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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 Ownership WCROC

NWROC

SROC

NCROC

SWROC

St. Paul



Overview

Community-Scale Renewable Energy Systems:

o Hybrid Wind System

o Biomass Gasification System

o Community Biogas System

o Renewable Energy / Green Office Building

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

University of Minnesota

ω West Central Research & Outreach Center ςMorris

ω University of Minnesota, Morris (UMM)

ω Institute of Technology

ω Initiative for Renewable Energy and the Environment (IREE)

ω College of Food, Agriculture, and Natural Resource Sciences 

(CFANS)



Wind to Ammonia Participants

Industry & Public Partners

ω Sebesta Blomberg and Associates 

ω Norsk Hydro

ω Xcel Energy

ω State of Minnesota 

ω Minnesota Environmental Trust Fund

ω National Renewable Energy Lab



Wind Turbine:
1. 1.65 MW Vestas V-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



Hybrid Wind System 

Phase I ςHydrogen & Electrical Energy Production

1.  Electrolyzer

2.  Compressor

3.  Hydrogen Storage

4.  ICE Engine Generator

5.  Grid Interconnection

6.  Web Enabled SCADA 



First Wind to Hydrogen System in Utsira, Norway



Hybrid Wind System 

Phase II:  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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1. Business / Commercial Modeling

2. Hydrogen and Ammonia Fuel Cells

3. Hydrogen ςNatural Gas Mixed Turbine (2-3 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 

Hybrid Wind System 



Wind to Ammonia Drivers
1. Declining domestic ammonia production

2. Stranded wind resource due to low transmission capacity

3. Natural gas market drives ammonia production costs

4. High ammonia / nitrogen demand and robust infrastructure

5. Security for domestic bio-fuel production

6. Success of producer owned ethanol

7. Hydrogen economy bridge



Source:  Agriculture Energy Alliance,  2006



Natural Gas Market



Natural Gas Market

EIA Annual Energy Outlook 2006



Natural Gas Market
U. S. Natural Gas Supply by Source, 2003-2030

EIA Annual Energy Outlook 2006



Natural Gas Market



Declining Domestic Production

Source:  Agriculture Energy Alliance,  2006



Declining Domestic Production

Source:  Agriculture Energy Alliance,  2006



Increasing Ammonia Prices

Source:  Agriculture Energy Alliance,  2006



Increased Imports

Source:  Agriculture Energy Alliance,  2006



Increased Costs

Source:  Agriculture Energy Alliance,  2006



Stranded Wind Resource



Stranded Wind Resource
Midwest Export Boundaries for Electrical Energy



Excellent Wind Resource


