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About the Clean Resilient
States Initiative

States often play a leading role in energy and climate policy, but their approaches vary, and the
effectiveness of their policies is hard to gauge. The Clean Resilient States Initiative assesses the extent
to which policies at the state level can reduce greenhouse gas emissions produced by the energy system,
create economic opportunity in low-carbon energy, and enhance resilience to climate-related impacts.

The Clean and Resilient States Initiative explores the relationship between state-level policy and
various outcomes in four papers and an associated database of policies. These resources will provide
insights for policymakers and identify priorities for future research. This is the first paper in the series,
looking at policies to reduce greenhouse gas emissions.

To support deeper analysis and ensure continuity over the four papers, a sample of 16 U.S. states was
selected to study during the project. The selection process centered on three priorities: to include the
largest energy users, to ensure diversity of regulatory environments, and to represent the different
regions of the country. Each attribute has important implications for emissions reductions, economics,
and resilience. The sampling strategy is described in an appendix.
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Introduction

From 2005 to 2018, the United States reduced its carbon dioxide (CO,) emissions from the energy
sector by 12 percent. However, this national average masks wide variation in performance across
states.! In some states, declines in CO, emissions were dramatic: emissions fell by 37 percent in Maine,
34 percent in New Hampshire, and 28 percent in Alaska. However, in Wyoming and Washington,
emissions changed little between 2005 and 2018, while in other states—Idaho, Nebraska, Arkansas,
South Dakota, North Dakota, and Texas—emissions rose by double digits. What explains this variation?
What policies, at the federal or state level, helped lower emissions? And what might policymakers
learn from the states that succeeded in reducing emissions?

To answer these questions, the CSIS Energy Security and Climate Change Program investigated state-
level policies that aim to reduce emissions or boost low-carbon energy. To enable deeper analysis, this
report focuses on a sample of 16 UL.S. states, consisting of the eight largest energy consumers and eight
additional states that are representative of the country in terms of geography, economic structure,
resource endowments, and energy systems (for more information on the sampling strategy, see the
appendix). The authors were interested in the following questions:

= Which states reduced emissions the most and what drove those reductions?

1. Detailed state-level emissions data have been published only through 2018, so this analysis uses 2018 as the
end point. “Energy-Related CO2 Emission Data Tables, Table 2: State energy-related carbon dioxide emissions by
year, adjusted,” U.S. Energy Information Administration, data released March 2, 2021, https://www.eia.gov/envi-
ronment/emissions/state/.
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= Did emissions fall across the energy system, or were they concentrated in some sectors (like
power, industry, transportation, or buildings)?

= Was the reduction in emissions a product of policy, market forces beyond the control of
policymakers, or exogenous factors?

= What policies did different states adopt in order to lower emissions and support low-carbon
energy sources? Is there evidence that these worked?

= Are there any overarching lessons that can be drawn about what policies are most likely to reduce
emissions? Or, in a narrower sense, what lessons can be learned about policy design?

= How much are states collaborating with each other as a way to reduce emissions?

= To what extent has federal policy complemented or inhibited state-level action?

This paper is structured in four sections. The first section describes some facts about greenhouse gas
(GHG) emissions in the 16 states in the sample: where they fell, by what magnitude, and so on. The
second section assesses how specific policies might have affected these outcomes. Given that the
biggest reduction in emissions came from the power sector, the analysis is focused there. This report
examines prominent policy instruments that support the decarbonization of the power sector, like
direct regulation of emissions, market instruments, net metering and interconnection standards,
renewable portfolio standards, and various financial incentives for renewable energy. The third section
looks at questions of equity and environmental justice when it comes to reducing emissions. A final
section presents the main conclusions from this analysis.
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Measuring Success
in Reducing Emissions

Measuring success in decarbonization can be a difficult matter. An obvious approach is to ask: Did a
state reduce emissions in absolute terms? The reduction in absolute emissions is important because,
in the end, what matters is removing CO, from the atmosphere, and bigger reductions make a bigger
contribution to efforts to fight climate change. By that metric, five states alone accounted for more
than a third of the total reduction in CO, emissions: Ohio, Pennsylvania, Indiana, Georgia, and New
York (in that order).?

To measure the absolute reduction alone, however, is to focus predominantly on large states, which
emit a lot of CO, and hence can reduce their emissions by a substantial amount. As a case in point:
Ohio lowered its CO, emissions by roughly 65 million tons between 2005 and 2018. In contrast,
Wyoming’s total emissions in 2005 were around 64 million tons. In other words, Wyoming could
decarbonize its economy entirely, and its overall contribution to the country’s total drop in emissions
would be about the same as Ohio contributed during the 13-year period under study. For that reason, it
makes sense to think not only about absolute reductions but also about relative ones. By that measure,
the leaders were Maine, New Hampshire, Alaska, and Maryland (if included, the District of Columbia
would rank fourth).

There are several important caveats, however. The results observed are somewhat sensitive to the time
span chosen. Examine the period from 2005 to 2017 instead, for example, and New Mexico has the

eighth-highest percent reduction in CO, emissions in the country; expand the timeframe by a year into
2018, though, and New Mexico ranks 25th. This is an extreme case, but numerous factors could drive
these kinds of variations: colder or warmer weather could influence demand in any given year, a major
economic shock could lower demand, or a major investment could boost it. Absolute statements about
success or failure are therefore best avoided.
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History and past performance can also shape what a state can accomplish. California’s emissions fell
by just 5 percent from 2005 to 2018, a record that might seem at odds with California’s reputation as a
climate leader. But from 1990 to 2005, before this study period begins, California’s emissions had risen
by only 7 percent (compared to the national average of 19 percent). More importantly, California’s per
capita emissions were 44 percent lower than the U.S. average in 2018, and the state reduced its per
capita emissions by about 14 percent from 2005 to 2018, while per capita emissions for the country as
a whole stayed flat. Emissions totals alone rarely tell the whole story.

Other contextual factors matter, too. Geography and density can shape a state’s transportation system:
on a per capita basis, transportation energy use in Alaska is almost four times higher than it is in

New York. A state’s economic profile also impacts energy use: the industrial sector in Texas consumes
almost twice as much energy as the entire state of New York. Climate impacts energy use as well: an
average person in North Dakota consumes four times as much energy at home than an average person
in Hawaii.2 Resource endowments also shape what is possible: Oregon and Washington perform best
in terms of how much CO, is emitted for each unit of energy consumed, largely because these states
generate 60 and 71 percent respectively of their electricity from hydropower.? Conversely, the states
on the other extreme of that spectrum—West Virginia and Wyoming—are big coal producers. Finally,
accounting measures can affect outcomes: when a state generates electricity that is exported across
state lines, the emissions from that electricity are attributed to the generator, not the consumer. Major
electricity exporters, like Wyoming, North Dakota, and West Virginia, can be “penalized” by such
accounting methods.

These factors are important in how performance is measured; at a minimum, they require that one
speak about success in a limited fashion, always aware that different ways of looking at the data could
yield different results. More fundamentally, one should bear in mind the importance of historical
context, geography, resource endowments, economic structure, and other factors that shape state
energy systems and the backdrops against which policy choices are made. As tempting as it is to draw
a link between policy decisions and performance, one can never fully account for all external factors.

With these caveats in place, percent reduction in emissions was selected as the most important metric
for success. Between 2005 and 2018, 12 of the 16 states in the sample reduced GHG emissions, while
four did not (Wyoming, Louisiana, Texas, and South Dakota). The vast majority of these reductions
came from the power sector, mirroring the performance of the country as a whole. This was true even
in states where emissions went up overall: emissions from electricity fell, even if emissions from
other sectors rose by a greater volume. Given the significance of this sector as the principal source of
state emissions reductions, much of this report’s analysis is focused in this area. (For a discussion of
reductions in the industrial and transportation sectors, see the next section.)

2. This does not mean that climate is destiny—per capita energy use in the residential sector has declined by
about 40 percent in California between 1973 and 2018.

3. That said, New Hampshire—which has the fourth-lowest carbon intensity per energy used—is in that spot
because of nuclear power, not natural resource endowments.
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Figure 1: Energy-Related CO, Emissions: Changes by State and Sector, 2005 to 2018
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Source: “Energy-Related CO2 Emission Data Tables,” U.S. Energy Information Administration, data released March 2, 2021, https://www.
eia.gov/environment/emissions/state/.
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Emissions Reductions
from Industry and
Transportation

CO, emissions from industry fell in a number of states in the sample, and often those declines were
substantial: 34 percent in Virginia, 31 percent in Georgia and New York, 24 percent in Massachusetts,
and 11 percent in Oregon (see Figure 1 above).? Generally speaking, there is a clear relationship
between CO, emissions and energy use: the change in CO, emissions from 2005 to 2018 is predicted
by the change in energy use in the same time period (the R-squared is 0.9379).% Explaining the decline
in industrial energy consumption is harder, however, partly due to insufficient data on energy use by
industrial subsectors. But there is strong circumstantial evidence to suggest that the observed change
in energy use was largely the result of changes in industrial activity.

This analysis was based on three external data sources:

= First, the Bureau of Economic Analysis provides detailed data on value added by industrial
subsector for the years 2005 and 2018 (in chained 2012 dollars), which allows one to see which
sectors grew and which sectors declined.*

= Second, the U.S. Energy Information Administration’s (EIA) Manufacturing Energy Consumption
Survey provides data on the energy intensity of different industrial sectors; in particular, Table
6.1 of the 2014 survey shows the energy used per dollar of value added.® This metric is helpful
in understanding how industrial value added might impact energy consumption. Changes in the
manufacture of coal and petroleum products, for example, will have a bigger impact than changes
in the manufacture of machinery (39.3 thousand British thermal units per dollar of value added for
the former versus 0.9 thousand British thermal units per dollar of value added for the latter).

