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NATIONAL PERSPECTIVE ON WOOD ENERGY POTENTIAL IN THE UNITED STATES 

In 1981, the U.S. consumed a total of about 78 quads of energy. 
Of this total, approximately three quads or four percent were from wood. 
Industrial consumption, mainly by the forest products industry, used 
nearly two quads of the supply which it generated by direct combustion 
of mill residues as a manufacturing by-product. The remainder, about 
one quad, was used for residential heating and was produced from burning 
firewood (Slinn, 1984). [A quad is defined as one quadrillion BTU of 
heat. Since a barrel of crude oil contains about s i x  million BTU, a 
quad is equivalent to approximately 167 mill ion barrels of crude oil .] 

Table 1 presents the potential sources and amounts of wood energy 
from existing inventories, stand growth and harvest/utilization. 

Table 1. WOOD ENERGY POTENTIAL IN THE UNITED STATES IN CONJUNCTION WITH 

Inventory 
commerci a1 forest 1 and 352 quads 
non-commerci a1 forest 1 and 80 quads 
total inventory 432 quads 

FOREST INVENTORY, GROWTH, HARVEST AND UTILIZATION 
fsteinhagen, 1986) 

Net Growth (1 ess mortal i ty) 
commerci a1 forest 1 and 
non-commercial forest 1 and 
total growth 

7 - 14 quads/year 
8 - 15 quads/year 

1 quad/year 

Harvest and Utilization 
harvest converted to finished products 
harvest converted to wood fuel 
harvest not uti 1 i zed 
total harvest and utilization 

1.7 quads/year 
1.5 quads/year 
2.2 quads/year 
5.4 quads/year 

An important conclusion that may be drawn from Table 1 is that 

The national pattern of wood energy use in 1982 within the forest 

inventory data indicate a surplus and potential energy supply, just from 
growth, of approximately five to twelve quads per year. 

products industry was as follows (Slinn, 1984): 

- hog fuel 8.0% 
- bark 5.4% 
- spent 1 i quor (from pul ping) 37.4% 
- fossil fuels, electricity and other 49.2% 

totals 1oo.o% 

Estimates of potential sources of annual avail ab1 e forest biomass 
(in million dry tons) for energy conversion by the year 2000 are sum- 
marized in the following table (Table 2). 



mill residue 200 100 1.70 1.08 

spite o f  the likelihood o f  a surplus of wood energy supply in the U.S.  
by the year 2000, demand i s  expected to increase only slight., _ .  . 
relatively constant throhghout the period (Davis, 1991)- Tn a d d i t i  
re-def i nement of "avai 1 ab1 err wood energy suppl i es due 
supply issues such as endangered species and new forestry is a certainty 
and may reduce the available sumlv. I 

logging residue 205 50 0.85 0.50 

- -  19.0 2.0 I natural 9.0 12.0 -- 

thinnings (TS I )  70 35 0.60 0.35 

nut I ear - -  - -  - -  .. 7 n 17 n ~~ I 

unharvested 310 30 0.51 
mortal i tylgrowth 

- 
totals 13.5 29.5 21.0 53.0 106.0 12.0 

0.30 

non-commerci a1 55 55 0.94 
wood residue 

0.55 

3 

Table 2. ESTIMATED FOREST BIOMASS FOR ENERGY BY THE YEAR 2000 
(DOE, 1981) 

Million Million Tons Quads of Quads o f  
Biomass Tons Dry Dry Biomass Potenti a1 Potenti a1 
Source Biomass For Energy Gross Energy Net Energy 

wood - energy - 10 - €3 0.17 ~~ 0.10 
plantations I 
totals 850 278 4.47 2.88 I 

biomass 0.5 2.5 - -  - -  3.0 - -  
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1 
Table 4. SCENARIO B (OTA, 1979) 

oil & 1 .o 2.0 
NGL 

16.0 15.0 4.0 

natural 
gas 

4 .5  11.5 0.5 0.5 16.0 1.0 

coal 

nuclear 

hydro- 
e l e c t r i c  

sol ar 

syn fue ls  

biomass 

t o t a l s  

1.5 

0.5 

7.5 

- 

9.0 

- -  

1 .o 
1.5 

2.5 

27.5 

- -  

I 3.5 

20.0 

21.0 30.0 

7.0 7.0 

4.0 4.0 

1.5 4.0 

1.0 6.0 

3.0 

35.0 85.0 

-- .- 

5.0 



5 
POTENTIAL SUPPLY OF WOOD FIBER IN THE REGION FOR ENERGY 

Introduction 

In addition to harvesting the standing forest resource, a large 
segement of the region’s (Figure 1) forest products industry is based on 
the utilization of wood residue as a by-product o f  lumber and panel 
manufacturing. In fact, over 95 percent of the mill residue generated 
in Idaho and Montana comes from sawmills and plywood plants (Keegan, 
1988). 
energy generation and process steam for drying. 
located in Idaho alone are dominated by a kraft paper mill, a particle 
board plant and a generating facility. 
residue users include a generating facility and a paper mill in eastern 
Washington, a fiberboard producer, a particleboard plant and a paper 
mill in western Montana, and two particleboard plants in eastern Oregon. 

Major uses include paper and reconstituted board manufacture, 
Large industry users 

Other significant regional 

In the following discussion, residue types are examined for 
availabilty with the objective in mind to find if there are supplies 
considered to be surplus and available for wood pellet manufacturing. 

