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Dear Steve,

ESI has prepared the following report in response to the March 12" Menasha Utility RFP
and the March 19" Proposal submitted by ESI to Menasha Utilities. This document and its
attachments cover the deliverables proposed by ESI.

e Technical evaluation of the combustion capability for different regionally
available biomass residues/wastes.

e Determine most suitable biomass residues/waste fuels for use in the
Menasha Steam Plant.

e Determine biomass fuel quality and characteristic specifications.

e Determine the quantity of biomass residues/waste required to generate
steam co-firing with PRB coal from 0% to 100% in 10% increments if
possible.

e Perform a survey of the availability of biomass residues/waste fuels within a
specific radius of the steam plant facility. (By Ecostrat under separate
cover)

e Determine the budgetary costs of obtaining available biomass
residues/waste, including collection, transportation, and storage. (By
Ecostrat under separate cover)

e C(learly define the technical and economic viability and limitations of using
biomass fuels at the Menasha Steam Plant.

1.0 GENERAL

The co-firing of biomass materials such as wood with coal requires a number of
considerations. Wood, especially green wood, has high moisture content. The added
water impacts combustion temperatures, and increases the amount of flue gas flow at a
given load. The added moisture content also reduces boiler efficiency, and impacts design



of both fuel handling and the boiler firing systems. The first step of the analysis was to
review the design of the existing furnaces. A typical biomass fuel ultimate analysis was
selected as the design fuel basis, and boiler performance calculations were made at 13
different operating conditions from 100% Powder River Basin Coal (PRB) firing to 100%
wood firing and in 10% increments of co-firing. These performance calculations were
performed for both boilers #3 and #4. All performance calculations used the feedwater
temperatures and excess air percentages from the 2005 Riley Power Engineering Study
Reports for PRB Conversion.

The calculations required that the boiler steam output be de-rated from the current
maximum continuous rating to keep at least one or more of the following constraints from
exceeding the present design limitations.

a) Maintain grate heat release rate (GHRR) below 750,000 btu/hr.

b) Maintain flue gas velocity at the generating bank inlet equal to or less than the
present design. (Increasing this velocity would increase tube erosion and increase
convection bank pressure loss requiring changes to the fans.)

¢) Maintain flue gas volumetric flow rate at the air heater outlet equal to or less than
the present design. (Increasing the gas volume would impact both the bag house
and ID fan selection and would increase air heater pressure losses.)

2.0. BOILER #4, RILEY BOILER FUEL CO-FIRING PERFORMANCE
ANALYSIS

ESI performed 13 separate boiler performance calculations for the Riley boiler. Using the
information provided by Menasha Ultilities, ESI set up the boiler performance analysis
program to analyze the combustion and heat transfer of various PRB and wood blends in
10% heat input increments all the way to 100% biomass heat input.

Table 2-1 details the present Powder River Basin Coal (PRB) fuel ultimate analysis used in
the calculations. ESI used the same fuel analysis identified in the Riley PRB conversion
studies from 2005.



Table 2-1 As-Fired Analysis for PRB Coal

. . . . Jan. 2007 Boiler

As Received Units Riley Design Test Coal
Moisture % 26.50 33.66
Ash % 5.45 4.33
Carbon % 52.17 46.92
Hydrogen % 3.61 3.09
Nitrogen % 0.65 0.92
Sulfur % 0.30 0.25
Oxygen % 11.28 11.37
TOTAL % 100.00 100.54
Heating Value Btu/lb 8,884 8,042

Table 2-2 describes the boiler design basis for Boiler #4, as projected by Riley Power in
the 2005 study document.

Table 2-2 Boiler Basis of Design for Menasha Utilities Boiler #4

For PRB coal firing

Parameter Units Quantity
Max. continuous rating (MCR) Ibs/hr 130,000
Pressure at NRV psig 875
Design temperature °F 905
Excess air % 30
Gas temperature leaving air

heater at MCR °F 347
Feed water temperature entering

economizer °F 355
Efficiency % 83.55

Table 2-3 shows the design biomass fuel ultimate analysis used for this analysis. ESI has
adopted the fuel analysis to be consistent with the fuels identified in the Ecostrat Biofuel
Supply Assessment. ESI did not include Miscanthus grass in the performance calculations.
While both of the Menasha Utilities boilers have the technical capability to burn this fuel
with the proper modifications, ESI has screened this fuel out of the detailed performance
calculations for economic reasons. All calculations were performed at 30% excess air, and
with steam conditions of 875 psig and 905 °F at the boiler steam non return valve, and 355
°F feedwater temperature to the economizer.