= And third, the EIA provides data on refinery closures. Given that refineries are among the most
energy-intensive industrial activities, this data can help corroborate changes in energy use.’
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Looking at Virginia, for instance, the 34 percent reduction in industrial CO, emissions coincided with

a 21 percent reduction in industrial energy use (direct energy use, excluding electricity from the grid).
The value added of several energy-intensive sectors fell from 2005 to 2018, even though manufacturing
value added as a whole increased for the state. The value added in coal and petroleum manufacturing
fell by 71 percent as the state’s only refinery closed; chemicals fell by 24 percent, textiles by 55 percent,
and paper by 26 percent. A few energy-intensive sectors, like food and beverage manufacturing or
primary metals, increased, but overall there seems to be strong support for the thesis that the decline in
several key industrial sectors drove the reduction in energy use—and therefore in emissions.

This type of analysis was performed for the nine states where CO, emissions from industrial energy
consumption fell between 2005 and 2018, and the conclusions were similar to Virginia: the decline in
a few key sectors appears to have driven the decline in energy use and emissions. As such, there are
not compelling policy measures in these cases that merited deeper investigation.

Declines in emissions from the transportation sector were less significant, but still material. In

three states, the drop in CO, emissions from transportation were in the double digits: Louisiana (25
percent), Pennsylvania (15 percent), and Ohio (13 percent). In several others, the reductions were
smaller (between 4 and 8 percent), while in a few states, emissions from the transportation sector rose
between 2005 and 2018.

As with industry, there is an observable correlation between emissions and energy use (R-squared of
0.98). But it is harder to conclusively establish the effect of underlying activity on CO, emissions and
energy consumption. The simplest measure to use is a state-level estimate of vehicle miles traveled,
published by the Federal Highway Administration in the Highway Statistics series.” For some states, the
prima facie link between the variables is plausible: in Texas, emissions went up by 15 percent, energy use
by 19 percent, and vehicle miles traveled by 20 percent. South Dakota and Florida show a similar story.

However, the relationship is not always so clear-cut. In several states, changes in fuel use were driven
largely by jet fuel.® In Louisiana, for example, CO, emissions from transportation fell by 25 percent
while vehicle miles traveled rose by 11 percent. This appears, at first glance, to be a major disconnect,
but the reduction in energy use is entirely attributable to a sharp decline in jet fuel: excluding jet fuel,
energy use in transportation actually went up by 1 percent. Ohio is another state where the topline
reduction in emissions is impressive (13 percent), but jet fuel is responsible for a large share of the
change in energy use—excluding jet fuel, energy use in transportation fell by just 4 percent.

Simply comparing the years of 2005 and 2018 can also conceal a lot of variation for the period in
between, and especially mask the effects of the 2007-2009 recession. In California, for instance, motor
gasoline use fell by almost 13 percent from 2005 to 2012, but it has since risen by almost 4 percent.
This broad pattern of a sharp drop to 2012 followed by stability or even a modest increase is seen in
several other states: Georgia, Illinois, Massachusetts, Minnesota, New York, Ohio, and Virginia. Only

in Pennsylvania is there a sustained decline observed throughout the study period, but vehicle miles
traveled also declined there by 5 percent.

There are other trends that further dilute the success implied by the topline figures. Several states
reported a sharp decline in residual fuel oil use for ships. In others, there was a sharp increase in gas
used for pipelines, offsetting some of the emissions gains from the road transportation sector. There is
also an increase in ethanol use across the board, which, by convention, is considered carbon neutral at
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the point of combustion.* Together, these changes make the apparent disconnect between energy use
and vehicle miles traveled far less puzzling.

In summary, the reductions in CO, emissions from the industrial and transportation sectors might
seem impressive at first glance, and they appear to be major contributors to the overall reductions

in CO, emissions in certain states. On closer inspection, however, these changes seem to reflect
some underlying economic shifts in industry and transportation. There are, surely, policy drivers at
play here—including the blending of ethanol, continued gains in vehicle efficiency, and even vehicle
electrification, although that was modest during the study period. But the data did not point to major
success stories of the magnitude observed in the power sector.

4. Producing and burning ethanol results in emissions of CO2, but it is generally considered carbon neutral be-
cause CO, is absorbed as the biomass grows, which may offset the CO2 produced when it is burned.
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Policies to Reduce
Emissions or Boost
Renewable Energy

States employ a number of policies to reduce emissions from the power sector. This paper focuses on
six main instruments:

= Economy-wide emissions reduction targets
= Emissions performance standards

= Cap-and-trade systems

= Renewable portfolio standards

= Net metering

= Financial incentives

Of course, states do not always work alone. Multi-state coalitions, such as the Clean Energy States
Alliance, pool their resources and knowledge to facilitate the deployment of low-carbon technologies
in their states, like offshore wind and zero-carbon heating and cooling technologies.’ The federal
government also works with states, including by sharing knowledge and providing funding for
collaborative projects. Through its national lab system, the U.S. Department of Energy builds
partnerships with states to further technology development.

Though this paper is focused on state action, federal policy also matters. Major federal policies in place
to encourage renewable energy development during the period under study for this report remain
critical to this day. These include the 30 percent Investment Tax Credit for solar installations and the
$0.015 per kilowatt-hour Production Tax Credit for wind farms. These credits likely bolstered actions
taken by states and provided incentives in states that were not otherwise taking initiative. On the
other hand, there was interference from the federal government during the study period as well. Most
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notably, the U.S. Environmental Protection Agency (EPA) under President George W. Bush refused to
grant California a waiver to set fuel economy rules for vehicles.'® More broadly, the Bush-era EPA was
reticent to take action on reducing GHG emissions, and in 2003, the agency claimed it did not have the
authority to regulate GHG emissions under the Clean Air Act.* However, this ultimately set the scene
for future federal regulations: several states sued the EPA, leading to a landmark Supreme Court ruling
that overturned the EPA’s refusal and established that the federal government did have the authority to
regulate emissions.™

Economy-Wide Emissions Reduction Targets

States often set an economy-wide target to reduce emissions relative to a baseline year—usually either
1990 or 2005, in line with the Kyoto Protocol or Paris Climate Agreement respectively. The ambition of
these targets is partly shaped by the time of their adoption. Earlier adopters often initially committed
to shorter time horizons, which have been increasingly “layered”—supplemented or replaced by
steeper mid-century targets. By contrast, states that adopted targets more recently, such as Virginia
and Louisiana, have moved straight to longer-term commitments.

Table 1: Emissions Reductions Targets: Table 1 includes economy-wide targets that
Selected States were established through either statutory action
or executive order. The former may be viewed
State Adopted Target(%) TargetYear Source as stronger policy commitments, because they
2005 80 '50 Executive . .
often prescribe enforcement mechanisms
cA 2016 40 '30 Statutory o )
5018 NZ s Executive to support emissions reductions, such as
OR 2007 75 '50 Statutory legislative authority to penalize (e.g., fine) non-
FL 2007 80 50 Executive compliant emitting firms.*® Targets originating
ma 0% 80 >0 statutory in legislation may also be less susceptible
2021 Nz '50 Executive litical Th ] d .
2002 1 20 Statutory to political turnover. The case of Florida is
2009 80 '50 Executive illustrative of this point: Florida’s governor
NY . P
2019 40 '30 Statutory authorized an emissions target and regulatory
[ 1 . . .
£ 2019 8 >0 Statutory program in 2008, which was rolled back by his
] U . . .
a MN 2007 8 0 Statutory successor in 2012. Thus far, such backsliding
PA 2019 80 '50 Executive L. . lativel 1
L 2019 -8 s Erecutive on emissions targets is relatively unusual.
NM 2019 45 30 Executive However, Florida may serve as a cautionary tale
LA 2020 NZ '30 Executive for more recent emissions targets advanced by
VA 2020 NZ 45 Statutory executive offices in states under split control,
sb like Pennsylvania, Louisiana, and New Mexico.™
:fn TX
S M Even where emissions targets are less
2 BN .
oH susceptible to retrenchment, challenges
related to resource allocation and enforcement
Note: NZ = net-zero may pose barriers to enacting policies aimed

at targeted emissions reductions, and some

Source: “U.S. State Greenhouse Gas Emissions Targets,” Center for o . .
initiatives may simply fall short.’ For this

Climate and Energy Solutions, https://www.c2es.org/document/
greenhouse-gas-emissions-targets/. reason, it is important to view emissions targets

not as significant achievements in and of
themselves, but as a focal point for a broader policy platform.'®

10 | Insights on Emissions Reduction among U.S. States: A Report by the Clean Resilient States Initiative



Emissions Performance Standards

Only a handful of states regulate power sector emissions through a performance standard, but

these policies are associated with some of the largest reductions in CO, emissions at the state and
power-plant level.’” Performance standards impose a maximum threshold on emissions on the basis
of pounds of carbon emitted per megawatt-hour of electricity (Ibs. CO,/MWh). Effectively, these
standards penalize the most carbon-intensive sources of electricity—especially coal, whose emissions
averaged about 2,100 Ibs. CO,/MWh during the study period.’®

Emissions performance standards for electricity generation may be imposed at the point of electricity
generation, at the point of procurement, or at both (see Table 2). Generally, standards also distinguish
between baseload facilities, which provide the majority of electricity, and other facilities, which may
ramp up or down according to demand. With the exception of Massachusetts’s policy, these standards
tend to focus on new or expanded plants, exempting those in operation at the time of standard
adoption. Such exemptions are the subject of some criticism, as they can incentivize electric utilities
to prolong operations of existing plants in order to avoid developing new ones that would be subject
to more stringent emissions controls—a phenomenon observed across the United States after the
imposition of the federal Clean Air Act Amendments of 1977.%

Table 2: Emissions Performance Standards by State: Selected States

Emissions Limit by Power Source*

Year of

Standard Existing baseload New or expanded New orexpanded  Long-term agreements

Adoption plants baseload plants non-baseload plants  forbaseload power
MA 2001 1,800 - - -
CA 2006 - 1,100 - 1,100
oR 2007 - 675 675 -

2009 - - - 1,100

NY 2012 - 925 1,450 -

*Emissions limits listed by maximum lbs. of CO, per megawatt-hour

Source: Data compiled by the CSIS Clean Resilient States Initiative.

