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Looking ahead in energy:

Some boundary conditions....

Outlook and some implications for:
= Natural gas
= EXxisting coal fleet
= Renewables

= Energy ‘productivity’ (energy efficiency)
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Energy policy is overshadowed by:

= Big gorilla challenges:

» The federal deficit looms large

= Poor prospects for funding

energy programs, or much R&D

= Partisan rancor

= Stalemate on legislation

= New energy hill(s) unlikely

= Scrutiny on energy

Federal debt held by the public, 1900 to 2035
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Every fuel and technology has attributes someone doesn’t like

Nuclear

Transmission

Coal
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Overview — Natural Gas isks and Opportunities:

Shale Gas:
Game changer or something else?

Secretary of Energy

Realmnglhepo[enllal of North America’s Abundant
Natural Gas and OIl Resources
N Coundll + 2011

ational Patroleum Coun:

Shale Gas Production
Subcommittee
90-Day Report

August 18, 2011

@u 5. DEPARTMENT OF
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The geography of shale gas

Lower 48 States |

S

[ shale Gas Plays Basins

Stacked Plays
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" Deepest / Oldest

Source. Energy Information Administration based on data from various published studies,
Updated: March 10, 2010
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Shale gas production: last decade + 2 years
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Outlook for the next two decades: cont’d growing production

U.S. dry gas production (trillion cubic feet per year)
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Source: EIA, Annual Energy Outlook, Early Release Overview,
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Natural gas prices — before shale gas......
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Source: EIA, Wellhead prices through 1994. Henry Hub prices from 1995 — 2011
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Natural gas prices — before shale gas......
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Source: EIA, Wellhead prices through 1994. Henry Hub prices from 1995 — 2011
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Price outlook for natural gas
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Price outlook for natural gas

$/mcf

Natural Gas Futures — Henry Hub
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Price outlook for natural gas
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Price outlook for natural gas

10
$/mcf — < 3-2008
9 3-2009 |-

——13-2010

3-2011

Natural Gas Futures — Henry Hub

Jan-12 Jan-13 Jan-14 Jan-15 Jan-16 Jan-17 Jan-18 Jan-19 Jan-20

Page 15




kil ANALYsis GROU

LTANTS

Ozone Transport Commission — Update on Energy Issues

Price outlook for natural gas
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Gas price pressure on coal (in the last year)

25%

Powder River Basin
coal price change

Appalachian coal
price change

-25%

Natural gas price change =28%
-50% Cheap natural gas and — 459

— environmental regulations
have lowered demand for coal, -569%

pushing prices down

I | | I
4/2011 8/2011 12/2011 4/2012

Bloomberg Business Week, http://www.businessweek.com/articles/2012-04-26/coals-future-is-rocky-at-best; data from the New York Mercantile

Exchange and the Intercontinental Exchange
. Page 17
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US Generation Output: coal, natural gas, renewables
(2000-2011)

2,500,000

2,000,000

1,500,000

1,000,000

500,000

EIA data

GWh

52% coal 42%

\/_—\/\

Natural gas 25%

M

5%

Mw

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011




ki ANaLysis GrRoup

Ozone Transport Commission — Update on Energy Issues

Significant gas consumption (OTR)
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Source: EIA
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Relative GHG per MWh at the stack: natural gas v. coal

GHG emissions per MWh
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Capital Costs of Generating Technologies in 2009
(2008 dollars/kilowatt)
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http://www.instituteforenergyresearch. orqllmaqes%apltal costs-electricity-generation-2009.png - based on EIA data (Assumptions to the Annual Energy Outlook 2010, Table 8.2
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New gas plants are relatively economical investments

Gas-fired combined
cycle and peaking plants
are the fuel/ technology
of choice for new plants
(except renewables)

Planned natural gas combined-cycle projects in the Us
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Past and projected coal-fired generating capacity

500 AEO Ref - 2006
AEO Ref - 2007

Projections
® AEO Ref - 2008
400
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300

Net Summer Capacity (GW)

Actual Coal-
Fired Capacity
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Source: James Bradbury, “U.S. Electricity Markets Increasingly Favor Alternatives to Coal,” WRI, 2012, based on EIA Annual Energy (“AEO”) Outlooks
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!

Steel casing
and cement

Drinking water

Some other
aspects of the
natural gas issues:

Shale gas profile

Horizontal drilling

http://news.nationalgeographic.com/news/energy/2010/10/101022-energy-marcellus-shale-gas-rush/
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The development footprint in Pennsylvania: in 7 years
Cumulative natural gas wells drilled in Pennsylvania, Jan 2005-Apr 2012

=, Apr 2012

® hornrontal wel ® rondhorlosta well l'is]\
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Sources of potential push-back on development
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Shale gas development: “environmental urgency' -

Areas of concern (Sec. of Energy Adv Bd Report)

= Water — possible pollution of drinking water
(methane, chemicals), water consumption,
disposition/management of used water

= Air pollution — GHG (methane), VOCs/ozone
precursors

= Community disruption
= Preservation of unique/sensitive areas

= Cumulative adverse impacts (traffic, noise,
visual, odors, land-use intensity) on
communities, ecosystems, wildlife

Sec of Energy Advisory Board, Shale Gas Production, 90-Day Report, August, 2001:
Phil Nguyen, Regulatory Options and Challenges in Hydraulic Fracturing, WISE, 2010
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What if gas’ life-cycle emissions are worse that we know?

