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ABSTRACT 

Logging residues in the US South are often piled during harvests of roundwood or clean chips 

and later processed by horizontal grinders to create woody biomass fuels.  Recently some 

purchasers of fuelwood have restricted or stopped their purchase of ground residues due to 

concerns about contaminants such as soil and sand that increase the ash content and lead to 

fouling of boilers.  To reduce these issues with ground logging residues while ensuring available 

markets, some contractors have started screening grindings by processing them through trommel 

screens to reduce the contamination and ash content.  We are currently studying the impact of the 

type of residue processed (roundwood residue from final harvest clearcuts vs. clean chip residue 

from first thinnings), grinder size (460 hp vs. 780 hp), and drying time in the field prior to 

recovery (4 weeks vs. 8 weeks).   

INTRODUCTION 

Currently, a mere 8% of US total energy consumption is produced from “renewable” sources 

(EIA 2010).  These sources include solar, geothermal, wind, biomass, and hydro.  Of these 

sources, only biomass has the potential to provide liquid fuels that can be used to help power the 

current fleet of transportation vehicles and reduce the nation’s reliance on imported petroleum.  

Higher market prices for fossil fuels as well as proposed policy changes to support renewable 

energy and/or reduce fossil carbon emissions have recently led to a large number of bioenergy 

projects being announced which will consume woody biomass.  Projects announced for North 

America as of March 2011 could potentially consume nearly 70 million green tons (64 million 

tonnes) of wood biomass feedstock if all were built as proposed (RISI 2011).   

The U.S. South region is particularly well equipped to provide woody biomass for energy 

applications (Munsell and Fox 2010).  Work has already been done to develop co-firing systems 

that are operationally proven and have a number of environmental and economic benefits 

(Demirbas 2003).  With the potential for woody biomass use in renewable energy processes, 

some work has gone into developing methods for harvesting and collecting this material.  
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Numerous studies have examined the use of logging residue as a primary source of biomass fuel 

in energy and biofuel production (Takuyuki Yoshioka et al. 2006, Galik, Abt et al. 2009).  In 

many cases logging residue is currently not utilized as a part of normal forest harvesting 

techniques.  However, a recent survey of top state forestry officials in the United States identified 

high harvesting and transportation costs for woody biomass from forests as the top constraint to 

expanding this potential new industry (Aguilar and Garrett 2009).   

There is a demonstrated need to “pretreat” residue before transport to an energy facility 

(Takuyuki Yoshioka et al. 2006).  Objectives of pretreatment typically include resizing the 

material to facilitate improved transportation to a facility, storage at a facility, and eventual 

processing for energy applications (Yancey et al. 2010).  Numerous in-woods options have been 

developed and tested, with the majority of study focusing on chippers and vertical (tub) or 

horizontal grinders (Asikainen 1998).  Horizontal grinders appear to be especially useful in this 

setting, since they allow for a varied and versatile feedstock (Arthur, Kepner et al. 1982). 

However, there is only a small body of literature examining the use of horizontal grinders in 

energy applications.   

There are other issues related to using logging residues for energy that must also be addressed.  

There are well-documented concerns with fouling and slag formations within the boilers of 

biomass fired energy facilities due to aluminosilicate contaminants such as sand and soil (Miles, 

Baxter et al. 1996, Ohman, Bostrom et al. 2004, Niu, Tan et al. 2010). This issue is of increased 

concern with logging residue, as it is frequently piled for extended periods of time, increasing 

contamination.  The fouling reduces the efficiency of the boiler and forces the need for more 

frequent downtime to allow maintenance to remove the slag.  This is less of a problem with some 

boiler technology (e.g., bubbling or fluidized bed) than others (e.g., stoker-grate).  But even with 

technology that is not as sensitive to sand or ash in the system, it creates an additional byproduct 

that must be disposed at additional cost.  For example, for each 100,000 tons of wood that an 

electric plant that uses per year of wood at 50% moisture content, one percent of ash content in 

the feedstock represents 500 tons of ash requiring disposal or nearly 1.5 tons per day.  Electric 

plants are typically on a scale that uses 5-10 times this amount of wood, thus magnifying the size 

of the disposal issue.  In addition, it is not uncommon for some residues to have 5-15% ash 

content as recovered from the forest, again further compounding the ash related issues. 

