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Overview

In this paper we provide a theoretical and experimental analysis of a consignment mechanism for the initial allocation of transferable property rights (e.g., pollution permits, allowances, credits) in a treadeable permits (Coasian) market.  Whereas under a traditional auction-based allocation system, auction revenue from purchased emissions permits is awarded to the government, under a consignment mechanism firms are initially allocated the emissions permits and required to sell those permits on a consignment basis in the Coasian auction, from which they receive the revenue from the consigned permits.  We test the efficiency and revenue implications of the consignment mechanism against a traditional Coasian market auction in a controlled laboratory environment and find that a consignment mechanism yields consistently higher auction prices at all levels of energy demand.  We also provide experimental analyses of alternative regulatory contexts that would include merchant coal and merchant gas producers, and find similar results.  
Methods


In this paper we provide both a formalized auction theoretic analysis and the results of a set of detailed controlled laboratory experiments using human subjects.  Our analysis tests the degree to which bidding behaviour and efficiency in contemporary carbon auctions is affected by the use of the consignment mechanism.  The consignment mechanism is the most recent market innovation to be utilized in carbon auctions, put in place in California’s AB32 market as a compliance cost containment mechanism.  That is, to prevent regulated utilities from passing through compliance costs to their ratepayers, the market was designed to return revenue from the sale of carbon permits to the utilities by way of requiring them to sell their pre-endowment of permits into the auction from which they purchase the permits they require for program compliance.  Given that the regulated utilities receive the revenue from the sale of these permits, their bidding behaviour, and ultimately the efficiency and performance of the auctions, is impacted by the inherent revenue structure of the consignment mechanism.  

Our detailed laboratory experiments simulate a control group that consists of energy producers competing in a carbon auction to acquire carbon emissions permits to comply with the cap-and-trade program.  We include stochastic energy demand for all producers, and we include a mixed energy portfolio of consisting of two levels of energy efficiency which broadly represent markets with both coal and natural gas production portfolios.  Our main treatment condition alters the control market by the inclusion of a fully-operational consignment auction mechanism.  This is operationalized as a pre-auction endowment of emissions permits to each firm, relative to that firm’s level of energy efficiency, which must be consigned, or sold, into the permit auction and from which that firm will receive revenue from the sale of those permits.  We also include treatments that constrain permit consignment to high and low energy-efficiency level producers, to broadly simulate East and West Coast markets with merchant gas and merchant coal, respectively.

We provide a set of detailed econometric analyses of the experimental data that test various hypotheses pertaining to bidding behaviour, market performance and efficiency.  And finally, our formalized theoretical analysis provides insights into the incentive dynamics inherent in carbon auctions utilizing consignment mechanisms.  This analysis begins with a reduced form and stylized Bertrand game that we expand and elucidate to include comparative static analysis and evaluate mixed strategy equilibria.  We compare divergences between the formalized theoretical analysis and the experimental analysis and draw behavioral insights from the data that are useful for both theory and practitioners. 
Results
The results of this analysis provide a strong verification of our main hypotheses, namely that the utilization of the consignment mechanism results in consistently higher carbon auction prices.  We find that this hypothesis is supported at a high degree of statistical significance at every level of energy demand.  In low permit demand markets, such as those markets in which there is low energy demand or in which energy is more consistently produced by higher efficiency resources, we find that permit price in the control market without consignment effectively converges toward zero.  This is consistent with operating carbon auctions in the Northeast U.S. (RGGI) that do not utilize consignment, in which the permit price converges toward the price floor.  In the experimental treatment in which consignment is utilized, we find a 2,200 percent increase in permit price at the mean (from $0.52 to $11.84).  In high permit demand markets, such as those markets in which there is high energy demand or in which energy is more consistently produced by less efficient resources, we find that permit price in the treatment market with consignment is 215 percent higher (from $12.66 to $27.23).  These results consistently hold at a very high degree of statistical significance.
Under our treatment conditions in which energy is provided by merchant coal and merchant gas, respectively, we find broadly consistent results, with a unique divergence in the merchant coal market.  In the markets with merchant gas, we find results very consistent with the main treatment condition, and statistically significant at all levels of energy demand.  In the markets with merchant coal, we find a statistically-significant increase in the carbon auction price compared to the control group market in which the consignment mechanism is not utilized.  This is consistent with our hypotheses.  However, we find a drop in the carbon auction price below the control group market at high levels of energy demand that is statistically-significant.  This divergence from our hypothesized results provides for a very interesting behavioral insight.
Conclusions

The results of our analysis are instructive for both economic scholars as well as applied practitioners seeking to gain insights into the most effective and efficient mechanisms for reducing greenhouse gases at the regional and national level.  The results of our analysis also provide useful insights for public policy, namely the key insight that the pervasive problem of low price equilibria in carbon auctions can be ameliorated by the utilization of a simple auction mechanism that, in our laboratory environment, shows significant promise.  As well, our inclusive treatment conditions will provide key insights to regulators in both East and West Coast markets in the U.S., as well as similarly-structured markets in other nations.  
Our paper is also quite timely in an ever-increasing national debate regarding the mitigation of climate change at the national level.  As the U.S. Congress debates a national auction-based system for pricing carbon utilizing Coasian markets, scholars and practitioners will have new insights into key market design parameters that can improve the efficiency of the auction mechanisms currently under consideration at the national level.  
