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This report was prepared by Great River Energy pursuant to an agreement with the
Industrial Commission of North Dakota, which partially funded the report. None of Great
River Energy or any of its subcontractors, the Industrial Commission of North Dakota or
any person on behalf of any of them:

(A) Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or process disclosed in
this report may not infringe privately owned rights; or

(B) Assumes any liabilities with respect to the use of, or for damages resulting from

the use of, any information, apparatus, method or process disclosed in this
report.

Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply
its endorsement, recommendation, or favoring by the Industrial Commission of North
Dakota. The views and opinions of authors expressed herein do no necessarily state or
reflect those of the Industrial Commission of North Dakota.
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|. Executive Summary

The purpose of the Biomass Co-firing Feasibility Assessment is to ascertain whether a
sustainable biomass business model can be developed in the area of Spiritwood, North
Dakota. As a potential purchaser of biomass fuel, Great River Energy finds itself in a
classic chicken and egg situation. There is no established biomass supply chain
because the market does not exist and no market because the supply chain does not
exist.

The primary driver for Great River Energy’s interest in co-firing biomass is to reduce
future emissions of carbon dioxide (CO; ). Co-firing biomass offers a one for one
emission offset for every ton of coal displaced. As the cost of emitting CO; increases in
the future, co-firing biomass could provide a real opportunity to maintain or reduce costs
for energy consumers.

This study aims to evaluate the specific types of biomass that may readily exist or be
established in the future, along with co-firing characteristics, and likely delivered costs.
From a prospective producer standpoint, the study lays out a process schematic for the
biomass harvest and delivery business model along with tools to help evaluate the
economic costs and benefits of entering this market.

A diverse team of stakeholders has been assembled to work on this project and
university researchers have been subcontracted for these specific tasks:

* Inventory of biomass within a 50 mile radius of Spiritwood, ND

* Matrix showing delivered costs and suitability for co-firing

* Densification options and costs

* Process schematic for biomass supply chain

* Prospects for recruiting existing farmland and CRP into dedicated energy crops
* Producer Economic Model for evaluating alternative cropping scenarios

Table 1 - Top 5 Biomass Sources for Spiritwood, North Dakota

Biomass TPY (% available) BTU/Ib Delivered Cost $/MMBtu
$/dry ton

Corn cobs 400,000 (17.5%) 6,900 50 3.60

Grasses CRP 3,500,000 (2%) 7,500 50 3.80

Corn stover 1,200,000 (5.8%) 6,600 50 3.60

Wheat straw 690,000 (10%) 7,000 50 3.35

Beet foliage 100,000 (70%) 7,000 42 3.00

With estimated delivered cost of biomass at $40 to $80 per ton ($3 to $4/MMBtu),
biomass co-firing can be cost effective at CO, costs above $25/metric tonne. In
addition to developing a biomass supply infrastructure for co-firing up to 10 percent
biomass at Spiritwood Station, there is significant potential for supplying 100 percent
biomass feedstock to cellulosic biofuels or industrial biochemical plants that may elect
to locate in North Dakota.



Project Background

Great River Energy was awarded a North Dakota Industrial Commission Renewable
Energy Council Grant to perform a detailed technical evaluation of the prospects for

integrating a biomass supply to co-fire up to 10 percent biomass at Spiritwood Station in
Jamestown, North Dakota. This project is being conducted through a unique partnership

of industry, wildlife conservation groups, agricultural interests, and the financial
community with significant matching contributions in cash and in-kind services. The

team has been meeting for more than one year to prepare for and work on activities and
tasks related to this program.

Quarterly team meetings and monthly conference calls have been conducted to date. A

dedicated project website has been established for team members to easily share
documents and coordinate meeting schedules.

Great River Energy and Great Plains Institute issued the following Requests for
Proposals on behalf of this project and have subsequently awarded the following

subcontracts:

oo =

Table 2. Project Schedule Overview

Great Plains Institute — Program Management (NDIC Funds)
UND EERC - Tasks 1 through 3 (NDIC Funds)

NDSU — Tasks 4 and 5 (NDIC Funds)
NDSU — Task 6 — Producer Economic Model (GPI Funds)
Great Plains Institute - GHG Certification Scan (GRE Funds)

2008 2009
1Q 2Q 3Q 4Q 1Q 2Q
Secondary research
RFPs Subcontracts awarded GRE economic
10/31/2008 model
[EERC GIS Data > Biomass inventory
Densification
options
Delivered costs
INDSU Process schematic
Land conversion prospects
Producer Focus Groups March 2-3
INDSU Producer economic model
Producer meeting
3/20
Team Progress report Draft report Final report
12/31/2008 4/30/2009 6/30/2009




lll. RESULTS & DELIVERABLES

A. Biomass Inventory

The University of North Dakota’s Energy & Environmental Research Center (EERC)
was selected to develop a Biomass Inventory within 50 mile radius of Project Site using
published data on crop production, CRP land and surveys of nearby industrial and
agricultural processing plants. EERC collaborated with ND Game & Fish and US Fish &
Wildlife Service to secure data and respond to specific data requests (Land ownership
category, current status (CRP, Wetlands, Prairie or Crop)). EERC did expand the
delivery radius to 100 miles in order to quantify the volume of MSW and waste wood
that may be available from nearby population centers.
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Fizure 1. 2008 land use of GRE study region surrounding CHP Spiritwood facility.

Figure 1 (above) shows the color coded map showing 2008 land use within a 50 mile
radius of Spiritwood.



Table 1 (below) gives a snapshot of the tons per year (TPY) of “waste” resources
available within a 50 mile radius of Spiritwood facility. Ten percent co-firing would
require approximately 65,000 — 70,000 tons per year of dry biomass. The detailed
study data is included Appendix C.

Table 3. Biomass Resources within 50 mile radius of Spiritwood, ND

Biomass Resource Acres Tons per Year
Corn 720,000 Cobs 400,000
Stover 1,200,000
Wheat 640,000 Straw 690,000
Switchgrass on CRP (est) 470,000 3,500,000
Hay 400,000 550,000
Barley 110,000 Waste 54,000
Sunflowers 72,000 Hulls 8,800
Sugar Beet 4,100 Foliage 100,000
Wood waste 14,000
MSW 13,000

Secondly, EERC was contracted to identify and evaluate up to 5 sources of biomass
(dedicated perennial energy crops, crop residues, industrial and agricultural by-
products) that could be delivered to the project site. EERC documented annual supply
availability and calculated our requirements as a percent of overall availability. The end
result was the Fuel Suitability Matrix including: fuel handling characteristics, energy,
moisture, ash and mineral content for each biomass type (See Table 5 below).
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Figure 2. Value of biomass resovrces within the GRE study region.

Table 4. Costs and Comparison for Top 5 Biomass Resources

Biomass Commodity Harvesting Transportation Grinding Total
(per dry ton) (nutrient (up to 50 miles) Delivered
value)
Corncobs $0 $31 $14 $4 $49
Corn Stover $16 $16 $14 $4 $50
Switchgrass $8 $23 $14 $4 $49
Wheat Straw $16 $16 $14 $4 $50
Sugar Beet Foliage $8 $16 $14 $4 $42

B. Densification Options

In order to overcome certain bulk handling and fuel feeding issues in biomass storage
and feed, some level of processing or densification is recommended. EERC performed
a cost benefit analysis on densification strategies compared to bulk handling, analyzing
the equipment and facilities required.

