Role of shale gas under a clean energy standard
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Overview
[bookmark: _GoBack]United States (U.S.) has witnessed significant shift in the production of natural gas in the past five years.  The optimism of shale gas potential and accelerated recovery has significantly contributed to the shale gas boom.  The notion of U.S. being a net importer of natural gas and remaining a net import in the foreseeable future has completely changed.  In the latest Annual Energy Outlook 2012 (AEO 2012), Energy Information Administration (EIA) projects the U.S. to be a net exporter of natural gas by 2022 (EIA 2012).  This reversal of role is principally due to high expectation of shale gas production over the next two decades.  
Despite a great deal of uncertainty associated with shale gas supply, there are several policies that are targeted to harness this potential natural gas supply from shale gas.  One such policy is a Clean Energy Standard (CES) that requires electricity generation from “clean” energy sources including using technologies fueled by natural gas.  In this paper, we take a look at trade-offs and energy price effects of having high and low shale gas supply under a CES policy.  
This paper extends Tuladhar et al. 2012 analysis by introduced three different natural gas resource outlooks and analyzed regional economic incidence, changes in the energy systems, and energy price effects under a similar CES policy.  Section 2 describes the modeling framework.  Section 3 outlines scenario design followed by model result in Section 4.  Section 5 concludes.
Methods
We build a 11 region computable general equilirium model of the U.S. with 12 economic sectors: five energy sectors (coal, natural gas, crude oil, electricity and refined petroleum products) and seven non-energy sectors (services, manufacturing, energy-intensive, agriculture, commercial transportation excluding trucking, trucking and motor vehicles) and couple it with a detailed electricity dispatch model of 32 electricity powerpools reprensenting more than 17,000 generating units.  By combining the electricity model with the macroeconomic model, we complement the shortcomings of each model and created our fully-integrated model, NewERA model. The integrated framework combines a technologically-rich bottom-up model of the electricity sector with a top-down macroeconomic model of the rest of the economy to provide a consistent equilibrium. The main benefit of this integrated framework is that the electric sector can be modeled in great detail and capture the interactions and feedbacks between all sectors of the economy.  
This feedback effects is especially important when modeling effects on the natural gas market.  The model, NewERA model, is built to address the key factors affecting future natural gas supply and prices at this time of great uncertainty in the availability of shale gas in the US. The NewERA model’s flexible natural gas supply curves allow it to incorporate this uncertainty and the ability to analyze subsequent effects it could have on domestic markets.
Results
We explored regional economic incidence of a CES policy for three different natural gas resource outlooks that are consistent with AEO 2011:  Reference (REF), High shale EUR (HEUR), and Low shale EUR (LEUR).  We constructed these outlooks by starting from a Business As Usual (BAU) baseline that is consistent with the Reference case of the AEO 2011.  We simulated a High EUR outlook by increasing the natural gas resource just enough to produce natural gas wellhead price path consistent with the High EUR case of AEO 2011.  We also construct a Low EUR case in a similar manner.  
Under the CES policy, natural gas price increased on avarge by about 9.3%, 8.0%, and 10.6% for REF, HEUR, and LEUR outlooks over 2015 through 2036 time frame.  Natural gas demand increased in the electric sector because the CES policy provides credit for natural gas use in the electric sector.  The large demand increase in the electric sector leads to increase in the natural gas price which discourages natural gas use in the non-electric sectors.  Electricity price also increase as a result of higher natural gas price which has negative impact on the cost production of goods and services.
At the regional level there are some regions that have already met or so are under the national CES targets in the baseline.  The national average share of clean energy sources remains constant about current level of 45%.  By the end of the model horizon, the CES policy required an increase of 30%.  Our analysis shows that across all CES scenarios, regions that were below the national average increase its share of clean energy source significantly.  UPMW which had the smallest share expand significantly, rising from about 17% in 2012 to about 55%, 72%, and 52% under the REF_CES, HEUR_CES, and LEUR_CES, respectively by the end of the model horizon.  The high expansion in the HEUR case, as seem before, is due to expansion of gas-fired generation.  SEST region’s clean energy share expands from about 45% in 2012 to 90% by 2039 in under the REF_CES scenario, which is based on increased nuclear generation.  All regions except the PNWS see monotonic increase in the share over time to meet the CES policy.  Some region expands more rapidly than others based on the dispatch cost of qualifying generating units.
Under the CES policy, total generation declines on average by 5% between 2015 and 203.  Coal-fired generation decreases by 42% in 2024, while gas-fired generation increases by 35%.  Generation from nuclear power increases by about 31% in 2024.  Since nuclear receives full credit and its’ dispatch cost is the most competitive it the preferred technology.  However, there are limitations to the how much nuclear can expand in the model.  In fact, nuclear always reaches its’ maximum capacity.  In the absence of additional nuclear capacity, expansion of natural gas-fired generation further displaces coal.  In the long run, competitiveness of natural gas is eroded because it only receives half a credit.  In the long run, gas fired generation with CCS and wind also comes into play as these technologies become competitive to meet the CES targets.  Our results show about 189 GW of coal units could retire by 2039.
Conclusions
We use NERA’s proprietary economic model, NewERA, to evaluate regional economic incidence and impacts on the electricity sector from a CES policy.  Our analysis show that CES policy has efficiency cost and supports the basic economic principle that command-and-control policy such CES policy induces non-optimal behavior leading and consumption of fuel pattern.  We see that the CES policy leads to increase in demand for natural gas in the electric sector however it has negative consequences on the non-electric sector leading to lower natural gas demand.  We observe that the tradeoffs are the qualitatively same under three different natural gas outlooks.
If the stated goal of the CES policy is to increase natural gas demand into the economy, this policy is able to do so.  Natural gas demand is play a big role, especially in the electric sector, under the high shale outlook and less so under a more pessimistic shale gas outlook.  However, such a policy comes at a cost which varies by regions. 
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