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Introduction . Data________

* Transitions of electricity generation from fossil fuels to renewable technologies e U.S. state-level data from 2001 to 2019.
are essential in mitigating greenhouse gas (GHG) emissions. e Policy data: Lawrence Berkeley National Laboratory (LBNL) and the Database of
* Large heterogeneities exist among U.S. states regarding solar and wind energy State Incentives for Renewables & Efficiency (DSIRE).
development and natural endowment. * Electricity generation data: the U.S. Energy Information Administration (EIA).
Renewable Portfolio Standards (RPS), so far the dominant local instruments in « Control and proxy variables: the State Climate Policy Dashboard, LBNL, the U.S.
fostering renewable development and reducing GHG emissions from the grid National Renewable Energy Laboratory (NREL), and EIA.
power.
 To promote solar deployment, some states have designed and implemented RPS
Solar Carve-Out (SRPS), which is built upon RPS.
 The RPS allows electricity suppliers to select renewable energy from a broad Table 1. Effects of RPS and SRPS on State-level Table 2. Effects of RPS and SRPS on State-level
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range of technologies and sources, while SRPS directly mandates solar electricity Solar/Wind Deployment — /REC Trading R—
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* Objective: Investigate the differential impacts of technology-neutral (RPS) and RPS x SRPS dem b e e o B osor o7 g 2
. [ . . . ' . e : : ' (0.178) (0.156) (0.800) (0.709)
technology-specific (SRPS) renewable energy policies on different types of e . rr e 0,02 .
. o . . . - - | (0.011) (0.086)
renewable energy sources in electricity generation. - o112 0220) RPS x SRPS x SRPS target 0163 Loz
Other green policies 0.272***  0.245*** -0.259***  -0.250*** (0.094) (0.380)
(0.054)  (0.058) (0.076)  (0.081) Proxy variables Yes Yes Yes Yes
Penetration rate of distributed solar 0.016** 0.016** -0.041**  -0.042** Conti"fols Yes Yes Yes Yes
el . - - gt(;I;SetzEfi vear fixed effects gg: gz: 52: §2:
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(0.200)  (0.246)  (0.243)
. L.External demand of SREC 0.023 -0.004 -0.008 Note: Robust standard errors in parentheses, * p < 0.1, ** p < 0.05,
Theoretical setup: - g S e ek < 0.0L.
. . . . . . . . . . (0:515) (0:507) (0:50‘6))
* Arepresentative electricity supplier in state i provides electricity to satisfy L "
. oo . . (0.975)  (1.176)  (1.236)
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Strictly increasing and convex; C,il (q) > CIiZ (q) > C,i3 (q) Table 3. Effects of RPS and SRPS on State-level Eﬁ “
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* The trading of electricity, solar renewable energy credit (SREC), and . - = :
. . (0.072) (0.657) (0.147) (0.208) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
renewable energy credit (REC) (z;, y.,, ¥;,) is allowed across states at R CHEN CHEND CHENNS CHENN CHEN RN Year
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market-clea ring price P, 0 1 and 6 2 respectlvely. Sedmiaanp e e G ¥ B by Figure 1. The Cost of Implementing a Solar Carve-
Observations 500 500 490 490 450 450 441 441 . .
R? 0.723 0755 0743  0.748 0813 0827 0932 00933 Out within RPS

Individual supplier’s decision problem:

min{qi,ll Gy 93 7%¥iq Vi) Co0a;1) +C5q;,) +C5(q;5) + Pz +01y,,,0,y, COnCI USiOnS

subjectto: g;;+G;,+G3+22Q;5 G54y 20;,Q * Technology-specific SRPS has been effective in promoting the development of

qi:+Q,*tYi1+Yi>2Q; q,,9,,9,320 solar energy in the United States.
Hypothesis 1: The adoption of SRPS or a more stringent SRPS target in one state * Technology-neutral RPS is shown to héve imbalanced effects on the
induces a higher share of solar electricity but a lower share of wind electricity in development of renewable technologies.
total electricity generation in that state. * RPS and SRPS imply significant trade-offs between solar and wind development.
Hypothesis 2: The adoption of RPS or a more stringent RPS target in one state In particular, SRPS promoted solar at the expense of wind, the relatively lower-
induces a higher share of wind electricity but a non-decreasing share of solar cost energy source, and thus higher costs of electricity generation.
electricity in total electricity generation in that state. * Along with the impacts of policies, our results also provide quantitative
Hypothesis 3: As SRPS or RPS becomes more stringent in one state, trading of SREC estimates of the crucial cost-reduction role of technology advancement in
and REC increases in that state. facilitating the deployment of solar and wind energies.

 The adoption of SRPS or a more stringent SRPS target induced more extensive
. . SREC trading, implying that SREC trading is an important tool for utilities to
Empl rlcal MOdEI comply with SRPS mandates.

Two-way fixed effects model with two treatment variables and staggered timing of

Yii = a+ 01RPS;; + 0oRPS;; x SRPS;; + 0sRPS;; x RPS_ target,, + 0,RPS;; x SRPS; . .
t : P t P t S8 T 0 t t  The trade-offs between technology-neutral and technology-specific policies

x SRPS_ target;, + Xy'y + £10CCy + k2 PDSiy + Ty + f1; + Ant + Ui, depend on the relative cost competitiveness of the technologies and the relative

V. :the share of solar or wind electricity in total electricity generation; competitiveness can evolve over time with technology advancement.

* RPS,/SRPS,: dummy policy indicators (0/1); * |n fact, the cost of solar has fallen dramatically in the last 20 years or so,
increasing its competitiveness among renewables. This implies that, even though
a solar carve-out has been effective in promoting solar in our study period, a
technology-neutral policy may also have the potential to facilitate solar
deployment nowadays.

* RPS_target,/SRPS_target,: continuous policy variable in % of electricity required;

* OCC,: other climate change policies, a proxy for preferences for green policies;

* PDS,: the penetration rate of distributed solar, a proxy for preferences specifically for
utility-scale solar;

+  X,: a set of control variables; * Policymakers should be attentive to changes in the cost structure of renewable

* T, M; and A t: indexes of state fixed-effect, year fixed-effect, and region-specific linear technologies when making renewable energy policies.

time trend;
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