Table 5. Densification Cost Comparison

Processing Grinding Grinding + Gasification
10 MW 5000 Btu/lb Pelleting 5000 Btu/ft®
10,000 Btu/lb
Estimated Capital $625,000 $900,000 $22,600,000
Annual O&M $245,000 $1,925,000 $8,700,000
Levelized Cost $300,000 $2,000,000 $10,000,000
Added Cost per ton $4.25 $30 $150
Cost per mmBtu $0.43 $1.50

Another way of looking at the cost-benefit of various densification options is shown in
the table below; it compares value-added forms of biomass. Cubes and pellets have an



increased energy density, more comparable to a higher value coal such as PRB.
Gasification is a higher value form yet, suitable for displacing natural gas.

Table 6. Densification Technology Cost-Benefit Analysis

Avg. per ton Grinding Cubes/Pellets Gasification
Base Price $40 $40 $40
[plus] + + +
Density Cost $4 $29 $74
[equals] = = =
Feedstock Cost $44 $69 $114
[minus] - - -
Feedstock Value $50 $55 $86
[equals] = = =
Benefit $6 ($14) ($28)

C. Process Schematic

North Dakota State University (NDSU) was selected to develop a Process Schematic
for each type of biomass showing where each value added step is performed and by
whom. They were asked to identify major new equipment requirements and capital cost
at each step. Finally, we wanted to evaluate options and recommend one or more
business models, showing which party might be responsible for the various steps and
value added processing all along the way.

NDSU took a new business creation approach to defining all of the steps required to
bring a biomass resource from the field to power plant fuel yard without regard to who
might take responsibility for any given steps. By defining the entire process, we can
more easily look at different business models with existing market participants or
completely new intermediaries.

We looked at the “Show Me Energy” business model where an entirely new cooperative
was formed to organize producers and process the biomass into a value added pellet
fuel bagged for residential heating and sold in bulk for industrial and utility boiler fuel.
The advantages of this business model include producer ownership and control of a
new entity to fill the new roles and responsibilities created by this new market
opportunity. By creating a new cooperative, the new equipment is financed by the entity
itself, and fewer, larger contracts are negotiated with buyers and sellers. In addition,
there is a natural incentive to leverage other business opportunities (new markets, new
products) for the benefit of the cooperative.

It is likely that some intermediate or regional storage and processing facilities would be
created around this opportunity. Biomass harvest will probably take place within a
relatively short window in the fall. We anticipate the need to shelter the full year’s fuel
requirement



In any case, plant modifications would be required at the power plant to handle and
store some level of inventory in the fuel yard. It is likely an additional building would be
needed to protect the biomass from the weather, and perhaps some of the value added
processing could be done onsite.

Figure 3 below shows all of the steps required to produce, harvest, transport, process
and deliver biomass fuel to the power plant.
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D. Prospects for recruiting existing farmland and CRP

NDSU was selected to evaluate the prospects for recruiting existing farmland into
perennial energy crops based on economics above and barriers. They were asked to
catalog current incentives, requirements, funding and expiration. From this, we wanted
to solicit producer feedback and concerns using small focus groups and develop one or
more model fuel supply contracts with relevant term.

Feasibility Study Focus Group Summary

This summarizes findings from three focus groups conducted March 2-3 in
Carrington, Jamestown, and Streeter. A total of 21 producers participated in these
sessions. One observation from these groups was that most producers were not aware
of the Spiritwood project and its commitment to use biomass. Thus, they had not had
much opportunity to reflect on how supplying biomass would fit into their farming or
ranching operation. The participants’ responses to various issues are summarized
below.

Entity to Coordinate Biomass Supply

As noted, most producers had not been aware of the Spiritwood project and so
had not given the issue of a supply entity much thought. During the discussions, it
became clear that there would be a number of tasks for the entity to perform. Some
producers would be able to bale their own biomass, but others would need to have it
custom baled. Most would likely want a third party to haul the biomass and would likely
want bales removed from the field within one month. The supply entity could arrange
baling, transportation and delivery of biomass.

Opinions varied on what form of entity would be appropriate. A cooperative was
mentioned as a possibility, but producers were reluctant to invest in a new co-op, citing
previous unsuccessful ventures. Others felt a private or corporate structure would be a
better model. Another suggestion was that an existing hay broker might be able to add
biomass supply to his business.

Contract Considerations

Producers expressed some concerns about contracts, citing problems with
quality specifications on barley contracts and also that VeraSun had not honored its
contracts for corn. An overriding comment was that contracts would need to cover all
costs and provide the producer an incentive. Growers supplying agricultural residues
were felt likely to prefer annual contracts so they could decide how much to supply on a
year to year basis. These growers would also be comfortable contracting to supply a
given quantity of biomass.



Different considerations would apply for producers who were supplying a
dedicated energy crop. These growers would almost certainly need a multi-year
contract covering the biomass produced from a given acreage. Growers also would
want to see a mechanism to adjust contract payments if returns from competing crops
were to change.

Interest in supplying different forms of biomass varied among groups.
One group made up primarily of beef producers from an area with sandy soils had little
interest in supplying agricultural residues, citing the value of returning residues to the
soil. They would be more interested in a dedicated energy crop, but their main concern
seemed to be livestock feed (and a concern that a biomass project would compete for
available feed resources). (Of course, feed is a major issue this year, with a
short hay crop and long winter.) Another group, dominated by farmers with more
productive land, felt that crop residues would be readily available. Flax straw would be
easy to buy as growers must bale or burn it to prepare for the next crop. Wheat and
small grain straw and corn stover are other residues that should be readily available.
Many growers would like to get their stover harvested as an aid in preparing for the next
crop.

Other Considerations

As mentioned, the growers had not known much about the Spiritwood project
prior to the meetings. After the Minnesota renewable mandates were explained,
producers in two groups asked what would happen if the mandates went away. On the
other hand, given a virtually guaranteed market based on mandates, some growers
could see the opportunity for developing a supply entity. Risk should be less than for
many new ventures.



E. Producer Economic Model

“Biomass Compare 2009” was developed by Cole Gustafson, Ron Haugen, Dwight
Aakre and Andrew Swenson under contract from the Great Plains Institute as a part of
this feasibility study. This tool was demonstrated for prospective producers at the
March 20, 2009 Producer Meeting in Jamestown to solicit feedback on functionality and
possible enhancements.

Prices which provide the same Return over Variable Costs between crops Example from East Central N.D.
Select reference crop
Enter the S.Wht futures price $6.50
Enter expected local basis (cash-futures) usually negative -$0.50
Expected S.Wht local cash price $600 ] Bio Mass----------
S. Wht Barley Corn Soybean Drybeans Oil Snflr Conf Snflr Canola Field Pea W.Wht Flax Switchgrass Corn Stover
Yield 39 58 101 31 1360 1420 1260 1000 34 44 18 4 4
Relative Price $6.00 $3.69 $3.46 $6.89 $0.19 $0.16 $0.20 $0.26 $6.03 $5.59 $10.00 $50.93 $50.16
Income $234.00 $213.82  $349.25 $213.50 $255.33 $234.30 $256.27 $258.02 $205.02 $246.07 $180.08 $203.73 $200.63

Variable costs:

