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Executive Summary 

 
This report covers the first phase of a two-part study of the technical and financial aspects of 
using forest biomass as an energy source in Cook County. The two-part study provides county 
residents with information about the impacts of biomass energy on local energy security and 
costs, utilization of wood waste and reduction of fire risk, and stewardship of regional forests, 
water and air quality, greenhouse gas emissions, and local economies.  Phase I, which includes 
the following components, was funded by Cook County: 

 Availability of forest biomass for energy production in Cook County; 

 Options for biomass combustion technology for small, medium, and large systems; and 

 Financial implications of converting to biomass energy in various Cook County settings. 

The Phase II report, funded by the Legislative Citizen Commission of Minnesota Resources 
(LCCMR), will provide additional information on biomass supply issues and impacts. It will 
describe life cycle impacts of biomass energy systems, including environmental impacts, and 
assess stakeholder and community attitudes about expanded conversion to these systems. The 
Phase II report will also present conclusions about the long-term viability of biomass energy in 
the county and recommendations for next steps.    
 
I. Biomass Availability for Energy Production 
 
Biomass used as heating fuel comes in four forms: 1) cordwood, 2) clean chips, 3) hog (hogged) 
fuel, and 4) wood pellets. The suitability of using one of these fuels in a particular facility 
depends on the physical properties and cleanliness of the biomass, its availability, size and 
efficiency of the heating system, handling and storage limitations, labor requirements, and 
community considerations. Cordwood is only evaluated for the smallest systems because of 
storage limitations and the labor requirements of larger systems. Alternatively, hog fuel 
generated from logging residue (bark, treetops, and branches) and mixed wood material 
generated by fire mitigation treatments is an option for large district energy systems, where 
mechanical feeding systems and high temperatures support increased efficiency and reduced 
emissions. Clean chips can be substituted for hog fuel to provide lower emissions, but are more 
expensive. Premium wood pellets are produced from roundwood (bole of the tree) and, 
because of convenient handling characteristics and consistent moisture content, offer lower 
initial equipment and operation costs, but are more expensive. The table below (Table A) 
summarizes the volume of biomass available annually for energy production and estimated 
demand for a range of heating options (Table B).  
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Table A. Current and potential biomass availability by ownership and management scenario 
 Current availability Potential availability 

Ownership 

2010 
bolewood 
harvest 
(odt)1 

2010 
residual 
biomass 
(odt)2 

2010 
Firewise 
removals 
(odt)3 

10% of 
2010 
bolewood 
(odt) 

20% of 
2010 
bolewood 
(odt) 

Future 
Firewise 
removals 
(odt)3 

Residuals 
from GEIS 
harvest 
(odt)4 

Federal forests 16,021 1,851 3,189 1,602 3,204 3,189 14,014 
State, county, 

and local 19,009 2,344 -- 1,901 3,802 -- 3,790 
Private5 8,889 1,034 -- 889 1,778 -- 5,505 

Total 43,919 5,229 3,189 4,392 8,784 3,189 23,309 
1 A cord is equivalent to 1.2 dry tons.  The total 2010 bolewood harvest is equivalent to 38,911 cords. 
2 Residual biomass is the tops, limbs, branches and needles as defined by the USDA Forest Service FIA biomass 

attributes, and is in addition to the reported 2010 roundwood harvest rate for Cook County.  Residual biomass 
availability assumes 50% retention on-site. 

3 Firewise removals are estimated for Superior National Forest removals only of slash from fuels reductions efforts 
based on an estimated 12,599 cu. yards of slash generated in 2010. Future removals assumed equal to 2010 and 
not constrained by future budget allocations. 

4 The highest level of sustainable biomass removal based upon the proportion of a statewide timber harvest level 
of 4.0 million cords as estimated in the Final Generic Environmental Impact Statement (GEIS) for Minnesota. This 
amount is residual biomass only assuming 50% retention on-site, and does not include bolewood potential. 

5Includes corporate, non-governmental conservation/natural resources organizations, unincorporated local 
partnerships/associations/clubs, and tribal timberlands; also includes non-industrial private woodlands. 
 
II. Technical Analysis 
 
Thermal (heat) energy is the primary focus of this study. In the biomass systems analyzed, 
feedstocks are burned to heat water, which is then conveyed through insulated piping to heat 
one or more buildings. Cooled water is then returned to the heating plant where it is re-heated 
and re-circulated. All options, except individual buildings, assume the construction of a separate 
building to house the central heating boiler and a hot water delivery and return piping network. 
Pipes are 4 to 6-inches in diameter depending on heat load, and are typically buried 24-inches 
below ground level with 6-inches of sand beneath. Additional piping delivers the district heating 
fluid to each business or home, where it goes through a heat exchanger for use as hot water 
and/or space heating. Some conversion of the building’s heating system for a hot water heat 
supply may also be necessary. 
 
Thirteen technological options, or configurations, covering the diversity of sizes, locations, and 
heating needs in Cook County were analyzed in the study, ranging from single-family houses, 
medium-sized to large resorts or business clusters, and larger systems capable of heating part 
or all of Grand Marais. Three representative sites were assessed: Bearskin Lodge (small option, 
S1 - 4), Lutsen Resort (medium, M1) and Grand Marais public buildings, business district, and 
residential area (large, L1 - 8). One option assesses combined heat and electrical power (CHP) 
for Grand Marais. For each site, current heat use, multiple technical configurations, and 
different fuels were analyzed. The detailed assessment at each site provides data that can be 
extrapolated to the majority of sites in the county. 



Phase I Report – Revised February 6, 2012  viii   

III. Financial Evaluation and Performance 
 
A financial evaluation of capital, operating, and maintenance costs of each configuration was 
conducted and compared to the cost of existing fossil fuel-based systems (Table B). 
Comparisons are based upon assumptions developed by the U.S. Energy Information 
Administration about fossil fuel prices in the next 20 years.  The “reference case” assumes fossil 
fuel prices to be $100-123/barrel by 2030; while the “high oil price” scenario assumes 
$196/barrel by that time. Four different measures of financial performance are employed to 
estimate (1) energy cost per mmBtu (million British thermal units of heat energy); (2) simple 
payback period; (3) return on investment (ROI); and (4) outstanding capital needed in addition 
to the fuel cost savings. 
 
General considerations drawn from this analysis include: (1) piping is costly ($138 - 220/foot), 
so configurations with more closely spaced buildings and simplified installation are most cost 
effective; (2) configurations with higher heat demand have lower costs per unit of energy; and 
(3) construction and operating costs (including fuel costs) sometimes run counter to one 
another. As noted above, pellet-based systems are less expensive to build, but are considerably 
higher than clean chips and hog fuel to operate because of the delivered cost of pellets. 
 
These comparisons do not capture non-financial benefits, (e.g., wildfire risk reduction) and 
drawbacks of conversion to biomass energy. The manner and cost of financing is also not 
included because of the variability involved and the method of financing is a separate decision 
from whether or not to invest. 
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Table B. Financial evaluation and performance of modeled configurations. 

      Simple payback (yrs) 

Configuration 
Annual 
heat load Fuel type 

Biomass 
demand 
(dry ton/yr) 

Capital 
construction 
costs 

Annual 
O&M  
costs 

Reference 
scenario 

High oil 
price 
scenario 

S1:  Supplemental heat stove for single-
family residence 

35 mmBtu 
Cordwood 
Pellets 

3.6 
2.3 

$4,000 
$3,500 

$800 
$600 

9 
6 

8 
5 

S2:  Biomass furnace for single-family 
residence 

70 mmBtu 
Cordwood 
Pellets 

7.2 
4.7 

$15,000 
$15,000 

$1,500 
$1,100 

16 
11 

12 
9 

S3:  Heat for main lodge only 500 mmBtu                                   Cordwood 44 $162,000 $10,600 20+ 20+ 

S4:  Heat for multiple cabins and main 
lodge 

1,100 
mmBtu                                

Clean chips 
Pellets 

107 
72 

$649,000 
$575,000 

$17,000 
$20,600 

20+ 20+ 

M1: Heat for multiple buildings 
5,200 
mmBtu                                        

Clean chips 
Pellets 

510 
342 

$995,000 
$909,000 

$53,800 
$87,100 

9 
12 

8 
10 

L1:  Heat for Cook County Courthouse 
1,400 
mmBtu                                 

Clean chips 
Pellets 

132 
88 

$336,000 
$269,000 

$13,200 
$22,900 

10 
11 

9 
9 

L2:  Heat for public buildings north of 5th 
Street N (no hospital) 

5,800 
mmBtu                                 

Clean chips 
Pellets 

561 
376 

$1,443,000 
$1,354,000 

$46,000 
$90,000 

10 
13 

8 
10 

L3:  Heat for public buildings north of 5th 
Street N (hospital) 

12,100 
mmBtu                                 

Clean chips 
Pellets 

1,178 
790 

$2,137,000 
$1,964,000 

$96,000 
$188,500 

7 
10 

7 
8 

L4:  District heat for Grand Marais 
business district 

19,700 
mmBtu 

Hog fuel 
Pellets 

1,950 
1,300 

$7,058,000 
$6,679,000 

$210,000 
$388,000 

16 
20+ 

13 
18 

L5:  District heat for business district (L4) 
and public buildings (L2) (no hospital) 

25,500 
mmBtu 

Hog fuel 
Pellets 

2,500 
1,700 

$8,405,000 
$7,992,000 

$253,000 
$494,000 

14 
20+ 

12 
17 

L6:  District heat for business district (L4) 
and public buildings (L3) (hospital) 

34,200 
mmBtu 

Hog fuel 
Pellets 

3,400 
1,520 

$8,855,000 
$8,457,000 

$304,000 
$645,000 

11 
18 

10 
15 

L7:  District heat for homes & businesses 
between 5th Ave W. and 6th Ave E. 

45,000 
mmBtu 

Hog fuel 
Pellets 

4,600 
3,100 

$13,226,000 
$12,641,000 

$437,000 
$867,000 

13 
20+ 

11 
17 

L8:  Combined heat and power (CHP) 
system for configuration L7 

45,000 
mmBtu 

Hog fuel 
Pellets 

8,750 
6,850 

$15,483,000 
$17,751,000 

$563,000 
$1,758,000 

15 
20+ 

13 
20+ 
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Phase I Findings 

1. At current timber harvest and Firewise treatment levels in Cook County, 
approximately 8,500 dry tons of biomass is annually available, which is sufficient to 
supply various district heating configurations in Cook County and/or Grand Marais.  
Chipping bolewood for clean chips or pellet production could significantly increase 
feedstock availability but that could divert material from existing pulpwood markets 
and increase prices. Barring construction of a pellet production plant in Cook County, 
any option utilizing wood pellets would require purchase from an outside supplier. 

2. All the slash generated from hazardous fuels reduction treatments within 50-miles of 
Grand Marais could be fully utilized by district heating and/or combined heat and 
power (CHP) for the Grand Marais business district and public buildings north of 5th 
Street North. 

3. Future biomass availability is expected to continue to be dependent upon the level of 
production of higher valued co-products harvested from roundwood for pulp or 
sawlogs, which typically subsidize the removal of residuals to roadside or landing for 
processing. Future harvest rates are highly dependent upon market fluctuations and 
are thus difficult to predict. Supply contracts or other agreements may be needed. 

4. Current harvest levels in Cook County are about 75% below the estimated Generic 
Environmental Impact Statement (GEIS) threshold for sustainable forest management 
in the state. Increasing timber harvesting to a sustainable threshold of 163,546 
cords/year increases the availability of residual biomass to 23,309 dry tons annually, 
assuming 50% are retained on site for ecological purposes. 

5. In all the configurations modeled, annual biomass fuel purchases and O&M (operating 
and maintenance) costs are lower than for a conventional fossil fuel heating system.  
However, all of the sites assessed already possess heating systems that could continue 
in operation, whereas new investment would be needed in order to burn biomass. At 
some point, new investment will be necessary to replace old fossil fuel boilers as well. 

6. Financial performance of all options depends on assumptions about future fossil fuel 
prices and/or taxes. Under the reference or business-as-usual scenario, seven of the 
configurations would take more than 20 years to pay back, or the assumed life of the 
equipment. Under the high oil price scenario, payback time for 21 options is less than 
the 20-year threshold. 

7. Small-scale biomass furnaces (70 – 1,200mmBtus annual heat demand) range from 
$15,000 for single-family homes and buildings, $120,000 for small lodges; and 
$340,000 - $415,000 for small central heating systems for a lodge and several cabins 
(plus building and piping). For single-family homes or other relatively small buildings, 
free standing wood or pellet stoves producing 35 mmBtu/year costs about $4,000. 
Single building furnaces (without piping) are cost efficient, with payback periods 
between 5 – 9 years and high returns on investment. Low population densities can 
limit the size of energy systems due to high piping costs and the amount of heat loss 
resulting from moving hot water over long distances. 
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8. Medium-sized biomass heating systems for resorts, roughly the size of Lutsen Resort, 
or business clusters having annual heat demands approximating 6,000 mmBtu/year 
are $670,000 – $770,000, not including building and piping.  A system heating 
multiple, closely spaced buildings with clean chips provides a potentially return on 
investment of 134-234% over the 20-year life, which will vary depending on future 
fossil fuel costs and financing. 

9. Large heating systems range from a single public building (County Courthouse) to 
systems heating the majority of public buildings, businesses, and residences in Grand 
Marais.  Annual heat demand for district heating configurations is 20,000 – 45,000 
mmBtu. Options providing heat to public buildings north of 5th Street are projected to 
pay for themselves in fuel savings alone in less than 10 years. Options that would 
expand to the business district are more feasible under the high oil price scenario.  
However, high piping costs because of low building density and an estimated $6,500 
hook-up costs make district heating for all of Grand Marais less cost efficient. 

10. CHP for the majority of buildings in Grand Marais has capital costs considerably more 
than other options. This technology produces approximately one unit of electricity for 
every four units of heat. 