* On a full fuel life cycle basis
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Lower GHG reductions depend on addressing methane

emissions from gas....
Comparison of NG and Coal Burnertip GHG Emissions in Recent LCAs
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Source: Armond Cohen, Clean Air Task Force, “Natural Gas and Climate Bridge, Highway, or Destination?” EUEC presentation, 1-30-2012
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Turning to coal: Power plants affected by EPA MATS Rule
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Current coal plant capacity:
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ut emission controls
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| NOTE: Data for this map comes from the U.5. EPA's eGRID databass.

Not alf power-generating facilities in the U.5. are plofted on this map.
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Source: SNL data.
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The starting point is approximately 320 GW of coal:

Date of Coal Unit Retirements Expected to Occur in the Following Time
Tracking of Period (GW)

Announced 2011 2011-2012 | 2011-2013 | 2011-2014 | 2011-2015
Retirements cumulative | cumulative | cumulative | cumulative
June 2011 3.4 6.1 8.7 17.2 20.0

(estimated)
March 2012 4.0 10.9 12.8 17.4 25.0
(actual)

Source: SNL Financial database of coal unit retirements.
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Turning to renewables

Cost / Competitiveness of renewables in a world
of low gas prices and federal budget deficits

Challenges with transmission to join resources
with markets

Scaling up to tap sufficient renewables to meet
GHG reduction targets
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Gas will be needed even more as renewables ramp up

Liuli

Significant increases in renewable
energy needed in upcoming years
so0 | to meet RPS requirements — with
push and pull from gas market
conditions and operations

Colorado
Maryland

- 2011 New Jerse

Texas

Pennsylvania
g Hnu New York

Califorgia

200

e s, st e s

100
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http://www.emerging-energy.com/content/press-details/State-RPS-Policies-Will-Drive-250-Increase-in-Renewable-Energy-Generation-by-2025/32.aspx
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Northeast/Mid/Atlantic wind resources and load centers
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Connecting offshore wind to the grid

Atlantic

Wind Connection

The Atlantic Wind Connection
transmission backbone would
connect 6,000 MW of wind turbine
capacity, built on the broad, windy
spaces of the mid-Atlantic
continental shelf, to population
centers and transmission nodes on
land.

Google
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Bringing down the cost
Learning curves and chicken and eggs
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4500 -
A - \ Nole
uclear
3500 Meru nuclear design
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small bnydro
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Initial
applications of a
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gop 4 surgical assistance to
overcome barriers to
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Sourc@ IPTS Energy, Transport and Climate Change Group Website,
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Getting more economic productivity out of energy

= Energy efficiency —

* increasing usefulness out of energy
consumptions

= Implications
= States with big opportunities

= The multiplier benefits of energy efficiency
(RGGI)
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OTC States

States with efficient use of energy
for statewide economic output:

(%]
Q
>
(%]
i
)
(@)
S
Q
=
Ll
c
o
Q
+—
@©
=)
[®8
>
[
=
e
(%]
9
S
€
O
O
=
(@)
o
0
c
@©
S
T
()
c
o
N
@)

Electricity per Dollar of Gross State Product

Comparison of States:

0.8
0.7 -
0.6 -



b ANALYsIs GROUP

Ozone Transport Commission — Update on Energy Issues

Once again: Coal plant capacity (no emission controls)

S N
_ _ _ All coal plants
States with still-good potential
ower customers’ bills through
0 b demand-side measures
and ratemaking policy)
8_ e [ YUy U U /07/y// A [/ {0 1V \\ S S
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a BRI YA Nt ot s pomsatn s o 1t U, we pbrit o s g
Coal Units Without Emissions Controls
A E AL VY H A g (Total GW-—2009) -
0_
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Notes: P 40
[1] Totals do not include Alaska or Hawaii. age

Source: SNL data. [2] Units without emissions are those units without SCR or FGD systems.
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Comparison of States’ Reliance on Coal and Change in Retail Electricity Price

16.00 ents/Kwh % coal use 100%
Percentage cdal in generation mix (2009) Average Retail Electricity Price (2011)
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10.00
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I I I I I I I o
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I I I I I I I -
0.00 - 0%