Seed $14.10 $11.40  $62.65  $46.56 $42.00 $23.54  $37.05 $39.50  $33.00 $8.75 $9.80 $9.80 $9.80
Herbicide 17.00 14.00 17.00 17.00 33.30 22.00 22.00 18.00 20.40 17.00 17.00 8.00 17.00
Fungicide 5.50 1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.00
Insecticide 0.00 0.00 0.00 8.00 0.00 6.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00
Fertilizer 67.45 61.33 96.34 11.44 30.09 44.71 37.54 69.93 14.53 78.52 28.06 30.00 28.06
Crop Insurance 13.40 6.70 23.00 10.80 19.70 10.70 14.70 13.00 14.50 13.40 9.90 0.00 9.90
Fuel & Lube 11.78 13.48 17.51 10.67 13.86 13.12 12.88 11.96 12.56 10.61 11.73 17.00 11.73
Repairs 13.35 14.53 18.05 13.66 16.14 14.21 14.06 13.57 14.64 12.55 13.61 10.00 13.61
Drying 0.00 0.00 20.20 0.00 0.00 2.84 252 0.00 0.00 0.00 0.00 0.00 0.00
Hauling* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 20.00
Misc 1.50 1.50 1.50 6.00 9.75 7.25 13.00 1.50 6.25 6.00 1.50 8.50 1.50
Operating Int. 3.96 3.42 7.05 3.41 4.53 3.97 4.56 4.61 3.19 4.29 2.52 2.84 3.07

na 11.63 0.00

Establishment na na na na
1 $172.07 $119.07 $160.12 $94.12 $117.77 $114.67

na na na na na na
Total Var.Costs $148.04 $127.86 $263.30 $127.54 $169.37 $148.34 $170.3

Return Over $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96 $85.96
Variable Costs

Note: - Only variable costs are considered in this comparison. You can include an amount under "misc."
to account for any differences between crops in fixed costs, labor, management and risk.

Figure 4 Sample screen from Biomass Compare 2009.

The software allows prospective biomass producers to compare various crop scenarios
compared to conventional choices (reference crops). The inputs (seed, fertilizer, yield,
etc.) can be customized to reflect individual farm productivity. It also allows for
establishment costs to be amortized when establishing a brand new dedicated energy
crops, where harvest yields may take two to three years to fully mature. The output is
net income and return over variable costs for various crop selections — thus providing an
analytic decision making tool.

V. GRE Evaluation — Costs & Benefits

Great River Energy has developed proprietary internal models to evaluate the economic
impact of co-firing biomass at Spiritwood Station. The benefits of co-firing closed loop
biomass are well understood and readily calculated emissions reductions and off-sets
as compared to the base fuel. The incremental value of these emissions is not known
at this time, but can be modeled within a probable range of $5 to $50 per metric tonne
derived from model legislation and forecasts by industry sources.



Delivered biomass cost + (O&M) + (P&I) < Delivered coal + emissions cost I

The costs of retrofitting plant and modifying operational procedures for co-firing are also
reasonably well defined and can be significant. Because this is an emerging market,
costs are expected to come down over time and with additional experience.

The air emission permit for Spiritwood Station would need to be amended to allow for
the co-combustion of biomass fuels or the operation of a biomass gasification facility.
The North Dakota Department of Health would act on the permit application within 18
months from submittal of a completed application. Preparing the application would
typically take several months from the time that one or more types of biomass were
selected. The overall schedule for permitting would be somewhat dependent upon the
types of biomass included, the magnitude of emissions adjustment and the level of
public concern. Any significant increase in emissions would also trigger a New Source
Review (NSR), revised air quality impacts and Best Available Control Technology
(BACT) Analysis. If federal funds are sought in the future, an Environmental Impact
Statement under NEPA would add six to twelve months to the process. We will also
need to evaluate any impacts on the quality or volume of water and wastewater as
result of biomass co-firing, which may trigger an amendment to our industrial
pretreatment permit for wastewater discharge via the City of Jamestown.

In the U.S., most of the early experience is focused on opportunistic “waste products”
where the commodity itself is “free” (FOB source) or perhaps a net revenue generator
(tipping fee). Due to the inherent bulk handling expense and low energy density of
biomass, biomass is quite expensive compared to coal.

This study predicted a probable range of delivered biomass costs for various local
sources from the ground up and in several alternative forms. Because the biomass
supply chain does not yet exist, this is the least well understood area.

V.Summary and Conclusions

As a wholesale generation and transmission cooperative, Great River Energy’s mission
is to deliver reliable, low cost electricity in an environmentally sustainable manner to
serve its member cooperatives.

The cost of generating power is escalating and additional future costs for carbon dioxide
emissions, whether “Carbon Tax” or “Cap and Trade” programs, will raise the cost of



coal fired generation. Great River Energy is evaluating various options to mitigate the
impact on its members.

Co-firing of biomass with coal may present an opportunity to reduce CO, emissions and
their associated costs without jeopardizing the reliability of the electrical system.
Biomass is inherently more variable than coal, and requires some level of processing
before it can be reliably stored, handled and co-fired. There will be some level of capital
modifications required to existing power plant, depending on the final form of biomass
fuel. The higher form value of biomass will likely require the least capital modification.
The lower the form value of biomass, will likely require the highest capital modification,
highest on-site fuel handling and storage and efficiency and outage penalties.

The following chart depicts the breakeven relationship in pricing between the delivered
cost of biomass fuel and the future cost of CO, emissions. It shows that with the
estimated delivered cost of biomass in the range of $40 to $80 per ton ($3 to $4.00 per
MMBtu) shown in the yellow rectangle, biomass can be a cost effective replacement for
refined North Dakota lignite whenever CO, costs exceed $25 per metric tonne.

Figure 5 Breakeven cost for Biomass
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GREAT RIVER ENERGY BIOMASS COFIRING FEASIBILITY ASSESSMENT

EXECUTIVE SUMMARY

The Energy & Environmental Research Center assisted Great River Energy (GRE)
in the determination of biomass energy options for a 99-MW combined heat and power
(CHP) plant in Spiritwood, North Dakota. GRE is exploring the feasibility of cofiring up to
10% biomass in the lignite-fired circulating fluidized-bed power plant. The goal of this
project was to identify the specific opportunities for GRE to procure and utilize biomass
for energy production. A comprehensive study of biomass energy potential in the region
was conducted to determine the current availability and delivered costs of biomass
resources, as well as technical viability for utilization as a fuel, within 50 miles of the
CHP facility. The evaluation of potential biomass densification options was also
performed.

Corncobs and stover, grasses (i.e., U.S. Department of Agriculture Conservation
Reserve Program grasses and switchgrass), sugar beet foliage, and wheat straw
provide the most potential as feedstocks for the Spiritwood CHP facility, with about 3
million tons of biomass available annually at an average estimated price of $48/ton
delivered and processed. About 60,000 tons/yr biomass would supply the 10% cofire
rate. It is suggested to choose a feedstock low in alkalinity to avoid potential slagging or
deposits in the furnace when cofiring biomass with coal. Expenses of delivered biomass
incorporate harvesting, commodity, and transportation costs. Grinding the biomass
feedstock prior to cofiring is also recommended to overcome bridging issues in storage
and during combustion.

The following activities should be conducted prior to cofiring biomass at the CHP
facility: sampling to determine the optimal harvesting time frame, a market study to
determine the potential effect of the new demand, pilot-scale testing to address any
potential operational issues, a full process design and complete economic analysis of
biomass delivery and handling, the feed system and storage, and any modifications
required to the CHP facility.



