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Executive Summary

The following assessment was commissioned to determine the technical and economic
feasibility of integrating a biomass heating system with the existing facility at the Sagle
Elementary School, in Sagle, Idaho. This assessment is funded through the USDA Forest
Service, Region One, as part of the Fuels for Schools program. Primary objectives of this
program are to:

1. Develop fuel markets for non-merchantable wood residue resulting from fuel
reduction treatment on federal, state, and private forestland.

2. Partner with communities, and their school systems, to integrate benefits of fuel
reduction treatment into the community. Benefits of sustainable biomass heating
systems to communities include:

Stable long term fuel costs;

Low fuel costs compared to other conventional fuels:

Locally produced fuel infuses capital back into the community;

An integrated approach with fuel reduction treatment of forest land results in
reduced slash pile disposal fires, improving air quality while heating the
school facility and reducing slash fire hazards;

e. Sustainable biomass is a renewable energy resource;

f.  Sustainable biomass is near zero net carbon emission.

paoop

3. Develop practical, cost effective, application models for biomass heating systems
into systems representative of a larger application group (schools and commercial
buildings).

4. Identify, evaluate, and assist in developing biomass-heating projects in schools
throughout Region One. This study is among the first in the effort to identify and
evaluate potential projects. ‘

The existing school facility is approximately 31,861 square feet and is primarily heated by a
739 MBH electric heating hot water boiler that is located in the central part of the building
(see Site Plan). The proposed location for the new 800 MBH (output) biomass boiler plant
would reside east of the building near the main transformer (see Site Plan).

The Biomass Boiler System budget estimate was obtained from two system manufacturers.
A concept and budget estimate was developed for a boiler plant to serve the Elementary
School. The fuel type investigated was wood chips derived from forest residue at 40%
moisture content.

Based on preliminary discussions with the State of Idaho Department of Environmental
Quality, it is likely that an air quality permit will be required for biomass heating projects.
This will require an application and then public review and public comment periods. See the
Biomass Information section of the appendix for further information.

Results of Evaluation

The results of this analysis are summarized in the Economic Analysis Summary table below.
A detailed report of the results is provided in the Cash Flow Analysis Appendix.



One important variable in this analysis is the cost of biomass fuel. The pricing for wood
chips in this analysis is based on conversations with providers, other supply contracts, and
cost history of the fuel.

As indicated in the Economic Summary chart below, the evaluated option achieves a
positive accumulated cash flow (PAC) in 45 years without subsidy and in 24 years with
subsidy. Accumulated cash flow is the primary evaluation measure that is implemented in
this report and is similar to simple payback with the exception that accumulated cash flow
takes the cost of financing and fuel escalation into account. For many school districts and
municipalities, a positive accumulated cash flow of about 10 years maximum is considered
for implementation. Based on this standard, the amount of project subsidy required to
achieve a 10-year PAC is $350,000.

The approach in analyzing the Biomass Boiler system has been to remain conservative, yet
realistic about the performance of biomass heating plants and the cost of their installation.
Due to the preliminary nature of this assessment, it is possible that the construction cost
estimates could be reduced as additional information relative to the construction is gathered,
favorably affecting the economic analysis. The economic analysis has been performed using
precontingency budget estimates. This value is the best estimate of project cost with the
given information. When considering the economic performance of the project, including
contingency in the project cost weights against the project, possibly unnecessarily. In
planning for construction, a pre-design project contingency of 15% is recommended. Post-
design, this can be reduced to 8%.

Economics Summary Chart

Option Title Initial Cost | Year Positive | Year Positive Year One Project Subsidy
Cashflow Cashflow Energy Savings| Required for
Occurs at Occurs at 10 year Payback

5.21% APR 5.21% APR
100% Financed|  80% Boiler
Building
Subsidy

Elementary School $389,572 45 24 $3,980 $350,000




Purpose of Assessment

The intent of this assessment is to provide an initial evaluation tool for a potential
biomass-heating project. Major components of this assessment include:

» ldentification of the peak instantaneous and annual consumption heating
demand of existing and proposed facility. (See Heat Load Calculation
Summary.)

» Development and description of Biomass Boiler System. (See Biomass
System Description.)

e Identification of technical details related to the integration of a Biomass
Boiler system with the existing and proposed facility. (See Evaluation of
the Biomass Boiler System/ System Integration Summary.)

» Estimate Preliminary Project Budget for the Biomass Boiler system. (See
Cash flow Analysis and Budget Estimates Appendix.)

» Estimate Energy Savings corresponding to the use of Biomass Energy.
(See Heat Energy Summary Table.)

* lIdentification of Operating and Maintenance considerations. (See
Operations and Maintenance Summary.)

» Consolidation of the above information into Project Economic Analysis for
the Biomass Boiler system. (See Evaluation Procedure.)

e Summary of potential project financing. (See Evaluation of the Biomass
Boiler System/ Financing Options and Financing Portion.)

* Finally, a recommendation to the School, Forest Service, and listed
partners. (See Executive Summary.)

This assessment uses preliminary energy savings calculations, project budget
estimating, and fuel resource inventory investigation. Preliminary techniques involve
cursory field investigation and conceptual level design development and budget
estimating. As such, final project economics may vary from those indicated within this
document.

Biomass energy is derived from the conversion of any organic material into useful
energy, typically thermal, electrical, or chemical energy. This assessment focuses on
the implementation of biomass thermal energy at the Sagle Elementary School in Sagle,
Idaho. Although biomass energy can be generated from a variety of feedstocks, the
focus of this assessment is on the utilization of forest fuel reduction residue and forest
product residue. Biomass energy is commonly applied in the timber industry for process
heat, such as drying kilns. Modern, efficient, and clean commercial and institutional
applications of biomass energy are quite common in the New England States and
Northern Europe, but their expansion to the Western United States has been limited.
With increased energy costs, price volatility, and interest in local economic development
the interest in biomass energy in the West has been growing very rapidly.

Resource Inventory Summary

The primary source of biomass for this project is non-merchantable timber and slash
resulting from hazard mitigation projects on private and state lands being funded by
National Fire Plan grants under the supervision of the Idaho Departments of Lands. In
North Idaho there are numerous hazard mitigation projects on private and state lands,
ensuring an adequate supply of biomass fuels for the foreseeable future.



Biomass System Description

Only one biomass option was evaluated because of the site restrictions and the
presence of an existing heating hot water infrastructure to interconnect to. Appropriate
technology for the option was investigated and preliminary pricing was secured from
Messersmith Manufacturing and King Coal Corporation.

It's important to understand that the concepts developed are for the sole purpose of
determining the project magnitude. The Conceptual Site Plan indicates locations and
site information used in this analysis.

This option includes installing an 800 MBH (output) heating hot water plant east of the
school (see Site Plan) and interconnecting to the existing hydronic system in the boiler
room. Heating water supply and return piping along with a domestic cold water line
would run below grade from the school (near the boiler room) to the boiler plant. A
domestic water heat exchanger would be added to the system so the biomass boiler
could also heat the domestic hot water. This option would provide heat to most of the
building, excluding the kitchen and a small classroom addition.



Evaluation of the Biomass Boiler System

The Biomass Boiler system was evaluated using a 30-year cash flow analysis. Several
factors affect the economic analysis of these options:

Project Initial Capital Cost

The initial cost of any of the options can be separated into three components:

» Boiler System Costs
 Boiler Plant Building and Site Development
s System Integration.

Budget Estimate Summary Table

Eineed | Boreed | EeEd )
Title Fuel Type | Estimeted Boiler|  Building | Integration|  Precontingency
SstersCost |adSteCost| Cost | Project Total Cost

Baler Fart WoodChip| ~ $153340 $184.871 51,32 $30,572

Boiler Plant Wood Chip

$51,362

H Estimated Boiler
Systems Cost

@ Estimated Building
and Site Cost

O Estimated
Integration Cost

$153,340

$184,871

The breakdown for the Biomass Boiler system into these project components is
included in the Budget Estimate Appendix. In addition to these components, the project
initial costs will depend on a few specific items. Below are a few factors that effect
initial cost that are discussed.

