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Overview

The majority of American states have taken progressive steps over the past 20 years to foster renewable energy industry activities within their state borders. While there are many policy instruments among which states have chosen for this objective, by far the most prevalent renewable energy policy has been the renewable portfolio standard (RPS), as has also been adopted by more than 20 countries around the world. An RPS is a percentage of electricity sales obligation that must be achieved by participating utilities by a certain year. To fulfill RPS targets, utilities must either generate renewable energy (RE) or participate in renewable energy credit or certificate (REC) markets. The addition of a REC market to traditional RPS policies creates a market-based mechanism that offers utilities enhanced flexibility to meet their RPS mandates. 

REC markets could result in cross-state policy effects that set up additional incentives for various producers to develop renewable energy. An energy producer could sell their generation credits to their in-state REC markets, assuming the presence of an RPS, or to out-of-state REC markets. We might, therefore, expect that the renewable energy industry in the U.S. is not simply driven by the presence of state RPS policies and other factors that have been identified as playing supporting roles, such as average state income and ideology, but also driven by REC markets and the incentives that they provide to develop renewable energy. 

This analysis seeks to explore the relationship between REC markets and renewable energy development, specifically wind and solar, since 2000, when the first state RPS policies with REC markets were adopted. Our primary objective is to evaluate whether demand for RECs within any given state is driving renewable energy generation in other states. This analysis focuses on state-level dynamics in order to capture policy and REC market activity both within and across state borders. While our analysis is complicated by the limitations of the existing infrastructure for tracking REC characteristics, this study seeks to provide the first quantitative assessment of REC markets with the best available data. However, we also note the current deficiencies in tracking systems and the need for nuanced data related to RECs in order to analyze more complex questions related to state RPS programs and REC markets. 
Methods

Studying potential trading dynamics in REC markets is predicated on understanding relationships between states. Implementation of a dyadic data model structure is uniquely suited to understanding how the relationship between two units impacts the outcome of interest. In our study, we seek to understand renewable energy generation in Statei as a function of characteristics in both Statei and characteristics in an additional Statej, assuming that these two states share a REC trading relationship. In the present analysis, we select characteristics relevant to renewable generation in Statei based on prior RPS literature. Of particular interest, however, is the degree to which policy decisions and, thus, REC opportunities facilitated by trading partner, Statej, impacts the decision of investors to install and subsequently generate renewable energy in Statei. Exploring this research question reveals opportunities for understanding how policies create potentially enduring and important relationships between states. While anecdotal evidence suggests that REC markets are still highly volatile and geographically bound, reliance on other states to meet RPS goals might still be vital.

Our model is specified as:

Yit=α0+β1TradePartnerijt + β2Unmet Demandjt + β3TradePartnert*Unmet Demandjt + γ1Xi(t-1) + δt + θi + εijt
where Y represents energy generation from wind and solar resources in Statei in each year. The key independent variables of interest are indexed based on whether they refer to data from Statei or Statej and based on time, t. Our primary variables of interest include a measure of whether Statei and Statej are trading partners, operationalized in several ways in a series of models, and the amount of generation that Statej still has to secure in order to comply with its RPS policy. We also interact these two variables to devise a measure that represents that opportunity for out-of-state REC sales in which Statei may choose to participate. Under the assumption that characteristics related to the electricity market and political climate specific to Statei will have a lagged effect on renewable energy generation, we include a variety of control variables from Statei in time t-1 in the matrix X. We also include both Statei and Statej fixed effects, as well as year fixed effects. A series of robustness analyses cluster the standard errors on the dyadic pair, explore variations in the operationalization of the primary independent variables, and introduce instruments.
Results

Our results reveal that in-state REC trading opportunities are the strongest driver of renewable energy generation. Out-of-state RPS-compliance REC markets, however, are not significantly associated with renewable energy market developments. These results underscore concerns raised by other scholars that REC markets are too volatile and lack sufficient transparency to an extent that it prevents a robust REC market. Our results also detect the presence of voluntary REC markets, facilitated not for the purposes of RPS compliance but rather for the exchange of credits among those entities that want to offset their electricity consumption with carbon-free generation. We find that voluntary market exchanges are helping facilitate renewable energy growth, although not nearly to the extent that in-state RPS-compliance REC markets do.

Conclusions

We conclude our analysis with several suggestions for ways in which to improve REC markets in the U.S., and offer insights that can be extracted from this analysis to apply to other country contexts.
