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Appendix C:  
Assessing Urban Tree Residues and Secondary Wood 
Sources in the Twin Cities Metro Area
Urban Tree Residues
The source of wood residues from trees in the urban landscape can be divided into two broad categories: 1) 
tree trimming and removal; and 2) land clearing activities. Tree trimming and removal is a highly fragmented 
industry as described in more depth below. Most tree trimming/removal companies deliver their wood resi-
dues to wood processing sites, where the wood is ground and resold into other markets. Land clearing activi-
ties are driven by the continued expansion of the metro area into exurban areas and is highly dependant upon 
the housing market.

Private Tree Service Companies and Municipalities
The Minnesota DNR commissioned an analysis, conducted in 1991 and 1992, of urban tree residues in 
Minnesota. The project team was unable to obtain a detailed explanation of survey methods, but the results 
are reported in the DNR’s Wood Waste Study. The DNR’s estimate of the tree waste generated in the Twin 
Cities was 326,000 wet tons, split into the following categories: Public Agencies (15.1 percent), Private (46.2 
percent), Utilities (31.3 percent) and Land Clearing (7.4 percent). This estimate was derived from surveying 
municipal tree departments, utility companies, land clearing companies and consolidators operating wood 
processing sites for private tree trimming companies. However, the survey has been criticized for overestimat-
ing available quantities because some municipalities deliver wood waste to processors, and thus a portion of 
the wood is double-counted in the survey. Adjusting for this flaw by conservatively assuming 75 percent of 
municipality wood was double-counted, and subtracting out the land clearing, results in an adjusted estimate 
of 207,000 wet tons.

In 1998, the U.S. Department of Energy’s National Renewable Energy Laboratory (NREL) collected data 
from 30 metropolitan areas around the country. The study included statistical analysis of the data designed 
to estimate urban wood waste resources using demographic and economic variables. We used the NREL’s 
weighted average of per capita municipal solid waste wood resources (0.20) to estimate the MSW wood waste 
for the Twin Cities population (2,810,000) at 562,000 wet tons of tree waste. This estimate includes the fol-
lowing categories: tree waste wood hauled with trash, municipal yard waste recycling, utility tree trimming, 
and private tree service companies. Thus, in order to compare this number to our other urban tree waste esti-
mates, we had to subtract the amount of wood hauled with trash because this category is not included in our 
other urban tree waste calculations. The NREL study estimates this as 4 percent of total MSW. As total MSW 
in the Twin Cities was 2.1 million tons, the final estimate for urban wood waste not including wood waste in 
the MSW stream is 478,000 wet tons. 

Another national study was conducted by NOES Associates in 1994 specifically of urban tree residues, and 
is the most comprehensive study that focuses only on urban trees sources. An effort was made to carefully 
assess the total population and randomly select a representative sample of organizations across all regions of 
the country. NOES mailed 3,878 surveys, and the response rate was 44 percent. According to the results, per 
capita annual wood generation is about 0.24 tons per person, or 549,500 tons for the metro area.109 Note that 

Appendix C

109  �Jack Whittier, Denise Rue, and Scott Haase, “Urban Tree Residues: Results of the First National Inventory,” Journal of Arboriculture 21(2): March 
1995. Estimate is reported in cubic yards, converted to wet tons per Jeffrey E. Fehrs, “Secondary Mill Residues and Urban Wood Waste Quantities 
in the United States,” Prepared for Northeast Regional Biomass Program Washington, D.C., 1999. Per capita urban tree waste estimates based on 
total 1994 population (263,126,000).
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land-clearing is included in this estimate. If one were to subtract our estimate of Twin Cities wood waste from 
land clearing activities (125,000 tons, from the next section below), an estimate of 424,500 tons would be due 
to just tree trimming activities.

Green Institute staff carried out its own extensive survey in 2005 specifically of generators of wood waste.  For 
this survey, a contact list of 101 tree service companies and 32 municipalities within 50 miles of St. Paul was 
generated from old studies and current phone directories.  Phone calls were made to each of the companies 
on the contact list.  Respondents either answered the survey questions over the phone, or the survey was then 
emailed or faxed to have another member of the company provide the information.  Fifteen of the private 
tree service companies were removed from the data set because they did not generate any wood waste or were 
no longer in business.  Responses were received from 26 of the private tree service companies and 16 of the 
municipalities.  This data was then used to calculate a non-response estimate for the remaining companies on 
the contact list.  For these companies that did not provide information regarding their yearly wood waste gen-
eration, the non-response estimate was used in order to extrapolate their potential generation.  This estimate 
was based on the median of all companies actually surveyed.  The median was used rather than the mean for 
this estimate because there were several outliers that skewed the mean making it an unacceptable estimate for 
yearly generation quantities.  The median provided a more conservative estimate of a company’s generation.

From this survey, it was estimated that there were 310,200 wet tons of tree waste in the area. Approximately 
228,700 tons of this was generated by private tree service companies (including utilities), and the other 
81,500 tons was generated by municipal departments. The results of the local and national studies are sum-
marized in Table 18.

Table 18: Estimates of wood waste generated from urban tree trimming

Study Generator Tree Waste (Wet Tons)

Minnesota DNR, 1992 Private tree service companies, electric utilities 207,000

NREL, 1998 Private tree service companies, electric utilities, 
municipalities (national)

478,000  
(not including MSW waste)

NEOS Corporation, 1994 Private and municipal tree service companies,  
land clearing, electric utilities (national)

424,500  
(not including land clearing)

Green Institute, 2005 Private tree service/municipalities/utilities 310,000

 Private tree service companies inc. utilities 228,700

 Municipalities 81,500

Total Estimated Tree Trimming: 207,000 – 478,000

It is not clear why the national studies indicate that tree waste is higher than that found by the local studies. It 
could be due to annual variability in the tree waste generated, or the larger size of the Twin Cities nearly 15 years 
later. From 1990 to 2005, the Twin Cities population grew by 23 percent in the seven county metro area. For a 
mean estimate, we gave heavier weighting to the local studies. Assuming tree waste is proportional to population 
(as assumed by the NREL study) and adjusting the DNR study accordingly results in an estimate of about 255,000 
tons annually. For our central estimate, we adjust our recent survey downward slightly to 300,000 tons/year, 
recognizing the lower value of the DNR study, but also that the national studies predict much higher results.

Appendix C
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Land Clearing Firms
Land clearing companies are hired by land developers to remove trees from sites to be developed. These sites 
are eventually developed into new residential and commercial areas. Thousands of acres of trees are cut in the 
Twin Cities metropolitan area in preparation for urban expansion. Typically the costs of clear-cutting trees in 
the metro area vary from $2,000 to $3,000 per acre, although it can be as low as $1,500 per acre for land with 
smaller trees. Until the opening of District Energy St. Paul’s wood burning facility, most of this tree waste was 
burned or buried on site. Some percentage was also recovered for the mulch market. Since 2003, companies 
have begun to haul this material to District Energy St. Paul’s wood processing site in St. Paul. Clear-cut wood 
from land clearing jobs contains very few impurities and is usually chipped rather than ground, resulting in 
uniformly sized pieces that are better handled by the equipment used with boilers. Also, a good percentage 
of all wood that is chipped by land clearing companies is blown directly into semi-trailers, which reduces the 
content of sand, gravel, and other debris in the fuel. As a result, land clearing wood waste is considered a high-
quality wood fuel.

The DNR study referenced above estimated that 24,000 tons are generated from land clearing activities. This 
is nearly an order of magnitude difference from what the project team found. Without access to the original 
study, the reason for this anomaly is not clear. Review of regional housing start statistics indicate a slightly 
slower level of housing development during 1991-1992, which could explain some of the difference.

According to research done for the Green Institute by Trillium Planning and Development, large land clear-
ing firms reported generating 160,000 to 180,000 wet tons in 2003. Project team members re-contacted land 
clearing firms in 2006, and four land clearing companies reported generating approximately 72,000 wet tons 
of wood waste. In addition, two other land clearing companies recently began to function as wood consoli-
dators/processors, and did not report land clearing activities separately from other sources of wood. One of 
them, Central Wood Products, was estimated to be responsible for a significant portion of all land clearing. 
Their totals were not available, but we believe figures from these two companies could be more than double 
what is reported in Table 19.

Table 19: Wood waste generated by land clearing firms in 2006

Company Wet Tons of  
Wood Waste

Thomas & Thomas  10,000
Tree Technology and S & A Land Clearing  28,000
Tree Top  25,000
Silva Corporation  8,800
Central Wood Products n/a.
All-wood Products n/a.