System Integration Summary
1. The cost of System Integration has an especially important role in the initial cost of

a biomass project. The boiler and plant building costs are usually clearly
identifiable and able to be estimated. Less obvious are the costs of integrating the
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system with the existing facilities. Often integration costs are the determinant of a
project’s economic feasibility. The Conceptual Site Plan provides an idea of the
required integration for the described options. Examples of the cost integrating a
new heating plant with an existing facility include:

e Underground Heating Hot Water piping. The costs for underground
piping alone can be very significant components of project costs.
Generally, minimizing the amount of underground piping required is
good practice. The proposed location will require that underground
heating hot water piping be routed approximately 110 feet to connect to
the existing heating hot water system.

e Interconnection with the existing hydronic system. In the proposed
option, a new pump will be required to add a secondary loop to the new
biomass boiler. This would be piped upstream of the existing boiler to
provide the first stage of heat. Some basic controls will be need to
enable the plant. Beyond that, the biomass plant controls are
programmable logic (PLC) based and self-contained.

2. Biomass systems need to have a back up thermal source for instances when the
biomass plant is out of service. Under this proposal the existing boiler would
remain to serve as a back-up system.

3. At low loads, the biomass plant will not be able to sufficiently turn down to operate
efficiently. During these times, the existing boiler would operate to maintain higher
efficiencies. It is estimated the biomass system will provide 90% of the facilities
heat.

Fuel Costs and Escalation Rates

Fuel costs and escalation rates used in the analysis are:

1. Wood Chips (40% MC-5400 btu/lb HHV) - $20/ton delivered inside storage.
2. Escalation rate for fuel oil was estimated at 6% annually.

3. Escalaﬁon rate for electricity was estimated at 4% annually.

4. Escalation rate for wood based fuels was estimated at 2% annually.

Operation and Maintenance Costs

1.

Based on discussions with other biomass system users, system manufacturers, and
estimates of operator time required, additional operation and maintenance time of 80
to 160 hours per year at $15/hour were assumed.

No credit is taken in this analysis for displacement system maintenance, repair, or
replacement. The School's existing heating system utilizes electric resistant heat
and appears to be in good condition.
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Financing Options and Financed Portion

1. Several options exist to finance this project. Below are a few sources that have been
identified. Special focus should be given to the State of Idaho Low Interest Energy
Loan programs, third party financing, and possibly low interest financing by system
manufacturers. All project options can be funded in part by the resultant energy
savings. The cash flow analysis used in this assessment uses 5.21% APR,
assuming the use of third party financing that available at this rate. Possible
financing mechanisms include:

School District financing of project through Idaho Low Interest Energy
Loan. An information sheet regarding the program is included in the
Financing Appendix. :

Private sector financing. Options for low interest financing through some
system manufacturers exists.

RC&D Grant Programs
Possible State DEQ support

Possible Electrical Utility support

Evaluation Procedure

The Biomass Boiler system was developed around the reference fuel of 40% moisture
content wood chips with a higher heating value (HHV) of 5400 btu/lb. Option cash flow
sheets were developed with the following permutations:

1. Project fully financed by the School District on a 10-year term. .

2. Project partially financed by the School District and partially funded by a
Fuels for Schools grant, which would pay for 80% of the boiler plant, and
building related costs (excludes the cost of mechanical integration).

3. Project partially financed by the School District and partially funded by a
Fuels for Schools grant to the level required to achieve a 10 year positive
accumulated cash flow.

A very large number of permutations of the financial and technical options for this project
are possible. The above were chosen to provide a preliminary comparison and
evaluation tool. If the Elementary School chooses to further pursue a biomass project,
detailed cash flow analysis and sensitivity analysis should be completed.

Congress is presently considering a ten-year term subsidy for the use of forest residue in
the form of a $20 per green ton of forest residue utilized. If passed this subsidy would
equate to roughly $900 per year to the School. As it is speculative at this point, the
effect of this subsidy is not included in this analysis.



Results of Evaluation

The results of this analysis are summarized in the Economic Analysis Summary table
below. A detailed report of the results is provided in the Cash Flow Analysis Appendix.

One important variable in this analysis is the cost of biomass fuel. The pricing for wood
chip fuel in this analysis is based on conversations with providers, other supply
contracts, and cost history of these fuels. Variation in their costs may change the
recommended fuel. The finding that can be derived from this is that biomass heating
should be implemented with fuel flexibility built in if possible.

As indicated in the Economic Summary chart below, the evaluated option achieves a
positive accumulated cash flow (PAC) in 45 years without subsidy and in 24 years with
subsidy. Accumulated cash flow is the primary evaluation measure that is implemented
in this report and is similar to simple payback with the exception that accumulated cash
flow takes the cost of financing and fuel escalation into account. For many school
districts and municipalities, a positive accumulated cash flow of about 10 years
maximum is considered for implementation. Based on this standard, the amount of
project subsidy required to achieve a 10-year PAC is $350,000.

The approach in analyzing the Biomass Boiler system has been to remain conservative,
yet realistic about the performance of biomass heating plants and the cost of their
installation. Due to the preliminary nature of this assessment, it is possible that the
construction cost estimates can be reduced as additional information relative to the
construction is gathered, favorably affecting the economic analysis. The economic
analysis has been performed using precontingency budget estimates. This value is the
best estimate of project cost with the given information. When considering the economic
performance of the project, including contingency in the project cost weights against the
project, possibly unnecessarily. In planning for construction, a pre-design project
contingency of 15% is recommended. Post-design, this can be reduced to 8%.

QdionTitle Iritid Gt | YeerRositive| YerRosve | YerQe | RgetQbsidy
CeHiov | Ceflov |BegySaingy Rxiredfor
Qoousd Cooursd 10year Radack
2R | 52PAR
Wdracx] PdRdler

Bliirg
Sisdy
2

BeretaySicd 52 % BH0 $H00




Heat Load Calculation Summary

Heat loads for the Sagle Elementary School were extracted from a preliminary energy
model that was created using Trace 700. Trace 700 is an energy modeling program
created by the Trane Corporation. Once the model was created the results were then
compared with the actual utility records. From the model the peak-heating load for the
high school was determined. The following Heat Energy Summary Table summarizes
the projected heating demand and consumption requirements. Complete Energy Data
and Trace 700 Calculations are given in the Appendix.

Heat Energy Summary Table

Existing System

Floor Area

Design Plant

Building Estimated Design Plant Building heat Existing Annual Fuel Type | Existing Heating | Existing Annual
Building Capacity Factor Capacity type Heating Plant Plant Estimated | Fuel Consumption
Heating Load | for Safety and (BTU/Hr) Fuel Input (KWH) Efficiency (%) (BTU)
(BTUMr) Expansion
Elementary School 31861 738000 10% 812900 electric resistance 111961 Electricity 100% 382121869
Proposed Wood Chips
Building Estimated Wood Estimated Wood Chips  |Wood Chip Eqvint] Annual Wood Projected Monthly |Required Chip density One Week Chip
Chip Plant Biomass plant 40% MC Mixed conifer Chip Fuel Mauxi 1 Heat Monthly Chip (To/ft3) Storage (ft3)
Efficiency Input (BTU) (BTUAB) chip Consumption Consumption (BTU) |Storage (tons)
(lbs) (tons)
Elementary School 70% 545888384 5400 90981 45 129617205.5 12 22 273

Operations and Maintenance Summary

Biomass Systems do have specific and unique maintenance requirements. However,
with proper training and a well-developed maintenance program, the time and cost
associated should not be a significant factor in the economic feasibility of the project.
General maintenance requirements for a biomass boiler system are listed below.
Requirements will vary with system type and manufacturer:

Ash Removal — grates and under grates.
automated, requiring little handling of ash. Other systems are more
manual. Modern biomass systems produce little ash, requiring ash
removal approximately once per week.

Some systems are very

Soot Blowers- Soot blowers are compressed air nozzles that blow the
soot from the surface of the boiler's tubes to keep effective heat transfer.
They can be automatic, or manual and should be operated at least once
per day. The system sizes discussed in this assessment lend themselves
best to manual soot blowers.

Particulate Removal Systems.

Tube Cleaning.

Cleaning of firebox and heat exchange surfaces.
Lubrication - Material handling components and blowers.

Inspections of drive chains, belts, and gearboxes.
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» Inspection of refactory.
¢ Inspection/testing of safety devices.
* CGombustion calibration (combustion air/fuel feed rate).

¢ Periodic cleaning of boiler rooms.

Sagle Facility Summary

Information included in this part of the assessment is based on general observations
from a site visit on October 8, 2003. Mechanical plans for the building were made
available and sent at a later date. The observations are very cursory in nature, many
undiscovered conditions may exist that could effect the construction of any biomass
plant option. The observations are also focused on the heat generation facilities at each
building and not on the building itself. The purpose of this assessment is to review the
potential for integrating biomass heating, as such little time was spent investigation the
building’s condition, nor the mechanical systems that distribute the heat.

