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Michigan Total Energy Expenditures
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Michigan imports 97 percent of its
petroleum needs, 80 percent of its natural
gas and 100 percent of coal and nuclear
fuel from other states and nations. These
Imports account for about 70 cents of
every dollar spent for energy by
Michigan's citizens and businesses.

Michigan spent a total of $37 billion on all
forms of energy in 2007 and of that
amount $26 billion was for the energy
resources imported from other states and
nations.



005 Michigan Energy Expenditures by Source

Spending as a percentage of the total for calendar year 2005
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0 Michigan Energy Expenditures by Source
2 Spending as a percentage of the total for calendar year 2007
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Michigan Energy Use by Source

Total use 3,166.5 Trillion British Themal Units (BTUs)
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Energy Use By Sector in Michigan

Electricity use and losses are included in each sector
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Total Energy Use in Michigan

Includes the pnmary energy used to generate electncity
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“About 4 percent of the electricity production in
Michigan is currently derived from renewable
energy sources. Michigan is a major generator
of electricity from wood and wood waste, with
about 1 percent of the state's electricity
produced at a half dozen wood-burning power
plants....”

“In recent years, methane recovered from
landfills is being captured and converted to
electricity. Electricity from landfill gas and
municipal waste incinerators adds almost
another 1 percent to Michigan's electric power
mix. - MPSC, 2008



Grayling, Ml 1991
Capacity 38,000 kW
400,000 GT/yr

Grayling Generating Station
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TEF Filer City Power Station
Filer City, Ml 1990

Capacity 60,000 kW

40,000 GTlyr (cofire with coal)

Viking Energy - McBain
McBain, Ml 1988
Capacity 18,000 kW
210,000 GT/yr

Cadillac, Ml 1993
Capacity 39,600 kW
400,000 GT/yr

Cadillac Renewable Energy
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Hillman Power Co.
Hillman, Ml 1987
Capacity 20,000 kW
220,000 GTlyr

Viking Energy - Lincoln
Lincoln, Ml 1989
Capacity 18,000 kW
160,000 GTlyr

Central Michigan University
Mt. Pleasant, Ml 1984
Capacity 1,200 kW

40,000 GT/yr

Genesee Power Station
Flint, Ml 1996
Capacity 35,000 kW
360,000 GT/yr

E Proposed Wood Supply Counties



For transportation fuels, Michigan currently has
five operating ethanol plants with a combined
capacity of 256 million gallons per year and
others are under construction.

In 2006 Michigan used 1.3 million gallons of E-85
which is a blend containing 85 percent ethanol.

In addition, much of the gasoline sold in Michigan
IS blended with 10 percent ethanol. Four
biodiesel production plants are in operation
producing between 25 and 35 million gallons / yr.

In 2007, Michigan used about 4,600 million
gallons of gasoline.



Transportation Energy Use in Michigan
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U.S. imports of liquid fuels fall due to increased domestic
production—including biofuels—and greater fuel efficiency

U.S. liquid fuels consumption
million barrels per day
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Prospecting
for
Biomass ?

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

A. Milbrandt (2005)
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Climate Zones of the United States
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Mean Daily Average Temperature of the United States
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Mean Annual Precipitation of the United States
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Annual Average Direct Normal Solar Radiation
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United States Elevation
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Soil Groups of the United States
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Ecoregions of the United States
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City Populations of the United States
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Primary Mill Residues

Primary mull residue data by county was derived from the USDA Forest Service’s Timber
Product Output database for 2002. Primary mill residues are composed of wood
materials (coarse and fine) and bark generated at manufacturing plants (primary wood-
using mills) when round wood products are processed into primary wood products, like
slabs, edgings, trimmings, sawdust, veneer clippings and cores, and pulp screenings. It
includes mull residues recycled as byproducts as well as those left un-utilized and
disposed of as waste®. Figure 14 shows the primary mill residues recycled as byproducts
(fuel or fiber) as well as those left un-utilized and disposed of as waste. Figure 15 depicts
mill residues not being used for any byproduct. This includes mill residues burned as
waste or landfilled. Table 4 illustrates the results by state. Refer to the Analysis
Methodology section of this paper for more information on the applied methodology

