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Need to Meet Energy Demand



Maintain Standard of Living



The Good:

Minnesota has a vast supply of renewable resources
iIncluding:

Wind Energy, Biomass, Biogas, Solar, Hydro,
Geothermal, and others.

The Bad:

Minnesota does not produce any fossil fuels and imports
over $18 hillion in energy.

And the Ugly!

World energy demand is growing at alarming rates!
Global warming!



The Ugly

“Since 2000, Chinese oil consumption has doubled, accounting f@most half
the rise in global useThe country's industrial revolution - with huge increases in
construction and manufacturing - is highly energy-intensive.

“During the past decade, Chinese car ownership has growat double-digit or
even triple-digit percentage rates every single year. Haver, there are still
only 20 cars per 1000 people in China, compared with 950 in the Wed
States.”

“Much the same situation is occurring in India, Indonesia andBrazil - all of
which have huge populations and a growing middle class.”

"The supply margin is so thin, every little blip is goingto move the market.
And the acute geopolitical risks have lessened but the chronic geapoisks
are still there,'said Tony Nunan, risk manager at Mitsubishi Corporation”

Douglas Hamilton, The Herald 9/25/06



The Bad: Projected U.S. Natural Gas Imports



The Good!

The Midwest’s rich renewable resources
Plus
Energy, Environmental, and Economic Concerns
Equals

Healthy Environment for Innovation and Entrepreneurship
And an opportunity to expand on the “Triple Bottom Line”



Renewable Energy and the “Triple Bottom Line”

Thetriple bottom line, aka "People, Planet, Profit", captures an expande
spectrum of values and criteria for measuring ogdional (and societal)
success - economic, environmental and social. {Wdn, 2006



Features of Green Buildings:

Durability

Solar Photovoltaics

Passive Solar / Day lighting
Thermal Solar

Geothermal

Efficient Lighting

High Quality Windows and Glazing
Water Conservation

Recycling

Healthy environment including:
— High air quality

— Low chemical use

Why Build Green?
Buildings in the US account for over 1/3 of the nation’s energy use.



WCROC Renewable Energy Research &
Education Office Addition

Central technology transfer and classroom space for the Renewable
Energy Center.

Hallmark of renewable energy and energy conservatio  n building
technology.

Incorporates advanced passive and photovoltaic sola r, geothermal,
smart windows, solid state lighting, advanced envir onmental control
systems.

Plug and play bays for fuel cells, microturbines, a nd other renewable
energy technologies.

The office addition is on the list for the 2008 Uni  versity bonding request
to the MN Legislature.

Follows same principles of a renewable energy model and research
platform.



WCROC Renewable Energy Research &
Education Office Addition




WCROC Renewable Energy Research &
Education Office Addition




WCROC Renewable Energy Research &
Education Office Addition




Biomass Energy System are Improving



UMM Biomass Gasification System

High natural gas prices have been crippling to Universities and other
public entities.

UMM Biomass Gasification System will be a model for small to moderate
scale biomass systems.

Construction began July 2007 and commissioning targeted for May 2008 .

Builds on the current UMM district heating and cooling system across the
campus (natural gas) and will provide 80% of thermal energy needs

Provides fuel flexibility and choices (corn stover, wood, DDGS, straw,
grass hay, etc)

Gasification will be a clean and moderately priced method to provide
heating and cooling. (~$5 per MM/BTU NG = $50 per ton biomass)

“Wired” for research and WCROC research system.



What is Biomass Gasification?

Gasification Is the change of complex hydrocarbon
molecules into gases using heat and limited oxygen.

+
+



Potential Gasification Products-

Heat- Combustion of gas to make steam
Gases- Purify and store the CO and H,
Ethanol, Methanol, Butanol, DME-
Electricity- Using Steam to power a turbine



UMM Biomass Gasification System



UMM Biomass Gasification System



UMM Biomass Gasification System



UMM Biomass Gasification System



UMM Biomass Gasification System

USDA Biomass Research and Development Grant:
Received Award for $1.89 Million Summer 2006

Development of a Biomass Gasification Tool Box

S T oA

Standard Operating Procedures for Biomass Gasification System.

Best Management Practices for biomass cropping systems.

Templates for Market Contracts and Pricing Structures

Measurement of Financial and Economic Impacts

Development of State and Federal Environmental Permitting Procedures

Guidelines to Initiate Sustainable Harvest, Storage, Processing, and
Delivery of a portfolio of feedstocks (Corn Stover, Corn Earlage, Warm
Season Native Grass, Small Grain Straw, Soybean Residue, and Hybrid
Poplar)

Worldwide Information Transfer via Web Enabled SCADA System



Harvest:
Corn Stover

Raking Windrows

Round Baling



Biorefinery Transport & Logistics
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Community Biogas System

Led by AURI and Stevens County
Feasibility study has been completed:

e  Anaerobic Digester $10.59 MM BTU
. Biomass Gasification $10.44 MM BTU

Municipal financing improves economics

Large livestock producers near Morris

Large amounts of crop biomass

Large energy users including the ethanol plant
Issues with inconsistent natural gas prices & supply
WCROC research and demonstration platform

Next step is underway!
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Hybrid Wind System

Phase ll: Value Added Wind Energy & Bridge Technologies

1. Production of Anhydrous
Ammonia
-Nitrogen fertilizer
-Refrigeration and other uses

2. Transportation Fuel
-Fleet vehicles
-Service vehicles
-Cars and pickups
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Renewable Hydrogen and Ammonia Pilot Facility Rendering



9%

@6 A









% 1

"3









9& & =

0






) (






(6



Norway’s Hydrogen History



Norsk Hydro:

Company Profile:

 Norwegian Energy and Aluminum Company
e $25 Billion in annual sales

e 36,000 Employees

History:

 Began by producing anhydrous ammonia from hydro
electric dams in 1920’s initially with plasma technology
and then switching to Haber Bosch technology.

 Grew to become the world’s largest nitrogen fertilizer
company in the world until spinning off fertilizer
division in 2004.

Producing hydrogen and nitrogen from hydroelectric
energy Is a proven technology.



Electrical Energy Use In the United States
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Hydrogen Production Perspective:

Minnesota farmers applied 836 million pounds of N in 2003.

- 7.2 million acres of corn planted
- 146 bushel yield per acre
- 970,900,000 bushels total produced

Two gigawatts of nameplate wind energy is required to
produce enough ammonia for Minnesota



Projected Prices of Hydrogen from Wind Energy

NREL, 2005

Current cost projections limit hydrogen use in electrical
energy generation and as a transportation fuel.



Stevens County (Morris area) produces:
~135,000 acres of corn per year
~150 bushel yield of corn per acre

Stevens County corn production requires:
~20 million pounds of nitrogen per year
~$5 million of nitrogen

Stevens County ammonia production would
require:

~116 million kWh of electrical energy

~20 wind turbines (2 MW turbines assuming 6 mil
kWh each)



Stevens County Model:

20 wind turbines
6 million kWh each per year
$5 million in ammonia production

$5 mil / 20 turbines = $250,000
+Plus $.018 per kWh production tax credit = $108,000
+Plus possible H2 production incentive = $36,400 ($.48 per

kg)
+Plus green credits and availability of grants and low
Interest loans.

Results in $394,400 /turbine
Current revenue is ~$240,000 or $348,000 with the PTC



Key Point for the Steven County Model:

Results in estimated:

Potential financial impact of $7.9 million per year for
the wind and ammonia production facility.

Potential economic impact of $39 million per year for
Stevens County.
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Hydrogen Bus and Fueling Station - Iceland
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