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The U.S. Gas Shale Ramp

From Rick Smead,
Navigant Consulting
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The Issues

Addressing political and public perception

— Erasing the supply concern

Minimizing environmental impacts

— Hydraulic fracturing and water

Driving down the cost curve

— Or continuing to “tunnel thru the cost barrier”
Mitigating price volatility

— Ensuring adequate deliverability

Developing a better clean energy system

— Domestically but also lead the world by example



Look at the System Backwards

From Hinrichs/Kleinbach
“Energy - Its Use and the Environment”
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Comparative Efficiency by Sector
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Natural Gas Demand

1 Resilience in gas use across sectors

1 Potential major growth areas:

Electricity
e Natural gas substitution for coal
e Intermittent sources/variability & uncertainty

Transportation
e Long term potential for CNG
e LNG not currently attractive

MIT Energy Initiative




Share of U.S. Electric Generation from all
Sources, 2010-2100
Natural Gas — At least a “60 Year Bridge”

Figure 3.9 Energy Mix in Electric Generation under a Price-Based Climate
Policy, Mean Natural Gas Resources and Regional Natural Gas Markets (TkWh)
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Source: Edison Electric Institute




An Optimal Energy System can
Drastically Lower Emissions




Abundant North American Unconventional Natural Gas Supplies Offer Multiple Clean Energy Options

Natural Gas is the Least Cost Option
for New Power Generation

Average Cost for Plants Entering Service by 2016
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60%

Share of U.S. Electric Generation from
Coal and Gas, 1990-2009
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The Issue of Scale

Figure 10.1 Renewable Energy Consumption by Major Source

Renevable Ehergy == Share of Totd Prmary Energy Consumption, 2003 Renewsble Energy Tota Consumption and Major Sources, 15845-2003
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Gas price stability

As supply grows, price remains low and stable

» Lower 48 supply has grown by 13.5 billion cubic feet per day since 2004, up 33%
— Driven by horizontal shale and infrastructure development
— Impact has been more stable pricing
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Gas price stability

Range narrows despite temperature extremes

Despite record 2010 demand, price traded in a narrow band
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“Do or do not, there Is no try.”

Yoda