The impact of these policies can be most simply evaluated by examining patterns of emissions
associated with fossil fuels in the power sector before and after the earliest compliance year in each
state.” In Figure 2 below, the earliest compliance year is indicated by a bubble marker. A general
decline in emissions and emissions intensity is apparent in the first two illustrations in Figure 2, even
before performance standards take effect. As discussed previously, this trend is observed across most
states within the study period.

From the first two illustrations in Figure 2, performance standards appear to have made more directly
observable impacts in Massachusetts and New York, given the continued and precipitous decline in
emissions in these states following their implementation. In California, the standard may have had

5. A more nuanced measure is that of emissions at the power plant level, but the first year for which this data is
uniformly available is 2011, considerably later than some of the policies discussed here.
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effects initially, but these have proven inconsistent; in Oregon, the impact of the standard is even
more nebulous. One consideration here is how compliance with standards is achieved. In Oregon,
standard compliance may be achieved through carbon offsets, which allow power plants to exceed a
state’s performance standard and “make up” for the excess by investing in emissions-reducing projects,
such as energy conservation improvements or planting trees. Offsets make it more difficult to evaluate
policy effectiveness by observing power sector emissions, as was done here, which may explain why
Oregon’s policy appears ineffectual. More generally, evaluations of carbon offset programs routinely
encounter difficulty demonstrating real, accurate, surplus, and permanent emissions reductions,? an
observed shortcoming of Oregon’s offset program in certain years and a potential pitfall of offsets as an
overall compliance strategy. '

Figure 2: Power Sector Emissions, Carbon Intensity, and Net Trade: Selected States

O =when performance standard went into effect

Emissions Emissions intensity Net Trade Ratio
million tons of CO2 lbs. CO2 / MWh >1 = net exporter
70 1,600 1.4
MA
NY
60 1,400 12
A NY
/ 1,200 OR 0o
50 1.0 fo)
CA NY
1,000 C
40 0.8 L
- 800
30 {I-\\’\_p\- 06 MA
MA 600 \’6“\‘
20 0.4
400 o
OR OR
10 o) 200 0.2
0 0 0.0
2000 2009 2018 2000 2009 2018 2000 2009 2018

Source: “Energy-Related CO2 Emission Data Tables,” U.S. Energy Information Administration, data released March 2, 2021, https://www.
eia.gov/environment/emissions/state/; “State Electricity Profiles,” U.S. Energy Information Administration, data released November 2,
2020, https://www.eia.gov/electricity/state/.

In New York and Massachusetts, performance standards appear more effective, as they parallel declines
in emissions from fossil fuels in the power sector. However, the standards in these states exclusively
regulate emissions from in-state power generation, which creates the possibility of “leakage.” Leakage
occurs when regulation in one state pushes electricity generation activities—and associated pollution—
to unregulated neighboring states. By observing net trade in electricity, the third illustration in Figure
2 provides some insight about instances of leakage. In New York, the emissions reductions do not
coincide with a growing proportion of imported electricity, suggesting limited leakage as a result of the
state’s policy. By contrast, Massachusetts’s emissions reductions coincide with growing dependence

on imported electricity after the state’s performance standard took effect, suggesting that reductions
in the state are linked in part to leakage. The fact that Massachusetts has a more stringent policy than
New York may help explain the different effects observed. Meanwhile, because Oregon and California
impose performance standards on both in-state electricity generation and contracts for electricity
procured beyond their respective borders, their policies reduce the possibility of leakage.
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While emissions performance standards are conceptually among the most straightforward approaches
to power sector decarbonization, this assessment suggests that realized impact is contingent upon
more nuanced policy considerations. Ideally, policies should cover both electricity generation and
procurement to mitigate leakage, and they should apply to existing as well as new or expanded
facilities. Compliance by way of carbon offsets should be carefully considered, as this approach
undermines the directness of policy impact and complicates evaluations of effectiveness.

While emissions performance standards are conceptually
among the most straightforward approaches to power
sector decarbonization, this assessment suggests that
realized impact is contingent upon more nuanced policy
considerations.

Though the performance standard is not without some noted limitations, it is distinctive for both its
direct potential to mitigate emissions and its clear signal of decarbonization as a state policy priority.
This policy approach has been slow to gain widespread adoption across states, owing to challenges of
political feasibility. However, legal action by half a dozen states in 2010 resulted in a requirement that
the EPA establish federal-level carbon emissions performance standards.?? The resultant standards,
published in 2015, were similar to some of the state-level standards described above, but they were
met with legal challenges from another set of states and demands for revision from President Trump
in 2017. These revisions, published in 2018, have again drawn legal action from states focused on
emissions reductions, requiring additional modification by the EPA. This interaction between states
and the federal government highlights the disputed nature of this policy approach, but it also reveals
the significant role of states in shaping federal initiatives. As ambitions to reduce emissions accelerate
at the state level and under the Biden administration, performance standards are likely to continue
play a conspicuous—if contentious—role in climate and energy policy strategy.

Cap-and-Trade Systems

Cap-and-trade systems establish a limit on allowable emissions that decline over time. These programs
usually distribute or auction off allowances to polluting firms that can then be traded to ensure
compliance. They are generally considered more flexible than the performance standards described
above, and they may create greater incentives for innovation in emissions control strategies and
technologies. Most market-based mechanisms in the United States have been pursued regionally.

Across the United States, some regional attempts to create cap-and-trade programs have been more
successful than others. The Western Climate Initiative (WCI), for example, began in 2003 as a coalition
of Western and Southwestern states working to create a regional cap-and-trade system. Despite
interest from various U.S. states, Canadian provinces, and Mexican states, political changes at the
state level and the 2008 economic downturn led most parties to drop out.? Today, the program’s

only members are California and the Canadian provinces of Québec and Nova Scotia. The WCI links
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already-existing markets in the participating jurisdictions by allowing trading of allowances across
them.?* The Regional Greenhouse Gas Initiative (RGGI) cap-and-trade program, formed in 2005, has
seen more success at retaining participating states. Although membership has changed over the years,
the states participating as of July 2021 are Connecticut, Delaware, Maine, Maryland, Massachusetts,
New Hampshire, New Jersey, New York, Rhode Island, and Vermont. RGGI is structured similarly to the
WCI, where programs in individual states add up to a regional market and auction program. A notable
difference is that RGGI is restricted to the power sector.?

Not all collaboration efforts have endured. The Midwestern Greenhouse Gas Accord—signed in 2007
by the governors of Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Ohio, Wisconsin, and South
Dakota, as well as the premier of Manitoba—would have established a regional cap-and-trade program
that covered electric power, transportation, industry, and buildings. Ultimately, political changes in
most of these jurisdictions led to its functional dissolution in 2011.2°

The cap-and-trade programs discussed in this section have proven useful at raising revenue to invest
in other emissions reduction programs. From its inception through 2019, RGGI raised $2.8 billion from
allowance auctions, most of which was invested in programs to increase energy efficiency, deploy low-
carbon technology, or help low-income ratepayers pay their bills.?” As of 2021, California has invested
$14 billion from cap-and-trade auction proceeds in GHG reduction projects.?® It is likely that these
kinds of programs also incentivize some emissions reductions, but it is difficult to establish causality.
A 2015 study of RGGI found that that emissions in the participating states between 2009 and 2011
would have been 24 percent higher without the program.?” However, another study found that while
the program reduced emissions in the region from 2004 to 2012 by reducing coal-fired generation,
natural gas generation in the surrounding states increased to sell energy to the RGGI states.* This
increase did not fully offset emissions reductions in the RGGI states, but it did indicate that the
emissions likely “leaked” from RGGI states into their neighbors. In California, emissions have steadily
declined (from 452 million metric tons of CO,-equivalent in 2012 to 425 million metric tons in 2018),
but the state has not evaluated how much of this reduction was attributable to the cap-and-trade
program.® The only independent analysis estimates that, in 2015 and 2016, between 4 and 15 percent
of the state’s emissions reductions were attributable to cap-and-trade.®?

Despite the issues that the existing programs have gone through, regions are not abandoning cap-and-
trade. Rather, a new effort is emerging. The Transportation and Climate Initiative (TCI), a partnership
formed by several East Coast states in 2010, is working to create a cap-and-trade program for GHG
emissions from transportation. In December 2018, the governments of Connecticut, Delaware,
Massachusetts, New Jersey, Pennsylvania, Rhode Island, Virginia, Vermont, and the District of
Columbia (all members of the TCI, along with Maine, Maryland, New Hampshire, New York, and North
Carolina) announced their intent to contribute to this program, although the membership of the
program is in flux.*® Because each state needs to pass laws supporting the market, the governors that
committed to the program must convince their legislatures to go along. As of this writing, the program
is still in development.

Overall, political conflicts can make it difficult to establish cap-and-trade systems. Although a few states
have been able to avoid or overcome these conflicts and successfully establish programs, it is difficult

to determine how successful those cap-and-trade systems have been at reducing emissions. In light of
these challenges, many states have turned to alternatives that promote low- or non-emitting resources.
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Renewable Portfolio Standards

Renewable portfolio standards (RPSs) are among the most common policy approaches to support
renewable energy growth and emissions reductions. These standards require that utilities produce or
procure a certain amount or percent of electricity from renewable or alternative resources. RPSs have
supported electricity portfolio diversification, emissions reductions, and reductions in the carbon
intensity of state power sectors.** However, not all states with an RPS have accrued benefits at the
same rate, and some states have experienced renewable energy boons without an RPS.

