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Electric Energy Sources 

2010 Electric Energy Consumption: 

3,884 billion Kilowatthours (kWh) 

 

1.5 kW/person 
 

U.S. 2010 Electricity Revenues: 

 

$370 Billion 



Power Plants 

Source: U.S. Energy Information Administration, Energy in Brief article, How old are U.S. power plants? 

August 8, 2011. 



Grand Coulee and Hoover Dams 



Electricity Demand and Price 

(Statistical Yearbook of the  

Electric Utility Industry 1971 

Edison Electric Institute ) 

Golden Era for 

Electricity 

   increasing use  

   decreasing prices 



Electricity Price 

AEO 2010 



Electric Grid Overview 

www.eia.doe.gov 



Power System Decision Timescales 



NERC 

“The Interconnected power system shall be operated at all times so that the general system 
instability, uncontrolled separation, cascading outages, or voltage collapse will not occur as a 
result of any single contingency or multiple contingencies of sufficiently high likelihood”  
WECC Operating Handbook, 2005 

www.nerc.com 



Balancing Generation and Load 

• Measure: “ACE” – Area Control Error 

• Monitored in Balancing Authorities 

• Automatic Generation Control (AGC) adjusts 
generation every 4 seconds. 

• Penalties for non-compliance.  

• Generation Reserves: for tracking load, for 
responding to disturbances. 



ACE 



ACE  (X  XS)10 f ( f  fS )

X  Area Interchange (Power) 

Interchange Error Frequency Error 

local system 

ACE 



Challenge 

Intermittent Resources 

1. Replace existing resources for energy, displacing 
traditional controls 

2. Increase the need for controls 

 

 



Challenge 

X  Area Interchange (Power) 

ACE 

Need more dispatchable resources to track load and 
intermittent resource variability.  



Challenge 

X  Area Interchange (Power) 

ACE 

Need reserves to guard against (wind) power failure.  



ERCOT Feb 2008 

Loss of 1400 MW 
 
Dropped 1100 MW 
Of “Interruptible” load. 

Load can be a 
resource.  Are there 
limits? 



Texas Heat Wave 

leads to capacity shortage and high prices. 



Electricity Markets 

• Allow competition of generating resources. 
(Demand also) 

• Markets operate over different timescales 
– 5 minutes (“real time”). 

– Hourly/Day-ahead:  supports resource commitment.  

– Long term: capacity and transmission rights. 

 

Details differ by market (ERCOT, ISONE, MISO, 
NYISO, PJM) 



Market Challenges 

Intermittent resources are challenged by and 
challenge market  operations: 

• What is the value of their “capacity”? 

• How well can production be anticipated one 
day in advance? Under-committing wind, over-commits 
other resources.  Over-committing wind may cause reliability 
concerns. 

• How might uncertainty affect day-ahead and 
real-time markets?  This could potentially skew 
market prices. 



MISO: Load schedule 

98-99% of load is scheduled in the day-ahead market. 
2010 State of the Market Report for the Midwest ISO, p. 33 



MISO: Wind Schedule 

2010 State of the Market Report for the Midwest ISO, p. 71 

50-100+% Wind scheduled in day-ahead market. 



Summary 

• Intermittent resources challenge the traditional 
operation of the electric grid. 

• They challenge and are challenged by market 
dispatch. 

• New approaches and technologies can help: 
– Energy storage: Central vs. Distributed 

– Load as a resource for energy reserves and market 
participation 

– Appropriate adjustments to reliability criteria and 
regulatory policies 



Challenges 

Stability 
Controls 

Markets Policy 
Economics 



The future… 
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Distributed Resources 

Concentrated Resources 