GREAT RIVER ENERGY BIOMASS COFIRING FEASIBILITY ASSESSMENT

VIl. INTRODUCTION

The Energy & Environmental Research Center (EERC) assisted Great River
Energy (GRE) in the determination of biomass energy options for a 99-MW combined
heat and power (CHP) plant in Spiritwood, North Dakota. GRE was awarded a grant
from the North Dakota Industrial Commission to demonstrate the technical and
economic feasibly of biomass utilization in a power plant in central North Dakota. GRE
is therefore exploring the feasibility of cofiring up to 110 MMBtu/hour of biomass in a
lignite-fired circulating fluidized-bed power plant. The CHP facility is currently under
construction, providing GRE with the opportunity to make the design modifications
necessary for cofiring up to 10% biomass.

The goal of this project was to identify the specific opportunities for GRE to
procure and utilize biomass for energy production at the CHP Spiritwood facility. The
EERC provided assistance to GRE by performing a comprehensive study of biomass
energy potential in the region via the following objectives:

e Determine the current availability of biomass resources, as well as technical
viability for utilization as a fuel, within 50 miles of the CHP facility

e Estimate delivered biomass costs to the Spiritwood, North Dakota.

e Evaluate biomass densification options, including gasification.

VIll. GRE CHP FACILITY

GRE is exploring the feasibility of cofiring biomass in a lignite-fired circulating
fluidized-bed power plant. A range of 56,000 to 84,000 tons/yr biomass would supply a
10% cofire to the CHP facility, depending on feedstock energy density.

About 8.4 million MMBtu would be required annually for electricity and steam
production from the GRE facility. The CHP facility will produce electricity and steam
from about
610,000 tons/yr dried lignite. It is currently under construction, providing GRE with the
opportunity to make the design modifications necessary for cofiring up to 10% biomass.

An average annual energy production of 650,000 MWh is estimated from the GRE
facility. Based on data for North Dakota electrical generation facilities (Energy
Information Administration, 2006), a conversion of 6500 hours per capacity MW was



used to estimate annual energy production from the 99-MW CHP facility. With an
efficiency of about 30% for coal to electricity, about 2.1 million MWh (7.2 million MMBtu)
input energy source is required annually.

The CHP facility will also be supplying 200,000 Ib/hr steam to the adjacent Cargill
Malt plant. Since agricultural processing facilities average 260 days of operation
annually, and using the rough conversion of 1000 Btu to generate 1 Ib of steam, an
additional 1.2 million MMBtu/yr input energy source is required annually.

An estimated 70,000 tons/yr biomass would be required on an energy basis, or
840,000 MMBtu/yr, to meet the 10% cofire feed rate. This feed rate could vary £40%,
depending on the energy density of the feedstock. For example, wood has an energy
density similar to coal (~7500 Btu/Ib), requiring 56,000 tons/yr to meet a 10% cofire rate,
whereas about
84,000 tons/yr of a low-Btu feedstock (e.g., municipal solid waste [MSW] at 5000 Btu/Ib)
would be needed. Calculations are provided in Appendix A.

IX. REGIONAL BIOMASS INVENTORY

Corncobs and stover, grasses (i.e., U.S. Department of Agriculture Conservation
Reserve Program [CRP] grasses and switchgrass), sugar beet foliage, and wheat straw
provide the most potential as feedstocks for cofiring at the Spiritwood CHP facility.
About 9 million tons of biomass could be available annually to supply the CHP facility.
Prices for these biomass resources range from $10/ton to $500/ton. Choosing a
feedstock low in alkalinity is recommended to avoid potential slagging or deposits in the
furnace when cofiring biomass with coal.

A. Biomass Resources

An estimated 9.3 million tons of agricultural and waste biomass is produced
annually within an expanded study region surrounding the Spiritwood CHP facility. The
majority of biomass is grain crops and agricultural processing or municipal wastes.
Calculations for the biomass inventory are given in Appendix B.

Nearly all of the 5 million acres (83%) within a 50-mile radius of the CHP facility
are farmland or undeveloped lands, as seen in Figure 1. The remaining land cover is
developed, woodlands/forests, water/wetlands, and other miscellaneous types such as
clover and wildflowers.

Crops from the farmland within the study region totaled 5.9 million tons (Farm
Service Agency, 2008). Table 1 provides the acreage and yield of crops within the study
region. The majority of the land is covered by grains (e.g., soybean, corn, and wheat)
and grasses.



Other biomass resources include agricultural, industrial, and municipal waste,
totaling
3.4 million tons annually (Table 2). These include corncobs and stover, wheat straw,
hay, sugar beet foliage and pulp, sunflower hulls, potato and barley processing waste,
MSW, and wood waste. Within the 50-mile radius surrounding the Spiritwood CHP
facility, the sustainable harvest of MSW and wood is significantly low; therefore, the
radius was expanded to 100 miles for these resources to include large population
centers such as Fargo, North Dakota
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Table 1. GRE Study Region Farmland Yield 2008

Land Cover acres tons
Soybeans 1,500,000 1,300,000
Corn? 720,000 1,600,000
Wheat 640,000 690,000
CRP® 470,000 700,000
Grass 300,000 720,000
Mixed Forage 120,000 290,000
Barley 110,000 140,000
Sunflowers? 72,000 50,000
Alfalfa 63,000 110,000
Beans 54,000 38,000
Oats 15,000 14,000
Canola 14,000 9,600
Flax 9,300 5,200
Peas 7,300 7,200
Millet 4,300 2,800
Potatoes 4,200 56,000
Sugar Beets 4,100 100,000
Fallow Farmland 110,000 -
Total 4,200,000 5,900,000

& Corn grain only; sunflower seeds without hulls.
® Assumes 3-yr management plan and access to lands expiring
within 5 years.

Table 2. Waste Resources Within 50-mile
Radius of Spiritwood, North Dakota

Waste Resource tons/yr
Corn Stover 1,200,000
Wheat Straw 690,000
Hay 550,000
Corncobs 400,000
MSW' 330,000
Sugar Beet Foliage 100,000
Barley Waste 54,000
Potato Waste 44,000
Municipal Wood Waste’ 14,000
Sunflower Hulls 8,800
Sugar Beet Pulp 5,500
Total 3,400,000

*Resources within 100-mile radius included.

Some of the waste generated within the GRE study region currently has
established markets, such as hay, barley and potato waste, sunflower hulls, and sugar
beet pulp. Hay is used for livestock feed and bedding throughout the region. At Cargill
Malt, a majority of the waste is pelletized directly off of the malting process. A wet waste
stream (20%-30% dry matter) is also generated. Barley waste products are currently



sold for feed. A portion of the potato waste product is marketed as feed, but the
remainder is currently disposed of. However, this product contains 70%—-75% moisture.
The ADM Northern Sun facility in Enderlin and Cargill's West Fargo facility processes
about 80% of the sunflowers within the state of North Dakota. The majority of hulls
generated from processing are burned at the facilities to reduce energy costs.
Sunflower hulls are also used as roughage for ruminants and have also been marketed
for specialty purposes such as poultry litter, fireplace logs, and other high-fiber products.
Sugar beet pulp is currently pelletized and marketed as feed.

B. Biomass Value

A preliminary economic analysis of the biomass resources showed great variance
in price from $12/ton to $490/ton. Figure 2 compares the potential feedstocks with
respect to dried lignite at an estimated price of $50/ton. The market prices of agricultural
crops tend to be too high for use as an energy feedstock, whereas waste resources
could be available at more economical prices.

Agricultural crops are priced in the range of $46/ton—$490/ton. Crop prices were
derived from current market costs. Sugar beets and alfalfa have the potential to be more
economically competitive for utilization at the CHP facility. Beans and peas are the most
lucrative crops on a mass basis. Specific prices and references are provided in Appendix B.
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Figure 2. Value of biomass resources within the GRE study region.

