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US Electric Grid:  Regions & BAs

 Source: http://www.nerc.com/fileUploads/File/AboutNERC/maps/NERC_Regions_BA.jpg



Electrical Power Plants:  All 

 Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/



Power Plants:  Dispatchable

 Natural Gas 

 Oil

 Nuclear 

 Biomass

 Coal 

 Hydro

 Dispatchable: 
 Can generate on-demand to meet load

 Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/



Power Plants:  Nondispatchable

 Wind  Solar 

 Nondispatchable: 
 Can NOT generate on-demand to meet load

 Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/



Electric Grid:  Future Renewables

 Source: http://www.npr.org/news/graphics/2009/apr/electric-grid/

 Wind energy 
transmission

 Solar energy 
transmission



New Mexico BA:  Load & Generators

 Typical Load Profiles
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New Mexico BA:  Generator Types

NM Balance Area:  Generator Type Properties

Generator
(Type)

Unit 
size
(MW)

Units/
plant

(#)

Load 
Regulation

(% available)

Min-Max 
Energy
(MW/unit)

Stop-
start
(hours)

Startup
(hours)

Ramp 
Rate

(MW/min/unit)

Nuclear 1000 1 0 200 n/a n/a 0

Coal 400 3 20 320-400 180 8 10

CC Gas 200 1 30 140-200 180 2 20

Gas Turbine 100 6 40 60-100 2 0.33 30

Wind 1 204* 1 n/a 0-204 2 n/a n/a

Wind 2 90* 1 n/a 0-90 2 n/a n/a

* 2007 wind farms modeled, current NM wind capacity is 496 MW
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New Mexico BA: Generators & Load

 Load-matching & Generator Differences: 
 Unit capacities 
 Unit ramp rates 
 Unit shut-down/restart limitations 

 As load increases, follow capacity increases  



New Mexico BA: Generators & Load
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 Load-matching & Model Lookup Tables: 
 Summer: include CC Gas
 Spring: no CC Gas 
 All seasons: Coal units shutdown/startup  

 Problematic condition



New Mexico BA:  Wind
 Wind Resources in NM: 

 two wind farms in 2007 
 2007 capacity ~294 MW 

 current utility wind ~496 MW 

2007 wind farms

 Source: http://www.windpoweringamerica.gov/pdfs/wind_maps/nm_50m.pdf



New Mexico BA:  Wind Vs Load

 Wind generators are never turned off: 

 satisfy mandated renewable energy portfolios

 model can consider this as “deducted load” 

 Result is too much generation (where load penetrates baseload region)  

Winter         Spring           Summer            Fall        Winter

Wind Farms (combined):  294 MW total
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New Mexico BA:  Wind Vs Load 

 Consider 3x 2007 wind generators (never turned off): 

 greater penetration into baseload region, 

 greater range of load change (min vs max load) 

 need more generator ramping capacity at lower loads

 wind generation peaks and load peaks do not match 

Winter         Spring           Summer            Fall        Winter

Wind Farms (combined x 3):  582 MW total

Typical Load 
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New Mexico BA:  Model Structure 

 Model stuff… 

 Model Graphic/diagram/flowchart 

 Model description 

 Based on existing infrastructure of transmission and balance areas, what are 
considerations regarding multiple generator types/sources? 



New Mexico BA: Model Results
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New Mexico BA: Model Results
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Renewable Generators:  Intermittent! 

 Model Limitations: 
 Generators 

 (solar absent, ramp rates, start lag, off-line intervals, etc.)  

 Regulation (ACE, market economics)

 24-hr forecasting (1-hr forecasting modeled)

 Storage systems 
 Metrics (costs, GHG emissions, water use, etc.)

 Penetration remedies: 
 Storage (long term solution)

 pumped hydro, compressed gas, batteries, solar thermal, fuel cells, 
flywheels, capacitors, etc. 

 Improved renewable systems (intermediate term solution)

 Grid integration across sectors (long/intermediate solution)

 better load matching from more renewable generators 

 more acceptance of 1-hr forecasting

 Shut down wind when loads low (short term solution)

 use wind for peak loads only 



Electrical Grid Storage:  Types
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 Take Home Message:  
 Introduction of intermittent supply generators (wind, solar, 

tidal/ocean) results in significant (and sometimes rapid) 
imbalances in grid unless remedied. 

 More imbalances  more disruption of grid



Thank You!