Another significant and growing market for woody biomass in the US South is for wood pellet 

plants that produce either “white” pellets for use largely in residual heating applications or 

“brown” pellets that are primarily shipped to UK and EU markets for co-firing with coal for 

electricity production.  These pellet products have ash content tolerances that are often 0.5% for 

white pellets and 1.0% or less for brown pellets.  In either case, sand or other silica contamination 

significantly increases the wear on the dies used to form the pellets, shortening their life and 

increasing plant costs and downtime.  For these reasons, pellet manufacturers typically pay a 

premium for clean feedstocks and recently have focused on roundwood sources of forest fiber 

rather than use of logging residues.  This leads them to directly compete with established pulp 

and oriented strand board markets for higher priced, but cleaner, roundwood material. 
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Consequently, direct combustion of some forms of biomass may be limited (Balat and Ayar 

2005).  Proposed solutions include the use of additives such as kaolin and limestone to reduce the 

size of ash deposits (Ohman, Bostrom et al. 2004).   

 

Perhaps a better approach would be to reduce the amount of fine material contaminants at the 

source, before the fuel is transported to an energy producing facility.  There are a number of 

sifting or screening processes that can be used to separate the desired wood fuel from any fine 

material.  Specifically, trommel screens can be used between a grinder and a hauling truck in this 

capacity.  Trommel screens are screened cylinders used to separate materials by size.  Some 

biomass harvesting contractors in the southeastern United States have recently added trommel 

screens to their horizontal grinding operations to reduce the dirt and ash content of the material 

produced (Figure 1).  These typically have screen openings of 10-15 cm (~0.5 in) and reduce the 

amount of fines and dirt in the material screened.  The use of screens was prompted by woody 

biomass users (typically pulp mills) that experienced boiler issues with unscreened grindings and 

ceased purchasing these feedstocks.  While this approach is used by a few contractors that supply 

biomass users in a few locales, to date this solution has not been well tested and reported in the 

literature.   

 

Figure 1:  A trommel screen receiving grindings from a horizontal grinder in a planted pine stand 

in South Carolina, January 2011. 
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We are currently studying these grinder systems using screens to quantify their effectiveness at 

reducing ash content of fuels with two common forms of residual forestry materials – roundwood 

residues and clean chipping residues (Figure 2).  The field work on this project is now half 

completed, so this paper serves as a status report of the project and discusses the results expected 

in the near future (by late 2011). 

 

 

Figure 2: A residue pile resulting from a roundwood logging operation (top) and a pile from a 

delimbed, clean-chipped thinning (bottom). 
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OBJECTIVES  

Our goal is to determine the potential benefit of reducing the ash content of material fed through 

horizontal grinders in the woods. We are assessing the potential costs and benefits of this 

modification to grinding operations by examining contractors’ production rates and feedstock 

characteristics with a screen in place.  Grinding operations following both (1) clean chipping 

operations utilizing chain flail delimbers, and (2) roundwood operations using pull-through 

delimbers will be measured separately to determine if feedstock characteristics differ based on 

the type of harvesting system used. 

We are examining systems using trommel screens with the following objectives in mind: 

1. To assess the effectiveness of trommel screen operations in reducing ash content with 

forest residues that have been drying for up to 8 weeks,  

 

2. To compare differences between screened grindings produced from residues left by 

roundwood and clean chipping operations, and  

 

3. To understand the production and cost issues associated with operating grinder/trommel 

screen fuelwood systems. 

METHODS 

We are conducting this study by monitoring and collecting samples from an active fuelwood 

removal operation where a logger is utilizing a trommel screen to remove fine materials from the 

grinding stream using piled logging residue (tops, limbs, etc.).   Our industry partner on this 

project is Collum’s Lumber Products in Allendale, South Carolina.  They have harvesting crews 

that produce clean chips in-woods with flail delimbing as well as conventional roundwood 

operations.  Fuelwood is typically collected behind clean chip operations using horizontal 

grinders and trommel screens but not after roundwood operations.  However, they graciously 

agreed to include some roundwood harvests to assist with our study design. 