11. The Minnesota Pollution Control Agency requires the calculation of emissions 
associated with each of the district heating/CHP configurations, the largest of which 
would require an “Option D” registration air permit and emissions tracking. An 
“Option D” permit is issued when facilities have allowable emissions below federal 
thresholds, which is the case for each of the configurations assessed. 

12. Although in-depth assessment of local manufacturing of pellets was not a formal part 
of this study, available information suggests that there is insufficient local demand to 
make such an enterprise profitable (see appendix D). 

13. Phase I analysis did not include a local economic impact assessment of biomass 
conversion. However, findings from studies in other parts of the country indicate a 
range of economic impacts possible.  Multipliers for bioenergy applications in different 
parts of the country indicate that for every dollar spent locally on bioenergy fuel, an 
additional $0.26 – $0.83 is re-spent locally through indirect and induced spending.  
Actual impacts will depend on the type of system(s) employed and mix of local 
industries present. 

14. The financial analysis does not include non-financial factors important for making 
decisions, including tradeoffs associated with the utilization of hazardous fuels, 
reduced emissions, wealth retention and job creation, fuel security, and others. 

15. Phase II analyses will include more information on the various environmental and 
economic impacts of biomass energy systems assessed.  It will also provide a formal 
process for considering the financial and non-financial factors important to making 
decisions at the household, community, and county levels, and the tradeoffs involved. 

 



Phase I Report – Revised February 6, 2012   xii 

Glossary 

As received—wood waste and chips paid 
for on an “as received” basis without 
regard to moisture content. 

Bioenergy—heat and/or electricity 
produced from biomass energy systems. 

Bole—the main trunk of the tree, above the 
stump and below the crown/top. 

Btu—British thermal unit. Standard unit of 
energy equal to the heat required to 
increase the temperature of one pound of 
water one degree Fahrenheit. 

Clean chips—wood fiber processed into a 
wood chip that is free of contaminants 
like bark and needles, and generally 
includes only the bolewood of a tree. 

Co-firing—combustion of two types of 
materials, e.g., biomass with coal. 

Co-generation—simultaneous production 
of heat and electricity from one or more 
fuels, also called combined heat and 
power (CHP). 

Condensing power—power generated 
through a steam turbine where the steam 
is exhausted into a condenser, cooled to a 
liquid, and recycled back into a boiler. 

Cord—stack of round or split wood 
consisting of 128 cubic ft of wood, bark, 
and air space (measures 4ft x 4ft x 8 ft). 

DBH—diameter at breast height, used to 
measure trees. 

Discount Rate—the rate used to determine 
the present value of future cash flows, 
which takes into account both the 
expected interest that could be earned on 
present money plus any uncertainty 
surrounding the future cash flows. 

Discounted Payback Period—the number 
of years required to recover the cost of an 
investment with future cash flows 
discounted (see also NPV). 

Forest biomass—the accumulated above- 
and belowground mass (bark, leaves, and 

wood) from living and dead woody shrubs 
and trees. 

Forest residues—the aboveground material 
generated from logging during harvesting, 
e.g., leaves, bark, and tree tops. 

Hog (hogged) fuel—biomass generated by 
grinding wood and wood waste and used 
for energy production. 

Internal Rate of Return (IRR)—the discount 
rate that makes the net present value of 
all cash flows (or net savings) from a 
project equal to zero. More desirable 
projects generally have higher IRR’s. 

Landing—the site where harvested trees 
are accumulated for loading onto trucks 
or processed for chips or hog fuel. 

Levelized Cost of Energy (LCOE)—the cost 
per unit of energy that, if held constant 
through the analysis period, would result 
in an NPV equal to zero. 

Net Present Value (NPV)—given a desired 
rate of return, the current worth of a 
future stream of cash flows (or savings) 
minus its current cost. Future cash flows 
(or savings) are discounted at the 
discount rate, and the higher the discount 
rate, the lower the present value of the 
future cash flows. 

Organic Rankine Cycle (ORC)—pressurizing, 
heating, vaporizing, condensing, and re-
heating an organic fluid (e.g., propane, 
octamethyltrisiloxane (OMTS) in a closed 
cycle to generate electricity and 180°F 
district hot water. 

Oven-dry ton (odt)—ton of biomass or 
wood assuming zero percent moisture 
content by weight.  Also referred to as dry 
ton and bone-dry ton. 

Pellets—type of wood fuel. Premium pellets 
are made from compacted sawdust that is 
a byproduct of sawmilling. 

http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Biomass
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Productive machine hour—time during 
scheduled operating hours when a 
machine performs its designated function; 
excluded downtime for maintenance, 
weather, and other delays. 

Pulpwood—trees and wood suitable for 
manufacturing paper. 

Rotation—number of years required to 
establish and grow trees to a specified 
size, product, or condition of maturity.  

Roundwood—logs, bolts, and other round 
sections cut from the tree. 

Sawtimber—log or tree meeting minimum 
diameter and stem quality requirements 
to be sawed into lumber. 

Skidding—moving trees from a felling site 
to a loading area or landing using 
specialized logging equipment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Slagging—the formation of deposits on 
boiler tubes, usually due to the presence 
of chemical contaminants. 

Slash—tree tops, branches, bark, or other 
residue left on the ground after forestry 
operations. 

Stumpage—value or volume of uncut trees 
in the woods. 

Thinning—partial harvesting of a stand of 
trees to accelerate the growth of the 
trees left standing. 

Timberland—forested land capable of 
producing in excess of 20 cubic ft/acre per 
year of industrial wood crops under 
natural conditions. 

Wildland-urban interface (WUI)—areas of 
increased human influence and land use 
conversion in forests. 
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Common Conversions 

 
Energy Heating Values 

Heat source Heat Value 

Moisture percentage  
by wet weight  
(delivered average) 

Electric/off-peak electric 3,413 Btu/kWh -- 

#2 Heating Oil 135,000 Btu/gal -- 

Propane 91,600 Btu/gal -- 

Cordwood 9,400,000 Btu/ton 35% 

Wood pellets 16,800,000 Btu/ton 10% 

Clean wood chips 8,800,000 Btu/ton 40% 

Hog fuel 8,800,000 Btu/ton 40% 

 
 
Common Forest Biomass Conversions1 

Unit Conversion 

1 truckload of wood 23-26 green tons 

1 green ton of wood 0.70 dry tons of wood (30% moisture content) 

1 cord of roundwood 1.2 dry tons of wood (128 cu ft) 

1 oven dry ton (odt) 7,600-9,600 Btu/lb (18-22 GJ/t) 
1 megawatt (MW) per year 5,300 – 7,000 dry tons of wood per year 

85,000 – 110,000 million Btu per year 
powers approximately 750-900 homes per year 

1 One ton equals 2,000 lbs 
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1.0 Introduction and Background 

This report covers Phase I of a two-part study of short and long-term economic, social, and the 
environmental impacts of woody biomass energy systems in northeastern Minnesota.  Phase I 
was commissioned by the Minnesota Cook County Board of Commissioners to provide 
preliminary information on the technical and financial feasibility of using locally generated 
forest biomass as an energy source for businesses and communities.  Phase II, sponsored by the 
Legislative Citizen Commission on Minnesota Resources (LCCMR), considers life cycle, 
environmental, greenhouse gas emissions, and other impacts of locally sourced forest 
bioenergy.  The goal of these studies is to assist the public in making well-informed decisions 
about converting from fossil fuels to biomass energy. 
 
Phase I analysis is organized into three steps. The first step characterizes forest biomass 
supplies in Cook County including the physical availability, cost, and logistics of producing and 
delivering biomass feedstocks.  The second step examines biomass energy technology options 
for small, medium, and large energy systems.  Stand-alone heating furnaces are considered for 
single buildings and small resorts, district heating for multiple buildings at larger resorts or 
business clusters, and community-scale heating or combined heat-and-power options focusing 
on Grand Marais.  The third step evaluates the financial performance of alternative biomass 
energy systems and contrasts these to existing conventional fossil fuel systems.  Air quality 
impacts and permitting, economic impacts, and renewable energy incentives are also discussed. 
 
The Phase II report will provide expanded analysis and community input, followed by a set of 
conclusions about the viability of biomass energy conversion in the county, and pathways for 
moving forward.   
 

2.0 Cook County Profile and Community Concerns 

Cook County covers approximately 3,340 square miles of which 950,207 acres (44%) is land 
cover and the rest water.  91,272 acres (9.6%) are privately owned with an additional 45,013 
acres owned by the Grand Portage Tribe.  The remaining acres are administered by the USDA 
Forest Service (Superior National Forest—400,777 ac; Boundary Waters Canoe Area—261,809 
ac), State of Minnesota—Department of Natural Resources (144,828 ac), and local and county 
government (6,508 ac) (Figure 2.1).1  
 
Cook County has 5,176 residents living in 2,707 owner and renter-occupied households (Table 
2.1) and population density of 6.4 people per mile. 2  Grand Marais is the county seat with 1,238 
residents in 657 households.  Other communities are Grand Portage (598 residents; 292 
households), Lutsen (363 residents; 165 households), Hovland (272 residents; 122 households), 
Tofte (263 residents; 108 households), and Schroeder (220 residents; 105 households).3 

                                                
1
 Cook County Minnesota Assessor’s Office. 2011. Personal communication. 

2 US Census Bureau. 2011. 2005-2009 American Community Survey.  US Census Bureau, Washington, DC.  
3 Ibid 
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US Census data show tourism and related services as the largest economic sectors in the county 
in terms of employment (23% of jobs).  Retail (14%), education and health-social services (13%), 
and construction (11%) are the next largest.  The US Bureau of Labor Statistics reports 3,282 
individuals in the workforce in 2010 with a seasonally adjusted local area unemployment rate of 
6.8%.4  The median household income in that year was $47,933. 
 
Population projections for Cook County were last made in 2007 by the Minnesota State 
Demographic Center based on 2000 US Census Bureau data.5  The projected 2010 population 
for the county using that data was 5,570, which was about 8% higher than measured.  Adjusting 
future projections downward by 8%, Cook County is projected to grow to 6,320 individuals by 
2030 (22% increase over 2010 population).  Similar projections for Grand Marais estimated a 
2010 population of 1,570 individuals, which was 21% higher than the actual population.  
Adjusting future projections downward by this factor, Grand Marais is projected to grow to 
1,566 by 2030 (26% increase over 2010 population).  Information on the impact of population 
growth on biomass demand can be found in Appendix B.  However, it is not factored into the 
analysis on heat demand because of the uncertainty of the rate of change, and because heat 
demand would need to grow substantially to change the configurations as assessed.  Projected 
growth is not such that significant new heating demand is expected. 

                                                
4
 US Department of Labor. 2011. Local Area Unemployment Statistics, 2010. US Dept of Labor, Washington, D.C. 

5 Minnesota State Demographic Center. 2011. Projected population to 2030 for cities and townships outside the 
Twin Cities area. Available online at: http://www.demography.state.mn.us/projections.html.  
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Figure 1.1. Cook County land ownership by type and amount. 
 

http://www.demography.state.mn.us/projections.html
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According to US Census data, the most common form of owner-occupied home heating is 
propane followed by electricity and equal amounts of heating oil and wood.  Propane was the 
most common heating source in rentals followed by electricity and small amounts of heating oil 
and wood.  Table 2.1 shows the average delivered, in-home price of these fuel sources for 2010. 
 
Table 2.1. Fuel use in Cook County, MN baseline information.6 

 Housing 2010 fuel price 

 Owner-occupied Renter-occupied Total (avg $/mmBtu) 

Residents -- -- 5,176 -- 
Housing units 2,023 684 2,707 -- 
Home heating (%)     

Propane 40.9 49.4 36.4 $22.40/mmBtu 
Electricity (peak) 21.3 31.4 24.5 $28.10/mmBtu 
#2 heating oil 18.2 11.3 15.1 $22.90/mmBtu 
Wood (cord) 18.1 2.1 18.5 $14.63/mmBtu 
Other 1.5 5.8 5.5 -- 

 

 
3.0 Forest Biomass Supply 

The first step of analysis is development of realistic supply estimates of biomass that could be 
used for local energy production.  Although Cook County has extensive forest resources, how 
much biomass is ultimately available for energy production is dictated by factors such as forest 
conditions, timber harvest levels, ownership objectives, wood product markets, and wood 

                                                
6 US Census Bureau. 2011. 2005-2009 American Community Survey.  US Census Bureau, Washington, DC. 

Community Outreach Findings 

Surveys of public opinion in Cook County reveal a variety of concerns driving interest in 
alternatives to existing home heating options, and prompting this study: 

 Volatile and rising prices for propane and heating oil, which are a significant portion 
of monthly household expenditures;  

 Utilization of waste wood and slash generated by wildfire hazardous fuels reduction 
projects around structures and communities. Developing markets for under-utilized 
biomass could pay for increased forest management and forest restoration 
activities;  

 Reducing greenhouse gases generated from burning of fossil fuels.  Locally produced 
biomass for community-scale energy systems could contribute to meeting 
Minnesota’s target of 25% renewable energy consumption by 2025;  

 Local economic development and job opportunities in forest management, 
harvesting, processing, and energy operations; 

 Retention of money spent on energy within the county. 
 

Public surveys also identified concerns about potential negative impacts of conversion to 
bioenergy that need careful analysis: 

 Negative impacts from rising demand for and over-harvest of forest biomass, 
including increased forest harvest to meet demands, extension of forest roads to 
access biomass, and the environmental impacts of biomass removal; 

 Impacts on air quality from biomass combustion, including changes in emissions of 
particulate matter (PM), NOx, sulfur dioxide (SO2), carbon (CO), and volatile organic 
compounds (VOC). 
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processing capacity.  The removal of vegetation from around homes and communities to 
reduce hazardous fuels also produces wood waste that, in the past, was burned but that could 
provide feedstock for heating and CHP systems.  
 