<E

3 states in the Pacific Northwest (WA, OR, ID) that have ,ore than 80% of their generation produced at hydroelectric power plants.
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Average Unit Price of Electricity Versus Average Electricity Bill
Average Retail Price Residential (c/kWh)
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Customers in many states with high-
prices have lower average bills:
CA,IL, DC, NJ, MA, NY

Customers in many states with low rates at |
present use a lot of energy — leading to
higher average bills:
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Study of the Economic Impacts of RGGI

Foundation- Funded Study (11-2011): = Economic study
= Only requirement from the funders:
independent, with full editorial control by = ...actual revenues, actual
Analysis Group team programs, actual impacts
= Team: Paul Hibbard, Sue Tierney, Andrea

Okie, Pavel Darling = Following the money
Electricity Journal Article (12-2011) " ...through the electric sector
— = ...and through the macro
economy
The Economic Impacts of the Regional gf;ﬁﬁ;?f;g:\ln?i ?r:pacts of -

Measuring results

Greenhouse Gas Initiative on Ten Northeast RCQGI's First Three Years
and Mid-Atlantic States

Review of the Use of RGGI Auction Proceeds from the First
Three-Year Compiiance Period

= Not a study of:

Paul J. Hibbard
susan F. Tierney

Andrea M. Okie
Pavel G. Darling

= carbon reduction benefits

= environmental impacts

= need for a carbon control program

. = forecast of future program cap,
participation, effectiveness, results
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Bottom line results:

New England

—_ . . New York
= Net positive economic impacts for: N 7 oM Sy
- 4 w
= the 10 RGGI states together, and for each N o r,'
state participating in RGGI 3 L
: — - J B *
= Across the region, the initial $0.9 billion 7 Ny g MAt,
in CO2 allowance auction proceeds AR LCI_,,;“*'
translates to $1.6 billion in net economic E';;,’
>
value added N
] ] ‘-;J' "-’MD"’ N~
= Economic value results from the various ,l}\_“";

ways states spent auction proceeds:
= Biggest economic bang for buck: energy efficiency program support

= Economic value also created by other ways money recirculates in local
economies (e.g., customer bill rebates, general fund contributions)

Page 44
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10 RGGI states 6 New England States
2%1 3%

Use of RGGI
auction proceeds
($912 million)
across the 10
states and in the 3

electric regions

B General Fund/State Goverment Funding

4%

¥ Renewable Investment
 DirectBill Assistance New York (NYISO) DE, MD, NJ (PIM)

B EE and other Utility Programs and Audits & Benchmarking
W Education & Outreach and Job Training 3%

¥ GHG Programsand Program Administration

Source: Individual state reports and interviews.

Note: Certain grant programs may include multiple components,
and are categorized in the figure above based on the largest share
of spending.




il ANALYsis GROUP

Ozone Transport Commission — Update on Energy Issues

Overall economic impacts — 10 states

$1.6 Dbillion —economic value added in the region (NPV*)

$0.9 Dbillion —auction proceeds (mid-2008 through Q3 2011)

$1.1 Dbillion — consumer savings (electricity customers) (NPV¥)

$0.17 billion — consumer savings (natural gas & oil heat customers) (NPV?*)
$1.6 Dbillion — lower revenues to power plant owners (NPV*)

$0.77 billion — fewer dollars spent on out-of-region fossil fuel (NPV?*)
16,000 jobs — jobs created

0.7 percent — average electricity bill increases during 3-year RGGI

period [with savings over time given energy efficiency

iImplemented with RGGI funds]

* Using a 3% social discount rate
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Total Economic Impact — Value Added and Job-Years

Value Added1 (millions of $) Em ployment2

Connecticut S 189 1,309
Maine 92 918
Massachusetts 498 3,791
New Hampshire 17 458
Rhode Island 69 567
Vermont 22 195
New England Subtotal S 888 7,237
New York S 326 4,620
New York Subtotal S 326 4,620
Delaware S 63 535
Maryland 127 1,370
New lersey 151 1,772
RGGI States in PJM Subtotal S 341 3,676
Regional Impact3 S 57 601
Grand Total S 1,612 16,135
Notes:

[1] Value Added reflects the actual economic value added to the state and regional economies, and therefore does not
include the costs of goods purchased from or manufactured outside of the state or region.

[2] Employment represents job-years as outputted from IMPLAN.

[3] Regional Impact reflects the indirectand induced impacts resulting within the RGGI region as a result of state dollar

impacts.
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14] Results are discounted to 2011 dollars using a 3% social discountrate.
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Shale gas — and energy markets
Shale gas development provides opportunities for:

= |ower building heating costs than previously expected

= |lower power prices than previously expected — and less
differential than in traditional coal regions

= |ower emissions profile of power plants in upwind regions

But ....
= challenges to address emissions from gas production
= challenges with meeting renewables’ targets

= continued need for energy productivity improvements

-
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