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Overview
Renewable energy has become an important aspect in the U.S. electricity generation mix and a primary focus of government policy for environmental, energy security, and price volatility reasons. Complementing federal policies such as the production and investment tax credit, state governments have taken actions to increase renewable energy capacity and generation, with most of the 50 states enacting policies to encourage the use of renewable energy in their state.

As a result of decentralized policy making, the individual state policies as well as renewable power penetration show a great deal of variance. While a number of factors might explain both the growth of renewable energy and the disparity in renewable capacity among states, policies adopted by state governments, including changes in the regulatory environment for electricity, could be expected to play an important role.
 
Few studies reliably verify that state initiatives toward these ends are effective in increasing the electricity sector’s diversification of fuel sources. Despite the resurgence in research attention that is now devoted to renewable energy policy, the causal link between state policies and renewable energy development remains tenuous, with studies finding contradictory results. 

This study explores the relationship between state policy incentives and renewable energy deployment and, by doing so, sheds light on the current debate surrounding the effectiveness of state policy innovation in the wake of climate change.
Methods
Using a panel data over all fifty states and years 1991-2007, this paper uses a state fixed-effects regression model with state-specific time-trends to estimate the effects of state policies on the penetration of various renewable electricity sources, including wind, biomass, geothermal, and solar.
Results
Results of this paper show that three types of policies impact non-hydro renewable capacity deployment: renewables portfolio standards (RPS); required green power options; and clean energy funds.

Renewable portfolio standards (RPS) target utilities by mandating a specified level of capacity or sales that must come from renewable energy. Our study reveals many findings. First, this policy is effective only when it is in form of a legal requirement; it is not effective when it is a voluntary goal. Second, based on the percentage contribution to the total renewable capacity, this policy has different impacts on the penetration of different renewable sources considered in this study: it results in a decrease in the penetration of major contributors, such as wind and biomass; and an increase in the penetration of minor ones, such as solar and geothermal. Thus, we observe that RPS requirements actually result in a decrease in the penetration of total renewable energy capacity, as opposed to the intended impact – an increase. However, this negative result seems to occur due to some states (e.g., Maine) setting un-ambitious targets relative to existing capacity and, by either removing these outlier states or by focusing on incremental (i.e., not absolute) requirements only, we observe the expected (positive) result.

Required green power options mostly result in increasing the penetration of all types of renewable energy capacity. Under this policy, consumers are given the option to buy power from renewable resources at a premium price. This policy works because it creates a differentiated demand by mandating that utilities must offer their customers the choice to purchase green power. This, in turn, allows consumers to express their preferences through paying an extra, utility commission-approved, charge for green power. The effectiveness of this policy demonstrates the power of policies that take some of the power out of the hands of the regulators and putting it in the hands of individual customers.

Clean energy funds, which award projects financial incentives, mostly result in increasing the penetration of all types of renewable energy capacity. Clean energy funds have awarded funding to projects that would have been undertaken to meet future RPS sales requirements regardless of the government’s financial support. CEF funding may have been used as the “carrot” to minimize electric power industry opposition while implementing the RPS sales requirement as the “stick” to ensure renewable deployment.

Finally, similar to the voluntary RPS policies, state government green power purchasing, which requires state governments to buy a certain fraction of their electricity consumption from renewable sources, is found to be insignificant.

We thus find that policy plays an important role in changing the penetration of renewables, and sometimes can have unintended – in particular, even opposite – effects. However, apparent failure of a policy may not be due to its stringency, but rather it’s ambition or design, as in the case of RPS in Maine. These results show that different types of policies may be more of less effective, in part because of the ambition contained, but also because of the ability to use these mechanisms to cover alternative motivations.

Finally, economic variables, such as electricity price, natural gas price, and per capita GDP as well as structural variables, such as voter preferences (as measured through league of conservation voters rating) and political influence of the fossil-fuel industry (as measured through the share of coal-generated electricity) are found to be generally insignificant, suggesting the crucial role of policy in increasing the share of renewables.
Conclusions
The important policy implications that arise from the results indicate policymakers have an array of effective tools – command-and-control, market-based, and incentive-based – at their disposal to promote renewable energy deployment in a state to meet environmental and energy security policy goals. These policy approaches can be used in conjunction – in particular, to allow power producers to take advantage of green power market differentiation while encouraging market penetration through new requirements on non-green power market electricity capacity or sales. These policy mechanisms will become even more useful to state governments if findings from our paper are used to inform future policy making.

We note that the focus of this paper is on evaluating the effectiveness of policies with respect to deployment of renewable energy sources. Though instructive, we believe that our work is just the beginning, and we hope to further continue in many different directions. First, we believe that increasing detail (e.g., policy and technology detail, bigger data sets, etc) of impact analysis would result in further insights. The second avenue is to translate our results into a more refined effectiveness framework, including effectiveness related to environmental, cost, and policy goal. The third avenue is to extend our work by diagnosing the observed effects better in the context of political economy and institutional characteristics by characterizing policy design and implementation best practices.
