Update on Green Institute

Biomass Fuels Assessment

R-CAP Advisory Committee Meeting

May 5, 2008

Ken Campbell, consultant to Green Institute
Campbell Consulting, LLC
Cooperative Development Services

Carl Nelson
Associate Director, Green Institute

Overview

Very short update on fuels environmental
work

Methods for fuel supply research
Availability/pricing for agricultural fuels
Availability/pricing for wood fuels
Conclusions




Fuels Environmental Work

» Have nearly completed model for
evaluating pre-plant emissions, including
CO2

» Refining model to look at several fuel
scenarios

* Nearly complete with description of pre-
plant fuel subsidies (for non-RDF fuels)

Ken Campbell

 Public finance background

 Director of Public Policy, Center for
Energy and Environment (1989 — 1995)
* Biomass project experience:
— Minnesota Agri-Power Project
— Chariton Valley Switchgrass Project
— Biomass Pellet Enterprise Feasibility Guide
— Several biomass conversion projects




Scope and Methods

» Due-diligence orientation — “bankable” fuel

supply plan
 Verify supply and demand information —
build on first Green Institute study

» Analyze costs of production

 Interact with potential suppliers — test
business propositions

 Preliminary conclusions for review and
comment

Agricultural Biomass Models

 Lack of replicable models of commercial-
scale production systems that use
agricultural residues as fuel or feedstock

» Used university and DOE national labs’
research, but they offer no proofs of fuel
supply viability

« Approached potential partners with a new
business proposition




Agricultural Biomass

Not just corn stover

Any plant species and plant fraction

Wheat straw, soybean straw, damaged
hay, grasses, and others

Pay for Btu’s in conforming fuel

Agricultural Processing

Co-Products

» Soybean hulls
e Corn bran
» Ethanol co-products

Conforming and manageable fuel, but cost
>$100/ton




Supply Organization:

Aggregators

» Farm supply cooperatives
e Custom harvesters
« Ethanol cooperatives/companies

Aggregators offers manageability,
efficiency, economies, and reliability, but
fees may add $0.75/MMBtu.

Corn Stover

Most abundant agricultural biomass
1.6 million acres of corn within 75 miles

Sustainable harvest; 2.0 to 2.5 tons/acre
every other corn crop year

At least 1.6 million tons/year potentially
available within 75 miles




Corn Stover

» Lots of farmers have balers

* Enough to meet today’s needs for animal
bedding and feed

* No authoritative estimates of corn stover
harvested — probably < 100,000 tons/year

 Building new dedicated capacity leads to
diseconomies of scale and high embedded
costs.




Corn Stover Prices

Less than $50/ton at auction

$50/ton offered price - delivered 20 miles
(500 tons)

$74/ton by bid for one-time harvest and
delivery

$86 to $125/ton in dedicated production
system

How Corn Stover Can Cost

$86 - $125/Ton

Production (chop, raking, bale, roadside) $32 $ 45
Nutrient replacement costs $21 $ 30
Farmer income $12 $ 20
Load/haul $15 $ 20
Aggregation fees $6 $ 10
TOTAL $86 $125/ton
$6.62 $9.62/MMBtu

Two production models — a co-op aggregation model and a custom
harvester enterprise model — yielded full costs of production nearer
to $125/ton for firm, year-round supply of 60,000 tons/year.




Alternative Contracting

Approach

» Contract with aggregators
» Set price annually based on wood fuel price
» Minimize aggregators’ obligations and risk

 Induce aggregator to find least-cost agricultural
biomass

» Harvest with existing production capacity

» Deliver immediately — avoid storage trade-off,
road restrictions, cash-flow costs and risk

Reasons to Pay Premium

» $70/ton corn stover = $50/ton wet wood

» Add $10 for:

— Energy conversion efficiency
— Diversification and negotiating leverage
— Develop long-term partnerships

— Induce production cost reductions (higher-yield corn
varieties, better collection equipment and methods,
lower nutrient replacement requirements, and lower
farmer income demands)




Agricultural Biomass Price and

Availability

« Reasonable assumption: Price of
$80/ton ($6.15/MMBtu) will attract
20,000 tons/year. (Assume four of five
aggregators deliver 5,000 tons each.)

* Price of $125/ton would attract

> 60,000 tons/year, but this price won’t be
offered.

Future Biomass Fuels

« Corn cobs (unproven)
» Densified agricultural residue (expensive)

» Switchgrass and native prairie grass
(require new public policies/subsidies)

These fuels may prove viable in the future,
but our purpose is to develop a fuel supply
plan which will pass a banker’s due-
diligence.




Wood

» Forest residue — tops and limbs
* Small diameter trees

» Under-utilized/low-value species (Am. elm,
paper birch, quaking aspen, box elder, etc.)

* Low-grade pulpwood

(First Green Institute report assessed forest
residue only.)

Sources of Information

« Departments of Natural Resources, USDA
Forest Service, AURI, Natural Resources
Research Institute, etc.

e Literature review

» Forest products companies — logging,
lumber, sawmills, fuel pellets, muich,
trucking, etc. (dozens on DNR bid lists)
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Roundwood Harvest Levels in

Minnesota
Sustainable long-term harvest level* 13.2 million tons/year
2007 7.7 million tons/year
Peak year 9.1 million tons/year
Full-production industry demand 10.3 — 10.8 million tons/year

* 1990 Generic Environmental Impact Statement on Forestry and 2005
GEIS Report Card: Maximum harvest level that may be sustained
while maintaining ecological values

2007 Governor’s Task Force on the Competitiveness of the Forest
Products Industry recommended a goal of 5.5 million cords
harvested/year (or 13.2 million tons/year)

Sources: NRRI and MN Forest Industries Association

Wood Prices

» Wood prices expected in the $40/ton to $50/ton
(delivered) range. (All references to tons are
“wet” or “as-is” tons, not “dry” tons.)

