\
\
\

ENEREY CENTER OF WISCONSIN
B

Report Number 242-1

WOODY BIOMASS RESOURCE
ASSESSMENT FOR PRESQUE ISLE POWER
PLANT—FINAL REPORT

August 2008

YOUR PARTNERS IN ENERGY RESEARCH, EDUCATION & CONSULTING



Report Number 242-1

Woody Biomass Resource Assessment
for Presque Isle Power Plant—Final
Report

August 2008

Authors
Joseph M. Kramer

Sean Weitner

<

ENERGY CENTER

OF WISCONSIN

455 Science Drive, Suite 200
Madison, WI 53711
608.238.4601

WWW.ECW.0rg



Woody Biomass Resour ce Assessment for Presque |sle Power Plant

Copyright © 2008 Energy Center of Wisconsin.
All rights reserved

This document was prepared as an account of warksgped by the Energy Center of Wisconsin
(ECW). Neither the Energy Center, participantshim Energy Center, the organization(s) listed
herein, nor any person on behalf of any of the mizgdions mentioned herein:

(a) makes any warranty, expressed or implied, veiipect to the use of any information,
apparatus, method, or process disclosed in thisrdent or that such use may not infringe
privately owned rights; or

(b) assumes any liability with respect to the us®@odamages resulting from the use of, any
information, apparatus, method, or process disdlaséhis document.

Project Manager

Joseph M. Kramer

Acknowledgements

Energy Center of Wisconsin staff who contributedhis project include Melanie Lord and
Sherry Benzmiller.

Special thanks go to the many government, induatrgl,research professionals who advised and
informed the authors making this report possible.

Radius maps in this report were generated usingdgatt MapPoint North America 2006.



Woody Biomass Resour ce Assessment for Presque |sle Power Plant

TABLE OF CONTENTS

EXECULIVE SUMIMANY ...ttt e et e e e e e e e e e e e e e e aaeeeeas 1
INtrOdUCTION @GN PUIMPOSE. ......euiiiiiieee oottt e e et e e e e eenr et e e e e e e eeeaaeeeeas 3
WEIGhS @Nd MEASUIES ..o e e e e e 3
SUSEAINADIE FOMSIIY ...t ettt e e e e e n e e e e e e e e r e e e e e e e e aaans 4
RESOUICE ASSESSIMENT ....eiiiiiiiiiiiiiit e e e e e e e e e e e e e e e e et e e et e et e e e e e e e e e e e e e e aeeaeeaaaaaaaeaaeeeeees 5
Forested Land CharaCteriStiCS ............o oeeerene it 5
WOOO USE.....eeeeieiiii et e e eee et e ettt et e e e oo e et e e e e e e e s e et e e e e e e e e eeeeeeas 9
HAIVESE RESIAUES......eeiiiiieiiiit e ettt e e e e e e e e e e e s s r e e e e e e e e aanes 10
NALIONAI FOMESTS ... .ttt e e 13
State and COUNLY LANGS .......oeiiiiiiiiiiii e e e e e 16
PrHIVATE LANUS ...ttt e e e e e e e e e e e 17
HAIVESTEIS ..ttt e e 18
Primary Wood-USIiNG INAUSTIIES.........uueenieaeeeaeee e ieeeeeeeeeeeee ettt eeeeeeeeeeeeeeeeeeeeeees 21
DEdICAIEA BIOMASS .......ueviiiiiieeeeeeie s ettt e e e e ettt e e e e e e e e nr e e e e e s e e n s e e e e e e e e e e e annnes 23
Species Composition Of the StUAY Ar€a.......ccccceeiiiiiiiiiiiiccr e 24
Suitability of the Study area for AQriforeStry cccee...coooiiiiiiiiiiii e 24
LN RENES ...ttt e e e e e e e e e e s s r e e e e e e e e e anne 26
Potential Production SCENANIOS .........cuuviiiiiiiiiiiee e s e 26
HYDHA POPIAT...... e 28
REA PNt e e e e e e e e e e e e e 29
] 01 PR 30
Harvesting and TransSportation COSES.........ccceeemereeerriiiiiiiiree e e 31
Y T2 1) V] TP PPPPR T PPPPPI 32

Characterizing an EmMerging MarKeL ........... o eeeeeeeeeeeieieeeeeeeeeeeeeeeee ettt raaae e 34



Woody Biomass Resour ce Assessment for Presque |sle Power Plant

U100 o To I = o = PP 34
Competing BIOMASS USEIS.......ooiiiiiiiiiiiiiieee et e e e 38
Energy and Fuel ProduCHION ..............u oo 40

(0] o Tod 18T [T To T =0T o1 £ 41
RETEIEINCES ...ttt ettt oo ettt e e e e e e s mm e R e e e e e e e e e e e e e e e e e e nnnnn s 43

TABLE OF FIGURES

Figure 1. Counties Included in the StUdY Ar€a......c....covviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 3
Figure 2. Forested Land Ownership BY SECtOr oo, 8
Figure 3. Wo0d USe TIMEIINE ......ooiiiiii et seeeeeeeeeennnnees 10
Figure 4. Hiawatha National Forest with 90-Mile RE.................ovvvviiviiiiiiiiiiiiiiiieneeee e, 13
Figure 5. Ottawa National Forest and 90-Mile RadiUS...........ccoeeiiiiiiiiiiieee e, 14
Figure 6. Nicolet National Forest and 90-Mile R&ILL...........ccooiiiiiiiiiiiiieeeeee e 15
Figure 7. Logging Companies in Michigan Study Casby Employee Numbers ................... 18
Figure 8. Wood Diameter and USES ..........ivcccceeeieeeieiieeeieeeeeeseseevvsssvassaseeesresneeesseeesseeseesenees 20
Figure 9. All Forested Land in the Study Area be8es (total acres: 8,161,335) ............... 24..
Figure 10. Forested Land in Study Area by Site Betidity (total acres: 8,176,012).............. 52
Figure 11. Forested Land by County and Site PradticClass (in cu ft/ac/yr)...................... 26
Figure 12. DNR Forest Management Units Used fompage Data ...............cvveeiinninnnnnnnnn 35.
Figure 13. Pulpwood Stumpage Prices for Study A@mast Management Units...................... 36
Figure 14. Pulpwood Stumpage Prices by SpecieSttaly area Forest Management Units...... 36

Figure 15. Existing and Near-Term Biomass USErIS....c.....uu i iiiiiaiaiaaaaaee e 39



Woody Biomass Resour ce Assessment for Presque |sle Power Plant

TABLE OF TABLES

Table 1. Generalized Volume to Weight Conversioth ABSUMPLIONS ........cceeeevieiieeeieeeeeeeeeee, 4
Table 2. Study Area Counties’ FOreSt RESOUICES............cvvvveiiieeiireiireeiireriirrrieeeeeeeeeeeeeeeeee 7
Table 3. Forested Lands by County and StoCKINGSCIAS..........coooiiiiiiiiiiiiie e e 9
Table 4. Harvesting Activity DY COUNtY.......cccooiiii e 12
Table 5. Wood Using Industries by COUNLY ... eeeeeeieeeeeeeeeceeeeeeeeeeeeee e, 22
Table 6. Wood Industry Residue Types and UsestiafySCounties............cccccveeeeriiiiiiieenn. 23
Table 7. Approximate Higher Heating Values of SedddNoody Crops...........cccccvvvvvveeeeenn. 27.
Table 8. Adjusted Tons of Hybrid Poplars per AcyeSlite Productivity Class..............cc.o.. 29

Table 9. Tons of Red Pine per acre by Site ProdtictClass and Age at 2,000 Trees per Acre 30
Table 10. Tons of Aspen per Acre by Site Produsti@lass and Age at 2,000 Trees per Acre. 31

Table 11. Total Delivered Cost per Ton of Chippeddd/ by Site Productivity and Harvesting

Y111 0 [0 To OO P PP EET PP PPTPPPPRPP 32
Table 12. Acres Required to Deliver 450,000 Ton8UWEMY ...........coooeiiiiiiiiiiiiiiiiieeeeee 33
Table 13. Delivered Costs per Green Ton for HarawBolpwood in Michigan....................... 37
Table 14. Existing and Proposed Wood Energy FaSliL.............ccccvviiiiiiieiiiiii 40

Table 15. Market ACtOrs iN StUAY AFCa. ... ciee e 41



Woody Biomass Resour ce Assessment for Presque |sle Power Plant

EXECUTIVE SUMMARY

The Energy Center of Wisconsin evaluated the piatesuipply of biomass suitable for use as fuel
at the We Energies Presque Isle Power Plant. Wegleisds assessing the possibility of
converting the No. 4 boiler at Presque Isle froral ¢o wood. To convert the No. 4 boiler to
wood fuel, We Energies needs 450,000 green toh®ofass annually.

Among all possible sources for woody biomass (@efinere as all constituents of a tree less than
four inches in diameter), harvest residues showrtbst promise as boiler fuel. There is an
estimated 1.45 million green tons of these resideeerated annually (based on the level of
harvest activity in 2004) on public and privatevested land in counties within a 90-mile radius
of the Presque Isle facility.

The vast majority of harvest residues are lefhimforest because there is insufficient economic
incentive to remove them. Forest managers say miitttis biomass is usable, and they are
interested in finding ways to encourage its incedasse. Supplying the Presque Isle facility with
harvest residues can help establish a market ifoptbduct.

Because there is currently no formal market for @yobiomass, determining a definitive price is
problematic. However, industry interviews and asafyof established wood markets suggest that
$30 per delivered green ton is a reasonable cuprézg at which biomass suppliers can operate.
This breaks out as follows: $6 for stumpage, $185barvest and $10.50 for delivery. This is
below pulpwood prices, which are currently in thage of $31-37 per green ton delivered for
Michigan.

Currently, biomass stumpage is often perceivedit@mo dollar value (it is free for the taking).
However, a non-zero stumpage price for biomassgweilh long way toward increasing available
supply by demonstrating its value to landownersd Ao reward suppliers who have a superior
product, utility payments for delivered biomasswdtdde based on Btu value rather than weight.