Table 2-3 As-Fired Analysis for Biomass

As Received Units Performance
Moisture % 50.0

Ash % 1.0
Carbon % 25.0
Hydrogen % 3.0
Nitrogen % 0.15
Sulfur % 0.03
Oxygen % 20.82
TOTAL % 100.00
Heating Value Btu/lb 4,400

Table 2-4 is a summary of boiler de-rating, maximum heat input, boiler efficiency, and fuel
flows at the various coal and biomass co-fire ratings. ESI has assumed the addition of
economizer surface area in this calculation. The boiler efficiency drops as biomass co-fire
rate increases. This is mainly due to the higher moisture content of the biomass fuel. The
coal mass flow rate at the 100% coal firing condition is 19,919 Ib/hr The biomass mass
flow rate at the 100% biomass condition is 36,611 Ib/hr. As the chart shows, the increase
in percentage firing of biomass results in a de-rating of the unit in order to avoid exceeding
design conditions as described in the section above. The limiting factor is the flue gas

velocity in the convection pass.

Table 2-4 Boiler PRB to Wood Co-fire Analysis for Riley Boiler

Heat Input| Boiler | Coal Fuel | Biomass
% PRB Bio‘;{‘;ass MCI(‘L?:;?{“;)H"W (MMBfu/ Efficiency | Flow | Fuel Flow
Hr) (%) (Lbs/Hr) | (Lbs/Hr)
100 0 130,000 175 83.6 19,919 0
90 10 127,000 174 82.3 17,771 3,987
80 20 124,000 172 81.1 15,654 7,902
70 30 120,000 169 79.9 13,443 11,633
60 40 118,000 168 78.6 11,515 15,500
50 50 115,000 167 77.5 9,467 19,134
40 60 113,000 167 76.0 7,591 22,989
30 70 110,000 166 74.7 5,633 26,537
20 80 107,000 164 73.5 3,714 29,994
10 90 104,000 162 72.2 1,835 33,348
0 100 101,000 161 70.9 0 36,611

Table 2-5 is a summary of air heater gas exit temperatures, flue gas volumes, gas weights,
and fly ash mass flows. ESI based it’s analysis on limiting the flue gas volumes in the gas
pass to values equal to or less than present operating condition on PRB. Peak gas
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velocities are a direct function of the gas volume. Velocities must be limited in convection
surface areas of the boiler to prevent tube damage due to erosion. No velocity data was
available on the Riley report, and without very detailed measurements of all the convection
pass components, ESI is not able to evaluate if the velocities are already too high. It should
be noted that in some instances, if the biomass has been contaminated with sandy soils, the
abrasiveness of the ash could be higher than the present PRB coal ash. No convection pass
velocity de-rating assumptions were built into the analysis at this phase of the evaluation.

Table 2-5 also illustrates how the ratio of PRB fly ash and biomass fly ash change over the
co-fire range. Biomass fuels are generally lower in ash. However the fuel properties and
burning profile of biomass are different than coal. The unburned carbon content of
biomass fuel has a higher risk of igniting on the surface of a filter bag in the baghouse. A
bag house fire would severely damage the structure, and result in a forced outage of
significant duration. Standard practice for all new applications for stoker boilers with
100% biomass is an electrostatic precipitator (ESP). ESI recommends that the baghouse
would be replaced with an (ESP) for any project in which the expected biomass co-fire
ratio is greater than 40%.

