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Located in Southeast

In suburban Oakland County

Michigan, just north of Detroit
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Oakland University

West Campuis

Public University
19,000 students

2.5M square feet

132 baccalaureate
degree programs

126 graduate
degree and
certificate
programs

For FY2010 $35M
total research
expenditures and

$18M federal
awards






OU East Campus

Meadowbrook Estate — Meadowbrook Hall, John Dodge House, Shotwell
Pavilion (old riding hall), OU INC and the Clean Energy Research Center.

OU’s business incubator (OU INC) provides entrepreneurial resources and
strategic business solutions while providing a safe environment for innovation.
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Biomass Resources

Prospecting
for
Biomass ?

A Geographic Perspective on
the Current Biomass Resource
Availability in the United States

A. Milbrandt 2005
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Potential Willow or Hybrid Poplar Production on
Conservation Reserve Program (CRP) Lands
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Forest Residues
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Urban Wood Residues
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Biomass Resources Available in the United States
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This study esbmates the technical biomass resources currently available in the Urited States
by county. It includes the Kilovang feedstock categones

- Agricultural residues (crops and aremal manure ),

- Wood residues (forest, pnmary mill, secondary mill, and urban wood),

- Municipal discards (methane emissions from landfifs and domestic wastewater traatment),
- Dadicated anergy crops (on Conservation Reserve Program and Abandoned Mine Lands)
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Lg Lawrence Livermore

Estimated U.S. Energy Use in 2010: ~98.0 Quads National Laboratory

Net Electricity

Solar 0.01 Imports
0.11
12.71
Electricity 26.78
Generation
39.49 Rejected

Energy
56.13

Residential
11.79

Commercial
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Industrial
23.27

, Trans-
25.65 portation

27.45
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OAKLAND UNIVERSITY ENERGY FLOW, 632 billion BTU
inFISCAL YEAR 2011 (units = billion BTU / year)
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Assumptions:

Electric Power fuel mix is from Detroit Edison assuming 40% power plant efficiency and 5%
distribution losses. Oakland University heating calculations are based on 80% boiler efficiency
and 15% distribution losses.



Biomass Project/Supply Issues

* Sourcing & procurement process

« Quality and consistency

* Transportation

* Pre-Treatment

« Competing uses of supply

« Competing energy sources

* Economic project or business model



Biomass Use Options

jomase



Biomass Use Options

Convert to Energy
— Electric

— Thermal
— Both

| Drying Zone
l




Biomass Use Options

Convert to Energy
— Electric

— Thermal
— Both
Hiomass
Bio-Products Sk
— Lumber PyRpuis S
— Fiberboard Nir ,'i‘;"m':'f'h
— Plastics Reduction 207
Gas Ralnb
— Paper s Ash Removs

— Landscape mulch



Biomass Use Options

Convert to Energy

Mase > oo

i0
B

Bio-Products Higher value feedstock to

— Lumber Some other Process or use
— Fiberboard — Ethanol, biodiesel

— Plastics — Wood pellets, biochar

— Paper — Biogas

— Landscape mulch — Chemicals for industry



“Drop-In” Biofuels

“Drop-in” biofuels, in the transportation sector, refers to fuels
compatible with the $9 trillion energy refinery and gas-station
Infrastructure that we currently have, and seamlessly compatible
with existing fuels and engines (gasoline, jet fuel, and diesel fuel)
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“Drop-In” Biofuels

“Drop-in” biofuels, in the transportation sector, refers to fuels
compatible with the $9 trillion energy refinery and gas-station
Infrastructure that we currently have, and seamlessly compatible
with existing fuels and engines (gasoline, jet fuel, and diesel fuel)

. ue’5 Transportation
BIOFx N « Biobutanol — gasoline

« Biodiesel — diesel

Buildings and Utility Bio-Energy Systems
« Digestion or gasification — pipeline gas

 Biochar — coal plants & boilers

« Torrefied biomass — dust burners for boilers



Biomass Conversion Technologies

Thermochemical Conversion Biochemical Conversion
direct gasification pyrolysis anaerobic fermentation Extraction
combustion liquefaction digestion (oilseeds)
\ \ Y-ty \ l
steam gas gas oil charcoal biogas
L ' l ¥ w
steam  gas methanol, | | upgrading gas distillation transesterification
turbine turbine, |hydrogen engine
: BIGCC, |synthesis
: gas engine
| Q- _I 4 v \ | Y 4
fuel cell diesel ethanol bio-diesel
w}  J | / l
HEAT ELECTRICITY FUEL




Oakland CERC Projects

* Biodiesel production demo
« Ethanol production demo

* Biomass pelletization and combustion
demonstration and testing

* High tech wood chip boiler system
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BUSKIRK

ENGINEERING

30 HP
Pellet Mill
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MIXING

SKID PLATFORM




Future Applied R&D Projects

Biomass pellet research

Dual fuel biodiesel Combined Heat and
Power (CHP) unit

Torreffled biomass fired gas turbine CHP
prototype

However, our core mission will remain
energy efficiency in commercial / industrial
buildings



Past BioEnergy Conferences

« May 2008 — Wind/Biomass Project
Development Workshop

* April 2011 — BioEnergy Conference

(agendas and PowerPoint's are available
online at www.oakland.edu/cerc )
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and

www.oakland.edu/energy



