Pledge Initiative on Climate Change. 62 (2019).

2. Hultman, N. E. et al. Fusing subnational with national climate action is central to
decarbonization: the case of the United States. Nat. Commun. 11, 5255 (2020).

3. Kennedy, K. et al. Blueprint 2030: An All-In Climate Strategy for Faster, More Durable
Emissions Reductions. https://www.americaisallin.com/blueprint-2030 (2022).

4. Hultman, N. et al. An All-In Climate Strategy Can Cut U.S. Emissions by 50% by 2030.
https://cgs.umd.edu/research-impact/publications/all-climate-strategy-can-cut-us-emissions-
50-2030 (2021).

5. Zhao, A. et al. An “All-In” Pathway To 2030: U.S. Methane Emissions Reduction
Potential. https://cgs.umd.edu/research-impact/publications/all-pathway-2030-us-methane-
emissions-reduction-potential (2022).

6. Zhao, A. et al. High-ambition climate action in all sectors can achieve a 65% greenhouse
gas emissions reduction in the United States by 2035. Npj Clim. Action 3, 1-11 (2024).

7. Maryland Public Service Commission. Renewable Energy. Maryland Public Service
Commission https://www.psc.state.md.us/electricity/renewable-energy/ (2023).

8. Energy Efficiency and EmMPOWER Maryland. Maryland Public Service Commission
https://www.pscmaryland.com/regulated-utilities/electricity/energy-efficiency-and-empower-
maryland/.

9. Cap-and-Trade Program. California Air Resources Board https://ww2.arb.ca.gov/our-
work/programs/cap-and-trade-program.

10. Washington’s Cap-and-Invest Program. State of Washington Department of Ecology

https://ecology.wa.gov/air-climate/climate-commitment-act/cap-and-invest.

65


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

NON-PEER REVIEWED PREPRINT (June 2026)

11. State Renewable Portfolio Standards and Goals. https://www.ncsl.org/energy/state-
renewable-portfolio-standards-and-goals.

12.Barbose, G. U.S. State Renewables Portfolio & Clean Electricity Standards: 2024 Status
Update. Energy Markets & Policy Berkeley Lab https://emp.lbl.gov/publications/us-state-
renewables-portfolio-clean-0 (2024).

13. Ordonez-Olazabal, K. et al. Modeling Heterogeneous Subnational Climate Action
through a Sectoral Tiering Framework: Implications for U.S. Decarbonization Pathways.
Preprint at https://doi.org/https://doi.org/10.31223/X51F53 (2026).

14.Bond-Lamberty, B. et al. GCAM 6.0. Joint Global Change Research Institute
https://doi.org/10.5281/ZENODOQ.6619287 (2022).

15. National Renewable Energy Lab’s Annual Technology Baseline. National Renewable
Energy Lab https://atb.nrel.gov/.

16.US Environmental Protection Agency. Global Non-CO2 Greenhouse Gas Emission
Projections & Mitigation Potential: 2015-2050. https://www.epa.gov/global-mitigation-non-
co2-greenhouse-gases/global-non-co2-greenhouse-gas-emission-projections (2019).

17. Annual Energy Outlook 2023 - U.S. Energy Information Administration (EIA).
https://www.eia.gov/outlooks/aeo/index.php.

18. Power Data Centers: U.S. Energy System and Emissions Impacts of Growing Loads. 29
https://restservice.epri.com/publicdownload/000000003002031198/0/Product (2024).

19. Wood Mackenzie. US Q1 Wind Installations Increase 91% YQOY, but Uncertain
Regulatory Environment Stalls Turbine Orders. https://www.woodmac.com/press-
releases/us-q1-wind-installations-increase-91-yoy-but-uncertain-regulatory-environment-
stalls-turbine-orders/ (2025).

20. Pacific Northwest National Laboratory. Offshore Wind Environmental Monitoring
Metadata. Tethys https://tethys.pnnl.gov/offshore-wind-environmental-monitoring-metadata

(2025).

66


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

NON-PEER REVIEWED PREPRINT (June 2026)

21.Cohen, J., Fitch, T. & Shwisberg, L. Gas Turbine Supply Constraints Threaten Grid
Reliability; More Affordable Near-Term Solutions Can Help. RMI https://rmi.org/gas-turbine-
supply-constraints-threaten-grid-reliability-more-affordable-near-term-solutions-can-help/
(2025).

22.Preliminary Monthly Electric Generator Inventory (based on Form EIA-860M as a
supplement to Form EIA-860). https://www.eia.gov/electricity/data/eia860m/.

23.Howland, E. EPA plan to end GHG reporting would hurt carbon capture efforts: industry
coalition. Utility Dive https://www.utilitydive.com/news/epa-ghg-reporting-program-carbon-
capture-45q/760093/ (2025).

24.Kennedy, S. et al. Harnessing the Land Sector to Achieve U.S. Climate Goals.
https://cgs.umd.edu/sites/default/files/2024-01/file_All-In%20Lands%20Report_Final.pdf
(2024).

