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Overview


Achieving significant emissions reductions of the electricity grid will require a radical change in the technology mix of the U.S. electricity sector (Johnson and Keith, 2004).  The inertia in the electricity sector makes such rapid change difficult. Morgan et al. (2005) estimate that building an average of 25 GW of zero-carbon capacity a year between 2010-2050 can meet 100% of projected demand with carbon-free electricity.  Given that the historical single-year maximum construction of carbon-free energy was 10GW (1986; primarily nuclear), this represents an enormous undertaking.   Delaying the transition to low-carbon electricity compounds this problem: construction must proceed more rapidly in order to meet cumulative emissions targets.  It has been suggested that, as decarbonization is delayed, the electricity sector is likely to build new carbon-intensive fossil fuel plants to meet demand, increasing the amount of capacity that must be replaced.  A rapid increase in the rate of construction may lead to increased costs and/or short-termlabor and material shortages.  Delay also risks the forced early retirement of newly built plants (e.g. Morgan et al., 2005).   If the delay in emissions reductions does cause new plants to be retired before their capital costs are recovered, it would drastically increase the cost of emissions reductions and create a significant stranded capital problem.  The potential cost of either increased construction rates or the prospect of prematurely retired capatial are likely to increase political opposition to climate change abatement policy. We investigate two questions:  1. How much extra capacity must be built as a result of delaying the imposition of emissions-reduction policy?  and 2. Whether delay is likely to cause large numbers of newly built plants to be forced into early retirement. 
Methods

We developed a Infrastructure Flow Analysis model of the electricity sector that estimates estimates the amount of electricity capacity retirement and new construction needed in ERCOT each year to simultaneously meet demand and an exogenously specified GHG emission constraint as a function of the timing of those constraints.  For example, in the case of an emissions scenario that requires the electricity sector to reduce total emissions to 80% below 2005 levels by 2050, we estimate the implied retirement and construction rates of low carbon power generation if reductions start in 2015 as compared to starting in 2020 or 2030.  


The NEEDS database of existing generating units (EPA 2010a)  forms the basis of IFA.  Using fuel prices (EIA 2010) and operating characteristics for each plant (EPA 2010a,b)  merit-order dispatch curves are calculated at a regional level.  Together with load curves (EPA 2010b), this allows IFA to estimate the hourly generation and emissions of each individual generating unit and the electricity price for that hour. Regional load growth rates are assumed to be the same as those in the American Energy Outlook (AEO) 2011 (EIA 2011), and the shape of the load curve is assumed to be fixed over time. In each year, IFA dispatches generation to meet load.  If emissions reductions in a given start-year scenario have started, there will be an emissions cap.  In this case, IFA finds and applies the minimum  carbon price needed to reduce emissions by re-dispatching the supply curve. The carbon price is strictly endogenous.  Any generators that have negative profits for three consecutive years are retired.  The model then builds new capacity to meet expected demand for the next year, including reserve capacity.   Before emissions reductions start in a given reduction start-year scenario, IFA builds business-as-usual new capacity, derived from AEO 2011 projections.  After emissions reductions start, IFA builds new capacity according to a specified technology portfolio (e.g., firm wind power; first build natural gas and then build nuclear etc).  Exogenously specifying the technology portfolio (rather than relying on a least-cost optimization model, which are highly dependent on cost and policy assumptions) allows IFA to elucidate the entire solution space, giving a better picture of potential construction rates.   IFA does not consider transmission constraints.


Here we present results for four low-carbon technology construction options: building only firm wind; building only nuclear; building first gas then wind; and building first gas then nuclear.  We examine an emissions target consistent with America’s Clean Energy and Security Act (H.R. 2454, 2009), which reduces total emissions to 80% below 2005 levels by 2050.  Emissions decline linearly from the emissions reduction start year until 2050.  
Results
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Figure 1A) shows the average annual capacity contruction after emissions reductions start for each modelled reduction-start year scenario (i.e., if emissions redctions start in 2025 and ERCOT builds nuclear plants thereafter, it must build an average of ~2GW of new capacity every year between 2025-2050).  For all for low-carbon technology portfolios, average construction rate increases the later emissions reductions start, although at a relatively slow rate.  The rate of required construction doubles if emissions reductions start in 2035 rather than 2015. For all cases, the average annual rate of construction exceeds the historical average regardless of when emissions reductions start, and the scenarios that build wind or gas and wind exceed the single-year historical maximum if reductions are delayed to 2025-2030.
Fig. 1B) shows the age distribution of plants retired after emissions reductions start for each modelled reduction-start year scenario for ERCOT for the gas-then-wind construction portfolio (other portfolios look similar). The median retirement age (shown by the dot in the blue boxes) increases the later emissions reductions start, suggesting that premature retirement is not a universal concern.  However, the tails show that about 25% of all retired plants retire after less than 40 years, well younger than the average lifespan of historical fossil fuel plants.  While this is true for all start-year scenarios, the youngest plants are retired when emissions reductions start before 2025 or after 2035.  Starting emissions reductions during the period between 2025-2035 minimizes the number of fossil plants that are prematurely retired. 

Conclusions

Delaying the imposition of climate abatement policy causes a gradual increase in the rate of new construction in the electiricty sector.  A delay of 20 years (to 2035) implies a doubling of the rate of construction needed to meet emissions targets.  While on average, delaying emissions reductions does not result in the retirement of very young plants, a small number of young plants are likely to be retired under any scenario.  Starting reductions between the period 2025-2035 minimizes the number of young plants retired.   Our scenarios represent one heuristic for retiring plants, a fixed 2050 emission target, and the ERCOT Interconnect.  Changing either the region, retirement heuristic or emissions target (or requiring a cumulative emissions target rather than a fixed endpoint) may affect the results.   Future work aims to test the robustness of the results with respect to these and other factors.
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Figure � SEQ Figure \* ARABIC �1� a) Average annual construction rates after emissions reductions start as a function of the year emissions reductions start in ERCOT for all four new construction scenarios; b) age distribution of retired plants after emissions reductions start in ERCOT for a new construction scenario where gas is built first followed by wind.