Figure 3 below highlights how electricity generation has changed across states between 2005 and
2018. In this figure, states are grouped according to whether they had an RPS in place, and they are
sorted according to the percent of added renewable energy. Some notable patterns emerge from Figure
3. First, Wyoming and especially South Dakota realized considerable renewable energy growth in the
absence of an RPS. Second, among RPS states, some achieved markedly more renewable energy growth
than others. These patterns are largely explained by RPS policy design, market contexts, and interstate
trading effects.?®
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Figure 3: Electricity Generation: Changes in Market Share by State, 2005 to 2018
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Source: “State-Level Generation and Fuel Consumption Data: Annual,” U.S. Energy Information Administration, data released Septem-
ber 2020, https://www.eia.gov/electricity/data.phpf#tgeneration.

Within the study period, selected states had a range of RPSs in place (see Table 3 below). This variation
is most easily recognizable in different state targets and compliance schedules, which are simple and
easy to conceptualize. For example, New York’s 2006 reduction target was 29 percent by 2015, while
New Mexico’s 2007 target was 20 percent by 2020. This might suggest that New York had a more
ambitious RPS, but a more substantive review of these targets suggests otherwise.

Each state’s RPS uniquely defines which resources are deemed eligible for standards compliance.
While every state includes solar and wind, some exclude certain technologies—such as biomass or
hydropower—while others exclude sources of renewable generation that were already in operation
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prior to a given point in time. This is significant because the inclusion of mature and existing
resources, particularly hydropower, may reduce the effectiveness of an RPS in promoting new
renewable energy projects to displace fossil fuel resources and reduce power sector emissions.

Table 3: Renewable Portfolio Standards in Selected States

MA CA NY NM OR hrd MN PA L OH VA
Most Ambitious
Target 4% 15% 80% NZ 20% 60% CF 25% 29% 70% CF 20% CF 25% 50% 6% 31.5% 18% 25% 125%  85% | 100%
Earliest
artiest 2003 2009 2017 2020 2004 2016 2018 2004 2006 2016 2019 2007 2019 2011 2016 2001 2007 2007 2009 2009 2019 2021
Compliance Year
Target Year 2009 2020 2050 2050 2017 2030 2045 2015 2015 2030 2040 2020 2045 2025 2040 2015 2020 2021 2026 2026 2026 2045
Est. Retail Rate 16% ns. 3% 2% 4% 3% ns. 8% 1% 2% ns.
Cost Cap
Solar 1,600 MW - - - - - - - - - 4% - - - - 1% 0.5% 1.5% 0.5% 6,700 MW
by2030
Onshore Wind - - - - - - - - - - - 6% - - - - 24% - 18.75% G
by2030
Distributed 3%
) - - - - - - - - 0.58% 2% - - - 8% - - - 0.3% - - 1%
Generation by 2015
Offshore Wind - 1600Mw >600MW 2,400 MW 9,000 MW - - - - - - - - - - 5,200 MW
by 2035
Energy Storage 1L000Mwh . R R . R . R R . R R 10 MW
i & by 2025 by 2020
Biomass. v v v v v - v v v v v v v v v - v v v v v
Geothermal v v v v v v v - - v v v v v v v - v v v
Hydro v v v v v v v v v v v - v v v v v v v v v
New Hydro v v v v v v v v v v v v v v v - v v - v v v
Landfill Gas 4 v v 4 v v 4 - 4 v 4 4 v 4 v 4 4 v 4
MsW v v v v - - - - v v v v v - v v v
Wave / Tidal v v v v v v v v v v v - v v v - - - - -
Nuclear - - - - - v - - -
Energy Efficiency - - - - - - - - - - - - - - - - - v - v '
Oldest Qualifying
1997 2004 1988 2004 1995 2001 2004 2001 1999 1998 1973
Resources
ACRONYMS & UNITS
NZ = net-zero MW = megawatt
CF = carbon-free MWh = megawatt-hour

n.s. = not specified

Note: Wind and solar resources are selected from the “Eligible Resources” section of this table for simplification/ease of interpretation,
as solar and wind are eligible under all RSPs.

Source: “Summary Tables,” DSIRE, NC Clean Energy Technology Center, https://programs.dsireusa.org/system/program/tables.

Returning to the example of New York, that state’s original RPS target of 29 percent by 2015 required
only 11 percent in additional resources, because it included existing renewable resources—and
hydropower already accounted for about 18 percent of the state’s electricity portfolio in 2006.3¢ By
some accounts, the inclusion of older renewable resources in RPSs creates demand to support ongoing
maintenance and continued operation. However, failure to account for their inclusion in RPS targets
can result in overestimations of a state’s ambition or of its energy and emissions performance over
time. In contrast to New York, New Mexico’s 2007 RPS limited eligible technologies to those brought
online no earlier than the first year the policy took effect, meaning that utilities could not count

the 2 percent of wind energy already in place to fulfill their RPS obligations. This helps explain the
appreciable differences in renewable energy growth among states with apparently similar RPSs.

Pennsylvania’s Alternative Energy Portfolio Standard, which took effect in 2007, highlights a
related caveat for RPS impact created by eligible resources. That state’s RPS promotes two tiers of
resources: one for renewable energy and a second for “alternative” (i.e., non-renewable) energy
resources, including efficiencies achieved by demand side management, combined heat and power,
and integrated gasification combined-cycle coal. Like the inclusion of existing renewable resources,
inclusion of these technologies can result in lower renewable energy generation than a percentage-
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based target might suggest. These variations in policy design help explain growth differences in
renewable energy generation among RPS states, but so do two other RPS policy attributes: cost
containment and renewable energy credits (RECs).

RPSs typically include cost containment clauses—or “cost caps”—that allow for the suspension of
RPS requirements if compliance is expected to result in significant price increases for consumers.
While few states have fallen short of targets on account of cost constraints, this design feature also
pushes utilities toward least-cost technologies for RPS compliance.*” In the last decade and a half,
this has resulted in an early and overwhelming reliance on onshore wind power for RPS compliance
among states.* It is also important to note that RPSs do not necessarily require that utilities invest
in renewable energy for compliance: most states also allow utilities to meet compliance through the
purchase of RECs. An REC represents a megawatt-hour of electricity generated from a renewable
energy system. Utilities can purchase RECs from other owners of renewable energy systems through
a REC market in order to comply with their RPS obligations. REC markets generally include regional
generation or delivery of electricity, which means RPS compliance in one state can be achieved by way
of renewable energy procurement or development in another.®

In light of cost caps and REC compliance opportunities, the states that have most benefited from RPSs
tend to feature greater resource potential (especially onshore wind) and fewer land-use constraints
(which may arise owing to population density or existing infrastructure). Several states considered
herein match this description, including Minnesota, Illinois, New Mexico, Oregon, and Texas. In

these states, in-state wind capacity has, by and large, fulfilled RPS obligations. Conversely, RPS states
with more limited renewable resource endowments have relied on RECs and out-of-state power
procurement for RPS compliance.” Massachusetts is a case in point. There, in-state electricity generation
accounted for no more than 30 percent of its RPS compliance in a given year between 2008 and 2017.%°
Massachusetts’s experience can be understood as a case of policy “spillover”: essentially, its RPS created
renewable energy demand in neighboring states, especially Maine, which had the ability to supply
abundant onshore wind power relatively cheaply.

Policy spillover explains why some states with no mandatory RPS have experienced rapid expansion in
renewable energy generation: they have done so in response to demands from neighboring states with
RPSs. Lawrence Berkeley National Laboratory suggests that 10 percent of all RPS capacity additions have
been built in non-RPS states, amounting to an estimated nine gigawatts in South Dakota, Wyoming,
and 11 other states.® This finding is supported by another study which indicates that, as an REC trading
zone becomes larger, renewable energy deployment is concentrated in a few states—presumably where
it is most cost-effective.*!

A possible takeaway here is that states should establish in-state generation or procurement
requirements as a condition of RPS compliance to ensure that renewable energy is “homegrown.”

6. State policies regarding RECs are nearly as diverse and multifaceted as those for RPSs. For an in-depth discus-
sion, see Michael Gillenwater, “Redefining RECs—Part 1: Untangling attributes and offsets,” Energy Policy 36, no. 6
(June 2018): 2109-2119.

7. This solution opens the door to another discussion about the role of measurement in state emissions reduc-
tions performance, as emissions associated with procured power generally “count” toward state emissions esti-
mates but are not factored into the analysis here.
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However, defining eligibility for RPS compliance solely on the basis of state boundaries may
discriminate against interstate commerce and put states in violation of the Dormant Commerce
Clause.? As a workaround, legal scholars have suggested that states reauthorize RPSs in language
that emphasizes “legitimate, non-protectionist goals” such as environmental protection, electricity
reliability, and resource diversity.*? To date, this strategy remains untested.

A central opportunity for improving the impact of RPSs lies in aligning policy requirements with
technologies that match state resources, particularly to promote technologies that are not yet
cost-competitive. In the last decade, “carve-outs” for solar and distributed renewables have been
incorporated into many RPS policies, mandating that utilities procure a small amount of renewable
energy from these technologies. Carve-outs have earned some criticism for their price tag—amounting
to as much as 40 percent of overall RPS compliance costs across all states in some years.* Nonetheless,
few states have fallen short of targets on account of cost constraints, and carve-outs have contributed
to substantial growth in solar power in the last decade. Credit multipliers have promoted similar goals
under incentive-based rather than mandate designs, but empirical evidence finds that only carve-
outs have had a statistically significant impact on renewable resource deployment.** In apparent
recognition of their effectiveness, states are increasingly leveraging carve-outs to expand distributed
generation and energy storage.* Offshore wind provides another recent example of aligning policy
with state resources and nascent technologies. In 2016, Massachusetts became the first state to
establish an offshore wind target, creating demand for a locally abundant resource. New York, New
Jersey, and Virginia have subsequently followed suit, in recognition of the direct and long-term
benefits of that resource in terms of in-state renewable energy growth potential.