Table 2-5 Boiler PRB to Wood Co-fire Analysis for Riley Boiler

Aj Gas volume| Coal and
ir Heater Gas volume . .
% Gas Exit Exhaust Al enerating at air Biomass fly
% PRB | ,. Gas flow heater ash (pph)
Biomass | Temperature bank outlet
(°F) (Ib/hr) ) outlet
(acfm)
100 0 347 196,000 137,000 68,000 844 0
90 10 349 195,000 136,000 68,000 753 | 31
80 20 351 193,000 136,000 68,000 664 | 61
70 30 353 191,000 134,000 67,000 570 | 90
60 40 356 190,000 135,000 68,000 488 | 121
50 50 359 189,000 134,000 68,000 403 | 149
40 60 362 188,000 136,000 69,000 322 | 179
30 70 365 187,000 135,000 69,000 239 | 206
20 80 367 185,000 135,000 69,000 157 | 233
10 90 369 183,000 134,000 69,000 79 | 259
0 100 372 181,000 133,000 68,000 0 285

Table 2-6 shows the furnace heat liberation rate for the different biomass co-fire
percentages in boiler #4. In general, the standard practice in the boiler industry for new
units firing 100% biomass would limit the furnace heat libration rate to 15,000 Btu/ft*/hr.
For the #4 boiler, at biomass co-firing rates of 40% and greater, the furnace heat liberation
rates begin to significantly exceed this operating practice. This “high” furnace heat release
rate will result in high unburned carbon in the fly ash and bottom ash, reduced boiler
efficiency and increased CO and volatile organic compound (VOC) emissions. In addition,
the unburned carbon losses in the fly ash and bottom ash will be significant. Performance
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calculations do not include any adjustments to boiler efficiency for elevated unburned
carbon loss.

To achieve bio-mass firing rates greater than 40% it will be recommended to modify the
furnace design by lowering the stoker elevation and by extending the furnace walls down.
More discussion about this modification is covered in section 4 of this report.

Table 2-6 Furnace heat liberation rates

% Biomass Recommended | Furnace volume % Beyond
co-fire maximum heat release recommend
volume heat rates without furnace volume
release rate stoker elevation | heat release limit
(Btu/Hr) modification
(Btu/Hr)

0% 29,000 27,550

10% 27,600 27,400

20% 26,200 27,100 3%

30% 24,800 26,600 7%

40% 23,400 26,600 14%

50% 22,000 26,300 20%

60% 20,600 26,300 28%

70% 19,200 26,100 36%

80% 17,800 25,800 45%

90% 16,400 25,500 56%

100% 15,000 25,300 69%

ESI performed two additional boiler performance analyses to (a) determine the boiler
performance impact of the 33.66 % moisture coal on boiler performance and (b) to attempt
to reconcile the difference between the predicted and observed air heater gas exit
temperatures. The full load boiler efficiency for the Riley design coal (8,884 btu/lb) and
33% moisture coal (8,042 btu/lb) are 83.6% and 82.6% respectively. The rate of fuel
consumption increased from 19,919 Ib/hr to 22,254 Ib/hr. During the January 17, 2007
flue gas testing conducted by Riley on the #4 boiler, average air heater gas exit
temperatures of 403°F were observed. The Riley predicted air heater gas exit temperature
was 347°F. After a detailed comparison of the two performance runs, it is ESI’s assessment
that the reason for the temperature difference is due to the economizer performance.
Menasha utilities indicated that the additional surface area, recommended by Riley, was
not installed as part of the PRB conversion project. Supplemental performance data has
been included in annex table A.1



3. BOILER #3, SPRINGFIELD BOILER FUEL CO-FIRING PERFORMANCE
ANALYSIS

ESI performed 13 separate boiler performance calculations for the Springfield boiler.
Using the information provided by Menasha Utilities, ESI set up the boiler performance
analysis program to analyze the combustion and heat transfer of various PRB and wood
blends in 10% heat input increments all the way to 100% biomass heat input.

Table 3-1 describes the boiler design basis for Boiler #3, as projected by Riley Power in
the 2005 study document. ESI used the same coal and biomass analysis as was used for
the Riley boiler in tables 2-1 and 2-3 above. All calculations were performed at 28.5%
excess air, and with steam conditions of 620 psig and 827 °F at the boiler non return valve,
and 352 °F feedwater temperature.

Table 3-1 Boiler Basis of Design for Menasha Ultilities Boiler #3

For PRB coal firing

Parameter Units Quantity
Max. continuous rating (MCR) Ibs/hr 90,000
Pressure at NRV psig 620
Design temperature °F 835
Excess air % 28.5
Gas temperature leaving air heater at

MCR °F 350
Feed water temperature entering

economizer °F 354
Efficiency (Riley Calculation) % 81.6

Table 3-2 is a summary of boiler de-rating, maximum heat input, boiler efficiency, and fuel
flows at the various coal and biomass co-fire rates. The boiler efficiency drops as biomass
co-fire rate increases. This is mainly due to the higher moisture content of the biomass
fuel. The coal mass flow rate at the 100% coal firing condition is 13,747 Ib/hr. The
biomass mass flow rate at the 100% biomass condition is 25,604 1b/hr. As the chart shows,
the increase in percentage firing of biomass results in a de-rating of the unit in order to
avoid exceeding design conditions as described in section 1.0. The limiting factor was the
flue gas velocity in the convection pass.