» At 42% moisture content:
— $40/ton equals $4.10/MMBtu
— $50/ton equals $5.15/MMBtu
 In terms of induced production capacity or

“buying power,” an offer of $40 -$50/ton for
wood is like $125/ton for corn stover.
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Southeast Minnesota

Southeast Minnesota

Available
Resources
(Wet Tons/Year)
Municipal wood waste 10,000
Sustainable forest residue — tops and limbs* 11,000
Under-utilized/low-value species** 36,000
Total 57,000

» DNR estimates 21,000 tons forest residue in 14 southeast Minnesota
counties; 11,000 tons is conservative estimate based on 15% of 75,000
tons pulpwood and saw timber tons.

** 70% of total available in six counties with sufficient densities to harvest (per
DNR) — Goodhue, Wabasha, Winona, Houston, Fillmore and Olmsted.
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SE MN Challenges

» State owns less than 12% of forest land

* Numerous small saw-timber loggers; not
production-oriented

 Hilly country, low densities, and small
logging sites

Lower confidence in this region, but it is
a high priority for DNR.

Southeast Minnesota

Reasonable assumption: Average price in the
range of $40/ton to $50/ton will attract 20,000
wet tons/year from southeast Minnesota
(municipal waste wood, tops and limbs, and
low-value species).

(Higher price would induce more; lower price
would induce less.)
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Western Wisconsin:; Ten

Counties

Western Wisconsin; Ten

Counties
Roundwood harvest 900,000 tons/year
Sustainable tops and limbs @ 15% 135,000 tons/year
Small diameter/low-value species ????7?? tons

e Some pulpwood logging in eastern counties of this region

» Lots of small logging companies; several big logging/lumber
operations — single offer of 40,000 — 60,000 wet tons/year

e Reasonable assumption: Price of $40 to $50/ton will  attract
30,000 tons of tops and limbs, small diameter trees  , and low-
value species.

» (Hoped for lower price with dedicated production facilities;
assignment of stumpage costs foiled this.)
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Central Minnesota

Central Minnesota

Pulpwood & Tops & Limbs
County Saw Timber @ 15%
Morrison 109,000 tons/year 16,350 wet tons/year
Mille Lacs 55,000 8,250
Kanabec 73,000 10,950
Sherburne 21,000 3,150
Isanti 26,000 3,900
Benton 5,000 750
TOTAL 289,000 tons/year 43,350 wet tons/year

Non-quantified resources: brush, small-diameter trees and low-value
species

Numerous logging companies operating in the region

One large company has offered 80,000 to 100,000 tons/year @ $40/wet ton
delivered (higher price for passive-dried) under long-term contract.
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Central Minnesota

Reasonable assumption: Price of $40 to
$50/ton delivered will attract 50,000 tons/year
of tops and limbs, brush, small diameter
trees, low-value species and low-grade
pulpwood.

Near-Northeast
Minnesota/Northwest Wisconsin
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Near-Northeast Minnesota/

Northwest Wisconsin

Pulpwood & Tops & Limbs
County Saw Timber @ 15%
Carlton, MN 207,000 tons/yr. 31,050 tons/yr.
Pine, MN 276,000 41,400
Douglas, WI 336,000 50,400
Burnett, WI 163,000 24,450
Washburn, WI 324,000 48,600
TOTAL 1,306,000 tons/yr. 195,900 tons/yr.

Near-Northeast Minnesota/
Northwest Wisconsin

» Consensus on costs of production and prices.

» Fuel and stumpage are risky cost components.

» Loggers sensitive to delivery requirements — 24-hour receiving and
dump-lift facilities would reduce trucking costs, thus prices.

+ Concern about declining logging capacity, but loggers will stay in
business for contracts offering cost of production plus profit.

» Two companies have offered to meet 100% of fuel requirements.

» Reasonable assumption: Price of $40 to $50/ton deli  vered will
attract 100,000 tons/year of tops and limbs, small  diameter
trees, and low-grade pulpwood.




Future Wood Energy Crops

» Require > 20,000 acres of hybrid poplar to meet Rock-Tenn'’s total fuel
requirements.

» Recent University of Minnesota research suggests that large subsidies
would be required to induce producers to grow hybrid poplar.
(NREL/ORNL estimate comparable production costs for hybrid poplar
and willow.)

» Reasonable assumption: Price of $40 to $50/ton will not attract
any hybrid poplar or willow absent new subsidies.

* How dedicated wood energy crops may become viable:

— Reducing costs through further development of hybrid varieties and
production practices

— Increasing costs for other fuels, thereby improving the relative economics
of hybrid poplar and willow

— New subsidies or cost-sharing programs

Sum of “Reasonable

: 1
Assumptions
Price Wet Tons/Year
Agricultural biomass  $80/ton 20,000
Wood biomass
Southeast MN $40-$50/ton 20,000
Western WI $40-$50/ton 30,000
Central MN $40-$50/ton 50,000
Northeast MN/ $40-$50/ton 100,000
Northwest WI
Hybrid poplar/willow  $40-$50/ton 0
TOTAL 220,000
Total MMBtu: 2.21 Million
Blended Cost/MMBtu: $4.34 - $5.25
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Conclusions

» Wood materials and agricultural biomass are in
abundant supply.

» “Sum of reasonable assumptions” is a
conservative estimate of resources available.
Much more wood could be available at $40-
$50/ton.

* Fuel supply viability depends on fuel price the
project can afford.
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