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Overview

The purpose of the analysis presented here is to broadly demonstrate the sensitivity of CO2 capture and storage (CCS) costs in saline formations to changes in the water demands associated with implementation of CCS across the power plant fleet (coal and natural gas) due to parasitic energy requirements, and also discuss the effects of competition for sink space.  This paper also highlights the sensitivities of the levelized cost of electricity (LCOE) to parameters in the Water, Energy and Carbon Sequestration Simulation Model (WECSsim©).  This lays the groundwork for future parametric statistics-based reporting using distributions regarding the type and scale of uncertainty bounds for both performance and cost characteristics of the complete system.  The national-scale version of WECSsim© developed collaboratively at Sandia National Laboratories (SNL) with the National Energy Technology Laboratory (NETL) presents the cost uncertainties involved with scaling up CCS at the national level while accounting for the substantial uncertainty associated with specific geological parameters, efficiencies of capturing CO2, and treating extracted saline water for potential cooling at power plants.
Methodology
Previous analyses have shown that CO2 capture costs represent the dominant cost in a CCS cost breakdown and how there is substantial cost variability with changes to geological parameters (Klise, et al., 2013; Roach et al., 2010, 2012; Heath et al., 2012; Kobos et al., 2011).  This paper expands upon the core findings presented in Klise et al. (2013) by varying the influence of core cost and performance drivers for power plants to match with the ‘most viable’ storage space in saline formations.  An initial analysis of a few parameters illustrates the relative effects of CCS technology and water extraction and treatment parameters on the overall system’s costs relative to the effects of competition.
The WECSsim© model builds upon the Environmental Protection Agency’s (EPA) national power plant database and a saline water-bearing formations database developed by the National Energy Technology Laboratory (EPA, 2007; NatCarb, 2008).  WECSsim© is a national-scale integrated assessment model, which includes interconnected modules specific to Power Plants, CO2 capture technologies, CO2 Storage in Saline Formations, Extracted and Treated Water, and Power Costs.  WECSsim© can be used to evaluate a single hypothetical power plant specified by the user, a single existing power plant in the U.S., or the entire 2005 U.S. fleet of coal- and gas-fired power plants.  Extracting saline water from the target saline storage formation may be an important strategy to make more efficient use of the pore space and manage pressure build up in the reservoir.  A parametric scenario analysis framework identifies the key variables that may enhance the viability from a performance and cost perspective across the U.S.  The St. Peter Sandstone formation (St. Peter SS), for example, could store a sizable amount of the nation’s CO2 emissions due to its large size and strategic location.
Results & Conclusions
A key finding from this sensitivity analysis is that the LCOE is most sensitive to adjusting the percentage of CO2 captured from the base plant, less sensitive to the parasitic energy required for the CCS systems, and least sensitive to the water treatment technology efficiency.  Thus, if one were to look to reduce the overall system’s costs the most with limited research, development and demonstration (RD&D) funds, it would be advised to first determine the target percent CO2 capture level desired, and then work to reduce the CO2 capture, compression and transportation costs the most via reducing parasitic energy loads.
These initial findings suggest that a sizable portion of the performance and cost characteristics are not as sensitive as is the percentage of CO2 that each power plant could capture to store in a given formation.  Substantial effort has been expended to enhance the geological database presented in NATCARB to assure a reasonable set of assumptions underlie the geological parameters used throughout the WECSsim© analysis.  This, combined with WECSsim©’s unique ability to incorporate competition by the U.S. fleet of coal and natural gas power plants for the national set of potential saline storage formations allow the analysis to dynamically develop CCS scenarios at both the single plant and national levels.  The overarching impact of such a model is to allow interested parties to evaluate both their site-specific potential pilot cases of CCS, and to understand how their case fits within the nation’s infrastructure.  Additionally, WECSsim© allows users to scale CCS up within a given region due to favorable geology, and across the grid for potential medium to large-scale deployment of these technologies.  Understanding which site may compete well given their power plant and geologic sink characteristics will also be key to more accurately identifying potential ‘winners’ and ‘losers’ from an engineering performance and system’s cost perspective before committing additional resources to these novel, yet relatively costly pilot and technology demonstration projects.
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