Total 71,800

Based on this survey work, we estimate the annual mean quantity of land clearing activities to generate 150,000 
tons/year. As noted above, this is highly variable and dependant upon development activities. Many land clear-
ing companies reported a significant decrease in land clearing in the latter half of 2006, and expected much less 
activity in 2007 than in recent years.

Appendix C
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Wood Processors/Consolidators
Wood processors process wood from tree trimming sources with high through-put grinders primarily into 
mulch, boiler fuel and compost. Environmental Wood Supply also accepts wood from land clearing opera-
tions. Processors are also referred to as consolidators because primary generators drop off wood at their sites. 
Wood processors generally charge a tipping fee of $10-$30/cubic yard depending on the quality of the wood 
being delivered. Chipped wood is generally taken for free, and recently one of the processors has started to 
pay tree companies for whole logs. As demand grows for mulch and boiler fuel, the processors are starting to 
respond by reducing tipping fees.

In addition to processing wood generated by others, some processors also generate their own wood. Processors 
are starting to enter into the land clearing market to increase their supply of wood as markets grow. They also 
are one of the few entities that can handle storm events, and will respond to requests from municipalities and 
others to remove downed trees. Processors are increasingly regional in their reach, so it is difficult to attribute 
their sources to the metro area, as they may run crews to collect and process wood from over 100 miles out-
side of the metro area. This results in some wood being essentially imported into the metro area.

In 2006 and early 2007, the principal processors in the Twin Cities area were interviewed by the project team 
to estimate how much wood they take in each year. Many large wood processors and land clearing firms were 
left out of this estimate in order to avoid double-counting the material they provide because their wood waste 
goes to either the mulch market or District Energy. In addition, because this information is based on personal 
interviews, it is only as accurate as the numbers provided by each firm. 

Table 20: Wood waste generated by principal wood waste processors, project team survey, 2006/2007

Company Wet tons

Rumpka Company 35,200

All-Wood Products 79,200
Central Wood Products 93,500
Buberl Recycling and Compost 18,800
NRG Processing Solutions 6,500
Environmental Wood Supply (additional) 190,000

Total 423,200

As the tree residue and land clearing estimates overlap with the consolidators, these numbers are presented as 
a check on the total amount of wood waste available in the Twin Cities. Total wood handled by processors is 
estimated at 423,000 (Table 20). The numbers reported for District Energy account for wood received from 
the other processors. When combined with the other land clearing number from above (72,000 wet tons), the 
total tree residues would be 495,000 tons. This is 10 percent above our estimate of 450,000 tons (300,000 
tree trimming + 150,000 land clearing), but given the general lack of precision, we believe this confirms our 
estimate. Also, our generator survey was conducted in 2005 and the consolidator survey in 2006, so some of 
the variation could be from annual supply fluctuation.

Difficulties in Estimating Urban Tree Residues
Estimating with a high degree of precision the annual generation of wood waste in the metropolitan area is 
not possible for several reasons. The two largest factors affecting wood waste generation are weather and tree 
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diseases, both highly variable by nature. The last significant storms in the region occurred in Ramsey County 
in 1998. Large storms create additional business for tree services for up to four years. Some logs from the 
1998 storm were still unprocessed in 2003 when Environmental Wood Supply took custody of the St. Paul 
Wood Processing site on Pig’s Eye Lake Road. It is estimated that a large storm hitting mature tree regions of 
the metropolitan area could generate more than a million tons in a single year. The Dutch elm epidemic of 
the late 1970s and early 1980s also generated more than a million tons of tree waste per year. The emerald 
ash borer will likely increase the amount of wood waste generated in upcoming years (see emerald ash borer 
section below). Oak wilt and Dutch elm disease continue to attack remaining stands of trees in the area. In 
addition, forestry experts at the University of Minnesota predict that more diseases will hit the region’s trees as 
a result of global warming, which will eliminate the extremely cold winters that normally keep many diseases 
away. It is not yet known how these epidemics will compare with Dutch elm disease.

Data reporting difficulty
Data are often not recorded accurately by generators, or are reported in inconsistent units. For wood entering 
sites, volumes are often “eyeballed” to estimate cubic yards. The number of cubic yards per ton can also vary 
considerably depending on the material. Just branches and brush are closer to 8 cubic yards/ton, while logs 
can be less than 3 cubic yards/ton. Even once it is ground or chipped, density can vary considerably. Thus, 
reported data are typically not considered very accurate.

Survey Bias
An additional problem with the data is that all of the numbers are self-reported by the generators and proces-
sors. They are not required to report this information, so it is based on voluntary responses. The project team 
found that many companies did not keep good records on wood waste generated or collected or were not 
willing to share the information because of the industry’s competitiveness. In some cases, companies might 
over-report their quantities in order to give the appearance of doing more business than they actually are. 

External Factors Affecting Quantities of Urban Tree Residues
Emerald Ash Borer
The emerald ash borer (EAB), a shiny green beetle first identified in the United States in 2002, is believed to 
have entered Detroit by ship from Asia. Since then, the EAB has been responsible for the death of approxi-
mately 15 million of Michigan’s 700 million ash trees. The EAB has spread to forests in parts of Indiana, 
Ohio, Illinois, and Ontario, and Minnesota may be next. The adult beetles nibble on ash foliage but cause 
little damage; the larvae, on the other hand, feed on the inner bark of ash trees, disrupting the tree’s ability to 
transport water and nutrients. Trees with EAB usually die in three years but have been seen to die in one to 
two years when EAB populations are high.110

Ash trees have been a popular street tree for decades because they are drought and salt tolerant; they were 
widely planted in urban areas around the country to replace elms killed by Dutch elm disease. In order to pre-
pare for this urban forestry threat, the Minnesota DNR conducted a preliminary inventory to assess the size 
and distribution of the populations at risk. In 2006 the DNR undertook a project designed to characterize 
the abundance, size, and condition of the ash and elm trees in residential and commercial areas of Minnesota 
municipalities. It conducted on-the-ground sample surveys of more than 750 communities across the state to 
gather this information.111

110  www.emeraldashborer.info.
111  �Minnesota Dept. of Natural Resources, Resource Assessment Unit, Forestry Division. Rapid Assessment of Ash and Elm Resources in Minnesota 

Communities.
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Statewide, the DNR found that ashes represent 6.4 percent of total urban trees. They found urban ash popu-
lations to range from 3.8 percent of the tree population in Washington County to 18.9 percent in Carver 
County. (See Table 21 for county data.) Ashes make up an average of 9.5 percent of trees in the seven-county 
metropolitan area.112 The primary interest of the study was in the main street and residential yard areas of each 
municipality, so the survey was confined to residential neighborhoods and main business corridors within each 
city. In addition, the study targeted smaller communities that do not have inventories of their own, so some 
of the bigger cities in the area are not included (e.g., Minneapolis and St. Paul). Also, field checks conducted 
after the initial survey was completed indicated that ash trees were undercounted by approximately 14 percent 
statewide. These estimates might therefore be low, but they provide a good overall county and statewide as-
sessment. Although ashes make up a small percentage of urban trees, they might contribute a large quantity of 
tree waste if the emerald ash borer arrives. 

Table 21: Ash populations and percentages by county in Twin Cities metropolitan area

County Ash Population Trees per Acre Percentage Ash

Anoka 175,150 1.4  5.3 %

Carver 129,186 6.6 18.9 %

Dakota 296,946 3.0 15.3 %

Hennepin 324,210 5.2  7.7 %

Ramsey 213,524 4.2  4.9 %

Scott 107,792 3.8 10.5 %

Washington 368,216 4.0  3.8 %

Average (7 Counties) 230,718 4.0  9.5 %

State 2,968,513 3.2  6.4 %

In addition to this statewide data, some inventories have been conducted for individual cities as well. In Min-
neapolis, for example, an inventory was conducted to determine whether the benefits from the city’s urban 
forests outweigh the city’s annual costs. This study provides a more in-depth analysis of urban forest compo-
sition, including species, diversity, age distribution, size, and condition, along with maintenance needs and 
benefits provided. According to this inventory, 16.1 percent of the actively managed urban trees, or approxi-
mately 32,050 trees, are green or white ash. This citywide data can be used to estimate how much biomass 
might be generated in Minneapolis as a result of the emerald ash borer.113 Although it is impossible to predict 
when or even if it will arrive, given the history of disease migration, it is more likely than not that the emerald 
ash borer will arrive in Minnesota within 15 years. The resulting surge of ash trees in the wood waste supply 
could last for ten years or more. 