A central opportunity for improving the impact of RPSs

lies in aligning policy requirements with technologies that
match state resources, particularly to promote technologies
that are not yet cost-competitive.

Accelerating ambitions around renewable energy and emissions reductions are also motivating new
policies that may prove more impactful on future performance. In particular, about a third of all U.S
states have adopted targets for 100 percent carbon-free or net-zero electricity.* These policies have the
advantage of explicitly mandating phase-outs of fossil fuel generation. For example, 2020 legislation

in Virginia targets 100 percent renewable electricity by 2050, the retirement of most oil- and coal-
fired generation units by 2025, and “all other electric generating units that emit carbon” by 2045,

with a few exceptions.® Alongside these more recent and ambitious clean energy commitments, state

8. The doctrine has been summarized as “prohibition on discriminat[ion] between transactions on the basis of
some interstate element.” For a more in-depth discussion see Kevin Todd, The Dormant Commerce Clause and
State Clean Energy Legislation, Michigan Journal of Environmental & Administrative Law, 189:9 (2020): 190-210.
https://repository.law.umich.edu/cgi/viewcontent.cgi?article=1099&context=mjeal.

9. Utilities may petition state regulators for relief over grid reliability or security concerns.
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eligibility criteria for clean or renewable technologies will continue to play an important role. A notable
development is growing support for the inclusion of nuclear energy in clean energy plans, a zero-carbon
resource that has historically been excluded from eligibility for RPS compliance. Five states—New York,
Illinois, Ohio, Connecticut, and New Jersey—have enacted policies to support existing in-state nuclear
generation through subsidies, though none has gone so far as to support new plant development.*’

RPSs can motivate growth in renewables, but the effect is not always a one-for-one substitution of fossil
fuel generation, nor a guaranteed local benefit, even when RPS compliance is fully achieved. States that
have most benefited from RPSs in the last decade are those with abundant mature resources, especially
wind. States that have experienced less renewable energy development from RPSs are likely to benefit
from policy designs tailored to promote new renewable projects that align with local resources. Looking
to the future, nascent technologies may offer greater and more competitive resource potential in these
states. In the long term, the efficacy of the RPS policy approach requires not only high-level targets but
also design features in the fine print that support robust, local renewable energy markets.

Net Metering

Net metering standards are often considered a foundational policy for small-scale renewable energy
generation. These policies allow consumers to become “prosumers” by selling excess electricity
generation to the grid. They reached near ubiquity following the federal Energy Policy Act of 2005,
which required states to consider such standards.*® Net metering policies have the benefit of specifically
cultivating in-state renewable energy and can facilitate other desirable outcomes, such as reductions in
energy demand and energy cost-burdens. Alongside these benefits, innovations in net metering policy
design have supported not only diversification of electricity portfolios, but also diversification of energy
ownership structures, creating new avenues of access to and demand for renewables.

Though states vary on the eligibility of technologies such as wind or small-scale hydropower for net
metering, states with net metering policies uniformly include solar, and net metered systems across
all states are overwhelmingly characterized by solar power. In 2018, net metered systems represented
a greater proportion of total installed solar capacity than utility-scale generation in 18 states.*’ This
pattern highlights the significance of net metering as a source of renewable energy development, as
well as the unique suitability of solar power for distributed generation across a range of environments
(e.g., urban and rural) and customer types (e.g., single homes and larger commercial developments).

Key net metering policy attributes account for the adoption of net metered systems within and across
states by structuring customer opportunities for program participation and by highlighting the program’s
value (see Table 4 below). Traditionally, these attributes include limitations on the size of individual
systems, aggregate net metered capacity, and the rate of compensation for net excess generation.
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Table 4: Net Metering Policies in Selected States

Net Metered Capacity Limits Virtual Net  Third-Party Last Review
Capacity - 2018 Residential Other . Metering Ownership of Net Excess Generation Rate
(Mw) (kw) ) Aegregate Allowed  Allowed RateDesign
8,181 1,000 1,000 5% 2008 2006 2015 Retail
1,858 60 10,000 8% 2008 2008 2016 Less than retail
1,390 25 2,000 5% 2011 2015 2014 Retail
410 25 3,000 n.s. 2008 2012 2017 Retail, then reduced
297 2,000 2,000 n.s. - 2018 2017 Retail, then reduced
215 - - - 2016 2011
165 n.s. n.s. 1% - - 2018 Less than retail
150 80,000 80,000 n.s. - 2015 - Less than retail
137 25 2,000 0.5% 2016 2008 - Retail, then reduced
136 25 300 0.5% - 2016 - Retail
74 1,000 1,000 4% 2013 - 2016 Retail if <40 kW, otherwise less
69 20 1,000 1% 2017 2017 - Retail
67 2,000 2,000 5% 2016 - - Retail, then reduced
19 10 100 0.2% - 2015 2016 Less than retail
6 25 25 n.s. - - - Less than retail
0.7

*percent of utility’s peak demand
n.s. = not specified

Source: “Summary Tables,” DSIRE, NC Clean Energy Technology Center, https://programs.dsireusa.org/system/program/tables.

Rate designs for net excess generation shape the value of net metering participation. States with

the most generous policies require that utilities compensate customers for excess renewable energy
generation at the same rate as their retail electricity. Other states allow compensation structures that

are lower than the retail rate some or all of the time. For example, in Virginia, customers are credited

for excess generation at the retail rate on a 12-month cycle, after which they may opt to roll over credit
indefinitely or to receive payment at a (lower) avoided-cost rate. Illinois customers are also credited the
retail rate on a 12-month cycle, but excess credits are forfeited to the utility at the end of each year. In
Wyoming, customers are only required to be compensated an avoided-cost rate, less than the retail rate
for electricity. While there is evidence that rate structure matters in the adoption of net metered systems,
the potential impact of net metering policies is more fundamentally shaped by capacity limits.*

Limitations on the size of individual systems and aggregate net metered capacity together delimit
the scope of participation in state net metering programs. System limits affect the attractiveness
of distributed generation investment across customer types. For example, Wyoming’s 25-kilowatt
(kW) system limit may suit the needs of individual homeowners, but it may hold little appeal for
commercial or industrial customers. By contrast, Pennsylvania’s policy accounts for this difference
across consumer groups with tiered system limits for single-family residential systems and others,
and Florida’s blanket 2,000 kW system limit may be attractive to all user groups. Aggregate capacity
limits affect how many customers ultimately benefit from net metering by reducing or eliminating
compensation for excess electricity generation when the limit is reached. In short, higher limits of
both kinds improve the potential impact of net metered systems and renewable energy generation,
while rate designs improve the likelihood of realized impact by establishing a value for participation.

In the last decade, some states have expanded participation in net metering through two additional
avenues: virtual net metering (VNM) and third-party ownership (TPO) models. These approaches can
be written into existing net metering policies or developed in parallel with the goal of extending net
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metering participation and the penetration of distributed renewables. While neither has quite reached
the prevalence of conventional net metering, each has taken hold across approximately half of all U.S.
states, considerably expanding avenues for investment in distributed renewables. This is significant
because net metering policies are somewhat regressive: they require that utilities compensate (i.e.,
subsidize) excess generation of those most capable of meeting the up-front capital costs and property
requirements of traditional renewable energy ownership, and utilities distribute the cost of that
subsidy across other ratepayers, including those unable to afford or host distributed renewables.

VNM programs (sometimes called group or neighborhood net metering) allow several customers to
connect to a common, shared renewable energy system and to receive proportional compensation

for their share of the generation. VNM works differently than the typical net metering arrangement,

in which generated electricity flows back to a customer meter. In VNM, generated electricity feeds
directly back to the grid, and the utility then allocates credits to individual utility accounts based on

an allocation agreement. This approach arose in California in 2008 as part of the state’s Multifamily
Affordable Solar Housing (MASH) program, to help ensure that tenants—not just building owners—
received the direct benefits of a building’s solar system.*! Since then, 20 states and the District of
Columbia have adopted various VNM options.>? These policies support a critical evolution in distributed
renewables, providing access to renters and those otherwise unable to host an on-site system. In this
way, VNM can improve inclusivity in net metering policies and renewable energy incentive programs.
At the same time, VNM policies can create demand for, and improve the feasibility of, larger distributed
renewables projects, thereby accelerating renewable energy deployment and decarbonization.