In the following analysis, a preliminary estimation of annual biomass availability is based on 
annual tonnage from different management activities and the cost of converting and 
transporting it as usable feedstocks to energy facilities.  The tables below summarize the steps 
in this process.  
 

3.1. Physical Availability 

For the purposes of this analysis, available biomass can be converted into four types of 
feedstocks used in the combustion technologies in this report: 
 

 Cordwood is equivalent to 4-ft lengths of roundwood cut and stacked into cords, or 
stacks of 4-ft x 4-ft x 8-ft. Cordwood is used for firewood in conventional fireplaces, 
wood-burning stoves, or boilers for home heating purposes. 

 Clean chips are wood fiber, generally the bolewood of the tree, processed into chips 
free of contaminants like bark and needles.  Clean chips are suitable for residential and 
small industrial heating applications. 

 Hog (hogged) fuel is wood fiber generated by grinding or chipping wood and wood 
waste including bark, leaves, branches, and tops of trees.  Wildfire fuels reduction 
treatments and whole tree harvesting produces hog fuel, which is used for industrial 
and district heating and CHP applications. 

 Wood pellets are made from compacted sawdust or pulverized wood chips.  Premium 
pellets are made from sawdust and clean chips free of contaminants and are highly 
dense with low moisture content (below 10%) allowing them to be burned with greater 
combustion efficiency in residential and small industrial applications.  Industrial grade 
pellets have higher ash content and are used in industrial applications with larger boilers 
and higher combustion temperatures than residential scale boilers. 

 
 
Table 3.1 provides a breakdown of timberland acres in Cook County by age class and forest type 
for the most recent Forest Inventory and Analysis (FIA) reporting period (2004-2008).7  This 
information was derived using the Forest Age Class Change Simulator (FACCS), which estimates 
total biomass by ownership type and tree species.8  The Aspen-birch forest type occupies 
324,783 acres (53% of timberland) and Spruce-fir occupies 161,671 acres (26% of timberland).  
Of those acres, 48% and 41% respectively, are greater than 60 years old and are either at or 

                                                
7
 USDA Forest Service. 2011. FIADB Version 4.0. Available online at: http://199.128.173.17/fiadb4-
downloads/datamart.html. 

8 Domke, G.M. 2010. Resource assessment and analysis of aspen-dominated ecosystems in the Lake States. 
University of Minnesota, Ph.D. dissertation. 

http://199.128.173.17/fiadb4-downloads/datamart.html
http://199.128.173.17/fiadb4-downloads/datamart.html
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beyond their target harvest rotation age.  Designated wilderness areas, old-growth reserves, 
wildlife management areas, state parks, and towns are not included in this analysis.  
 
Table 3.1. Timberland acres by age class and forest type in Cook County, MN (2004-2008 
inventory period; non-stocked areas excluded). 

Age Class 
White-red-
jack pine Spruce-fir1 Oak-pine 

Oak-
hickory 

Elm-ash-
cottonwood 

Maple-
beech-birch2 Aspen-birch 

0-10 2,902 8,767 7,311 - 2,486 4,973 41,034 
11-20 13,462 13,082 - - - - 31,288 
21-30 8,284 14,512 - - - 5,455 21,003 
31-40 4,820 14,491 - - - 2,902 12,039 
41-50 726 18,667 - - 597 5,590 20,958 
51-60 3,500 26,201 - - 3,585 11,667 42,640 
61-70 - 14,249 - - 1,693 14,288 87,763 
71-80 5,511 7,741 - - 2,902 10,061 43,490 
81-90 - 4,801 - - 3,241 12,603 14,498 
91-100 726 14,559 - - - - 7,680 
100+ - 24,601 - - 1,840 726 2,390 

TOTAL 39,931 161,671 7,311 0 16,344 68,265 324,783 
1 Other softwoods combined with the Spruce-fir forest type. 
2 Other hardwoods combined with the Maple-beech-birch forest type. 

 
Table 3.2 displays the average oven-dry tons (odt) per acre by type and ownership.  Forest 
biomass is classified into bolewood (main stem roundwood), limbs and tops, saplings, stumps, 
and roots.  The Minnesota Forest Resources Council (MFRC) guidelines on biomass harvesting 
recommend that stumps and roots, comprising 21% of total biomass, not be removed and are 
thus excluded from the analysis.9   
 
 
 
 
Table 3.2. Dry tons of living biomass by stand attribute and ownership in Cook County, MN.1,2 

  Government       

Biomass attribute Federal State Local 
Private 
industrial 

Private 
non-industrial Total 

Bolewood (≥5 in. dbh) 4,127,594 840,203 75,967 887,021 344,490 6,275,275 

Tops and limbs 1,138,389 230,814 24,542 258,656 103,253 1,755,654 

Saplings (1-4.9 in. dbh) 1,971,652 494,522 58,354 382,320 201,886 3,108,735 

Stumps 262,857 53,908 4,840 54,752 22,006 398,362 

Belowground roots 1,656,088 365,096 37,814 345,168 150,159 2,554,326 

                                                
9
 Minnesota Forest Resources Council (MFRC). 2007. Biomass harvesting guidelines for forestlands, brushlands, and 
open lands. St. Paul, MN: Minnesota Forest Resources Council. Available online at: 
http://www.frc.state.mn.us/initiatives_sitelevel_management.html. 

http://www.frc.state.mn.us/initiatives_sitelevel_management.html
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1 Site-level variation does not differ significantly within forest types. 
2 Size of trees measured in inches as a function of diameter at breast height (dbh). 

 
Table 3.3 presents FIA and Minnesota Department of Natural Resources (DNR) data showing 
the average annual timber harvest rate in Cook County between the years 2005 and 2009 was 
approximately 28,178 cords (32,290 odt).10,11  The 2010 harvest rate, which was used in Phase I 
analysis was 38,911 cords.  The majority of the harvest was in the Aspen-birch and Spruce-fir 
forest type groups with more than 40% of the total harvest from the Pat Bayle and Grand 
Portage State Forests.  Timber harvesting on public lands is expected to remain stable in the 
near future.  Harvest by the Grand Portage Tribe could increase with expanding bioenergy 
applications.  Future timber harvesting on private lands is unknown. 
 
Table 3.3. Average annual timber harvest by forest type in Cook County, MN 2005 – 2009. 

Forest Type 
Avg harvest 
(cords)1 

Oven-dry tons 
(odt)/cord 

Avg harvest 
(odt) 

Target rotation 
(yrs)2 

White-red-jack pine 4,997 1.1417 5,705 100 

Spruce-fir  4,214 1.0500 4,425 75 

Oak-pine 633 1.3750 870 75 

Oak-hickory 0 1.3750 0 75 

Elm-ash-cottonwood 121 1.2917 156 75 

Maple-beech-birch 414 1.2500 518 75 

Aspen-birch 17,799 1.1583 20,617 50 

TOTAL 28,178 --  32,290 -- 
1 Harvest data obtained from FIA and Minnesota DNR.12,13 
2 Target harvest rotation age based upon a statewide assessment of silvicultural practices14 and the 
state Forest Development Manual guidelines.15 

                                                
10 USDA Forest Service. 2011. FIADB Version 4.0. Available online at: http://199.128.173.17/fiadb4-

downloads/datamart.html. 
11 Don Deckard, Minnesota DNR Forest Economist. Personal communication. June 24, 2011. 
12 USDA Forest Service. 2011. FIADB Version 4.0. Available online at: http://199.128.173.17/fiadb4-

downloads/datamart.html. 
13 Don Deckard, Minnesota DNR Forest Economist. Personal communication. June 24, 2011. 
14

 D’Amato AW, Bolton NW, Blinn, CR, Ek AR. Current status and long-term trends of silvicultural practices in 
Minnesota: A 2008 Assessment. Staff Paper 205. University of Minnesota, Department of Forest Resources. 

15 Minnesota Department of Natural Resources. 1997. Forest Development Manual. St. Paul, MN: Department of 
Natural Resources, Division of Forestry. 

http://199.128.173.17/fiadb4-downloads/datamart.html
http://199.128.173.17/fiadb4-downloads/datamart.html
http://199.128.173.17/fiadb4-downloads/datamart.html
http://199.128.173.17/fiadb4-downloads/datamart.html
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Figure 3.1. Dry tons of hog fuel from Superior National Forest timber sales and fuels 
reduction treatments within 45-miles of Grand Marais, MN. 
 
Table 3.4 shows total annual biomass generated from timber harvests reported in Table 3.3.  
Target harvest rotation ages of 50 to 100 years are used.  A 50% retention rate of available 
residual biomass is assumed left on site (tops and limbs) for soil nutrification, water 
management and wildlife habitat, which is more than the 33% retention rate recommended in 
the MFRC biomass harvest guidelines.  The analysis indicates 5,229 odt residual biomass from 
timber harvesting is available annually within the county at the 38,911-cord harvest level. Table 
3.4 also presents annual biomass availability for different management scenarios.  For instance, 
as timber harvesting for primary forest products (e.g., pulpwood) increases, the corresponding 
amount of residual biomass increases.  Assuming a statewide harvest rate of 4.0 million cords, 
as calculated in the Final GEIS on Timber Harvesting and Forest Management in Minnesota,16 
the annual sustainable harvest rate in Cook County increases to 163,546 cords/yr, nearly a 76% 
increase over the current year.  Corresponding residual biomass increases to 23,309 odt/yr, 
assuming 50% retention on-site.  These estimates assume no other constraints on harvest levels 
and are suggestive of possible removal rates only.  They do not constitute a harvest plan and do 
not include estimates of available biomass outside the county. 
 
 
 

                                                
16

 Jaakko Pöyry Consulting, Inc.  1994.  Final generic environmental impact statement on timber harvesting and 
forest management in Minnesota.  Prepared for the Minnesota Environmental Quality Board.  Tarrytown, NY:  
Jaakko Pöyry Consulting, Inc. 
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Other management scenarios analyzed included chipping bolewood for clean chips, and wildfire 
fuels reduction treatments for hog fuel, referred to as Firewise removals.17  Early stand 
treatments (e.g., pre-commercial thinning) and use of under-utilized species were not analyzed 
because of the skewed distribution of forest age classes in the county, and in particular the 
abundance of standing aspen-birch and spruce-fir in older age-classes (Table 3.1).  Table 3.4 
shows scenarios in which 10% and 20% of available bolewood at the 2010 harvest rate is 
chipped for bioenergy (clean chips).  Bolewood chipping increases availability by an additional 
4,392 odt/yr and 8,784 odt/yr, respectively.  Under the GEIS scenario of 163,546-odt harvest 
rate, 10% bolewood generates an 18,931 odt annually.   
 
Table 3.4 shows 3,189 odt (12,599 cu. yards) of biomass generated from Firewise removals on 
the Superior National Forest within Cook County.  This material, which is classified as hog fuel 
because it includes bark, branches and needles, was generated from 1,425 acres of treatments 
in 2010 with an average removal rate of 3.72 odt/acre.  Figure 3.1 shows the amount of this hog 
fuel available from the Superior National Forest within 15, 30, and 45-miles of Grand Marais by 
road type.  Although higher removal rates are sustainable, future Firewise removals on Superior 
National Forest land are assumed equal to 2010 removal rates and are not constrained by 
budget allocations.  
 
 
 
 
 

                                                
17 http://www.firewise.org/ 
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Table 3.4. Current and potential biomass availability by ownership and management scenario in Cook County, MN.  

 Current availability Potential availability 

Ownership 

2010 
bolewood 
harvest 
(odt)1 

2010 
residual 
biomass 
(odt)2 

2010 
Firewise 
removals 
(odt)3 

2010 
total  
hog fuel 
(odt) 

10% of 2010 
bolewood 
(clean chips) 
(odt) 

20% of 2010 
bolewood 
(clean chips) 
(odt) 

Future 
Firewise 
removals 
(odt)3 

Residuals 
from GEIS 
harvest rate 
(odt)4 

Federal forests 16,021 1,851 3,189 5,040 1,602 3,204 3,189 14,014 
State, county, and local 19,009 2,344 -- 2,344 1,901 3,802 -- 3,790 
Private5 8,889 1,034 -- 1,034 889 1,778 -- 5,505 

Total 43,919 5,229 3,189 8,418 4,392 8,784 3,189 23,309 
1 A cord is equivalent to 1.2 dry tons.  The total 2010 bolewood harvest is equivalent to 38,911 cords. 
2 

Residual biomass is the tops, limbs, branches and needles as defined by the USDA Forest Service FIA biomass attributes, and is in addition to the reported 
2010 roundwood harvest rate for Cook County.  Residual biomass availability assumes 50% retention on-site. 

3 Firewise removals are estimated for Superior National Forest removals only of slash from fuels reductions efforts based on an estimated 12,599 cu. yards of 
slash generated in 2010. Future removals assumed equal to 2010 and not constrained by future budget allocations. 

4 The highest level of sustainable biomass removal based upon the proportion of a statewide timber harvest level of 4.0 million cords as estimated in the Final 
Generic Environmental Impact Statement (GEIS) for Minnesota.18 This amount is residual biomass only assuming 50% retention on-site, and does not include 
bolewood potential. 

5Includes corporate, non-governmental conservation/natural resources organizations, unincorporated local partnerships/associations/clubs, and tribal 
timberlands; also includes non-industrial private woodlands. 