Because pulp and sawtimber harvests generate haegatues, a decline in markets for those
products will significantly affect how much residisegenerated. In such a scenario, biomass
prices may have to increase to sustain harvesfitiegiand may approximate the delivered price
for pulpwood.

Loggers are a critical link to the success of alMest residue collection efforts. Those currently
working in the area have indicated an understandinige opportunity that biomass harvesting
presents, as well as a willingness to add thauresdo their harvesting portfolio. Loggers
welcome longer term contracts for supplying biomzssause they can be used to finance
equipment purchases. Those interviewed expressagilingness and capability to expand
operations to fully supply We Energies’ demand giae adequate price for delivered biomass.

Harvest residues can be sustainably removed froest® and in fact many of the lands in the 90-
mile radius of the Presque Isle facility are alsebding managed with sustainable forestry
practices. These practices permit a great quasttiyomass to be removed annually without
impairing the forest’s regenerative capability. Wiog only with Master Loggers, lands that are
certified as being sustainably managed, or supplieat include sustainability assurances in their
purchase contracts ensures that a harvest resmimass supply is sustainable.

Energy Center of Wisconsin 1
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The Energy Center also assessed the possibilitging residues from primary and secondary
wood processing facilities and dedicated biomaastptions as feedstock streams for the Presque
Isle facility. Residues from primary and secondaood processing facilities are a viable
feedstock stream. These residues are largely gltegidg beneficially used by generators or sold
to others. Still, local businesses should be intairaf We Energies’ interest so that opportunities
are not missed.

A third option, dedicated biomass plantations, paovide a hedge against market uncertainty,
but the soil conditions in the study area limitgluotivity. In reasonably good soils, such as those
in the 85-119 cu. ft. per acre per year site prodig class, the most favorable scenario using
current prices and technology is $39 per delivéoadof green chips. This scenario would require
64,300 acres of hybrid poplar plantations in fiwayrotations. Advanced harvesting technology
not yet on the market could reduce those cost82q#r ton. Native species such as red pine and
aspen can also produce green chips in the ran$@9%$56 per delivered ton using current
technology, but require 15-30 year rotations anchash as 151,000-233,000 acres. In lower
quality soils, more acres would be required.

Energy Center of Wisconsin 2
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INTRODUCTION AND PURPOSE

The purpose of this study is to evaluate the pitkestipply of biomass suitable for use as fuel at
the We Energies Presque Isle Power Plant. Thiy $tyglart of a preliminary investigation into
the possibility of converting the No. 4 boiler aeBque Isle from coal to wood fuel. The target
amount of chipped green wood that would allow saclonversion is estimated to be 450,000
green tons per year. The study area includes asutitat lie within a 90-mile radius of
Marquette, Mich. Figure 1 shows the counties inetlith this study.

FIGURE 1. COUNTIES INCLUDED IN THE STUDY AREA

Ontanagon

Gogebic

Fresque [sle
Luce
Marguette
Alger
Schoolcraft
Iron Mackinac

Dickinson ~/—\

Delta

Florence

Marinette

The study area includes 12 counties in Michigarppé&f Peninsula (UP) and three counties in
Wisconsin. These counties are heavily forestedmeidde well established forest products
industries that are vital to local and regionalrenuies.

WEIGHTS AND MEASURES

Most of the data presented in this report are basegstimates by various government agencies
and private sector experts. These numbers, owadgsity, must be built on assumptions and
generalizations due to the variability of the reses, markets, and evolving technologies.

Energy Center of Wisconsin 3
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It is important to understand that numbers preskintéhis report, especially those associated
with resource estimates, are very rough and shmeildeated as ballpark figures. In full
knowledge of the oversimplification, the authorgto$ report have, out of convenience, adopted
a standard volume-to-weight conversion of woodyrass harvest residues. Table 1 lists
conversion factors used for this report.

TABLE 1. GENERALIZED VOLUME TO WEIGHT CONVERSION AND ASSUMPTIONS

POUNDS PER CORD" | TONS POUNDS | FT¥TON | FT*PER | FT®PER
PER PERFT® CORD (AS | CORD
CORD STACKED) | (SOLID
WOOD)®
5,500 2.75 42.96875 | 46.54545 | 128 72

a. Pounds-per-cord measurement is based on a rough average of weights measured in pulping experiments at the US
Forest Products Laboratory (Taras, 1956).
b. Cord weights can vary considerably even within species due to stick diameter, length, density and moisture content.

These values were used primarily to convert hamesstiues volume measures into biomass
weight measures. As a check on the 46/fft assumption, we compared it to the volume-to-
weight conversions used by the US Forest Serviceib residues which ranged from 36/fon
for coarse residues to 54/fon for bark. Given the abundance of uncertainiis estimation of
these resources, the authors believe that thisecsion is reasonable.

SUSTAINABLE FORESTRY

Long-term plans for wood use will need to be basegdustainable forest management and
harvesting practices. Forests provide a numbecagystem and economic services. Sustainable
forestry guidelines include consideration of categgof services such as providing habitat for
forest ecosystems, conserving soil, and limitingeweaunoff. In addition, forests are also highly
valued by the public as recreational areas and seme&d as the anchor renewable feedstock for
industries vital to the Great Lakes states. Suabdnforestry guidelines seek to balance these
uses and insure that forests will be able to caetin these roles in both the near term and for
future generations.

There are two primary recognized sustainable foresrtifications: Forest Stewardship Council
(FSC) and Sustainable Forestry Initiative (SFl)e H8C is an independent forest certification
system created in 1993 that is used worldwides. ¢ioiverned by business, environmental and
social interests. The SFI was created by papefasdtry interests, is used in the US and
Canada, and is governed by the Sustainable Fofgstamd. A commonly held opinion of those
familiar with sustainable forestry certificatiorssthat FSC is more reflective of the interests of
several international environmental non-governmesrganizations while SFl is more aligned
with landowners and the forestry industry (Hangeal.2002). The two standards share many

Energy Center of Wisconsin 4
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similarities. One key difference is the FSC staddarbids growth of genetically modified trees
and puts limitations on establishment of tree @iaons. These standards (and others) continue to
evolve over timé.

Both Wisconsin and Michigan are following MinnessttMFRC 2007) lead in developing
sustainable forestry guidelines for their statascéestablished, these guidelines will likely be
voluntary, consisting of a menu of management ogtend providing considerable flexibility for
landowners and harvesters. Therefore, determinafiadherence to sustainable guidelines will
need to be checked against owner or harvestergmlic harvest contracts. Michigan forests and
Wisconsin state and county forests are currentiy-dertified under FSC and SFI.

From a biomass user’s standpoint, the primary effetadhering to sustainable harvest
provisions will be to reduce the quantity of avli&abiomass from harvest sites by some
percentage deemed appropriate to meet site-spaeids. This could be highly variable. For
example, Minnesota’s standards note that theist@eils typically have more than 20 times the
nutrient capital than what a total clear-cut wordchove (i.e., removal of all trees, tops, limbs,
dead logs and snags, as well as all the brusheositid) (MFRC 2007). This means that a typical
site could undergo 20 50-year growth and harvedatioms with these extreme harvests before the
site would not be able to replenish the soil natseover the growth cycle. Sites with poorer or
sandier soils may prohibit any removal of biomatseothan the boles used for sawlogs. In
general, the Minnesota guidelines recommend leaatiogit one-third of the fine woody debris
generated during harvest on site.

Some steps a biomass user can take to use subtdiaalested biomass are to work strictly with
certified Master Loggerswork on lands that are certified as sustainablyagad under either
FSC or SFI, or include sustainability guidelineshair purchase contracts.

RESOURCE ASSESSMENT

This section describes wood resources in the saugly including: growing timber, location,
ownership and changes in the resource volume,rdodrnation gleaned from harvesters who
operate in the area.

FORESTED LAND CHARACTERISTICS

The United States Department of Agriculture FoBmtvice’s Forest Inventory Analysis database
was used to characterize the 15 counties in thiysfiable 2 describes the acres of forested land,
estimated volume of growing stock, annual harvesimes, and the net change in wood volume

! More information on forest sustainability certiftions can be found at:
http://www.yale.edu/forestcertification/fag.html

2 Per WDNR Web sitehttp://dnr.wi.gov/forestry/certificationfune 2008, and per MDNR, Web site,
http://www.michigan.gov/dnr/0,1607,7-153-10368_2251263--,00.htmIMay 2008.

% More information on Master Logger certificatiomdae found athttp://www.wpla.org/master.htm!

Energy Center of Wisconsin 5
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for these counties. The “proximity tier” columnagating of how close the resource is to
Marquette, Mich. This rating goes from 0 for MartieeCounty in which Presque Isle resides, to
1 for counties that border Marquette, to 3 for dmsthat are more than one county span distant.

Taken together, there is a total of over 12 billboic feet of growing stock in these counties.
This amount, net of removals and mortalities, inses each year by nearly 293 million cubic
feet, or about 6.3 million green tons per year.ylégtimate nearly 179 million cubic feet of
wood is removed from these lands each year. Caumtithe 0-1 proximity tiers, which are those
closest to Presque Isle, have annual net growdibofit 142 million cubic feet, and annual
removals of about 98 million cubic feet.

Energy Center of Wisconsin 6
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TABLE 2. STUDY AREA COUNTIES’ FOREST RESOURCES

COUNTY PROXIMITY | ACRES OF GROWING STOCK | ANNUAL NET
TIER FORESTLAND | INFT? REMOVALS IN | ANNUAL
FT° GROWTH IN
FT®

Alger 1 509,100 904,065,083 12,012,314 26,496,684
Baraga 1 516,590 907,069,781 9,187,096 15,460,473
Delta 1 602,770 777,471,064 9,031,928 20,490,469
Dickinson 1 401,388 589,273,174 5,294,133 10,066,592
Houghton | 2 511,154 923,139,207 20,404,410 22,252,676
Iron 1 681,792 960,709,141 18,142,041 25,831,548
Keweenaw | 3 198,123 352,292,762 14,211,014 10,337,247
Luce 3 491,832 683,230,323 5,494,774 29,825,304
Marquette 0 983,615 1,469,487,438 37,364,108 22,764,100
Menominee | 1 499,595 662,749,724 7,388,601 21,381,743
Ontonagon | 3 682,199 1,077,728,076 8,095,883 12,068,206
Schoolcraft | 2 562,164 608,422,961 8,596,815 17,666,406
Florence 2 275,685 406,238,310 5,067,994 6,987,631
Forest 3 551,607 848,280,296 4,882,315 19,359,753
Marinette | 3 696,792 845,978,461 13,560,431 31,951,529
Total 8,164,404 12,016,135,798 178,733,855 292,940,358

Source: USFS Forest Inventory Mapmaker 3.0, using data from 2002-6.