TPO also provides a novel avenue for the penetration of distributed generation. Under TPO models,

a developer owns, operates, and maintains a customer-sited system, and the host customer pays

a specific rate for system use or the electricity generated each month by way of a lease or power
purchase agreement, respectively. This option is useful for customers who lack the upfront capital to
purchase a distributed system, those who do not have the desire to own and maintain one, and those
who cannot claim available incentives like tax credits (such as nonprofits). Under TPO models, such
incentives and net metering compensation typically go to investors, while customers receive lower
rates for renewable energy than may be incurred by direct investment. TPO models are not expressly
allowed in about half of all states and face explicit legal barriers in at least six.>® Restrictions on or
ambiguity respecting TPO legality usually results from how states define utilities, with the language
specifying that only regulated utility companies can sell electricity to end-use customers. Where
supported by state-level policy or rulemaking, however, studies indicate that TPO creates additional
demand for distributed solar, rather than replacing demand for traditional customer-owned systems.>*

In light of these insights, one might conclude that states with higher system and aggregate limits

for net metering, VNM, and TPO policy strategies are more likely to experience more rapid growth

in distributed renewables and net metering participation. This conclusion is supported by empirical
research and generally holds in terms of net metered capacity, depicted in Figure 4 below. *> Among the
selected states, the significance of VNM and TPO is evident in those that have accumulated the greatest
net metered capacity: TPO solar accounted for about 27 percent of all net metered capacity in California
(2,205 MW) and 28 percent in New York (392 MW). Likewise, VNM solar represented 18 percent of
Massachusetts’s net metered capacity (333 MW). States with lower limits on individual systems and
those lacking either VNM or TPO have garnered less net metering capacity. Given that their other policy
attributes are generally favorable, Minnesota and Illinois might be positioned to significantly benefit
from TPO. In apparent recognition of this missed opportunity, Illinois adopted TPO in 2020.5
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Figure 4: Net Metering by Type: Selected States 2018
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Source: “Annual Electric Power Industry Report, Form EIA-861,” U.S. Energy Information Administration, https://www.eia.gov/electrici-
ty/data/eia861/.

While favorable net metering policies continue to support markets for distributed renewables,

rising penetration rates are prompting some states to consider modifications to net metering excess
generation rates. These modifications seek to balance incentives for adoption of renewables with grid
impacts, resulting in new valuation models for net metered systems.’” Generally, new valuation models
account for attributes that have not traditionally been incorporated into rate design, such as collective
benefits or added system costs. For example, in 2017, New York announced the development of a Value
of Distributed Energy Resource (VDER) tariff approach. This variable compensation design accounts

for the wholesale price of electricity in different locations, as well as the generation capacity, demand
reduction potential, and environmental value of individual systems.>® Similar “successor designs” are
under consideration or development in several states. Though highly variable, many include new credit
rates for excess generation, new customer charges, or the creation of a separate customer class for

net metering customers.*® There is some concern that successor designs will prematurely or unfairly
reduce incentives for distributed systems in order to appease utility interests, which face mounting
competition for electricity market share.®® Given the relative recency of these developments, it remains
to be seen how they will affect distributed system adoption and market growth.

Net metering policies play an important role in the decentralization and diversification of electricity
portfolios and in expanding models of participation ownership and renewables consumption. The
impact is historically small but is nonetheless direct, local, and steadily growing. Policy design features
that support diverse and inclusive opportunities for participation are an important driver of renewable
energy growth. Likewise, values reflected in this next generation of net metering policies are likely to
have considerable bearing on the continued expansion of this category of renewables and its potential
for power sector decarbonization.
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Policy design features that support diverse and inclusive
opportunities for participation are an important driver of
renewable energy growth.

Financial Incentives

While the majority of states feature regulations that support basic renewable energy market access
(e.g., net metering), cost constraints remain a primary barrier to the expansion of renewable energy.®
Incentives that provide access to capital and improve project economics are frequently thought of as
useful complements to regulatory measures. Like net metering, state-supported financial incentive
programs have the benefit of explicitly prioritizing localized investment and generation.

Incentives come in a variety of forms, from tax-based credits and exemptions to financing mechanisms
and direct subsidies. The number and type of incentives available differ dramatically across states, as do
eligible beneficiaries (e.g., residential, commercial, or utility), technologies (e.g., solar or wind), and the
monetary value of available incentives. What is perhaps the most comprehensive study of subnational
financial incentives for solar development in the United States found no strong correlation between
solar adoption and value of available incentives.®? A possible explanation for this finding is that state
resource endowments are an important determinant of incentive effectiveness, with resource-rich
states requiring relatively modest incentives for significant development. Setting aside monetary value,
incentives may be most impactful when narrowly tailored to support targeted beneficiaries (e.g., utility-
scale or small-scale projects) and technologies. Here, several types of incentives available in the sample
states during the study period are considered along these dimensions.

Select state incentives are detailed below (see Table 5), including type, eligible technologies (e.g.,
solar, wind, or other), and eligible beneficiaries (residential only, commercial and utility only, or both).
Note that this table does not fully reflect the robustness of state efforts but depicts the availability of
some of the most common incentive types across states. Moreover, the table does not reflect a count
of available incentives. For example, New York offers multiple loan programs for solar technologies,
which have been aggregated into one cell for brevity. In the table, states are organized according to the
proportion of added renewable energy capacity they derive from different technologies.
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Table 5: Incentives for Renewable Energy Development 2005 to 2018: Selected States

TAX-BASED NON-TAX-BASED ADDED CAPACITY TAX-BASED NON-TAX-BASED ADDED CAPACITY
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v - v 8.3% 2,074 v v v v 78.4% 17,935
Wind - v - - - 89.5% 22,439 Wind-driven Wind - - - - v - v 17.7% 4,040 Solar-driven
Other v v 2.2% 545 growth Other v - - 3.9% 897 growth
Eligibility B NR - - Eligibility B B NR NR - -
Solar - = - - - - - - 2.1% 98 Solar v v v - 92.1% 2,169
Wind - v - - - - 95.1% 4,543 Wind - - - v 6.6% 155
[ - - - - - - - - 2.9% 137 Other - - - v vV 1.3% 31
Eligibility - NR - - - - - Eligibility B B B NR NR R R
Solar v v v v v 12.2% 416 Solar - - - - - 78.6% 1,684
Wind v v - v v 85.3% 2,913 Wind - - - - - 0.0% 0
Other - v - v v 2.5% 85 Other - - - - - - - - 21.4% 458
Eligibility NR  NR NR B B NR Eligibility - - _
Solar - - - - - - - 7.2% 97 Solar - = - - - - - - 69.0% 1,041
Wind = - - - - - - 89.8% 1,201 Wind - - - - - - - - 0.0% 0
Other - - - - - - - 3.0% 40 Other - - - - - - - 31.0% 468
Eligibility - - - Eligibility - R R
Solar v v 0.2% 2 Solar v 60.8% 528
Wind v v 99.7% 835 Wind v 0.0% 0
Other v - 0.1% 1 Other v 39.2% 340
Eligibility B NR - - - - . - Eligibility NR
Solar v v 19.8% 805 Solar v 16.1% 136 Other
Wind v v v 75.7% 3,086 Diversified Wind - - 5 = = o o > 0.0% 0
Other - v - v 4.5% 183 growth Other = - - - - - - - 83.9% 708
Eligibility [ - B NR - NR - - - Eligibility [ - R - - - R - -
Solar v v v v v v 37.0% 1,211
Wind v v v 55.5% 1,815 ELIGIBILITY KEY
Other - - v v v - - 7.5% 244
Eligibility [ R B - NR B B NR - - R = residential
Solar v - v v - - - 32.6% 685 i i
Wind v L v 67.3% 1,011 NR =non-residential
Other v v - - - - - - 0.1% 2 B =both
Eligibility [ B R NR . R - -
Solar - v v 18.8% 313
Wind v v v 69.4% 1,152
Other - - - - - - - - 11.8% 196
Eligibility NR B NR - -
Solar v v v 15.9% 199
Wind v v v 59.5% 743
Other v v v 24.5% 306
Eligibility [ B B - -

Source: “Summary Tables,” DSIRE, NC Clean Energy Technology Center, https://programs.dsireusa.org/system/program/tables.

From Table 5, it is clear that Texas, Illinois, Oregon, Wyoming, and South Dakota favored tax-based
incentives and large-scale projects over the period under observation. Though solar projects were
generally eligible for available incentives in these states, their added renewable energy capacity was
dominated by wind. This pattern is not necessarily surprising, as wind is a significant natural resource
in these states. Additionally, the wind market is generally more mature, so wind developers may be
better positioned to capitalize on available incentives. As a result, solar development in these states
may benefit from more targeted or exclusive incentives.

States that saw a greater proportion of added solar capacity tended to offer a more diverse array of
incentives. This diversity includes more incentive types available to residential beneficiaries, who
tend toward solar over other renewable technologies. The diversity of incentives in these states also
includes a greater offering of incentives not grounded in taxes, such as rebates, grants, and loans. Non-
tax-based incentives may attract investors with limited or no tax liability, such as nonprofits, political
subdivisions (e.g., municipalities), and other institutions (e.g., higher education). Additionally, non-
tax-based incentives are generally more effective in addressing high upfront costs, a persistent market
barrier to small-scale projects and investors with limited income or credit.

25 | Morgan Higman, Nikos Tsafos, & Stephen Naimoli


https://programs.dsireusa.org/system/program/tables

The inclusion of more diverse and inclusive incentives may explain some of the greater proportional
growth of solar in some states, particularly California and Massachusetts, and, to a lesser degree, New
York and Minnesota. However, the coincidence of diverse incentives with greater proportional growth
in solar is not uniform: renewable capacity additions in Florida, Georgia, and Virginia favor solar in
spite of limited incentives or mandates. A possible conclusion here is that solar markets in these states
may benefit considerably from relatively modest additional incentives, especially those inclusive of
residential beneficiaries and those that are not grounded in taxes.