Michigan’s Experience with Emerald Ash Borer
In Michigan, approximately 15 million ash trees are dead or dying as a result of EAB, and a huge number of 
trees are awaiting disposal. The Michigan Department of Agriculture established a quarantine and set up eight 
yards in the southeast part of the state for disposal of the affected trees; the state initially paid for the grinding 
of the wood waste, and much of it went to a nearby power plant. From June of 2004 to June of 2005, more 

112  Ibid.
113  �McPherson, E. Gregory et al., City of Minneapolis, Minnesota Municipal Tree Resource Analysis. Center for Urban Forest Resource, USDA Forest 

Service, Pacific Southwest Research Station. June 2005.
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than 300,000 tons of wood were processed as a result of the EAB. Michigan did not have a viable urban wood 
industry, and took advantage of the insect outbreak to build large-scale urban wood programs. The state con-
tracted researchers to conduct a two-part analysis of the green side (a living tree inventory) and the brown side 
(mostly tree residue, pallets, construction waste, and mill residues) of urban wood waste. 114 

David MacFarlane used forest-based inventory techniques and applied them to an urban setting to get at the 
larger questions of how many trees are in urban areas, how much they might be worth, and whether it would 
be feasible for them to make any contribution to biomass fuel or wood product manufacturing if the trees that 
become available were harvested. To do this, MacFarlane used a stratified sampling methodology and a land-use 
land cover map in order to select high- and low-density urban areas, parks and golf courses, and roads and 
other paved areas. The field crew then drove to those neighborhoods and went door to door to get permission 
from the landowner, measure the dimensions of the property, and take measurements of the trees. This allowed 
MacFarlane to extrapolate total quantities based on the proportion of different land use types, and the amount 
that certain species contribute to each land use type. Using published biomass equations, he was then able to 
estimate the amount of standing biomass in live and dead trees in urban areas in southeast Michigan. This report 
is not yet finished, but is slated for publication in the July 2007 issue of Aboriculture and Urban Forestry.115

In order to estimate the brown side of urban wood waste, Sam Sherrill conducted a thorough analysis of five 
categories of wood waste: pallets, edgings and cutoffs, chips and shavings, tree trunks and limbs, and construc-
tion debris. Sherrill used SIC codes to generate a contact list of 20,000 companies that were used as the total 
population, and then selected one out of three for his sample. Surveyors then telephoned 1,500 of these com-
panies and conducted a 70-question survey in order to understand the wood waste that was being generated 
and where it was going. Although this report is not yet finished, the data have been collected and Dr. Sherrill 
expects the report to be finished within the year. This in-depth analysis could be replicated for the Twin Cities 
area if a thorough analysis of wood waste is deemed necessary.116

In addition to the two studies, the Michigan Department of Agriculture also began to conduct outreach ef-
forts in biomass research and demonstrations, implementation projects, and community demonstration grants 
to promote the use of urban wood waste. Although Minnesota’s course of action is unclear if the EAB arrives, 
lessons can be learned from Michigan’s experience, and urban wood programs will benefit from the wood 
waste caused by this invasive species.

Housing Market Trends Affect Urban Wood Waste
The housing market can alter wood waste generation rates by tens of thousands of tons per year. When the 
housing market declines, as it did in late 2006, the generation of wood waste that results from clearing land 
to prepare for new housing decreases. In November the State Economics Office announced that housing starts 
for 2006 were down by 37 percent, and much of this decline occurred in the second half of the year. Inter-
views with land clearing companies confirmed that land clearing has declined considerably during the fall of 
2006 and is expected to be at record low levels for the spring of 2007. 

The availability of land clearing residues in the future will roughly mirror residential development trends in 
the region’s suburbs and exurbs. The region’s planning authority, the Metropolitan Council, estimates that the 

114  �Weatherspoon, Anthony and Jessica Simons. May 17, 2006. Urban Wood Utilization and the Emerald Ash Borer: Increasing the Viability of Wood-
Based Industry in Southeast Michigan. MI DNR and Southeast Michigan Resource Conservation and Development Council.

115  �Personal communication, Dr. David MacFarlane, Professor in Forest Measurements and Modeling, Michigan State University, February 14, 2007.
116  �Personal communication, Dr. Sam Sherrill, Professor in School of Planning, University of Cincinnati, February 7, 2007.
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Twin Cities metro area will add nearly 1,000,000 new residents and 500,000 new households over the next  
25 years. This anticipated growth rate is roughly similar to the growth experienced over the past decade.  
Table 22 provides growth projections for the metro region by county for 2010, 2020, and 2030.

Table 22: Twin Cities metropolitan area projected population growth 2000-2030117

County 2000  
(actual) 2010 2020 2030 2010 2020 2030

Projections for Population Growth
Projected population growth  

from previous period  
as a % of total growth

Anoka 298,084 358,270 399,810 413,260 15% 11% 5%

Carver 70,205 107,910 159,300 191,380 9% 14% 12%

Dakota 355,904 421,960 480,150 517,010 16% 16% 14%

Hennepin 1,116,206 1,213,950 1,310,030 1,384,800 24% 26% 28%

Ramsey 511,035 547,700 570,860 598,900 9% 6% 11%

Scott 89,498 147,840 193,900 221,670 14% 12% 11%

Washington 201,130 258,502 316,043 365,570 14% 15% 19%

Twin Cities 
Total 2,642,062 3,005,000 3,334,000 3,608,000 -- -- --

Secondary Wood Processing
A Minnesota DNR study conducted in 1994 estimated 200,000 dry tons of wood waste was generated by 
secondary wood processing companies, such as cabinetry, furniture, and window manufacturers. 

Because the DNR study is more than ten years old, the project team decided to conduct a limited follow-up survey 
to test whether it was still valid. Surveys were mailed to a sample of 60 of the 256 secondary wood processors 
in the seven-county metropolitan area. Responses were received by mail or by telephone. Twenty-two responses 
were received, and six of the addresses used were no longer valid, giving the survey a response rate of 41 percent.

Survey Results
The total number of secondary wood processors has decreased from 300 in the seven-county area in 1994 to 
256, according to the most recent update of the DNR’s database in 2004. The wood waste generated seems 
to be decreasing as well. The sample survey and discussions with survey respondents indicate that the trend 
in recent years has been toward minimizing production waste and finding recycling alternatives. Most clean 
wood waste goes to animal bedding, whether directly to farmers or via trucking companies or animal bedding 
companies that then sell it to farmers. In addition, some of this waste still goes to the mulch market and wood 
processors. Waste management companies are also taking advantage of this market by collecting wood waste 
from secondary processors and selling it to District Energy St. Paul for fuel. One company conjectured that 
no secondary wood waste was going to landfills because it is too expensive; very few companies are unable to 
sell their clean wood waste. 

117  Source: Metropolitan Council 2030 Regional Development Framework, Revised Forecasts (3/8/06).
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The survey also indicated that composite wood (plywood, OSB, etc.) makes up a higher proportion of the 
wood waste generated by these companies than was estimated by the DNR in 1994. Although there seemed 
to be less of a market for this than for the clean wood waste, there appear to be some markets for this wood 
waste as well. A few respondents still paid to dispose of particle board, painted or treated wood, and other 
wood waste with residues, but most reported getting paid for it or had it taken away for free. One respondent 
used clean wood cuts for boiler fuel in the winter, but then paid to dispose of nearly 1,000 tons/year during 
non-heating months.

Based on our limited study, we estimate that perhaps two-thirds of the original DNR estimate is still gener-
ated in the Twin Cities (134,000 dry tons). However, because of the low moisture content and high quality 
of the wood waste generated by secondary wood processors, it is unlikely that much of this wood would be 
available for fuel. The animal bedding market, which currently captures much of this wood, has low process-
ing costs and a high resale value. In addition, the clean, dry wood, such as dimensional lumber and pallet 
wood waste, is also a good source of wood for manufacturing dyed mulch. Rock-Tenn would have to compete 
with both of these high-priced end markets for clean dry wood waste. We estimate that perhaps 10,000 tons 
of clean wood could be collected.