The Sagle Elementary School consists of one building that was constructed in 1988
(around an existing gym building) and is primarily wood construction with an EIFS
exterior finish. A small classroom addition was completed in 1990. The building is
approximately 31,861 square feet and is comprised of classrooms, a cafeteria, a library,
a gymnasium, and an administrative area. A 739 MBH electric heating hot water boiler
provides the heating water for the entire school. The majority of the building is heated
and ventilated with a constant volume reheat system. Air is delivered by air handling
units that are located in the ceiling space above the central corridors. In each zone
there is a heating hot water reheat coil that is controlled by individual zone thermostats.
Outside air is drawn through exterior louvers that are located above the major
entranceways and is then ducted into their respective air handlers. The kitchen is
served by a dedicated make-up air and exhaust system, which uses an electric heating
coil. The small classroom addition is heated by electric fan coil units. The elementary
school uses approximately 59,814 Btu/sf of energy on an annual basis.

Detailed energy use information is provided in the Energy Data and Trace 700
Calculations Appendix.
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Sagle Elementary School Biomass Heating Economic Analysis

Conversion Proforma for Sagle Elementary School - 5.21% APR 100% Financed - 10 Year Term

November 28, 2003

Revision:

Analyst: Edden-CTA

Project Capital Cost $389,572]

Boiler and Boiler Building Cost 211

Mechanical Integration Costs 1,362

Project Financing Information ear one ] 1

Percent Financed ood Chips $20.00 /ton Elec. Escalation factor 1.04)

Amount Financed 572 Natural Gas Escalation factor 1.0}

Amount of Grants 0] lon Fus! Ol Escalation factor 1.04]

Interest Rate 5.21% lion |Peliet Escalation factor 1.03}

Term 10 Green Chip Escalation factor 1.3

Annual Finance Cost (years) s Maint. Escalation factor 1

Year Year Year Year Year Year Year Year Year Year Year Year Year Year Year
Cashflow Descriptions Unit Costs Heating Annual Heating | Heating Units 1 2 3 4 5 6 7 8 ] 10 1 12 13 14 15
Source Source
Proportion Volumes

Existing Heating System Operating Costs

Displaced electric resistance heating costs $0.050 111961 |KWH 5,623 5,848 6,081 6,325 6,578 6,841 7,114 7,399 7,695 8,003 8,323 8,656 9,002 9,362 9,737
Displaced electric resistance heating costs (demand) $3.000 503|kW 1,509 1,569 1,632 1,697 1,765 1,836 1,909 1,986 2,065 2,148 2,234 2,323 2,416 2,513 2,613
Displaced Operation and Maintenance Costs 570 587 605 623 642 661 681 701 722 744 766 789 813 837, 862
Biomass System Operating Costs

Green Chip Fuel ($/ton, delivered to boiler site, btu/b) (90% of total heat rgmnt) $20.00 90% 45|tons 910 928 947 966 985 1,005 1,025 1,045 1,066 1,087 1,109 1,131 1,154 1,177 1,200
[Small load electricity {10% of total heat rgmnt) $0.05 10%) 17225]kWh 865 917 972 1,030 1,002 1,158 1,227 1,301 1,379 1,461 1,549 1,642 1,741 1,845 1,956
Small load electricity (demand) $3.00 79[kW 237 252 267 283 300 318 337 357 378 401 425 450 477 506 537
Operation and Maintenance Costs 1,710 1,761 1,814 1,869 1,925 1,082 2,042 2,108 2,166 2,231 2,298 2,367 2,438 2,511 2,587
Annual Operating Cost Savings 3,980 4,146 4,319 4,498 4,683 4,876 5,074 5,280 5,493 5,713 5,941 6,177 6,421 6,672 6,933
Financed Project Costs - Principal and Interest (50,967)| (50,967) (50,967) (50,967)| (50,967) (50,967)| (50,967)| (50,967)| (50,967)| (50,967)

Displaced Sysiem Replacement Costs

Special financing

USDA Green ton subsidy ($/ton, Green chip tons/year) $0.00 45 0 0 0 0 0 0 0 0 0 0

Net Annual Cash Flow (46,988)| (46,821) (46,648) (46,469)| (46,284) (46,092)| (45,893)| (45,687)| (45,474)| (45,254) 5,941 6,177 6,421 6,672 6,933
Cumulative Cash Flow (46,988)| (93,809)| (140,457)| (186,926)| (233,210)| (279,301)| (325,194)| (370,881)| (416,356)| (461,609) (455,668) (449,491) (443,070)| (436,398) (429,465)

Year Year Year Year Year Year Year Year Year Year Year Year Year Year Year
Cashflow Descriptions Unit Costs Heating Annual Heating | Heating Units 16 17 18 19 20 21 22 23 24 -] 26 27 28 29 30
Source Source
Proportion Volumes

Existing Heating System Operating Costs

Displaced electric resistance heating costs $0.050 111961 |KWH 10,126 10,531 10,952/ 11,390 11,846 12,320 12,813 13,325 13,858 14,413 14,989 15,589 16,212 16,861 17,635
Displaced electric resistance heating costs (demand) $3.000 503|kW 2,770 2,936 3,112 3,299 3,497 3,707 3,929 4,165 4,415 4,680 4,960 5,258 5,574 5,908 6,262
Displaced Operation and Maintenance Costs 888 915 942 970 999 1,029 1,060 1,002/ 1,125 1,159 1,193 1,229 1,266 1,304 1,343
Biomass System Operating Cosis

Green Chip Fuel ($/ton, delivered to boiler site, btu/lb) (90% of total heat rgmnt) $20.00 90% 45|tons 1,224 1,249 1,274 1,299 1,325 1,352 1,379 1,407 1,435 1,463 1,493 1,522 1,553 1,584 1,616
Small load electricity (10% of total heat rqmnt) $0.05 10% 17225[kWh 2,073 2,198 2,329 2,469 2,617 2,774 2,941 3,117 3,304 3,502 3,713 3,935 4,172 4,422 4,687
Small load electricity (demand) $3.00 79 kW 569 603 639 677 718 761 807 855 906 961 1,018 1,080 1,144 1,213 1,286
Operation and Maintenance Costs 2,664 2,744 2,826 2,911 2,998 3,088 3,181 3,277 3,375 3,476 3,580 3,688 3,798 3,912 4,030
Annual Operating Cost Savings 7,254 7,589 7,938 8,303 8,683 9,080 9,495 9,927 10,378 10,848 11,339 11,851 12,385 12,942 13,523
Financed Project Cosls - Principal and Interest

Displaced System Replacement Costs

Special financing

USDA Green ton subsidy ($/ton, Green chip tons/year) $0.00 45

Net Annual Cash Flow 7,254 7,589 7,938 8,303 8,683 9,080 9,495 9,927 10,378 10,848 11,339 11,851 12,385 12,942 13,523

Cumulative Cash Flow (422,212)| (414,623)| (406.685)| (398,382)| (389,699)| (380,618)| (371,124)| (361,197)| (350,819)| (339,971) (328,632) (316,781) (304,396)| (291,455) (277,932)