 

                                                
18 Jaakko Pöyry Consulting, Inc.  1994.  Final generic environmental impact statement on timber harvesting and forest management in Minnesota.  Prepared for 

the Minnesota Environmental Quality Board.  Tarrytown, NY:  Jaakko Pöyry Consulting, Inc. 
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3.2 Biomass Harvesting and Transport Costs 

The costs of harvesting, handling, and transporting biomass to a processing facility are critical 
factors in the total price paid.  These costs also vary widely based on operator and equipment 
productivity, tree species harvested, distance to processing facility, and whether co-products 
exist (e.g., pulpwood).  For the purposes of this analysis, we assume all harvest and skidding 
costs associated with moving trees to a forest landing are a function of a primary pulpwood or 
sawlog market.  Therefore, the price paid for residual biomass (tops and limbs) does not include 
harvest and skidding costs because they would not be incurred if it were not for those markets.  
Rather, the price paid at the landing includes only the chipping/grinding operation.  Wages, 
benefits, and employer costs for workers' compensation and unemployment insurance are held 
constant.  Total fixed and variable costs are calculated at a rate of $183.72/PMH (productive 
machine hour), which are the total hours of use for scheduled purposes over the course of one 
year (assumes $2.80/gal off-highway diesel fuel price).  Assuming a productivity rate of 24 
odt/PMH (approximately 2 truckloads/hr), chipping cost are $7.66/odt ($183.72/PMH ÷ 24 
odt/PMH) at the landing.  Appendix A provides a breakdown of equipment costs.19 
 
Transportation costs are the costs of transporting biomass from the forest landing to the 
heating or CHP facility.  Transportation costs are calculated as a function of distance traveled 
and highway diesel fuel cost of $3.32/gal (12-month Midwest average).20 Using a methodology 
developed by the Idaho National Laboratory,21 the average transport cost for a loaded semi-
truck and trailer (25 tons) is $21.36/odt on improved roads. Within 50 miles, we therefore use a 
rate of $0.43/odt/mile to calculate the variable costs of transportation from the woods to the 
thermal heating or CHP sites analyzed in the next section. 
 
The delivered cost of biomass is the aggregate of the harvesting, processing/handling, and 
transportation costs to the assessed sites.  It also includes the stumpage rate for biomass, 
which the Superior National Forest and Minnesota DNR set at approximately $0.80/odt.  The 
average delivered cost of biomass up to 50 miles is $29.82/odt ($0.80/odt + $7.66/odt + 
$21.36/odt).  A summary of these costs are included in Section 5, Financial Performance. 
 

3.3 Forest Operations 

For a logger to justify moving equipment to a site to process biomass there needs to be enough 
throughputs to offset hourly costs. Small parcel sizes, long mobilization distances between 
harvest sites, and long transport distances to a heating or CHP site are disincentives.  Having 
the appropriate equipment to efficiently harvest and process biomass are also barriers.  We 

                                                
19 Brinker RW, Kinard J, Rummer B, Lanford B. 2002. Machine rates for selected forest harvesting machines. 

Circular 296. Auburn, AL: Alabama Agricultural Experiment Station. 
20 US Energy Information Administration. 2011. Petroleum and other liquids: Annual retail gasoline and diesel prices. 

US Department of Energy, Washington, D.C. Available online at: 
http://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_a.htm. 

21 Blackwelder, D.B., and E. Wilkerson. 2008. Supply system costs of slash, forest thinnings, and commercial energy 
wood crops. TM2008-008-0 (INL/MIS-09-15228). Idaho National Laboratory. 

http://www.eia.gov/dnav/pet/pet_pri_gnd_dcus_nus_a.htm
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conducted interviews with area loggers during the spring of 2011 to determine their level of 
interest in participating in biomass markets, equipment capacity and needs, and the costs of 
production, including mobilization of equipment and biomass processing.  Interest among those 
interviewed was high but tempered by the cost of equipment and lack of biomass harvesting 
volume to justify expenses.  None of the interviewed loggers was removing biomass generated 
from commercial timber harvests in Cook County at the time of interviews, but most were 
willing to do so if adequate markets developed for the material.  One operator was conducting 
whole-tree chipping (bolewood/roundwood) of low value trees used for generating heat at the 
Grand Portage Casino in Grand Portage, MN. That same operator, who uses a stationary 
chipper, was the only one in the region with the equipment for processing biomass.  In-woods 
chippers would best accommodate the types of biomass systems considered in this analysis, 
but biomass markets would need to expand substantially to justify additional investment. 
 

4.0 Site Selection and Engineering 

This study examines two principal methods for converting woody biomass to energy and then 
distributing that energy to individual buildings and businesses: 
 

 Thermal heating is generated by burning biomass in a stove/furnace/boiler to produce 
hot water or radiant convection heat, which is circulated through a single or multiple 
buildings via piping and then distributed as heat through a network of radiant units or 
through a heat exchanger using forced air (Figure 4.1). 

 

 Combined heat and power (CHP, or cogeneration) is a technology that employs a 
vaporized, low boiling point, high molecular weight organic fluid to spin a turbine and 
generate electricity.  The waste heat generated is sufficient to produce 175°F water, 
which is circulated to homes and businesses (Figure 4.2). 

 
In both cases, insulated piping is required to convey the hot water to the building(s) and return 
the cooled water to the heating plant where it is re-heated and re-circulated.  The piping will 
vary in diameter from 1” to 10”, depending on the heat load, and is typically buried on a 6” 
sand base with at least 24” of cover. Additional piping is also needed to connect each business 
or home to the main supply line.  The district heating fluid goes through a heat exchanger at the 
home or business to be used for hot water or heat.  Some conversion of the building’s heating 
system to a hot water heat supply may also be necessary.  
 
A number of businesses in Cook County are seasonal and located in remote areas.  This 
presents both opportunities and challenges.  In areas such as Tofte and Lutsen, low population 
density limits the size of energy systems due to high piping costs and the amount of heat loss 
resulting from moving hot water over long distances.  Even in Grand Marais the population 
density is low for the application of district heat.  However, there is a potential for biomass to 
be used on a relatively small scale to provide energy to communities, or scaled to individual 
homes or resorts, using small district heating or individual biomass-powered furnaces. 
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Figure 4.1. Generic woody biomass thermal heating system. 
 

 
Figure 4.2.  Organic Rankin Cycle (ORC) combined heat and power (CHP) system. 
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The approach used in Phase I analysis was to develop proxy information that could be applied 
to different sites reflecting the diversity of size, location, and types of heating systems in Cook 
County.  An initial selection of thirteen sites was made across three categories of relative 
scale—small, medium and large.  The team concluded that a detailed assessment of one site at 
each scale was sufficient to provide data that could be extrapolated to the majority of sites in 
the county.  Within each site multiple configurations were modeled to approximate conditions 
in non-assessed sites.  The final study sites selected were Individual homes & Bearskin Lodge 
(small), Lutsen Resort (medium), Grand Marais (large). 
 
Multiple combinations of scale and technology were modeled for each site to assess technical 
and financial performance.  The mix of technologies were selected and sized to optimize 
financial and technical performance using cordwood, clean chips, hog fuel, or wood pellets.  
While these configurations are specific to actual facilities or clusters of buildings, the analysis 
can be applied to a variety of locations by altering site-specific variables like distance of hot 
water piping and mmBtu required. The following sections provide a breakdown of specific 
equipment and site factors modeled for the small, medium, and large configurations. See Table 
4.1 for equipment specifications.  
 

 Small-scale configurations (S) modeled two types of buildings, a single-family residence 
and Bearskin Lodge.  The single residence configuration (S1) was modeled for a free-
standing stove using cordwood or wood pellets.  A larger flex-fuel boiler that provides 
space heating and hot water using cordwood or wood pellets as the primary heat source 
was modeled as S2.  Bearskin Lodge, which is 25 miles north of Grand Marais on the Gun 
Flint Trail (County Road 12), has 17 total buildings on site.  A mix of propane fueled hot 
water and forced air heating are the primary heat sources.  Two configurations were 
modeled for this scale, the first (S3) modeled a cordwood-boiler for the main lodge.  The 
second configuration (S4) modeled a distributed heating system for the main lodge and 
guest cabins using clean chips and wood pellets as the primary heat source.  Other 
buildings were omitted due to the distance of piping needed and small heating demand. 

 

 Medium-scale configuration (M) modeled Lutsen Resort on Lake Superior, 
approximately 20 miles south of Grand Marais on Hwy 61, can serve as a proxy for larger 
resorts and business clusters in the county. Lutsen Resort has 30 buildings and 
approximately 133,000 sq ft of required heating space. Propane fueled hot water is the 
primary heat source.  Only one configuration was modeled for this site (M1), which was 
a distributed heating system for the main building and guest cabins on the south side of 
the Poplar River using clean chips and wood pellets as the primary heat source.  
Included is the hot water load to heat the indoor pool in the main building.  The Poplar 
River Condos on the north side of the river were excluded because of the distance of 
piping required, and the interruptible electricity rate in place for those buildings making 
it unlikely wood energy would compete financially.  The S2 configuration would be 
similar to the Poplar River Condos in terms of heat load. 
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 Large-scale configurations (L) modeled various options in Grand Marais, with the 
potential to reach up to 45 commercial properties, hundreds of residences, three 
condominiums, three apartment complexes, hospital, county courthouse, existing 
community center, and law enforcement center.22  Hot water demand was included in 
the total demand load for each configuration.  In total, eight configurations were 
modeled, the first (L1) being a thermal heating system for the Cook County Courthouse 
fueled by clean chips or wood pellets, which is similar to Bearskin Lodge but would 
require less underground piping.  The second (L2), a distributed heating system for the 
public buildings north of 5th Street North excluding the hospital and clinic because of the 
need for 175-degree water for sterilization, and recent heating system upgrades to the 
clinic.  Clean chips and pellets were modeled as the primary fuel source.  The third 
configuration (L3) encompasses the same buildings as L2 plus adding the hospital and 
clinic.  The fourth configuration (L4) modeled district heating for the downtown 
commercial district south of Hwy 61 bounded by 4th Ave East with total heating load of 
19,500 mmBtu/yr (Figure 4.3).  The fifth configuration (L5) includes the downtown 
commercial district plus the public buildings north of 5th Street North, excluding the 
hospital and clinic.  Piping would run along Hwy 61, north on 6th Ave East and west on 
5th St North bounded by 5th Ave West (Figure 4.4).  The sixth configuration (L6) 
encompasses the same buildings and piping as L5 plus adding the hospital and clinic.  
The seventh (L7) modeled district heating for residential and commercial businesses in 
Grand Marais bounded by 5th Ave West and 6th Ave East with total heat usage of 45,000 
mmBtu/year (Figure 4.5).  The eighth configuration (L8) modeled the same area as in L7 
but using an Organic Rankine Cycle (ORC) system to produce heat and electricity.  Hog 
fuel and wood pellets were modeled as the primary fuel sources for L4-L8. 

 
Fuel usage data for small and medium configurations were obtained from the owners of the 
assessed facilities, most of which are heated with propane and off-peak electricity.  Household 
fuel use data were obtained from the Census Bureau’s Profile of Housing Characteristics.23  
Large users in Grand Marais, most of which use propane or heating oil, were surveyed to 
determine current use volumes by season.  Fuel usage was in line with current statewide fossil 
fuel price averages and rates were confirmed with fuel suppliers in the Grand Marais area.  
Historic trends of the statewide average prices are shown in Figure 5.1. 
 
Table 4.2 provides a cost summary of capital, installation, operations and maintenance (O&M), 
buildings, piping, and related project development aspects for each system, scale, and 
configuration modeled.  Competitive quotes were obtained for larger equipment.  Industry 
knowledge of LHB, Inc. was used to determine O&M estimates for smaller configurations. 
 

                                                
22

 Proposed facilities were excluded from the analysis; any new facility could significantly alter results depending 
on size, location, and scheduled heat demand.   

23 Factfinder.Census.gov. Fact Sheet Grand Marais city, 2000 Housing Characteristics. (2010 census data not yet 
available)  
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Figure 4.3.  Coverage map of configuration L4. 
 
 

LLL555   LLL666   

LLL444   

 
Figure 4.4. Coverage map of configuration L5 (without hospital) and L6 (with hospital). 
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LLL444   

LLL222   LLL333   

 
Figure 4.5. Coverage map of configuration L7 (district heat) and L8 (CHP). 
 
 
 
 
 



Phase I Report – Revised February 6, 2012  17 
 

Table 4.1. Modeled system configurations and equipment specifications. 

Configuration 
Annual heat 
load1 

Boiler as priced 
(max/hr)2 

Fuel 
type 

Equipment 
efficiency 

Biomass demand 
odt/yr (wet tons) 

Peak boiler 
(gal/yr) 

S1: Free-standing stove for single-family residence 35 mmBtu Free standing stove 
Cordwood 

Pellets 
70% 
83% 

3.6 (5.5) 
2.3 (2.6) 

-- 

S2:  Biomass furnace for single-family residence 70 mmBtu 
Woodmaster Flex Fuel 
Furnace 

Cordwood 
Pellets 

70% 
83% 

7.2 (11.0) 
4.7 (5.2) 

-- 

S3:  Heat for main lodge only 500 mmBtu                                     GARN 3200(0.42 mmBtu/hr) Cordwood 72% 44 (68) -- 

S4:  Heat for multiple cabins and main lodge 1,100 mmBtu                                 
Woodmaster Biomax(1.02 
mmBtu/hr) 

Clean chips 
Pellets 

70% 
82% 

107 (179) 
72 (80) 

-- 

M1: Heat for multiple buildings 5,200 mmBtu                                        
Woodmaster Biomax(4.4 
mmBtu/hr) 

Clean chips 
Pellets 

70% 
80% 

510 (850) 
342 (380) 

-- 

L1:  Heat for Cook County Courthouse 1,400 mmBtu                                 
Woodmaster Biomax(1.02 
mmBtu/hr) 

Clean chips 
Pellets 

70% 
82% 

132 (219) 
88 (98) 

-- 

L2:  Heat for public buildings north of 5
th

 Street N 
(no hospital) 

5,800 mmBtu                                 
Woodmaster Biomax(3.2 
mmBtu/hr) 

Clean chips 
Pellets 

70% 
80% 

561 (935) 
376 (418) 

-- 

L3:  Heat for public buildings north of 5
th

 Street N 
(hospital) 

12,100 mmBtu                                 
Woodmaster Biomax(6.8 
mmBtu/hr) 

Clean chips 
Pellets 

70% 
82% 

1,178 (1,963) 
790 (878) 

-- 

L4:  District heat for Grand Marais business district 19,700 mmBtu 
Hurst  
Woodmaster Biomax(13.3 
mmBtu/hr) 

Hog fuel 
Pellets 

70% 
80% 

1,950 (3,250) 
1,300 (1,450) 

-- 

L5:  District heat for business district (L4) and public 
buildings (L2) (no hospital) 

25,500 mmBtu 
Hurst 
Woodmaster Biomax(14.2 
mmBtu/hr) 

Hog fuel 
Pellets 

70% 
80% 

2,500 (4,200) 
1,700 (1,850) 

-- 

L6:  District heat for business district (L4) and public 
buildings (L3) (hospital) 

34,200 mmBtu 
Hurst 
Woodmaster Biomax(15.0 
mmBtu/hr) 

Hog fuel 
Pellets 

70% 
80% 

3,400 (5,700) 
1,520 (2,500) 

-- 

L7:  District heat for homes & businesses between 
5th Ave W. and 6th Ave E. 