Table 3-2 Boiler PRB to Wood Co-fire Analysis for Springfield Boiler

% Steam flow Heat Input| Boiler | Coal Fuel | Biomass
% PRB Biomass (Lbs/Hr) (MMBtu/ | Efficiency Flow | Fuel Flow
Hr) (%) (Lbs/Hr) | (Lbs/Hr)
100 0 92,400 121 83.8 13,748 0
90 10 90,500 120 82.5 12,295 2,758
80 20 89,000 120 81.3 10,908 5,506
70 30 87,000 119 80.0 9,469 8,194
60 40 85,000 118 78.8 8,050 10,836
50 50 83,000 117 77.5 6,652 13,430
40 60 81,000 116 76.3 5,274 15,974
30 70 79,000 115 75.1 3,919 18,466
20 80 77,000 114 73.8 2,588 20,904
10 90 75,000 113 72.6 1,281 23,284
0 100 73,000 112 71.3 0 25,604

* Riley assumed a higher steam flow in the PRB conversion study than the original boiler design.

Table 3-3 is a summary of air heater gas exit temperatures, flue gas volumes, gas weights,
and fly ash mass flows. ESI based it’s analysis on limiting the gas volumes in the gas pass
to values equal to or less than present operating condition on PRB. Peak gas velocities are
a direct function of the gas volume. Velocities must be limited in convection surface areas
of the boiler to prevent tube damage due to erosion. No velocity data was available in the
Riley report, and without very detailed measurements of all the convection pass
components, ESI is not able to evaluate if the velocities are already too high. No velocity
de-rating assumptions were built into the analysis at this phase of the evaluation.

Table 3-3 also illustrates how the ratio of PRB fly ash and biomass fly ash change over the
co-fire range. Biomass fuels are generally lower in ash. However the fuel properties and
burning profile of biomass are different than coal. The unburned carbon content of
biomass fuel has a higher risk of igniting on the surface of a filter bag in the baghouse. A
bag house fire would severely damage the structure, and result in a forced outage of
significant duration. ESI recommends that the baghouse would be replaced with an
electrostatic precipitator (ESP) for any project in which the expected biomass co-fire ratio
is greater than 40%.



Table 3-3 Boiler PRB to Wood Co-fire Analysis for Springfield Boiler

Air Heater | Exhaust | Gas volume G Vo!ume Coal Fly
o . . at air Ash and
% PRB | . %o Gas Exit | Gas mass |at generating heater | Biomass fly
Biomass Tempfrature flow bank outlet outlet ash (pph)
(°F) (Lb/hr) (acfm) (acfm)
100 0 343 134,000 107,000 46,000 583 0
90 10 345 133,000 107,000 46,000 521 | 21
80 20 347 133,000 107,000 47,000 462 | 43
70 30 349 133,000 107,000 47,000 401 | 64
60 40 351 132,000 106,000 47,000 341 | 84
50 50 353 131,000 105,000 47,000 282 | 104
40 60 355 130,000 105,000 47,000 224 | 124
30 70 356 129,000 104,000 47,000 166 | 144
20 80 358 128,000 104,000 47,000 101 | 163
10 90 360 127,000 103,000 47,000 54 | 181
0 100 362 126,000 102,000 47,000 0 199

Table 3-4 shows the furnace heat liberation rates for the different biomass co-fire
percentages in boiler #3. In general, the standard practice in the boiler industry for new
units, firing 100% biomass would limit the furnace heat libration rates to 15,000 Btu/ft*/hr.
For the #3 boiler, at biomass co-firing rates of 40% and greater, the furnace heat liberation
rates begin to significantly exceed this operating practice. This high furnace heat release
rate will result in high unburned carbon in the fly ash and bottom ash. It also causes
reduced boiler efficiency and increased CO and volatile organic compound (VOC)
emissions. In addition, the unburned carbon losses in the fly ash and bottom ash will be
significant. Performance calculations not include any adjustments to boiler efficiency for
elevated unburned carbon loss.

