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Renewable Portfolio Standards

Rachel Feldmana and Arik Levinsonb

abstract

State-level renewable portfolio standards (RPSs) aim to encourage renewable en-
ergy and discourage greenhouse gas (GHG) emissions from the electric power 
sector in the United States. Do they work? Some prominent government agencies 
and advocacy groups assert that U.S. renewables growth has been largely due to 
RPSs. That seems unlikely, given that in most regions, renewables exceed RPS 
requirements. But it is not an easy question to answer, thanks to interstate trading 
and the possibility that states with abundant renewable resources might set the 
most ambitious RPS goals. We combine the best features of four recent academic 
studies, using ordinary least-squares and instrumental variables approaches. In 
some specifications, RPSs do appear to reduce the use of natural gas to generate 
electricity and decrease GHG emissions, while boosting the use of wind and solar 
power. But the effects are small—consistent with the academic findings and in 
contrast to the public claims and policy goals.
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1. INTRODUCTION

More than half of U.S. states require that a minimum share of the electricity sold to their 
residents come from renewable sources. The required shares currently range from 10 percent in 
Wisconsin to 55 percent in Vermont (NCSL, 2021). And they are scheduled to increase. The share 
in Washington, D.C., will be 100 percent by 2032, and California and seven other states will follow 
by 2045 or 2050. These renewable portfolio standards (RPSs) vary in how they define renewables, 
but they share the common goal of substituting electricity generated by renewable sources for that 
generated by fossil fuels, thereby reducing local air pollution and greenhouse gases (GHGs). The 
rules are, so far, one of the main U.S. policies designed to reduce power-sector GHGs.

Have the state-level RPSs worked so far? The answer is not straightforward, for a few rea-
sons. First and most obviously, in all but two states, RPS rules take the form of a preset fraction, with 
electricity from eligible renewable sources on top, in the numerator, and total utility electricity sales 
in the denominator. Utilities must ensure that a sufficient amount of their electricity sales each year 
comes from renewable sources to meet or exceed that fraction. They can achieve that goal in two 
ways: increasing renewables in the numerator or decreasing fossil fuel–sourced electricity in the de-
nominator. Increasing renewables does not reduce pollution; reducing fossil fuels does. So whether 
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RPSs reduce pollution depends on how utilities comply. That is why in this paper we assess the sep-
arate effects of RPSs on renewables, fossil fuels, greenhouse gas emissions, and electricity prices.1

Second, utilities do not necessarily generate for themselves the electricity they sell to cus-
tomers. They buy some from wholesale generators. And generators are not necessarily in the same 
state as the end users. As a result, compliance with RPSs depends on paperwork. When a renewable 
source generates electricity, it creates one renewable energy credit (REC) for each megawatt-hour 
(MWh) produced. To meet an RPS of 20 percent, a utility must submit two RECs for each 10 MWh 
of its sales. The utility can acquire those RECs by purchasing renewable power from suppliers, in 
which case each MWh comes bundled with one associated REC. Or it can purchase the RECs “un-
bundled,” meaning the purchase does not include any electricity, just the credit for renewable power 
generated and used elsewhere. Unbundled RECs can be bought and sold among a prescribed list of 
neighboring states. That interstate trading means that if stricter RPSs do incentivize more renewable 
energy, they may do so outside the borders of the states enacting them.

Consider Washington, D.C., an extreme example not only because its RPS ramps up to 100 
percent by 2032, but also because the District itself has no utility-scale electricity generators of any 
kind, renewable or otherwise. To comply with its RPS, retailers who sell electricity in the District 
have two options. They can buy power from renewable sources outside the District. That would 
increase demand for renewables in neighboring states. It would also presumably increase electricity 
prices in both places, constraining electricity supply in the District and increasing demand outside 
it. Alternatively, retailers can purchase unbundled RECs from renewable sources outside the Dis-
trict. That would increase prices in the District and decrease prices outside it, by increasing supply. 
Either way, if the District’s strict RPS standard increases renewables, that will take place elsewhere. 
Any research on this issue that omits out-of-state renewables may underestimate the effects of RPS 
policies.

From a climate perspective, we do not care where GHG reductions take place, only that 
they do so, and preferably cost-effectively. But if we are asking whether state-level RPSs have 
reduced GHG emissions, that tradability makes policy evaluation difficult. There is no one-to-one 
match between state standards and state renewables or GHG reductions.

A third complicating issue is that in some places, renewable sources would likely have 
been built without the RPS rules, thanks to other environmental rules or because generating elec-
tricity from wind and solar power has become cost-effective at market prices. In climate jargon this 
issue is called “nonadditionality”: the requirements do not add to renewables that would have been 
developed anyway. In four of six U.S. regions, renewable energy growth exceeded that required by 
RPSs between 2000 and 2020 (Barbose, 2021). That overcompliance makes it appear as though the 
rules have had no effect. But it is possible, in theory, that the excess represented temporary overcom-
pliance in anticipation of future RPS stringency increases. Or it could be that the excess renewables 
were produced in order to sell RECs to other states where required RPS fractions exceeded local 
generation. In either case, individual states’ RPSs would be—collectively—causing renewables 
growth, though not at the concurrent time or in the enacting states.

If the renewables growth in excess of the standards was not additional, however, that would 
be worrisome. The renewables might simply have been cost-effective at market prices. Or they 
might have been required by other state regulations or regional cap-and-trade policies, or incentiv-
ized by national policies like production or investment tax credits. If the renewables were not built 

1. The renewables we examine are solar and wind, and the fossil fuels are coal and natural gas. We do not consider hy-
dro-related renewables, as most RPSs limit or prohibit the use of generation from hydroelectric sources to comply with the 
policies (DSIRE, 2021).
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for RPS compliance, those generators could sell the associated RECs unbundled from the electricity 
and reap a windfall. And places with strict RPSs would be merely transferring money from local 
ratepayers to neighboring states, with no effect on renewables, fossil fuels, or pollution.

For those wanting to assess the efficacy of RPSs, this worrisome scenario is confounded by 
the fact that the direction of causality may be reversed. RPS designers intend for strict RPSs to re-
duce fossil fuel use, but perhaps it is jurisdictions with abundant and growing renewables that enact 
strict RPSs. Why not take policy credit for what would be happening anyway? Failure to account 
for this simultaneity might incorrectly attribute nonadditional renewables growth to the correlated 
RPSs.

Finally, a fourth problem arises from the way we measure RPS stringency. RPS laws are 
mostly written in percentage terms. But we want to measure the effect of RPS stringency on gener-
ation from wind, solar, coal, and natural gas, all of which are measured in MWh. We also want to 
account for any generation from renewables that was already occurring in the RPS state and any that 
is contemporaneously occurring in other states, which are again measured in MWh. To account for 
these differences, we assess RPS stringency in terms of the MWh of renewable energy or RECs that 
would be required, given each state’s total electricity sales. Those requirements are calculated and 
reported by the Lawrence Berkeley National Laboratory (LBNL; Barbose, 2021).