The forested lands in the study counties are ovanedominantly by private interests, although
some counties have mostly government-owned forEgjare 2 below shows the percentages of
forested land owned by the various sectors.

Energy Center of Wisconsin 7
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FIGURE 2. FORESTED LAND OWNERSHIP BY SECTOR
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Source: USFS Forest Inventory Mapmaker 3.0, using data from 2002-6.

Overall about 60 percent of the forested land enstudy area is privately owned. The
composition of federal, state and local governnoevitership is quite variable by county. This
complexity of ownership underscores the need fiferdintiated approaches to data gathering by
region. For example, information on harvesting oanty-owned lands could be significant in
Marinette County, Wis. In contrast, there is vitlpao county-owned land in the Michigan study
area. Some counties have national forests whetkassdave no federal forestland at all.

Another important aspect of forested lands is #ngrele to which they are stocked with trees.
Table 3 lists the stocking levels of forest langisbunty.

Energy Center of Wisconsin 8
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TABLE 3. FORESTED LANDS BY COUNTY AND STOCKING CLASS

OVER- FULLY MEDIUM POORLY NON- OVER AND

STOCKED STOCKED | STOCKED | STOCKED | STOCKED | FULLY
Alger 6.9% 53.8% 29.1% 9.0% 1.1% 60.8%
Baraga 11.4% 58.7% 24.8% 5.2% 0.0% 70.0%
Delta 9.7% 40.9% 38.5% 10.2% 0.7% 50.6%
Dickinson 10.9% 49.0% 26.5% 13.6% 0.0% 59.9%
Houghton 9.3% 53.7% 29.5% 6.2% 1.3% 63.0%
Iron 4.7% 49.9% 33.4% 11.1% 0.9% 54.6%
Keweenaw | 3.2% 55.5% 31.0% 10.3% 0.0% 58.7%
Luce 4.9% 45.9% 36.9% 10.7% 1.6% 50.8%
Marquette 11.7% 48.0% 27.7% 12.3% 0.3% 59.7%
Menominee | 7.4% 51.4% 29.8% 10.6% 0.9% 58.7%
Ontonagon | 12.8% 49.0% 31.1% 6.3% 0.8% 61.8%
Schoolcraft | 6.4% 37.5% 36.9% 16.4% 2.8% 43.8%
Florence 10.3% 44.3% 35.1% 9.0% 1.2% 54.6%
Forest 10.0% 50.4% 33.9% 4.9% 0.7% 60.4%
Marinette 6.0% 38.6% 41.5% 13.6% 0.3% 44.6%
Overall 8.7% 47.9% 32.5% 10.1% 0.9% 56.6%

Source: USFS Forest Inventory Mapmaker 3.0 using data from 2002-6

Overall, nearly 57 percent of the forested landh@study area are considered fully stocked or
overstocked. By county, this ranged from about &@@nt in Baraga County, to almost 44
percent of forested lands in Schoolcraft.

WOOD USE

Michigan’s Upper Peninsula and northern Wisconsiwehwell established markets for sawlogs
and pulpwood. Primary wood-using industries usematerials direct from harvest such as logs
and pulpwood, and produce lumber, veneer and jpulpdpermaking. Secondary wood using

Energy Center of Wisconsin 9
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industries use primary mill products to manufaciotteer goods. Both groups of wood-using
industries have evolved efficient operations oteryears, minimizing the need for residue
disposal. Figure 3 below illustrates the processaid harvest and use, as well as points at
which residues, and possible opportunity fuels gamerated.

FIGURE 3. WOOD USE TIMELINE

Maintenance: Harvest Mill Residues: Secondary Mill Post-Consumer
often not Residues: not collected, more Residues: Construction and
collected, collected, high uniform quality, collected, some kiln  Demolition:

thinnings and
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more competition
for use
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T T T T End Use
Time o } } } >
Forest Harvest inmary . geconda}ry Disposal
Growth rocessing rocessing
End Use

During forest growth, standardaintenance procedures occur such as thinning, culling of
genetic inferiors, fire suppression measures, antbval of mortalities and diebacks due to pests
such as emerald ash borer or jackpine bud wornsel bettings are sometimes removed but are
usually left on the forest flooHar vest residues, by definition, are left on the forest floor. Tlees
can include tree tops, branches and undersizesitihaewere cut down to enable removal of the
targeted trees. There is not currently a markethfese residue®rimary mill residues occur at

the point of roundwood processing and the millstnage or dispose of them. Because these are
available at a central location, and tend to ba wifore uniform consistency, they are in greater
demand than harvest residues for use in othercgiolihs.Secondary mill residues tend to have
even higher consistency because the wood has wmespme processing and possibly even kiln
drying. Little is known about what these residuesigsed for, but they are likely to be smaller in
volume and generally unavailable for other usgzed@ally lower end uses such as for boiler fuel.
Post-consumer and construction and demolition wastes represent the end of the line for wood.
These residues are often landfilled. Although thesdd represent essentially “free” feedstocks
(but for the price of transportation), when useddoiler fuel, they could offer challenges related
to chemical contamination (i.e., treated wood)eign objects, and renewable energy eligibility.
For these reasons, the search for wood fuel f@adeeeisle focused primarily on harvest and mill
residues and woody energy crops.

HARVEST RESIDUES

Harvest residues are generated during timber haresse include tree tops, slash (i.e., smaller
diameter pieces cut during harvest), and cut norcinaatable trees. Therefore, the generation of
harvest residues is directly related to the le¥élasvest activity in a given area. Some smaller

Energy Center of Wisconsin 10
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amount of residues may be generated during mainteninnings and selective cuts, or during
land clearing for development. Table 4 lists nurslmer harvest activity by county generated by
the US Forest Service Forest Inventory Mapmakeesé&lestimates are based on established
formulas by species for the volume of materialsdgily found in the merchantable versus non-
merchantable portions of the trees, and also byptbauct harvested—sawlogs versus pulpwood
(Blyth and Smith 1980, Piva 2008).

The Forest Service estimates that over 1.4 milli@en tons of harvest residues were produced in

the study region, based on harvesting activitydé4 The amount generated year to year will be
directly related to the current harvesting activity

Energy Center of Wisconsin 11
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TABLE 4. HARVESTING ACTIVITY BY COUNTY

PROXIMITY | AVG. ANNUAL AVG. ESTIMATED 2004
TIER REMOVALS IN ANNUAL RESIDUES
FT® REMOVALS GREEN TONS”"
IN GREEN
TONS?

Marquette 0 37,364,108 802,744 186,441
Alger 1 12,012,314 258,077 59,018
Baraga 1 9,187,096 197,379 105,188
Delta 1 9,031,928 194,045 70,684
Dickinson 1 5,294,133 113,741 74,787
Iron 1 18,142,041 389,770 107,229
Menominee 1 7,388,601 158,739 64,969
Houghton 2 20,404,410 438,376 90,020
Schoolcraft 2 8,596,815 184,697 82,393
Florence 2 5,067,994 108,883 98,313
Keweenaw 3 14,211,014 305,315 35,900
Luce 3 5,494,774 118,052 79,965
Ontonagon 3 8,095,883 173,935 98,119
Forest 3 4,882,315 104,893 149,488
Marinette 3 13,560,431 291,337 145,406
Total - 178,733,855 3,839,985 1,447,918

a. Removals are contracted removals of pulpwood and sawlogs from forested lands regardless of ownership class and
are generated with the USFS Forest Inventory Mapmaker software version 3.0 using data from 2002-6.

b. Harvest residues estimates are generated by industrial roundwood harvesting by Forest Inventory Unit, county, and
species group, Michigan, 2004.
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National Forests

Federally owned forest land, primarily in natiof@lests, represents about 19 percent of the
forests in the study area. National forests areaged for multiple purposes including timber,
wilderness, recreation, minerals, water, grazing, &ildlife. There are three national forests that
have lands within the study area for this projefi&twatha, Ottawa and Nicolet.

Hiawatha National Forest. The Hiawatha National Forest, shown in Figures4ocated in the
eastern Upper Peninsula. The portion in the stuelg kes largely in Alger, Delta and Schoolcraft
counties. The federal forester indicated that typically have about 40 million board feet
harvested per year, which amounts to about 20 mthfe study area sold as either pulpwood or
sawtimber. They would like to move that up as kaglb0-60 mbf, and their capacity shows they
could sustainably allow harvest of approximatel§ hibf. The amount of acreage they can make
available for harvest is limited by their Forestvsae funding—they must be funded to prepare
and mark lands for harvest, contract, and file &&tl Environmental Policy Act papers. They
currently have 150 million board feet of removadsitacted. Small independent bidders, under
contract with larger mills, do most of the biddif@@mler 2008).

FIGURE 4. HIAWATHA NATIONAL FOREST WITH 90-MILE RADIUS
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Limitations on removals, typically down to 4-inctaheter, are mostly due to convention (i.e.,
harvest size that has proven to be traditionalgfuly, unless soils need additional carbon. For
some sandier or drier soils, they will sometimegine additional biomass be left on site to
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improve the soils, but this does not apply to tlaganity of hardwood stands. The 4-inch diameter
restriction results in more biomass left on sithamdwood stands than conifers due to tree shape
differences. Weather and land conditions can putdtions on wood availability. There are also
some whole tree harvest operations which leaveadlenamount of biomass on harvest sites.

Foresters at Hiawatha have timber stand improvem&niities in which they do thinning or
culling of non-merchantable species when they axa@ler. Operators in the last 18 months or so
are dabbling with biomass left on sites. The FoBestiice can sometimes allow contractors to
take the “junk” off site if it is important to threeconomics. Some mills are also increasing their
use of bark and junk wood for fuel. Although therbhass market is still developing, the forest
managers think there is a significant opportuniitytbere to use more biomass and they are
letting more of it be removed from the land (How[2208).

