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1. Overview
The potential for fossil energy technologies to remain viable and significant part of our energy technology mix depends on the development of technically feasible, environmentally safe, and cost-effective carbon capture and sequestration technologies (CCS). A successful CCS approach would require carbon sequestration (CS) to demonstrate low probability of CO2 leakage, minimal likely impact on health and safety, and the ability to compete in the energy marketplace.  Each of these areas requires an assessment of the conditions and likelihood for success, the estimated damages, should these conditions not be met, the costs of any losses, and actions to attain future success.  The goal of the fossil industry and research is to device a viable CS approach where all three areas, CO2 leakage, health and safety impacts, and market competitiveness, show low uncertainty and mitigated risk of failure. 

This paper outlines economic risk of various CCS and CS approaches in a competitive U.S. energy market with the help of an integrated energy systems analysis model MARKAL.  The paper also outlines the necessary interactions with certain parameters of the geological storage formation and associated CCS technology and with the policy decisions of government related to carbon caps and/or carbon taxes.  The end result is a tool to assess the required cost in the marketplace to be competitive, and the combination of technical and policy conditions that lessen the risk of failing to reach the desired objectives.

2. Methodology
The core of the market risk analysis relies on the established integrated energy systems model MARKAL. In MARKAL, the entire energy system is represented as an interconnected network based on the reference energy system (RES) concept (Loulou et al., 2004). The RES depicts all possible interconnections and flows of energy from resource extraction, through energy transformation, distribution, and transportation, to end-use devices that satisfy the demands of useful energy services (e.g., ton in cooling, lumen-second in lighting). Figure 1 illustrates a simplified RES in graphical form. The U.S. MARKAL model has detailed technical representations of fossil and nuclear fuel and renewable resources, refining and conversion, power generation, transmission and distribution, hydrogen production, and other intermediate conversion sectors and demand side consumption technologies. In addition, greenhouse gas emissions and certain criteria pollutants are specified for each process (Bhatt et al, 2008).
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FIGURE 1: REFERENCE ENERGY SYSTEM
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Alternative carbon capture and sequestration pathways can be modeled at the required level of detail as shown in figure 2.  This model takes information from the both the geological and policy analyses to describe the technical parameters and regulatory environment that a CS approach would encounter in the energy market.  The technical parameters are represented in the model by technology costs, arising from the equipment required to capture, transport, and sequester the CO2, and by the nature of the formation, including the potential of CO2 leakage.  This information is generated in useable form by a newly-constructed Economic Driver module.  The regulatory and policy information are incorporated as constraints on the energy market.
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FIGURE 2: CONCEPTUAL OUTLINE OF MODELING C
CS
 OPTIONS IN MARKAL
)


3: Results and Conclusions
MARKAL analysis and results examine the competitiveness (Bhatt et al., 2010) of selected CCS approaches under alternative CO2 policies and geological formation classifications in a series of scenario analyses (Figure 3).  They outline the most promising CCS pathways where the cost and CO2 leakage uncertainties are constraining market competitiveness of CS alternatives.  They also study changes in CO2 policies and/or regulations and alternative energy prices that could encourage competitiveness of CS approaches under review. 
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FIGURE 
3
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AN EXAMPLE OF SCENARIO ANALYSIS UNDER ALTERNATIVE POLICIES
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