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Overview

Recent advances in technologies like horizontal drilling and hydraulic fracturing have caused rapid increases in production from unconventional natural gas resources like shale formations. However, the same technologies that have facilitated this growth have also raised important questions about their environmental impacts. Natural gas is broadly considered to be a more environmentally benign alternative to coal due to its lower CO2 emissions from combustion and its avoidance of pollutants like sulfur, particulate matter, and mercury. Despite these attractive features, the environmental impacts of shale gas production on air quality, water quality, geology, and lifecycle greenhouse gas emissions are currently being questioned.

Although abundant gas resources suggest expanded use in the electricity sector, uncertainty about the environmental impacts of production and long-run production costs make the extent of this growth unclear. Capital-intensive infrastructure decisions depend on understanding the likelihoods and impacts of uncertainties like these, particularly when there are many concurrent unknowns about the timing, form, and stringency of future climate policies. The long lifetimes of capacity investments mean that suboptimal near-term decisions that fail to account for a range of potential natural gas price scenarios and lifecycle emissions can cost ratepayers, investors, and taxpayers and have important long-term environmental implications.

The objective of this research is to investigate how uncertainties related to unconventional natural gas will impact the long-term deployment of supply-side technologies in US electricity markets. In particular, this paper looks at how uncertainties in future natural gas prices, upstream methane emissions, the global warming potential of methane, and the stringency of federal climate policy will influence optimal abatement efforts.

Using a two-stage stochastic programming approach, model results suggest that there is considerable value to limiting fugitive methane emissions from shale gas. This strategy would give the electric sector the flexibility of waiting to observe the resolution of uncertainties before building new capacity. Information about the stringency of abatement is most valuable to utilities and generators when tight caps are realized. A stochastic hedging strategy is particularly valuable if no pre-2030 mitigation is assumed, if the uncertainty resolution date is delayed, or if the social cost of carbon is incorporated into the calculations.
Methods

This paper develops a stochastic capacity planning model of the US electric power sector. The model uses a two-stage stochastic programming with recourse approach to determine hedging strategies in light of uncertain data about the future and provides contingency plans that adapt to realizations of random variables. It determines optimal capacity investment and production decisions for the US electric sector between 2007 and 2050 in ten-year increments with three load segments per year.

Utilities and generators minimize the expected sum of discounted energy system costs, which includes annualized capital costs, dispatch costs for generation, maintenance costs, grid integration costs for intermittent renewables, and consumer surplus. The model includes constraints like load balancing, investment flows accumulating as new vintage capacity, construction lead times, investment constraints based on current pipeline or other technology constraints (e.g., no carbon capture before 2020), and retirements.

The five uncertain model parameters represented as random variables include the stringency of abatement policy, natural gas price path, coal price path, global warming potential of methane, and upstream emissions from shale gas. The importance of these uncertainties is assessed through two metrics: the expected value of perfect information (EVPI) and the value of the stochastic solution (VSS). The EVPI compares the expected cost of the stochastic solution with one where perfectly accurate forecasts are available prior to first-stage decisions. The VSS quantifies the expected difference in cost for a decision based on stochastic analysis and one that ignores uncertainty.

Results

Model results suggest that information about the aforementioned uncertainties would be extremely valuable to utilities and generators. The value of information for all uncertainties considered jointly is about $108 billion over the time horizon, which places an upper bound on the decision maker’s willingness to pay for information gathering. Abatement stringency and natural gas price account for almost this entire value. Information is most valuable when tight greenhouse gas constraints are in place, since coal and natural gas units would be retired early as new nuclear, wind, and biomass capacity is added. Delaying these retirements and investments until after the policy stringency is known would make it more costly to meet ambitious abatement targets compared with making earlier precautionary investments in low-carbon technologies.

Shale gas plays the largest role when natural gas prices are low, with the stringency of emission caps being an important secondary driver. Nearly 30 percent of the total electricity generated between 2020-2050 would come from shale gas if wellhead prices remain around $5/MMBtu and moderate greenhouse gas caps are in place. However, natural gas is less important for ambitious climate targets no matter what natural gas price is assumed. Additional results demonstrate that significant cost savings ($36.3 billion) would result from the availability of control technologies to eliminate fugitive methane emissions from shale gas. The reason that control technologies are so valuable is that, for stringent abatement scenarios, this strategy allows existing natural gas facilities to generate more during the first stage until uncertainties are resolved. The strategy replaces existing coal generators and relies on increased utilization of less frequently used gas units (that currently have low capacity factors and are used primarily as peaking plants) instead of building new capacity to keep pace with growing demand. The electric sector would have the flexibility of waiting to observe the resolution of uncertainties before building new capacity in 2030. Therefore, limiting methane emissions from shale gas production represents a large value-added proposition for utilities and shale developers, since it can allow natural gas to be a holdover technology in a transition to a low-carbon economy.
Conclusions

This research provides insight into how uncertainties associated with shale gas will influence the deployment of technologies in US electricity markets through 2050, particularly in a carbon-constrained world. Although values for metrics like the VSS and EVPI are small for shale gas development relative to abatement stringency, there is still considerable value to limiting upstream methane emissions. Curtailing fugitive emissions would give the electric sector the flexibility of waiting to observe the resolution of uncertainties before building new capacity. This result suggests that shale gas can play an important role in bridging a transition to a lower-carbon economy until uncertainties about climate policy and technology development are resolved (and perhaps once research and development has driven down costs of low-carbon alternatives).

Information about the stringency of federal climate policy is particularly valuable when tight caps are realized, since this information would allow utilities to retire coal and natural gas units early and begin building new low-carbon generation. There are considerable benefits for explicitly incorporating uncertainty in the planning process, as suggested by the high values of the VSS metric for uncertainties like climate policy and natural gas prices. The stochastic solution is especially valuable if no pre-2030 mitigation is assumed or if the uncertainty resolution date is delayed by a decade. Incorporating the social cost of carbon into the calculations is shown to increase the value of incorporating uncertainty significantly. Additional model results suggest that the influence of shale gas on electric sector investments depends strongly on the stringency of the federal climate policy as well as on natural gas prices. The shale gas boom will not impede long-term investments in low-carbon technologies like wind if a sufficiently stringent climate policy is enacted in the coming decades.
