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3 #1 Coalis used
primarily for electrical
generation (90%)

3 #2 Petroleum is used
primarily for
transportation (83%)

3 #3 Natural gas
consumption is
divided between
residential, industrial,
commercial, and
electrical generation
uses

20006

(Trillions of Btu and Percent of Total)

Electric Imports®
124 (7.1%)

Nuclear
132 (7.6%)

Renewables —_
79 (4.6%)

Coal
514 (29.5%)

Wisconsin Energy Use by Fuel
Source: WI Energy Statistics, OEI, 2008

Petroleum
511 (29.4%)

Natural Gas
378 (21.8%)
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Electrical Generation in WI by Fuel

3 Coal provides
approximately 70% of
WI electrical sales (in-
state generation and
Imports)

Nuclear, 13.3%
Qil, 0.1%

Hydro, 2.1%

Renewables,
0.8%

3 Only coal-producing
states use a higher mix
of coal than Wi

Imports, 16.1%

3 Natural gas for
electricity has
Increased since 2004 as
new plants came online

Natural Gas,
7.5%

Electrical Generation in WI
Source: WI PSC, SEA, 2007
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Industrial coal
consumption is
flat to declining 600

Electrical utility
use Is increasing | *°"

1970

Vd

Total coal
consumption in
WI has nearly
doubled since
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Wisconsin Coal Use by Sector
Source: WI Energy Statistics, OEI, 2008




Trends

3 Residential consumption
IS declining

3 Industrial consumption
IS declining

3 Electrical utility and
commercial natural gas
use is increasing

3 Total natural gas
consumption in Wi
fluctuates based on
weather, but overall
consumption has been
flat to slightly increasing
since 1970
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GHG Emissions in Wisconsin

3 6(zVUw&' &wli OPUUDPOOU w
were 123 Million Metric . W Electric Generation
Tons (MT) CO.e in 2003 o
N 14% higher than |
1990

3 Electrical generation is
the largest source of

\ !

B Transportation

I Industrial

Residential

Commercial

GHGs in WI Fugitive Emissions
N 43 MT CO,e Agriculture
R 0 .
N 30% hlgher than Industrial Processes
1990

. B Wast
3 By comparison, ase

transportation is the  \jisconsin Greenhouse Gas Emissions by Sector
Iargest source of GHGS Source: World Resources Institute, Charting the Midwest, 2007

in CA (59%)
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Warming

Executive Order 191 (April 2007):
Bring together a prominent and
diverse group of key Wisconsin
business, industry, government,
energy and environmental leaders

N 29 Member bipartisan panel

N 6 Working groups developed
policy recommendations

N Comprehensive modeling of all
workgroup recommendations

N Near-unanimous approval of 63
policy recommendations in July
2008

N

Wisconsin’s Strategy for
Reducing Global Warming

7z Uw3 EL

Governor’s Task Force on Global Warming

“Final Report to Governor Jim Doyle

http://dnr.wi.gov/environmentpro

tect/gtfgw/

July 2008




nalysis of Electrical Generation Options
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Spreadsheet analysis used by electrical generation working group,
Including inputs for capital costs, fuels, demand and price escalation




Electric Generation Work Group Results

Carbon Reduction
Supply Side . MRamoved | e | Coon Redueton
) . Million MWh Million Ton CO2) .
GHG Reduction Options Metric displaces el CLo7) EVISIES
Tons existing new generation
generation
Operational Changes to Existing System
Redispatch Existing System (coal to gas) 9.5 6.8 50 N/A
New Construction Options
Distribution Upgrades 0.4 0.3 756 740
Transmission Upgrades 0.1 0.1 798 781
Hydro 500 Mw - CC Valued 3.7 3.1 123 112
Hydro - 500 Mw Nuclear Valued 3.7 3.1 134 122
Nuclear - 500 Mw 3.7 3.1 51 40
Combined Cycle - 500 Mw Base 3.7 2.7 65 51
Combined Cycle - 500 Mw Cyclic 1.8 1.3 88 59
West Wind - 500 Mw 1.8 15 70 63
WIWind - 500 Mw 1.3 11 32 26
Biomass Retrofit - 200 Mw @ 10% Cofire 0.1 0.2 66 66
New Unit Biomass - 80 Mw 0.6 0.5 68 56
CHP - 500 Mw (50 MW projects) 3.7 2.1 67 49

Notes: Fuel prices of $8/MMBtu (nat

. gas), $2/MMBtu (coal) and $5/MMBtu (biomass)




Re-dispatch Scenario

JWisconsin has ~ 7,000 MW of coal
J Most of it old and inefficient
J 1,800 MW of new supercritical coal

JWisconsin has 6,000+ MW of natural gas

J 4,000 MW of peakers, used only for peak demands

3 2,200 MW of high efficiency, baseload-capable natural gas
combined cycle (NGCC)