Waste resources are available at about $12/ton—-$130/ton. Potato waste and
sunflower hulls could provide savings to the CHP facility as a feedstock significantly less
than coal. Barley waste and MSW would be delivered at twice the cost of coal.
References and calculations are also provided in Appendix B.



It should be noted that these prices are nationally published estimates for
comparative purposes. A later section will examine the costs specific to North Dakota
for procurement and delivery of the selected biomass types to the Spiritwood CHP
facility.

C. “Top 5" Biomass Types

Based on value and availability (Table 3), corncobs and stover, grasses (i.e., CRP
and switchgrass), sugar beet foliage, and wheat straw are considered the optimal
potential feedstocks for cofiring at the Spiritwood CHP facility. An estimated 3 million
tons of biomass is generated annually with preliminary market or delivered costs under
$100/ton. An investment in new technology and/or infrastructure would be required as
these resources are currently not harvested.

Preliminary pricing for agricultural residues and grasses range from $50/ton to
$80/ton, totaling about 3 million tons of biomass annually. However, no equipment or
infrastructure is currently developed for harvesting these resources within the GRE
study region. Procuring may require investment in collection technologies and delivery
method design. For example, relatively new harvesters, such as those from Vermeer
Corporation, allow cobs to be separated from stover and collected during harvest.

Remaining biomass resources were determined to be insufficient, a high risk for
market changes, or noneconomical. Actual availability of potato waste, sunflower hulls,
or wood waste is < one-third the need for a 10% cofire at the Spiritwood CHP facility.
Although the price of sugar beets is attractive, this price would likely increase with an
increase in demand. Likewise, market prices would likely increase for hay and alfalfa
with an increase in demand, as these products currently have sustainable markets.
Biomass resources with estimated or market prices above $100/ton were considered
too expensive for consideration at the CHP facility.

D. Biomass Cofiring

Formation of agglomerates is of potential concern when biomass is cofired with
coal. Choosing a feedstock with ash content low in alkalinity and implementation of a
sampling and harvesting plan can easily address this issue.

High alkali concentrations (potassium and sodium content) in fuel ash can cause
slagging or deposits in the furnace. Potassium specifically interacts with silica and
alumina material in coal ash to lower the ash melting temperature, causing
agglomeration issues. Typical characteristics for the chosen biomass types are given in
Table 4. Wide variability of alkalinity is apparent in biomass samples, ranging from 3 to
30 wt% of the ash as an oxide. Corrosion is not expected to be an issue because of low



sulfur and chlorine content in biomass, often providing improvements when cofiring
compared to coal alone.
Table 3. Evaluation of Identified Biomass Resources

Resource Price/ton Tonsl/yr Comments
Coal
Comparison $50 70,000 -
- 0, i . 0, .
Potato Waste $12 44,000 70-75% moisture; 22% biomass need

(dry)
15% biomass need; Cargill & Northern

Sunflower Hulls $20 8,800 Sun (ADM) utilize onsite for energy

Sugarbeets $46 100,000 Established market; utilization will
increase demand, increasing cost

Corncobs $50 400,000 No collection/delivery infrastructure

CRP Grasses $60 740,000 No collection/delivery infrastructure

Other Grasses $60 720,000 Unknown lands/accessibility

Mixed Forage $60 290,000 Unknown lands/accessibility

Hay $60 550,000 Established market; utilization will
increase demand, increasing cost

Switchgrass $60 TBD* Not currently available

Alfalfa $61 110,000 Established market; utilization will
increase demand, increasing cost

Wood Waste $63 14,000 30% biomass need

Corn Stover $69 1,200,000 No collection/delivery infrastructure

Sugar Beet , , .

/ $69 100,000 No collection/delivery infrastructure

Foliage

Wheat Straw $80 690,000 No collection/delivery infrastructure

gzlgpar Beet $100 5,500 Too expensive for consideration

Barley Waste $110 54,000

Corn $110 1,600,000

MSW $130 330,000

Potatoes $140 56,000

Oats $140 14,000

Millet $170 2,800

Barley $200 140,000

Peas $210 7,200

Wheat $210 690,000

Soybeans $280 1,300,000

Flax $370 5,600

Sunflowers $390 50,000 ¢

Canola $410 9,600

Beans $490 38,000

* To be determined by future GRE efforts.



Table 4. Comparison of Top 5 Biomass Properties*

Fuel Cornco Grasses Switch- Corn Wheat IZ_)rie_d
bs grass Stover Straw Lignite
Proximate, %
dry
Moisture 15 4.7 6.2 10 8.8 26
Volatile 80 75 77 76 79 41
Matter
Fixed Carbon 19 15 17 15 14 46
Ash 1.4 11 5.4 8.5 7.3 13
Ultimate, %
dry
H 5.9 5.7 6.0 6.2 5.9 6.5
C 47 41 43 44 41 38
N 0.5 1.1 0.9 0.4 0.8 0.6
S 0.0 0.2 0.1 0.0 0.2 0.8
O 46 41 45 42 46 42
Ash 1.4 11 5.4 8.5 7.3 13
Heating Value (Btu/lb)
Gross 8100 7500 7900 7400 7600 9100
Net 6900 7100 7500 6600 7000 6800
Ash XRF (wt% as oxide)
SiO, 40 46 69 48 69 32
Al,O3 -- 1.0 0.4 3.3 0.2 9.0
Fe O3 4.1 0.9 0.4 2.0 0.6 11
TiO, -- 0.1 0.1 0.3 0.1 0.4
P>0Os 6.9 4.0 4.8 3.6 2.4 0.1
CaO 1.3 4.0 9.3 12 5.7 14
MgO 2.5 6.0 4.0 11 2.7 5.0
Na,O 1.2 1.8 0.2 0.5 1.1 6.5
K>.O 2.0 27 9.8 15 14 0.9
SO3 8.7 0.7 1.6 1.7 3.0 19
Cl -- 94 0.6 1.9 1.2 --
Alkalinity 3.2 28 10 16 15 7.4
Corrosion/ 8.7 10 2.2 3.6 42 19
Emissions

" Average values for resources given; data for sugar beet foliage not available; average of grasses and
residues used when necessary.
2 X-ray fluorescence.



The high variability in composition with harvest source and season suggests a
representative biomass sample be analyzed before committing to the resource as a
cofire feedstock. During this assessment, one alfalfa sample was found to be an optimal
cofiring feedstock in terms of little agglomeration potential, and a second alfalfa sample
was found to be unacceptable for cofiring. Similarly, switchgrass was at one time
considered unusable as an energy crop because samples taken in late summer had
extremely high ash and alkali contents (Zygarlicke et al., 2001). Today, switchgrass is
well-known as a potential energy crop. Lower alkali levels are observed early in the
season before alkali is absorbed or very late as it is deposited back into the soil in
preparation for winter dormancy.

X.BIOMASS DELIVERED COSTS

Biomass prices are estimated to be $38/ton—-$46/ton delivered. Table 5 shows the
sum of harvesting, commodity, and transportation expenses for each biomass type.
Collection of corn stover and wheat straw may be a greater expense by weight, with the
sugar beet foliage having the lowest cost.