That RPS stringency measure in turn yields a built-in simultaneity between electricity 
prices and stringency. If electricity prices fall, causing demand for electricity to increase, the LBNL 
measure of stringency—required renewables—increases as well. We want to assess the effect of 
RPSs on electricity prices, but low prices automatically raise the measure of stringency.

Those last three problems—cross-state RECs trading, endogenous nonadditionality, and 
the automatic relationship between electricity prices and RPS stringency—make RPSs a difficult 
subject for policy analysis. To try to account for cross-state REC trading, we start by calculating the 
total demand for each state’s RECs. This includes not just demand from each particular state’s RPS, 
but also demand for RECs by out-of-state utilities needing to comply with their states’ RPSs. To 
begin accounting for nonadditionality, we adjust this measure of total REC demand by subtracting 
from the own-state RPSs the eligible renewables the states were already generating in the year be-
fore their RPSs were passed, and by subtracting from out-of-state RPSs the renewables those other 
states were generating within their borders. To attempt to account for the endogenous nonaddition-
ality and the simultaneity between electricity prices and RPS stringency, we turn to instrumental 
variables. In the first stage, we predict each state’s total net REC demand using a host of political, 
economic, geographic, and weather-related instruments, as well as the number of RECs each state 
could potentially purchase from nearby states.

Our results, like those of prior studies, present a mixed record. We find only a small or 
insignificant effect of renewable portfolio standards on the amount of electricity generated from 
solar and wind sources, matching prior economics research and standing in contrast to some public 
claims and to one of the policies’ goals. Renewable portfolio standards do not appear to account for 
much, if any, of the growth in renewable electricity sources. On the other hand, the ultimate goal of 
these policies is to reduce pollution from fossil fuels, and here, our results are consistent with prior 
work that shows RPSs to have reduced GHG emissions. However, some fragile or even possibly 
implausible results undermine our confidence in interpreting them causally.

Before detailing those results, we describe what previous investigations of this issue have 
found, and we replicate some of the main findings using our data.
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2. WHAT WE KNOW SO FAR ABOUT WHETHER RPSs HAVE INCREASED 
RENEWABLES

Some policy analysts and RPS advocates assert that RPSs work. The Natural Resources 
Defense Council (2013) writes that U.S. renewables growth is “driven in large part by” state RPS 
standards. That echoes the LBNL, which stated that 2.4 percent of all the electricity generated in the 
United States in 2013 was from renewables built to comply with RPSs (LBNL, 2016). Each year, 
LBNL updates that, writing recently that “roughly half of all growth in U.S. renewable electricity 
generation and capacity since 2000 is associated with state RPS requirements” (Barbose, 2019). 
But those same annual updates also show that renewables exceed RPS requirements in four of six 
U.S. regions. If renewables far exceed what RPSs require, it seems unlikely that RPSs caused their 
development.

Showing that RPSs cause renewables growth or GHG reductions is difficult, for reasons we 
have outlined, particularly cross-state RECs trading and endogenous nonadditionality. Four recent 
papers have tried.2 Each takes a slightly different approach, each with its own strengths. Our goal is 
to combine the best strategies from the four.

Upton and Snyder (2017) contrast outcomes in states that have enacted RPSs with out-
comes in artificially constructed similar states without those renewables targets. This synthetic con-
trol strategy creates comparison states that are similar in terms of their politics, economies, and 
potential for renewable energy sources. An earlier paper of theirs describes those control variables 
(Upton and Snyder, 2015). They find that states with RPSs have 11 percent higher electricity prices 
and 5.6 percent lower electricity demanded per capita. States enacting RPSs did not experience 
faster renewables growth or steeper carbon emissions reductions than the comparison states. But 
that is not surprising, given that REC tradability means one state’s RPS can incentivize renewables 
investment in neighboring states.

A second recent estimate of the consequences of RPSs takes a different empirical ap-
proach. Greenstone and Nath (2020) exploit the fact that states enacted RPS policies at different 
times. Rather than just comparing states with and without RPSs, they examine each state’s carbon 
emissions and electricity prices seven years after it enacted its RPS, and contrast those with emis-
sions and prices in states that do not enact RPSs. Greenstone and Nath conclude that RPSs lower 
carbon emissions by 10 to 25 percent and raise electricity prices 11 percent.

Those two papers make a lot of progress, but neither paper’s main specification considers 
that each state’s RPS affects neighboring states.3 Given the interstate tradability of RECs, it is not 
unthinkable that most of the effect of an RPS on renewables happens in neighboring states. The two 
papers also test only the mere presence or absence of an RPS: both papers do discuss the importance 
of RPS stringency, but neither assesses whether more stringent RPS targets yield more renewables 
or less pollution.

RPS stringency is not simple to measure. As Greenstone and Nath (2020) recognize, much 
of the renewable energy required by states’ RPS policies might have already been part of those 
states’ electricity supply. If a state receives 15 percent of its electricity from renewables and enacts 
a 20 percent RPS, that new policy can at best be credited with a 5 percentage point increment in 
renewables, net of existing supply. And that state’s 20 percent RPS target might itself be less strin-

2. Fullerton and Ta (2022) use a completely different approach, an analytical general equilibrium model, to assess the 
efficacy of RPSs. 

3. In one specification, Greenstone and Nath (2020) examine effects in groups of states called REC tracking markets. 
That is meant to captures cross-state effects on electricity prices. But they do not disentangle the in-state and out-of-state 
effects of RPS policies. 
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gent than a nominally lower 15 percent target enacted by a state that receives only 5 percent of its 
electricity from existing renewables supply. Greenstone and Nath understand this and demonstrate 
how net-of-existing-renewables RPS requirements are less strict than the gross on-the-books per-
centages. But their main analysis of the effect of those RPSs does not include any measure of their 
stringency, either net or gross, and merely shows that carbon emissions are lower and electricity 
prices are higher seven years after enactment.

One paper that does account for existing renewables in their main specification is Yin and 
Powers (2010). The authors construct an impressive measure of the incremental percent of each 
state’s electricity that its RPS requires to be renewable, accounting for both how much of the state’s 
electricity is governed by its RPS and how much eligible renewable power the state was generating 
in the year before RPS passage.4 They find that RPSs lead to significant increases in in-state invest-
ments in renewable energy capacity. However, Yin and Powers do not examine the effects of RPSs 
on electricity prices, carbon emissions, or out-of-state renewables investments. Nor do they consider 
that states with access to more abundant sources of renewable energy may be more likely to adopt 
stringent RPSs.

Similar to Greenstone and Nath, in their main specification, Upton and Snyder (2017) 
once again examine the effects only of the existence of RPS policies, not their relative stringency. 
In a robustness check they include a measure of RPS stringency and show that it does not alter their 
main results. But because they understand the problem of endogenous nonadditionality—that states 
expecting faster renewables growth will find it easier to enact strict RPS targets—Upton and Snyder 
are careful to say that their results should not be interpreted as an unbiased estimate of the effect of 
RPS stringency on renewables, carbon emissions, or electricity prices.