To achieve bio-mass firing rates greater than 40% it will be recommended to modify the
furnace design by lowering the stoker elevation and by extending the furnace walls down.
More discussion about this modification is covered in section 4 of this report.



Table 3-4 Furnace heat liberation rates for Springfield Boiler

% Biomass Recommended Furnace volume % Beyond
co-fire maximum heat release rates recommend
volume heat without stoker furnace volume
release rate elevation heat release limit
(Btu/Hr) modification
(Btu/Hr)
0% 29,000 28,400
10% 27,600 28,100 20/
20% 26,200 28,000 7%
30% 24,800 27,900 12%
40% 23,400 27,600 18%
50% 22,000 27,400 25%
60% 20,600 27,200 329%
70% 19,200 26,900 40%
80% 17,800 26,700 50%
90% 16,400 26,500 61%
100% 15,000 26,200 75%

ESI also evaluated the performance data recorded during the January 17, 2007 flue gas
testing against the 100% PRB combustion calculations. However, a number of
compounding, off-design conditions, and questionable data points prevent ESI from
drawing any additional conclusions or recommendations in this study. The off-design
conditions noted during this test include: (a) an estimated excess air flow of 56%, (b)
operation at only partial load and, (c¢) inconsistent attemperator spray water flows
compared with measured temperature drops (when compared against a mass and energy
balance). Supplemental performance data has been included in annex table A.2.

4. BOILER RELATED MODIFICATIONS
Table 4.1 is a summary of which modifications are required at various levels of co-firing.

The modifications are limited to boiler and combustion related modifications, and do not
list fuel unloading, handling and storage.
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Table 4.1 Modification vs. co-fire rate summary

% Combo Replace New Add Lower Add
Biomass | Fuel Feed | Baghouse Stoker overfire Stoker Econ
System with dry Grate* air elevation | Surface
ESP ¥ headers and area
and dist. increase
ports furnace
volume
0% Yes
10% Yes
20%
30% Yes*
40% Yes Yes
50% Yes
60%
70%
80%
90%
100% VL v v v v

* This modification may or may not be required and is highly dependent on the chemical and physical
properties of the fuel selection. ¥ The replacement of the baghouse with a dry ESP should be more closely
evaluated, but in general is recommended for any option with significant operational time at a biomass firing
rate greater than 40%.

4.1 Combination Fuel Feed System

There is a fibrous and stringy characteristic to almost all biomass materials. If blended
with the PRB coal we expect a number of problems to develop. The problems are likely to
surface with biomass co-firing rates even at 10%. Anticipated problems include:

a) Segregating of the material after blending, causing unstable firing.

b) Binding clogging, and fuel feeding at the stoker feed mechanism.

c) Bridging if the mixture in the transition chutes above the stokers.

d) Increased spontaneous combustion and fuel bunker fire risk of the blended biomass
and PRB coal mixture.

To properly feed, fire and control the proposed dual fuel application ESI recommends the
retrofit of a combination feeder. The combination feeder consists of both a windswept
spout for biomass and an underthrow stoker for the PRB coal. Manufacturer’s literature
for the underthrow feeder is attached to the appendix of this report.

4.2 Baghouse replacement with dry ESP

As discussed in section 2.0 and 3.0 of this report, we are recommending the replacement of
the flue gas particulate control technology (baghouse) with an electrostatic precipitator
(ESP). The ignitibility of the unburned carbon fraction of fly ash produced when biomass
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is fired is much greater than ash from coal combustion. This issue presents a significant
risk of equipment damage due to fires on the bag house bags. Another consideration is that
PRB ash collects poorly in an ESP, requiring additives to the flue gas to modify the
resistivity of the PRB coal ash. The balance of issues between biomass and PRB firing
will need to be studied in more detail to find the most advantageous solution.

The mechanical collector cannot be depended upon for protection of the bag house against
ignition of unburned carbon ash. Mechanical collectors are ineffective for removing
smaller particle sizes, which are subsequently captured in the bag house. Baghouse bags
operate with a layer of dust cake (ash). The thickness of the dust cake will not vary
appreciably with or without a mechanical collector upstream of the baghouse. Thus the
about of “fuel energy” on the bag surface is not markedly different and the fire risk
mitigation is not satisfactory. Operational experience from a number of facilities has
shown that regardless of the precautions used when firing biomass the risk of fire is present
whenever a baghouse is used as the particulate control technology.