Ottawa National Forest. The Ottawa National Forest, shown in Figure % iBaraga, Houghton,
Iron and Ontonagon counties on the western enkeo$tiudy area. Forest managers estimate that
there are few trees that are more than 80 yearanoldhat much of the forest is just now moving
into good sawlog quality. They strive to sell 50fillion board feet per year to harvesters.

FIGURE 5. OTTAWA NATIONAL FOREST AND 90-MILE RADIUS
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They have a good amount of pulpwood, but they lada@ significant timber stand improvement
to cull genetic inferiors. Recently they have hesslharvesting due to a downturn in prices so
they have held off on some sales. Purchasers stgyear contracts and much of the forest is
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restricted to winter harvest only, or summer andteri operations, to minimize soil disturbance
and runoff. In response to harvesters seekingkmntgore wood during harvest, some of their
contracts allow cutting down to 2 inches in diamétem the top. They have recently instituted
new cruising guidelines that can take into accdulhtree biomass for contract harvest. This lays
the contractual groundwork for full tree chippirgrtests and other operations removing
additional biomass when it is compatible with prim management plans (Sobrack 2008).

Nicolet National Forest. The portion of Nicolet National Forest relevanthie study area, shown

in Figure 6, sells about 35 million board feetioflier per year. Harvest has been slowed by
litigation in recent years. They occasionally gege amounts of biomass available due to insects
or tornados. Much of the harvest is centered orragpine and hardwoods. Most sales recently
have been tied in with red pine because peopl&aseconcerned about the environmental
implications of harvesting pine stands than mixalivoods. Environmental groups would like

to see less pine plantations and more diversigpéaties due to habitat benefits.

FIGURE 6. NICOLET NATIONAL FOREST AND 90-MILE RADIUS
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The Forest Service contracts for down to 4 inchaetiameter inside the bark. Wherever they can,
they have been allowing removal of the smaller @gmnwood for biomass uses. Harvesters have
typically not taken all of it due to economics—thmnnot always get enough for it to make it

Energy Center of Wisconsin 15



Woody Biomass Resour ce Assessment for Presque |sle Power Plant

worth collection. The current forest plan doesamtdress use of biomass for energy and fuels, so
most sales are based on timber prices for thetitvadlly merchantable portions of the tree. They
expect that the next forest plan will include glires on when and where additional biomass can
be removed, and will include estimates of biomadsme availability beyond the timber
estimates they currently use. They have just metteer a new set of cruising directions to better
estimate biomass including tops, in an attemptitmglithese estimatess in line with the much
more refined and accurate merchantable wood egtim@ihey also are following Minnesota’s
best management practices for biomass harvesbquadieto adhere to Wisconsin guidelines
when they are finalized.

In summary, the national forests’ management gli@éeaecognize that there is a large quantity of
biomass left after harvest that could be sustaynasaivested. In addition, insects and weather
damage offer periodic opportunities for removalawfe quantities. Biomass harvests on federal
lands are limited by federal budgets—increasedifundf federal forest management would
allow preparation of additional acreage for harvest

State and County Lands

State-owned forest land represents about 17 peotéimé forest in the study area and is almost
entirely in Michigan. The Michigan Department oftNieal Resources offers 600 to 900 timber
sales contracts per year on about 60,000 outatbadf over 1.3 million acres of state-owned
forest lands. These harvests typically includeasugaple, red pine, red oak, red maple, jack
pine, aspen, mixed hardwood and mixed softwood lf€mBuySell.com). In addition to
managing forests for continuous production in suppbthe Michigan wood using industries,
state forests are managed to provide food andatdbitwildlife, to reduce fire hazards, and to
provide recreational opportunitiéShe MDNR operates in accordance with Operational
Management Guidance requiring state-owned foresisléo be managed using sustainable forest
management principles (MDNR, 2005). All Michigaatstowned forest land is certified as
sustainably managed under both Sustainable Foregigtive (SFI) and the Forestry
Stewardship Council (FSC).

Timber harvest sales on Michigan state forest landsypically grouped into one of three
categories: commercial sales, fuelwood permits,resmdcommercial cultural treatments.
Contracts for harvest are on a lump sum basisdoasestimates of the weight/volume of
merchantable wood. There is no explicit amount g@badifor non-merchantable biomass and its
removal is usually not restricted, although soma&raets may include restrictions due to
sustainability issues (e.g., soil, habitat, run@ffgym 2008). In general, however, non-
merchantable biomass is not being removed frors,gigdlecting an insufficient market for it.

State-owned forest accounts for only three peroel@ss of the forested land in the Wisconsin
study counties. County-owned forest lands make mquieh higher percentage of forested lands in

* MDNR, http://www.michigan.gov/dnr/0,1607,7-153-10368_22&#263--,00.htmIMay 2008.
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Florence and Marinette counties, and programs sc@fisin counties are FSC-certified.
Marinette County has over 240,000 acres of forelstedl under management. Their harvest
contracts are scaled at the site—harvesters argazhéor the weight of material they harvest and
biomass (i.e. pieces less than four inches in diameould be valued accordingly. They have
recently had 140 acres of brush pine that was sthcko piles that they put out to bid, but they
did not receive any offers (Schwantes 2008). Thester for Florence County, which has nearly
32,000 acres under management, also reports thattk not seeing a lot of top utilization with
their harvests, but they are selling sawlogs anpvprod (Sullivan 2008). Their last sale of
chipped tops was at a stumpage rate of about 58T per ton.

Private Lands

As a group, private interests hold about 60 peroétiie forested land in the study area counties,
and in some counties as much as 88 percent. Beohtise diverse makeup and large number of
private landowners, information for this group vgashered through interviews with some of the

largest owners and with harvesters who tend to warkands in multiple ownership sectors.

Plum Creek Timber Company. Plum Creek Timber Company is a land managemenpaoynthat
purchased the former Mead Paper timberlands ilBheThe company bought the land in 2005
and now manages it for sustainable productionoARlum Creek’s 650,000 acres of forests
spread over 13 counties in the UP were recentlyfieeras sustainably managed by the
Sustainable Forestry Initiative (SFI). The amountood harvested on Plum Creek-owned lands
in the UP has typically been between 650,000 ahdnillion tons, with recent harvests being
toward the higher end. They ship wood to abouti®lamers in Michigan and Wisconsin,
including NewPage with whom they have a contradibal sales agreement per the original land
purchase. They estimate that 85-90 percent of dhenmerchantable biomass is now being left on
the land because there is no market for it. Theyl@oking into options to sell additional biomass
from harvested sites and believe their harvestkiqaay a large role in supplying biomass to
new markets such as Presque Isle. They plan taucbsdme tests to determine whether they can
make estimates of biomass based on the amountioflwmod harvested (Becker 2008). A
company representative gave a rough estimatehbattio of roundwood to biomass is 4:1.

Plum Creek is a significant potential supplier. {f neanage their lands according to a
coordinated plan, meeting with loggers once a t@delineate what they will be harvesting—
essentially giving them their assignments. The dsts/are already managed for multiple
products and clients, and they are amenable tonguut biomass whenever it can be
economically and sustainably done, and supplyitg &nd users.

J.M. Longyear. J.M. Longyear holds about 60,000 acres of mdsihgwood forest north of
Marquette and another 20,000 acres in the westr &hrual allowable harvest is about 38,000
cords of pulpwood and 3.5 to 4 million board feklogs. They have not yet had contract
agreements for removal of additional biomass frbeirtlands because their lands have been
considered too far from the mills that would use bromass as hog fuel. (Mills have been able to
get the biomass closer to their operations.) Tresehmarkets for all of their wood and good
client relationships. They feel there are some dppdies for use of the tree tops and have
developed some information on yields from seledhaesests. In addition to harvest agreements
on their own lands, they have a stumpage procureptegram in which they buy standing
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timber from private, state and federal lands, amtract with private parties to harvest. Last year
they cut about 1.6 million board feet on stumpé&ge.these private lands, the landowner
determines whether they can remove additional bésiaut if there is some additional income
for the landowner (i.e., a stumpage fee for biommas®val), it is believed they would generally
be amenable to allowing tops removal with harvEisey have a procurement team that buys and
sells wood, serving as an aggregator for clientsy(ithen 2008).

Harvesters

There are approximately 385 harvesting operatiorise UP study counties (similar information
was not available for the three Wisconsin countieégjure 7 below shows the breakdown of
logging companies by number of employees.

FIGURE 7. LOGGING COMPANIES IN MICHIGAN STUDY COUNTIES BY EMPLOYEE NUMBERS
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Source MDNR Forest Products Industry Online Database, May 2008.

According to the Michigan DNR, there are seven $invith 31 or more employees, 14 with
between 16 and 30 employees, and 358 with 15 agrfemployees (six firms did not have
information on number of employees). It should besd that any company that does any amount
of harvesting is included on this list regardlekthe scale of those activities. Therefore, some of
the larger companies that are listed as harveattuslly only do minimal harvesting. Based on a
preference expressed by We Energies, some ofridper [Bpgging operations active in the study
counties were interviewed to shed additional lightcurrent harvesting activifyin addition,

some smaller harvesters known to gather and dddieenass were interviewed.

®> Some of the larger companies in this category bakye harvesting as a small portion of their bussne
and are primarily buyers rather than suppliersiofass.
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Similar information for Wisconsin logging companigas not available. However, the Wisconsin
Professional Loggers Association Web site list$08@ing operations with certified Master
Loggers who operate in one or more of the Wiscosiidy countieS§.

Most of the loggers harvest one or more of theofaithg categories of raw wood products:
sawlogs, pulpwood, and biomass. Harvesters havesited! that they log throughout the year, but
hauling restrictions are in place during “springdd,” from roughly March 15 through May 5.
During this time they are forbidden to haul woodamy roads other than those that are Class A.