Our approach fills two small gaps in this research. We examine the effect of RPS policies 
on electricity generation in the states enacting the policies and in neighboring states from which 
utilities in the state are permitted to purchase RECs. And we assess the effects of policies based on 
their stringency, measured as the net increase in renewables required above and beyond what the 
state was generating at the time of RPS enactment.

A fourth recent paper does come close to filling both those gaps. Hollingsworth and Rudik 
(2019) carefully assess whether state RPS policies have effects in neighboring states. For each state, 
they measure out-of-state REC demand as the sum of the RPS requirements of all neighboring states 
to which that state can sell RECs. Hollingsworth and Rudik find that both in-state requirements and 
out-of-state REC demand decrease electricity generated from coal and increase the use of wind. 
That helps a lot, but even their thorough paper leaves a few steps untaken. Although they employ a 
measure of RPS stringency, including out-of-state demand, they do so using nominal, on-the-books 
RPS percentages rather than the net requirements described by Greenstone and Nath.

Finally, neither Hollingsworth and Rudik nor Greenstone and Nath address the most diffi-
cult problem: the potential simultaneity of RPS stringency and renewables growth, or what we are 
calling endogenous nonadditionality.5 Upton and Snyder tackle that by creating synthetic compari-
son states using variables describing the political, economic, and renewable energy characteristics 
of actual states. They find that these variables predict whether a state will adopt an RPS in their 

4. Yin and Powers use percentage terms to measure the stringency of an RPS, so it is important to disentangle the energy 
suppliers that are affected by the state’s RPS. In some states, all utilities must comply and in others only investor-owned util-
ities (IOUs) must comply. We measure RPS stringency by the number of RECs required, a measure calculated by the LBNL 
that has already taken into account the affected electricity suppliers.

5. We are told that a new and as yet uncirculated version of Greenstone and Nath’s paper will also include a synthetic 
controls specification.
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2015 paper and use them to create synthetic control states in their 2017 paper. However, Upton 
and Snyder do not consider the stringency of an RPS in their approach, either directly or by using 
their instruments. It seems plausible to us that states where renewables are growing and abundant, 
either locally or through inexpensive RECs from nearby states, are more likely to pass strict RPS 
requirements.

Our approach combines the strengths of all four papers. Table 1 summarizes all four rela-
tive to our contribution. To measure the incentives to generate renewables in any state, we use a mea-
sure of net RPS requirements from the state itself and nearby permitted RECs trading partners. That 
net RPS requirement was described by Greenstone and Nath but not used in their estimate. And the 
out-of-state RECs market approach was used by Hollingsworth and Rudik, but demand was based 
on gross on-the-books RPS percentages rather than Greenstone and Nath’s net RPS requirements. 
Finally, we acknowledge the endogenous additionality of even out-of-state net RPS requirements, 
and we instrument for net REC demand using a combination of new instruments and variables sim-
ilar to the synthetic controls used by Upton and Snyder.

Table 1: Studies of the Efficacy of Renewable Portfolio Standards

Paper
Stringency 
Measure Outcome Endogeneity Control Result 

Yin and Powers 
(2010)

Stringency of net 
in-state RPS

In-state renewables 
capacity investments

None Significant increases in in-state 
renewables capacity following 
RPSs

Upton and 
Snyder (2017)

Adoption of RPS Renewable energy, 
electricity prices, 
CO2, electricity 
demand

Synthetic controls: 
renewables 
potential, political 
and economic 
variables

No change in generation or 
emissions; electricity prices 
11% higher, electricity 
demand 5.6% lower

Hollingsworth 
and Rudik 
(2019)

In- and out-of-
state REC 
demand

Electricity generated by 
coal, gas, and wind

Instrument using 
initial RPS levels

1 TWh REC demand reduces 
coal generation 0.1 TWh, 
increases wind generation 0.1 
TWh

Greenstone and 
Nath (2020)

Adoption of RPS CO2, electricity prices 7 
years after passage

None CO2 10–25% lower, prices 11% 
higher 7 years after RPS

Feldman and 
Levinson 
(2021)

Net in-state and 
net out-of-state 
REC demand

Electricity generated by 
coal, gas, wind, and 
solar; CO2 emissions; 
electricity prices

Instrumental variables: 
political, economic, 
renewables 
potential, 
renewables lobby

1 TWh REC demand reduces 
carbon emissions 0.3–0.4 
TWh, reduces coal generation 
0.1–0.5 TWh, increases wind 
generation up to 0.2 TWh 

Notes: Greenstone and Nath are revising their manuscript to include a synthetic controls approach. 

3. DATA

Assessing the efficacy of RPSs requires information about when they were enacted and 
their stringency, total and renewable electricity generation in each state, retail electricity prices 
and sales, pollution, and a host of demographic, political, and geographic variables that might be 
correlated with each state’s propensity to enact stringent RPSs. Descriptions of each along with 
their sources can be found in online Appendix Table A1. Summary statistics are listed in Table 2. 
States that enacted an RPS at some point during 1990–2019 differ from those that did not. States 
with RPSs tend to have more Democratic state legislatures; higher total and manufacturing GDP per 
capita, but lower mining GDP per capita; slightly more wind and solar potential; higher League of 
Conservation Voters (LCV) scores; more state programs related to renewable energy (such as man-
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datory green power purchasing options, net metering, and public benefits funds); and a higher like-
lihood of having a renewable energy lobby. The RPS states also have higher electricity prices; less 
power-sector pollution from carbon dioxide (CO2), sulfur dioxide (SO2), and nitrogen oxides (NOx); 
more generation from renewables; less coal; more natural gas; and more electricity consumption. 
Critically, RPS and non-RPS states face similar out-of-state REC demand.

States’ RPS policies differ along many dimensions: how they define renewables, whether 
and when the standards will tighten, how utilities can show compliance with the standards, how 

Table 2: States with and without Renewable Portfolio Standards, Compared, 1990–2019

Non-RPS States RPS States

Obs.
(1)

Mean
(2)

Std. Dev.
(3)

Obs.
(4)

Mean
(5)

Std. Dev.
(6)