J Two very high efficiency NGCC cogeneration plants (150 MW
MGE West Campus, 260 MW LS Whitewater)

Significant GHG reductions could come from re -
dispatching existing natural gas plants in Wisconsin
ahead of coal plants




Power Plant Greenhouse Gas Emissions

Fuel carbon content

+

Generation efficiency

Carbon Dioxide Emissions




Carbon Content of Fossil Fuels

(Lbs/MMBLtu):
JCoal 205 to 212
3Diesel 161
JNat. Gas 117
JHydrogen 0

J Efficiency of Generation

\y JPulverized Coal 30-35%
§ 3SCPC 37-39%
JIGCC 38-41%

FIGCC w/ CCS 30-35%

?{’ INGCC 50-55%
(' 3NGCC Cogen 60-70%




Greenhouse Gas Comparison
Fossil Power Plants
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Sources: NETL, Cost and Performance Baseline for Fossil Energy Plants (Rev. 1), August 2007 (SCPC, IGCC,
NGCC and IGCC w/CCS), WI PSC 2008 WPL DEIS (SubPC and CFB, normalized to NETL emission data
based on heat rate and N20 emissions). Note: Emission rates are for rated output under ISO conditions, actual
emissions can be higher.
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ICF Resources retained as modeling Modeling of Global —
consultant Warming Strategies for the ICF

INTEAMATIONAL

State of Wisconsin

Reference Case

Energy 2020 model selected for use Inputs and Assumptions
N Integrated multi -sector economy, Februay 4 2008
energy and emissions model
< . 5 o P(epareq for:
N Simulates decisions by energy Resources and the Governor's Gidbal

suppliers and consumers el
N Provides output data by state, sector,
end use, etc., including:
Fuel use
Emissions
Energy imports and exports
e eieanatitandprices http://dnr.wi.gov/environmentprotect/

Employment and gross state product gtfgw/modeling.html
(using state REMI model)
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GHG Reduction Policy Modeling Results

Policy Case 1 (all recommended policies, including energy efficiency,
new building codes and an enhanced RPS, but no cap and trade):

3 Gross natural gas consumption declines 10% in Wisconsin from
2004 to 2024

No new fossil plant construction
Natural gas generation output reduced over 50%
Smaller decreases in coal generation output

The policy case resulted in overall GHG emissions that were
essentially stable at 2005 levels, but did not meet the goals of most
GHG reduction proposals

G e e G

Additional GHG reductions still needed




Cap and Trade Modeling Results

3 Modeling results from Wisconsin and the MGA vary based on
assumptions but in general find:

N A large portion of the emission reductions achieved by the
cap and trade program are in the electric power sector

N Natural gas generation increases slightly under cap and
trade, while coal generation decreases significantly

N Total natural gas use decreases under most cap and trade
scenarios

N Energy efficiency and renewable energy investments result
In very little non -renewable generation additions

3 Model results are strongly dependent on economic
assumptions for electrical generation

3 How do the economics of coal and gas generation compare?




Coal and Gas Economic Comparison

3 Coal: High capital cost, low fuel cost

3 Natural Gas Combined Cycle: Low capital cost (1/3
of coal), high fuel cost

Question: Which has higher cost electricity?
Answer: Depends

3 Fuel price forecasts

3 Higher capacity factors favors coal

3 Higher flexibility favors natural gas

3 Carbon regulation favors natural gas




Figure 6.5-3 Production costs in dollars per MWh at various fuel prices for natural gas and coal in dollars/MBtu
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Source: Wisconsin Public Service Commission, Final EIS, WPL 300 MW, 2008




Does Wisconsin need to build ANY more fossil power plants?

Table 4 Forecast Planning Reserve Margins from SEA
Planning Year  Final SEA 2000  Final SEA 2002  Final SEA 2004  Final SEA 2006 Final SEA 2008

2001 17.95%
2002 17 44%
2003 19.07%
2004 20.86% 18.30%
2005 17.43%
2006 14.97%
2007 16.13% 18.20%
2008 12.80% 18.90% 30.90%
2009 10.00% 16.40% 16.30%
2010 11.00% 17.50% 18.70%
2011 17.20% 20.90%
2012 17 .40% 18.50%
2013 14.40%
2014 11.00%

Note: The SEA was expanded to cover seven years of forecast data in 2004; prior SEAs only examined two years.

Source: Wisconsin Public Service Commission, Strategic Energy Assessment, 2009

Not likely.

Fuel costs and carbon emission costs will be the primary
drivers for the mix of coal and natural gas in Wisconsin




Coal Spot Prices from the EIA
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Natural Gas Prices
Henry Hub ($/mmBTU)
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Source: Financial Forecast Center LLC.