Loggers bid, either independently or on behalf oistomer, to harvest stands of trees based on
the products they expect and market conditionse€equality sawlogs or roundwood are the
highest value, and pulpwood is the lowest valuegraty for which a market exists. Contracts are
either set up based on an initial estimate of teechmantable wood that is harvestable (i.e., lump
sum bid) or based on the weight of what is actuaiyoved from the site (i.e., scaled). Numbers
are available for sawlog and pulpwood contracts¢ha give a good indication of recent
stumpage prices, but the biomass not falling intsé categories has traditionally been
considered nonmerchantable. Further analysis oteharices for wood products is included in
Section 4.

The characteristics of trees largely determine wihidbuy and use them. Figure 8 illustrates
distinctions in one characteristic—the diameter—gital uses of harvested wood.

Sawmills are limited to using larger diameter lagsyally a minimum of eight to ten inches in
diameter. Pulp mills, on the other hand, can useader range of tree/limb sizes and typically
will buy down to about four inches in diameter. @alills can also use the larger diameter pieces,
but are generally priced out because lumber midisadlling to pay more for the larger pieces.
Biomass—the term increasingly used for smaller éi@mpieces, tree tops and slash—does not
currently have a formal market. Biomass applicatioan use the whole tree. The market for
biomass, however, is expected to continue to develaneet growing demand.

8 Wisconsin PLAhttp://www.wpla.org/master.htmiune 5, 2008.
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FIGURE 8. WOOD DIAMETER AND USES
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depending on availability and demand.

Interviews with loggers and others suggest a nurab#rtings regarding harvesting activity in the
study area. First, despite indications that mangdavners and managers are open to the prospect
of removing biomass in addition to the merchantg@btelucts, few companies are regularly doing
so. This condition is largely reflective of the kaaf a sufficiently strong and stable market for
biomass to justify making the capital investmenthdrvest, process and deliver it. Currently the
primary users of biomass in the form of hog fuel pulp mills, which have grown accustomed to
receiving it at very low cost.

Second, harvesters have weathered a number of he@nsions and contractions, and retain
some capacity and willingness to increase prodoaiwuld opportunities arise. Business owners
are wary, however, about the turbulence a newlyiiog biomass market will bring. Some
referenced the boom-and-bust cycle during the 18r@sgy crisis, and the numerous proposed
biomass-using projects in the UP, which they sesaase for both optimism and alarm. There
are, however, emerging businesses that are enteengarket with the prime purpose of
collecting and supplying biomass. Several harvediave expressed interest in supplying
biomass if the price and contract conditions agbtri

Finally, some harvesters are worried that publiccs promoting use of biomass for energy and
fuel production might displace traditional woodagsbusinesses such as pulp mills which will
not be able to compete for feedstocks. This congemts toward the desirability of utility
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biomass users focusing on feedstocks that areiremtlg competing with other established
industries.

PRIMARY WOOD-USING INDUSTRIES

Table 5 below shows wood-using industries in tlhe\stounties. Because information on
residues generated by secondary wood-using indasgrigenerally not available, and believed to
be smaller in volume than primary industry residulis study focuses on residues generated by
primary wood-using industries. Primary wood-usingdustries are often very competitive and
have long been a part of the regional economy. btddeces have whittled away wasteful
practices over time and encouraged them to usén@sed resources to the greatest extent
possible, and to find cooperative means of handksglues they create. Table 6 below shows
estimated primary wood using industry residues geed for study counties, and the reported
uses.
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TABLE 5. WOOD USING INDUSTRIES BY COUNTY

PRIMARY SECONDARY
MANUFACTURERS MANUFACTURERS
Alger 4 4
Baraga 5 1
Delta 13 18
Dickinson 5 5
Houghton 4 7
Iron 5 9
Keweenaw 0 4
Luce 3 2
Marquette 6 13
Menominee 17 22
Ontonagon 1 3
Schoolcraft 2 3
Florence 3 2
Forest 9 4
Marinette 22 12
Total 99 109

Source: MDNR Forest Products Industry Online Database, May 2008, Wisconsin Primary and Secondary Wood Using

Industries Databases, April 2008.
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TABLE 6. WOOD INDUSTRY RESIDUE TYPES AND USES FOR STUDY COUNTIES

COARSE | FINE BARK THOUSAND PORTION
GREEN TONS OF TOTAL

Fiber products 86.1% 22.5% | 0.0% 515.08 32.6%
Charcoal 0.0% 2.7% 0.0% 11.9 0.8%
Industrial fuel at mill 2.8% 48.0% | 61.1% 627.02 39.7%
Industrial fuel-sold 6.3% 13.2% | 24.2% 247.79 15.7%
Domestic fuel 0.5% 0.1% 0.3% 4.39 0.3%
Miscellaneous 4.2% 12.7% | 14.0% 168.15 10.6%
Not used 0.0% 0.9% 0.4% 6.7 0.4%
Total 1581.03 100.0%

Source: USDA Forest Service, North Central Research Station, data period 2004.

The companies surveyed reported that virtuallyesidues generated in their processes were
used or sold. Coarse residues, those large enowggntl through a chipper, were used
predominantly for production of other fiber produstich as oriented strand board. Fines, such as
sawdust and wood flour, were used mostly for fag¢ha mill, but also for fiber products, sold to
other industrial users as fuel or other miscellaisagses. Bark was used predominantly for fuel at
the mill with some sold for fuel at other mills. Wit is possible that some of these residues
could be used for other purposes, and some mayrbently burned just to dispose of them, it is
clear that a secondary market is functioning festhresidues. Establishing utility demand for

mill residues will likely displace another use.llSopportunities may exist for using mill

residues. It would make good sense to get wordhawtWWe Energies is interested in talking with
local businesses about use of their wood residuésas local opportunities are not missed. Other
wood-using entities that could be direct competitsith the Presque Isle wood use are discussed
in more detail in the following section on the etk

DEDICATED BIOMASS

Tree plantations are stands designed and managedvide a reliable, consistent supply of
wood. This wood supply offers a different set ofisiderations than those of purchasing wood.
Rather than dealing with short-term contracts,tflating market prices and uncertain
competitors, agriforesters must consider land mamagt practices, real estate values and
appropriate harvesting schedules.

The most significant limiting factor to the outmiftany such plantation is the frequency of
harvest, which is why plantations frequently seekstort-rotation woody crops (SRWC).
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The most studied SRWC is hybrid poplar, a fast-gngviree hybridized from various poplar and
cottonwood species that can provide merchantablveod in 6 to 12 years on high-quality

soils. Because they are, by definition, non-natseene caution against converting significant
amounts of forestland to such a crop. (As earlatea, both hybrid species and plantations
altogether fall afoul of the Forest Stewardship @oiis sustainable forestry guidelines.) We
therefore compared possible production scenariosdth native and non-native species in the
study area. We found that native species wouldobapetitive with hybrid poplars in terms of

cost per ton of delivered wood chips, but thatativér an equivalent volume of wood annually,
plantations of native species would need to betoatbree times larger because of slower rates of
growth.

SPECIES COMPOSITION OF THE STUDY AREA

To understand what native species might thrivelantations in the study area, we first look at
which species already thrive there. As shown iuféd, nine species make up more than three-
quarters of all forested acres in the study anegarsmaple (sometimes in association with
American beech or yellow birch), aspen, sugar anatiter hard maples (in association with
basswood), northern white cedar, red maple, blpokce, balsam fir, jack pine and red pine.

FIGURE 9. ALL FORESTED LAND IN THE STUDY AREA BY SPECIES (TOTAL ACRES: 8,161,335)
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Source: US Forest Service Forest Inventory Data Online.

Of these native species, we consider aspen armginedo be the most compelling options for an
energy crop plantation because of their relativapid growth.

SUITABILITY OF THE STUDY AREA FOR AGRIFORESTRY

The viability of a plantation of fast-growing treissprimarily dependent on the quality of its land.
Two commonly used indicators of land quality ate productivity, expressed as the expected
annual volume of growth per acre, and site indggressed as the expected height of a tree on
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that land at age 50. These metrics are based estéos’ assessments of the inherent properties of
the site—saoill, location, drainage—without regardrf@nagement practice or existing use. Site
productivity is used to more broadly characterasd|, while the site index for that same land
depends on the species of interest. Figure 10 sttensite productivity of the study area. In the
15-county study area, 83 percent of the forested ks a site productivity of less than 85 cubic
feet per acre per year.

FIGURE 10. FORESTED LAND IN STUDY AREA BY SITE PRODUCTIVITY (TOTAL ACRES: 8,176,012)
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Source: US Forest Service Forest Inventory Data Online.

Highly productive soils make the most sense fortstatation woody crops, but the most
productive site classes are scarce in the study andy two percent of all forested land is rated a
more than 120 cubic feet of growth per acre anguafid the majority of that land is in
Wisconsin.

Given this limited availability of the most prodiv& soils, we will conduct an analysis looking at
the three more prominent site productivity clas2€s49 cu ft/ac/yr, 50-84 cu ft/ac/yr and 85-119
cu ft/aclyr. Figure 11 shows the total number @éadn each soil class per county. In all forested
land in the study area, each class represent2.8.and 1.2 million acres of the total 8.2 million
acres, respectively.

Energy Center of Wisconsin 25



Woody Biomass Resour ce Assessment for Presque Isle Power Plant

FIGURE 11. FORESTED LAND BY COUNTY AND SITE PRODUCTIVITY CLASS (IN CU FT/AC/YR)
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Land Rents

For the region of Michigan that includes the UpBeninsula, the average rental rate for non-tiled
land for field crops was $36 per acre. For the \Wisin counties in the study area, cropland was
$30 per acre in Florence and Forest and $55 inrdtd, and pasture land was $10 for Florence
and Forest and $25 in Marinette (Wittenberg 20Data about rental rates dedicated to non-
orchard trees are not collected, but given gerdEadand for land in the Upper Peninsula, the
rental rate for non-tiled agricultural land is asenable estimate for the rental rate for desirable
plantation land (Wittenberg 2008). As such, we wile $36 per acre as the assumed rental rate in
our analysis.

