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Overview
Most energy-based policies include complex economic-based principles, and therefore often have financial burdens associated with policy implementation [1]. The inability to effectively evaluate and comprehend the economic viability of technological solutions aimed at overcoming the challenges set forth by new or emerging energy policies can be detrimental towards their eventual widespread deployment. For instance, carbon capture, utilization, and storage (CCUS) is considered by many to be essential to global efforts in reducing CO2 emissions [1] [2] [3]. The International Energy Agency’s (IEA) 2017 Energy Technology Perspectives indicates that CCUS (noted as just CCS) is vital in both their 2°C and beyond 2°C scenarios to decrease CO2 emissions but would require more CCUS infrastructure and technology deployment [4]. Furthermore, organizations like the Intergovernmental Panel on Climate Change, the IEA Greenhouse Gas R&D Programme, and the United States (U.S.) Environmental Protection Agency, among others, have all strongly endorsed CCUS technologies [5]. While several small- and large-scale CCUS projects have occurred throughout the world that have demonstrated that significant CO2 emissions reductions are capable, broader CCUS deployment still faces challenges pertaining to cost effectiveness, regulations, and financing [6] [7]. In the United States specifically, widespread deployment of CCUS may depend on a combination of stable economic incentives and continued research and development (R&D) advancements to make the technology economical [8]. Assessing the combination of meeting stringent federal and state-driven regulations and taking advantage of emerging financial incentives (like the modified 45Q tax credit and updated corporate tax structures) is a challenge that current and future CCUS site operations face [8] [9]. Attaining realistic costs for implementing CCUS requires further understanding of the specific cost drivers associated with each link of the CCUS value chain (i.e., capture, transport, and storage). The U.S. Department of Energy (DOE) and the National Energy Technology Laboratory (NETL) has analyzed several of these challenges inhibiting broader CCUS deployment using NETL-developed tools that can provide perspective in estimating these types of costs, and in turn, provide uncertainty reduction to future CCUS R&D and improve eventual pilot and commercial-scale deployment of this technology.

DOE/NETL has completed a novel analysis using their tools to evaluate the cost to implement CCUS for each segment of the value chain using several approaches including regional CO2 break-even price supply curve analysis. This presentation features the results of this analysis, which provide the economics associated with deploying CCUS, and assesses the cost drivers that impact the entire CCUS value chain. Modeling performed under different perspectives and purposes by different stakeholder groups will improve the understanding of key CCUS cost drivers. Reducing the threshold and difficulties in evaluating the cost of CCUS technologies promotes effective CCUS R&D direction.

Methods
Through R&D efforts of governments, organizations, and researchers to understand CCUS technologies, a wide variety of CCUS scenarios have been modeled and studied. As a result, the economic analysis of CCUS options has improved. For example, the potential of trading tax credits, utilizing trunkline instead of dedicated pipeline, and other CCUS factors that can dramatically change costs are subject to analysis. Moreover, the uncertainties associated with financial structures and other factors in this volatile energy market in need of CCUS are also subject to analysis with these models.

Analyzing the challenges of deploying CCUS will help provide insights on results that would begin to point towards a path for broader CCUS deployment and carve out a role for R&D pursuits and policy needs. DOE/NETL has analyzed several of these challenges using their own tools to assess the overall costs associated with deploying CCUS. Distinct cases of special interests regarding the CCUS value chain were evaluated in detail through scenario analysis. In situations where the variabilities or uncertainties were continuous, Monte Carlo simulations enabled estimations on how variabilities in inputs can propagate through the CCUS value chain to final outputs.

Results
First, critical inputs and outputs are required to determine the cost for each CCUS value chain component. Second, the results of modeled CCUS scenarios and simulations indicate that several factors have an impact on overall costs thus affecting CCUS deployment including the quality of the storage reservoirs, economies of scale, location and distribution of CO2 emission sources and storage sites, and fiscal responsibility. Third, the cost uncertainties in some cases can be quite large. For those cases, the costs can seem desirable when evaluating the deterministic or average cost values. However, there is a possibility that the costs could be substantially higher. To mitigate financial risks, modeling scenarios using sensitivity studies have been used to constrain uncertainty.

Conclusions
[bookmark: _GoBack]Initial CCUS pilot projects and supporting research have demonstrated that CCUS can potentially be one of the most effective CO2 management approaches; however, many stakeholders believe that CCUS is still cost prohibitive, and further R&D is needed to lower the cost of implementing CCUS at each segment of the value chain. The complex nature of balancing regulatory requirements, emerging policies, as well as newly introduced tax codes increases the challenge of CCUS project decisions. To truly understand the full economic potential of CCUS deployment, it is critical to evaluate not only each segment of the value chain, but also the whole integrated value chain. U.S. DOE and NETL has completed a novel analysis using NETL-developed tools to evaluate several of these challenges including costs associated with each component of the CCUS value chain and as an integrated whole. Uncertainties associated with several factors including financial structures was also part of the analysis. Evaluating the challenges of CCUS deployment will provide perspective in starting to assess the need for more widespread CCUS deployment and a position for R&D pursuits and policy needs.
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