45,000 mmBtu 
Hurst 
Woodmaster Biomax(16.7 
mmBtu/hr) 

Hog fuel 
Pellets 

70% 
80% 

4,600 (7,600) 
3,100 (3,400) 

8,800 (propane) 

L8:  Combined heat and power (CHP) system for 
configuration L7 

45,000 mmBtu 

VAS Thermal (heat) 
Turboden (CHP) 
0.7 MW ORC; 1.1 mmBtu/hr 
peak boiler 

Hog fuel 
Pellets 

82% 
82% 

8,750 (14,600) 
6,850 (7,600) 

20,800 (propane) 

1 
Assumes 55-60% of heat load with peaking backup for coldest days. 

2
 Heat demand calculated for Grand Marais assumes 100-mmBtus annual demand per residence heating with propane (39%) or fuel oil (42%). 
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Table 4.2. Generalized costs for small, medium, and large-scale configurations in Cook County, MN. 

Configuration Fuel type 
Boiler capital 

& installation1 
Annual  
O&M2 

Building 
Only3 Piping4 

Customer 
Hookup5 

Tax, insur., 
freight 

Engineering; 
const. mgt. 

S1:  Free-standing stove for single-family 
residence 

Cordwood 
Pellets 

$4,000 
$3,500 

$0 
$0 

n/a 
n/a 

$0 -- 0% 0%; 0% 

S2:  Biomass furnace for single-family 
residence 

Cordwood 
Pellets 

$15,000 
$15,000 

$0 
$0 

n/a 
n/a 

$0 -- 0% 0%; 0% 

S3:  Heat for main lodge only 
Cordwood $84,350 $1,000 $36,400 

(364 sq ft) 
250 ft 

@ $165/ft 
-- 10% 6%; 10% 

S4:  Heat for multiple cabins and main 
lodge 

Clean chips 
Pellets 

$385,550 
$310,664 

$8,000 
$3,000 

$36,400 
(364 sq ft) 

1,200 ft 
@ $190/ft 

-- 10% 6%; 10% 

M1: Heat for multiple buildings 
Clean chips 
Pellets 

$691,113 
$610,620 

$13,000 
$5,000 

$61,600 
$56,000 

1,100 ft 
@ $220/ft 

-- 10% 6%; 10% 

L1:  Heat for Cook County Courthouse 
Clean chips 
Pellets 

$286,492 
$218,906 

$2,000 
$1,000 

$36,400 
(364 sq ft) 

60 ft 
@ $220/ft 

-- 10% 6%; 10% 

L2:  Heat for public buildings north of 5th 
Street N (no hospital) 

Clean chips 
Pellets 

$735,148 
$652,145 

$4,000 
$2,000 

$61,600 
$56,000 

3,400 ft 
@ $190/ft 

-- 
10% 6%; 10% 

L3:  Heat for public buildings north of 5th 
Street N (hospital) 

Clean chips 
Pellets 

$1,272,507 
$1,109,126 

$7,000 
$3,500 

$104,720 
$95,200 

4,000 ft 
@ $190/ft 

-- 
10% 6%; 10% 

L4:  District heat for Grand Marais 
business district 

Hog fuel 
Pellets 

$3,150,623 
$2,835,560 

$150,000 
$75,000 

$700,000 
17,765 ft 

@ $138/ft 
$750,000 3.2% 7%; 1.4% 

L5:  District heat for business district (L4) 
and public buildings (L2)(no hospital) 

Hog fuel 
Pellets 

$3,436,224 
$3,092,600 

$175,000 
$87,500 

$730,000 
25,128 ft 

@ $138/ft 
$800,000 3.2% 7%; 1.4% 

L6:  District heat for business district (L4) 
and public buildings (L3)(hospital) 

Hog fuel 
Pellets 

$3,617,078 
$3,255,370 

$200,000 
$100,000 

$730,000 
26,450 ft  

@ $138/ft 
$950,000 3.2% 7%; 1.4% 

L7:  District heat for homes, businesses 
between 5th Ave W. and 6th Ave E. 

Hog fuel 
Pellets 

$4,400,289 
$3,960,260 

$300,000 
$150,000 

$780,000 
45,400 ft  

@ $138/ft 
$1,767,500 3.2% 7%; 1.4% 

L8:  Combined heat and power (CHP) 
system for configuration L7 

Hog fuel 
Pellets 

$9,150,299 
$8,235,269 

$300,000 
$150,000 

$1,140,000 
45,400 ft  

@ $138/ft 
$1,767,500 3.2% 6.5%; 1.4% 

1 All systems assume a 20-year usable life. Purchase price based on actual equipment supplier quotes. 
2 Excludes fuel costs and incremental electrical. 
3 Building costs assume $100/sq ft construction.  Costs do not include site acquisition. 
4 Average piping costs inclusive of materials (6-in pipe with insulation), trenching (2-ft cover with 6-in sand beneath), and labor. 
5 Individual hookup costs assume $6,500 cost/homeowner, $10,000 cost/business; L7/L8 assume 70%  of potential customers connect.
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5.0 Financial Performance 

5.1 Financial Assumptions 

Table 5.1 shows the assumptions used in the financial analysis.  All prices are in real dollars for 
2010 meaning prices change only if there are technological changes or if shifts occur in supply 
or demand.  Prices are held constant for each configuration.  See Appendix B for financial 
performance metrics and definitions.   
 
The “usable life” of all equipment modeled was assumed to be 20 years, which is common for 
energy-saving capital investments.  Beyond 20 years, technological changes and costs for 
overhauls and repairs mean that most of the value of capital has depreciated.  Also, the lower 
“discounted” value of future savings means that cash flows more than 20 years into the future 
are unlikely to influence present decisions. 
 
Discount rates vary depending on the investor’s view of the opportunity cost of money (if 
invested elsewhere) and the risk associated with the project.  Higher discount rates make 
projects appear less attractive, meaning the investor believes an alternative project would be 
profitable or that expected future cash flows from the current project are highly uncertain.  
One typically finds discount rates between 5%-8% for energy efficiency projects.24  We adopt a 
discount rate of 6.5% for all scenarios. 
 
Non-fuel factors such as labor, operating, and maintenance costs are assumed constant 
because it is not conceivable that the configurations assessed would have a noticeable impact 
on the labor supply in Cook County or on the market for heating equipment.  However, fuel 
costs change over time directly affecting delivered costs for cordwood, clean chips, hog fuel, 
and wood pellets.  About 20% of harvest, handling and processing costs are fuel-related so we 
inflate prices at 20% of the inflation rate of diesel fuel (See Appendix A cost breakdown). 
 
Energy values used are consistent with engineering assumptions and held constant across sites.  
While the energy contents for the fossil fuels are relatively constant, wood fuels fluctuate 
depending on the type of wood and moisture content.  The energy value used for delivered 
cordwood is consistent with seasoned firewood, 9.4 mmBtu/ton.  The energy value used for 
delivered clean chips and hog fuel is 8.8 mmBtu/ton, based on an average moisture content 
throughout the year.  Wood pellets have a more consistent energy value of 16.8 mmBtu/ton. 
 
Table 5.2 shows the average current fossil fuel prices and 20-year projections.  The Energy 
Information Administration (EIA) of the U.S. Department of Energy publishes annual forecasts 
of fossil fuel costs using supply, demand, and price projections on a per mmBtu basis for the 
West-North-Central region of the US.  We use the EIA “Reference Case” of projected annual 

                                                
24

 Fuller, M. 2008. Enabling investments in energy efficiency: A study of energy efficiency programs that reduce 
first-cost barriers in the residential sector. Energy & Resources Group, UC Berkeley, Berkeley, CA. Website 
[http://www.eelriver.org/pdf/pge/Exhibit%2015%20CD-6%20(Fuller).pdf]. 
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price change over the next 20 years (2011-2030), which assumes that fossil fuel prices in 
northern Minnesota will track the rest of the northern Midwest. 25  The starting price from 
which to escalate future prices uses averages of the most recent fuel receipts obtained from 
each site.  Projected costs are in real 2010 dollars.  Prices for the Reference Case are shown in 
Figure 5.1 with Minnesota and Midwest heating fuel prices over the past 10 years. 
 
We tested the sensitivity of results to future energy prices by modeling each configuration 
under the “High Oil Price” scenario from the 2011 Annual Energy Outlook.26 Oil prices 
themselves are not included but are related to the prices of other fossil fuels.  For comparison, 
in the Reference Case benchmark oil prices start at $100/barrel and increase to $123/barrel in 
2030.  In the High Oil Price scenario they increase to $196/barrel by 2030. 
 
Table 5.3 shows the average current biomass fuel prices and 20-year projections.  Price quotes 
were obtained from local suppliers of cordwood, wood pellets, and clean chips.  Because there 
is no local market for hog fuel, we developed a delivered price of $29.82/odt (Section 3.2), 
which equates to $17.89/ton at 40% moisture content by weight.27 The delivered price of 
cordwood was $165/cord (35% moisture content by weight) ($211/odt or $137.50/wet ton).28   
 
The estimated delivered price of wood pellets was $210/ton (10% moisture by weight), which 
was derived from quarterly regional price reports compiled by the Pellet Fuels Institute over the 
past five years.29  Those data show the average price for bagged pellets is $149.50/ton and we 
add an average delivery charge of $60/ton, for a total delivered pellet price of $209.50/ton.  As 
comparison, Birch Grove School in Tofte currently pays $133/ton for standard pellets plus 
$79/ton bulk delivery for a delivered price of $212/ton. 
 
To calculate future pellet prices, we used information on the fuel costs of producing pellets as a 
price escalator.  Electricity comprises about 6.5% of the cost of pellet production, and drying 
fuel using pellet dust or hog fuel comprises 16%.  To be consistent with other assumptions, we 
link the electricity portion of pellet production costs to the change in electricity prices and link 
the drying fuel portion to the change in hog fuel prices.  As a result, the price of production 
increases by 0.1% per year in the Reference Case scenario and 0.4% per year in the High Oil 
Price scenario.  We link the delivery portion of pellet prices to the EIA Reference Case for diesel 
fuel, which has an annual price increase of 1.4%.  In the High Oil Price scenario, diesel fuel 
increases 3.3% annually. 
 

                                                
25

 US Energy Information Administration. 2010. Annual Energy Outlook 2010. DOE/EIA-0383. US Department of 
Energy, Washington, D.C. Available online at: http://www.eia.gov/oiaf/archive/aeo10/pdf/0383%282010%29.pdf.  

26
 Ibid 

27
 Formula for translating dry weight and wet weight: wet weight * (1 - % moisture content by weight) = dry weight.  

1 dry ton equals 1.67 tons at 40% moisture; $29.82/dry ton  (1.67 wet tons/dry ton) = $17.89/wet ton.   
28 1 wet cord * (1 - .35 Moisture by weight) = .65 dry cords.  With 1.2 dry tons per cord, this equals (.65 * 1.2) = .78 

dry tons/wet cord.  $165  .78 = $211/dry ton.  $211/dry ton  (1.54 wet tons/dry ton) = $137.50/wet ton. 
29 Pellet Fuels Institute. 2010. PFI quarterly newsletters. Arlington, VA. Available online at: 

http://pelletheat.org/about-us/pfi-newsletter/. 

http://www.eia.gov/oiaf/archive/aeo10/pdf/0383%282010%29.pdf
http://pelletheat.org/about-us/pfi-newsletter/


Phase I Report – Revised February 6, 2012  21 
 

Finally, we estimated the delivered price of clean chips to be $45/ton (40% moisture by weight) 
with an average delivery distance of 50 miles.  While there are limited markets for clean chips in 
the county, chip prices have been consistent over the past few years with most price changes 
occurring from the increased cost of delivery. 
 
Table 5.1.  Non-fuel investment and financing assumptions. 

Financial metric Assumption 

Capital useful life 20 years 

Discount rate 6.5% 

Annual inflation rate (non-fuel) 0% 

Years tax depreciation (if applicable) 10 years 

Income tax rate (if applicable) 35% 

Financed amount 0% 

Financing term (if applicable) 10 years 

Interest rate on loan (if applicable) 6.7% 

 
 
Table 5.2.  Average current fossil fuel prices and 20-year annual rates of change. 