POTENTIAL PRODUCTION SCENARIOS

We consider hybrid poplar as well as two nativecegsefor energy crop production—red pine

and quaking aspen. Generally speaking, very delose ¢f these crops result in weaker, skinnier
trees, but because we are more interested ingogadtity of biomass than in meeting sawtimber
standards, it is possible for short rotations ti&enap in volume what the trees lack in diameter.
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While this report seeks to provide We Energies withtegies to supply the Presque Isle facility
with a flat 450,000 green tons per year, we willenihat, as shown in Table 7, the three species
under consideration do have appreciably differégtiér heating values.

TABLE 7. APPROXIMATE HIGHER HEATING VALUES OF SELECTED WOODY CROPS

SPECIES HIGHER HEATING VALUE
(BTU/LB)

Hybrid poplar 7900

Pine 9000

Aspen/poplar 8500

Source: Compiled from many sources.

When discussing red pine and aspen, we charactbgagature of the stand in terms of its
average height and its basal area. Basal area @uthulative cross-sectional area of all the trees
in an acre, where the cross-section is based @stineight (that is, 4.5 ft above the ground). This
approach helps describe the nature of a plantatmne fully than just a volume measurement—
for instance, compared to a same-aged site witkdlre site index, the site with fewer trees per
acre may very well have the larger basal area Isecésitrees have grown larger. A basic
forester’s formula for the total tree weight (indilng bark and branches) of an acre in green tons
is

basal area * height / 70 * 96% (Perala 1977)

Because aspen and red pine energy plantationg@ehat new concepts, reliable numbers
about establishment costs to achieve the desiresitgdere not available, and so we use as a
baseline the costs to establish poplar plantatiéear 1 costs include site preparation and
seedling or cutting purchases; Year 2 costs inclugleding or clearing as necessary. For hybrid
poplar it is assumed that the canopy will be sidfitat this point that no further site maintenance
will be necessary. For aspen and pine we douldeiear 2" cost with the expectation that one
additional season of further weeding, clearingtbepmaintenance will be required at some point
prior to harvest. For all species, we use the edsémfrom the Minnesota Valley hybrid poplar
study of $227 per acre in Year 1, and a one-ting¢ ¢b$66 per acre for hybrid poplar and $132
per acre for aspen and red pine to cover all iaars (Ostlie 2003).

" The red pine value presented is the average HHdsaall pine species, and the aspen value is the
average HHV across all native (i.e. non-hybrid)lpogpecies, because poplar is very similar to raspel
insufficient data was available regarding aspereifpeHHV. These values are drawn from a multitude
sources.
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Hybrid Poplar

Hybrid poplar is the most studied short-rotatioroayp crop because of its rapid growth. In
agricultural quality soils, harvestable trees camgtown in five years at yields exceeding 50
green tons per acre. These trees are bred tohinohbst compatible, productive species for a
given environment, and the best available genigiicdan typically only be found through actual
on-site trials. A hybrid poplar plot will consist genetically identical clone trees, making disease
a major concern. Weed control is necessary urgitinopy has developed. Once harvested, the
plantation will regrow from the stump, a practicelvn as coppicing. As better hybrid poplar
strains are developed, however, it may make morses® dig up those stumps after harvest and
restart the plantation with an improved genetie lifhe magnitude of the improvement would
need to be weighed against the implantation cestigh is relatively simple to evaluate if the
genetic improvement is just an increase in biomasisis more complicated to compare if the
improvement relates to factors such as greateasksgesistance.

Tree spacing. In the short term, hybrid poplar growth rates altyuacrease as spacing decreases,
making them an ideal short-rotation woody crop—taey most productive when grown densely
and harvested frequently. In a feasibility studyHgbrid poplar production for energy generation
at Xcel Energy’s Minnesota Valley facility, it isscommended that poplars be planted on 5.3 ft
centers, although that study’s author now sugdbatss.0 ft centers are preferred (Ostlie 2003,
2007). We will assume that such density is posdiia plantation in the study area.

Treesize. In the Minnesota Valley feasibility study, trees & be harvested at 5 years, when
they are expected to be 6 to 8 in. in diameter3htb 35 ft. tall. On 5.0 ft centers, this transtat

to 53 green tons per acre. These are assumedjrowa in prime agricultural soils. In order to
model this for the study area, we look at USDA EB&a relating site index and site productivity
in the north central United States. Using eastettonwood as a proxy for hybrid poplar, we see
in Table 8 below that cottonwoods achieve theirimaxn height in soils in the 120 to 164 cu
ft/ac/yr growth class, reaching 66 percent of thakimum in the 85 to 119 cu ft/ac/yr growth
class, and so forth. Applying those same limiteytorid poplar volume, we see that we might
expect 35, 28 and 23 green tons per acre, respbgtier the three site productivity classes under
consideration.
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TABLE 8. ADJUSTED TONS OF HYBRID POPLARS PER ACRE BY SITE PRODUCTIVITY CLASS

EASTERN % OF SITE GREEN

COTTONWOOD | MAX PRODUCTIVITY | TONS PER

SITE INDEX (CU FT/ACIYR) | ACRE AT
MATURITY

150 100% 120-164 53

99 66% 85-119 35

80 53% 50-84 28

65 43% 20-49 23

33 22% <20 12

Source: FIA Site Productivity Class Assignment for the North Central FIA Unit — Lake States, Ostlie 2003.

Red Pine

Red pine is a long-lived species that was oncemdly prevalent in the region. It thrives in
sandy and sandy loam soils. It grows to commeragthrity in 60 to 120 years, and stands can
live 200 years. Red pine stands should be cleaamdithen directly seeded, either in existing red
pine stands and other forest types or in nonstoakeas (Benzie 1977).

Red pine saplings require slightly more direct @ctibn from competition and blight than those
of other species, and cutting competitive speciggear three may be necessary. Deer predation
is considered especially threatening to red piapds.

Our assessment of harvest volumes does not ineloyglassociated species that may grow in the
stand, and the need for such stands to be weedé@easly related to their soil quality.
Intermediate thinnings of these may benefit thadtaverall and provide useful biomass, but
because they have to be selectively harvestedrridide clear-cut, the economics of such a
harvest relative to ultimate yield must be conseder

We will consider 15-year and 20-year red pine rotet. Shorter rotations are not likely to
provide sufficient harvests to justify the expense.

Tree spacing. For pulpwood or sawtimber stands, it is recommerndlatino more than 1,100
seedlings be planted per acre, but a denser 2¢#lirsgs per acre is possible if no traditionally
merchantable trees are needed. This tight spacéages a tree canopy that hinders growth of
competing species. If planting from seeds, a raflb@00 seeds per acre is recommended. Our
assessment assumes 2,000 trees per acre.

Treesize. At 20 years, the respective height and basal aaeagre (that is, the cumulative cross-
sectional area of all the trees in an acre at bireaght, or 4.5 ft from the ground) of a plantatio
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ranges from 18 ft and 92 sq ft in the 20-49 cicfi/iasite class to 30 ft and 171 sq ft in the 85-11
cu ft/ac/yr class. Potential harvest volumes avergin Table 9.

TABLE 9. TONS OF RED PINE PER ACRE BY SITE PRODUCTIVITY CLASS AND AGE AT 2,000
TREES PER ACRE

SITE SITE GREEN GREEN
PRODUCTIVITY | INDEX TONS TONS
(CU FT/ACIYR) PER PER

ACRE @ ACRE @
15 YEARS | 20

YEARS
85-119 75 29 56
50-84 60 17 35
20-49 48 10 18

Derived from Benzie 1977.

Aspen

Aspen is a fast-growing species from the same gasirybrid poplars. Aspen grows to full
maturity in 30 to 70 years, but hardier speciegcslly out-compete unmanaged stands. Aspens
grow in all soil types, but thrive in deep, welkilrted soils. Like hybrid poplars, aspen clones can
regrow from coppice. It is recommended that a pgo8pe aspen plantation begin with an
existing aspen stand, which should be clear-cotatirity and then fully stocked by clones. (The
height of trees in the existing stand can be usedake adjustments to the site index.) Thinning
is only recommended if sawlogs or veneer are disined such plantations are only
recommended for site indices greater than 60, wduietsites in the 50-84 cu/ft/ac productivity
class (Perala 1977).

When harvesting aspen, full-tree harvesting oftenieates the need for further site preparation
for the next restock. Properly managed, aspenowticompete other species—while it is difficult
to grow aspen and exclude conifers such as whiteespand balsam fir from the understory, they
do not regenerate as quickly following a clear-cut.

The recommended rotation for pulpwood-quality aspe30 to 35 years. We will consider a both
a 20-year and a 30-year aspen rotation. It is leatr evhether earlier harvest of aspen will
negatively impact coppicing and, resultantly, elssdiment costs for the next rotation.

Tree spacing. Dense stands are more pest-resistant and have lyighis. They do not achieve
sawtimber diameters, but if a plantation is beirapaged for energy or pulpwood this is not an
issue. Our analysis corresponds to a site thatdugghly 1500 to 3000 trees per acre at 20 years,
and 900 to 2000 trees per acre at 30 years, dapeodithe site productivity. (More productive
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sites grow bigger trees and therefore have, om-age basis, an increase in basal area despite
having fewer trees.)

Treesize. At 20 years, the respective average height and bessa per acre (that is, the
cumulative cross-sectional area of all the treemiacre at breast height, or 4.5 ft from the
ground) of a plantation ranges from 30 ft and 6& ggthe 20-49 cu ft/ac/yr site class to more
than 49 ft and 88 sq ft in the 85-119 cu ft/aclass. At 30 years, this grows to 41 ft and 85 sq ft
in the lower class to more than 59 ft and 110 $q the upper class. Potential harvest volumes
are given in Table 10.

TABLE 10. TONS OF ASPEN PER ACRE BY SITE PRODUCTIVITY CLASS AND AGE AT 2,000 TREES
PER ACRE

SITE SITE GREEN GREEN
PRODUCTIVITY | INDEX TONS TONS
(CU FT/ACIYR) PER PER

ACRE @ ACRE @
20 YEARS | 30

YEARS
85-119 99 53 89
50-84 90 a7 79
20-49 72 31 51

Derived from Perala 1977.