Hote:
MSHA for January through December 2007 and preliminary ELA production estimates far January through August
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Thiz graph iz bazed on MSHA-based final data all four guarters of 2006, revized production data from




eia Energy Information Administration
Official Energy Statistics from the U.S. Government
Energy in Brief — What everyone should know about energy
Release Date: June 11, 2008

Is U.S. natural gas production increasing?

Natural gas production in the Lower 48 States has seen a large upward shift. After 9
years of no net growth through 2006, an upward trend began that generated 3% growth
between first-quarter 2006 and first-quarter 2007, followed by an exceptionally large 9%
increase between first-quarter 2007 and first-quarter 2008.

A drilling rig near Recent Growth in Natural Gas Production in the Lower 48 States Breaks
downtown Fort Worth with Historical Trends
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Natural Gas Supply

3 Current U.S. natural gas
production, over 26 Tcf last
year, Is at the highest level

ever recorded

According to a recent DOE
study, just seven shale

basins in the U.S. have total
gas reserves of 649 Tcf.

31l EUZ UwOOUI wl (
oll reserves of Iraq (Modern
Shale Gas, DOE, 4/0%

Total estimated U.S. reserves
have climbed 35% in two
years (6/19/09 Potential Gas
Committee ).

Much More Gas

A new report has found substantially larger natural gas reserves in the United States, in
part because of the development of gas shale beds across the country.

Major U.S. natural gas shale beds

Bakkerv

U.S. natural gas

2,500 trillion cubic feet

TYPE OF
‘ Antrim 2,000 RESERVE
— Speculative
1,500
Woodford-
Arkoma 1,000 —Possible

Fayetteville
. o
Barnett Haynesville

Shale beds in
production are labeled

‘06 08

Sources: Navigant Consulling, via Cleanskies.org: Fotential Gas Committee THE NEW YORK TIMES
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U.S. Gas Fields Go From Bust to Boom

By BEMN CASSELMAN

CADDO PARISH, La. -- & massive natural-gas discovery hers in northern Lov
nation's energy landscape. After an era of declining production, the U.S.isno *

Even conservative estimates suggest the Lonisiana discovery -- known as the [§
dense rock formation that contains the gas -- could hold some zoo trillion cul
the equivalent of 33 billion barrels of oil, or 18 years' worth of current U.S. 01‘
axecutives think the field could be several times that size.

"There's no dry hole here," says Joan Dunlap, vice president of Petrohawlk Ert
drilling rig near a former Shreveport amusement park.

Huge new fields also have been found in Texas, Arkansas and Pennsylvania. C
estimates the 1.5, has more than 2,200 trillion cubic feet of gas waiting to be [ Saa
nearly 100 years of current U.S. natural-gas demand.

| =
The discoveries have spurred energy experts and policy makers to start looking to natural gas in their

pursuit of a wide range of goals: easing the impact of energy-price spikes, reducing dependence on forsign
oil, lowering "greenhouse gas" emissions and speeding the transition to renewable fuels.

A elimate-change bill being pushed by President Barack Obama could boost reliance on natural gas. The
bill, which could emerge from the House Energy and Commerce Committee in May, is expectad to sat
agaressive targats for reducing emissions of carbon dioside, the most prevalent man-mada graenhouss gas.




Coal Supplies?

THE WALL STREET JOURNAL.

BUSINESS JUME 2, 2009

, U.S. Foresees a Thinner Cushion of Coal
By REBECCA SMITH

Ewvery year, federal employes George Warholic caleulates America's vast coal reserves the same
way hiz predecessors have for decades: He looks up the pricr vear's coal-reserve estimats,
subtracts the year's nationwide production and arrives at a new official tally.

Coal provides nearly one-quarter of the total energy consumed in the 115, and by Mr.
Warholic's estimate, the country has encugh in the ground to last about 240 years. & belief in
thiz nearly boundlass supply has led officials to dub the 11.5. the "Saudi Arabia of Coal."

But the estimate, recent findings show, may be wildly overconfident.

WWhile there iz almost certainly as much coal in the ground as Mr. Warholic's Energy
Infermation Administration beliewes, relativealy little of it can be prefitably extracted. Last year,
the 11.5. Geclogical Survey completed an extensive analysis of Wyoming's Gillette coal field, the
nation's largest and mest productive, and daterminad that less than 6% of the coal in its biggest
beads could be mined profitably, even at pricas higher than today's.

| "Wersally can't say we're the Saudi Arabia of coal anymors," says Brenda Fiercs, head of the
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The Future of Natural Gas and Coal?