Market Cost Structure and Competing Markets
Mulch Market 
Demand for bagged mulch has increased in recent years and is expected to continue to grow over the next 
decade based on product innovations, growing consumer interest in landscaping, and the increasing avail-
ability of plants, flowers, and shrubs in the retail market. The market for value-added mulches, such as colored 
and treated mulch, is expected to grow even faster. According to the Freedonia Group, the national mulch and 
chips market was $440 million in 2006 and is projected to increase to $570 million by 2011. Mulch prices 
have also increased in recent years and are projected to continue to rise as clean wood waste becomes more 
scarce, especially in urban areas. The table below breaks down the mulch market, providing sales, pricing, and 
quantities of mulch sold nationally along with predictions regarding the future of the market.118 Extrapolating 
Twin Cities mulch sales from these national projections results in a sales estimate of about 40,000 wet tons in 
the seven-county metro area. This number is likely a lower limit; our research shows a much higher figure.

118  �Schmidt, Darren D., Sheila K. Hanson, and Kyle E. Martin, Energy & Environmental Research Center, University of North  
Dakota. Identifying Resources and Options to Mitigate the Risk of Wildland Fires in North Dakota, June 2003.
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Table 23: Past and projected U.S. mulch sales in lawn and garden applications (1992 – 2011)

Item 1992 1996 2001 2006 2011

Total Lawn and Garden Mulch Sales 550 630 850 1080 1350

   % Bagged 40.9 41.3 42.9 44.9 48.1
      Lawn and Garden Mulch Sales 225 260 365 485 650

   By Type:
      Wood and Mulch Chips 215 245 340 440 570
      Conventional 213 240 290 340 390
      Colored 2 5 50 100 180
      Other 10 15 25 45 80

   By End User:
      Consumer 165 195 280 390 545
      Professional 60 65 85 95 105

   By Market:
      Residential 165 195 280 390 545
      Commercial 21 23 30 33 37
      Golf Courses 18 20 26 29 32
      Government and Other 21 22 29 33 36

   $/lb .04 .04 .05 .06 .07

Lawn and Garden Mulch Sales (mil lb) 5600 6100 7200 8300 9500
  Sales totals are listed in millions of dollars.

Source: �The Freedonia Group as cited in Identifying Resources and Options to Mitigate the Risk of Wildland Fires 
in North Dakota.

Other mulch sold in the Twin Cities but not sourced locally includes red cedar from British Columbia, cypress 
from Georgia and the Carolinas, pine straw from Minnesota and Georgia, pine bark from South Dakota and 
Minnesota, and a variety of hardwood and softwood byproducts from the Minnesota Forestry industry. Silva 
Corporation, which imports cypress and red cedar, is the principal importer of various out-of-state mulches. 
Silva also uses byproducts from Weyerhaeuser and other forestry industrial operations in northern Minnesota. 

Horticultural sales in general and mulch in particular have increased steadily over the past 25 years; however, 
recent data suggest that this trend has leveled off and sales over the past few years have been flat.119 According to 
the three largest mulch sources in Minnesota, this national trend is moderated somewhat by the rapid growth of 
the Twin Cities metropolitan area. The largest driver of the mulch market is urban development. New residential 
areas need mulch to cover new trees and shrubs. New big-box commercial developments use mulch to beautify 
their grounds and make shopping more appealing. According to Gertens, mulch sales have continued to increase 
over the past few years. However, the three largest mulch players saw a decline in sales for residential users during 
the fall of 2006. All three firms agreed that this decrease in sales is due to the housing market decline. The mulch 
market can be expected to follow the housing market, and declines in quantities of land clearing wood during 
times of housing contraction may be moderated by a corresponding decline in demand for mulch.

119  �Personal communication, Dr. Mary Meyer, professor of Horticultural Science, University of Minnesota, November 20, 2006.
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Two other moderate trends in the mulch business relate to the creation of new markets for mulch in horticul-
tural container mixes and as insulation by large builders. Container mixes are the material used to grow trees, 
shrubs, and many flowers. Most of these products are sold to customers in containers. Composted mulch is 
used in container mixes, because it is absorbent and because the particle size creates pore space, or air, in the 
soil structure. Because the mulch has been aged for a year, it will not rob the plant of nitrogen and cause 
yellowing. Bailey Nurseries, the largest wholesale nursery in Minnesota and one of the largest nurseries in the 
nation, cultivates several thousand acres in the metropolitan area. It is the largest user of container mixes and 
composted mulch for use in container mixes. A few years ago, one large firm processed all of the waste shrubs 
and wood waste from Bailey Nurseries into 30,000 yards of mulch, which was sold to retail customers. Today 
Bailey Nursery consumes this mulch internally, and acquires additional material to make container mixes. 
Although this is not a huge market expansion, it is a growing use that competes with wood used for fuel. 

Many land clearing and wood processing companies have few customers for mulch in the fall, but the use of 
mulch by builders is also expanding. In the past three years, builders have been purchasing low-grade mulches 
to insulate the ground. If just over a foot of mulch is put in place on the footprint of a future building, the 
land will not freeze over the winter. When a builder is ready to begin, the mulch is easily removed with a 
front-end loader and the soil is ready for digging. Builders are also learning to use the compost in berms 
instead of using silt fencing. Several studies around the United States have shown that berms of mulch and 
compost are superior to silt fencing in preventing soil erosion. In some building projects, the year-old compost 
is reused for container mixes or other uses. 

The use of mulch by the Minnesota Department of Transportation (MNDOT) has also been expanding. Current 
consumption is 12,000 to 20,000 tons per year. Interviews with MNDOT’s soil science team indicate that up to 
a 10 percent increase in mulch use is expected over the next five to ten years. Approximately 25,000 tons per year 
will be used in the near future. To some degree, mulch is again tied to the growth of urban development. 

Interviews conducted by the project team of wood processors, land clearing, and mulch retail firms universally 
suggested that three firms control about 80 percent of the metro mulch market. Numbers reported by these 
three firms and accounting for other companies suggest that about 125,000 wet tons are sourced from the 
metro area to the mulch market. Some of this might be exported to other Upper Midwest markets, but how 
much is exported is not known. The 20 percent of the mulch market not identified includes tree services and 
other firms that market mulch directly to consumers from their businesses.

Animal Bedding Market
The animal bedding industry uses a variety of materials, including wood waste, to manufacture its product. 
Sand, dried manure, finished compost, shredded newspaper and magazines, hay, corn stover and other crop 
residues, wood shavings, and sawdust are all source materials for animal bedding. Nearly all wood-based bedding 
comes from dried sources such as cabinet manufacturers, wood-working shops, and furniture manufacturers 
because it is necessary that the moisture content of the wood be extremely low in order to absorb manure.

Little is known about the animal bedding market. Farmers often contract directly with secondary wood processors 
for the wood waste they generate, thus eliminating the middleman. In addition, there are many companies that 
simply buy wood shavings and sawdust from these secondary wood generators and deliver it to farmers. A third 
group of animal bedding producers actually function more like wood processors. They provide semi-trucks to the 
secondary wood generators to fill up with their wood waste, collect the waste, grind it up, and sell it to farmers as 
animal bedding. Very few animal bedding companies in the Twin Cities operate at this level. 
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The market for animal bedding appears to be relatively stable, with higher demand in the winter when it’s 
wetter and colder. Because the generation of wood waste is higher in the summer, some companies sell animal 
bedding only in the summer months when it’s easy to get a hold of wood waste and transport it to farmers 
where they can sell it at relatively low prices. In the winter, however, when there is less wood waste available, 
the larger, more stable animal companies are the only ones who can provide bedding. Yearly, most of the varia-
tions in the animal bedding market depend on the weather and fluctuate depending mostly on how wet and 
cold the weather is.

One large animal bedding company indicated that it receives wood waste from 20 to 30 cabinet companies, 
truss manufacturers, and companies that generate pallet waste. The quality and moisture content of the wood 
are extremely important, so it has strict policies for the companies that provide wood. It must pre-approve 
any waste stream before it will take it, and if there are any contaminants in the wood waste supply, it will 
stop dealing with a company until the problems are resolved. This company usually charges a tipping fee of 
approximately $3.50 per cubic yard of wood waste, depending on how long it takes the generator to fill a 
semi-truckload of waste.

The animal bedding market is not known to use urban tree residues due to their high moisture content, but 
do use a high proportion of available secondary sources.

Compost Market
The compost market is another alternative for wood waste. Interviews with wood processors indicate that very 
little wood waste is composted. Composting wood is a low-value market given the processing costs involved, 
and wood is generally composted only if it cannot be sold into other markets. The composting organic matter 
must remain on the site for at least a year in order to be made into a marketable compost. However, shredded 
pallets, yard waste, manufacturing by-products, paper, chips, sawdust, ash, shredded lumber, and land clearing 
debris can be used in composting to improve air flow, allow excess heat to escape, and absorb moisture. It is 
often the wood waste that is mixed with yard waste and dirt that is turned into compost. 