Harvesting and Transportation Costs

A 2008 study of Michigan forestland finds an averdglivered cost of $33 per green ton for
hardwood pulpwood and $37.50 per green ton fomaaftl pulpwood. Of this, approximately

$14 per ton is harvest cost and approximately &tXqn is transportation cost (Prentiss 2008).
By contrast, a 2006 study of the Great Lakes refpand costs of $6.41 per ton to harvest non-
merchantable aspen and $8 per ton to transpétete(son 2006). The most significant difference
between these prices is probably that of pulpwaadus non-merchantable wood—the latter of
which can be harvested and handled less carehultywhich is also less dense and therefore less
efficient to transport. When considering traditibharvesting in this study, we will split the
difference between these harvesting costs and &sti#i0 per ton to harvest. For transportation,
given the escalation in fuel prices, we will use #0908 study’s $11 per ton estimate.

An important potential technological innovatiorais SRWC rapid harvester being developed by
Energy Performance Systems, the same companyelfatmed the Minnesota Valley feasibility
study. The harvester, which is estimated to opdoat®$101/acre, should work for plantations

with spacings as closely packed as 40 in. The cagnpapects to use the harvester later this year.
For economic harvesting using any harvesting pacthese crops should not be grown on
sloping soils.
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Because chipping is not expected to be conductaitemat Presque Isle, we also include a
chipping cost of $4.27 per green ton (Peterson 2006

ANALYSIS

Our first-cut analysis suggests that, on a delvest basis, native species can perform
competitively with hybrid poplars. Table 11 cons&lthe three site productivity classes of
interest, and also whether rapid harvesting oittcaxdl harvesting is employed. Note that rapid
harvesting technology is still being developed, trad even those models currently being
designed may not be appropriate for larger traed) as 30-year-old aspens. Therefore, while
both traditional and rapid harvesting costs arsgmged for all plantations to show the impact of
different harvesting schema, the practicality glideharvesting remains in the future for all
species. Chipped wood is being made from the eiméee—bole, bark and branches.

TABLE 11. TOTAL DELIVERED COST PER TON OF CHIPPED WOOD BY SITE PRODUCTIVITY AND
HARVESTING METHOD

SITE PRODUCTIVITY CLASS

20-49 CU FT/AC 50-84 CU FT/AC 85-119 CU FT/AC
SPECIES PERIOD | RAPID TRADITIONAL | RAPID TRADITIONAL | RAPID TRADITIONAL
(YR)
Hybrid 5 $40.26 | $45.87 $35.58 | $42.00 $31.68 | $38.79
poplar
Red pine 15 $ $ 115.60 $74.84 | $78.83 $49.79 | $56.31
115.75
20 $81.78 | $86.09 $49.04 | $56.15 $36.25 | $44.46
Aspen 20 $53.33 | $60.08 $40.16 | $48.03 $37.53 | $45.63
30 $45.47 | $53.49 $34.86 | $43.58 $32.57 | $41.44

Equally if not more important than cost per tothis acreage required for a perpetual supply of
biomass to the Presque Isle facility, as shownabld 12.
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TABLE 12. ACRES REQUIRED TO DELIVER 450,000 TONS ANNUALLY

SPECIES PERIOD | 20-49 CU FT/AC 50-84 CU FT/AC 85-119 CU FT/AC
(YR)

Hybrid poplar | 5 97,968 79,599 64,322

Red pine 15 678,224 402,114 233,043
20 634,091 321,923 200,048

Aspen 20 290,323 189,873 169,811
30 264,706 171,756 151,685

These figures should provide a reasonable illustradf the relative merits of each configuration.
For comparison, Milwaukee County is 155,000 adResine County is 213,000 acres and
Waukesha County is 356,000 acres. It is impor@meniphasize that these findings are
provisional insofar as plantations of native crbpse not typically been rotated so quickly, and
plantations of hybrid poplars have not been extehgitested in the study area. Furthermore, all
costs are based on 2008 figures without any accalatiom for inflated gas or land prices,
although such changes should affect all choicealq he figures in Table 11 regarding
delivered cost are independent of the acres redjuiréable 12, such that these values hold if We
Energies is interested in providing only a portodiits needed biomass via plantations.

Short-rotation woody crop plantations are primaoifynterest because they hedge against
volatile wood prices. By the same token, thesetptaoms could be managed instead for
pulpwood or sawlogs should the market develop ahsuway that low-value biomass remains
more affordable than plantation-grown wood. In maages the switch would require different
management strategies including additional thin@ing clearing, but this “hedge against the
hedge” adds important flexibility that allows Wedtgies to sell merchantable wood if it is most
profitable to do so. Stumpage prices for theseather species are given in the following section.
Should the merchantable wood be sold from the el Energies could still use the harvest
residue for energy generation, which is estimabdaet 17 percent of the total tree volume.

The question of pursuing dedicated woody energgsi® ultimately one about risk—whether
biomass prices on the open market will increasethasexpected production price of SRWC, and
how much the factors that go into that price mgidnge. The investment in land necessary to
supply Presque Isle’s total load may be prohibiyivarge, even under the highly productive
hybrid poplar stand, but the findings can be sctaghy size, allowing We Energies to have a
mixed portfolio of biomass options for Presque.Isle

If SRWC is to be seriously considered for Presales bn important first step will be establishing
trial plantations of the species of interest andaithat on-the-ground experience to understand
the confluence of species, site, management peaatid yield.
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CHARACTERIZING AN EMERGING MARKET

Harvest residues appear to be the most promisimges®f wood fuel for Presque Isle. They are
abundant, low valued, and have suitable fuel chharatics. Throughout the region, these are
rarely collected, but both harvesters and land marsaindicate that they are generally available.
The USDA Forest Service estimates over 1.4 miltjozen tons were generated in the study area
based on 2004 harvest activities for sawlogs amglymod. Slowdowns in logging for these
products (due to mill closings or economic downfweill mean smaller amounts of residues are
generated.

The ultimate supply of wood for harvest does ngiteap to be a limiting factor. Foresters and
land managers have stated that current harveds lakeewell below their maximum sustainable
harvest rates. Likewise, harvesters have indicdgidthey can and are willing to expand
production given sufficient and stable demand fomass. Therefore, while a decrease in the
demand for pulpwood could mean more of it is atdddor biomass uses and less hog fuel is
both generated and used by pulp mills, the moreéneet outcome would be an increase in fuel
cost for biomass users. When biomass harvestingtian add-on to pulpwood or sawlog harvest,
biomass buyers will need to pay at a level thapeup the harvesting activity (i.e., the cost of
biomass could equal the cost of pulpwood).

A formal market for biomass of the type likely te bsed as boiler fuel does not yet exist. Some
pulp mills are seeking additional hog fuel for thabilers due to a rise in fossil fuel prices. Some
loggers who have been supplying this fuel, usuadlan added service with pulp harvests, have
said that the prices they are selling it for aresupportable. In fact, pulp mills are putting &lo
price on what they are willing to pay for hog faeld are then unable to get the quantity they
want (e.g., one pulp mill is offering $24/ton arahoot get enough delivered). Therefore, instead
of relying on established prices for biomass, offmirces and indicators must be used to infer
market information.

PULPWOOD PRICES

Biomass has not been assigned a value at the sjengpatracting stage. The closest surrogate
for a biomass stumpage price is that paid for palpv Whereas biomass is usually harvested as
a secondary action following harvest of higher galwood, pulpwood is sufficiently valuable to
prompt its own harvest. Also, should competitionmmass grow, biomass users could start
buying pulpwood. Therefore, the price of pulpwoegresents the maximum price the market
would bear for biomass at any given time.

The Michigan Department of Natural Resources phbsl2 month price reports on stumpage
sales for pulpwood and for sawtimber. Stumpageepraze the amount paid by the harvester for
the right to remove the wood from the land. Thegpaid by the end user will be higher
reflecting costs of harvest and transport. Theraahprices were taken from forest management
units (FMUs) that roughly match up with study aceanties. These units are shown in Figure 12.
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FIGURE 12. DNR FOREST MANAGEMENT UNITS USED FOR STUMPAGE DATA
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Figure 13 shows the mean prices and ranges fowpolg stumpage sales in each of these FMUs
over the last year. Without regard to speciesatlegage stumpage price for pulpwood was
between $22 and $31 per cord. If a cord of wo@b&imed, on average, to equal about 2.75
tons, the average stumpage price per green tgufpwood was between $8 and $11.

In recognition that different species used for pidpd are valued differently, Figure 14 shows
the price variation between (and within) these Egefor these same forest management units
over the last year.
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FIGURE 13. PULPWOOD STUMPAGE PRICES FOR STUDY AREA FOREST MANAGEMENT UNITS
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The stumpage price contracted for pulpwood hammedlichigan state-owned forest lands varied
considerably by species. On the lower end, basswaodpage was priced at about $10 per cord,
and at the high end, red pine had a mean stumpagegh about $48. These translate into
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average stumpage prices of between $4 and $18&@em tpn. For the state as a whole, the
weighted average stumpage price per green torufpmood (i.e., weighted based on volume of
wood sales) was about $11. There may be oppoweariitr focusing on lower-priced wood that is
less desirable for pulping.

Purchases for delivered pulpwood are private tretises and information on prices paid is
limited. One source of published data derived findustry surveys has information on
pulpwood delivery contracts. In the first quarté2608, Prentiss and Carlisle estimated the
average delivered cost of hardwood pulpwood in Mjah to be about $33, and softwood to be
about $37.50 per green ton (Prentiss & Carlisle8200his estimate is for the state of Michigan
as a whole, not limited to the UP study area. ri¢svs with loggers provided similar estimates
for pulpwood sales prices.

The costs of harvest and delivery will be speddithe logistics of individual harvest contracts,
dependent on such factors as ease of access fiogcamd removal, and distance to delivery
point. Prentiss & Carlisle analyzed the breakdowoost components that go into the delivered
cost for Michigan hardwood pulpwood (Prentiss & |iS& 2008). This breakdown is
summarized in Table 13 below.