Fuel type 
Statewide 
average price1 

Cook County 
price used2 

Annual change, 
reference case 

Annual change, 
high oil price 

Electric (¢/kWh) 10.4¢ 10.4¢ to 12.5¢ -0.65% -0.57% 

Off-peak electric (¢/kWh)3 n/a 6.0¢ -0.65% -0.57% 

#2 heating oil ($/gal) $3.09 $3.09 0.95% 2.89% 

Propane ($/gal) $2.18 $2.05 to $2.30 1.84% 4.26% 

Diesel fuel ($/gal) $3.32 $3.32 1.44% 3.34% 
1 Based on Minnesota data from the Energy Information Administration 

2 Prices approximate 2010/2011 averages, from current Cook County users. 

3 Price from current Cook County, MN users; escalation rate same as regular electric. 

 
 
Table 5.3.  Average current biomass delivered fuel prices in Cook County, MN  

Biomass type 

Cook County price 
$/dry ton 
(+delivery) 

Cook County price 
$/wet ton 
(+delivery) 

Annual % change,  
reference scenario 
(delivery) 

Annual % change, 
high oil scenario 
(delivery) 

Cordwood1 $154 ($58) $100 ($38) 0.3 (1.4) 0.7 (3.3) 

Pellets2 $167 ($67) $150 ($60) 0.1 (1.4) 0.4 (3.3) 

Clean chips3 $58 ($17) $35 ($10) 0.3 (1.4) 0.7 (3.3) 

Hog fuel4 $8.50 ($21) $5 ($13) 0.3 (1.4) 0.7 (3.3) 
1 Price based on conversations with local suppliers 
2 Price based on Pellet Fuels Institute data and conversations with local bulk pellet buyers 
3 Price based on conversations with local buyers 
4 Calculated via Section 3.2, Biomass Harvesting and Transport Costs. 
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Figure 5.1.  Cook County historic and Midwest-US projected prices by fuel type (2010 dollars). 
 
 

5.2 Financial Performance Summary 

Table 5.4 presents cumulative and disaggregated cost data for each configuration organized by 
capital construction costs and annual operating costs for the reference and high oil price 
scenarios for future projections.  Shown at the bottom of the table, the performance metrics 
provided for each configuration are: 
 

 Cost of heat, also known as the Levelized Cost of Energy (LCOE), is the lifetime capital 
and O&M costs divided by the total energy united produced (see Appendix C); 

 Simple payback period is the number of years it would take for the savings from a 
project to pay off the initial cost (not adjusted for the time value of money); 

 Return on investment is the (undiscounted) financial return minus the cost of 
investment, divided by the cost of investment over the life of the project.  The time 
value of money (discount rate) is not considered, but the simple undiscounted return on 
investment can be used to compare between projects of equal life. 

 Outstanding capital needed is the total amortized capital and annual operating cost of a 
new biomass system minus the savings on fuel over 20-years.  The lower this figure is, 
the more attractive the biomass project. 
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Table 5.4.  Financial performance of small (S), medium (M), and large (L) configurations. 
 S1 

Free standing stove for 
single-family residence 

S2 
Biomass furnace for  
single-family residence 

S3 
Heat for main 
lodge 

S4 
Heat for multiple cabins 
and lodge 

M1 
Heat for multiple  
buildings 

Thermal demand  35 mmBtu/yr 70 mmBtu/yr 500 mmBtu/yr 1,100 mmBtu/yr 5,200 mmBtu/yr 
20-yr effective fossil fuel price2 $29.50/mmBtu $29.50/mmBtu $22.50/mmBtu $24.00/mmBtu $31.50/mmBtu 
Fuel type Cordwood Pellets Cordwood Pellets Cordwood Clean chips Pellets Clean chips Pellets 

Capital construction costs          
Site prep and& building $1,500 $1,000 $5,000 $5,000 $41,000 $97,000 $83,000 $149,000 $128,000 
Boiler and fuel receiving $2,500 $2,500 $10,000 $10,000 $45,000 $185,000 $140,000 $397,000 $349,000 
Back-up boilers -- -- -- -- -- -- -- -- -- 
Piping & pumping -- -- -- -- $43,000 $233,000 $233,000 $247,000 $247,000 
Other misc

1
 $0 $0 $0 $0 $33,000 $134,000 $119,000 $202,000 $185,000 

Homeowner hookup -- -- -- -- -- -- -- -- -- 
TOTAL $4,000 $3,500 $15,000 $15,000 $162,000 $649,000 $575,000 $995,000 $909,000 

Annual operating costs (20 yrs)          
Delivered wood costs           

Reference scenario $800 $600 $1,500 $1,100 $9,400 $8,100 $16,900 $38,500 $80,300 
High oil price scenario $800 $600 $1,500 $1,100 $9,500 $8,100 $17,000 $38,700 $80,800 

O&M, utilities & electric $0 $0 $0 $0 $1,200 $8,900 $3,700 $15,300 $6,800 
TOTAL Reference $800 $600 $1,500 $1,100 $10,600  $17,000  $20,600  $53,800  $87,100  
TOTAL High Oil Price $800 $600 $1,500 $1,100 $10,700  $17,000  $20,700  $54,000  $87,600  

Reference scenario          
Cost of heat ($/mmBtu)2  $32.00 $24.70 $40.80 $34.80 $55.90 $69.30 $66.70 $27.80 $32.90 
Simple payback period 9 years 6 years 16 years 11 years >20 years >20 years >20 years 9 years 12 yrs 
Return on investment

3 
147% 310% 32% 91% -109% -71% -81% 134% 78% 

Outstanding capital needed 4 $0 $0 $4,900 $100 $170,200 $548,900 $517,700 $0 $76,100 

 High oil price scenario          
Cost of heat ($/mmBtu)2  $33.60 $25.70 $42.40 $35.80 $57.40 $69.80 $67.60 $28.30 $33.90 
Simple payback period 8 years 5 years 12 years 9 years >20 years >20 years >20 years 8 years 10 years 
Return on investment

3 
312% 514% 120% 186% -105% -61% -72% 234% 181% 

Outstanding capital needed 4 $0 $0 $0 $0 $166,800 $519,300 $494,500 $0 $0 
1 Other miscellaneous costs include taxes, insurance, freight, engineering services, and construction management. 
2 The annual levelized cost of providing heat over the next 20 years, which is the capital and operating costs divided by the total units of energy produced 

(mmBtu) over that time period adjusted for furnace efficiency.  Cost of heat does not include the replacement cost of existing boiler(s). For L8 configurations, 
this figure does not include credit for electricity sales; these are shown instead in Figure 5.2. 

3 
Total revenue divided by total expenses over 20-years (non-discounted rate, before taxes). 

4 
Amount of investment needed in addition to the fuel cost savings achieved over 20 years; includes all capital and operating costs amortized over 20 years. 
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Table 5.4 (continued).  Financial performance of small (S), medium (M), and large (L) configurations. 
 L1 

Heat for Cook County 
Courthouse 

L2 
Heat for public buildings north 
of 5

th
 St N (no hospital) 

L3 
Heat for public buildings 
north of 5

th
 St N (hospital) 

L4 
District heat for Grand 
Marais business district 

Thermal demand  1,400 mmBtu/yr 5,800 mmBtu/yr 12,100 mmBtu/yr 19,700 mmBtu/yr 
20-yr effective fossil fuel price2 $35.90/mmBtu $34.90/mmBtu $32.60/mmBtu $33.30/mmBtu 
Fuel type Clean chips Pellets Clean Chips Pellets Clean Chips Pellets Hog fuel Pellets 

Capital construction costs         
Site prep and& building $67,000 $58,000 $149,000 $128,000 $208,000 $180,000 $1,235,000 $1,112,000 
Boiler and fuel receiving $185,000 $140,000 $350,000 $300,000 $520,000 $460,000 $1,360,000 $1,224,000 
Back-up boilers -- -- -- -- $200,000 $150,000 $330,000 $297,000 
Piping & pumping $15,000 $15,000 $651,000 $651,000 $775,000 $775,000 $2,522,000 $2,522,000 
Other misc

1
 $69,000 $55,000 $293,000 $275,000 $434,000 $399,000 $861,000 $775,000 

Homeowner hookup -- -- -- -- -- -- $750,000 $750,000 
TOTAL $336,000 $269,000 $1,443,000 $1,354,000 $2,137,000 $1,964,000 $7,058,000 $6,679,000 

Annual operating costs (20 yrs)           
Delivered wood costs            

Reference scenario $10,000 $21,000 $42,000 $88,000 $89,000 $185,000 $60,000 $313,000 
High oil price scenario $10,000 $21,000 $42,000 $89,000 $89,000 $186,000 $61,000 $320,000 

O&M, utilities & electric $3,200 $1,900 $4,000 $2,000 $7,000 $3,500 $150,000 $75,000 
TOTAL Reference $13,200  $22,900  $46,000 $90,000 $96,000 $188,500 $210,000 $388,000 
TOTAL High Oil Price $13,200  $22,900  $46,000 $91,000 $96,000 $189,500 $211,000 $395,000 

Reference scenario           
Cost of heat ($/mmBtu)2  $32.80 $35.50 $31.00 $37.60 $24.20 $31.00 $43.50 $51.20 
Simple payback period 10 yrs 11 yrs 10 yrs 13 yrs 7 yrs 10 yrs 16 yrs >20 yrs 
Return on investment

3 
117% 98% 122% 68% 186% 111% 30% -19% 

Outstanding capital needed 4 $0 $0 $0 $170,000 $0 $0 $2,217,000 $3,879,000 

 High oil price scenario         
Cost of heat ($/mmBtu)2  $33.20 $36.50 $31.40 $38.30 $24.60 $31.70 $44.00 $54.50 
Simple payback period 9 yrs 9 yrs 8 yrs 10 yrs 7 yrs 8 yrs 13 yrs 18 yrs 
Return on investment

3 
205% 201% 205% 153% 283% 211% 80% 13% 

Outstanding capital needed 4 $0 $0 $0 $0 $0 $0 $701,000 $2,981,000 
1 Other miscellaneous costs include taxes, insurance, freight, engineering services, and construction management. 
2 The annual levelized cost of providing heat over the next 20 years, which is the capital and operating costs divided by the total units of energy produced 

(mmBtu) over that time period adjusted for furnace efficiency.  Cost of heat does not include the replacement cost of existing boiler(s). For L8 configurations, 
this figure does not include credit for electricity sales; these are shown instead in Figure 5.2. 

3 
Total revenue divided by total expenses over 20-years (non-discounted rate, before taxes).

 

4 
Amount of investment needed in addition to the fuel cost savings achieved over 20 years; includes all capital and operating costs amortized over 20 years. 
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Table 5.4 (continued).  Financial performance of small (S), medium (M), and large (L) configurations. 
 L5 

Business district plus public 
buildings (no hospital) 

L6 
Business district plus public 
buildings (with hospital) 

L7 
Grand Marais homes and 
businesses 

L8 
Combined heat and power system for 
Grand Marais 

Thermal demand 25,500 mmBtu/yr 34,200 mmBtu/yr 45,000 mmBtu/yr 45,000 mmBtu/yr 
20-yr eff. fossil fuel price2 $33.60/mmBtu $32.60/mmBtu $33.20/mmBtu $33.20/mmBtu 
Fuel type Hog fuel Pellets Hog fuel Pellets Hog fuel Pellets Hog fuel Pellets 

Capital construction costs         
Site prep and& building $1,264,000 $1,137,000 $1,330,000 $1,197,000 $1,485,000 $1,337,000 $1,945,000 $1,797,000 
Boiler and fuel receiving $1,482,000 $1,334,000 $1,560,000 $1,404,000 $1,810,000 $1,629,000 $4,010,000 $5,819,000 
Back-up boilers $333,000 $299,000 $350,000 $315,000 $374,000 $337,000 $374,000 $337,000 
Piping & pumping $3,542,000 $3,542,000 $3,658,000 $3,658,000 $6,278,000 $6,278,000 $6,279,000 $6,278,000 
Other misc

1
 $985,000 $887,000 $1,037,000 $933,000 $1,511,000 $1,292,000 $1,107,000 $1,752,000 

Homeowner hookup $800,000 $800,000 $950,000 $950,000 $1,768,000 $1,768,000 $1,768,000 $1,768,000 
TOTAL $8,405,000 $7,992,000 $8,855,000 $8,457,000 $13,226,000 $12,641,000 $15,483,000 $17,751,000 

Annual op. costs (20 yrs)         
Delivered wood costs          

Reference scenario $78,000 $406,000 $104,000 $545,000 $137,000 $717,000 $263,000 $1,608,000 
High oil price scenario $79,000 $414,000 $106,000 $556,000 $139,000 $731,000 $267,000 $1,641,000 

O&M, utilities & electric $175,000 $88,000 $200,000 $100,000 $300,000 $150,000 $300,000 $150,000 
TOTAL Reference $253,000  $494,000  $304,000  $645,000  $437,000  $867,000  $563,000  $1,758,000  
TOTAL High Oil Price $254,000  $502,000  $306,000  $656,000  $439,000  $881,000  $567,000  $1,791,000  

Reference scenario         
Cost of heat ($/mmBtu)2  $40.20 $48.50 $32.90 $42.10 $37.20 $46.10 $51.30 $77.70 
Simple payback period 14 yrs >20 yrs 11 yrs 18 yrs 13 yrs >20 yrs 15 yrs >20 yrs 
Return on investment

3 
48% -7% 86% 12% 59% -5% 30% -106% 

Outst.cap. needed4 $1,837,000 $4,171,000 $113,000 $3,561,000 $1,996,000 $6,381,000 $8,972,000 $22,056,000 

 High oil price scenario         
Cost of heat ($/mmBtu)2  $40.60 $51.80 $33.40 $45.40 $37.80 $49.50 $52.50 $85.50 
Simple payback period 12 yrs 17 yrs 10 yrs 15 yrs 11 yrs 17 yrs 13 yrs >20 yrs 
Return on investment

3 
104% 29% 151% 51% 112% 24% 65% -113% 

Outst. cap. needed 4 $0 $2,956,000 $0 $2,142,000 $0 $4,809,000 $6,283,000 $22,618,000 
1 Other miscellaneous costs include taxes, insurance, freight, engineering services, and construction management. 
2 The annual levelized cost of providing heat over the next 20 years, which is the capital and operating costs divided by the total units of energy produced 

(mmBtu) over that time period adjusted for furnace efficiency.  Cost of heat does not include the replacement cost of existing boiler(s). For L8 configurations, 
this figure does not include credit for electricity sales; these are shown instead in Figure 5.2. 