(page 51).
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Primary Mill Residues
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Secondary Mill Residues

Secondary mill residues include wood scraps and sawdust from woodworking shops—
furniture factories, wood container and pallet mills, and wholesale lumberyards. The
following business categories were included in this analysis:

Furniture factories: wood kitchen cabinet and countertop. non upholstered wood
household furniture. wood office furniture. custom architectural woodwork and
millwork. and wood window and door manufacturers

Millwork: cut stock. re sawing lumber and planning, and other millwork (including
flooring)

Truss manufacturing
Wood container and pallet manufacturing

Lumber, plywood, millwork and wood panel wholesale companies



Secondary Mill Residues
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Urban Wood Residues - Definition

Three major categories of urban wood residues were considered 1n this study:
o MSW wood—wood chips. pallets, and vard waste

o Utility tree trimming and/or private tree companies

o Construction/demolition wood

Data on the collected urban wood waste are not available: thus numerous assumptions
were applied for estimation. Please, refer to the Analysis Methodology section of this
paper for more mformation (page 51). The results of this analysis are shown on Figure 17

and Table 6.
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Estimated Total Biomass Available in the United States

Switchgrass on CRP Lands
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Hybrid Poplars | Switchgrass Willows
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Urban waste wood
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“Potential” willow or hybrid poplar
production on
USDA Conservation
Reserve program lands,



“Potential” switchgrass
production on
USDA Conservation
Reserve program lands, by county



Crop residues
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Wayne B17 2061 162 5,194 0 10,193 268 BB5 287,052
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Residue Type
Palltets, Skids, Shipping Crates
Edgings and Cutoffs
Chips, Shavings, Sawdust
Construction Debris
Tree Trunks, Limbs, Stumps

Total volume (in cubic yards per year)

Total weight (tons per year)
based on 5 cubic yards per ton

MSU — Univ. of Cincinnati Study

14 County Wood Residue
Volumes Generated in 2005

Total Total
volume Percent volume Percent Volume
generated | Discarded | discarded landfilled landfilled
cubic yard % cubic yard % cubic yard
505,000 16% 81,000 3% 15,000
2,646,000 60% 1,588,000 26% 675,000
480,000 52% 250,000 23% 108,000
3,828,000 63% 2,412,000 34% 1,302,000
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MI Energy Office

Biomass Energy
Program

Clean Energy from
Wood Residues in
MI (2006)
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Michigan Air Pollution Reporting System
(MAPRS) file: michigan_boilers.mbd

#Boiler Number

#Year Installed (and year of manufacture)
#Fuel (Coal, Gas, Propane, Oill, Waste, Wood)
#Boller Use (Hot Water, Steam, Power)
#Location Name

#City/State

#Boller Size (BTU input)



Review of Recent Wood Boiler Installations in the U.S. - This figure
shows the cost per Million BTU/hr of installed capacity for the complete system

$1,600,000

$1,400,000
$1,200,000
$1,000,000
$800,000
$600,000
$400,000
$200,000
$-

0.00

1.00 2.00 3.00 4.00 5.00 6.00
Installed Capacity (million BTU/hr)

Reference: “Exploring Woody Biomass Retrofit Opportunities in Michigan Boiler
Operations”, Southeast Michigan RC&D Council, 2007




Huron

Boilers per County (Existing)
41 -274

275 - 653

654 - 1,540

1,541 - 3,659

[ ] 3.660- 8,200

Sanllac

St Clair

Monwe




Onionagon

M atts

Slmkiiah

Mackings:

Dickingan

Presque Isia

Potential Boiler Retrofits
per County

(simple payback under 20 years) wanisies | et

Agminm Cismga Yonimomnog Apens

Kalkaska | Cawford | Oscoda Alcana
i

PissaukesR cscommon Opamaw g

Afenac
Masan Lake dscenlk Clars Glackuin
Huron
Bay
Cceana Macosta | kabella | Mdand
i Hewagn
Tuscala
Sanilac
Montcaim | Grapice | Saomaw
10 - 24
Lapser
Fant Gamesan -
T LlEman  plilEsveyses 3 Clair
29 - 51
. i el ]
Flegan Bamy Eslon | Inghem | Livisgston
‘e Buresr ol Calhaun Jacksan Wrshlan aw Wayna
-124 = 3 1 E Beman|
Caz= 51 Jasaphf Branch Hilsckale Eibbhiili Monmoe