TABLE 13. DELIVERED COSTS PER GREEN TON FOR HARDWOOD PULPWOOD IN MICHIGAN

WOOD TYPE STUMPAGE | HARVEST | TRANSPORT | TOTAL
Mixed Hardwood $7.00 $13.50 $10.50 $31.00
Aspen $10.00 $14.00 $11.00 $35.00
Mixed Hardwood 23% 44% 34% 100%
Percentages

Aspen Percentages 29% 40% 31% 100%

Prentiss & Carlisle, Update, 1* Quarter 2008, referencing a study for MDNR conducted in 2007.

For these wood types, the cost associated witresaand transportation for delivered wood
products is between 71 and 78 percent of the detiadlered cost. Knowledge of these cost
components can be useful in assessing costs ekdsti biomass in either the absence of
stumpage charges (as is currently the practicejtarthe addition of new biomass-based
stumpage charges (as landowners and harvestemssswgt be necessary).

Applying these numbers to biomass harvests, weldlamsume that harvest and transportation
costs for biomass are at least equivalent, andgbiglslightly higher. This assumption is based

on the fact that biomass tends to be less densetiipwood, and the processes for gathering and
processing it are less refined. In addition, bicsretempage prices should be lower than pulp
prices, reflecting fewer options for use.
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The new market for biomass is in its infancy (orhags in the last stages of birth). Without sales
information for biomass stumpage, we can only logrices in existing markets and make
educated guesses as to eventual biomass pricgsoVide the best picture possible at this stage
of development and with the information we have car say:

* average stumpage prices for biomass should béhasghe $7 to $11 per green ton
range we see reported for pulpwood delivery,

* harvest costs should be equal to or higher tha$18e50 to $14 per green ton currently
observed for pulpwood harvest, and

» delivery costs should be equal to or higher than®t0.50 to $11 per green ton currently
observed for pulpwood delivery.

These conditions point to delivered biomass priagadger the most favorable conditions, of about
$30 per green ton, assuming stumpage of $6 pen ¢goeeand harvest and transportation costs
equivalent to hardwood pulpwood.

Competing Biomass Users

Traditional wood users are maintaining or expand&iy appetite, and several new potential
biomass users are on the drawing board.

Traditional Biomass Users. Figure 15 shows thetiooa of some existing pulpwood-using
industries in and near the study area.
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FIGURE 15. EXISTING AND NEAR-TERM BIOMASS USERS

age Izle Royale s [
R anbow Cole = Michipic
P Izland

ke S wopoe riooor ™

Eaule Harbor 1 o, Leac
Manitou o
Smurfit Stone | FEVMEERAW : “%,  Carihou Ela
himeek ] .
—: f | Renewafuel .
q S pmemmsmmoosoooooooooooooooooos | i -,
i Leviiy i | Briquette Fuel i "
i - : e
| Hought -
South Range0 B o
{ HOUGHTON Keweinaw Bay
Jon ; B =karee .
et : P8 Kimberly Clark
RN, é?f;rgeq;n L'anse . § Corp. hitefis
VACDRf- - T UNILTETD TATE S : g
; i : | Pine Stump Jun i imb

OM l:th:u:l:d CDVing‘fDno y “Michigamme ine Stump L|n ion, [Timbe
Lk ; 2 = : ) o BLGERL LULE
sio) |7 Herton Bamaca o Negennes (e g 5

i R ic  MARGUETTE  Chathqm 3 Jzeney g
i DWa‘ti_ersme Gwinh | imastons R : A=

e 2: Verso Paper 1. ... E b SCHOOLCRAFT G- Gurfs- Tro

o X on River, cCrystalFhiis | NewPage [ b SN M Hiwetha | MRCKINA
4 ko e i 3 ; oLl
Phele, . . : ) 41 e : i

ANEy iteetoiton oy DIEHING Corp > .fl-!.?ms oe . ity
( H i i OmpE=an e
"'E_‘;_E__agl giver . Florence o I Mu:uun’féi.n o ol p@ o M g T
Lt ! FLOREMCE g% : Gladstoe”  pabma  Carden _ :
Tip Thieewgkes @ I : ' 90,0 mis,

. E Escapet{ SFK Pulp 'E
Aanico : 1 o
ek """ v' ] / Lok |'|.\'|'.".1;1.|'.'19r|1 l'.\:'

Menominee Paper |
I 5 9 P Chiatleve
Litrs Company :urwu:uia_dq

b L L e b

In addition to using pulpwood, pulp mills have ieasingly turned to wood “hog fuel” to replace
coal and natural gas. Some harvesters have ebthlicade agreements in which they supply
hog fuel (wood and bark pieces that can be prodasseugh a hogger for size reduction) to pulp
mills. Several loggers expressed the view thateriinprices pulp mills are willing to pay for hog
fuel are not sustainable. The result has beerptiiptmills are in some cases unable to get the
amount of biomass they want based on what thewineg to pay. Another aspect of the low
prices offered is that pulp mills end up drawing ligel from only the closest harvest operations,
because hauling over longer distances is too costly

Within the 90-mile study radius there are threetMgan pulp mills: Verso Paper in Norway,
NewPage in Escanaba, and Kimberly Clark in Munisirigese facilities are about 87, 67 and 44
miles away from Marquette, respectively. Therdss a NewPage mill in Niagara, Wis., 83
miles from Marquette, that will be closing in J@908 (NewPage Corporation 2008). The
closing of the NewPage mill may have a depresdifegteon both pulpwood and biomass (hog
fuel) demand in the area. Harvesters who had beicisg that mill may have commitments for
harvest, and may be looking for new supply arrareygm
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Energy and Fuel Production

There are also some proposed and existing enechfuahproduction facilities that could
compete for the same pool of feedstocks as Prdstpudhese are summarized in Table 14

below.

TABLE 14. EXISTING AND PROPOSED WOOD ENERGY FACILITIES

FACILITY LOCATION FEEDSTOCKS STATUS
Renewafuel Marquette, Ml | wood waste (~300k likely to
Briquetting Facility tons/year), several other proceed
feedstocks, will use bark for
fuel
L'’AnseWarden White Pine, wood waste and several other | possibly
Electric Power, 18MW | MI feedstocks operational
capacity, cogen
Ripley Heating Plant, Marquette, Ml | wood industry wastes, 200k project has
10MW capacity, green tons/year permits,
cogen litigation and
delays
expected
Timberland Power Gwinn, Ml wood-fired cogeneration unknown
Company, 100MW facility, 100MW capacity,
power plant at former demand
Kl Sawyer AFB

The Renewafuel — Cleveland Cliffs biomass briqupttaluction facility is planned to be built at
the Telkite Technology Park in Marquette (Clevel&@idifs 2008). They expect to use waste
paper, waste cardboard, crop residues, construatidrdemolition wastes, energy crops and
wood. They predict that they will require about WD tons of green wood per year and expect
to produce about 300,000 tons of fuel briquettes/par. They currently plan to use about a third
of this in place of pulverized coal at the mineilfaes and the rest will be sold (Byrne 2008).
They are set to begin production in the first geraotf 2009. This facility could be both a
competitor for feedstocks, and a supplier for bissnfuel for the Presque Isle facility. Pricing
information and other details are needed to evaltese possibilities further.

The L'Anse Warden Electric Power power plant in WHine, Mich., has a new biomass-fueled
boiler that is either currently or imminently opéoaal. The boiler is an 18MW (20MW gross
output), one-unit steam generating power planttemtdio the J.H. Warden Generating Station.
Wood and other opportunity fuels (railroad tiese tierived fuel, paper mill sludge, mill ash,
fines and bark) will be used for electricity andihgeneration. Steam from the generation will be
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used by a neighboring manufacturer (Schneider 2@7¢ source of fuel will be Smurfit Stone
Container mill wastes.

Northern Michigan University has proposed convertimeir coal-fueled Ripley Heating Plant
into a CFB cogeneration facility that would use Wawaste as a primary fuel (with coal
capability). This facility would have a capacity @MW, and would require about 200,000 tons
of wood waste per year. It has received the reduanepermits from the State of Michigan, but
further litigation from environmental groups is exped before it moves forward.

There is rumored to be a planned 100MW biomasd fiogeneration plant in Gwinn, Mich., on
the site of the former K.I. Sawyer Air Force BaEenberland Power Company is rumored to be
the developer. The MDNR has not received any agiidins for permits and the developer Web
site is listed as “under construction.” The devetept status of this project is uncertain.

Table 15 summarizes the market forces discuss#tisisection.

TABLE 15. MARKET ACTORS IN STUDY AREA

FACILITY STATUS EFFECT EFFECT OVERALL
DEMAND SUPPLY

NewPage Niagara Mill | closing reduce reduce uncertain

3 Remaining Pulp Mills | ongoing increasing steady increasing

demand

Renewafuel pre- increase none large competitor,

Briquetting Plant construction potential supplier

L'’Anse Warden PP operational increase none small competitor

Ripley Heating CHP proposed increase none delays expected

Timberland Power uncertain very large none not progressing

CHP increase

CONCLUDING POINTS

Forest managers say that a high percentage ofeulsaishass is being left in the forest and they
are interested in finding ways to encourage itsgiased use.

Loggers see opportunity to supply biomass to thaimg fuel and energy markets but caution
new entrants to not rush in with unrealistic expgohs (e.g., biomass stumpage price remaining
at $0). They like the idea of longer term contrdotssupplying biomass that they can use to
finance equipment purchases. These contracts shtsddave diesel fuel cost adjustment
clauses.
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Primary wood industry may have opportunity fuetsrrtheir production processes that are not
reported or that are currently underutilized. Thaseworth exploring but are expected to be very
limited.

Harvest residues show the most promise as boigdiue to their volume, low cost, fuel
characteristics and supply industry.

Near term biomass prices should be below pulpwomeg, which are currently in the range of
$31-37 per green ton delivered for Michigan.

Pulp and sawtimber harvests generate harvest essi@®nould either diminish, biomass prices
may have to increase to sustain harvest actiatielsmay approximate the delivered price for
pulpwood.

Utility payment for delivered biomass should bedshsn Btu value rather than weight to reward
the suppliers with superior product.

Dedicated biomass solutions can provide a hedgestigaarket uncertainty, but the conditions
of soils in the study area limit productivity andwid require a significant amount of land to be
converted to plantations to satisfy all of the Breslsle facility’'s demands.
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