RPS Stringency 
 RPS Gross Requirement (TWh) 600 0 0 930 2.522 6.754
 RPS Net Requirement (TWh) 600 0 0 930 1.247 3.047
 Net Out-of-State REC Demand (TWh) 600 2.391 7.022 930 3.500 7.667
 Total Net REC Demand (TWh) 600 2.391 7.022 930 4.747 9.584
Outcome Variables
 Coal (TWh) 600 38.17 29.35 930 30.19 36.28
 Natural Gas (TWh) 600 13.91 25.58 930 17.55 36.97
 Wind (TWh) 600 0.745 2.623 930 1.922 6.271
 Solar (TWh) 600 0.056 0.300 930 0.281 1.837
 Renewables (TWh) 600 3.992 3.963 930 10.33 19.20
 CO2 (MMT) 600 46.67 32.30 930 41.35 48.36
 SO2 (MMT) 600 0.202 0.249 930 0.158 0.274
 NOx (MMT) 600 0.096 0.092 930 0.080 0.105
 Industrial Price (Cents per kWh) 600 7.059 2.114 930 9.353 3.824
 Total Price (Cents per kWh) 600 9.508 2.274 930 12.55 4.053
 Residential Price (Cents per kWh) 600 11.49 2.299 930 14.93 4.332
 Commercial Price (Cents per kWh) 600 10.06 2.100 930 12.76 4.025
Other Covariates
 Democratic State Legislature Control 600 0.297 0.457 930 0.492 0.500
 Republican State Legislature Control 600 0.503 0.500 930 0.277 0.448
 Split State Legislature Control 600 0.150 0.357 930 0.230 0.421
 House Seats Won by Democrats 540 0.403 0.190 900 0.500 0.173
 Senate Seats Won by Democrats 540 0.430 0.209 900 0.531 0.194
 House Seats Won by Republicans 540 0.514 0.188 900 0.415 0.158
 Senate Seats Won by Republicans 540 0.568 0.208 900 0.446 0.198
 House Seats Won by Third Party 540 0.003 0.008 900 0.002 0.006
 Senate Seats Won by Third Party 540 0.002 0.009 900 0.002 0.011
 GDP per Capita, Mining ($) 600 2,218 4,579 930 472.6 996.3
 GDP per Capita, Manufacturing ($) 600 4,916 2,336 930 5,187 2,344
 State GDP per Capita, Total ($) 600 37,424 13,824 930 45,302 23,219
 Cost of Wind ($ per MWh) 480 41.36 14.92 744 41.36 14.92
 Cost of Solar ($ per MWh) 240 75.73 44.03 372 75.73 44.00
 Wind Speeds (m/s) 600 5.942 1.428 900 6.847 1.483
 Solar Irradiation (kWh/m2/day) 600 4.882 0.779 930 4.936 0.933
 Wind Instrument 480 245.8 108.7 720 283.2 121.2
 Solar Instrument 240 369.7 225.5 372 373.8 232.0
 Net Metering 600 0.358 0.480 930 0.585 0.493
 Mandatory Green Power Option 600 0.02 0.140 930 0.110 0.313
 Public Benefits Fund 600 0.015 0.122 930 0.400 0.490
 LCV House Score 600 26.29 18.69 930 55.68 26.65
 LCV Senate Score 600 27.33 25.93 930 60.30 33.25
 Renewable Energy Lobby 600 0.240 0.427 930 0.786 0.410
 Total Net RECs Available to Buy (TWh) 600 1.924 7.593 930 22.29 42.23
 Electricity Sales (TWh) 600 60.61 48.82 930 71.89 72.89

Notes: RPS states are those that enacted an RPS during 1990–2019; the non-RPS states did not. Some variables are not 
available for all state-year observations. Kansas is included as an RPS state even though it repealed its RPS in 2015.
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they penalize utilities for not achieving the standard, and which utilities are affected. However, our 
analysis, like those of the four prior studies we build on, relies on comparing state RPS policies over 
time in terms of a one-dimensional measure of their stringency. The best we can do is to account for 
as many state differences as possible, listed in Table 2.

4. METHODOLOGY AND RESULTS

We began by replicating results in the two papers from which we borrow empirical meth-
ods, Greenstone and Nath (2020) and Hollingsworth and Rudik (2019). The online appendix details 
those efforts. Our underlying data are slightly different. We use RPS stringency data from LBNL, 
generation and emissions data from the Energy Information Administration (EIA), and information 
about individual state RPSs from the Database of State Incentives for Renewables and Efficiency 
(DSIRE). Our replications show that despite a few differences in the underlying data, applying the 
prior research methods yields nearly identical results: RPSs are associated with increasing electric-
ity prices and wind power and falling CO2 emissions.

To build on those prior papers, we start by following Greenstone and Nath (2020), defin-
ing each state’s net in-state RPS goal as the gross on-the-books RPS requirement less any eligible 
renewables it was producing in the year before its RPS was passed:

( ), 1Net-RPS 0,  it it i imax RPS Eligible Renewables τ −= −  (1)

where the subscript i refers to states, t to years, and τi to the year of passage τ in state i. The first term 
on the right, RPSit, is the gross on-the-books measure listed in the statute. The second term reports 
the TWh of eligible renewables at the time of enactment. It varies across states but not over time.

The calculation of RPS requirements net of existing renewables hinges on which year we 
consider to be the first year of the RPS—the year the state legislature enacted it, or the year utilities 
were required to comply. We use the year of enactment on the grounds that if utilities begin comply-
ing in anticipation of the requirement, those early investments should be attributed to the RPS. The 
left side of (1) is our calculation of Greenstone and Nath’s annual measure of each state’s net RPS 
goal, measured in TWh. If a state has an RPS on the books in 2010 requiring 1 TWh, had enacted 
that policy in 2000, and had already been purchasing or generating 0.8 TWh of its sales from renew-
able sources in 1999, then the measure of in-state Net-RPSit in 2010 will be 0.2 TWh. In some cases 
that calculation of Net-RPSit would be negative because the state’s existing renewables at the time 
of enactment surpass those currently required by the RPS. We set the measure to zero in those cases.

Figure 1 depicts this calculation for 2010 for states that had passed RPSs by then. The 
black-outlined columns represent each state’s gross on-the-books RPS requirement. The shaded 
columns depict each state’s eligible renewables generated in the year before RPS passage. The 
difference between the black outlines and the solid columns depicts the annual net requirements, 
which can sometimes be negative. The unshaded portions of the columns depict the cases where the 
Net-RPSit in (1) is nonnegative, and those unshaded quantities form the basis for our measure of 
RPS stringency.

Figure 2 shows the same thing for 2019. RPS requirements had grown, and by definition, 
existing renewables at the time of passage had not. In 2010, Figure 1 has very few columns with 
unshaded portions because most states’ RPS goals were already being met by the renewables they 
were generating before enactment. By 2019, the reverse was true. Many of the columns in Figure 2 
have unshaded portions because most states’ RPSs required some new renewables, at least relative 
to their original levels. Many states’ schedules will continue to tighten over the next two decades, 
and it is important to assess whether those stricter RPS standards contribute to growing renewable 
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sources and reducing pollution, or whether states expecting faster renewables growth enact stricter 
RPS goals.

The example of Nevada makes clear this concern about endogenous nonadditionality. Fig-
ure 1 shows that in 2010 Nevada was requiring that 3.5 TWh of electricity sales come from renew-
able sources. But Nevada’s RPS had been enacted in 1997, and the year before that, it was already 
producing 3.7 TWh of renewables, more than its RPS requirement in 2010. None of the renewables 
generated in Nevada before 2010 should be attributed to its RPS.

