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HISTORY

* Oldest Source of Energy

* Now used for Heating,
Fuel, and Electricity

* Multiple Benefits
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HOW IT WORKS

¢ Raw Manure = Fuel
Source

» Microbes Digest
Manure and Organic

Waste

SOLID
PRODUCT

- Biogas: Natural Gas ®0

» Bi-products:
Compost & Fertilizer STREAM
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WISCONSIN
INSTALLATIONS

* Farm Digesters

 Ethanol Plants

» Wastewater Treatment Plants
* Landfill Gas Systems

* Food Waste Systems

» Timber Waste Processing
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HISTORY

OLD Technology

e Residential Facilities to
Power Plants

* Heating & Cooling Pumps

@ RENEW IN 020
\ ) A NINNIN /A RENEWABLE ENERGY SUMMIT



HOW IT WORKS

Ground Source Heat Pump Ground Source Heat Pump
Heating Mode Cooling Mode
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WISCONSIN
INSTALLATIONS

e Homes, Schools, Churches,
Businesses, other Facilities

 More efficient than heating or
cooling surrounding air

« NO Geothermal Power Plants
- Western U.S.
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HISTORY

 Greek Origins

e 1882: Vulcan Street Plant

Becomes 15t US Power Plant

+ 1900s — 1970s: Major
Building Period for
Hydroelectric Dams
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il - yith-Edison pufbs—The
mearby_fiomes o ssents- an—early
f Sirget-Planf=repres =" = =
~<e—of=h raro=power—10. 9¢ - e
eV s one—of the=earliest
fricify=and-pernaps One—vl T o
examples—of 8 hydroelectrxcf:p}ant :
sold —electricity _commercially- —and
provided -incandescent-lighting service
to the-public.—In 1932, 0 commemorate
fhe 50th anniversary of the—original
planf opening, this replica was con-
stracted by. the  Wisconsin-Michigan
Power Company. Like the original, it
houses an Edison “K™ dynamo, [n 1987,

the building was moved here from (now

Olde) South Oneidg Street.

5 ERECTED 2014
WISCONSIN HISTOR(GAL SOCIETY
CITY OF APPLETON
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HOW IT WORKS

— Dam

Reservoir Power

lines

Powerhouse
Transformer
Intake | &
Tmbne
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e Between1and 10 MW
@ Over 10 MW

B L ow: 550

, ‘ Hydroelectric Elevation (meters)
o Generating Plants P High: 1951

INSTALLATIONS

e 105 Facilities

e 546 MWs - 241,000 Homes

* Largest Percentage (40%) of
Wisconsin Renewables

* 4.1% of Total Electricity
Generated in Wisconsin

Total Hydroelectric
Facility Capacity:
546 MW

m 2020
@ %I@E\CJDVNQ N ‘ a RENEWABLE ENERGY SUMMIT

2020 VISION: THE PATH TO 100% CLEAN ENERGY




ENERGY

C)RENEW Ao
WISCONSIN ARENEWABLE ENERGY SUMMIT

2020 VISION: THE PATH TO 100% CLEAN ENERGY



HISTORY

* Mirrors and Magnifying Glasses
» 1883: Photovoltaic Effect discovered

» 1954: First commercial use by Bell Labs

» 1970s: NASA, Space Race, Oil Crisis
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HOW IT WORKS

sunlight

n-type semiconductor
p-type semiconductor

to regulator

Cross section of a solar cell

O FRE s



“GRID-TIED” SOLAR

Solar PV
0 System

Utility A4 A AN
Grid

Inverter
DC/AC
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“UTILITY SCALE” SOLAR

Electrical Transmission System
Consumer

-

|

| 4 V V’ Solar Arrays DC/AC

| | N\
w N . T
3 Inverter Box . ”& H11
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WISCONSIN
INSTALLATIONS
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WIND
ENERGY
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HISTORY

» 200BC - Simple Windmills

* 1000s - Exported to Europe

» 1850 - Halladay Windmill
o 1890s — First Electric Turbines

e 1980s — First Wind Farms
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HOW IT WORKS
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TALLER TURBINES

United States - Land-Based and Offshore Annual Average Wind Speed at 100 m

Wind Speed
m/s

>10.5
10.0

Source: Wind resource estimates developed by AWS Truepower,
LLC. Web: http://www.awstruepower.com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km.
Projection: Albers Equal Area WGS84.

,0 AWS Truepower™ E:::': N R E L

Where science delivers performance. NATIONAL RENEWABLE ENERGY LABORATORY

10.SEP-20133 11
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Empire State
Building
1,454 ft

Eiffel
Tower

1,063 ft New GE

Haliade-X
853 ft

Tallest

; onshore

& Average US turbine
. onshore  574ft

Statue of 1 US turbine

Liberty 1 466 ft
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WISCONSIN

INSTALLATIONS

Wisconsin Wind Farms
March 2019

Source: RENEW Wisconsin - Created with Datawrapper
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BATTERY STORAGE

e Materials: Lithium, Cobalt,
Nickel, Graphite

* Reused and Recycled

* Backup Power for Homes,

Buildings and Electric Grid

Electric Vehicles

@ RENEW ‘ a 2020
\ ) A NINNIN /A RENEWABLE ENERGY SUMMIT



RENEWABLES

ON THE HORIZON

RENEWABLES in MISO Queuvue:

5,656 MW Solar (130MW today)

1,196 MW Wind (737 today)

321 MW Battery Storage

33% Total Renewable Energy
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Burnett

Polk

@100

Saint Croix

@100
A102

Pierce

e/4

‘ SOLAR (6,170 Mw)
A WIND (1 196 Mw)

B BATTERY STORAGE (421.5 Mw)

Douglas Bayfield
Washburn Ashland Iron Vilas
Sawyer
Florence
. Oneida
Price
Forest
Rusk
Marinette
Barron
Lincoln
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Chippewa
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® 50 ‘ 2007__’1 Kenosha
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AGENDA

MORNING BREAKOUT SESSIONS: AFTERNOON BREAKOUT SESSIONS:
10:45AM - 11:30AM 1:30PM - 2:15PM

+ Energy Storage — Room Hi + Energy Storage — Room Hi

. Biogas in Wisconsin’s Carbon-Free Future — Room J . Biogas in Wisconsin’s Carbon-Free Future — Room J

+ EVs Driving Renewable Energy Growth ~Room KLOP + EVs Driving Renewable Energy Growth —Room KLOP
+ Transitioning from Coal - Room MNQR + Transitioning from Coal - Room MNQR
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