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Ø Test real options theory 
§  The real option to… 

♦  Shutdown 
♦  Startup 
♦  Abandon 
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Ø Results 
§  Single most important driver of status 

changes is expected future profitability. 
§  High expected profitability →  

♦  Fewer shutdowns & abandonments. 
♦  More startups. 

§  Low expected profitability →   
♦  More shutdowns & abandonments. 
♦  Fewer startups. 
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Ø Results 
§  Profit margin uncertainty 

♦  Important for shutdown and abandonment. 
♦  Important for startups. (But not for small plants.) 

– Higher spark spread volatility → more startups. 

§  Regulatory uncertainty 
♦  Reduces/delays status changes 

– More uncertainty → fewer shutdowns 
– More uncertainty → fewer startups 
– No significant effect on abandonments 
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Ø The real options problem 

Ø Switching costs  
§  Shutdown cost, restart cost, maintenance costs and salvage 

value 
Ø Assume that the switching decisions are made as a 

function of profitability state variable and occur 
instantly 

Ø Assume time invariance 
Ø Three value-matching and three smooth-pasting 

conditions 

5 



 
§  Sample period 2001-2009 

♦  EIA 860 (data source) format changes in 2001 

§  Focus on peaking plants (CTs) 
♦  Natural gas and #2 oil 

§  Final sample: 
♦  1,121 unique plants 
♦  8,189 plant-year observations 
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Table I – Plant summary statistics 

Age (years) Size (MW) Eff. (%) 

NOBS 1,121 1,121 1,121 

Mean 18.6 43.1 24.7% 

Stdev 14.1 41 4.6% 

Min 0 0.4 5.4% 

Max 60 246 41.8% 
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Ø Status code 

§  OP – operating 

§  SB – on standby (mothballed/shutdown) 

§  RE – retired 
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Shutdown occurrences 
from year to year OP SB Total 

2001 2002 695 2 697 

2002 2003 803 1 804 

2003 2004 808 43 851 

2004 2005 820 12 832 

2005 2006 829 16 845 

2006 2007 848 0 848 

2007 2008 851 2 853 

2008 2009 885 0 885 

Total 6,539 76 6,615 
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Startup & abandonment 
from year to year OP SB RE Total 

2001 2002 60 221 1 282 

2002 2003 47 198 1 246 

2003 2004 9 143 49 201 

2004 2005 22 153 13 188 

2005 2006 1 158 6 165 

2006 2007 6 173 0 179 

2007 2008 32 139 2 173 

2008 2009 7 127 6 140 

Total 184 1,312  78 1,574 
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Ø Reserve margin 
Ø RMkt = (Ckt – Dkt)/Dkt  

§  RMkt – reserve margin 
§  Ckt – capacity (year t, region k) 
§  Dkt – demand 

Ø Proxy for future profitability 
§  Low RM – high electricity prices – high 

future profitability 
§  High RM – low electricity prices – low 
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12 

Ø Spark Spread ($/MWh) 

𝑆𝑃𝑅𝐷↓𝑖𝑗𝑘,𝑛 = 𝑃𝐸↓𝑘,𝑛 − 𝐻𝑅↓𝑖 ∗𝑃𝐹↓𝑗,𝑛 − 𝑉𝑂𝑀↓𝑖  

§  PEk,n = day n elec price in region k 
§  HRi = heat rate for plant i 
§  PFj,n = day n fuel price for fuel j 
§  VOMi = variable O&M costs for plant i 
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SPRDijkn = PEkn – HRi PFjn – VOMi  



Ø Electricity prices ($/MWh) 
§  Three markets 

1.  New England (ISO-NE) 
2.  Pennsylvania-NJ-Maryland (PJM)  
3.  New York (NYISO) 

§  Approximately upper right quadrant 
of US 

§  Average daily peak price 
♦  Hours Ending 07:00 - 22:00 

Source: ISO-NE, PJM, NYISO websites 
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Ø Fuel prices ($/MMBtu) 
§  Daily spot prices 

♦  NY Harbor No. 2 Oil 
♦  Henry Hub Natural Gas 

 
Source:  EIA website 

http://www.eia.gov/petroleum/data.cfm 
http://www.eia.gov/naturalgas/data.cfm 
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Ø Spark spread volatility 

 

§  Stdev taken over days of previous year 
n=1,T 
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SPRDSDit = Stdev (SPRDin) 



Ø Plants = options 

§  Power plants are (a series of) call options 
on the spark spread  

§  An increase in volatility increases the 
option value of the plant. 
♦  Fewer shutdowns & abandonments. 
♦  More startups. 
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Ø State-Level retail competition index 

1.  No activity 
2.  Investigation underway 
3.  Competition recommended 
4.  Law passed 
5.  Competition implemented 

 
Source:  EIA; State Utility Commissions 
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Ø Regulatory uncertainty indicator 

§  REGUNCERT = 0 
♦  When competition index = 1, 4, 5 

§  REGUNCERT = 1 
♦  When competition index = 2, 3 
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Ø Regulatory uncertainty 

§  Likely to reduce the probability of any 
status change. 

♦  Fewer shutdowns 
♦  Fewer startups 
♦  Fewer abandonments 
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Ø Shutdown Binary Logit Regression 
§  Plant i (which is operating in year t) 
§  Fuel j  
§  Region k 

Define 
𝐼↓𝑖,𝑡+1↑𝑆𝐵 =  0 if plant i is operating in year t+1 
𝐼↓𝑖,𝑡+1↑𝑆𝐵 =  1 if plant i is on standby in year t+1 
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Table VI – Shutdown estimation results 
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Ø  Startup & abandonment multinomial logit regression 

§  Plant i (which is on standby in year t) 
§  Fuel j  
§  Region k 
Define 
  0 if plant i is operating in year t+1 
  1 if plant i is on standby in year t+1 
  2 if plant i is retired in year t+1 
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Table VIII – Startup & abandonment estimation 
Results 
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Ø Conclusions 
§  Single most important driver of status 

changes is future profitability. 

§  High future profitability →  
♦  Fewer shutdowns & abandonments. 
♦  More startups. 

§  Low future profitability →   
♦  More shutdowns & abandonments. 
♦  Fewer startups. 
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Ø Conclusions 
§  Strong evidence of real options effects. 

§  Regulatory uncertainty 
♦  Fewer shutdowns 
♦  Fewer startups 

§  Spark spread volatility 
♦  Fewer shutdowns & abandonments 
♦  More startups (but not for smallest plants)   
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Ø Questions?  
Ø ullriccj@jmu.edu 
Ø Stein-Erik.Fleten@iot.ntnu.no 

Ø Future plan 

§  Estimation of transition costs using 
structural estimation 
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