4.3 Hydrograte stoker

ESI does not have sufficient information about the biomass fuel which will be fired to
either evaluate the existing rotograte stoker or recommend a new hydrograte stoker. Stoker
selection will require an analysis of fuel properties including size and characteristics, ash
content, ash fusion temperatures, fuel moisture content, particle size distribution, and the
fuel ultimate analysis for each opportunity fuel.

4.4 Additional overfire air headers and new overfire air fan

Biomass has a lower bulk density and consists of higher ratio of volatile matter to fixed
carbon, changing the nature of how the fuel burns on the furnace. Our standard practice, as
well as that of Detroit Stoker, is to design the air system such that 50% of the air required
for combustion is supplied through the overfire air system. The existing overfire air
systems for boiler #4 are designed for 20% overfire air. While ESI could not find any
information regarding the overfire air system for boiler #3, it was typical for bituminous
coal fired stoker units of that vintage to have overfire air design capacities of 10% or less.
We would expect that either option would require a new OFA system for more than
minimal biomass co-firing.

Upgrading the overfire air system will require a new overfire air fan, the installation of
new overfire air ducts and dampers, and a number of furnace penetrations in order to install
the new overfire air nozzles.

4.5 Lower stoker elevation and increase furnace volume

As discussed in sections 2.0 and 3.0 of this document, ESI recommends that the furnace
sizing be increased to accommodate any biomass co-fire ratio greater than 30 to 40%.
Higher biomass co-fire percentages without the furnace volume modification will require
significant capacity de-ratings than already presented. In order to most efficiently increase
the size of the furnace it will be necessary to lower the stoker down from the current
elevation. If this modification is not performed, additional boiler de-ratings will be
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required above the values already recommended. This modification will also require
relocation or replacement of the steam headers and extension of the tube and tile furnace
wall construction down to the new elevation. The excavation and installation of a sub-
basement may be required for the bottom ash hopper and ash removal system when
lowering the furnace. An Engineering analysis for the furnace support will need to be
conducted to determine if the exiting support system is suitable for the added tube and tile
weight. Additional water and gas side modifications will need to be evaluated in the next
stage of evaluation.

4.6 Installation of additional economizer surface for #4 boiler

The Riley engineering study recommended additional economizer surface to reduce the
economizer exit gas temperature. This alteration would also reduce air heater exit gas
temperatures by lowering air heater duty, leading to an increase in the boiler efficiency. It
is normal practice to limit air heater exit gas temperatures to 350°F or lower for biomass
boiler applications. Since the existing boiler full load air heater exit gas temperatures are
already exceeding 400 °F, and the conversion to biomass will further increase this
temperature, new economizer surface should be considered for all biomass conversion
options. Based on current biomass fuel costs, the payback on the additional economizer
surface is expected to be good.

5. BIOMASS CONSUMPTION

Menasha utilities provided steam production and coal consumption data to ESI. Based on
the data and the boiler performance calculation discussed in sections 2.0 and 3.0 of this
report estimated biomass consumptions can be made. Data was provided for 2006, 2007
and 2008; however 2006 was not a normal production year. Table 5.1 shows the 2007 and
2008 steam production totals from boiler #3 and Boiler #4.

Table 5.1 Boiler annual steam production
Annual production /
Year 2007 | Units 2008 | Units
Boiler #3 Steam Output 397,000 | klbs/yr 483,000 | klbs/yr
Boiler #4 Steam Output 922,000 | klbs/yr 907,000 | klbs/yr
TOTAL PRODUCTION 1,319,000 | klbs/yr 1,390,000 | klbs/yr

The next step in the analysis is to average the two operating years, and convert the annual
steam production into an equivalent full load hour factor. Table 5.2 shows the average
annual steam production and equivalent full load hours for both boilers #3 and #4. The
equivalent full load method does not factor the different efficiencies encountered at part
load conditions, however the results from this method typically provide sufficient accuracy
for the preliminary engineering and economics analysis stage.