We are evaluating grinding and screening on pine plantation sites that received roundwood or 

clean chip harvests either 4 weeks or 8 weeks prior to the fuel harvesting (Table 1).  Roundwood 

harvests in this area are typically clearcut final harvests while most first thinnings are performed 

with clean chipping crews.  They deploy two sizes of grinders – a Peterson 4700B (780 hp) and a 

Peterson 2400 (460 hp) – each of which was evaluated during our study. 

On each harvested site, we targeted observing 30 truckloads of screened grindings being 

produced.  During this production, we performed a work sample of the grinder and screen on 2-

minute intervals to document machine activities and obtain estimates of mechanical availability, 

utilization, and causes of delays.  For each truck loaded with screened grindings, we recorded the 

total loading time and the number of loader bites to feed the grinder to obtain a full truckload.  

Truck payload was obtained from mill receipts.   
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Table 1:  Treatments evaluated with grinder systems using screens to harvest logging residues. 

 

During the loading of each truck, we obtained samples from three material streams – (1) after 

grinding and before screening, (2) after screening (acceptable material), and (3) after screening 

(rejected, fine material).  One sample of acceptable materials from the screen was collected for 

each load.  The other two material streams were sampled for every fourth load.  In all cases, 

composite samples were taken to produce a representative sample of each truck load.  This was 

accomplished by combining several small samples from throughout each load and mixing them 

into one large composite sample.  From each composite sample, a grab sample of approximately 

1 kg was collected, bagged, labeled, and immediately weighed on-site to determine the field 

weight.  These bagged samples were returned to the lab where they were dried at 105⁰ C for 48 

hours.  Dried samples were then weighed and dry weights used to calculated field moisture 

content at time of grinding.   

After drying, bags were randomly selected from each harvesting treatment for further analysis.  

These bags were fractioned, with roughly one-eighth of the sample processed through a 1mm 

screen Wiley mill and transferred to the University of Georgia Plant, Soil, and Water Lab for 

determination of energy, ash, and nutrient concentrations.   

To measure fuel consumption during the study, we installed a GPI inline fuel meter on the fuel 

tank used to supply the woods equipment and recorded the fuel use each day during the study as 

possible.  These data were later matched with the data obtained for number of truckloads, truck 

payloads, hours of operation, and tons produced to permit evaluation of fuel consumption on the 

operation.   

Horizontal grinders rely on square “hammers” to shred the woody material.  Over time, these 

hammers begin to dull and must be replaced for continued use – costing time and money.  

Hammer wear is a function of the feedstock material and is variable.  In this study, hammers were 

replaced in the grinder at the start of each treatment unit and hammer wear was tracked 

throughout that treatment.  When the hammers needed to be replaced, the number of loads 

associated with that set of hammers was noted.  In this way, loads per set of hammers could be 

compared between the different treatments. 

Treatment Grinder Size Harvest Type Weeks Since Harvest 

1 Large (Peterson 4700B) Roundwood (Clearcut) 4 

2 “ “ 8 

3 “ Chipping (First Thin) 4 

4 “ “ 8 

5 Small (Peterson 2400) Roundwood (Clearcut) 4 

6 “ “ 8 

7 “ Chipping (First Thin) 4 

8 “ “ 8 
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Ownership and operating costs for the grinder and the screen were estimated using data shared by 

our industry cooperator along with utilization, fuel consumption, and hourly production data 

obtained during the study.  Using the estimates of total hourly costs, we evaluated the cost per ton 

(field moisture content), cost per ton (dry), and cost per BTU for screened grindings loaded in the 

woods.   

PROJECT STATUS 

The first round of field sampling commenced mid-April 2011.  Half of the treatments have been 

sampled at this time.  Some preliminary data and analysis from this round are expected to be 

available during the COFE Conference in June.  Following the conference the remainder of the 

treatments will be sampled before the end of the summer season.  Final results for all treatment 

groups will be completed by year-end and readers are welcome to contact the corresponding 

author for results if they are interested. 
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