3 
Total revenue divided by total expenses over 20-years (non-discounted rate, before taxes).

 

4 
Amount of investment needed in addition to the fuel cost savings achieved over 20 years; includes all capital and operating costs amortized over 20 years.
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Figure 5.2 shows the cost of heat, or LCOE, for each configuration and the portion comprised by 
each cost component.  Worth noting is the portion of the LCOE represented by piping costs, 
which can have a significant impact on profitability of small systems. In the CHP configurations 
(L8), the LCOE includes sales of electricity at $0.075/kWh. 4.2 million kWh would be produced 
annually, resulting in annual revenues of $315,000.  
 
Figure 5.3 shows the LCOE for each configuration assuming the EIA Reference Case. For 
comparison, the white stripe marks the average 20-year fossil fuel price (adjusted for furnace 
efficiency). Where the LCOE is lower than the fossil fuel price, the biomass system would “pay 
for itself” in fuel savings in 20-years or less. Figure 5.4 shows the same information, but under 
the assumption of high oil prices. The LCOE for the biomass configurations are relatively similar.  
However, there is a noticeable difference in the higher level of fossil fuel prices, which improves 
the savings from the biomass systems allowing them to “pay for themselves” more quickly. 
 

 
Figure 5.2.  Composition of the Levelized Cost of Energy (LCOE) by site configuration. 
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Figure 5.3.  20-year Levelized Cost of Energy by site configuration using the EIA Reference 
Scenario. 
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Figure 5.4.  20-year levelized cost of heat by site configuration assuming high oil prices. 
 
 

6.0 Other Considerations 

6.1 Measuring Regional Economic Impacts 

It is not within the scope of this study to conduct an economic impact analysis of biomass 
utilization in Cook County.  However, we reference findings from studies in other parts of the 
country to identify a range of economic impacts possible (Table 6.1).  We emphasize that the 
impacts reported may not be applicable to Cook County because of differences in the mix of 
local industries and the flow of goods and services into and out of the region.  The results of 
these studies are also highly variable and depend upon the size of the region and diversity of 
goods and services available.   
 
An accurate analysis for Cook County would require a substantial investment to determine the 
proportion of fossil fuel expenditures “leaking” out of the local economy relative to the “direct, 
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indirect, and induced” spending that would occur by switching to biomass energy.  The greater 
the diversity of industrial sectors existing locally in which to absorb new spending, the greater 
the indirect and induced effects, which are referred to as multipliers.  Multipliers are a 
calculation of the proportion of new spending re-circulating before eventually leaking out the 
economy and spent elsewhere.  If bioenergy is locally produced, Cook County residences and 
businesses could use the money that would otherwise flow out of region in the form of fossil 
fuel payments for any variety of local goods and services, including bioenergy.30 
 
The direct effect of converting to locally produced bioenergy is to increase local economic 
spending by the price of the replacement biomass fuel.31  Capital equipment purchased from 
outside the region would have zero direct effect on the local economy, so most studies cited 
only consider the labor portion of capital costs in their calculation of the direct effect.  There 
are also additional indirect and induced effects, which result from the recirculation of 
bioenergy payments and the forgone fossil fuel payments, increasing local economic activity 
with each transaction where the dollars are retained locally.32  The total effect is the sum of the 
direct, indirect and induced effects, which can be measured in jobs, income, or spending.  The 
output multiplier is the total effect divided by the direct effect.  The total impact on the local 
economy of switching to bioenergy is calculated by multiplying biomass purchases by the 
output multiplier.  Generally, this multiplier will be higher where the region’s economy is larger 
or more diverse.   
 
Table 6.1 presents the range of multipliers for bioenergy applications in different parts of the 
country, each with a different mix of business sectors and subsequent economic impacts.  
Multipliers ranged from 1.26 to 1.83, meaning that for every dollar spent locally on bioenergy 
fuel an additional $0.26 – $0.83 was re-spent locally through indirect and induced spending. 
 

                                                
30

 It is important to note that not all the price paid for fossil fuels flows out of the community.  A 2005 study 
prepared for the city of Santa Fe, New Mexico, for instance, estimated that 14.49% of expenditures on natural 
gas remained in the local economy. 

31 This is the gross direct effect, and does not take into account the portion of foregone fossil fuel payments that 
would have remained in the local economy. 

32
 The indirect and induced effects vary widely depending on the structure, diversity and purchasing habits of 
residents and businesses within the local economy.  For example, saved money that is spent at a local business 
results in indirect and induced effects for the local economy.  Saved money used to purchase a sweater through 
a mail-order catalogue results in near zero indirect and induced effects within the local economy. 
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Table 6.1.  Local economic impact multipliers for biomass energy systems.  

Biomass  
system measured Study area Year Author 

Direct 
purchases 

Indirect & induced 
purchases Total effect 

Output 
multiplier 

District heating Santa Fe, NM 2005 Shuman33 $1.00 $0.26 $1.26 1.26 

Heating Massachusetts 2004 Timmons, et al. 34 $66.5 $46.5 $113.0 1.70 

Heating Northeast US 1992 Timmons, et al.35 $70.6 million $4.2mm 74.8mm 1.06 

Heating Voralberg, Austria 2006 Madlener & Koller36 €714,335 €309,909 €1,024,244 1.43 

Electricity Southeast US 2004 English, et al. 37 $5,453 $1,896 $7,349 1.35 

Electricity (100 MW) Mississippi 2008 Perez-Verdin et al. 38 $64.47 38.95 103.42 1.60 

Electricity (3,200 MW) Florida 2010 Hodges, et al. 39 $1.2 billion $1.0 Billion $2.2 Billion 1.83 

 

 

                                                
33 Shuman, Michael H. "Economics of Proposed Biomass-fired District Heating System for Santa Fe, New Mexico." Nov. 2005. <http://small-

mart.org/files/Santa-Fe-Biomass-Paper.pdf>. 
34 Timmons, David, David Damery and Geoff Allen. "Energy from Forest Biomass: Potential Economic Impacts in Massachusetts." Dec. 2007. 

<http://bct.eco.umass.edu/wp-content/uploads/2009/04/bio-eco-impact-biomass.pdf>. 
35 Ibid 
36 Madlener, Reinhard and Martin Koller. "Economic and CO2 mitigation impacts of promoting biomass heating systems: an input-output study for Vorarlberg, 

Austria." Sept. 2006. Centre for Energy Policy and Economics. <http://www.cepe.ethz.ch/publications/workingPapers/CEPE_WP50.pdf>. 
37 English, Burton C., et al. "Economic Impacts Resulting from Co-firing Biomass Feedstocks in Southeastern United States Coal-Fired Plants." July 2004. 

<http://ageconsearch.umn.edu/bitstream/20200/1/sp04en01.pdf>. 
38Perez-Verdin, Gustavo, et al. "Economic impacts of woody biomass utilization for bioenergy in Mississippi." 2008. Forest Products Journal. 

<http://www.fwrc.msstate.edu/pubs/10487.pdf>. 
39 Hodges, Alan W., Thomas J. Stevens and Mohammad Rahmani. "Economic Impacts of Expanded Woody Biomass Utilization on the Bioenergy and Forest 

Products Industries in Florida." 23 Feb. 2010. University of Florida, Institute of Food and Agricultural Sciences. <http://www.fl-
dof.com/forest_management/fm_pdfs/Final%20Report%20on%20Economic%20Impacts%20of%20Woody%20Biomass%20Utilization.pdf>. 
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6.2 Environmental Permitting and Regulations 

At the highest possible scale of district heat implementation, with and without CHP 
technologies, the Minnesota Pollution Control Agency (MPCA) requires the biomass utilizing 
body to calculate their Maximum Potential to Emit (MPTE), acquire an “Option D” Registration 
air permit, and track emissions.  Minnesota Registration permits are more “streamlined” than 
Federal permits and do not require a 45 day EPA review and do not expire. 
 
A State of Minnesota Registration Option D permits is issued when facilities have allowable 
emissions below federal thresholds. MPTE emissions are calculated using EPA AP42 (default) 
emission rates and vendor guaranteed rates (lbs/mmBtu).  The EPA’s AP42 emission rates for 
“bark and wet wood with a mechanical collector” were used to determine the Biomass Hot 
Water Boiler MPTE and guarantees from VAS, an Austrian thermal oil heater, were used for the 
co-gen option. VAS uses a mechanical collector and electrostatic precipitator (ESP) for 
particulate matter control, flue gas recirculation for NOX, and over-fire air for CO control. 
 
Table 6.2 shows emissions rates for criteria pollutants for the configurations assessed.  All 
emissions are below the Option D threshold and, with the exception of CO for the biomass hot 
water boiler, below the Reduced Recordkeeping Threshold allowing for annual versus monthly 
emission calculations.  Depending on the hot water boiler size and manufacturer, it may be 
possible achieve a CO MPTE below the 25 tons/yr threshold.  Emission records must be kept on 
site for five years.  Dust collector pressure drop and ESP voltage and current readings are 
recorded daily.  Emission fees ($30 per ton pollutant) are payable annually with submission of 
the emission inventory.  Figure 6.1 shows relative emission rates of fine particles for woody 
biomass and fossil fuel burning. 
 

 
Figure 6.1. Relative emissions of fine particles (PM2.5)40

                                                
40 US EPA. 2005. Clean burning wood stoves and fireplaces. http://www.epa.gov/burnwise/energyefficiency.html 

(Accessed August 31, 2011) 

http://www.epa.gov/burnwise/energyefficiency.html
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Table 6.2. Maximum potential to emit (MPTE) for criteria pollutants from biomass burning and comparison technologies (tons/yr).  

 PM PM10 NOx SO2 CO VOC 
Total 
emissions 

Single 
HAP 

Total 
HAP 

Option D permit thresholds          
Standard threshold 50 501 50 50 50 50 250 5 12.5 
Reduced record keeping 25 25 25 25 25 25 125 2.5 6.25 

Configurations          
S1:  Supplemental heat stove for single-

family residence 0.01 0.01 -- 0.01 0.04 0.01 0.06 0.01 0.01 
S2:  Biomass furnace for single-family 

residence 0.01 0.01 0.02 0.01 0.03 0.01 0.05 0.01 0.01 
S3:  Heat main lodge only 0.03 0.02 -- 0.01 0.13 0.01 0.16 0.01 0.01 
S4:  Heat multiple cabins and main lodge 0.04 0.04 0.07 0.01 0.30 0.01 0.42 0.01 0.02 
M1: Heat multiple buildings 0.37 0.34 0.62 0.03 2.73 0.064 3.82 0.07 0.22 
L1:  Heat for Cook County Courthouse 0.10 0.09 0.16 0.01 0.71 0.02 0.99 0.02 0.06 
L2:  Heat public buildings north of 5th 

Street N (no hospital) 0.41 0.37 0.68 0.034 3.00 0.07 4.20 0.08 0.24 
L3:  Heat public buildings north of 5th 

Street N (hospital) 3.11 2.80 1.96 0.22 5.33 0.15 10.77 0.17 0.52 
L4:  District heat for Grand Marais 

business district 6.90 6.21 4.34 0.49 11.83 0.34 23.89 0.34 1.15 
L5:  District heat for business district (L4) 

and public buildings (L2)(no hospital) 6.51 5.86 4.09 0.47 11.16 0.32 22.55 0.36 1.09 
L6:  District heat for business district (L4) 

and public buildings (L3)(hospital) 8.14 7.33 5.12 0.58 13.95 0.40 28.19 0.44 1.36 
L7:  District heat for homes, businesses 

between 5th Ave W. and 6th Ave E. 11.57 10.42 7.27 0.83 19.84 0.56 40.08 0.63 1.93 
L8:  Combined heat and power (CHP) 

system for configuration L7 2.80 2.52 14.02 1.75 5.61 1.19 25.37 1.34 4.10 

Non-biomass burning references          
Oil boiler 0.0031 0.0028 0.0313 0.1095 0.0077 -- -- -- -- 
Propane boiler 0.0009 0.0008 0.0337 0.0035 0.0046 -- -- -- -- 
Taconite Harbor facility (2008) unknown 744 2351 4720 230 28 7328 -- -- 

1 25 non-attainment area 
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Appendix A.  Reference Biomass Harvest Costs 

Table A.1. Harvest costs for a conventional biomass harvesting system. 

Machine costs 
200-hp 
feller/buncher 

169-hp 
skidder 

225-hp 
chain flail 
delimber 

174-hp 
tracked loader 

860-hp 
chipper 
(self-loading) 120 cu-yd van 

Fixed cost inputs       

Purchase price $217,000  $227,000  $354,900  $181,030  $580,000  $125,000 

Scheduled hours/yr (SMH) 2,000 2,000 2,000 2,000 2,000 2,000 

Production hours/yr (PMH) 1,300 1,200 1,300 1,300 1,300 1,300 

Machine life (yrs) 4 5 5 5 5 8 

Salvage value (% of new) 0.2 0.25 0.2 0.2 0.2 0.2 

Interest rate (%) 0.1 0.1 0.1 0.1 0.1 0.1 

Insurance (annual premiums) $7,600  $10,200  $7,100  $3,600  $12,000  $6,000  

Taxes/tags (% of new) 0 0 0 0 0 0 

Operating cost inputs       

Tire cost (total) -- -- -- -- -- $3,500  

Local fuel cost ($/gal) $2.99  $2.99  $2.99  $2.99  $2.99  $2.99  

Horsepower 200 169 225 174 860 450 

Fuel consumption (g/hp-hr) 0.026 0.028 0.028 0.022 0.028 6 

Oil and lube use (% of fuel) 0.37 0.037 0.37 0.37 0.13 0.1 

Repair/maintenance (% of dep) 1 0.9 0.9 0.9 0.75 0.6 

Misc consumables ($/op hr) -- -- -- -- $9.28  -- 

Labor cost inputs       

Basic labor rate $18  $18  $18  $18  $18  $18  

Benefits (% of base) 0.33 0.33 0.33 0.33 0.33 0.33 

Total costs breakdown       

Fixed cost ($/PMH) $42.10  $41.40  $66.84  $35.02  $55.01  $13.62  

Variable costs ($/PMH) $48.45  $42.80  $77.40  $32.70  $104.77  $17.15  

Labor costs ($/PMH) $23.94  $23.94  $23.94  $23.94  $23.94  $23.94  

Total $/PMH $114.49 $108.14 $168.18 $91.66 $183.72 $54.71 
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Appendix B.  Hypothetical Biomass Demand 

Biomass demand was calculated for a hypothetical scenario in which it is assumed that all 
businesses and residences in Grand Marais and a portion of Cook County switch to one of the 
assessed biomass heating options: cordwood, clean chips, pellets, hog fuel. Of the 2,707 
occupied housing units in the county, an estimated 500 already heating with wood and about 
half of those are in Grand Marais.41  We assume the remaining 2,207 housing units would 
require, on average, 100 mmBtu/year of usable heat.  We also assume each of the 84 
businesses in Grand Marais would require 579 mmBtu/year of usable heat, and an additional 40 
businesses outside of Grand Marais would require 600 mmBtu/year.  Table B.1 summarizes the 
amount of biomass that would be required if all 2,331 units transitioned to wood-based heating 
in 2011. The table also summarizes heating demand in 2030 assuming a 22% increase in 
population (Section 2.0). 
 