Table 5.2 Equivalent Full Load Hours based on average 2007/08 operating data
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Two year average - Equivalent
Equivalent full load full load
production Average Units hours Units
Boiler #3 440,000 klbs/yr 4,889 | Hrs/Yr
Boiler #4 914,500 klbs/yr 7,035 | Hrs/Yr

Since numerous boiler and fuel system modifications are required at co-fire ratios above
the 30%, we have assumed the two most probable conversion projects are a 30% and 100%
co-fire conversion. Table 5.3 shows the forecasted annual PRB coal and biomass
consumption rates for boilers #3 and #4 at a 30% biomass co-fire rate.

Table 5.3 Forecasted coal and biomass consumptions at 30% biomass heat input

Projected fuel usage at
30% biomass co-firing
rate PRB Coal Units Wood Units
Boiler #3 (Design PRB at
8,884 Btu/Lb) 23,945 | tons/yr 20,720 | tons/yr
Boiler #3 (8,042 Btu/Lb
coal) 26,836 | tons/yr 20,720 | tons/yr
Boiler #4 (Design PRB at
8,884 Btu/Lb) 51,223 | tons/yr 44,327 | tons/yr
Boiler #4 (8,042 Btu/Lb
coal) 57,272 | tons/yr 44,327 | tons/yr
TOTAL (8,884 Btu/Lb) 75,168 | tons/yr 65,047 | tons/yr
1. TOTAL (8,042
Btu/Lb)
84,107 | tons/yr 65,047 | tons/yr
Current Operation 112,912 | tons/yr 0 | tons/yr

Table 5.4 shows the forecasted annual PRB coal and biomass consumption rates for boilers
#3 and #4 at a 100% biomass co-fire rate. The MCR de-rating for the #4 boiler

is significant because the calculated equivalent full loads hours exceeds the actual number
of hours in a year. The spare availability in annual operating hours for #3 boiler will need
to be used to make up the difference. This would mean that #3 boiler would be used full
time instead of part-year.
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Table 5.4 Forecast biomass consumptions at 100% biomass heat input

Revised full
load hours
Projected fuel usage at adjusted for
100% biomass co-firing MCR de-
rate rating Units Wood Units
Boiler #3 7486 | hrs/yr 95,836 | tons/yr
Boiler #4 8000 | hrs/yr 146,444 | tons/yr
TOTAL 242,280 | tons/yr

Table 5.5 is a summary of annual fuel consumptions at current conditions, and with 30%
and 100% biomass firing percentages. Annual fuel consumptions in table 5.5 are based on
the design fuel (4400 Btu/lb) and are conservative.

Table 5.5 Forecasted coal and biomass consumptions for both units

Projected fuel usage at 30%

biomass co-firing rate Units PRB Coal Wood
Current operation tons/yr 112,912 0
30% co-fire (8,884 Btu/Lb) tons/yr 75,168 64,047
30% co-fire (8,042 Btu/Lb) tons/yr 84,107 64,047
100% co-fire tons/yr 0 242,280

6. BIOMASS PREPARATION

Due to the relatively low density of biomass, semi tractor trailer delivery of biomass is
generally the most economical. In order to unload this type of truck, the standard practice
is to use a hydraulic truck tipper. A truck tipper can practically unload up to four 20 ton
trucks per hour or 80 tons per hour. Only one truck tipper will be required in any co-fire
scenario. Prior to firing any wood based biomass, it will be necessary to screen out
oversized material and process the oversized fuel in a hog (a hammer mill designed
specifically for this application) to obtain the proper particle size distribution.

The amount of biomass storage is dependent on a number of factors such as days per week
the fuel suppliers are delivering, the storage need for climatic or other conditions, and the
economic impacts of running out of fuel and going to a back up fuel source.

Typically, the smallest range of biomass storage should not be less than three days. For a
co-fire ratio of 30% the storage requirement is 178 tons (or 43,000 cubic feet). If the
material is stored in a silo, the silo size would be approximately 40 ft in diameter and 50 ft
high. Typically, a conservative storage requirement would be for 20 days of storage. With
100% biomass firing the design storage capacity would be 670 tons (or 1,060,000 cubic
feet). This would require 3 silos that would be approximately 90 ft in diameter and 85 ft
high. Ground storage is more economical but also it can also result in reduced fuel quality
during rain or snow fall events. Ground storage also requires a larger footprint for fuel
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