However—and this is where interstate RECs trading plays a role—some of Nevada’s re-
newables growth before 2010 might, in theory, be attributable to RPSs in nearby states like Cal-
ifornia and Arizona. Nevada utilities might generate renewable energy for the purpose of selling 

Figure 1: RPS Requirements in 2010 vs. Eligible Renewables in Year before RPS Passage

Notes: This figure shows each state’s 2010 on-the-books RPS goal, outlined in black, and the amount of eligible renew-
ables that state was generating the year before its RPS passed, shaded in blue. The difference between the black outlines 
and the solid columns depicts the annual net requirements. Includes all states that enacted an RPS at some point during 
1990–2019, even though some of those states did not have RPS requirements in 2010. Many states were meeting or exceed-
ing their 2010 RPS requirements with renewables generated before the RPS was passed.
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unbundled RECs to those other states. And what makes policy evaluation tricky is that Nevada’s 
renewables growth after 2010 might be attributable both to its own RPS, which increased to 6.3 
TWh by 2019, and to RPSs in nearby states.

To attempt to account for interstate RECs trading, we amend the Hollingsworth and Rudik 
(2019) measure of gross, on-the-books, out-of-state REC demand. We calculate net out-of-state 
REC demand by subtracting from each state’s gross out-of-state demand the renewables that nearby 
RECs-trading states already produce within their borders.

Figure 3 illustrates the concept. State A, on the left, has an RPS. Suppose that A is per-
mitted to purchase RECs from B, D, and E but not from C. State B, on the right, also has an RPS, 
and it can purchase RECs from all the others except D. When we calculate E’s net out-of-state REC 

Figure 2: RPS Requirements in 2019 vs. Eligible Renewables in Year before RPS Passage

Notes: This figure shows each state’s 2019 on-the-books RPS goal, outlined in black, and the amount of eligible renew-
ables that state was generating the year before its RPS passed, shaded in blue. The difference between the black outlines 
and the solid columns depicts the annual net requirements. Kansas is included because it passed an RPS in 2009, but there 
is no black outline because its RPS was repealed in 2015. Most states’ RPS stringencies increased between 2010 and 
2019, while their previous eligible renewables did not, by definition. As of 2019, only four states had zero net in-state RPS 
requirements: Iowa, Arizona, Washington, and Oregon.



Renewable Portfolio Standards / 163

Copyright © 2023 by the IAEE.  All rights reserved.

demand, we add the net REC demand by A (A’s RPS less A’s own renewables), the net REC demand 
by B, and the net demand by all other states that are allowed to purchase RECs from E. When we 
calculate C’s net out-of-state REC demand, we exclude A’s demand because it is proscribed from 
purchasing RECs from C. Similarly, when calculating D’s net out-of-state REC demand, we include 
A’s requirement but not B’s.

Figure 3: A Schematic of REC Markets

Notes: Both sides of the figure depict the same five states. On the left, state A has an RPS and can purchase RECs from B, 
D, and E but not from C. On the right, state B has an RPS and can purchase RECs from A, C, and E but not D. State E’s net 
out-of-state RECs demand is thus state A’s RPS less A’s own renewable generation plus B’s RPS less B’s own renewables. 
State A’s net-out-of-state-supply is the RECs generated in B, D, and E less B’s own RPS goal.

Our net out-of-state REC demand variable is thus, for a given state i in year t, the sum of 
the RPS goals of the states i can sell RECs to, less what those states produce within their borders.

( )TP
Net-Out-of-State-REC-Demand 0,

i
it jt jtj

max RPS Renewables
∈

= −∑  (2)

where TPi is the set of states to which state i is permitted to sell RECs.
Those two variables, the net in-state RPS requirement in (1) and the net out-of-state REC 

demand in (2), are the two main ways we believe RPS policies can affect the use of renewables and 
fossil fuels, CO2 emissions, and electricity prices. Note that the term “net” means different things in 
each case. Net in-state RPS in (1) refers to the renewables required in excess of what the state was 
producing at the time the law was passed. Net out-of-state REC demand in (2) refers to other states’ 
demand in excess of what they are producing contemporaneously.

The two variables will in theory have qualitatively similar effects on quantities but opposite 
effects on prices. An increase in either (1) or (2) for state i increases the demand for RECs and cre-
ates incentives for renewables. If RPSs affect renewables or GHG emissions, the effect could come 
from either mechanism. Consequently, for five possible outcome quantities—solar, wind, coal, nat-
ural gas, and carbon emissions—we consider the total net REC demand rather than the separate 
in-state and out-of-state demand.

Total-Net-REC-Demand Net-RPS  + Net-Out-of-State-REC-Demandit it it=  (3)

For these five quantities, then, our basic approach regresses the annual state-level values on the Total 
Net REC Demand variable and other state characteristics.
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1 itTotal-Net-REC-Demand  it i t ity Xβ δ µ θ ε= + + + +′  (4)

where yit are five outcome variables of interest—solar, wind, coal, natural gas, and carbon. The X’s 
are a list of controls, including the LCV state house and senate scores, the presence of other state 
programs, and whether a state’s electricity market is restructured. And iµ  and tθ  are state and year 
fixed effects.

Table 3 describes estimates of (4).6 It shows the results for all state-years in our sample, 
which includes all 50 states and the District of Columbia, from 1990 to 2019. The main variable, 
Total Net REC Demand, is set to zero for all of the state-years in which the initial-year renewables 
exceed the REC demand. Column 1 shows that a 1 TWh increase in the total net REC demand for 
a state is associated with a 0.4 TWh decrease in coal-powered electricity. Interpreted causally, that 
would suggest that RPSs reduce the use of fossil fuels, as intended. But the coefficient on natural gas 
in column 2 undermines that interpretation. An increase in the total net REC demand is associated 
with an increase in natural gas, though not a statistically significant one. Hollingsworth and Rudik 
(2019) find a similar positive relationship between in-state RPS requirements and natural gas. We 
suspect that some omitted variable or endogenous nonadditionality drives this, an issue we address 
using instrumental variables in Section 5, below.

Table 3: RPS Requirements, Energy Generation, and Carbon Emissions

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions (MMT)
(1) (2) (3) (4) (5)

Total Net REC 
Demand (TWh)

–0.400* 0.020 0.015 0.001 –0.364*
(0.033) (0.049) (0.018) (0.001) (0.027)

State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530 1,530
R2 0.96 0.91 0.47 0.30 0.98

Notes: Standard errors in parentheses. * p<0.05.
Estimated versions of equation (4), in which the dependent variable is TWh of electricity or MMT of CO2 emissions in 
each state. The 1,530 observations represent 51 states from 1990 to 2019. Other included variables are the LCV state house 
and senate scores, the presence of mandatory green power purchasing option, public benefits fund, state net metering 
programs, and whether the electricity market has been restructured. See online Appendix Table A8 for a full estimate of 
equation (4). See Appendix Table A9 for a full estimate of equation (5) using the above dependent variables.

For renewables in columns 3 and 4 of Table 3, a 1 TWh increase in the total net REC de-
mand for a state corresponds to small, statistically insignificant increases in electricity generated 
from wind (0.015 TWh) and solar (0.001 TWh). These small relationships between RPSs and re-
newables mostly corroborate previous work. Upton and Snyder (2017) find insignificant effects of 
RPSs on any generation. Hollingsworth and Rudik (2019) find an insignificant effect on wind for 
out-of-state REC demand, and a small positive effect on wind for in-state REC demand.