Sagle Elementary School Biomass Heating Economic Analysis

Conversion Proforma for Sagle Elementary School - 5.21% APR, 10 Year PAC

November 28, 2003
Revision:
Analyst: Stevenson-CTA

Project Capital Cost $389,572
Boiler and Boiler Building $338,211
Mechanical Integration Costs. 1,362
[Project Financing Information [Year One Fuel Price: ]
Percent Financed 1 Wood Chips $20.00 /ton Elec. Escalation factor 1.03'
Amount Financed $39,572 Pellets $70.00 /ton INatural Gas Escalation factor 1.08]
Amount of Grants $350,000| Fuel Oil $0.97 /gallon IFuel Ol Escalation factor 1.04]
Interest Rate 5.21%)| P e $0.85 /gallon [Peilet Escalation factor 1.03]
Term 10 Natural Gas .81 /mm| Green Chip Escalation factor 1.02]
Annual Finance Cost (years) ! l A [Maint. Escalation factor 1.03]
Year Year Year Year Year Year Year Year Year Year Year Year Year Year Year
Cashflow Descriptions Unit Costs Heating Annual Heating | Heating Units 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Source Source
Proportion Volumes
Existing Heating System Operating Costs
Displaced electric resistance heating costs $0.050, 111961 |KWH 5,623 5,848 6,081 6,325 6,578 6,841 7,114 7,399 7,695 8,003 8,323 8,656 9,002 9,362 9,737
Displaced electric resistance heating costs (demand) $3.000, 503|kW 1,509 1,569 1,632 1,697 1,765 1,836 1,909 1,986 2,065 2,148 2,234 2,323 2,416 2,513 2,613
Displaced Operation and Maintenance Costs 570 587 605 623 642 661 681 701 722 744 766 789 813 837 862
Biomass System Operating Costs
Green Chip Fuel ($/ton, delivered to boiler site, btwlb) (90% of total heat rgmnt) $20.00 90% 45|tons 910 928 947 966 985 1,005 1,025 1,045 1,068 1,087 1,109 1,131 1,154 1,177| 1,200
|Small load electricity (10% of total heat rgmnt) $0.05 10% 17225[kWh 865 917 972 1,030 1,092 1,158 1,227 1,301 1,379 1,461 1,549 1,642 1,741 1,845 1,956
|Small load electricity (demand) $3.00 79[kW 237 252 267 283 300 318 337 357, 378 401 425 450 477 506 537
Operation and Maintenance Costs 1,710) 1,761 1,814 1,869 1,925 1,982 2,042 2,103 2,166 2,231 2,298 2,367 2,438 2,511 2,587
Annual Operating Cost Savings 3,980 4,146 4,319 4,498 4,683 4,876 5,074 5,280 5,493 5713 5,941 6,177 6,421 6,672 6,933
Financed Project Costs - Principal and Interest (5,177) (5,177) (5,177) (5,177) (5,177) (5,177) (5,177) (5,177) (5,177) (5,177)
Displaced System Replacement Cosis
Special financing
USDA Green ton subsidy ($/ton, Green chip tons/year) $0.00 45 0 0 0 0 0 0 0 0 0 0|
Net Annual Cash Flow (1,198) (1,031) (858) (679) (494) (302) (103) 103 316 536 5,941 6,177 6,421 6,672 6,933
Cumulative Cash Flow (1,198) (2,229) (3,087) (3,766) (4,260) (4.561) (4,664) (4,561) (4,245, (3,709) 2,232 8,409 14,830 21,502 28,435
Year Year Year " Year Year Year Year Year Year Year Year Year Year Year Year
Cashflow Descriptions Unit Costs Heating Annual Heating | Heating Units 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Source Source
Proportion Volumes
Existing Heating System Operating Costs
Displaced electric resistance heating cosis $0.050 111961 |KWH 10,126 10,531 10,952 11,390 11,846 12,320 12,813 13,325 13,858 14,413 14,989 15,589 16,212 16,861 17,535
Displaced electric resistance heating costs (demand) $3.000 503[kW 2,770 2,936 3,112 3,299 3,497 3,707 3,029 4,165 4,415 4,680 4,960 5,258 5,574 5,908 6,262
Displaced Operation and Maintenance Costs 888 915 942 970 999/ 1,029 1,060 1,092 1,125 1,159 1,193 1,229 1,266 1,304 1,343
Biomass System Operating Costs
Green Chip Fuel ($/on, delivered o boiler site, btw/b) (90% of total heat rgmnt) $9.00 90% 45|tons 1,224 1,249 1,274 1,299 1,325 1,352 1,379 1,407 1,435 1,463 1,493 1,522 1,553 1,584 1,616
Small load electricity (10% of total heat rgmnt) $0.05 10% 17225[kWh 2,073 2,198 2,329 2,469 2,617 2,774 2,941 3,117 3,304 3,502 3,713 3,935 4,172 4,422 4,687
Small load electricity (demand) $3.00 79[kW 569 603 639 677 718 761 807 855 906 961 1,018 1,080 1,144 1,213 1,286
Operation and Maintenance Costs 2,664 2,744 2,826 2,911 2,998 3,088 3,181 3,277 3,375 3,476 3,580 3,688 3,798 3,912 4,030
Annual Operating Cost Savings 7,254 7,589 7,938 8,303 8,683 9,080 9,495 9,927 10,378 10,848 11,339 11,851 12,385 12,942 13,523
Financed Project Costs - Principal and Interest
Displaced System Replacemeni Costs
Special financing
USDA Green ton subsidy ($/ton, Green chip tons/year) $0.00 45
Net Annual Cash Flow 7,254 7,589 7,938 8,303 8,683 9,080 9,495 9,927 10,378 10,848 11,339 11,851 12,385 12,942 13,523
Cumulative Cash Flow 35,689 43,277 51,215 59,518 68,201 77,282 86,776 96,703 107,081 117,929 129,268 141,119 153,504 166,445 179,968




Sagle Elementary School Biomass Heating Economic Analysis

Conversion Proforma for Sagle Elementary School - 5.21% APR, USDAFS 80% of Boiler & Building - 10 Year Term

November 28, 2003
Revision:
Analyst: Stevenson-CTA

ﬁs,ml

$338,211
Mechanical Integration Costs $51,362
T nancin on Year One Fuel Price: | 1
ercent Finan: 31% Wood Chips $20.00 /ton |Elec. Escalation factor 1.04]
Amount Financed $119,004] Pellets $70.00 /ton Natural Gas Escalation factor 1.06]
Amount of Grants $270,568| Fuel Oil $0.97 /galion Fuel Oil Escalation factor 1.
|interest Rate 521% P e $0.85 /1 Peliet Escalation factor 1.
Term 10 Natural Gas .81 /mmbtu Green Chip Escalation factor i
Annual Finance Cost (years) $15,568| : [Maint. Escalation factor 3
Year Year Year Year Year Year " Year Year Year Year Year Year Year Year Year
Cashflow Descriptions Unit Costs Heating Annual Heating Heating Units 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Source Source
Proportion Volumes
E;isﬁng Heating System Operating Costs
Displaced electric resistance heating costs $0.050 111961|KWH 5,623 5,848 6,081 6,325 6,578 6,841 7,114 7,399 7,695 8,003 8,323 8,656 9,002 9,362 9,737
Displaced electric resistance heating costs (demand) $3.000 503|kW 1,509 1,569 1,632 1,697 1,765 1,836 1,909 1,086/ 2,065 2,148 2,234 2,323 2,416 2,513 2,613
Displaced Operation and Maintenance Costs 570 587 605 623 642 661 881 701 722 744 766 789 813 837 862
Biomass System Operating Costs
Green Chip Fuel ($/ton, delivered 1o boiler site, biu/lb) (90% of total heat rqmnt) $20.00 90% 45|tons 910 928 947 966 985 1,005 1,025 1,045 1,066 1,087 1,109 1,131 1,154 1,177 1,200
Small load eleciricity (10% of total heat rqmnt) $0.05 10% 17225|kWh 865 917 972 1,030 1,092 1,158 1,227 1,301 1,379 1,461 1,549 1,642 1,741 1,845 1,956
Small load electricity (demand) $3.00 79[kW 237 252 267 283 300 318 337] 357 378 401 425 450 477 506 537,
Operation and Maintenance Costs 1,710) 1,761 1,814 1,869 1,925 1,982 2,042 2,103 2,166 2,231 2,208 2,367 2,438 2,511 2,587
Annual Operating Cost Savings 3,980 4,146 4,319 4,498 4,683 4,876 5,074 5,280 5,493 5,713 5,941 6,177 6,421 6,672 6,933
Financed Project Costs - Principal and Interest (15,569) (15,569) (15,569) (15,569)| (15,569) (15,569)| (15,569) (15,569)| (15,569)| (15,569)
Displaced System Replacement Costs
Special financing
USDA Green ton subsidy ($/ton, Green chip tons/year) $0.00 45 0 0 0 0 0 0 0 0 0 0
Net Annual Cash Flow (11,590)| (11,423) (11,250) (11,071)| (10,886) (10,694)| (10,495)| (10,289)] (10,076) (9,856) 5,941 6,177 6,421 6,672 6,933
Cumulative Cash Flow (11,590)| (23,012) (34,263) (45,334)| (56,219) (66,913)| (77.408)| (87,697)| (97,773)| (107,628) (101,687) (95,510) (89,089) (82,417) (75,484)
Year Year Year Year Year Year Year Year Year Year Year Year Year Year Year
Cashflow Descriptions Unit Costs Heating Annual Heating | Heating Units 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Source Source
Proportion Volumes
Existing Heating System Operating Costs
Displaced eleciric resistance heating cosis $0.050 111961 [KWH 10,126 10,531 10,952 11,390 11,846 12,320 12,813 13,325 13,858 14,413 14,989 15,589 16,212 16,861 17,535
Displaced electric resistance heating costs (demand) $3.000 503 kW 2,770 2,936 3,112 3,299 3,497 3,707 3,929 4,165 4,415 4,680 4,960 5,258 5,574 5,908 6,262
Displaced Operation and Maintenance Costs 888 915 942 970 999 1,029 1,060 1,092 1,125 1,159 1,193 1,229 1,266/ 1,304 1,343
Biomass System Operating Costs
Green Chip Fuel ($/ton, delivered to boiler site, btw/Ib) (90% of total heat rgmnt) $9.00) 90% 45|tons 1,224 1,249 1,274 1,299 1,325 1,352 1,379 1,407 1,435 1,463 1,493 1,522 1,553 1,584 1,616
[Small load electricity (10% of total heat rgmnt) $0.05 10% 17225[kWh 2,073 2,198 2,329 2,469 2,617 2,774 2,941 3,117 3,304 3,502 3,713 3,935 4,172 4,422 4,687
Small load electricity (demand) $3.00] 79|kW 569 603 639 677 718 761 807, 855 906 961 1,018 1,080 1,144 1,213 1,286
Operation and Maintenance Costs 2,664 2,744 2,826 2,911 2,998 3,088 3,181 3,277 3,375 3,476 3,580 3,688 3,798 3,912 4,030
Annual Operating Cost Savings 7,254 7,589 7,938 8,303 8,683 9,080 9,495 9,927 10,378 10,848 11,339 11,851 12,385 12,942 13,523
Financed Project Costs - Principal and Interest
Displaced System Replacement Costs
Special financing
USDA Green ton subsidy ($/ton, Green chip tons/year) $0.00 45
Net Annual Cash Flow 7,254 7,589 7,938 8,303 8,683 9,080 9,495 9,927 10,378 10,848 11,339 11,851 12,385 12,942 13,523
Cumulative Cash Flow (68,231)| (60,642) (52,704) (44,401)| (35,718) (26,637)| (17,143) (7,216) 3,162 14,010 25,349 37,200 49,585 62,526 76,049