Harvesting and bailing expenses are estimated to be $16/ton-$31/ton depending
on biomass type. Current calculations for collection of corncobs suggest a cost of
$31/ton for procurement (Christiansen, 2009). CRP grasses and switchgrass would
require cutting or mowing to harvest the material, followed by bailing. Adjusting
previously published estimates in North Dakota (Aakre and Sedivec, 2002; Leistritz et
al., 2007) for average diesel costs over the past 12 months (Energy Information
Administration, 2009b), costs would be about $23/ton to collect grasses. Based on
custom bailing rates and similarly corrected for the recent diesel pricing, expenses for
collection of corn stover, sugar beed foliage, and wheat straw are estimated to be
$16/ton.

Compensation to the farmer is expected to be $8/ton—-$16/ton biomass supplied
for the Spiritwood CHP facility. This value is related to the benefit of leaving agricultural
residue on the field to return nutrients to the soil and prevent erosion. For example, corn
stover and wheat straw are essential for returning nitrogen to the soil. Additional
fertilizer must be applied to those areas where residues were removed to compensate
for the lost nitrogen. Based on nutrient value (Leistritz et al., 2007) and adjusted for
2008 ammonia prices (Energy Information Administration, 2009a), this cost is estimated
to be $16/ton biomass procured. Grasses and sugar beet foliage offer little value for soil
nutrients but provide some erosion control. Assuming a reduction in CRP payments
from harvesting CRP grasses on a 3-yr management plant, a value of $8/ton is
estimated based on an average of North Dakota 2008 payments (Bevill, 2008). It was
assumed the value of sugar beet foliage would be similar. Corncobs are recalcitrant to
decomposition and do not contribute significantly to soil quality.



Transportation was estimated to be about $14/ton biomass. The conservative
calculation was based on the average diesel cost over the past 12 months at
$3.50/gallon (Energy Information Administration, 2009b) for a maximum distance of 50
miles between the resource supplier and the Spiritwood CHP facility.

XIl. FEEDSTOCK DENSIFICATION OPTIONS

Grinding the biomass feedstock prior to cofiring is the only recommended
densification technology for the Spiritwood CHP facility. Densification can be
implemented to overcome bridging issues in storage and during combustion. Costs for
densification range from $4/ton to $70/ton and provide a product value of $50 to
$90/ton. Grinding provides a significant benefit to the operations of cofiring biomass,
whereas cubing/pelletizing and gasification of the chosen feedstocks do not support
implementation at the facility.

Table 5. Revised Costs and Comparison for Top 5

(per ton) Harvesting Commodity Transportation  Total
Corncobs $31 - $14 $45
Grasses* $23 $8 $14 $45
Corn Stover $16 $16 $14 $46
Sugar Beet

Foliage $16 $8 $14 $38
Wheat Straw $16 $16 $14 $46

* CRP grasses, switchgrass.

Light feedstocks such as grasses can cause bridging in storage and during
combustion, increasing operating and maintenance costs (O&M); however, these issues
can be overcome through densification and proper system design. Bridging impedes the
flow of the feedstock either from storage or during combustion. The bridged material
must be broken up physically, requiring the system to be shut down and operators to go
into the storage bins or combustion system to restore flow of the feedstock material. In
addition to bridging issues, long strands in the feedstock are difficult for auger
conveyance, and if overly fine, the feedstock is too lightweight for pneumatic
conveyance. Experience has shown that many issues with cofiring biomass and low-
rank coal are addressed through proper system design and operation. It is thus
recommended that grinding or other densification of the feedstock be conducted,
regardless of which biomass type is used.

The value of a ground feedstock to the Spiritwood CHP facility is estimated to be
equal to coal at $50/ton, and the total average cost of grinding is $4/ton biomass.
Grinding the material to a uniform size eliminates the potential for bridging, maintaining
O&M costs at the same level as the coal feedstock. The value of a uniformly sized
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feedstock is estimated to be equal to coal, assuming a price of $50/ton for dried lignite.
If portability is not necessary, electrical stationary grinders are the most economical
(Leroux, 2008). Capital investment for equipment is in the range of $250,000-$400,000
to process 12—-24 tons/hr. Operating costs are about $2/ton—$5/ton for electricity at 40
kWh/ton. The estimated cost incorporates operating expenses and the amortized capital
of the described equipment.

The value of a cubed or pelletized feedstock to the Spiritwood CHP facility is
estimated to be about $55/ton, and the total average cost of cubing/pelletizing is $29/ton
biomass. Cubes and pellets provide a product of uniform quality and low moisture (5%—
10%) for more consistent flow and more efficient combustion. The value of this
feedstock, therefore, is estimated to be $50/ton—$60/ton, equal to or more than coal.
The estimated cost includes operation expenses and amortized capital of
cubing/pelletizing equipment to process 60,000 tons annually. Cubing and pelletizing
generates a dense product of 20-50 Ib/ft® (4-1%" dia.) and 35-60 Ib/ft® (Vs—Y4" dia.),
respectively. Capital investment for equipment is in the range of $800,000-$1,000,000,
and operating costs are about $15/ton — $40/ton for electricity at 300-800 kWh/ton.
These estimates do not include the grinding of the feedstock prior to processing. It is
also important to note that cubes and pellets are a high-value product, up to $200/ton, in
biomass markets without the competition of low-priced coal.

The equivalent value of biomass is about $86/ton for syngas production, and the
total estimated cost of gasification at the Spiritwood CHP facility is $74/ton biomass.
Gasification of biomass produces a low-Btu gas that can be used in many applications
to replace natural gas for potential savings or to provide energy price stability. The
biomass value assumes the produced syngas is used as a natural gas substitute, with
industrial natural gas averaging $8.30/MMBtu for North Dakota in 2008 (Energy
Information Administration, 2009a). Approximately
620,000 MMBtu syngas could be produced annually from 60,000 tons/yr biomass. The
cost estimate includes operation expenses and the amortized capital of a 170-ton-
biomass-per-day gasification system. Capital investment for the gasification system is
an estimated $23 million, and operating costs are about $4.4 million annually. Operating
expenses include labor and maintenance; a negligible amount of energy is consumed
for equipment operation.

A cost—benefit analysis was conducted to evaluate the discussed densification
technologies for suitability at the CHP facility, shown in Table 6, where a positive value
indicates the technology is an asset (grinding) and a negative value implies a lack of
benefit (cubes/pellets and gasification) to facility operations. A base price of $40/ton
was used for the cost of the biomass feedstock prior to densification. The total average
cost for each densification technology was added to the base price to achieve a
representative cost of the densified product, i.e., ground material, cubes/pellets, syngas.
The feedstock cost was then compared to the estimated value of the feedstock
previously determined. The result is a positive or negative benefit value for the CHP
facility.
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XIl. CONCLUSION

Biomass feedstocks chosen for cofire at the Spiritwood CHP facility are estimated
to average $48/ton processed and delivered, with about 60,000 tons/year biomass
required to meet the 10% cofire rate at the CHP facility. An average 20% of a chosen
biomass availability would be consumed considering annual variability in crops planted
and harvested.

The recommended biomass types are CRP grasses or switchgrass, sugar beet
foliage, corn stover, wheat straw and corncobs, available at an estimated $42—-$50/ton
($3.00-$3.80/MMBtu) and 55,000—65,000 tons/yr needed to meet the 10% cofire rate.
Table 7 shows corn stover to provide the greatest resource and sugar beet foliage to be
the most economical. Grinding expenses are included. Moisture and energy density
values range from 5% to 15% and 6500 to 7500 Btu/lb, respectively. Total availability of
resources range from 0.1 to 1.2 million tons/yr. Alkalinity may be a concern for all
biomass types, with the exception of corncobs; however, values are highly variable
depending on the time of the harvest.