The ultimate goal of RPSs, at least recently, is pollution reduction. A 1 TWh increase in To-
tal Net REC Demand in Table 3 is associated with a 0.4 MMT decrease in CO2. Greenstone and Nath 
(2020) also conclude that RPS policies lead to significant decreases in carbon emissions, whereas 
Upton and Snyder (2017) find insignificant effects.

6. Online Appendix Table A8 shows the full estimation of (4) with all control variables listed. Hollingsworth and Rudik 
(2019) estimate their version of (4) with separate controls for net in-state RPS requirements and out-of-state REC demand. We 
report an analogous version for comparison in Appendix Table A9.
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For electricity prices, the in-state RPS requirements and out-of-state REC demand could 
have opposite effects. In-state REC demand adds a cost to utilities selling electricity in the state 
and thus can only increase electricity prices. Out-of-state REC demand, however, has ambiguous 
effects on electricity prices. If a state has no RPS of its own or easily meets its own RPS, then out-
of-state REC demand can be supplied with excess, nonadditional, unbundled RECs. Those sales are 
an additional revenue source for the state’s utilities, effectively subsidizing supply and reducing the 
electricity prices necessary to cover costs. On the other hand, if a state has its own strict RPS and 
needs RECs of its own to meet that, out-of-state REC demand represents competition, driving up 
the price of the RECs needed for compliance. That increases the cost of supplying electricity, and 
presumably the retail prices necessary to cover those costs.

Because the in-state RPS stringency and out-of-state REC demand have different effects on 
electricity prices, we include them individually when considering prices as the outcome variable, yit, 
rather than summing REC demand as we did in equation (4):

1 2Net-RPS  Out-of-State-REC-Demand  it it it i t ity Xβ β δ µ θ ε= + + + +′ +  (5)

where ity  are retail electricity prices, estimated separately for residential, commercial, and industrial 
customers.

Table 4 reports estimates of equation (5).7 As in Table 3, this also departs from prior work 
in that it examines the relationship between prices and the stringency of RPSs, rather than simply 
their presence. Each of the four sectors shows a negative coefficient for the net out-of-state REC 
demand, consistent with the idea that sales of unbundled RECs to neighboring states subsidize lo-
cal electricity supply. But the negative and significant coefficients on in-state REC demand are not 
consistent with any such theory. RPS requirements add costs to in-state utilities, and so any effect 
on electricity prices should only be positive. Both Upton and Snyder (2017) and Greenstone and 
Nath (2020) find that the presence of RPSs increases prices by about 11 percent, though they do not 
consider the stringency of those RPSs.

Table 4: RPS Requirements and Retail Electricity Prices

Industrial Price (Cents 
per kWh)

Total Price  
(Cents per kWh)

Commercial Price 
(Cents per kWh)

Residential Price 
(Cents per kWh)

(1) (2) (3) (4)

Net In-State REC Demand 
(TWh)

–0.094* –0.090* –0.131* –0.064*
(0.020) (0.019) (0.019) (0.021)

Net Out-of-State REC 
Demand (TWh)

–0.019* –0.016* –0.026* –0.019*
(0.007) (0.007) (0.007) (0.008)

State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530
R2 0.86 0.89 0.88 0.89

Notes: Standard errors in parentheses. * p<0.05.
Estimated versions of equation (5). See the notes to Table 3 for the other covariates. See online Appendix Table A10 for a 
full estimate of equation (5).

One explanation for the negative coefficients on in-state REC demand in Table 4 may in-
volve the endogenous nonadditionality we discussed earlier. States expecting abundant inexpensive 
energy and relatively low electricity prices may be more likely to impose strict RPSs. Another may 
involve the built-in simultaneity between prices and the LBNL calculation of RPS stringency. Low 

7. Online Appendix Table A10 shows the full estimation of Table 5 with all control variables listed.
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prices increase electricity demand, automatically raising the quantity of renewables required and the 
measure of stringency.

Because of the various problems with merely regressing outcomes on RPS stringency—
omitted variables, endogenous nonadditionality, and the built-in simultaneity in stringency—we 
turn next to an instrumental variable approach.

5. INSTRUMENTING FOR RPS STRINGENCY

Prior work (Upton and Snyder, 2015; Lyon and Yin, 2010) has shown certain variables to 
be good predictors for the presence of an RPS policy. For our purposes, we need predictors for the 
stringency of state RPSs, not just their presence. And because we want to use them as instrumental 
variables in a panel across states over time, we need predictors with both cross-sectional and inter-
temporal variation.

The first two instruments we construct are measures of sun and wind energy potential. 
The cross-sectional variation comes from the states’ average sunshine and windiness. Sunshine is 
measured by direct normal irradiance (DNI) and windiness by average wind speeds. DNI and wind 
speeds describe the potential effectiveness of solar panels and wind turbines. Those are static mea-
sures for each state, however, and would be absorbed by state fixed effects in any regression context.

To add a temporal variation to DNI and wind speeds, we use the changing annual average 
national cost of solar panels and wind turbine installations.8 We multiply these together: average 
state DNI times the average annual national cost of solar panel installations, and average state wind 
speed times the average annual national cost of wind turbine installations. The idea is that when the 
cost of solar installations falls, renewable energy and RPS policies become more attractive in sunny 
places. And when the cost of wind turbines changes, the same applies to windy places.

The next instrument we construct is the number of RECs available for a state to purchase. 
Some neighboring states will have their own strict RPSs, which means that some out-of-state re-
newables may not be available for purchase by neighbors. Returning to Figure 3, state A has an 
RPS requirement and can purchase RECs from states B, D, and E. State B also has an RPS, and can 
purchase from A, C, and E. A’s measure of out-of-state REC supply would then be the number of 
renewables generated in B less B’s own RPS goal, plus the number of RECs generated by D and E. 
We do not subtract anything from D and E, since they do not have their own RPS goals, and C is not 
an eligible REC exporter to A, so its renewables are not included.

The variable we construct is the supply-side analog to net out-of-state REC demand in (2). 
It is constructed in the following way:

( )TP
Net-Out-of-State-REC-Supply 0, Renewables RPS

i
it jt jtj

max
∈

= −∑  (6)

where, similarly to (2), TPi is the set of states from which state i is permitted to purchase RECs. If the 
RPS requirement in any one state exceeds the number of renewables it produces—that is, if it is a net 
importer of RECs instead of a net exporter—we do not normalize that state’s net requirement to zero 
and instead leave the negative measure. Going back to Figure 3, if state B has an RPS requirement 
larger than its renewables production, then B is likely going to be competing for RECs with state A.9 
Normalizing B’s measure to zero, instead of leaving it negative, would overstate A’s net out-of-state 

8. The changing national price of solar and wind equipment may not be exogenous for large states, like California, as 
those states’ demand for renewables may affect the national price of equipment.