CONSTRUCTION COST ESTIMATE

DATE PREPAFED

11/28/03 SHEET 1 OF 1
PROJECT
Sagle Elementary School Biomass Heating Assessment CTA Architects Engineers
Joston 1500 Poly Drive, P.0. Box 1439, Billings, MT 59103
408. 248. 7455 800, 780. 7455 Fax: 406. 248, 3779
1-800-780-7455
Edden R— hiip: / /www.ctagroup.com E-mail:_Info@ctagroup.com
Sagle Elementary School Biomass Heating System Ratz
—_ WATERIAL :
. Unit Per _|_ TOTAL PROJECT COMPONENT
Units Maas. Unit TOTAL Unit TOTAL COoSsT COST
BIOMASS BOILER SYSTEM
Hot Water Boiler Plant (800 MBH Output) 1 assy| $100,000.00| $100,000.00] $38,000.00] $38,000.00| $138,000.00
State Air Quality Permit Application 1 Is $1,000.00]  $1,000.00{ $1,000.00
Subtotal $139,000.00
Design Services 6% $8,340.00
Idaho Sales Tax (On Material Only) 6% $6,000.00
TOTAL- BIOMASS BOILER SYSTEMS $153,340.00
BOILER BUILDING COSTS
Boiler Plant Building - CMU Construction (Slab on Grade) 1280 sf $40.00] $51,200.00 $15.00{ $19,200.00] $70,400.00
Domestic Water System
1-1/2" Copper CW Service from elem. boiler room, (insul.) 75 I b7.95 $596.25 $10.55 $791.25| $1,387.50
1-1/2" HDPE CW Service (below grade) 110 If $1.00 $110.00 $5.00 $550.00 $660.00
3/4" Copper (CW & HW) 175 If $4.77 $834.75 $8.06] $1,410.50[ $2,245.25
Emergency Shower and Mixing Valve 1 assy $1,500.00 $1,500.00 $300.00 $300.00|  $1,800.00
Electric Water Heater 1 ea $400.00 $400.00 $200.00 $200.00 $600.00
Service Sink 1 ea $900.00 $900.00 $700.00 700.00|  $1,600.00
Backflow Preventer (3/4") 1 ea $100.00 $100.00 $20.00 $20.00 $120.00
D-W-V System
2' PVC D-W-V 120 If $3.60 $432.00 $12.45|  $1,494.00] $1,926.00
3" PVC D-W-V 75 If $5.24 $393.00 $13.61]  $1,020.75| $1,413.75
Floor Drains 3 ea $540.00 $1,620.00 $60.00 $180.00|  $1,800.00
IMiscellaneous Plumbing 1 Is $500.00 $500.00 $500.00 $500.00]  $1,000.00|
HVAC
Combustion Ductwork 600 Ibs $0.66 $396.00 $4.59| $2,754.00| $3,150.00,
Louvers 56 sf $40.00f  $2,240.00 $12.50 $700.00 $2,940.00|
Control Dampers 4 ea $400.00 51,600.00 $90.00 $360.00]  $1,960.00
Unit Heater 2 ea $550.00 51,100.00| $100.00 $200.00 $1,300.00|
Hydronic Piping
Boiler Pump 1 ea $2,500.00|  $2,500.00 $450.00 $450.00[  $2,950.00
3" heating water mains, insulated 100 If $15.00 $1,500.00 $17.00] $1,700.00 3,200.00
Miscellaneous Hydronic Components 1 Is $2,500.00 $2,500.00 $400.00 $400.00 2,900.00|
Temperature Contrals 1 Is $5,000.00 $5,000.00] $2,500.00] $2,500.00] $7,500.00
Plant Electrical Work 1 Is $17,000.00| $17,000.00] $8,000.00|  $8,000.00] $25,000.00
Subtotal $135,852.50
General Conditions & General Contractor Markup 20% $27,170.50
Design Services 12% $16,302.30
Idaho Sales Tax (On Material Only) 6% $5,545.32
TOTAL- BOILER BUILDING COSTS $184,870.62
|MECHANICAL INTEGRATION COSTS
|Elementary School
Underground Hydronic Components
4" heating water mains, insulated underground 220 I $40.00 $8,800.00 $10.00] $2,200.00] $11,000.00
Excavate Trench (110 If x 6 ft deep x B ft wide) 200 cy $4.50 $900.00 $900.00|
Bedding (2 ft - incl mat., comp., haul) 35 cy $5.00 $175.00 $20.00 5700.00 $875.00
Backfill with compaction 165 cy $4.00 $660.00 $660.00
Restore landscape (grass) & site repair 1 Is $1,750.00]  $1,750.00] $1,000.00]  $1,000.00] $2,750.00
Hydronic Components
3" heating water mains, insulated 80 If $15.00 $1,200.00 $17.00f $1,360.00] $2,560.00
Double wall domestic heating exchanger 1 ea $6,500.00 $6,500.00f $1,000.00f $1,000.00{ $7,500.00|
HX pump 1 ea $400.00 $400.00 $100.00 $100.00 $500.00
HW tank circ pump 1 ea $400.00 $400.00 $100.00 $100.00 $500.00
Mechanical room demolition and piping rework 1 Is $2,500.00] $2,500.00] $2,500.00] $2,500.00] $5,000.00)
Electrical Integration Work 1 Is $2,500.00f  $2,500.00§ $2,500.00{ $2,500.00] $5,000.00|
Subtotal $37,245.00
General Conditions & General Coniractor Markup 20% $7,449.00
Design Services 14% $5,214.30
Idaho Sales Tax (On Material Only) 6% $1,453.50
TOTAL- MECHANICAL INTEGRATION COSTS $51,361.80
|PRECONTINGENCY PROJECT TOTAL $389,572.42
CONTINGENCY 15% $58,435.86
|RECOMMENDED PROJECT BUDGET $448,008.28

SagleCostEstimates. s
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To: Bitter Root RC&D Area. Inc.
1709 N. First Strest
Hamilton. MT 59840
(406) 363-1444 Ext.#5
FAX: 406-363-5011
EMAIL: bitterrootredudibitterrootred.ore
¢/o Tom Coston

From: Richard L. Folk, Assistant Professor
University of Idaho, College of Natural Resources
Department of Forest Products
Moscow, ID 83844-1132

Subject: Wood Fuels Characterization

A, Ultimate Analvsis (This analysis provides the percentage by weight, dry basis, of the elements in
wood such as carbon, hydrogen, nitrogen, sulfirr, oxygen, other non-combustibles known as ash.
Might be important from an air quality/regulatory point-of-view. The HHV or higher heat value is
the total heat generated by complete combustion under controlled conditions. The available
potential heat, less than the HHYV, at any moisture content is called the gross heat value (GHV)
and can be calculated as follows: GHV = HHV x [1 - %MC (wet basis)/100]. The recoverable or
useable heat energy is even less than HHV or the GHV since it contains heat losses associated
with vaporizing water, the combustion of hydljogeu gas, and heat loss in the stack gases).