Variability in the chosen biomass resources ranged from 8% to 34% over the last 5
years, with grasses, wheat straw, and corn stover having the most room for flexibility
(Table 8). Estimated yield for corn residues are the most volatile, while grasses remain
relatively constant. Biomass availability for wheat straw and sugar beet foliage changes
moderately, up to 12%
variance annually. When one considers the impact of variability on availability for
utilization by the Spiritwood facility, usage of corn stover, grasses, and wheat straw is
not expected to exceed 10% of the estimated availability within the study region.
Consumption of sugar beet foliage and

Table 6. Densification Technology Cost-Benefit Analysis for the
Spiritwood CHP Facility

Avg. per ton Grinding  Cubes/Pellets Gasification
Base Price $40 $40 $40
[plus] + + +
Density Cost $4 $29 $74
[equals] = = =
Feedstock Cost $44 $69 $114
[minus] - - -
Feedstock
Value $50 $55 $86
[equals] = = =
Benefit $6 ($14) ($28)

Table 7. Top 5 Biomass Resources Recommended for Cofire at Spiritwood Facility

Rank Biomass Price/ Moisture Btu/lb tons/ Price/ Resource® Alkalinity
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ton°® yr°  MMBtu

1 Grasses® $49 5% 7300 57,000 $3.40 740,000 19

2 Sugar Beet $42 7% 7000 60,000 $3.00 100,000 17
Foliage®

3 Corn Stover $50 10% 6600 64,000 $3.80 1,200,000 16

4 Wheat Straw $50 9% 7000 60,000 $3.60 690,000 15

5 Corncobs $49 15% 6900 61,000 $3.60 400,000 3

Coal Comparison  $50 26% 6800 62,000 $3.70 - 7

@ CRP grasses, switchgrass.

® Characterization data averaged from values above.
“Includes grinding costs.

4 Estimation required to meet 10% cofire rate.

° Estimated annual tonnage available.

Table 8. Sensitivity of Estimated Yield over 5-year History

Average Worst Case
Biomass tons Variance Min. tons Max. Use
Grasses* 860,000 8% 740,000 8%
Sugar Beet Foliage 130,000 12% 100,000 57%
Corn Stover 860,000 34% 540,000 12%
Wheat Straw 740,000 12% 660,000 9%
Corncobs 290,000 34% 180,000 34%

* CRP grasses, switchgrass.
corncobs could be as much as 60% and 35% of the available resource, respectively.
Contracting a majority of the available crop residues could prove problematic logistically
and may affect existing markets, increasing commodity pricing.

Xlll. RECOMMENDATIONS

The following suggestions are recommended prior to implementation of biomass
cofire within the Spiritwood CHP facility:

e Sampling of the chosen biomass should be conducted from the farms
considered during various times throughout the growing season to determine
the optimal harvesting time frame for minimal moisture and alkalinity content.
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A market study should be performed to ensure the chosen biomass is not
currently sold and to determine how an increased or new demand may affect
the commodity price of the biomass.

¢ Pilot-scale testing of the chosen biomass should be performed at the specified
10% cofire rate to address any potential operational issues.

e A full process design and engineering schematic should be generated of the
biomass procurement, feed system, and any modifications required to the CHP
facility.

e A complete economic analysis should be performed of biomass delivery and
handling, feed system and storage, and any modifications required to the CHP
facility.
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APPENDIX A

CALCULATIONS OF BIOMASS REQUIREMENTS



Table A-1. GRE Spiritwood Facility Energy Calculations

Facility Demand Peak Baseload

Power Output, MW 99 76.5
Power Output, MMBtu/hr 338 261

Energy Input, MMBtu/hr 1092 844

Estimation of Annual Energy Generation

Electrical Energy
All North Dakota Electric Utilities 2006*:

Power Output, MW 4636

Energy Output, MWh/yr 30,328,375

Hours vs. Capacity (MW) Factor 6542
Estimated Electricity Production:

Energy Output, MWh/yr 647,651

Energy Input, MWh/yr 2,093,724

Energy Input, MMBtu/yr 7,143,785

Steam Energy
Supply to Cargill Malt, Ib/hr 200,000
Operation (avg.), days/yr 260

Operation (avg.), hr/yr 6240
Energy Input, MMBtu/hr 200

Energy Input, MMBtu/yr 1,248,000
Total Energy Input (Electric and

Steam),

MMBtu/yr 8,391,785

* www.eia.doe.gov/cneaf/electricity/st_profiles/north_dakota.pdf
(accessed December 2008)

Table A-2. Calculations for 10% Biomass Cofire at
Spiritwood Facility

Cofire Demand Peak Baseload
Fuel Input, MMBtu/hr 109 84
Feed Rate, tons/hr
7500 Btu/lb Biomass 7.3 5.6
5000 Btu/lb Biomass 11 8
Estimation of Annual Biomass Requirement
Fuel Input, MMBtu/yr 839,178
Feed Rate (avg.),
tons/yr 69,932

7500 Btu/lb Biomass 55,945
5000 Btu/lb Biomass 83,918
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APPENDIX B

CALCULATIONS OF BIOMASS RESOURCES



Table B-1. Land Cover for Spiritwood Study Region

Market Price

Per Per
Crop Acres®  Yield Unit Ref. CONV. Ref. TONS/yr  unit Ref. ton
Soybeans 1,459,784 30 bu/acre 2 60 5 1,313,805 $8.33 3 $278
Corn® 721,996 80 bu/acre 3 56 s5 1,617,271 $3.20 3 $114
Wheat 641,543 36 bu/acre 3 60 s 686,451 $6.19 3 $206
Barley 108,399 55 bu/acre 3 48 5 143,087 $4.81 3 $200
Sunflowers? 71,561 1,410 Ib/acre 3 1 - 50,451 $0.20 3 $392
Alfalfa 63,310 1.76 tons/acre 4 2000 111,425 $61.00 &6 $61
Beans 53,662 1400 Ib/acre 3 1 - 37,563 $0.24 3 $486
Oats 14,983 58 bu/acre 3 32 5 13,904 $2.24 3 $140
Canola 13,878 1380 Ib/acre 3 1 - 9,576 $0.20 3 $406
Flax 9,299 20 bu/acre 3 56 5 5,208 $10.35 3 $370
Peas 7,319 33 bu/acre 3 60 5 7,245 $6.18 3 $206
Millet 4,333 1300 Ib/acre 3 1 - 2816 $0.09 3 $174
Potatoes 4,184 270 cwt/acre 2 100 - 56,487 $6.90 7 $138
Sugarbeets 4,097 25.5 tons/acre 2 2000 - 104,484 $46.00 s $46
CRP 469,574 1.6 tons/acre® 4 2000 - 742,679 $60.00 4 $60
Grass 301,281 2.4 tons/acre 4 2000 - 724,163 $60.00 4 $60
Mixed
Forage 121,133 2.4 tons/acre 4 2000 - 291,157 $60.00 4 $60
Fallow 111,242 _
Total 4,181,578 5,917,772

@ References:

abwN -

6.

7.

8.

® Corn grain only; sunflower seeds without hulls.

Weights-of-the-Bushel.html (accessed March 2009).
www.bioeconomyconference.org/08%20Presentations%20approved/Breakouts/
Economics%20and%20Policy/Leistritz,%20Larry.pdf (accessed Dec 2008).

www.farmandranchguide.com/articles/2008/10/10/ag_news/production_news/prods13.txt

(accessed Dec 2008).