Table B.1. Additional biomass demand if Cook County switched to wood heat, 2011 and 2030. 

   Biomass demand (dry tons/yr)1 

 
Number 
of units 

Heat demand 
(mmBtu/yr) Cordwood Clean chips Pellets Hog fuel 

Housing units       
  Grand Marais 250 25,000 1,060 1,331 1,488 1,331 
  Outside Grand Marais 1,957 195,700 8,299 10,420 11,649 --3 
Businesses       
  Grand Marais 84 48,652 2,063 2,590 2,896 2,590 
  Outside Grand Marais 40 24,000 1,018 1,278 1,429 1,278 

Total in 2011 2,331 293,352 12,440 15,620 17,462 5,200 
Total in 20302 2,844 357,890 15,176 19,056 21,302 6,344 

1 Demand is not cumulative; assumes all users switch to one biomass type only. 
2 Assumes a 22% increase in Cook County population. 
3 Not feasible to heat individual homes with hog fuel because of technology limitations. 

                                                
41 US Census Bureau. 2011. 2005-2009 American Community Survey.  US Census Bureau, Washington, DC. 
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Appendix C.  Financial Performance Metrics 

There are several ways to measure the financial performance of an alternative energy project, 
and no single metric is best.  One measurement is the cost of heat, or the Levelized Cost of 
Energy (LCOE).  The LCOE represents the lifetime capital and operating costs of the equipment 
divided by the total units of energy produced over the equipment’s lifetime (future costs and 
production are discounted to account for the time value of money).  The LCOE is a useful way of 
comparing technology alternatives prior to installation, but is less useful when comparing 
existing systems to planned installations.  This is because the state of the existing system (and 
operating expenses associated with it) is not a factor in calculating the cost of energy for a new 
system. 
 
In all the configurations modeled, the annual biomass fuel and O&M (operating and 
maintenance) costs are lower than for a conventional fossil fuel heating system.  However, all 
of the sites assessed already possess heating systems that could continue in operation, whereas 
entirely new capital would need to be purchased in order to burn biomass.  The question, then, 
is whether the annual savings from the biomass heating system are sufficient to justify the 
initial purchase and installation of the new biomass heating capital.  A simply understood 
measurement of these savings is the Discounted Payback Period (DPP).  This is the number of 
years it would take for the savings from the alternative energy project to pay for the project’s 
initial cost (adjusted for the time value of money).  Another measurement is the Net Present 
Value (NPV).  The NPV is the value of the total lifetime savings from the project if they were 
offered to the investor today as one lump sum, minus the cost of the project.  If the value of the 
lump sum is greater than the cost of the project then the NPV is positive.  A weakness of the 
NPV is that it implicitly assumes a fixed discount rate, which may not be comparable between 
individual investors with different goals and risk tolerances.  To avoid the drawbacks of using a 
discount rate, the Internal Rate of Return (IRR) is used, which assumes the NPV equals zero.  If 
the IRR is greater than the desired return that the investor could achieve elsewhere, then they 
should undertake the project.  Finally, for homeowners and businesses not planning to continue 
operating their current heating systems, the more appropriate metric is the Outstanding 
Capital Needed.  If a home or business owner must decide whether to replace their current 
heating system with a similar fossil fuel-burning one or upgrade to a biomass heating system, 
they would choose the fossil fuel heating system only if its capital cost is lower than this initial 
capital threshold.  One important assumption is that the efficiency of the replacement fossil 
fuel-burning system is similar to the efficiency of the current fossil fuel-burning system 
(assumed 82%).  The metric takes into account the capital costs and fuel costs of both systems, 
as well as the additional (incremental) O&M costs of the biomass system. 
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Appendix D.  Pellet Production 

According to the USDA, the North American Pellet Market grew from 1.1 million metric tons in 
2003 to 4.2 million metric tons in 2008.42  European demand is predicted to reach 11 million 
metric tons in 2011 and 25 million metric tons by 2020.43 
 
US pellet appliance sales, which are tracked by the Hearth, Patio and Barbecue Association 
(HPBA), have shown substantial volatility with oil and housing starts but overall the US pellet 
market is trending upward at about 5% per year.44  It is generally accepted that new pellet 
heating appliances are more reliable, efficient (75% or higher) and convenient while emitting 
very low emissions; often less than 1 gram per hour of particulate for an average home pellet 
stove. 
 
At present, pellets cost about half as much as propane or fuel oil on a Btu basis, often allowing 
the homeowner to recover equipment costs in about five years.  While we believe that certified 
premium wood pellets (less than 1% ash and no bark) will be the growth heating fuel for all of 
Northern Minnesota, there are currently no significant pellet manufacturers in Minnesota.  The 
closest US suppliers to Cook County are Great Lakes Renewable Energy in Hayward, WI (35,000-
tpy capacity) and Indeck in Ladysmith, WI (90,000-tpy capacity). 
 
The City of Silver Bay and the Fond du Lac Band of Lake Superior Chippewa are both considering 
100,000 tons per year premium pellet manufacturing facilities.   The trend is for larger pellet 
plants that use de-barked roundwood, not dependent on local sawmills, that have an economy 
of scale that allows for year round operation.  Greenfield scale (100,000 tpy) plants have capital 
costs approaching $20,000,00045 and create about 20 plant jobs, and 50 or more logging and 
trucking jobs. 
 
It has been suggested that Cook County build a pellet manufacturing facility.  While the County 
has more than enough wood for even a large plant (100,000 tpy, requiring about 100,000 
cords), the northern portion of Highway 61 product transportation logistics may preclude a 
scale plant, while a smaller plant (25,000 tpy) would cost over $9,000,000, nearly half as much 
as a 100,000 tpy plant.  At about 6 tons (100 mmBtu) per year per home, even if all homes and 
businesses in Cook County switched to pellets, demand would only approach about 17,000 
tpy.46 Table D.1 provides estimated cost breakdown for a 25,000-tpy pellet plant. 
 

                                                
42

 Spelter, H. and D. Toth. 2009. North America’s wood pellet sector. Research Paper FPL-RP-656. USDA Forest 
Service, Forest Products Laboratory, Madison, WI. Available at: 
http://www.fpl.fs.fed.us/documnts/fplrp/fpl_rp656.pdf. 

43 Sikkema, R., Steiner, M., Junginger, M., Hiegl, W.,Hansen, M.T., Faaij, A. 2011. The European wood pellet 
markets: current status and prospects for 2020. Biofuels, Bioproducts and Biorefining, In press. 

44
 Valentas, K. J., V. Gauto, P. Gillitzer, M. von Keitz, C. Lehman, S. J. Taff, and D. Wyse. Chisago-Isanti-Pine Biofuels 
Feasibility Study. University of Minnesota. March 2009. 

45 Chuck Hartley, LHB Inc., personal communication, July 19, 2011. 
46 Ibid 

http://www.fpl.fs.fed.us/documnts/fplrp/fpl_rp656.pdf
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Table D.1. Cost components of a 25,000-ton/year pellet plant. 

Component Equipment 
Materials  
& Labor Total 

Site Work $0 $75,000 $75,000 

Utilities $0 $300,000 $300,000 

Product building (6,400 sq ft) $1,152,000 $25,000 $1,177,000 

Mechanical (not incl in materials & labor) $25,000 $25,000 $50,000 

Electric & instruments (not incl in materials & labor) $25,000 $25,000 $50,000 

Civil (not incl in materials & labor) $25,000 $25,000 $50,000 

Receiving & rolling stock $815,000 $390,000 $1,205,000 

Debarking & chipping $1,000,000 $250,000 $1,250,000 

Raw material in-feed & screen $85,000 $50,000 $135,000 

Wet sizing $100,000 $100,000 $200,000 

Drum dryer, combustor, cyclones $750,000 $250,000 $1,000,000 

Dry raw material storage $40,000 $40,000 $80,000 

Dry sizing $75,000 $75,000 $150,000 

Sizing bag houses $35,000 $35,000 $70,000 

Pelletizer $250,000 $50,000 $300,000 

Cooler $20,000 $20,000 $40,000 

Screen $16,000 $6,000 $22,000 

Conveyors $325,000 $50,000 $375,000 

Cyclone/air system $20,000 $8,000 $28,000 

Bag filter $40,000 $60,000 $100,000 

Bagging & palletizing $500,000 $38,000 $538,000 

Bulk handling (not incl in other) $50,000 $10,000 $60,000 

Pellet bin $45,000 $50,000 $95,000 

Truck bin $50,000 $50,000 $100,000 

Blacktop (40,000 @ $2.10) $84,000 $0 $84,000 

Air comp, tools, office $200,000 $85,000 $285,000 

Construction gen conditions $125,000 $125,000 $250,000 

Ownership cost (tax, freight, ins) (4.5%) $564,830 $0 $564,830 

Engineering (7.0%) $564,830 $0 $564,830 

Construction management (1.0%) $80,690 $0 $80,690 

TOTAL $7,062,350 $2,217,000 $9,279,350 
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Appendix E.  Renewable Energy Incentive Programs and Financing 

Outline for State of Minnesota and federal policies which have the potential to offset initial 
investment costs or entice businesses and individuals to participate in a bioenergy market. 
 
Table E.1. Incentives for producing heat and electricity from biomass. 

Program/incentive Description Qualifying 
FEDERAL   
Residential Energy Efficiency 

Tax Credit 
Biomass stoves (including pellets) receive 
a tax credit up to $300 in the year of 
purchase 

Homeowner – heating 

Modified Accelerated Cost-
Recovery System (MACRS) 

Allows 7-year Modified Accelerated Cost-
Recovery System on assets used to create 
hot water, gas, steam or electricity from 
biomass, and on equipment & structures 
to receive, handle, collect and process. 

Industry – heating 

Business Energy Investment 
Tax Credit (ITC) 

For Commercial, Industrial, Utility, and 
Agricultural entities 

Industry – electricity 

Renewable Electricity 
Production Tax Credit 

For Commercial and Industrial entities 
Industry – electricity 

Rural Energy for America 
Program (REAP) 

Funds up to 25% of the project costs or 
loan guarantees up to 75% of project 

General – heating 

Tribal Energy Program Grant  Tribal – heating 
Qualified Energy Conservation 

Bonds (QECBs) 
 Government – heating 

STATE of MINNESOTA   
Home Energy Loan Program Low-interest loan for energy 

improvements; up to 49% of residence 
can be used for business; homes built 
prior to 1989. 

Homeowner – heating 

MHFA Fix-up Fund Low-interest loan of up to $35,000 for 
energy efficiency and renewable energy 
technologies (income less than $96,000) 

Homeowner – heating 

Various Utilities - Residential 
Energy Efficiency Rebate 
Program 

Most utilities offer a variety of heating 
system rebates to residential customers 
to make homes more energy efficient 

Homeowner – heating 

MHFA Rental Rehabilitation 
Loan Program 

Similar to the MHFA Fix-up Fund, but for 
landlords who rent out their properties 

Homeowner – heating 

Rental Energy Loan Fund Similar to the MHFA Rental Rehabilitation 
Loan Program 

Homeowner – heating 

Agricultural Improvement Loan 
Program 

Borrowers with net worth of <$409,000 
may apply for a loan with an interest rate 
of 4.5% for up to 45% of the project cost 
or $300,000 (whichever is less) 

Landowner – heating  

Value-Added Stock Loan 
Participation Program 

Like the Ag Improvement Loan Program 
but focused on purchasing stock in a 
renewable energy cooperative 

Landowner – heating  
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Table 6.2 (continued). Incentives for producing heat and electricity from biomass. 
Program/incentive Description Qualifying 

STATE of MINNESOTA   
Sustainable Agriculture Loan 

Program 
Low-interest loans to landowners for 
capital expenditures that enhance the 
environmental and economic viability 

Landowner – heating  

Power Grant Program Grants up to $50,000 to Minnesota 
Power commercial, industrial, and ag 
customers for renewable energy 
products, new electro-technologies that 
lower energy costs per unit of production 
in a manufacturing process, innovative 
technologies that are new/underutilized, 
and the inclusion of energy-efficient 
options in the design phase of a project 

General – electricity 

Net Metering & 
Interconnection Standards 

Utilities must allow net metering for 
electricity facilities of less than 40 kW, 
essentially compensating producers at 
the utility’s retail rate 

Utilities – electricity 

Community-Based Energy 
Development (C-BED) Tariff 

20-year power purchase agreement (PPA) 
for community-owned renewable energy 
projects; tariff rate must be higher in the 
first 10 years of the agreement than the 
last ten years 

COOPs – electricity 
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