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Theme and Topics

* Planning a transition to new energy economy

* Jo achieve the new energy economy will require
steady steps of innovation. Focus must be on
systems solutions and sustainability.

« Biomass is already WI leading renewable energy
source. Have abundant supply for the future

« Biogas leading opportunity: On-Farm AD,
Wastewater Treatment Plants AD, and Food
waste Diversions, CHP combinations & thermal

 New Advanced Agro/Energy Systems.
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Planned coal capacity retirements 2013-2022

5\3-. .--“‘---
entralia 1'“;."""'---_“_- @ ‘
- g |T "\"
R4 'u},’ "'*}/
o r’(U;C"'—,..
> \WV1 ) Salem

ND

WA "’ \
/ ! Boardman)
| v MT Taconite Harbor Energy Center,
/ R {’/ &\ Neil MN \‘ Energy
2 ~— 2, Ben Bl
P R ack Dog ST
/\‘—‘ ,'. ID | S:mosan French! e | 9 ‘1» )
~~— —7clo | WY Q Silver LakeQ LY
ower L d ot Orgge ST Lansing 8 Nelsor Zd
1O Dubuq\uc NJ

ne Sutherland S

l

Plant [
o \Utd*\Coppcr

":' Q ':
NV Carbmo Valmont Cherokee
PDO: of SEt°<k‘°“ Reid UT Arapahoe@(_o ]' Chamois
1strict Energy Gardner | OWN | KS | Q
Faculnty \ ~— [ .SanJuan CYarh_L Asbury MO
» [ o —— ‘
| Northeas tuno Johnsonville N W' Lee 2 LV. Sutton
Widows-Greek A Q2 QMcMu.km
qganoCys

4

L A \ !
n\ 1 | n
:‘\ f Az | .
NM , | ‘AR
- | \\"‘W'\\Nel sh MS
| O o

Kraft ST

Harllee
Branch

Wisconsin Energy Institute
UNIVERSITY OF WISCONSIN-MADISON



Nuclear Plant Closures

Losing Power: Prospects Dimming for U.S.Nuclear Plants

Four companies announced nuclear plant closures in 2013 — representing the first

shutdowns in 15 years and an unprecedented

single-year retrenchment for the U.S. nuclear

Industry. Experts say at least ten other plants could be forced to close because of low power
prices, rising costs and other woes.
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RECENTLY ANNOUNCED CLOSURES

@, San Onofre Nuclear Generating
Station, Calif.

@, Crystal River Nuclear Generating
Plant, Fla.

% Vermont Yankee Nucdlear Power
Plant, V.

o, Kewaunee Power Station, Wisc.

AT RISK OF CLOSURE
» Millstone Power Station, Conn.
» Clinton Power Station, Il

» Pilgrim Nuclear Power Station,
Mass.

v Palisades Nuclear Plant, Mich.
» Fort Calhoun Station, Neb.
» Indian Point Energy Center, N.Y.

» James A FzPatrick Nuclear
Power Plant. N.Y.

» Nine Mile Point Nuclear
Station, N.Y.

» R.E.Ginna Nuclear Power
Plant, N.Y.

» Davis-Besse Nuclear Power
Station, Ohio
PLANTS UNDER CONSTRUCTION
* Vogtle (units 3 & 4), Ga.
®, Viegil C. Summer (units 2 & 3),S.C.
®, Watts Bar (unit 2), Tenn.

FALUIL HORN / InsideChmate News



Natural Gas: How much really?

Potential Resources (Additive “Most Likely” Values, Bcf)
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We Don’ t Know the Future Costs?
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Henry Hub spot natural gas prices in four shale gas resources cases eia
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Natural Gas is a Volatile Commodity
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Figure: U.S. Energy Information Administration forecasts of U.S. wellhead natural gas prices,
adjusted for inflation, in various years (blue lines) compared with actual prices (orange line).



$130 B to $ 210 B Infrastructure Needs

Source Interstate Natural Gas Association of America

250
200
B LNG
“@ 150 - Processing
_g Gathering
@ 100 - W Storage
Bl Transmission
50 -
0
Base High Gas Low Electric
Case Growth Case Growth Case

A A
@A A )P/ UNIVERSITY OF WISCONSIN-MADISON



Solar Technology Innovation nrey
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V)

Manufacturers

Producers
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Environmental
Groups

Wisconsin Biogas

Strategic Plan

Energy
Distributors

Community
Benefits



Microbes
* Heat

* No
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- Digest
ed

Solids

Biogas
(50-75%
Methane)
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crops

process
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Biomass Assessment Methodology