C H N S o) Asi  HHV(BTU)
Douglasfir:  52.3 63 01 00 405 08 9050
Waod 525 58 OI 01 412 03 8730
Douglas-fir: ~ 56.2 59 90 00 367 12 950
Bark 53.0 6.0 0.0 trace ;39.0 2.0 9800
{
. | |
Ponderosa:” 51.8 6.3 0.1 0.0 1 471.3 0.5 9130
Pine Wood ; 9100
Ponderosa:  52.3 58 02 00 388 29 8780
Pine Bark = : 9030
9100
W. Hemlock: 50.4 58 01 01 414 22 8620
Wood 50.1 59 01 01 422 16 8290
8400
W. Hemlock: 53.7 57 00 003 389 17 9400
Bark 9090
White Pine: 526 61 00 00 413 01 8900
Wood -
W. Redcedar: | 9700
Wood.

W.Redcedar: 510 57 00  tace 382 51 8610
Bark



Grand Fir: 490 6.0 0.1 0.0 44 8 0.2 8200
Wood

Grand Fir: 52.2 5.8 0.0 trace 403 1.7 8310
Bark

W. Spruce: 518, 57 00 01 386 38 8740

Proximate Anatvsis (This analysis provides information about the percent of weight. dry basis, for
the volatile matter, fixed carbon and ash. This might be important for energy production or

“energy richness” of the wood and the amount of ash or non-combustibies which will require
disposal).

Volatile Fixed Ash
Matter - Carbon

Douglas-fir Wood: 86.2 13.7 0.1
. 82.0 17.2 0.8
82.2 17.5 0.3
Douglas-fir Bark “70.6 2T.2 22
' 72.9 259 1.3
Ponderosa Pine Wood 87.0 12.8 0.2
79.4 20.1 0.5
Ponderosa Pine Bark 73.4 7 259 0.7
* W. Hemlock Wood 84.8 15.0 0.2
W. Hemlock Bark 74.3 ;240 1.7
i 74.2 i 236 2.2
78.9 195 1.6
5 i 25.8 1.7
Grand Fir Wood 84.4 15.1 : 0.5
83.2 16.6 : 03
Grand Fir Bark 73.4 240 2.6
74.3 24.0 1.7
W. Red Cedar Wood 86.7 - 131 0.2
W.Red CedarBark - 73.0 ' 21.9 5.1
77.0 21.0 2.0
Lodgepole Pine Bark 3.5 26.0 0.5

W. Spruce Bark 69.6 26.6 3.8



Bark Ash Composition (This analysis provides information about the mineral composition of the
ash which might be important from a landfill disposal, Iand application, slagging, and boiler
corrosion point-of view),

CaO P205 Na20 MgO Fe203 Si02 K20 S0O3 (1
Douglasfir 514, ma 53 32 44 139 wa 29 04
W. Redcedar 13.9 n/a 6.6 3.1 7.2 440 na 3.0 0.7
Lodgepole Pine 48.0 n/a 84 1.8 5.6 122  np/a 33 0.4
Grand Fir 60.8 n/a 104 30 - 32 1.7 n/a 3.0 0.4
W. Hemlock 582 n/a 9.1 44 3.6 1.5 n/a 3.7 14

W. Spruce 253 wa 104 41 64 320 wa 21  tace

Wood Density (This analysis provides information about the weight per unit volume (pounds per
cubic foot) of wood when dry (0% MC), when green (saturated) or at some specified moisture
content (10-15% MC).

Specific gravity Density Ibs./cubic foot)
Drv @ a specified MC  Green Dry @ a specified MC  Green

Douglas-fir 0.50 0.51 (13%) 0.45 31.2 31.8 (13%) 28.1

(Interior West) 0.49 (8%) 0.48 30.8 (8%). - 30.0

Ponderosa Pine 0.40 0.43 (11%) 0.38 25.0 26.8 (11%) 23.7
0.44 (8%) . 27.5 (8%)

Lodgepole Pine  0.41 0.45 (8%) 0.38 25.6 28.2 (8%) 237

W. Hemlock 045  041(12%) 042 . 28.1  25.6 (12%) 26.2

g 0.46 (8%) 038 28.7 (8%) 23.7

Grand Fir 0.37 0.38(13%) 0.35 23.1  23.7(13%) 21.8

0.44 (8%) 0.36 273 (8%) 22.5

W. Spruce’ 035  0.35(12%) 033 21.8  21.8(12%) 20.6

0.38 (8%) 0.34 23.2 (8%) 21.2

- White Pine 0.38 0.4_3 (8%) 0.35 23.7 27.1 (8%) 21.8

W. Redcedar 0.32 0.33 (9%) 031 20.0 20.6 (9%) 19.3
0.36 (8%0 22.4 (8%)

W. Larch 0.52 0.55 (12%) 0.48 324 34.3 (12%) 30.0

Q.61 (8%) 051 38.2 (8%) 31.8

Subalpine Fir = 0.32  0.34 (8%) 0.31 20.0 21.3 (8%) 19.3



Moismure Content of Green Wood (This analysis provides information about the percent moisture
content [dry basis and wet basis] of green wood [saturated] in the heartwood and sapwood regions
of the tree. %MC [wet basis] = (%MC [dry basis] /(1 + %MC [dry basis] )) x 100

9%Dry Basis %Wet Basis
Heartwood Sapwood Heartwood Sapwood
Donglas-fir =~ 37  ° 115 27 54
Ponderosa Pine 40 148 29 60
W. Hemlock 85 170 46 63
Lodgepole Pine 41 : 120 29 55
White Pine 62 148 38 60
Grand Fir - 91 136 48 ! 58
W. Spruce 51 173 34 : 63
W.Larch . 54 110 35 52
W. Redcedar 58 249 37 j 71

Discussion & Conclusions -

The fuel characteristics of wood will vary within species due to age of the tree (small-diameter old
growth vs small-diameter young trees), geographic location (latitude and longitude), aspect (north,
south, east , or west facing slopes), elevation, and inheritance. These can be very difficult to
accommodate in an analysis or model so it is best to use average values. T have given multiple
values for some characteristics due to different numbers being recorded by different researchers
and due to the variables mentioned above. Each number is an average of all the data taken from
that particular study. You may therefore want to select one of the mulu;:le values or specify a
range from the lowest to the highest of the values.

In the case of “fire-damaged pulp” trees, the bark is certain to be absent or unuseable.” Moisture
content of the standing tree ar wood from salvage will not likely be above 30%, dry basis (23 %,
wet basis) so wood density values will be less than dry values but greater than green since green
values represent saturation above 30%. Following is some additional information on the weight
per cubic foot for selected species of logs. These values are usually important for log truckers
who use cubic scale of the logs to determine legal loads.

‘Western redcedar 27 Ibs. /CUbIC foot
Douglas-fir (intand) 48

White fir/Grand fir 47 *
Western Hemlock ‘41 w
Western larch 48 =
Lodgepole pine 39 -
Ponderosa pine 45 2

Western white pine 35 #
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A Biomass Systems Primer

The primary objectives of the Fuels for Schools Initiative are to:

Develop markets for non-merchantable wood byproduct of Comprehensive Forest
Treatment - Provide a vertically integrated solution to Forest Health and Wild Fire
Risk.

Partner with Communities to integrate treatment benefits into local society.

Develop practical, cost effective application models for integrating biomass-
heating systems into systems representative of a larger application group.

Identify criteria and an evaluation technique to form an entry niche application '
strategy.

Benefits and Considerations for Biomass Energy

Biomass energy comes with a variety of benefits and considerations. The following are
among the many benefits of biomass systems:

Wood fuel has better cost stability than conventional fuels. Compared to petroleum
based and natural gas fuels, wood based fuels have lower cost escalation and
volatility.

Although local factors vary, wood fuel typically costs less than conventional fuels. A
cost comparison of wood based fuels to other common fuels is provided in the below
chart and table. Note: These comparisons do not figure in recent natural gas
increases.

Local fuel production adds to the economic base of our already struggling timber
towns.

Biomass energy directly integrates with efforts to improve forest health.

When approached in a sustainable manner, biomass energy is a renewable energy
source.

Depending on the fuel production methods, the net carbon emissions to the
atmosphere are near zero. The carbon released from the combustion of biomass
material is already in the present carbon cycle, as opposed to coal or oil based
carbon, which is reintroduced to the carbon cycle after millions of years of
sequestration.