Table 24: End-market pricing for urban wood waste products

Market Price/Cubic Yard Price/Ton

Animal Bedding $18.00 - $24.00 $60.00 - $ 80.00
Mulch
   Non-colorized low grade $10.00 - $13.00 $33.00 - $43.00
   Colorized & high grade $16.00 - $43.00 $50.00 - $143.00
Fuel (District Energy) $ 9.50 - $18.00
Compost $12.00 - $15.00 $40.00 - $50.00
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Tree Service Industry Profile
Size and Geographical Distribution of Generators
Tree service companies vary in size but most are small, family-owned operations. The smaller generators (who 
generate approximately 30-1,500 wet tons of tree waste per year) tend to focus on nearby residential areas 
while the larger ones (who generate 1,500 to 50,000 wet tons of tree waste per year) work all over the Twin 
Cities area and also have contracts to provide services for different cities. Many tree service companies also 
provide lawn care and landscaping services. In examining the geographical distribution of tree service compa-
nies in the Twin Cities area, there are five key areas where these generators are clustered: Minneapolis (includes 
Edina, St. Louis Park, Richfield, and others), the northwest suburbs of Minneapolis (includes Brooklyn Park, 
Maple Grove, Plymouth, Minnetonka, and others), the southwest suburbs of Minneapolis (includes Excelsior, 
Eden Prairie, Shakopee, Bloomington, and others), Mankato (includes Winthrop, New Ulm, Waterville, and 
others), and Rochester (includes Faribault, Northfield, Owatonna, Red Wing, and others). 

Drivers for the Business and Market Entry Barriers
Weather, tree diseases, and pests play a big role because they increase the demand for tree services as trees need 
to be removed quickly. Labor is also a key issue because the industry often faces labor shortages and has to 
find new ways to attract workers to the business. In a booming economy, this issue is especially important due 
to the increased demand for landscaping services.120 

The high cost of starting up a tree service company is one of the biggest barriers to entering the market. More 
education is necessary for working with trees and shrubs than other areas of landscaping, which is expensive 
for companies to provide. In addition, equipment, whether rented or purchased, is expensive. Insurance is 
another expense that can be costly due to the nature of the industry. As a result, there is a high failure rate and 
many companies don’t survive their first few years in business.121 

Another important barrier to entering this market is the necessary permits and licenses involved with tree 
trimming and removal. They vary in each city, so companies must seek out the necessary permits for every 
location in which they will be doing business. In Bloomington, for example, no permit is needed with the 
exception of the Minnesota River Bluff area, where residents must create a plan and agree on it with the city 
before any trees on city property can be trimmed or removed. In Burnsville, no permits are needed. Minne-
apolis, on the other hand, requires that companies obtain a Minneapolis Tree Servicing license to do any tree 
trimming, stump removal or tree removal within the city limits. This license runs from February 1 to February 
1 and is renewable each year. The yearly license fee is $83 for one vehicle and $28 for each additional vehicle. 
Minneapolis also has a minimum general public liability and vehicle liability insurance.

120  �Pearce, Lynn (Ed.). (2005). Encyclopedia of American Industries (4th ed., 2 vols.). Detroit: Gale, p. 112-114  
(SIC 0783: Ornamental Shrub and Tree Services).

121  Ibid.
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Equipment Inventory, Prices, and Information

Table 25: Tree trimming equipment pricing, throughput, and maintenance costs122

Equipment Price Range Time to  
Chip Wood

Maintenance 
Costs (per year)

Tree Pruner $20 - $80 n/a n/a
Chainsaw $40 - $100 n/a n/a
Small Tow-behind Chipper (6”) $12,500 - $17,000 20 yds/hr $500-$700
Medium Tow-behind Chipper 
(12”)

$26,000 - $31,000 33 yds/hr $1,100-$3,000

Large Tow-behind Chipper (18”) $41,000 - $70,000 40 yds/hr $1,500-$3,700
Small Tub Grinder (950) $70,000 - $80,000 70 yds/hr $18,000
Large Tub Grinder (1200XL) $300,000 - $350,000 200 yds/hr $51,000

Seasonal Variability and Synergistic Industries
Summer is the busiest time in the tree service industry, but most companies work year-round. In the fall and 
winter, they do more tree maintenance (trimming and pruning). During the spring and summer, companies 
are more focused on tree removal. In the fall and winter when tree service companies have less business, some 
also dedicate their time to other industries such as snow removal and logging. In addition, many tree service 
companies also provide lawn maintenance and landscaping services.

Options for the Fate of the Fuel
Tree service companies have many options for disposing of their tree waste. Some leave the tree waste on the 
resident’s land or on city land rather than taking it anywhere to dispose of it. They can pay to dump it at a 
landfill, which is usually the most expensive option. There are also many companies that either pick up the 
tree waste or allow companies to drop it off for free and then recycle it into other products and sell it. Many 
tree service companies also chip the wood and give it away or sell it as mulch, animal bedding, or firewood. 
See Table 2 for revenues and costs associated with each of these options.

Conversions
Because some urban wood waste statistics are presented in cubic yards while others are stated in tons, the fol-
lowing table outlines the conversions used throughout this report to compare the different data available on 
wood waste. Although the actual yardage to weight conversions may vary somewhat from these formulas, they 
provide the best estimate possible in order to report consistent overall quantities of wood waste. In addition, 
depending on the source of the information, some statistics are expressed in terms of wet tons while others are 
reported in dry tons. For ease of comparison, the quantified wood waste used in this report was converted to 
wet tons. See table below for moisture content conversions as well.

122  �This table was compiled from information off various tree trimming equipment Web sites as well as various phone conversations and emails with 
Morbark representatives. See http://landscaping.about.com/od/helpforconsumers1/tp/tree_trimming.htm, www.morbark.com, and www.bearcat-
products.com.
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Table 26: Estimated wood waste volume and weight conversions123

Type of Wood Waste In yards Weight In Tons

Wood Pallet 1 cu yd 300 lb 0.15 wet tons
Sawdust, loose 1 cu yd 375 lb 0.19 wet tons
Wood Chips, shredded 1 cu yd 600 lb 0.3 wet tons
Timber Industry Wood Waste 1 cu yd 1200 lb 0.6 wet tons
Brush/Limbs 1 cu yd 330 lb 0.17 wet tons
Logs/Stumps 1 cu yd 900 lb 0.45 wet tons
Mixed Urban Wood 1 cu yd 400 lb 0.2 wet tons
Residential Construction Waste 1 cu yd 300 lb 0.15 wet tons

Table 27: Estimated moisture content for select urban waste wood fuels124

Type of Wood Waste Range (wt%)

Bark 25 75
Sawdust 25 40
Baled Switchgrass 10 15
Pallet 15
Tree Waste 30 40
Demolition Waste 8
Secondary Wood Waste Processors 10

123  ��Sources: Urban Wood Waste Resource Assessment, prepared by Appel Consultants Inc., 1998; Construction Waste Project, prepared by URS  
Corporation, 2002.