25.Guel, T. et al. Direct Air Capture: A Key Technology for Net Zero.
https://iea.blob.core.windows.net/assets/78633715-15c0-44¢e1-81df-
41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf (2022).

26. International Energy Agency. CCUS Projects Database. (2026).

27.Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2023. 1024
https://library.edf.org/AssetLink/145ky510ew61fk1tq5¢c2klp5kq5yp33j.pdf?_gl=1*s6ah8w* g
cl_au*MTQ1MjAyME50C4xNzUyODQ20TU1*_ga*MTUSNTgyNTExMS4xNzUyODQ20TU
1*_ga_2B3856Y9QW*czE3NTg40Dg10TAkbzgkZzEKdADE3NTg40Dg2MTEkajM5JGwwJG
gw (2025).

28. Preliminary US Greenhouse Gas Emissions Estimates for 2025.
https://rhg.com/research/us-greenhouse-gas-emissions-2025/ (2026).

29. Executive Office of the President. Reinvigorating America’s Beautiful Clean Coal

Industry and Amending Executive Order 14241. (2025).

67


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

NON-PEER REVIEWED PREPRINT (June 2026)

30.U.S. Energy Information Administration. Electricity Generation and Fuel Consumption
by Facility. Form EIA-923 (Power Plant Operations Report). Available via EIA Open Data
API: electricity/facility-fuel. Annual, 2000—present; Monthly, 2025—present.

31. Light Duty Electric Drive Vehicles Monthly Sales Updates. Argonne National Laboratory
https://www.anl.gov/esia/light-duty-electric-drive-vehicles-monthly-sales-updates.

32.U.S. Energy Information Administration. State Energy Data System (SEDS):
Consumption and Expenditures. Available via EIA Open Data API: seds. Annual, 1990-
present.

33.Stocker, T. F. et al. Climate Change 2013: The Physical Science Basis. Contribution of
Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. 1535 https://www.ipcc.ch/report/ars/wg1/ (2013).

34.Lawrence Berkeley National Lab. RPS and CES Demand Projections. (2023).

35.US Energy Information Administration. EIA-861 Annual Electric Power Industry Report
2010-2022. Historical State Data https://www.eia.gov/electricity/data/state/ (2022).
36.U.S. Environmental Protection Agency. Standards of Performance for Greenhouse Gas
Emissions from New, Modified, and Reconstructed Stationary Sources: Electric Utility
Generating Units. 80 Federal Register 205 vol. 40 CFR parts 60, 70, 71, and 98 (2015).
37.Global Coal Plant Tracker. Global Energy Monitor
https://globalenergymonitor.org/projects/global-coal-plant-tracker/ (2025).

38.US EPA, O. National Electric Energy Data System (NEEDS).
https://www.epa.gov/power-sector-modeling/national-electric-energy-data-system-needs
(2018).

39. US Department of Energy. Zero Emission Vehicle (ZEV) Production Requirements.
Alternative Fuels Data Center https://afdc.energy.gov/laws/4249.

40. California Air Resources Board. Advanced Clean Cars Il. https://ww2.arb.ca.gov/our-

work/programs/advanced-clean-cars-program/advanced-clean-cars-ii.

68


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

NON-PEER REVIEWED PREPRINT (June 2026)

41. California Air Resources Board. Advanced Clean Trucks Fact Sheet. ca.gov
https://ww2.arb.ca.gov/resources/fact-sheets/advanced-clean-trucks-fact-sheet (2021).
42.Shepardson, D. Vermont governor pauses electric vehicle requirements. Reuters (2025).
43. Oregon delays enforcement of clean truck rule aimed at phasing out dirty diesel trucks -
oregonlive.com. https://www.oregonlive.com/environment/2025/05/oregon-delays-
enforcement-of-clean-truck-rule-aimed-at-phasing-out-dirty-diesel-trucks.html.

44, Shankman, S., Staff, H. B. G. & Comments53, V. Under pressure from Trump and
manufacturers, Mass. punts on electric vehicle mandate - The Boston Globe.
BostonGlobe.com https://www.bostonglobe.com/2025/05/23/science/massachusetts-
electric-vehicle-mandate/.

45.US Department of Transportation. VMT Per Capita. transportation.gov
https://www.transportation.gov/mission/health/vmt-capita (2015).

46. California Air Resources Board. 2022 Scoping Plan for Achieving Carbon Neutrality. 299
https://ww2.arb.ca.gov/sites/default/files/2023-04/2022-sp.pdf (2022).

47.Kaske, M. & Gordon, A. New York’s Congestion Pricing Is Working. Five Charts Show
How. Bloomberg.com (2025).

48. Federal Highway Administration. Highway Statistics Series. (2022).

49. American Council for an Energy-Efficient Economy. Energy Efficiency Resource
Standards. https://database.aceee.org/state/energy-efficiency-resource-standards.

50.US Energy Information Administration. Natural Gas Delivered to Consumers.
https://www.eia.gov/dnav/ng/ng_cons_sum_a_EPGO0_vgt mmcf_m.htm (2023).

51.US Energy Information Administration. Annual Electric Power Industry Report, Form
EIA-861 detailed data files. https://www.eia.gov/electricity/data/eia861/ (2023).

