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Overview:

1.Agricultural Research
Station

2.Serve as Living Lab and
Public Access Point

3.Developing Community
Scale Renewable Energy
Systems

4.Focus on Local Ownersh
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Overview

Community-Scale Renewable Energy Systems:

0 Hybrid Wind System

0 Biomass Gasification System

o Community Biogas System

0 Renewable Energy / Green Office Building

Practical production systems with research and demonstration
platforms
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Wind to Ammonia Participants

University of Minnesota
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West Central Research & Outreach Centdvlorris

University of Minnesota, Morris (UMM)

Institute of Technology

Initiative for Renewable Energy and the Environment (IREE)

College of Food, Agriculture, and Natural Resource Sciences
(CFANS)

UNIVERSITY OF MINNESOTA

Driven to Discover



Wind to Ammonia Participants

Industry & Public Partners

w Sebesta Blomberg and Associates
Norsk Hydro

Xcel Energy

State of Minnesota

Minnesota Environmental Trust Fund
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National Renewable Energy Lab
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Wind Turbine:

1. 1.65 MW Vestas \82
2. Installed March 2005

3. Produces 5.4 mil KWh / yr
4. Energy first used for

research

5. Excess sold via direct line to
University of Minnesota, Morris

6. Provides campus with over
80% of electrical energy needs
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Hybrid Wind System

Phase k Hydrogen & Electrical Energy Production

Electrolyzer
Compressor
Hydrogen Storage
ICE Engine Generator
Grid Interconnection
Web Enabled SCADA
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First Wind to Hydrogen System in Utsira, Norway
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Hybrid Wind System

Phase Il: Value Added Wind Energy & Bridge Technologies

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

2. Transportation Fuel
T e ! -Fleet vehicles
e e -Service vehicles

A Cost-Eifective Low-Emission Hydrogen-Powered Hybrid-Electric Vehicle. _ C ar S an d p I C ku pS
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Hybrid Wind System
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1. Business / Commercial Modeling
2. Hydrogen and Ammonia Fuel Cells
3. Hydrogeng Natural Gas Mixed Turbine {2 MW) and Boilers
4. Hydrogen or H2 and Natural Gas Pipeline System

5. Combined power generation, valued added products, energy
storage, and natural gas displacement
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Wind to Ammonia Drivers

Declining domestic ammonia production

Stranded wind resource due to low transmission capacity
Natural gas market drives ammonia production costs

High ammonia / nitrogen demand and robust infrastructure
Security for domestic biduel production

Success of producer owned ethanol

N o a0 kW Db PE

Hydrogen economy bridge
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Nitrogen Fertilizer Production

Products

Nitric
UAN
Solutions
|  Granulation [ @
Ammoniated Ammoniated
Phosphates Phosphates

Phos Acid

UAN

Anhydrous
Ammonia

“Ammonia is used
directly as a fertilizer or
used to produce other

forms of fertilizers”
Source: Agriculture Energy Alliance, 2006
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Natural Gas Market

Average Monthly
U.S. Natural Gas Prices

S Per MMBtu — Henry Hub Daily Average
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Source: Gas Daily
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Natural Gas Market

Average Annual Increases in Industrial Natural
Gas Consumption, 2003-2030, by Region and
Country

China 6.7
Africa

India

Middle East

Other Non-OECD Asia
Central and South America
OECD Asia

Non-OECD Europe/Eurasia
OECD Europe

North America

1.2

0 2 - 6 8

EIA Annual Energy Outlook 2006 Percent per Year
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Natural Gas Market

U. S. Natural Gas Supply by Source, 20030

5 Trillion Cubic Feet
History Projections

Overseas LNG

Canada

Mexico

1990 1995 2003 2010 2020 2030
EIA Annual Energy Outlook 2006
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Natural Gas Market

Figure 37. World Natural Gas Reserves
by Geographic Region as of
January 1, 2006

Middle East 2,565
Eurasia

Africa

Asia

North America

World Total:
6,112 Trillion Cubic Feet

Central and South America 251

Europe o 201

0 1,000 2,000 3.000
Trillion Cubic Feet

Source: “Worldwide Look at Reserves and Production,” Oil &
Gas Journal, Vol. 103, No. 47 (December 19, 2005), pp. 24-25.



Declining Domestic Production
U.S. Ammonia Production Cost*

$ Per Ton — Typical Gulf Producer

900 1 “Ammonia cash cost have Jjumped from 1ok
$100 per ton in 2002, to an average over i

400 - the last six months of just under $400.”
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* Cost based on FERC monthly prices Source: Agriculture Energy Alliance, 2006
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Declining Domestic Production

U.S. Nitrogen Production Capacity
Change between 1999 and 2005

Ammonia Urea UAN 32%
000 Tons
Capacity Beginning FY1999 19,946 10,277 11,701
Permanent Closures 8,405 3,671 2,475
Additions to Capacity
New Capacity 640 190 525
Expansions/Debottlenecks 241 109 101
Total 881 299 626
Net Change -7,524 -3,372 -1,849
Total 12,422 6,905 9,852
% Reduction in Capacity 38% 33% 16%

Source: Agriculture Energy Alliance, 2006
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Increasing Ammonia Prices
U.S. Farm Level Fertilizer Prices

$ Per Short Ton

“Since 2002, nitrogen fertilizer prices to

500 - farmers have increased dramatically.”
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Source: Agriculture Energy Alliance, 2006
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Increased Imports
U.S. Nitrogen Supply

Million Tons N

“Nitrogen imports have almost doubled and now
25 - account for just over half of the U.S. total

O lmports nitrogen supply.”
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Increased Costs

U.S. Ammonia Imports vs.
Midwest Dealer Price

MM Product Tons § Per Ton
9.0 1 . ] T 400
) ] Price (R Axis)
8.0 - Higher import vof_ume does . 1 as0
not mean lower price.” "‘}f‘

7.0 - /l'” + 300
507 7A<\ /'// + 250

=07 _—— __// \// + 200

4.0 - N~

o, I +— 150
3.0
2.0 - Imports (L Axis) T 100
1.0 - -+ 50
0.0 | t | i | i | 1]

a8 99 00 01 02 03 04 05

Fertilizer Years

Source: Agriculture Energy Alliance, 2006
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Stranded Wind Resource
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Stranded Wind Resource

WNE WKS COOPERS
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Excellent Wind Resource
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