Average in Mayville, North Dakota, 2008.

°U.S. Department of Agriculture Conservation Reserve Program.
4 Assumes 3-yr management plan and access to lands expiring within 5 years.

B-1

. 2008 U.S. Department of Agriculture Farm Service Agency Acreage Report.

. www.usda.gov/nass/PUBS/TODAYRPT/crop1108.pdf (accessed Dec 2008).
. www.ag.ndsu.edu/pubs/agecon/ecguides/NorthCent_08Bud.xls (accessed Dec2008).
. See “Hay” calculations in Table A-5.
. http://chestofbooks.com/gardening-horticulture/farming/Farm-And-Garden-Rule-Book/Legal-



Table B-2. Biomass Waste Resource Assessment Within GRE Study Region*

Market Price/
Delivery Cost

Per
Source Type Tonslyr Ton Ref.
Crop Residuals 2,998,167 $67
Hay Harvested 546,642 $60
Regional Farmers Wheat Straw 686,451 $80 1
Corn Stover 1,212,953 $69 1
Sugar Beet Foliage 104,484 $69 1
Processing Waste 375,284 $50
Agricultural Processing Corncobs 404,318 $50 2
Facilities Sunflower Hulls 8,829 $20
Sugar Beet Pulp 5,457 $101
Gavilon Grain Elevator Waste Grain 40 $5
Municipality Wood Waste 14,460 $63
Marion (expanded to 100-mi 60 $8
Jud radius) 40 $11
Oakes 90 $16
Ellendale 110 $16
Jamestown 160 $5
Fargo 10,000 $62
Bismarck 4,000 $70
Potato Waste 43,575 $12
Cavendish Farms Frozen 6120
Fresh 22,707
Cake 14,748
Barley Waste 54,000 $108
Cargill Pellets 50,000 $114
Wet stream 4,000 $35
Landfill MSW 330,761 $132
Fargo Landfill (expanded to 100-mi 190,380 $140
Dakota Landfill - Big radius)
Dipper Enterprises, 115,136 $140
Inc.
Jamestown Landfill 12,964 $23
Jahner Sanitation, Inc. 12,281 $36
Total 3,859,567

* Values derived from company/facility contact December 2008 or estimated
transportation costs (based on $4/gal diesel, 50 mi), unless otherwise noted.
** References:
1. www.greencarcongress.com/2008/07/purdue-study-co.html (accessed
January 2009); ww.ontariocorn.org/
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magazine/lssues/pre%20Nov%202005/ocpmag/magh801pg6.htm (accessed
Jan 2009).

www.farmandranchguide.com/articles/2007/11/08/ag_news/production_news
/prod15.txt (accessed Jan 2009).

Table B-3. Estimation of Hay Availability in GRE Study Region and
Average Yield

Counties in Study Region Area Within 50-mile Study Radius:
County tons* acres | Factor tons acres tons/acre
Barnes 54,000 21,500| 1.00 54,000 21,500 25
Cass 43,000 3,500 | 0.22 9,406 16,000 2.7
Dickey 89,000 7,125 | 0.19 16,688 38,000 23
Eddy 63,000 3,281 | 0.09 5,906 35,000 1.8

Foster 32,500 12,250 | 0.88 28,438 14,000 2.3
Griggs 46,000 20,700|0.90 41,400 23,000 2.0
Kidder 324,000 18,500 | 0.13 40,500 148,000 2.2
LaMoure 97,000 35,000 1.00 97,000 35,000 2.8
Logan 151,000 18,500 | 0.25 37,750 74,000 2.0
Ransom 96,000 13,563 | 0.44 42,000 31,000 3.1
Steele 15,000 1,625 | 0.41 6,094 4,000 3.8
Stutsman 167,000 72,430 | 0.99 165,695 73,000 2.3
Wells 56,500 1,219 | 0.03 1,766 39,000 1.4
Total Harvested 546,642 229,192 24
* www.nass.usda.gov/Statistics_by_State/North_Dakota/Publications/
County_Estimates/2007/ cehay07.pdf (accessed Dec 2008).

Table B-4. Estimation of Crop Residuals and Agricultural Processing

Waste Availability in GRE Study Region

Grain

2008

Yield

Type (tons) Conversion Factors® Ref. Tons/yr
Wheat Straw 686,451 1:1 Grain-Straw 1 686,451
Corncobs 4:1 Grain-Cobs 2 404,318
1,617,271 1:1 Grain-

Corn Stover Stover/Cobs 3 1,212,953
Sugar Beet
Foliage 104,484  1:1 Beets-Foliage 104,484
Sugar Beet Pulp 5% Beets 5,457
Sunflower Hulls 50,451 15-20% Seeds 8,829

* Values derived from company/facility contact December 2008, unless otherwise
noted.
** References:
1. www.cropsci.uiuc.edu/research/rdc/dekalb/publications/2007/

B-3



PredictingWheatStrawYieldsFinalReportToExtensionMay2007.pdf
(accessed Jan 2009).
2. www.unc.edu/~rowlett/units/scales/bushels.html (accessed Dec 2008).
3. http://renewables.morris.umn.edu/biomass/documents/Zych-
ViabilityOfCornCobsAsABioenergyFeedstock.pdf (accessed Jan 2009).
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APPENDIX C

CALCULATIONS FOR BIOMASS YIELD
HISTORY AND SENSITIVITY



Table C-1. Crop Acreage 5-year History

acres”
Crop 2004 2005 2006 2007 2008 Average
Corn 432,793 323,737 413,545 679,900 721,996 514,394
CRP” 559,874 562,403 560,201 561,706 469,574 542,752
Wheat 717,528 820,389 637,935 618,986 641,543 687,276
Sugar Beets 5,187 5,268 5,677 5,424 4,097 5,131

* FSA acreage reports.

** U.S. Department of Agriculture Conservation Reserve Program (CRP).

Table C-2. Yield Estimation over 5-year History

tons
Crop 2004 2005 2006 2007 2008 Average
Corn 969,456 725,171 926,340 1,522,975 1,617,271 1,152,243
CRP 885,498 889,497 886,014 888,395 742,679 858,417
Wheat 767,755 877,817 682,590 662,315 686,451 735,386
Sugar Beets 132,257 134,337 144,769 138,301 104,484 130,829

Table C-3. Biomass Yield Estimation over 5-year History

tons

Biomass 2004 2005 2006 2007 2008 Average
Corn Stover 727,092 543,878 694,755 1,142,232 1,212,953 864,182

Grasses* 885,498 889,497 886,014 888,395 742,679 858,417

Wheat Straw 767,755 877,817 682,590 662,315 686,451 735,386

Sugar Beet

Foliage 132,257 134,337 144,769 138,301 104,484 130,829

Corncobs 242,364 181,293 231,585 380,744 404,318 288,061

* CRP grasses, switchgrass.

Table C-4. Estimated Biomass Yield Sensitivity

Worst Case

. . Min. tons Max.
Biomass Variance Use
Corn Stover 34% 543,878 12%
Grasses” 8% 742,679 8%
Wheat Straw 12% 662,315 9%
Sugar Beet
Foliage 12% 104,484 57%
Corncobs 34% 181,293 34%

* CRP grasses, switchgrass.



Appendix B
Factors Affecting Agricultural Biomass Supply

F. Larry Leistritz, Dean A. Bangsund, Nancy M. Hodur, and Donald M. Senechal’

Great River Energy (GRE) is a Minnesota-ba