52.US Energy Information Administration. EIA-860A/860B. (2023).

53. American Council for an Energy-Efficient Economy. Energy Efficiency Resource

Standards. https://database.aceee.org/state/energy-efficiency-resource-standards.

69


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

NON-PEER REVIEWED PREPRINT (June 2026)

54. Michigan Public Service Commission. Energy Waste Reduction.
https://www.michigan.gov/mpsc/consumer/ewr.

55. Global Renewables And Energy Efficiency Pledge. COP28
https://www.cop28.com/en/global-renewables-and-energy-efficiency-pledge.

56. ClimateXChange. Energy Efficiency Resource Standards (EERS). State Climate Policy
Dashboard https://www.climatepolicydashboard.org/policies/buildings-efficiency/eers (2026).
57. California Air Resources Board. 2022 State Strategy for the State Implementation Plan.
(2022).

58. State of New York. Enacted Budget Financial Plan.
https://www.budget.ny.gov/pubs/archive/fy24/en/fy24en-fp.pdf (2023).

59. Murphy, P. D. Target To Install Zero-Carbon-Emission Space Heating And Cooling
Systems In 400,000 Homes And 20,000 Commercial Properties And Make 10% Of All Low-
To-Moderate Income (LMI) Properties Electrification-Ready By 2030. Executive Order 316
(2023).

60. Maryland Department of the Environment. Building Energy Performance Standards.
Department of the Environment
https://mde.maryland.gov/programs/air/ClimateChange/Pages/default.aspx.

61.Jossi, F. Minnesota lawmakers update commercial building code aimed at energy
savings. MinnPost https://www.minnpost.com/environment/2023/05/minnesota-lawmakers-
update-commercial-building-code-amid-flurry-of-energy-bills/ (2023).

62.Perkins, H. & Chu, J. New Colorado Building Energy Code Paves Way for More All-
Electric Buildings, Widespread Use of EVs. America Is All In
https://www.americaisallin.com/new-colorado-building-energy-code-paves-way-more-all-
electric-buildings-widespread-use-evs (2023).

63. Delaware General Assembly. County or Municipal Building, Plumbing, Electrical and

Other Codes. Code for Energy Conservation. vol. 7602.

70


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

NON-PEER REVIEWED PREPRINT (June 2026)

64. Walker, E. T. & Malmuth, A. The natural gas industry, the Republican Party, and state
preemption of local building decarbonization. Npj Clim. Action 3, 98 (2024).

65.Kennedy, S. et al. Harnessing the Land Sector to Achieve U.S. Climate Goals: An All-of-
Society Approach to Meeting Our Climate Goals and Bolstering the Carbon Sink by 2035.
https://cgs.umd.edu/sites/default/files/2024-01/file_All-In%20Lands%20Report_Final.pdf
(2024).

66. Darius Adams, Ralph Alig, Bruce A. McCarl, & Brian C. Murray. FASOMGHG

Conceptual Structure, and Specification: Documentation. (2005).

71


https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0
https://www.zotero.org/google-docs/?5VjvH0

	Abstract
	Results
	Overall emissions trends
	Electricity demand growth

	Discussion
	Materials and Methods
	Overview of Modeling Approach
	Construction of Policy Scenarios

	Data and code availability
	Acknowledgements
	Author contributions
	Declaration of interests
	Bibliography
	1  Introduction
	2  Scenario Overview
	2.1  Current Policies scenario
	2.2  Fragmented Action scenario
	2.3  Unified Action scenario
	2.4  State tiering
	2.5  GHG emissions reductions

	3  Economy-Wide Analysis
	3.1 GCAM-USA-CGS
	3.2  Modeling approach
	3.3  Core modeling assumptions
	3.4 Policy modeling assumptions
	3.4.1  Current Policies
	Federal Assumptions
	Non-federal Assumptions

	3.4.2  Fragmented Action
	Federal Assumptions
	Non-federal Assumptions

	3.4.2  Unified Action
	Federal Assumptions
	Non-federal Assumptions


	3.6  Calibrating emissions to EPA inventory
	3.7  Comparison with near-term trends
	3.7.1 GHG emissions
	3.7.2 Coal generation
	3.7.3 Natural gas generation
	3.7.4 Renewable generation
	3.7.5 EV sales
	3.7.6 Electricity demand

	3.8  Global Warming Potential for Methane
	3.9  Sensitivity analysis
	3.9.1 Data centers
	3.9.2 Other sensitivities


	4  Bottom-up Aggregation Analysis
	4.1  Overview of approach
	4.2  Electricity
	4.2.1  Renewable Portfolio Standards
	4.2.2  Clean Electricity Standards
	4.2.3  Coal
	4.2.4  Nuclear

	4.3  Transportation
	4.3.1  Zero Emission Vehicle Standards
	4.3.2  Vehicle Miles Traveled

	4.4  Buildings
	4.4.1  Efficiency
	4.4.2  Electrification

	4.5 Land Use, Land-use Change, and Forestry

	5  Supplementary Figures
	Bibliography


