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Some thoughts about ....

The outlook for U.S. electric generation —
= Some baseline conditions: the generating fleet

= Some “what if’s” affecting the next investment cycle
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SOME BASELINE CONDITIONS:
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U.S. Generating Capacity — existing and proposed units
(1995 — 2017)
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Source: Ceres, et al., Benchmarking Air Emissions of the 100 Largest Electric Power Producers in the United States, June 2010.
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U.S. Major Coal-Fired Power Plants

MNOTE: Data for this map comes from the LS. EPA’s eGRID oafabass.
Nof alf power-generating facilifies in the (L5, are ploffed on fhis map.
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: U.S. Gas-Fired Power Plants
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Impacts from electricity produced at coal power plants
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Price of Coal v. Natural Gas v. CPl (2006 — 2011)
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------- Consumer Price Index (all urban consumers)

e Cost of Coal Delivered to Electric Generating Plants

e Cost of Natural Gas Delivered to Electric Generat'ng Plants

High natural gas prices made many gas plants
uneconomical to dispatch very often — lowering their
capacity factors and raising revenues to coal plants in
parts of the U.S. with organized wholesale power market

.....
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EIA, Price Data As coal prices continued to rise, gas prices have

-0.7

dropped significantly since 2008 — leading to dispatch

i August 2011 of gas plants and lowering dispatch (and revenues) of

the less efficient coal plants.

. Price of natural gas
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Power Supply Curve
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Older coal plants have fewer air-pollution controls and operate less

Coal Plants by Vintage and Emission Controls
Total Capacity — All Units (2009)
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In the past few years, coal has

U.S. gen eration — 2009 dropped from 50% of electricity

production.
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SOME “WHAT IFS” FOR THE
UPCOMING GENERATION
INVESTMENT CYCLE
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Timing of the economic recovery? Uncertain Loads

Projection of Total Electricity Sales (Billion Kilowatthours)
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Outlook for natural gas prices? Lowered over time....
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R. Newall, EIA, The Long-term Outlook for Natural Gas, presentation to the Page 16
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How much natural gas |s out there?

Changing estimates of the
U.S. natural gas resources*
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Will natural gas continue on the upswing — but with lower prices?

U.S. dry gas production (trillion cubic feet per year)
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How much new capacity will be based on gas?
EIA 2011: Estimates of Generating Capacity Additions (2011-2035)
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What if..... game changer technologies develop at scale?

For example:

General
Compression’s
“compressed air
energy storage”
(CAES) system to
store electric energy
from wind....
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Continued growth in wind capacity?

45,000
W Annual Capacity Installaiions (MW B Cumulative Capacity Installations {hw)
40,000
Total installations through the first half of 2011 stand at 2,157 MW as 1,033 MW
came online during the second guarter. At this point in 2010, only 1,250 MW
35.000 were installed. The projects completed in the second quarter were spread across
8 states, including the first 54 MW's of Ohio’s first large utility-scale wind
ins@llation. Mandand also added their second utility-scale wind fam with the 50
30,000 - MW Roth Wind project.
The U.5. wind industry now totals 42 432 MW of cumulative wind capacity.
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What if there’s clean energy fatigue?
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HYDRAULIC FRACTURING
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What if we discover troublesome news about GHG
emissions from natural gas* — in addition to coal?

* On a full fuel life cycle basis

i August 2011
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Subcommittee charge

= Focus on steps to improve the safety and environmental performance of
shale gas extraction — but not about regulatory policy per se

Recommendations (August 11, 2011)

= Make information about shale gas production operations more accessible —
through disclosure, data access

= Immediate actions to reduce env’l and safety risks —through reducing air
emissions, examination of GHG footprint, systematic water management and
track, conducting field studies of methane leakage into water systems

= Creation of a shale gas industry organization committed to sharing and
continuously improving best operating practice (e.g., on well integrity,
limiting water use by controlling factures)

= R&D to improve safety and env’l performance — on fracturing, seismic,
chemical interactions, green fluids, improved cementing and pressure testing

August 2011 * Members: John Deutch (chair), Steven Holditch, Fred
Krupp, Katie McGinty, Sue Tierney, Mark Zoback, Dan Yergin Page 25
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What if every energy production source has risks, concerns, challenges —
but opposition to each makes each one toxic politically?

Nuclear

Hydro  Transmission

Solar PV Natural Gas

Coal

Oil

i August 2011
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What if electricity prices ,, Coal plants
rise in coal country?

In general, lower electricity prices
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% of coal in electric mix
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EIA maps for coal and retail electricity prices;

http://powermag.com/coal/Map-of-Coal-fired-Power- NOTE: Data for this map comes from the U.S. EPA’s eGRID databass.
Plants-in-the-United-States_1446.html| Not alf power-generating facilities in the U.S. are plofted on this map.
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What if there’s a new round of electric industry
restructuring — based on rising generation prices?

Recall that in many states,
pressure to restructure
electric industry in the
mid-1990s started with
large industrial
customers’ concerns
about electricity price
increases (combined
with their ability to
self-generate to save
money)

CA
States that suspended
restructuring — and still
have some residual
customer choice and
competitive retail supply.

CU rrently Wlde Restructured states as share of U.S.:
== \/ariation in retail = 34% of residential MWh sales
= 38% of commercial sales

@ i electricity prices _
- L -

Aty st 3 3




ﬁ ANALYsIs GROUP

19t Annual MIT-NESCAUM Endicott House SympOSium ECOMOMIC, EINANCIAL andl STRATEGY CONSULTANTS

Connecting some of the dots....
Upcoming capital investment cycle — adding/replacing generating capacity
Gas-fired generation: By far, the fuel/technology of choice —

= Combined capital, fuel, operating costs, technology risk, financing,
permitting advantages

. Except where federal and policy and resources support renewable investment —
which face challenges going forward

= Depends upon gas prices tied to shale gas production costs — and
outlook for continuing access to the resource

. Which depends, in turn, on building greater trust on environmental, safety and
health issues associated with shale gas extraction

= Can help reduce GHG from current levels in power sector
. If lifecycle gas footprint is reduced for production and delivery of natural gas

. But to go below 50% reduction in U.S. GHGSs, need to address the emissions from
gas-fired plants — which face risks from “silver bullet” shoot-outs (and potentially a
new round of stranded costs in the future)....

August 2011
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