9. This is a slight oversimplification because the potential REC sellers to state B are not always exactly the same as the 
potential REC sellers to state A. However, there is often significant overlap in the sellers, so it is important to consider that B 
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REC supply. However, we do normalize the sum of each state’s trading partners’ excess RECs to 
zero. If every state that a state can buy RECs from has a shortage of RECs, which would result in 
a negative Net-Out-of-State-REC-Supply, that state has zero potential REC supply, not a negative 
REC supply. Therefore, the out-of-state REC supply instrumental variable in (6) sums the number 
of RECs available to a state to import, as defined by each state’s individual RPS legislation. The 
number of RECs available for purchase directly affects a state’s ability to meet its RPS goals. If a 
state has more RECs available for purchase, passing a strict RPS policy is less costly.

The remaining instruments come from Upton and Snyder (2015) and Lyon and Yin (2010), 
who used them to predict whether states adopt RPSs. We use them to predict the stringency of states’ 
RPSs. The instruments include political variables: which party has control of the state legislature 
and the share of seats in each house won by each party. They also include measures of state GDP. 
Upton and Snyder (2015) showed that states with higher total GDP per capita were more likely to 
enact RPSs, and states with higher mining sector GDP were less likely to do so. We also include as 
an instrument the presence of a renewable energy lobby in the state, following Lyon and Yin (2010).

Table 5 presents estimates from a first-stage regression of total net REC demand on the 
instruments.10 Some of the instruments are not available for all the state-years in our sample. For 
example, data on the cost of solar panel installations are available only after 2007, weather data are 
missing for Washington, D.C., and data on winners of state legislature seats in each election cycle 
are not always available for Louisiana and Nebraska.11 Column 1 of Table 5 uses only the subset of 
576 observations for which all of the instruments are available. Column 2 uses only the subset of 
instruments available for all 1,530 observations.

The results from the second-stage estimates of (4) can be seen in Table 6. Panel A shows 
the results using the first instrument, column 1 of Table 5. Panel B uses the second. The coefficient 
on CO2 emissions is negative in both panels. In both panels, the results are similar in magnitude to 
the uninstrumented results in Table 3 and to past work by Greenstone and Nath (2020). The coeffi-
cient on coal is negative and significant in Panel A, again in line with our Table 3 results, and it is 
not significant in Panel B.

The coefficients on electricity generated from wind, solar, and natural gas are the least ro-
bust. In Panel A, the coefficients for wind, solar, and natural gas are significant but have unexpected 
signs. In Panel B, wind is positive and significant and natural gas is negative and significant, which 
are the expected directions. The coefficient on solar is positive in Panel B as well, though it is not 
statistically significant.

Using a subset of instruments and the complete data set, Panel B of Table 6 suggests that 
more stringent RPS policies lead to fewer CO2 emissions, less use of natural gas, and more wind. 
Each TWh of extra REC demand is associated with a decline in CO2 emissions of 0.396 MMT. For 
comparison, in 2020 the U.S. electric power industry emitted 0.387 MMT of CO2 per TWh of elec-
tricity generated.12

But those results do not appear to be mainly the result of increased renewables. Panel B 
suggests that RPS policies do not increase solar power, and increase wind by only 0.2 TWh for every 
1 TWh increase in total net REC demand. Some descriptive work has asserted that RPSs are “as-

is a net importer and will be competing for the same out-of-state RECs as A. We are erring on the side of underestimating the 
number of out-of-state RECs available to A.

10. Online Appendix Tables A11 and A12 report the first-stage results separately for the net in-state RPS requirements 
and net out-of-state REC demand.

11. Nebraska has a unicameral state legislature. Some of the data for Louisiana did not pass the quality check performed 
by Klarner (2018), and this state is therefore dropped from the “Restructured for use” data set he recommends using.

12. https://www.eia.gov/tools/faqs/faq.php?id=74 (accessed November 2021).

about:blank
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sociated with” half of renewable energy growth since 2000 (Barbose, 2019). That careful language 
avoids claiming that the RPSs caused half of the growth. Using our data from the same time period 
(2000–2019) and the results from Panel B, we estimate that RPSs are responsible for at most 10.5 
percent of the growth in electricity from wind that has occurred since 2000, and none of the solar.13

Panel B of Table 6 also includes some puzzling results. For one, the coefficient on coal gen-
eration is positive (though not significant). More troubling, the coefficient on natural gas implies that 
increasing the stringency of an RPS by 1 TWh decreases natural gas generation by 1.2 TWh, a more 
than one-to-one response. Hollingsworth and Rudik’s analysis also yield odd conclusions about 
natural gas, though theirs imply that stringent in-state RPSs increase generation from natural gas.

Table 7 reports the results from the second stage for retail electricity prices. Recall that 
we expect states with more in-state REC demand to have higher electricity prices, but the effect of 
out-of-state REC demand could go in either direction. In Panel A, which uses all the instruments 
on a subset of the observations, the curious negative coefficient remains. In Panel B, which uses a 

13. We sum the RPS requirements across states for 2000–2019 and assume that 0.2 TWh of wind were generated for each 
TWh of REC demand. We then divide that by the TWh of wind generated in the United States from 2000 to 2019 to get the 
result that at most, 10 percent of wind generation was caused by RPSs in 2000–2019. 

Table 5: First-Stage Results for IV Estimation: Total Net REC Demand

Total Net REC Demand (TWh)

(1) (2)

Solar Instrument 0.018*
(0.007)

Wind Instrument –0.055*
(0.008)

Net Out-of-State REC Supply (TWh) –0.068* –0.011
(0.019) (0.007)

Democratic State Legislature Control –2.349* 1.296*
(0.967) (0.554)

Split State Legislature Control –4.733* –1.022*
(0.914) (0.518)

Percentage of State House Seats Won by Democrats –0.346
(5.194)

Percentage of State Senate Seats Won by Democrats 4.155*
(1.984)

Percentage of State House Seats Won by Third Party –216.3*
(56.13)

Percentage of State Senate Seats Won by Third Party 80.49*
(37.04)

State GDP per Capita, Mining Sector (Millions of $) 149.000 –251.000*
(221.000) (105.000)

State GDP per Capita, Manufacturing Sector (Millions of $) 962.000* 348.000*
(485.000) (174.000)

State GDP per Capita, Total (Millions of $) 318.000* 201.000*
(117.000) (26.900)

Renewable Energy Lobby –0.933 –0.867
(1.637) (0.613)

State Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
Observations 576 1,530
F Statistic 48.42 27.81

Notes: Standard errors in parentheses. * p<0.05. This table shows the first stage of instrumental variable approach for 
the total net REC demand instrument. Column 1 includes all instrumental variables, some of which are not available for 
all states and years. Column 2 includes only those instruments that have observations for all states and years. See online 
Appendix Tables A11 and A12 for first-stage results splitting REC demand into in-state and out-of-state measures.



Renewable Portfolio Standards / 169

Copyright © 2023 by the IAEE.  All rights reserved.