3 A dash to gas with climate legislation? Unlikely

N CA: Natural gas generates % the electricity and the average
emission rate (~800 Ib/MWh) is lower than NGCC

N Texas baseloads natural gas, wind in TX will offset gas

N$/ zUwl ¥l +t *rYNWEOEOaUPUwWOI wlOT 1
Security Act (HR 2454) found modest decrease in total U.S.
natural gas consumption:

Quadrillion Btu

Energy Reduction
Renewable Elec.”
Hydro
Nuclear
Coalw/ CCS
Coalw/o CCS

W Natural Gas

W Petroleum

* Note: only renewable energy used

in electricity generation is included.
Biomass primary energy is not

included in this chart. This results in
some differences in total primary

Scn - : Scn2-HR ) Sen3-HR | .| Scnd-HR | .| ScnS-HR | . Scn6-HR

Reference 2454 2454 - wio 2454 -wlo 2454 - Ref. 24534 -wlo EE
energy reported when compared to
Energy OUtpUt Based Nuclear OBR, or LDC AEQ 2009,




Renewable Natural Gas: Another Supply?

JWisconsin is a leader in dairy
production and wood products

JWisconsin leads the U.S. in
anaerobic digesters with 24 operating
and 10 under construction

JGermany has 4,600 anaerobic
digesters producing 1,600 MW as
well as biogas for heat and powering
buses

JEmerging biomass gasification and

dry fermentation digester

technologies are expanding the

feedstock opportunities for renewable Anaerobic Digester

natural gas




Conclusions

Natural gas can help WI meet
climate and environmental
goals

The U.S. has a growing suppl

- has a grq upply
Of wWOEUUUEOWI E U wE

falllng)

Offsetting coal generation with
gas, and reducing gas
consumption in other sectors, is
a near-term climate strategy

Long term: increase production
of renewable natural gas and
continue energy efficiency and
conservation investments

Natural gas production still has an
environmental footprint

Shale gas production in Wyoming




Questions?

Peter Taglia, P.G.

Staff Scientist, Professional Geologist
Clean Wisconsin
ptaglia@cleanwisconsin.org
(608) 2517020 ext. 27

_~~

wisconsin
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Natural Gas and Cogeneration
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Renewable Natural Gas

What is Biomethane?

Biomethane is pipeline-quality
natural gas generated from
biomass resources.

Biomethane

(Renewable Natural Gas)

) Bio-SNG
Upgraded Biogas Rl (i, _synthetic Natural Gas)

Technology: Anaerobic Digestion/Fermentation Gasification & Methanation
(Biochemical process) (Thermochemical process)
Status: Commercially available In development
Implementation: Today 2010
Wet biomass - animal waste, food Dry biomass — ag waste, forest waste,
Feedstock: waste, wastewater, landfills municipal solid waste
6000 cows) 1,500 tons per day plant)
Potential: Limited (20,000-40,000 Dth/day) Large (200,000 Dth/day)

Both processes deliver a product that is interchangeable with conventional natural gas

20

Source: PG&E, Biomethanation Forum, 3/2008




Renewable Natural Gas Potential

3 Dry fermentation is expanding
the available feedstocks for
biogas

JBiomass gasification is a
promising emerging technology

JIn-state potential in California
IS approximately 1/6 of total
consumption

Opportunities in Biomethanation

Estimate of Technical
Potential in California
MDth/day

Bio-SNG
740

» Combined in-state technical potential
is over 1 Million dth/day (California

throughput is ~6 Million dth/day)

* Excludes considerable out-of-state
opportunity (e.g. BC “bugwood”)

* However much of this feedstock wi

be uneconomic to gather or used for

biopower or biofuels

mmmmmmmmmmmmmmmm

Source: PG&E, Biomethanation Forum, 3/2008
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Natural Gas Efficiency

WISCONSIN NATURAL GAS SALES TO END USERS
2000-2007 actual; 2008-2018 projected

4,400
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= ! Potential trend under change
3,000 to aggressive energy efficiency policy
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Source: 2008 Wisconsin Energy Statistics




Natural Gas Efficiency

2012 ABSOLUTE NATURAL GAS SAVINGS BY SECTOR: BASE AND SENSITIVITY COMPARISON

30

Therms (000,000)

0.24 0.28
BASE SENSITIVITY BASE SENSITIVITY BASE SENSITIVITY BASE SENSITIVITY
Residential Commmercial Industrial Agriculture

SECTOR




Comprehensive Energy Planning

J3Do other forms of fuel switching
make sense for Wisconsin?

JFrom natural gas to biomass
for residential and commercial
space heating

J OEUI EUDPOT w6 b
production of renewable
natural gas

JEnergy efficiency programs

targeting natural gas Agrecol 6s Native Pr

Boiler Source: Wis. State
| 11/3/
JComplementary approaches to T
renewable energy using wind,

solar and renewable natural gas




Natural Gas Futures