124  Source: Biomass Feedstock Availability in the United States, Department of Energy, 1999.
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Appendix D: Assumptions for Fuels Model Scenarios
Scenario A: 15% biomass

Appendix D

Fuel type

Urban tree 
residue

C&D 
wood

Corn 
stover Grasses Logging 

residues
Forest 

thinning Total

Fuel Characteristics

Fuel moisture at site 45% 10% 18% 16% 50% 50%

Fuel moisture at plant 35% 10% 18% 16% 40% 40%

Heat content (Btu/lb, dry basis) 8,361 8,361 8,191 7,936 8,669 8,669

Proportion of energy needs 15% 0% 0% 0% 0% 0% 15%

Wet tons used 35,879 0 0 0 0 0 35,879

Dry tons used 23,322 0 0 0 0 0 23,322

Scheduling

add to site (proportion)

Winter 10% 0% 30% 20% 55% 40%

Spring 20% 30% 0% 10% 0% 0%

Summer 30% 30% 0% 10% 0% 20%

Fall 40% 40% 70% 60% 45% 40%

ship to plant (proportion)

Winter 15% 40% 25% 25% 50% 25%

Spring 40% 0% 30% 30% 25% 25%

Summer 20% 35% 25% 25% 10% 25%

Fall 25% 25% 20% 20% 15% 25%

Miscellaneous

storage loss (%/quarter) 2% 2% 2% 2% 2% 2%

storage (tons/acre) 1,500 1,500 1,500 1,500 1,500 1,500

participation rate 25% 25% 25% 25%

percent taken from corn/beans 0% 25% 0% 0%

typical yield (tons per acre at harvest) 4 4 15 10

technologically feasible removal 40% 100% 60% 60%

Costs to site ($/wet ton)

fee unchipped mixed logs/branches  $-   

fee clean logs and materials  $-   

fee unchipped brush  $-   

fee chipped branches  $-   

percent chipped logs/branches of  
  all branches/logs  $0.20 

percent branches and logs of total  $0.85 

percent mixed branches of  
  unchipped branches/logs  $0.66 

typical rent per acre

payment

direct and overhead costs

process at yard/landing

miscellaneous costs

yard/landing storage

cost for rail shipment ($/ton)  $10 

lease cost for rail car ($/year)  $7,200 

FUELS DATA: Assumptions for model (Scenario A)
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Appendix D

RockTenn 
wood Hennepin Anoka Washington Scott

General site information
Site type plantwood wood wood wood wood
Transport type truck truck truck truck truck
Miles to plant - 18 19 11 33
Annual throughput (tons) 36,000 50,000 25,000 25,000 25,000
Land costs ($/acre) 59,000 30,000 30,000 30,000 30,000

Proportion of total fuel needs  
by allocated to each site

Urban tree residues 25% 25% 25% 25%
C&D wood - - - -
Corn stover - - - -
Grasses - - - -
Forest residues - - - -
Forest thinning - - - -

Site capital costs
Pit  $50,000 
Temporary storage area for bales
Walking floor (pit)  $95,000 
Conveyor pit to screen  $25,000 
Screen and magnet  $180,000 
Conveyor to grinder  $25,000 
Horizontal grinders  $278,000 
Conveyor to storage  $50,000 
Screen rejects conveyor  $25,000 
Grinder rejects conveyor  $25,000 
Conveyor to boiler  $75,000 
Screener  $200,000 
Feed hopper  $50,000 
Reversing cross conveyor  $0 
Skid loader  $90,000 
Front-end loader  $200,000 
Excavator with grapple
Land acquisition  $750,000  $450,000  $450,000  $450,000 
Site Preparation  $30,000  $30,000  $30,000  $30,000 
Start-up costs  $15,000  $15,000  $15,000  $15,000 
Total capital costs   $795,000  $495,000  $495,000  $495,000 
Equity proportion   1%  1% 1% 1% 1% 
Debt interest rate  0% 0%  0% 0%  0%
Equity return 0% 0%  0%  0% 0% 

Site operating costs
Lead operator(s)  $143,000 
Junior operator(s)  $130,000 
Receiving clerk(s)  $117,000 
Mechanic(s)  $32,500 
Miscellaneous Costs  $10,000 
Insurance  $40,000 
Diesel Fuel  $32,400 
Electricity  $14,316 
Site laborer(s)  $69,888  $52,416  $52,416  $52,416 
Site manager/operator(s)  $40,499  $40,499  $40,499  $40,499 
mobile grinder at site  $440,000  $220,000  $220,000  $220,000 
Front-end loader  $48,000  $48,000  $48,000  $48,000 
Cell phones  $1,760  $1,760  $1,760  $1,760 
Office trailer  $2,800  $2,800  $2,800  $2,800 
Portable toilet  $600  $600  $600  $600 
Fuels, lubricants, etc.  $9,000  $9,000  $9,000  $9,000 
Liability insurance  $8,000  $8,000  $8,000  $8,000 
Administrative and general  $93,082  $57,461  $57,461  $57,461 

SITE DATA: Assumptions for model (Scenario A)



Green Institute   |   Renewing Rock-Tenn

100 101100 101

Scenario B: 30% Biomass

Appendix D

Fuel type

Urban tree 
residue

C&D 
wood

Corn 
stover Grasses Logging 

residues
Forest 

thinning Total

Fuel Characteristics

Fuel moisture at site 45% 10% 18% 16% 50% 50%

Fuel moisture at plant 35% 10% 18% 16% 40% 40%

Heat content (Btu/lb, dry basis) 8,361 8,361 8,191 7,936 8,669 8,669

Proportion of energy needs 15% 15% 0% 0% 0% 0% 30%

Wet tons used 35,879 25,913 - - - - 61,792

Dry tons used 23,322 23,322 - - - - 46,643

Scheduling

add to site (proportion)

Winter 10% 0% 30% 20% 55% 40%

Spring 20% 30% 0% 10% 0% 0%

Summer 30% 30% 0% 10% 0% 20%

Fall 40% 40% 70% 60% 45% 40%

ship to plant (proportion)

Winter 15% 40% 25% 25% 50% 25%

Spring 40% 0% 30% 30% 25% 25%

Summer 20% 35% 25% 25% 10% 25%

Fall 25% 25% 20% 20% 15% 25%

Miscellaneous

storage loss (%/quarter) 2% 2% 2% 2% 2% 2%

storage (tons/acre) 1,500 1,500 1,500 1,500 1,500 1,500

participation rate 25% 25% 25% 25%

percent taken from corn/beans 0% 25% - -

typical yield (tons per acre at harvest) 4 4 15 10

technologically feasible removal 40% 100% 60% 60%

Costs to site ($/wet ton)

fee unchipped mixed logs/branches -   -   

fee clean logs and materials -    $10.00 

fee unchipped brush -   -   

fee chipped branches -   -   

percent chipped logs/branches of  
  all branches/logs  $0.20 -   

percent branches and logs of total  $0.85 -   

percent mixed branches of  
  unchipped branches/logs  $0.66 -   

typical rent per acre

payment

direct and overhead costs

process at yard/landing

miscellaneous costs

yard/landing storage

cost for rail shipment ($/ton)  $10 

lease cost for rail car ($/year)  $7,200 

FUELS DATA: Assumptions for model (Scenario B)
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RockTenn 
wood Hennepin Anoka Washington Scott

General site information
Site type plantwood wood wood wood wood
Transport type truck truck truck truck truck
Miles to plant -- 18 19 11 33
Annual throughput (tons) 62,000 50,000 25,000 25,000 25,000
Land costs ($/acre) 59,000 30,000 30,000 30,000 30,000

Proportion of total fuel needs  
by allocated to each site

Urban tree residues 25% 25% 25% 25%
C&D wood 100% - - -
Corn stover - - - -
Grasses - - - -
Forest residues - - - -
Forest thinning - - - -

Site capital costs
Pit  $50,000 
Temporary storage area for bales
Walking floor (pit)  $95,000 
Conveyor pit to screen  $25,000 
Screen and magnet  $180,000 
Conveyor to grinder  $25,000 
Horizontal grinders  $278,000 
Conveyor to storage  $50,000 
Screen rejects conveyor  $25,000 
Grinder rejects conveyor  $25,000 
Conveyor to boiler  $75,000 
Screener  $200,000 
Feed hopper  $50,000 
Reversing cross conveyor  $0 
Skid loader  $90,000 
Front-end loader  $200,000 
Excavator with grapple
Land acquisition  $750,000  $450,000  $450,000  $450,000 
Site Preparation  $30,000  $30,000  $30,000  $30,000 
Start-up costs  $15,000  $15,000  $15,000  $15,000 
Total capital costs $1,368,000  $795,000  $495,000  $495,000  $495,000 
Equity proportion  60%  60%  60%  60%  60%
Debt interest rate  8%  8%  8%  8% 8%
Equity return 12.5% 12.5% 12.5% 12.5% 12.5% 

Site operating costs
Lead operator(s)  $143,000 
Junior operator(s)  $130,000 
Receiving clerk(s)  $117,000 
Mechanic(s)  $32,500 
Miscellaneous Costs  $10,000 
Insurance  $40,000 
Diesel Fuel  $32,400 
Electricity  $24,316 
Site laborer(s)  $69,888  $52,416  $52,416  $52,416 
Site manager/operator(s)  $40,499  $40,499  $40,499  $40,499 
mobile grinder at site  $440,000  $220,000  $220,000  $220,000 
Front-end loader  $48,000  $48,000  $48,000  $48,000 
Cell phones  $1,760  $1,760  $1,760  $1,760 
Office trailer  $2,800  $2,800  $2,800  $2,800 
Portable toilet  $600  $600  $600  $600 
Fuels, lubricants, etc.  $9,000  $9,000  $9,000  $9,000 
Liability insurance  $8,000  $8,000  $8,000  $8,000 
Administrative and general  $93,082  $57,461  $57,461  $57,461 