* Understand linkage between
feedstock and market opportunity

Biomass

assessment Theoretical Model impact Incorporate

conversion to existing biogas
plants industries assessments

Public policy
to maximize

— quantity &

quality industry

Troy Runge Sheldon Du Pam Porter/GR



Simplified Conversion Pathways
Biomass to Energy/Fuels

Wood .
Residuals /# Combustion Heat & Power
Grasses & )
C Pyrolysis /
orn et
Gasification
Stover
Saccharificatio
Manure n & Transportation
fermentation
Solid Anaerobic Gaseous
Waste digestion fuels
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Biomass Opportunities

|dentified top
counties with
biomass
densities

Looked for
natural
groupings
Used circles
to identify
processing
sites
>200,000
tons/year
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Adding it up

Biomass Type - Mass (MM Energy (MMBtu/yr)
Dry Tons/yr)

Wood harvest residuals 1.46 1.90x107
Unused processing residuals 0.03 3.90x10°
Corn stover 2.81 3.65x107
Dairy manure 4.77 2.39x107
Wood energy crops 2.29 2.98x107
Additional wood harvest 1.40 1.82x107
Perennial grasses from marginal 3.14 4.08x107
land

Total 15.9 a1.69x108
Wisconsin Consumption 1.68x10°

a Could offset 10 million tons of PRB coal and 18 million
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Total Acres Enrolled in CRP 1986 - 2012

CRP acres have fallen 26%, or 9.7 million acres in 5 years Since Ethanol Mandate
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Note that 2007 was the year of passage of the "Energy Independence and 2012

Security Act of 2007" which set the renewable fuel standard mandating the use
of corn ethanol to a level which now uses more than 40 percent of the corn crop
produced in the U.S.

@ Source: USDA Data.
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CRP Land Loss Since 2007

(Source USDA)

Five Year Loss of Conservation Reserve Program
(CRP) Land in the Top 4 Corn Producing States Since
the Ethanol Mandate of 2007
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* Energy and Economy

< Air Quality

< Water Quality

* Soils

* Food

» Human Communities

W

“Natural Communities




Provisioned by Landscape

Energy and economy
Biomass production

Income generation

Carbon credit income
Non-renewable resource use

Air Quality

greenhouse gas balance
particulate production
pesticide inhalation

Water Quality

Crop water use efficiency
Nutrient leaching

Nutrient runoff

Pesticide hazards - leaching
Pesticide hazards - runoff

Soils

erosion potential
soil organic matter
pesticide residues
healthy soil structure

Food
Pollination potential
Pest control potential

Human communities
Recreational resources
Aesthetic beauty

Educational and inspirational resources

Generational replacement

Natural communities
Alpha biodiversity

Beta biodiversity
Rare species habitat

Metric

crop yield

crop yield and crop price
carbon sequestration
fossil fuel, phosphate

CO2, CH4, N20 flux
particulate pollution rates
pesticide amount x EIQ

yield per unit ET

NO3, PO4 leaching
NO3, PO4 runoff
pesticide amount x EIQ
pesticide amount x EIQ

erosion rate

soil organic matter
pesticide amount x EIQ
soil compaction

pollination services
biocontrol services

area of recreational habitat

area of natural habitat

plant diversity, insect diversity,
bird diversity, microbes
landscape diversity

rare species life history

EPIC
EPIC
EPIC
LCA

EPIC

EPIC
EPIC

InVEST
EPIC

GIS

GIS

GIS

GIS

GIS

GIS
GIS
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Many Collaborators & Advisors to Thank
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Biomass Strategic Plan: Troy Runge, Sheldon Du, Pam Porter

Decision Support Tool and Biofuels Policy: Jeffrey Dischler,
Amin Tayyebi, Tim Meehan, Claudio Gratton, Michael Ferris

University of Wisconsin Extension, Dean Richard Klemme,
John Shuske (CALS), Tom Blewett, Tim Baye

UW Madison, (COE/Nelson Institute) Energy Analysis and
Policy Program (EAP), Greg Nemet

UW Madison, Nelson Institute, Center for Sustainability and
the Global Environment (SAGE)

Wisconsin Energy Institute, Director Mike Corradini.

Wisconsin Energy Research Consortium (WERC) Technology
Director Bruce Beihoff and Center for Renewable Energy
Systems (CRES) Tom Jahns, Director.
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Contact Information

Gary Radloff
Wisconsin Energy Institute
University of Wisconsin-Madison
gradloff@energy.wisc.edu
608-890-3449
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