Fuels Summary

$20.00
$18.00 $17.58
$16.00
2 $14.00
m
=
S $12.00
3
G $10.00
Qo
e 56,81
E $6.00
$4.00
$1.96
$2.00
Woaod Chips-40% Natural Gas Pellets Fuel Oil Propane Electric
Moisture
Fuel Type
Feisl Type Heating Value 2003 Cost Heat Unit Cost
(BTU) (%) ($/MMBTU)
\Wood Chips-40% Moisture 5100 btu/pound 20/ton $ 1.96
Natural Gas 900 btu/standard cubic foot 6.81/MMbtu $ 6.81
Pellets 8200 btu/pound 75/ton $ 4.57
Fuel Qil 140,000 btu/gallon 1.09/gallon $ 6.93
Propane 90,502 btu/gallon 1.1/gallon $ 9.39
Electric 3413 btu/kwh 0.06/kwh $17.58

Some special considerations need to be taken into account when considering a Biomass
Energy program (multiple projects in an area) or a single Biomass Project:

Some Basic Biomass Program Considerations:

Is there a significant, sustainable need for Forest Treatment?
Is there an existing timber industry able to process and deliver the wood fuel?
What is the potential market within a reasonable haul range?
Are there Commercial and Institution buildings that may benefit from biomass
system energy cost savings?
What conventional fuel sources are available, and what is their relative cost?
What is the local enthusiasm?

Local ability to consider new ideas.

Biomass Heating Technologies

T The technologies available to produce automated heating energy from wood based
biomass are varied in their approach, but largely can be separated into two types of
heating plant; wood chip and pellet fueled. For this assessment only wood chips were
analyzed. Particular acknowledgement should be paid to Messersmith Manufacturing

2




and King Coal Furnace Corporation for their assistance in developing concepts, costs,
and project models.

Wood Chip System Summary
Two types of wood chip boiler plants were considered for this assessment.

The first concept is developed with an on-grade chip storage methed instead of the
below-grade systems used in Darby, Montana and typical of systems in the New
England. The system is housed in a building of slab on grade construction. Chips
would be unloaded from a live floor van onto the storage floor as the van pulls slowly
out from the space. A live auger would traverse the floor to dispense chips to the belt
conveyance system on the opposite side of the bin wall. From the belt conveyor, the
chips are transferred to a fuel metering bin and auger. The boiler room would be set
two feet in elevation below the chip storage to allow for the conveyance equipment.

The second concept utilizes a prefabricated fuel storage bin and chip conveyance
equipment and, up to SMMBTUH capacity, a prefabricated boiler room. The chips are
unloaded directly into the storage bin by backing the chip van into the bin and
unloading the chips as the truck slowly pulls out. Chips are conveyed from the bin to
a fuel-metering conveyor (twin screw auger) by hydraulic floor wedges, which
gradually move the fuel supply into the auger and eventually the furnace. From the
fuel-metering conveyor, the fuel moves through an air lock to the furnace stoker auger
where it is delivered to the furnace for combustion. After the products of combustion
leave the boiler, they pass through a multicone separator to remove suspended
particulate. Schematics of this system type are available in the Biomass Information
Appendix.

Independent of system type, wood chip systems have distinct advantages and
disadvantages:

Advantages of the green chip system:

1. Readily available fuel sources, such as hazardous fuel reduction residue, could
be integrated on site with the involvement of only a local treatment and chip
supply contractor.

2. The technology would be more of a known quantity than others would after the
Darby, Montana job is complete.

3. The installation is fully indoors, minimizing the aesthetic effect on the school and
surroundings.

Disadvantages of the green chip system:

1. In some sizes the initial capital cost of these systems is high compared to
pellet systems.

2. The quality, moisture content, heating value, and consistency of chip fuel can
be highly variable.



3. Depending on this fuel quality, the material conveyance portion of this system
is susceptible to disruptions.

The sizes of the green chip storage, material handling, and boiler are large. This
requires additional building be built, further increasing an already high capital cost.

Air Quality Permitting

In the State of Idaho the biomass boiler plants will likely require an air quality permit from
the Department of Environmental Quality (DEQ). DEQ is primarily concerned with
emissions of carbon monoxide (CO), sulfur oxides (SOx), nitrogen oxides (NOXx), volatile
organic compounds (VOC's), and particulate matter (PM). This permit is called a “Permit
To Construct” (PTC) and it has an application fee. If the project is approved, the project
will also have annual fees. The annual fee is dependent on the amount of emissions the
plant can theoretically produce in one year.

In wood fired combustion, CO and PM are by far the pollutants produced in greatest
amount relative to the other pollutants listed above. Preliminary calculations were
performed and it is estimated that the annual fees for this project will be $2500. The
permitting process is a public process, so there will be public review and public comment
periods. The application process takes a minimum of 30 days and can take as long as
120 days. Once in operation, source testing will also be required at the initial start-up
and then at periodic intervals (every one to five years).
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Messersmith

Industrial Conversion Combustion Systems

Messersmith Manufacturing, Inc.

2612 F Road

Bark River, MI. 49807

906-466-9010

Fax 906-466-2843

- sales@burnchips.com

THE COST SAVING MESSERSMITH
COMBUSTION SYSTEM

The Messersmith Institutional and Industrial
' Combustion System

» Hopper sized according to your needs and limitations.

o Factory installed on your site.

» Firing wood chips, sawdust, or other particle biomass
fuels.

o Burn clean and efficient.

s o Heating outputs from 1,000,000 to 20,000,000 B.T.U.H.

o Converts many boilers and furnaces.

The Messersmith system takes

you one step beyond the 2 il .
traditional woodburning stove. Is designed to minimize overall operating costs. Wood

fueled heating systems are expensive, and this expense
, must be balanced by the savings that these systems can-
An automatic BIOMASS fuel ~ produce in the long term. Our system is designed to lower
system custom designed for the operating costs in the following ways:
unique needs of your location.
« Relatively Low First Cost
» Simplicity of Maintenance and Repair
« High Fuel Efficiency and Versatility in the Fuel
Choice '
» Low Electrical Energy Consumption

Please allow us to explain briefly how our system achieves

+haon waowiléa

http://www . burnchips.com/industrial.html 6/19/2003



Messersmith wood burning, conversion combustion, Woodchip Burner, heat heating syste.. Page 2 of 3

LIITSC I COUILD.

Relatively Low First Cost

Messersmith Systems are usually priced below those offered by competing manufacturers. This is
because our systems are as simple as possible, without sacrificing reliability, performance, or safety.
Unique features of the Messersmith system that contribute to its low first cost are the traveling auger
bin unloader and direct combustion burner. The traveling auger eliminates the need for costly
hydraulic system, required with wedge floor unloading systems, and reduces bin construction cost.
The direct combustion burner operates to atmospheric pressure, avoiding the cost of rotary air locks
and induced draft fans used in gasifier-based systems.

Simplicity of Maintenance and Repair

The Messersmith System is designed and built to be reliable and easy to maintain and repair. Most of
the mechanical and electrical components of our system are obtainable directly from W.W. Grainger,

- which has nation-wide distribution, usually on a next day basis. The Messersmith System is simple;
therefore, maintenance and repairs can be easily and quickly carrded out. Often maintenance
personnel become so familiar with our systems during the warranty period that there is practically no
need for subsequent professional servicing.

High Fuel Efficiency and Versatility in Fuel ~—
Choice

The Messersmith System is very efficient and clean bumning. Larger Messersmith Systems provide
modulated fuel and air supply to the combustor, providing the correct ration and placement of fiel
and. air for efficient, smoke free combustion over the full range of heat output. Automatic flue
cleaning systems are a standard feature of our systems, maintaining maximum transfer of heat to the
boiler with no operator attention. While the use of natural draft from a properly sized (larger)
chimney enables our system to minimize its electrical consumption, we can also supply a cyclone ash
separator to minimize ash emissions from the stack.

