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Motivation

• We study sequential investment in electric power generators in PJM.

• What drives the transitions?
• Planning to Planning (PLG à PLG)
• Planning to Construction (PLG à CON)
• Planning to Indefinitely Postponed (PLG à IDP)
• Planning to Canceled (PLG à CNL)

• How does uncertainty in the process affect the transitions?
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Real Options

• Uncertainty can accelerate or delay investment
• McDonald & Siegel (1986): with irreversibility, uncertainty raises the option value of  

waiting and delays investment.
• Marmer, V. and Slade, M. E. (2018): Large-scale projects with long construction lags, 

uncertainty can accelerate investment.

• Electric power generators (unregulated only) are a laboratory to test the theory

• PJM has rich data + capacity prices
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Data Sources

• EIA860
• Every generator in the US (existing, planned, canceled)
• Status code
• Nameplate capacity
• In-service dates

• PJM
• RPM (capacity) prices 
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EIA 860 Status
Stage Stage Description EIA Status Code Status Code Description

PLG Planning P Planned, no regulatory approval

PLG Planning L Planned, regulatory approvals pending

PLG Planning T Planned, regulatory approvals received

CON Construction U Planned, under construction, less than 50%

CON Construction V Planned, under construction, more than 50%

CON Construction TS Planned, construction complete but not in operation

IDP Indefinitely Postponed/Canceled

(2008-2015)
IP Indefinitely postposed or no longer in resource plan/Canceled

IDP Indefinitely Postponed
(2016-2023)

IP Indefinitely postposed or no longer in resource plan

CNL Cancelled (2016-2023) CN Cancelled, previously planned
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Transitions from the Planning Stage (PLG)
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PLGt+1 (523, 60.1%)

PLGt CONt+1 (238, 27.4%)

IDP/CNLt+1 (109, 12.5%)

Full Sample (2008-2023)
PLGt+1 (339, 60.3%)

PLGt

CONt+1 (161, 28.6%)

IDPt+1 (23, 4.1%)

CNLt+1 (39, 6.9%)

Subsample (2016-2023)



Energy Information Administration (EIA) 860

• Every generator in the U.S. including Existing, Planned, and Canceled.
• Status variable à STAGE

• PLG = Planning (2008-2023)
• CON = Under Construction (2008-2023)
• IDP = Indefinitely Postponed/Canceled (2008-2015)
• IDP = Indefinitely Postponed (2016-2023)
• CNL = Canceled (2016-2023)
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Headwinds & Turbulence
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Headwinds & Turbulence

• We introduce new measures of  resistance (Headwinds) and 
uncertainty (Turbulence) in the planning process.
• Based upon revisions in in-service dates reported by the firms.

• Headwinds = capacity weighted mean (year and fuel type) DiffYear

• Turbulence = capacity weighted stdev (year and fuel type) DiffYear
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Headwinds & Turbulence

• Stronger Headwinds = more resistance (drag) in the planning process
• Greater Turbulence = more uncertainty in the planning process

• Headwinds & Turbulence impound resistance & uncertainty from all 
sources
• Regulatory
• Profitability
• Technological risk
• Queue backlog
• Etc.
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Partial Pooling (How we build the indices)

• Fuel × year cells can be sparse → raw means are noisy, especially in late 
years for coal, early years for solar, etc.
• Bayesian partial pooling:
• Estimate fuel-specific time paths jointly.
• Years with many projects look like simple averages.
• Thin years are shrunk toward the fuel-level mean, not the grand mean.
• Indices are built using non-PJM states only → avoids mechanical endogeneity 

with the PJM regressions.
• Result: smooth, interpretable series that still preserve real differences across fuels 

and events.
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Coal Headwinds: Events, Pooling, Exogeneity
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Aggregation of  Indices

• Fossil Fuel
• Coal
• Natural gas
• Oil

• Renewable
• Sun
• Wind
• Water 
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Duration Odds Ratios (2016-2023) 

Outcome (1) (2) (3) (4)

CON 0.505*** 0.510*** 0.502*** 0.511***

IDP 1.103 1.087 1.096 1.068

CNL 1.565*** 1.646*** 1.617*** 1.612***
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Duration Marginal Effects (2016-2023)

• Years 0-3
• High probability of  remaining in PLG

• After 3-4 years
• Extra time in PLG sharply reduces CON
• Extra time in PLG sharply increases CNL

• Consistent with real options and abandonment when project value falls 
below continuation value.
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Headwinds & Turbulence Odds Ratios (2016-2023) 
Specification (4)

Outcome CON IDP CNL

Headwinds (FF) 2.713 98.607*** 49.523*

Headwinds (Ren) 1.295 10.241 0.202**

Turbulence (FF) 18.151** 0.647 12.667

Turbulence (Ren) 0.109 0.002* 0.333
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Summary (part 1)

• We study sequential investment in PJM: PLG→PLG/CON/IDP/CNL.
• We document how projects actually move through the pipeline.
• We introduce new fuel-specific measures of  drag (Headwinds) and 
uncertainty (Turbulence), which line up with known events.
• We aggregate to fossil vs renewable indices for the regressions due to 
sparse data.
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Summary (part 2)

• Coefficients on Duration, CapPmt, Nameplate, GroupSize are stable 
across specifications and consistent with real options theory.
• Coefficients on the indices are large and imprecise (limited IDP/CNL 

events), but marginal effects suggest:
• Turbulence pushes fossil projects out of  PLG and into CON
• Turbulence keeps renewables in PLG and out of  CON.

• This motivates a fully Bayesian version of  the sequential model and a 
standalone paper on the indices (including monthly, national, and custom 
regional versions).
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