SITE DATA: Assumptions for model (Scenario B)
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Scenario C: 60% Biomass

Appendix D

Fuel type

Urban tree 
residue

C&D 
wood

Corn 
stover Grasses Logging 

residues
Forest 

thinning Total

Fuel Characteristics

Fuel moisture at site 45% 10% 18% 16% 50% 50%

Fuel moisture at plant 35% 10% 18% 16% 40% 40%

Heat content (Btu/lb, dry basis) 8,361 8,361 8,191 7,936 8,669 8,669

Proportion of energy needs 15% 15% 15% 15% 0% 0% 60%

Wet tons used 35,879 25,913 29,031 29,251 - - 120,074

Dry tons used 23,322 23,322 23,806 24,571 - - 95,019

Scheduling

add to site (proportion)

Winter 10% 0% 30% 20% 55% 40%

Spring 20% 30% 0% 10% 0% 0%

Summer 30% 30% 0% 10% 0% 20%

Fall 40% 40% 70% 60% 45% 40%

ship to plant (proportion)

Winter 15% 40% 25% 25% 50% 25%

Spring 40% 0% 30% 30% 25% 25%

Summer 20% 35% 25% 25% 10% 25%

Fall 25% 25% 20% 20% 15% 25%

Miscellaneous

storage loss (%/quarter) 2% 2% 2% 2% 2% 2%

storage (tons/acre) 1,500 1,500 1,500 1,500 1,500 1,500

participation rate 25% 25% 25% 25%

percent taken from corn/beans - 25% - -

typical yield (tons per acre at harvest) 4 4 15 10

technologically feasible removal 40% 100% 60% 60%

Costs to site ($/wet ton)

fee unchipped mixed logs/branches -    -   

fee clean logs and materials -    $10.00 

fee unchipped brush -    -

fee chipped branches -   -   

percent chipped logs/branches of  
  all branches/logs  $0.20 -   

percent branches and logs of total  $0.85 -   

percent mixed branches of  
  unchipped branches/logs  $0.66 -   

typical rent per acre -  $120 

payment  $5 - 

direct and overhead costs  $24  $20 

process at yard/landing - - 

miscellaneous costs - - 

yard/landing storage - - 

cost for rail shipment ($/ton)  $10 

lease cost for rail car ($/year)  $7,200 

FUELS DATA: Assumptions for model (Scenario C)
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Appendix D

RockTenn 
wood

RockTenn 
bale Dakota Wright Hennepin Anoka Washington Scott

General site information
Site type plantwood plantbale bale bale wood wood wood wood
Transport type truck truck truck truck truck truck truck truck
Miles to plant – – 24 44 18 19 11 33
Annual throughput (tons) 62,000 59,000 75,000 75,000 50,000 25,000 25,000 25,000
Land costs ($/acre) $59,000 – $10,000 $10,000 $30,000 $30,000 $30,000 $30,000

Proportion of total fuel needs  
by allocated to each site

Urban tree residues - - 25% 25% 25% 25%
C&D wood - - 100% - - -
Corn stover - 100% - - - -
Grasses 100% - - - - -
Forest residues - - - - - -
Forest thinning - - - - -

Site capital costs
Pit  $50,000 
Temporary storage area for bales  $10,000 
Walking floor (pit)  $95,000  $95,000 
Conveyor pit to screen  $25,000  $0 
Screen and magnet  $180,000  $0 
Conveyor to grinder  $25,000  $25,000 
Horizontal grinders  $278,000  $278,000 
Conveyor to storage  $50,000  $50,000 
Screen rejects conveyor  $25,000  $0 
Grinder rejects conveyor  $25,000  $0 
Conveyor to boiler  $75,000  $75,000 
Screener  $200,000 
Feed hopper  $50,000  $50,000 
Reversing cross conveyor  $0  $75,000 
Skid loader  $90,000  $0 
Front-end loader  $200,000  $0 
Excavator with grapple  $100,000 
Land acquisition  $300,000  $300,000  $750,000  $450,000  $450,000  $450,000 
Site Preparation  $30,000  $30,000  $30,000  $30,000  $30,000  $30,000 
Start-up costs  $15,000  $15,000  $15,000  $15,000  $15,000  $15,000 
Total capital costs $1,368,000  $758,000  $345,000  $345,000  $795,000  $495,000  $495,000  $495,000 
Equity proportion 60% 60% 60% 60% 60% 60% 60% 60% 
Debt interest rate 8% 8% 8% 8% 8% 8% 8%  8% 
Equity return  12.5%  12.5%  12.5%  12.5%  12.5%  12.5%  12.5%  12.5% 

Site operating costs
Lead operator(s)  $143,000  $71,500 
Junior operator(s)  $130,000  $260,000 
Receiving clerk(s)  $117,000  $58,500 
Mechanic(s)  $32,500  $65,000 
Miscellaneous Costs  $10,000  $10,000 
Insurance  $40,000  $40,000 
Diesel Fuel  $32,400  $6,480 
Electricity  $24,655  $4,488 
Site laborer(s)  $52,416  $52,416  $69,888  $52,416  $52,416  $52,416 
Site manager/operator(s)  $60,749  $60,749  $40,499  $40,499  $40,499  $40,499 
mobile grinder at site  $440,000  $220,000  $220,000  $220,000 
Front-end loader  $72,000  $72,000  $48,000  $48,000  $48,000  $48,000 
Cell phones  $2,640  $2,640  $1,760  $1,760  $1,760  $1,760 
Office trailer  $4,200  $4,200  $2,800  $2,800  $2,800  $2,800 
Portable toilet  $900  $900  $600  $600  $600  $600 
Fuels, lubricants, etc.  $13,500  $13,500  $9,000  $9,000  $9,000  $9,000 
Liability insurance  $12,000  $12,000  $8,000  $8,000  $8,000  $8,000 
Administrative and general  $21,840  $21,840  $93,082  $57,461  $57,461  $57,461 

SITE DATA: Assumptions for model (Scenario C)
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Scenario D: 100% Biomass

Appendix D

Fuel type

Urban tree 
residue

C&D 
wood

Corn 
stover Grasses Logging 

residues
Forest 

thinning Total

Fuel Characteristics

Fuel moisture at site 45% 10% 18% 16% 50% 50%

Fuel moisture at plant 35% 10% 18% 16% 40% 40%

Heat content (Btu/lb, dry basis) 8,361 8,361 8,191 7,936 8,669 8,669

Proportion of energy needs 15% 15% 15% 15% 35% 5% 100%

Wet tons used 35,879 25,913 29,031 29,251 87,473 12,496 220,043

Dry tons used 23,322 23,322 23,806 24,571 52,484 7,498 155,001

Scheduling

add to site (proportion)

Winter 10% 0% 30% 20% 55% 40%

Spring 20% 30% 0% 10% 0% 0%

Summer 30% 30% 0% 10% 0% 20%

Fall 40% 40% 70% 60% 45% 40%

ship to plant (proportion)

Winter 15% 40% 25% 25% 50% 25%

Spring 40% 0% 30% 30% 25% 25%

Summer 20% 35% 25% 25% 10% 25%

Fall 25% 25% 20% 20% 15% 25%

Miscellaneous

storage loss (%/quarter) 2% 2% 2% 2% 2% 2%

storage (tons/acre) 1,500 1,500 1,500 1,500 1,500 1,500

participation rate 25% 25% 25% 25%

percent taken from corn/beans - 25% - -

typical yield (tons per acre at harvest) 4 4 15 10

technologically feasible removal 40% 100% 60% 60%

Costs to site ($/wet ton)

fee unchipped mixed logs/branches -    -   

fee clean logs and materials -    $10.00 

fee unchipped brush -    -

fee chipped branches -   -   

percent chipped logs/branches of  
  all branches/logs  $0.20 -   

percent branches and logs of total  $0.85 -   

percent mixed branches of  
  unchipped branches/logs  $0.66 -   

typical rent per acre -  $120 

payment  $5 -  $5  $96

direct and overhead costs  $24  $20  $8  $70 

process at yard/landing - -  $8  $10 

miscellaneous costs - - -  $10 

yard/landing storage - - - - 

cost for rail shipment ($/ton)  $10 

lease cost for rail car ($/year)  $7,200 

FUELS DATA: Assumptions for model (Scenario D)
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RockTenn 
wood

