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Overview
When the US Senate failed to adopt any of the many legislative proposals before it during the 111th Congress to impose an economy-wide cap-and-trade program for emissions of CO2, the Obama Administration and other policy innovators started to develop a collection of different strategies to help reduce emissions of greenhouse gases. These policy ‘chunks’, as President Obama referred to them in a September 2010 interview with Rolling Stone magazine, include stricter CAFE standards for vehicles, Clean Air Act rules to reduce carbon dioxide (CO2) emissions from point sources including coal-fired utility boilers, and policies to promote energy efficiency and clean energy standards for the electricity sector. 
A clean energy standard (CES) is similar in form to a renewable portfolio standard (RPS), but includes a broader range of non-CO2 emitting and even low-CO2 emitting technologies. In his 2011 State of the Union address, President Obama announced a goal of producing 80 percent of electricity using clean energy sources by 2035. This announcement was followed by the release of a brief summary of what a CES to achieve this goal would look like. The policy would give full clean energy credits to technologies such as nuclear and renewables that emit no CO2 and partial credit to coal with carbon capture and storage (CCS) and efficient natural gas. The exact parameters of the administration policy have yet to be specified. In April of 2011, the staff of the Senate Environment and Natural Resources Committee issued a white paper that sought comment on several different design elements of a CES that would be consistent with the goals that the president has laid out. This paper analyzes a CES that is broadly consistent with the policy outlined by the Obama Administration and considers the effects of different design parameters and different contexts on the performance of the standard and its effects on CO2 emissions, the mix of generation technologies and fuels used to produce electricity and electricity prices. 
Methods
This paper uses both conceptual economic reasoning and Resources for the Future’s Haiku electricity market simulation model to analyze the effects of a CES policy on the US electricity market. Economic reasoning is used to develop several hypotheses about the potential effects of a CES policy and of different policy designs on the efficiency and equity implications of using a CES to reduce CO2 emissions. The Haiku model is used to simulate how the imposition of a CES policy, as well as changes in its design, affects different market and model outcomes—including CO2 emissions levels, regional and national electricity production by fuel and technology, regional and national retail electricity prices and inter-regional trading of clean energy credits. 
The Haiku model divides the electricity market in the lower 48 states into 22 regions and allows for inter-regional electricity trading subject to transmission constraints between regions. Different CES policy scenarios are compared to the results of a baseline model run, both with natural gas supply assumptions consistent with the Energy Information Administration’s AEO2010 and a vision of more abundant natural gas consistent with the EIA’s AEO2011. The modelling also considers the affects of public acceptance, regulatory and cost uncertainty motivated limits on the rate of future penetration of new nuclear generation facilities or new IGCC coal plants with carbon capture and storage. The model incorporates the effects of state-level RPS policies on electricity markets in the baseline scenario.
Results
The results indicate that the CES policy designed to yield 80 percent clean energy by 2035 has an important effect on CO2 emissions from the electricity sector. Cumulative CO2 emissions fall by around 30 percent regardless of the CES policy design or any constraints on the development of nuclear or CCS technology. The CES policy includes tradable clean energy credits and the prices of these credits are very low until 2020 and between about $40 and $80 thereafter. The ultimate prices for credits are substantially higher than the alternative compliance payments envisioned in other recent proposals for a federal RPS or CES.
On the technology front, the simulation results show that natural gas will be the bridge to 2020. After 2020, under the AEO2010 assumptions about nuclear costs and gas supply, nuclear is the preferred technology. If nuclear is constrained, then IGCC with CCS will be preferred. If both nuclear and IGCC investment are constrained, then wind is preferred (this latter scenario is RFF’s Core CES scenario).
The effect of a CES on national average electricity prices is fairly modest under any form of CES and technology cost realization. In general, regulated regions see higher prices as a result of the regulation. Electricity prices fall in some competitive regions. The regions that have the lowest baseline prices will see the largest price increments from a CES. Crediting existing nuclear and hydro under the CES policy would tend to undo this outcome by generally benefitting the low price baseline regions at the expense of the high price baseline regions. Crediting existing nuclear and hydro benefits shareholders at the expense of consumers. If electricity generated by existing nuclear and hydro facilities neither produce credits nor require them for compliance, then the impact on electricity prices will fall between the other two scenarios. In general under a national CES, utilities in the east will tend to purchase clean energy credits from generators in the west.
Conclusions 
This analysis provides some useful insights into the consequences of different forms of a CES policy for electricity consumers, electricity producers, and the environment. Many important questions remain about how other features of the CES policy design will affect its performance. Aspects that have yet to be explored include the implications of credit banking and borrowing, partial crediting of generation from existing nuclear and hydro, the role of alternative compliance payments, the relationship between a CES and policies to promote energy efficiency, and policy interactions between the CES and EPA regulations under the Clean Air Act to reduce emissions of CO2 from existing sources. Proposals to base CES crediting on emissions rates instead of broad categories of technologies may create additional incentives to reduce emissions and could provide a bridge between EPA regulations of existing sources and the policy used to promote investment in cleaner generating technologies. Identification of the consequences of these design feature and alternative approaches requires additional modeling analysis. Stay tuned.
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