Presque lsa

Potential Boiler Retrofits :
Boiler Size per County
Units: BTU input e ] e e B

(simple payback under 20 years) woson | tose | omn | oo | e L2
Macosin | sabells | Mctana [ =
0 - 29,427,667 P R
29,427,668 - 91,209,333 L =] |

Bamy Esaion Ingham | Liingsion

183,083,334 - 415,251,353 TR P B B P
415,251,354 - 903,968,400 e

91,209,334 - 183,083,333 / o oomine

Caz= 21 Josepn! Brnch Hilsitals Lanamnea 2




Forest Product
Primary Mills &
Total Woody Biomass

Largest Sawmills

Energy
Hardboard
0SB

] A
F.’)\E%IM;‘@*mmmn- p Clge
s - T ~
¢ Vo) )

C ¥ HEpXte

Pulpmil A
Moz | Lake | Osceots | Cle~ | Glatn ' .
Veneer R i -8
e ) Bay o
Other Primary Mills Nl e e e
. s Yle , ] e | e
Total Woody Biomass (tons) b — ekl cmie | (S T4
0 - 1,000,000 Ot f l‘ﬁ,. o ra;_m ot Al T
2,000,000 - 6,000,000 f"-’:ﬁ ¢ h: ol o € ,__; :
Aligan ’far ¢ | Eatia :ngf_.am Livingeton
7,000,000 - 11,000,000 AL

- ~= - -

- = = P
Yan Duran Retiarusit] Cahoun | Jatkson | Washesnaw | VYRENE

12.000.000 - 19.000,000
20.000.000 - 25.000,000

23 |t @oeph B*' Hiscald | Lenawee




Air Quality Restrictions
Non-Attainment PM 2.5

8 Hr Ozone

Mamuatie

Dackingan

3-&‘12&6

Chippawra

Mackines:

Presque lda

antminanc Apene

and Traverfe

Kalkaska | Coaaford

Oscoda Along

Manmsbee | Wealord lsssulesfoscommond Opamaw losea
Afenac
Mason [ Leke | Osceols | Clare | Glacwin
Huron
Bay
Cceana Macosta | kabella | Maddand
Hewagn
Tuscala
Sanilarc
Sapnaw
r.-'u:-q.-l;o'l Monbcam Grafot
Lapser
Rl Gamesas
Qitawa KN Clisfan ingwgssgq 2t Clair
i i ]
Alegan Baimy Eglon Inghem | Licngsion

‘wam Buren

podamezool Calhoun

Jacksan Wirshban W Vanme

n,l —

=i Jasaphl Branch Hilslale

Monme

L=namwes




»

Oakland

UNIVERSITY

BioEnergy Technologies

Technologies:
® Photosynthesis
® Energy Flow
#® Available Technologies

CLEAN
ENERGY
RESEARCH

CENTER




Photosynthesis: Nature has found a way to

convert sunlight, CO,, water and nutrients
Into chemical energy



http://en.wikipedia.org/wiki/Image:Leaf1web.jpg

Biomass Starts with Photosynthesis
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.. also called combustion, oxidation, biodegradation
.. chemical bonds in glucose are broken
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BioEnergy Technologies

Thermochemical Conversion

Biochemical Conversion
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CO2 Closed Loop Biomass Cycle
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BioEnergy Conference .
Oakland University, April 2011

Michigan Energy Use, Biomass Resources & Tech
OU Clean Energy Research Center

GOAL.:
10% BioEnergy for Michigan?

Estimates for solar and wind for 100% of
Michigan electrical.

Solar $60B @%$5,500/ kW and 14.5% CF
Wind $10B @%$2,200 / kW and 30% CF
Biomass $?7?B @%$2,500 / kW and 90% CF

www.oakland.edu/cerc

School of Engineering & Computer Science — Clean Energy Research Center
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Thank you

Jim Leidel

Energy Manager
Oakland University
leidel@oakland.edu
www.oakland.edu/energy

School of Engineering & Computer Science — Clean Energy Research Center

www.oakland.edu/cerc