Messersmith Systems perform more reliably than many other wood chip systems when burning whole

http://www.burnchips.com/industrial.html 6/19/2003
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tree chips. Its reliability is directly attributable to the simplicity of the fuel flow path to the boiler,
including the absence of rotary air locks. Its reliability has recently been further improved by the use
of conveyor belts instead of augers to move fuel from the chip storage bin to the metering bin.
Conveyor belts are not susceptible to jamming from oversized chips, use less electric power, and are
quieter than augers. The ability to burn whole tree chips is an advantage of the Messersmith System

that'is apt to get more important with time as the demand for high quality mill residue chips will
eventually exceed the supply. : , '

Low Electrical Energy Consumption

The Messersmith System is remarkably efficient in its use of electricity. When operated under natural
draft, the electricity use of a 1 to 5 million BTU Messersmith System averages from one to two
kilowatts. Its high electrical efficiency is due to the small number and size of electric motors
employed. The largest motor on a natural draft system is the hopper auger motor, which is only 1.5 hp
~on the 1.5 million BTU system, and operates less than one hour per day under average winter
conditions. A natural draft Messersmith System can be expected to consume less than one fourth of
the electricity of a typical gasifier based system with induced draft fan. While an induced draft
Messersmith with cyclone ash removal will consume about half of the electrical energy of a gasifier-
based wedge floor system. ALK ; :

" Copyright © 2000

Reiters Weh TM

Web Design by i s

http://www.burnchips.com/industrial.html - 6/19/2003
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King Coal
Packaged
Boiler Rooms
With
Fuel Storage

King Coal Furnace Corporation
PO Box 2161
Bismarck, ND 58502
Phone: 701-255-6406
Fax: 701-255-6916
E-Mail: kingcoal@btinet.net
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HING (DAL AURNACE CORPORATION

P.O.Box 2161
Bismarck, ND 58502
Phone: 701-255-6406  Fax: 701-255-6916  E-Mail: kingcoal@btinet.net

The King Coal prefab boiler room and fuel storage is the result of 23 years of knowledge
gained by us in the wood and coal industry. King Coal has been building package boiler
plants for schools, sawmills and kiln drying plants for years.

We have stoker fired boilers in Alaska, Canada, and North and South America.

The K’ing Coal Advantage Is:

Above ground operations- no ground water problems.
The plant comes completely assembled, wired, plumbed, etc. Very minimal on
site labor for assembly of fiiel augers, ash removal, etc.

¢ No expensive construction required. Just a slab for boiler room and futel storage,
or only footings where permitted.

e Qur stoker system will burn chips, sawdust and bark (50% moisture to dry) or
wood pellets. All these fuels use the same equipment and fuel storage.

e We provide P.L.C./ V.E.D electronic control panels as standard equipment to
provide maximum efficiency of combustion and proper turn down.

e Qur prefab boiler plants are available from 50-250 HP, or to 500 HP with on site
construction.

e Qur stoker is a close coupled gasifier that sets under the boiler to take best
advantage of radiant heat.

Wood fuel is augured up through a retort into a pile. The wood is pyrolyzed and the
gas is combusted with secondary air. Its flame then enters the firebox of the boiler
which is refractory lined, and includes an ignition arch for proper flame travel and
retention time.

Primary and secondary combustion air is preheated for efficient and smokeless
combustion.

e Construction time to delivery for our package plants can be as short as 90 days
from receipt of order. This may vary depending on the time of season and work
backlog.



* All systems come with multi-cone dust collection. Our stoker is designed to burn
the gas produced by the wood fuel. No suspension burning occurs, so very little
particulate and char escapes the boiler. Fly ash that does escape is collected and
sent to ash storage.

e All stokers are equipped with automatic ash removal, which consists of an in-
base cross auger with integral incline drag chain conveyor.

e All boilers come equipped with soot blowers, eliminating the need for manual
brushing of the tubes. The benefits are maximum heat absorption in the
convective tube section of the boiler and no shut downs for manual cleaning.

e Our package boiler and fuel storage plants are your best value. No one can block
and brick build a boiler room, wire, plumb, install controls on-site, plus the other
work required to complete a praject and come close to our price.

* King Coal offers one source responsibility, no excuses or reasons why it’s some
one else’s problem.

¢ All plants come with a prefab, insulated chimney.

Start-up procedures and operator training are included.
® We can also provide current low interest financing to qualified buyers.

Thank you for your time in reviewing this information. If you have a project that you
feel could utilize our equipment, please notify us and we can discuss the details of your
particular facility.

MICHAEL F. ROBB
President
King Coal Furnace Corporation
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) King Cool Package Boiler Room With
Fuel Storage— For Schools,
Hospitals, Sawmill & Kilndrying
Operations

Dimensioned For 80 HP . Boiler
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King Coal Package Boiler Room Wﬂch

Fuel Storage- For Schools,

Hospitals, Sawmill & Kilndrying
Operations
Dimensioned For 135 HP Boiler
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King Coal Floor Scrape Fuel Storage Prefab Building. These Storage
Bulldings Can Be Bullt 8/-10'-12'-14’ Wide & 48’ Long Or Can Be Ganged
Together Side By Side For Greater Capacity.

Wood Chips, woxc_cm.n\ /z
Or Wood Pellets aving Floor Scrapes

The King Coal _po_<p.3.no®m Ist You Coan Back Your Fuel
Dellvery Truck On To The Floor Scroapes & Unload In The
Building
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May 29, 2003

Mt., Dan Stevenson 7 . L
CTA Inc.

1500 Poly Drive

P. O. Box 1439

Billings, MT 59103

Phone: 406-896-6171 Fax: 406-248-3779 -
Cell: 406»670—8222 E-mail: dans(@ctagroup.com

BUDGET QUOTATIONS: Eureka Public Schools |
Prefabricated Boiler Plants and Fuel Storage Facilities
(Fuel - Green Wood Chips)

SPECIFICATIONS:

Elementary and Middle Schools

Prefabricated skid mounted boiler room (12 wide, 30° long, 16” high - nominal size)

Contents include the following equipment and accessories:

» 80-HP steel! fire tube boiler with factory installed trim and controls. Accessories
include, manually operated soot blower, air compressor, refractory lined base with
built-in stoker assembly, ash removal, dust collector, draft inducing fan, chirmney, and
PLC control system.

Prefabricated fuel storape facility (14" wide, 48" long, 177 high - nominal size)

Contents include the following equipment and accessories:

» Hydraulic floor scrape unloading system with twin-screw fuel metering conveyor that
transports fuel to the adjoining stoker system. The interior walls ghall be lined with
wood planks. A hot water piping system shall be incorporated into the wall liner to
provide heat to the storage facility. This heating system shall be connected to the
stoker fired boiler. The storage facility shall be equipped with an overhead door to
allow the fuel supply truck to back into the storage arca to unload.

The above equipment is fabricated under strict quality control at KING COAL’s

manufacturing plant. Both the boiler room and fuel storage facility are modular structures

that are designed for portability, This eliminates delays and field fabrication problems

associated with on-site construction.

Budget cost Elr..me:lta.ry and Middle Schools is $530,000.00 (5265,000.00 each) +/S 0o eadly
plus shipping and any applicable taxes -{fgf- ek p {zc.ur" ne v
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High School

Prefabricated skid mounted boiler room (14 wide, 34° long, 18’ high - nominal size) |5 8P

Contents include the following equipment and accessories: '

" 135-HP steel fire tube boiler with factory installed tring and controlg. Accessories .
include, manually operated soot blower, air compressor, refractory lined base with B
built-in stoker assembly, ash removal, dust collector, draft inducing fan, chimney, and Se~dition”
PLC control system.

kgmaﬁia

Prefabricated fue! storage facility (14° wide, 48" long, 17" high - nominal size)

Contents include the following equiptment and accessories; '

* Hydraulic floor scrape unloading system with twin-serew fuel metering conveyor that
transports fuel to the adjoining stoker system. The interior walls shall be lined with
wood planks. A hot water piping system shall be incorpaorated into the wall liner to
provide heat to the storage facility. This heating system shall be connected to the
staker fired boiler. The storage facility shall be equipped with an overhead door to
allow the fuel supply truck to back into the storage area to unload. '

The =bove equipment is fabricated under smict quality control at KING COAL’s
manmufacturing plant, Both the boiler room and fuel storage facility are modular structures

) that are designed for portability: This eliminates delays and field fabrication problems
associated with on-site construeton, '

Budget cost for the High School equipment package is $315,000.00. + 15,00 ( Ba..;_,}t‘,u? Buvye: ,:)
plus shipping and any applicable taxes :

L O mm By Spoo- ¢ eres

Following are several drawings that depict the equipment packages for the sbave project.
Please feel free to contact Mike Rabb ar mysclt if you have any questions.
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Sagle Elementary Energy Usage

Actual (avg)

Month kWh kW
Jan 72520 267
Feb 65840 269.5
Mar 52440 263.5
Apr 46120 2325
May 26880 225
Jun 8520 45
Jul 9360 38
Aug 18920 130.5
Sep 41920 256
Oct 66200 269
Nov 78760 269
Dec 71040 249
558520 2514