While incentive programs have almost certainly influenced renewable energy development across

the board, incentive utilization data is not uniformly collected in all states. This means that insights
about the impact of particular incentive designs, as well as their interaction with one another and with
other types of policy, are somewhat limited and often draw from case-based or qualitative studies. In
2015, New Mexico published a novel impact study of its production-based tax incentive from 2003
and 2012.% The study noted that surveyed developers of solar and wind power tended to rank the
state incentive third in factors most influential in getting facilities developed, behind both the Federal
Renewable Energy Tax Credit and the state’s RPS.** This suggests that a number of the renewable
energy projects that received the tax credit may still have been built in its absence, highlighting the
significance of incentives as a complement—rather than a substitute—for regulations. California
reported similar findings in an evaluation of its 2007 solar initiative, suggesting that supportive net
metering policies and TPO models enhanced the effectiveness of its rebate program.®

Deeper insights about the impact of various incentive designs—including their interaction with one
another and with other types of policy—require greater transparency about program participation rates
and verified project development. Oregon is a notable standout in this way, providing easily accessible
(and exportable) information respecting availability, uptake, and outcomes associated with its
renewable energy tax credits and grants as part of a broader initiative to support open government.®
Though that data does not fully reflect the state’s suite of renewable energy incentives, it provides a
useful framework for states looking to develop a much-needed system for sharing data about incentive
programs, utilization, and associated benefits.

This discussion has taken a high-level view of available incentives across states to assess how they
coincide with renewable energy development. Table 5 above demonstrates some alignment of
capacity additions with incentives by eligible technology and beneficiary groups, but there are distinct
exceptions. The need for, and effectiveness of, these incentives is likely influenced by the quality of
state resource endowments and the co-occurrence of policy mandates. While maturing renewable
energy markets—particularly wind—may require fewer incentives over time, states are likely to
continue offering incentives to attract and secure in-state development. Across states, financial
incentives are also emerging as a lever to expand energy storage systems, electric vehicles and charging
infrastructure, and other technologies that will support clean energy transitions.®’ In these burgeoning
markets, as in more established markets for renewables, increased transparency and more uniform
reporting of incentive uptake and outcomes across states could support needed evaluations and
opportunities to verify and improve incentive impact.

Across state policies to promote renewable energy—including RPSs, net metering, and financial
incentives—some key recurring themes emerge. Local resource endowments play a significant role in
shaping observed outcomes. States that have experienced the greatest renewable energy development
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are generally those with greater wind resources. States with less of this potential have generally
focused instead on the development of decentralized renewables and have achieved greater expansion
of distributed solar power. While progress in renewable energy development is apparent across most
states, renewable energy projects are not displacing fossil fuel generation one-for-one, so the impact
on emissions reductions is limited. Some of the more recent and ambitious reduction targets set forth
by states are in line with scientific assessments of what is required to slow the climate crisis, especially
targets of net-zero emissions by mid-century. However, realizing decarbonization at this level is likely
to require more impactful policy instruments. These include some of the evolutions in policy design
described here, such as fossil fuel phaseouts in conjunction with RPSs, more inclusive models of
renewables ownership and participation emerging in net metering policies, and continued market
expansion supported by incentives.

27 | Morgan Higman, Nikos Tsafos, & Stephen Naimoli



Equity and
Environmental Justice

As states increasingly prioritize climate action, there is mounting attention to who benefits from
(and bears the costs of) energy transitions. While themes of equity and environmental justice have
been threaded throughout this discussion in terms of access to and participation in renewable energy
projects and incentives, here this policy imperative is considered directly.

Environmental justice is an evolving concept that can be difficult to measure. The official U.S.
government perspective on environmental justice is that it constitutes “the fair treatment and
meaningful involvement of all people regardless of race, color, national origin, or income, with respect
to the development, implementation, and enforcement of environmental laws, regulations, and
policies.”®® Petitions for environmental justice emerged amid the Civil Rights movement of the 1960s,
and study of the phenomenon largely started with the work of Dr. Robert Bullard, who has shown
that low-income communities of color suffer a disproportionate amount of environmental damage.*
Historically, local pollution of water and air have been organizing points for environmental justice
initiatives. Recent studies highlight that people of color continue to be disproportionately exposed to
sources of fine particulate matter (PM, ) emitted directly from these kinds of combustion associated
with the power and transportation sectors.”

It is difficult to establish a causal relationship between complex energy decisions and environmental
justice outcomes, and this paper does not attempt to do so. However, several conceptual links can be
established between decarbonization strategies and environmental justice outcomes. For example,

one can reasonably expect that jurisdictions that reduce emissions by switching from coal to gas or
renewable energy will experience decrease in air pollutants such as nitrogen oxides, sulfur dioxide, and
PM, .. However, if the decommissioning of coal plants is not handled properly, abandoned contaminated
sites can become local health hazards. Additionally, jurisdictions that rely on coal plants for
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employment are often far from job centers and subject to higher rates of poverty. Without some kind of
support, transitions away from coal can cause these areas to suffer economically after the plants close.”

Household energy burden—typically measured as the ratio of electricity price to average household
income—is an environmental justice issue as well. Since the hydraulic fracturing revolution, as coal
plants have become less and less economic to operate and natural gas prices have plummeted, coal-
to-gas switching has likely kept electricity costs down, which is positive for environmental justice
outcomes.”? At the same time, growing reliance on natural gas raises new concerns, and many
environmental justice advocates argue that the extraction and transportation of natural gas imposes
environmental costs on vulnerable communities.’”® The Federal Energy Regulatory Commission, which
permits pipelines in the United States, is beginning to examine the issue as part of a renewed federal
focus on environmental justice.”

Persistent barriers to renewable energy participation by historically excluded groups are another
environmental justice concern. As previously discussed, several of the selected states have instituted
programs to expand access to renewable energy technologies. Progressive state policies include VNM
and TPO. In some states, direct incentives are also being employed to reduce the barriers associated
with high capital costs. For example, California’s 2006 Single-Family Affordable Housing Program
provided a solar system rebate of $3 per watt to homeowners making 80 percent or less of their area’s
median income.” The state instituted a similar program in 2008 that provides between $1.10 and $1.80
per watt for multifamily buildings.”® Massachusetts provides another example with its Mass Solar loan
program, which was developed to foster a market for residential solar financing and to support solar
for those with lower income or lower credit.”” For the program, the state leveraged about $40 million
in funding to provide loan support (paid directly to the loan principal), interest rate buy-downs,

and a loan loss reserve, which ultimately supported 58 MW of solar installations. In spite of these
successes, rooftop solar energy remains significantly limited in some low-income communities and in
neighborhoods with low home ownership rates.”® Additionally, research demonstrates that Black- and
Hispanic-majority neighborhoods lag majority-White neighborhoods in solar energy adoption, even
when controlling for income and home ownership.” These findings indicate that there remains much
room for improvement in fostering environmental justice alongside other climate imperatives.

Sometimes, even programs that are supposed to help low-income communities can have unintended
consequences that negatively impact vulnerable groups. For example, residential Property-

Assessed Clean Energy (PACE) programs, available in three states, have caused several problems for
homeowners. Cities with PACE programs designate private companies as program administrators, who
then authorize contractors to market energy-efficiency improvements or renewable energy upgrades
to homeowners. A customer pays for these upgrades through property taxes when a lien is put on their
home. Unfortunately, the design of the program creates bad incentives for unscrupulous contractors:
there is little to no oversight to ensure that contractors are behaving ethically, and there is little to no
recourse for customers who have lost their homes because they were sold on upgrades they could not
ultimately afford.

There are several instances of homeowners saying that contractors did not give them all the facts
they needed to make informed decisions, including how much their property taxes would increase
(sometimes by several thousand dollars per year) and whether the savings on their electricity bills
would cover the cost.® Many of these were in low-income neighborhoods where unscrupulous
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contractors could prey on people who did not speak English or who did not have the time or expertise
to examine lengthy contracts. In addition, an energy audit is not required, so homeowners have no
way of knowing whether the upgrades suggested by the contractor are necessary.®! In some particularly
egregious cases, homeowners have even received PACE liens without ever hearing from a contractor—
according to the state of California, one program administrator hired a fake construction company that
allegedly falsified documents and even impersonated a real contractor to claim PACE projects that did
not exist.®? Because PACE programs do not have the consumer protections associated with traditional
mortgages, customers are forced to fight in court and convince the lien issuers to release them.

As states have accelerated climate ambitions, equity and environmental justice have garnered greater
policy attention, likely for several reasons: as an impetus for action, as a basis for particular policy
choices or designs, and as a benefit to be realized. This discussion has focused on identifying the
aspects of environmental justice that can complement or arise from policies with the primary policy
goal of increased renewable energy deployment. Given the diversity and sometimes competing
interests of different environmental justice imperatives, policymakers should take care to narrowly
specify their intended outcomes. This practice will support more meaningful and much-needed
evaluations of these policies and provide insights about how conceptualizations of environmental
justice and realized progress unfold over time.
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Conclusions

When it comes to reducing CO, emissions from the energy system, state performance has been highly
variable. The country-wide reduction in CO, emissions since 2005 is a story of some states doing a lot,
some states doing little, and other states increasing their emissions. It is important to tell granular
stories in order to draw useful policy lessons for achieving decarbonization.

Most of the success of this story has come from the power sector. A few states have managed to reduce
emissions from both industry and transportation as well, but these changes can largely be explained
through shifts in economic activity rather than by ambitious policy design. As such, this research did
not delve too deeply into policies engineered to reduce emissions from industry and transport because
the analysis did not yield obvious success stories that merited a deeper investigation.

Market forces—chiefly a switch from coal to gas—were the main driver for the decline in emissions

in half the sample, and those shifts were independent of state policies. In other words, for half of the
states in the sample, the reduction in CO, emissions was something that happened to the state, rather
than something that happened as a result of state action. The switch from coal to gas happened as
much in states with aggressive policy targets, renewable portfolio standards, and other incentives, as
in states with none of those things. This, in itself, is a sobering conclusion.

