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NRRI Mission

OUR MISSION:

NRRI delivers applied research solutions to balance our economy, 

resources, and environment for resilient communities.

OUR VISION:

NRRI is globally recognized as key partner to drive entrepreneurship, 

economic diversification and resource stewardship for Minnesota.
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Mission Driven and Project Focused



NRRI Overview

As part of the University of Minnesota system research enterprise, 

NRRI employs over 140 scientists, engineers, technicians, staff and 

students in two industrial research facilities. Through collaborative 

partnerships, we deliver the innovative tools and solutions needed to 

utilize and sustain Minnesota’s precious natural resources.

• NRRI DULUTH has 19 labs for land, wildlife, water, energy, 

and minerals research, as well as additive manufacturing and 

technology development. 

• NRRI COLERAINE is a 27-acre industrial laboratory site 

focused on minerals, metallurgy and wood products, bio-based 

energy research.
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OUR RESEARCH GOES TO WORK



Integrated Research Groups
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Our Partners:

• Industry

• Business

• Agencies

• NGOs

NRRI is:

• Unique

• Anticipatory

• Comprehensive

• Integrated

INNOVATION THROUGH INTEGRATION



Integrated, System-based Biomass Processing 

Research Platform
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Rotary Kiln System



Bioenergy Development Overview

• Pretreat Biomass to Ease its Use in Subsequent 

Processing

• 3 Pretreatment Paths Available

• Rotary Dryer/Indirectly Heated Kiln (Demo-scale)

• Moving Bed Using Super heated Steam (Demo-scale)

• Hydrothermal Carbonization (Pressure, Temperature) (Pilot-scale)

• Collaborate with Key Partners for Use of the Pretreated 

Materials

• Demonstrate power conversion with newly designed 

boiler/generator system at 100 kW scale
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Torrefaction Research Timeline
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Overview of Kiln Reactor for 

Torrefaction and Char
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Moving Bed Design and Construction
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Moving Bed View and Boiler/Generator Design
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100 kW Boiler/Generator SchematicMoving Bed Torrefaction Reactor



Overview of Densification Room
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Key Variables and Densification 

Parameters for Acceptable Briquettes
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Both 100% Biomass and Coal/Biomass 

Blends can be Produced
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100% Torrefied Wood 50% Sub-bituminous coal/50% torrefied Wood



Evolution of Hydrothermal Carbonization 

System – Wet Torrefaction
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2 liter (g) 5 liter (kg) Pilot Unit (Multi-kg)



Hydrothermal Carbonization Pilot Plant
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Excellent process for conversion of Agricultural and Wet Biomass to 

Energy and Chemical Products



Energy Storage

• Two Major Studies Completed by University on Pumped 

Hydro and Compressed Air Energy Storage

– PUMPED HYDRO ENERGY STORAGE (PHES) USING ABANDONED MINE PITS 
ON THE MESABI IRON RANGE OF MINNESOTA

– COMPRESSED AIR ENERGY STORAGE (CAES) IN NORTHERN MINNESOTA 
USING UNDERGROUND MINE WORKINGS AND ABOVE GROUND FEATURES

• For Pump Hydro – Results show that topography and 

water resources exist at various sites that to support a 

100 to 200 MW facility

• For CAES – Hybrid Technology (Hydrostor) identified 

that holds promise for brown field sites for advanced 

compressed storage at large scale (>100 MW)
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PHES Scenarios

1. Existing pit upper reservoir to existing pit lower reservoir (EPUR TO EPLR);

2. Constructed upper reservoir to existing pit lower reservoir (CUR TO EPLR);

3. Constructed upper reservoir in stockpile to existing pit lower reservoir CURS TO EPLR);

4. Existing tailings pond upper reservoir to existing pit lower reservoir (ETPUR TO EPLR);

5. Constructed upper reservoir to existing tailings pond lower reservoir (CUR TO ETPLR);

6. Constructed upper reservoir to constructed lower reservoir (CUR TO CLR);

7. Existing pit upper reservoir to excavated/mined underground lower reservoir (EPUR TO E/MULR);

8. Existing tailings pond upper reservoir to excavated/mined underground lower reservoir (ETPUR 

TO E/MULR);

9. Constructed upper reservoir in tailings basin to excavated/mined underground lower reservoir 

(CURTB TO E/MULR); and

10. Existing pit upper reservoir to existing underground mine lower reservoir (EPUR TO EUMLR).
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Identified Pump Hydro Sites

20NRRI • Innovative Research  •  Minnesota Value  •  Global Relevance  •  www.nrri.umn.edu



Advanced-CAES Example
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Typical Assessment 
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Other Non-Battery Technologies
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• Use Potential Energy and Gravity to Generate Power

• Employ Already Known Technology and New Control Logic

Energy Vault Concept for 

Long Duration Storage



Projected Costs Comparisons 

per Installed Capacity

• $350/$400 per kWh for Batteries

• $300 per kWh for Pumped Hydro

• $250 per kWh for Energy Vault
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Many options need to be considered depending on local situation and storage needs 



Thank You
Donald R. Fosnacht, Ph.D.

Associate Director

email:  dfosnach@d.umn.edu
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NRRI Duluth

(218) 788-2682

5013 Miller Trunk Hwy, Duluth, MN 55811

NRRI Coleraine

(218) 667-4201

One Gayley Avenue, Coleraine, MN 55722

nrriinfo@d.umn.edu // www.nrri.umn.edu


