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Overview
Scenarios of future climate change mitigation generated by integrated assessment and energy system models project a range of potential energy system transformation pathways over coming decades. These pathways depend on a variety of factors, including assumptions about technology cost and performance, fuel prices, demand growth, and the magnitude and type of greenhouse gas (GHG) emissions reduction efforts. 
The power sector has been identified by many studies as the sector with the most potential for cost-effective emissions reductions, in part due to the larger set of commercial, low-carbon technologies available relative to other sectors, such as transportation (Bruckner et al., 2014). Within the power sector, one question that emerges in the consideration of energy system transformation pathways is whether deployment of natural gas combined cycle (NGCC) generation without carbon capture and storage (CCS) is a cost-effective mitigation strategy when expectations about potentially deeper future GHG emissions reductions are considered.[footnoteRef:1]  This issue is particularly relevant to discussions about climate change mitigation in the United States, given its abundant, low-cost natural gas supply.  Under these circumstances, NGCC would typically be favored when carbon prices are relatively low, while other less carbon-intensive technologies (e.g., wind, solar, NGCC with CCS, and nuclear) would be favored when carbon prices are higher. The fact that different technologies would be favored at different carbon prices leads to the possibility of an inter-temporal tradeoff if carbon prices rise over time. In this case, the most cost-effective choice in a given year, when the full life span of a potential investment is considered, could differ from the most cost-effective choice when only the near-term is considered.  [1:  Henceforth the term “NGCC” will be used to refer to NGCC generation or capacity without CCS, unless otherwise stated.] 

To clarify this issue, this study uses a version of the National Energy Modeling System (NEMS) called EM-NEMS[footnoteRef:2] to examine how the NGCC expansion path in the United States would change as expectations about future carbon prices are varied. Rather than providing a projection of the most likely expansion path, this study aims to clarify the sensitivity of NGCC deployment to assumptions about potential future carbon prices. [2:  The version of the model used in this paper is called “EM-NEMS” to distinguish it from the version of NEMS developed and maintained by the US Energy Information Administration (EIA).] 

Methods
EM-NEMS is based on the version of NEMS used in EIA’s Annual Energy Outlook (AEO) 2015.[footnoteRef:3] The model projects key energy system variables on an annual basis through 2040. The Electricity Market Module (EMM), which is one module within EM-NEMS, represents the US electricity system by solving the capacity expansion problem for 22 contiguous regions in the United States. The EMM characterizes the current fleet of electric generators using EIA survey data and categorizes different types of fossil generators (e.g. coal steam) by key attributes, such as heat rate and configuration of pollution controls. In solving for future years, EM-NEMS allows a variety of new technologies to compete based on relative cost, including NGCC, natural gas combustion turbines, coal and natural gas with CCS, nuclear, wind, and solar PV, among others. Future fuel prices and electricity demand are determined endogenously by iterating with other modules within EM-NEMS. [3:  See http://www.eia.gov/forecasts/aeo/.] 

A key aspect of the EMM is that it solves the capacity expansion problem for a given year by looking ahead approximately 30 years from that year. For example, in solving for capacity built in 2030, the EMM considers the trajectory of electricity demand, fuel prices and carbon prices through approximately 2060, with these factors extrapolated post-2040. The inclusion of foresight in the decision to expand capacity is an important feature that allows this study to examine how the expansion path for new NGCC is affected by expectations about future carbon prices.
Four scenarios are considered in this study: a Reference Case and three carbon price scenarios. The Reference Case uses assumptions from EIA’s AEO 2015 Reference Case, but it adopts assumptions about natural gas supply from EIA’s AEO 2015 High Oil and Gas Resource Case and includes recent extensions to federal tax credits for renewable energy. The first carbon price case (“CP Flat”) imposes a flat carbon price (in real terms) on the electricity sector of approximately $12 per ton CO2 (in 2013 dollars) starting in 2020. The level of the carbon price was chosen to achieve near-term emissions reductions in the 2020-30 timeframe consistent with those projected by the US Environmental Protection Agency (EPA) under an illustrative response to its “Clean Power Plan.”[footnoteRef:4] The second and third carbon price cases (“CP 5%” and “CP 10%,” respectively) include carbon prices that begin in 2020 at the same level as “CP Flat” but escalate at 5% real or 10% real, respectively, on an annual basis (reaching approximately $80 per ton CO2 by 2040 in the latter case). By starting the carbon prices at the same value but allowing them to evolve differently over time, this study effectively isolates the effect of different future carbon price expectations on the NGCC expansion path. [4:  See https://www.epa.gov/cleanpowerplan/clean-power-plan-existing-power-plants.] 

Results 
In all of the scenarios considered here, NGCC capacity and generation increase relative to current levels, reflecting in part, the assumptions about continued low natural gas prices and positive load growth. In addition, the introduction of a modest carbon price in 2020 further incentivizes NGCC deployment in the near-term, displacing some existing coal generation that faces a higher carbon penalty. At sufficiently high carbon prices, such as those imposed in the later years of the “CP 10%” case, NGCC generation is less favored than other options, including wind, solar PV and nuclear, as well as NGCC with CCS.   
A key question examined in this study is whether incentives that effectively discourage NGCC deployment in the later years of the “CP 10%” case (i.e. higher carbon prices) materially affect NGCC deployment prior to 2030.  Our results to date show that, while the inclusion of foresight affects the electricity system expansion path, it does not reduce NGCC deployment prior to 2030 in the “CP 10%” case relative to the “CP Flat” case.
Conclusions
This study uses a well-known model of the US energy system to study the sensitivity of the electricity sector expansion path to assumptions about potential future carbon price trajectories, focusing on the effect on NGCC deployment. Results to date suggest that anticipation of rising carbon prices does not reduce the amount of NGCC deployment prior to 2030 relative to a case that does not anticipate such rising prices.
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