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Overview

In August 2015, the U.S. Environmental Protection Agency (EPA) finalized the nation’s first regulations on carbon dioxide (CO2) emissions from existing electric generating units. These regulations, called the Clean Power Plan (CPP), require states to reduce aggregate CO2 emissions rate from the existing power fleet. States will need to craft strategies to comply with these rules and have considerable leeway in doing so. In addition to the three “building blocks” the EPA relied on for formulating the CPP – improving heat rates at coal-fired generators, re-dispatching gas- for coal-fired generators, and deploying renewables – states could also comply by retrofitting coal- and gas-fired plants with carbon capture and sequestration (CCS). The EPA did not consider CCS retrofits as a building block due to their high capital cost. However, research [1,2] has demonstrated that flexible CCS plants, which use either flue gas venting or amine solvent storage in order to increase ramping capabilities and maximum capacity, can deliver system-wide benefits by reducing renewable integration costs, CO2 emissions, and total dispatch costs. 
No research on flexible CCS power plants has provided an integrated accounting of all of their system-wide benefits for U.S. power systems or been done in the context of the CPP, which will drive the composition of the U.S. power system through 2030. Furthermore, no studies have compared the cost-effectiveness of CO2 emissions reductions from flexible CCS to alternative emissions reductions technologies, like wind. Finally, little research [3] has been done on the cost-effectiveness of alternative compliance strategies with the CPP. 
This research will fill those gaps by assessing the cost-effectiveness of using flexible CCS, inflexible CCS, wind, and re-dispatching, alone or in combination, to comply with the CPP. In so doing, we will capture the full system benefits of flexible CCS. With these results, we will answer two questions. First, what is the benefit of flexible versus inflexible CCS from the system perspective? Second, how does flexible CCS compare to other CO2 emissions reductions strategies for complying with the CPP? We use a unit commitment and economic dispatch (UCED) model to co-optimize energy and ancillary services in order to simulate energy and ancillary service provision and costs as well as emissions. We apply the UCED model to fleets we create that comply with the CPP using, alone or in combination, flexible CCS, inflexible CCS, wind, and re-dispatching of gas- for coal-fired generation. The analysis includes “base” compliance fleet scenario, which relies on the EPA’s building blocks at the proposed levels of deployment. The cost-effectiveness of CO2 emissions reductions are then compared amongst these fleets to understand the relative merits of a flexible CCS compliance strategy. Other benefits of flexible CCS, including local air pollutant reductions, are also quantified.
Methods

We use a unit commitment and economic dispatch (UCED) model to co-optimize energy and ancillary services in order to simulate electricity and reserve provision and costs as well as emissions. UCED models are commonly used power system optimization models that determine the dispatch of individual plants to meet demand for electricity at least cost given system constraints. Our study focuses on the Midcontinent Independent System Operator (MISO) region as a case study because of its high renewables potential, system size, and large expected retirements of coal plants.

We apply the UCED to several representative 2030 generating fleets that comply with the CPP through different means. As a starting point, we use output from the EPA’s Integrated Planning Model of a 2030 CPP-compliant generating fleet, which accounts for generator retirements and additions in response to regulations, and assumes implementation of the proposed building blocks. This “base” fleet, therefore, provides a good approximation of a future fleet after implementation of the EPA’s building blocks. We then update this baseline fleet to include different scenarios of inflexible and flexible CCS retrofits on coal- and gas-fired generators and of wind. Additions of CCS and wind facilities to the base fleet may need to be offset through reduced implementation of building blocks, e.g. reduced energy efficiency, to avoid excess capacity and artificially-low electricity prices. The UCED model includes additional constraints in order to capture the flexible operations of CCS facilities. We model the CPP as a carbon price on affected fossil units such that emissions from these units are below the emissions mass limit set by the CPP.
We use the UCED model to estimate the cost-effectiveness of CPP compliance using flexible CCS, inflexible CCS, wind, and re-dispatch of gas- for coal-fired generation. The latter two strategies are building blocks in the CPP. Cost-effectiveness will be calculated by dividing system-wide emissions by the sum of capital and operational costs of each scenario. For instance, cost-effectiveness of a flexible CCS scenario includes capital costs from retrofit flexible CCS, capital costs from any included building blocks, and energy and ancillary services costs. Furthermore, we quantify specific system-wide benefits of flexible CCS, like local air pollutant reductions, using the output from our UCED. We also account for these benefits when estimating cost-effectiveness.
Results

We will quantify the cost-effectiveness of using flexible CCS, inflexible CCS, wind, re-dispatching of gas- for coal-fired generation, and combinations of these strategies to comply with the CPP with output from our UCED. Furthermore, we will quantify specific system-wide benefits of flexible CCS, like local air pollutant reductions, using the output from our UCED. We will also account for these benefits when estimating cost-effectiveness. 
Using these results, we will compare the system-wide advantages and disadvantages of using flexible versus inflexible CCS to comply with the CPP, and compare the cost-effectiveness of both to alternative compliance strategies with the CPP.
Conclusions

The proposed research has several policy and societal impacts. In the near-term, it will be useful to states as they draft their state implementation plans for the CPP. Flexible CCS could be a valuable component of a state implementation plan, but little research exists that would be help states in making this determination. Our research will fill this gap and be directly useful to states. 

In the long-term, our research will provide the fullest accounting thus far of the system-wide benefits of flexible CCS. Most studies that have proposed decarbonization paths for keeping temperature increases under climate change to acceptable levels forecast that CCS will supply a substantial portion (5-40%) of power generation by 2050 [4]. Equipping these facilities with flexible CCS could be beneficial to the power system, and, if so, may justify public support.
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