Table 6: IV Analysis: Effects of REC Demand on Types of Electricity and Carbon

Panel A CO2 Emissions 
(MMT)Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh)

(1) (2) (3) (4) (5)

Total Net REC Demand (TWh)
–0.517* 0.417* –0.126* –0.044* –0.336*
(0.083) (0.086) (0.045) (0.020) (0.062)

State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 576 576 576 576 576
R2 0.96 0.97 0.81 0.53 0.99

Panel B CO2 Emissions 
(MMT)Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh)

(1) (2) (3) (4) (5)

Total Net REC Demand (TWh)
0.197 –1.280* 0.171* 0.033 –0.396*

(0.149) (0.244) (0.077) (0.024) (0.112)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530 1,530
R2 0.95 0.86 0.45 0.29 0.98

Notes: Standard errors in parentheses. * p<0.05. This table shows results from instrumenting for total (in-state and out-of-
state) RPS stringency on electricity generation and carbon emissions. Panel A shows the results from the first specification 
of instruments, which includes all instrumental variables, some of which are not available for all state-years in our sample. 
Panel B shows the results from the second specification, which includes only those instruments that have observations for 
all state-years. See full estimates in online Appendix Table A13. See Appendix Table A14 for full results that split RPS 
stringency into in-state and out-of-state REC demand.

Table 7: IV Analysis: Effects of REC Demand on Retail Electricity Prices

Panel A Industrial Price 
(Cents per kWh)

Total Price  
(Cents per kWh)

Commercial Price 
(Cents per kWh)

Residential Price (Cents 
per kWh)

(1) (2) (3) (4)

Net In-State REC Demand 
(TWh)

-0.047 -0.085 -0.129* -0.050
(0.052) (0.053) (0.055) (0.058)

Net Out-of-State REC 
Demand (TWh)

-0.027* -0.026 -0.038* -0.020
(0.014) (0.014) (0.014) (0.015)

State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 576 576 576 576
R2 0.95 0.95 0.95 0.95

Pantle B Industrial Price 
(Cents per kWh)

Total Price  
(Cents per kWh)

Commercial Price 
(Cents per kWh)

Residential Price (Cents 
per kWh)

(1) (2) (3) (4)

Net In-State REC Demand 
(TWh)

0.035 0.101 0.169* 0.140
(0.073) (0.072) (0.078) (0.081)

Net Out-of-State REC 
Demand (TWh)

0.061* 0.075* 0.065* 0.089*
(0.030) (0.030) (0.032) (0.033)

State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530
R2 0.84 0.87 0.84 0.86

Notes: Standard errors in parentheses. * p<0.05. This table shows results from instrumenting for in-state and out-of-state 
RPS stringency on electricity prices. Panel A shows the results from the first specification of instruments, which includes 
all instrumental variables, some of which are not available for all state-years in our sample. Panel B shows the results 
from the second specification, which includes only those instruments that have observations for all state-years. See online 
Appendix Table A15 for full results.
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subset of the instruments and all the observations, prices are higher in states with more in-state REC 
demand—statistically significantly so for commercial electricity prices.

Out-of-state REC demand appears negatively associated with electricity prices in Panel A, 
and positively associated with electricity prices in Panel B. We do not have a prior expectation in this 
case because the effect of out-of-state REC demand depends on whether states purchase bundled or 
unbundled RECs.

Overall, whether we instrument for REC demand or not, and whether we use the full set of 
instruments and a subset of the observations, or a subset of observations and the whole data set, the 
conclusion is the same. It is difficult to find a robust, statistically significant effect of RPS policies 
on electricity generation from renewable sources. The large coefficient on natural gas particularly 
worries us that something is missing or some variable remains omitted from our estimation strategy 
and those of past studies. The most consistent finding is a decline in CO2 emissions.

6. CONCLUSION

RPS policies represent the most comprehensive and longstanding attempt by governments 
in the United States, at any level, to promote renewable energy use. And their popularity has been 
growing across the political spectrum, in the US and internationally (Marshall and Burgess, 2022; 
Rhodes et al., 2021).

Using both ordinary least-squares and instrumental variables approaches, we find evidence 
that RPS policies do seem to lead to more renewables from wind generation, less natural gas use, 
and fewer CO2 emissions, as well as some evidence that in-state RPS policies may increase elec-
tricity prices. However, the magnitudes of these effects, with the exception of the effect on CO2 
emissions and natural gas use, are quite small. These results are largely in line with previous work 
by economists evaluating RPS policies.

In one specification of our instrumental variables approach, we find that increasing REC 
demand by 1 TWh decreases CO2 emissions by 0.4 MMT and electricity generated from natural 
gas by 1.3 TWh, increases wind by 0.2 TWh, and slightly increases electricity prices, in and out of 
state. At most, we find that RPSs are responsible for 10.5 percent of the increased wind since 2000 
and none of the increased solar. Of course, one reason we might be measuring only small effects on 
renewables is that RPS policies have been relatively weak, to date, at least when compared to the 
ambitious goals of states planning to require that all energy come from renewable sources before 
2050. Future binding and strict RPS policies in more states could lead to more renewables and 
larger declines in carbon pollution. Even when using methods that combine the best approaches of 
prior studies, our results do not alter the basic conclusions. Descriptive work overstates the effects 
of RPSs, giving them more credit for renewables growth than they deserve. Studies that attempt 
to account for interstate REC trading and endogenous nonadditionality, including ours, find much 
smaller effects.

By largely corroborating prior work, the results here present a similarly mixed message. 
The small or insignificant effect of RPSs on the amount of electricity generated from solar and wind 
sources controverts public claims for their efficacy. On the other hand, our work and prior studies 
show that RPSs do seem to have reduced natural gas-powered electricity and pollution, which is 
their ultimate objective.

Remember that RPSs typically require that the share of electricity generated from renew-
able sources exceed a designated fraction. Compliance can be achieved either by increasing renew-
ables (in the numerator) or by reducing fossil fuel use (in the denominator). Our results indicate 
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that nationwide, the prevailing compliance mechanism has involved decreasing fossil fuels rather 
than increasing renewables. If true, that is good news: increasing renewables by itself does not do 
anything to mitigate pollution, but reducing fossil fuel use does.

Before celebrating RPSs as a policy achievement, however, remember that 20 U.S. states 
still do not have such requirements. Aside from the straightforward conclusion that if they work, 
more states should deploy them, there is another, deeper problem with having so many nonpartici-
pants. Interstate REC trading means that this study and others have difficulty assessing whether re-
newable energy generated in states without RPSs was truly additional. Renewables that would have 
been generated anyway undermine the efficacy of RPSs. We attempted to account for both interstate 
REC trading and endogenous nonadditionality, but our fragile results could mean that we fell short 
of fully accounting for both, even after combining the best methods of four recent academic studies.

One policy possibility that would alleviate the challenge of fully accounting for these is-
sues would be a national clean energy policy. Those nonadditional renewables may not be a problem 
if every state had a binding RPS or if there were such a national policy. If designed well, interstate 
trading could make a national plan more cost-effective, not weaken it by allowing one state to sell 
nonadditional renewables to another.
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