No overarching policy or strategy seemed to explain the reduction in CO, emissions across states.
There is a tendency, in the literature and the public discourse, to applaud states with bold emissions
targets, especially long-term ones; however, topline ambition may be a poor predictor of progress.
Various other policy instruments—regulating emissions directly, cap-and-trade systems, renewable
portfolio standards, net metering, and financial incentives—all played a role and contributed to
reductions in emissions, but their independent effects were hard to isolate.
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The country-wide reduction in CO, emissions since 2005 is

a story of some states doing a lot, some states doing little,
and other states increasing their emissions. It is important
to tell granular stories in order to draw useful policy lessons
for achieving decarbonization.

Four additional themes became apparent in this research. The first is that policy design really matters.
It is well known that no two renewable portfolio standards are exactly the same. One could say the
same for other policy initiatives: the direct regulation of emissions from power plants differed among
states, net metering policies were highly variable in terms of coverage, and financial incentives were
highly diverse in what they covered and how they tried to effect change. These realities reinforce the
importance of granular work and careful design.

Careful policy design also matters because most states interact and trade energy and electricity with
other states. There were several instances where policies in one state drove generation in another,
either as a push factor, leading to leakage, or as a pull factor, where generation in one state was
responding to incentives or market forces in another. While states have pursued regional initiatives
when it comes to cap-and-trade programs, they rarely take a similar regional approach when it comes
to other policy instruments. They probably should.

The role of the federal government was also hard to determine clearly. There were times when federal
incentives played a major role in promoting renewable energy, even in states where few state-level
incentives existed. Having a high-quality resource like wind or solar allowed states to develop local
resources largely on the back of federal programs. Other times, the federal government was shown to
be an obstacle to experimentation, impeding states’ efforts to move faster to decarbonize. This pattern
could be expected to continue, with the federal government sometimes supporting technologies that
the states themselves are not supporting, sometimes working alongside states to promote specific
goals, and other times acting as an obstacle to state ambition.

Finally, the state of knowledge and the focus on questions of equity and environmental justice is
growing but still suffers from major gaps. There are some obvious ways in which decarbonization
would intersect with environmental justice concerns. A reduction in pollution benefits some
communities more than others, because those communities are more exposed to pollution to begin
with; on the other hand, the growth in low-carbon energy technologies might first benefit affluent
households, and policy interventions might be needed to ensure that these benefits accrue to others
too. But while there is increasing emphasis on equity and environmental justice, for most of this study
period from 2005 to 2018 these issues were incidental to the broader decarbonization story. That too
should change.
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Appendix

State Sampling Strategy

To identify a diverse and representative set of 16 states for the Clean Resilient States Initiative,

state selection focused on ensuring variation in state energy use, geography, and state regulatory
environments for energy and emissions, in that order. To do so, the eight states with the largest
annual energy use were selected: Texas, California, Louisiana, Florida, New York, Pennsylvania, Ohio,
and Illinois, these states spanned every census region in the country (Northeast, Midwest, West,
and South). An additional eight states were chosen to balance the first eight to ensure diversity in
regulatory environments for issues of climate and energy.

To assess state regulatory environments, states were clustered based on likeness across four key
variables: each state’s highest emissions target, largest renewable portfolio standard (RPS), American
Council on Energy Efficiency state score, and cumulative number of energy and emissions-related
regulations and incentives as of 2018.8° As depicted in Table 6 below, states in Cluster 1 are
characterized by high ambition and performance across all variables. States in Cluster 2 did not have
emissions targets in 2018, but they did have mandatory renewable portfolio standards in place. States
in Cluster 3 featured the least supportive state regulatory environments for renewables and emissions
reduction, based on the variables considered below.
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Table 6: Regulatory Environment Clusters: Selected States

Cluster 1 Cluster 2 Cluster 3
CA, MA, MN, OR, NY IL, NM, OH, PA, TX GA, FL, LA, SD, VA WY
Range Mean Range Mean Range Mean
Largest Emissions Targets
. 75-100 83 - - - -
% reduction
Largest RPS
) 31.5-100 66 5-25 16 - -
% renewables penetration
ACEEE Score
35-43 36 14-28 19 5-18 11
Index
Energy Efficiency &
Renewables Deployment 17-63 31 7-21 12 6-20 10
# of state regulations
T .S.
otal U.S. States per Cluster 16 13 21

# of states per index cluster

Source: Authors’ analysis based on multiple sources.

This selection strategy ensured that selected states vary on a range of pertinent attributes:
= Energy
= Emissions
= Population and economy
= Energy workforce & innovation
= Environmental justice

= Resilience
These attributes are briefly discussed below.

Energy: Because the sample includes the eight largest energy-using states, it slightly overrepresents large
energy users, but includes a mix of net electricity exporters, importers, and nearly self-sufficient states.?*

Emissions: Selected states are generally representative in terms of absolute emissions and emissions
intensity, including some but not all outliers and a high concentration of closer-to-average performers.®

Population: State population is strongly correlated with energy use (.87) and carbon emissions (.83).
Because the eight largest energy-using states are included, the sample slightly overrepresent more
populous states. Population density tends to result in less carbon-intensive economies, supported
in part by greater opportunities for energy efficiency. The 16-state sample reflects a range of state
population sizes and densities, slightly underrepresenting densities observed in the Northeast.®®

Economy: Economic contexts are intimately linked to state energy and emissions, as economic activity
that requires greater energy intensity tends to result in greater carbon intensities and per capita
emissions. Since energy transitions may be shaped by economic bases, the sample includes a diverse
distribution of economic activity.®’
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Energy workforce & innovation: The sample states include varying degrees of renewables-related
employment, as measured by the percent of all energy employment in each state. The sample also
includes different levels of state energy research and development (R&D) investment, including state-
level allocations for energy R&D as a percent of all state R&D funding and each state’s average annual
federal energy R&D funding allocation, as a percent of all federal energy R&D funding.®

Environmental justice: Among states, environmental justice is not uniformly defined or attended to

in the same way as some of the quantifiable characteristics described above. For the sampling strategy,
two metrics were selected to provide a baseline sense of population vulnerabilities and state attention

to pertinent issues of environmental justice. The EPA Risk-Screening Environmental Indicators (RSEI)
score accounts for the annual size of chemical releases, size and location of the exposed populations, and
chemical toxicity across states. A lower score indicates lower potential concern within a state. The second
measure is the energy burden of low-income households, as depicted by the cost of annual energy as
percent of household income for households at 80 percent or less of the area median income.®

Resilience: Different state challenges associated with resilience are captured in part by the geographic
variation in this sample as geography is an important dimension of climate hazards. As for state
attention to issues of resilience, the selected states include 7 of 17 states with a designated resilience
officer or office.”

This report’s strategy was to select the eight largest states by annual energy use, then eight additional
states that ensure equal geographic representation and varying regulatory environment. This strategy
has the advantage of being relatively simple and effective in ensuring diversity and representativeness
on a range of values that are useful and important to lessons learned about state progress in addressing
emissions, economic benefits, resilience, collaboration, and environmental justice.
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Table 7: Key Characteristics of Selected States and U.S. Average (2018)

Regulatory
Environme

Population &
Economy

Energy Workforce
&lInnovation

Environmental
Justice

Resilience

NORTHEAST MIDWEST SOUTH WEST
MA  NY PA i MN OH  SD FL GA LA ™ VA | ca NM  orR  wy || us.
BRI E 1 1 2 2 1 2 3 3 3 3 2 3 1 2 1 3 .
Index score
Annual Energy Use 1424 3684 3,808 | 3872 1832 3,644 385 | 4209 2802 4482 13366 2,303 | 7,881 683 1,032 512 || 1,949
Billion btu/1000
Interstate Flow of Electricity | o) ggs 145 | 132 09 083 098 | 102 082 108 112 08l | 077 136 130 273 | 112
>1 = net exporter
Emissions
e 631 1677 2216 | 2104 927 2088 156 | 2312 1332 2110 7019 1032 | 3630 455 396 637 || 1057
. tons
Emissions 130 112 314 | 270 274 348 321 | 256 245 914 412 213 | 139 538 186 1650 || 284
Mt. tons CO2 per dollar of GDP
Rej/':fntp"p“lat"’" 69 195 128 | 127 56 1.7 09 | 209 104 46 29.0 85 | 395 21 42 06 6.4
illions
Population Density
) ) 8394 4112 2839 | 2311 666 2823 107 | 3506 1813 1049 963 2026 | 2391 17.0 399 58 87
Residents per square mile
GDPperCapita 788 816 588 | 646 633 554 568 | 467 539 510 584 603 | 713 450 545 650 | 59.9
GDP/resident population
o 01 02 05 07 16 05 66 | 06 0.7 0.7 06 03 14 15 16 17 1
% of state GDP
Industry GDP 145 89 196 | 177 203 233 157 | 124 167 302 276 142 | 160 182 198 330 | 183
% of state GDP
HEIIEELEP 95 44 116 | 122 141 162 98 | 53 106 184 130 85 | 108 41 139 52 1
% of state GDP
Gov.and Services GOP 854 910 799 | 8.6 781 761 777 | 87.0 826 691 719 854 | 826 803 786 653 || 8038
% of state GDP
Energy Employment 2 1 2 2 2 2 2 1 1 7 5 1 2 5 1 12 2
% of total employment
State Energy R&D 18 1 6 0 0 15 1 0 33 8 0 1 38 2 10 4 13
9% of total state R&D
Share of Federal Energy R&D 5 8 ) 5 i 3 0 ) ) o 3 3 15 ) i 0 )
% of total federal R&D
EPAEnv. Risk- i
nv. Risk-Screening 1 2 4 2 2 27 1 66 7 19 354 8 15 0 2 0 14
Index score
L metneteviEuey 8 8 9 7 6 8 8 8 9 10 7 7 5 8 6 7 8
% of income
Resilience Office(r) - v - v - - - v - v - v v R v R R
Resilience Plan v v v o v o o v o v 5 v v g v - -

Source: Authors’ analysis based on multiple sources.
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