RockTenn 
bale Dakota Wright Pine Hennepin Anoka

General site information
Site type plantwood plantbale bale bale timber wood wood
Transport type truck truck truck truck truck truck truck
Miles to plant – – 24 44 78 18 19
Annual throughput (tons) 162,000 59,000 75,000 75,000 75,000 50,000 25,000
Land costs ($/acre) $59,000 – $10,000 $10,000 $3,000 $30,000 $30,000

Proportion of total fuel needs  
by allocated to each site

Urban tree residues - - - 25% 25%
C&D wood - - - 100% -
Corn stover - 100% - - -
Grasses 100% - - - -
Forest residues - - 100% - -
Forest thinning - - - - -

Site capital costs
Pit  $50,000 
Temporary storage area for bales  $10,000 
Walking floor (pit)  $95,000  $95,000 
Conveyor pit to screen  $25,000  $0 
Screen and magnet  $180,000  $0 
Conveyor to grinder  $25,000  $25,000 
Horizontal grinders  $278,000  $278,000 
Conveyor to storage  $50,000  $50,000 
Screen rejects conveyor  $25,000  $0 
Grinder rejects conveyor  $25,000  $0 
Conveyor to boiler  $75,000  $75,000 
Screener  $200,000 
Feed hopper  $50,000  $50,000 
Reversing cross conveyor  $0  $75,000 
Skid loader  $90,000  $0 
Front-end loader  $200,000  $0 
Excavator with grapple  $100,000 
Land acquisition  $300,000  $300,000 $750,000  $750,000  $450,000 
Site Preparation  $30,000  $30,000  $30,000  $30,000  $30,000 
Start-up costs  $15,000  $15,000  $15,000  $15,000  $15,000 
Total capital costs $1,826,000  $758,000  $345,000  $345,000 $195,000  $795,000  $495,000 
Equity proportion 60% 60% 60% 60% 60% 60% 60% 
Debt interest rate 8% 8% 8% 8% 8% 8% 8%
Equity return  12.5%  12.5%  12.5%  12.5%  12.5%  12.5%  12.5% 

Site operating costs
Lead operator(s)  $143,000  $71,500 
Junior operator(s)  $130,000  $260,000 
Receiving clerk(s)  $117,000  $58,500 
Mechanic(s)  $32,500  $65,000 
Miscellaneous Costs  $10,000  $10,000 
Insurance  $40,000  $40,000 
Diesel Fuel  $32,400  $6,480 
Electricity  $64,543  $4,488 
Site laborer(s)  $52,416  $52,416  $52,416  $69,888  $52,416 
Site manager/operator(s)  $60,749  $60,749  $60,749  $40,499  $40,499 
mobile grinder at site $0  $440,000  $220,000 
Front-end loader  $72,000  $72,000  $72,000  $48,000  $48,000 
Cell phones  $2,640  $2,640  $2,640  $1,760  $1,760 
Office trailer  $4,200  $4,200  $4,200  $2,800  $2,800 
Portable toilet  $900  $900  $900  $600  $600 
Fuels, lubricants, etc.  $13,500  $13,500  $13,500  $9,000  $9,000 
Liability insurance  $12,000  $12,000  $12,000  $8,000  $8,000 
Administrative and general  $21,840  $21,840  $21,840  $93,082  $57,461 

SITE DATA: Assumptions for model (Scenario D)
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Appendix E

Washington Scott Aitkin

General site information
Site type wood wood thinning
Transport type truck truck truck
Miles to plant 11 33 111
Annual throughput (tons) 25,000 25,000 75,000
Land costs ($/acre) $30,000 $30,000 $3,000

Proportion of total fuel needs  
by allocated to each site

Urban tree residues 25% 25% -
C&D wood - - -
Corn stover - - -
Grasses - - -
Forest residues - - -
Forest thinning - - 100%

Site capital costs
Pit
Temporary storage area for bales
Walking floor (pit)
Conveyor pit to screen
Screen and magnet
Conveyor to grinder
Horizontal grinders
Conveyor to storage
Screen rejects conveyor
Grinder rejects conveyor
Conveyor to boiler
Screener
Feed hopper
Reversing cross conveyor
Skid loader
Front-end loader
Excavator with grapple
Land acquisition  $450,000  $450,000 $150,000
Site Preparation  $30,000  $30,000 $30,000
Start-up costs  $15,000  $15,000 $15,000
Total capital costs  $495,000  $495,000 $195,000
Equity proportion 60% 60% 60% 
Debt interest rate 8%  8%  8% 
Equity return  12.5%  12.5  12.5 

Site operating costs
Lead operator(s)
Junior operator(s)
Receiving clerk(s)
Mechanic(s)
Miscellaneous Costs
Insurance
Diesel Fuel
Electricity
Site laborer(s)  $52,416  $52,416 $52,416
Site manager/operator(s)  $40,499  $40,499 $60,749
mobile grinder at site  $220,000  $220,000 $0
Front-end loader  $48,000  $48,000 $72,000
Cell phones  $1,760  $1,760 $2,640
Office trailer  $2,800  $2,800 $4,200
Portable toilet  $600  $600 $900
Fuels, lubricants, etc.  $9,000  $9,000 $13,500
Liability insurance  $8,000  $8,000 $12,000
Administrative and general  $57,461  $57,461 $32,761

SITE DATA: Assumptions for model (Scenario D) - continued
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Appendix E:  
Letter from DNR on Forthcoming Forest  
Thinning Study

Minnesota Department of Natural Resources
Division of Forestry-Central Region
Regional Utilization and Marketing

1801 South Oak Street
Lake City, MN 55041

651-345-3216

March 6, 2007

TO: Rock Tenn Advisory Group
Subject: DNR – Division of Forestry Thinning Study for Pine County

As a part of the final report the Division of Forestry will produce an inventory study to determine the poten-
tial volume of pre-commercial thinning in conifer stands on Pine county on State Forest Lands. The Divi-
sion does sell at auction stands with first thinning potential, which produce amounts of pulpwood as well as 
tops and branches. The market fluctuates for pine pulpwood. As of this writing the market is depressed. The 
tops and other residue from these operations currently are chipped into vans for transport to a paper mill in 
Cloquet. If pre-commercial thinning were to become a viable option some of this material would have to be 
diverted to other markets such as Rock Tenn. 

Also a note: this study model will NOT include any lands in Wisconsin. 

Our anticipated completion date is late March or early April. The report will be sent to The Green Institute 
for addition to the Final Report in the Addendum section.

Washington Scott Aitkin

General site information
Site type wood wood thinning
Transport type truck truck truck
Miles to plant 11 33 111
Annual throughput (tons) 25,000 25,000 75,000
Land costs ($/acre) $30,000 $30,000 $3,000

Proportion of total fuel needs  
by allocated to each site

Urban tree residues 25% 25% -
C&D wood - - -
Corn stover - - -
Grasses - - -
Forest residues - - -
Forest thinning - - 100%

Site capital costs
Pit
Temporary storage area for bales
Walking floor (pit)
Conveyor pit to screen
Screen and magnet
Conveyor to grinder
Horizontal grinders
Conveyor to storage
Screen rejects conveyor
Grinder rejects conveyor
Conveyor to boiler
Screener
Feed hopper
Reversing cross conveyor
Skid loader
Front-end loader
Excavator with grapple
Land acquisition  $450,000  $450,000 $150,000
Site Preparation  $30,000  $30,000 $30,000
Start-up costs  $15,000  $15,000 $15,000
Total capital costs  $495,000  $495,000 $195,000
Equity proportion 60% 60% 60% 
Debt interest rate 8%  8%  8% 
Equity return  12.5%  12.5  12.5 

Site operating costs
Lead operator(s)
Junior operator(s)
Receiving clerk(s)
Mechanic(s)
Miscellaneous Costs
Insurance
Diesel Fuel
Electricity
Site laborer(s)  $52,416  $52,416 $52,416
Site manager/operator(s)  $40,499  $40,499 $60,749
mobile grinder at site  $220,000  $220,000 $0
Front-end loader  $48,000  $48,000 $72,000
Cell phones  $1,760  $1,760 $2,640
Office trailer  $2,800  $2,800 $4,200
Portable toilet  $600  $600 $900
Fuels, lubricants, etc.  $9,000  $9,000 $13,500
Liability insurance  $8,000  $8,000 $12,000
Administrative and general  $57,461  $57,461 $32,761


