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The analysis presented and conclusions drawn herein are
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They represent solely those views of the author, and do not
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Take Aways

The Electric Grid is Complex and consists of long-lived, expensive assets:
things are unlikely to change overnight

| t s not enough to find solutions: 1 tO0S¢s
large scale deployment

Policy and regulatory issues are important: many good inventions and
technologies never made it to market because of hurdles in these areas




A Grid In Transition: Topics

U.S. Electric Grid 101
Near Term Trends & Projections

Operational Realities of fAThe Worl dos Larg

Opportunities for Efficiency & Emissions Reductions
Examining & Understanding Domestic Market Opportunities

International Trends and Technology Opportunities

Importance of Research & Development

Friction Points & Concerns
Natural Gas & Electrical Interdependencies in Ohio: A Case Study

Polar Vortex Case Study: Dispatch Curves at High Natural Gas Prices

Unintended Consequences: Renewable Energy Lifecycle Concerns




U.S. Electric Grid 101
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Grid 101: Overview

Capital Assets
Over 19,000 individual electrical generating units

450,000 miles of high voltage transmission lines

6 million miles of distribution lines

Market Indicators: Electricity Sales & Prices Up, Volume Constant
$390 Billion in retail sales, 31% increase over ten years
Retail Price: 10.45 cents/kWh (avg.), 7 cents/kWh (industrial), ~25% increase over ten years

Generation Remained Constant, near 4,100 billion kWh, 1% increase over ten years

Management Entities
Federal Energy Regulatory Commission (FERC)

North American Reliability Corporation (NERC)
Three Interconnections: Eastern (El), Texas (ERCOT), Western (WECC)
Seven Regional Organizations and Operators (RTOs/ISOs)




Grid 101: Power System Designed for Instantaneous Load
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Trends & Projections: Generation, AEO 2015
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Trends & Projections: Capacity Additions & Retirements

Summer Capacity (GW)
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Trends & Projections: Examining Prior EIA Forecasts
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Can We Depend on Gas Supply (Price) Stability
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Operational Real i ti es of nTHh

néethe transmission & di sthraisb ubteieonn c(aTll & Be)d styhset ewo,r
ma ¢ h i amekipart of the greatest engineering achievement of the 20t centuryé h a s
worked pretty well up until now, but 1t coul d be

-Al an T. Crane, AModerni zing and F

Transmission system is a complex,
interconnected network with more than
450,000 miles of transmission lines. The
largest concentration of these lines is in
the populated areas.
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