Types of Residue 

Sawmills and plywood plants generate three types of wood residue: 1) 
coarse o r  chipper residue composed primarily o f  slabs, edgings, and trim 
from lumber manufacturing, log ends from sawmil!s and plywood mills, and 
peeler cores and veneer waste from plywood plants; 2) fine residue in 
the form of planer shavings and sawdust from sawmills and sander dust 
from plywood plants; and 3 )  bark from sawmills nnd plywood mills. 

Trends in Residue Production and Consumption 

In 1985, Idaho sawmills and plywood mills were producing ap- 
proximately 2.0 million bone dry units (BDU) of manufacturing residue, a 
decline from 2.7 million in 1969 and 2.5 million in 1979 (Keegan et al, 
1988). [ A  BDU is defined as 200 cubic feet in volume of wood chips at 
oven-dry conditions and weighing approximately 2400 pounds.] 
Uti1 ization of this residue, however, increased significantly from 63 
percent of the total available in 1969 and 89% in 1979 to 94% in 1985. 
Table 3 is a reflection of the trend for utilization of wood residue by 
Idaho forest industry in 1969, 1979 and 1985. 



Figure 1. Intermountain West Region for Small -Scale 
Densif ied Wood Fuel Manufacture 
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Table 5. ESTIMATED VOLUME OF WOOD RESIDUE GENERATED BY IDAHO SAWMILLS 

AND PLYWOOD PLANTS - 1969, 1979 and 1985 (Keegan et al, 1988) 
Estimated Volume (million BDU) Percent of Total 

Res i due Uti1 ized Unutil ized Total Utilized Unutilized 

chi pped 
1969 0.830 0.268 1.098 76 24 
1979 0.987 0.021 1.008 98 2 
1985 0.976 0.014 0.990 99 1 

fines 
1969 0.621 0.353 0.974 64 36 
1979 0.739 0.078 0.817 90 10 
1985 0.596 0.039 0.635 94 6 

bark 
61 
27 
21 

- 39 
73 
79 

1969 0.254 0.393 0.647 - 
1979 0.473 0.174 0.647 - 
1985 0.282 0.073 0.355 - 

- 
- 

total s 
1969 1.705 1.014 2.719 63 37 
1979 2.199 0.273 2.472 89 11 
1985 1.854 0.126 1.980 94 6 

Residue Supplies and Utilization in the Intermountain West 

Most of this residue type is currently being used in pulp and paper 
manufacturing. In 1985, approximately 990,000 BDU were available of 
which 99% was utilized. 
and paper industry consumed about 930,000 or 94%, hog fuel for steam 
boilers in sawmills took approximately 28,000 or 3%, and other industry 
requirements were about 18,000 or 2%. Approximately 14,000 BDU or 1% of 
coarse residue remained unutilized. 

Coarse residue has the greatest demand within the forest industry. 

Of the total 990,000 BDU available, the pulp 

Over 94% of the fine residue was used in 1985 compared to about 90% 
in 1979 and 64% in 1969. Sawdust made up the greatest proportion of 
this used residue type, about 308,000 BDU or 93%, and planer shavings 
accounted for approximately 288,000 BDU or 94%. Board plants and pulp 
mills used the greatest amount of planer shavings, about 128,000 BDU, 
while 155,000 went into hog fuel and 5,000 ended up as bedding for 
livestock. In 1985, only about 17,000 BDUs or 7% remained unutilized. 

Of the total sawdust generated by the wood industry, 176,000 BDU or 
53% was consumed by pulp mills and board plants, 115,000 or 35% went 
into hog fuel, and 17,000 or 5% found other uses. In 1985, 7% of the 
total sawdust residue that was still available for use. 

The utilization of bark has steadily increased from 1969 levels. 
1985, 79% of the bark was used compared to less than 39% in 1969. 
total generated was approximately 355,000 BDU. Of this volume, 263,000 
or 74% was used as hog ftiel and 19,000 or 5% went for animal bedding or 

In 
The 
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mulch. 
1 a t e r  disposal . The remaining 73,000 BDU or 21% was either burned o r  piled for  

Table 4 shows a comparison of the u t i l i zed  and unutil ized volumes of 
residue in north and south Idaho i n  1985 (Keegan e t  a l ,  1988). 

Table 6. AMOUNT OF RESIDUE GENERATED IN IDAHO BY REGION - 1985 (Keegan 
e t  a l ,  1988) 

Estimated Volume (million BDUs) 

t o t a l  u n u t  i 1 i zed uti1 ized 
chipped 
north Idaho 0.768 0.010 0.778 
south Idaho 0.208 0.004 0.212 

p l  aner shavings 
nor th  Idaho 0.203 0.017 0.220 
south Idaho 0.085 - - -  0.085 

sawdust 

north Idaho 0.236 0.020 0.256 
south Idaho 0.072 0.002 0.074 

bark 
n o r t h  Idaho 0.178 0.068 0.246 
south  Idaho 0.104 0.005 0.109 

t o t a l s  
north Idaho 1.385 0.115 1.500 
south Idaho -- 0.469 0.011 0.480 

grand t o t a l s  1.854 0.126 1.980 

Other Regional Sources of Wood Residue for Wood Pellet Manufacturing 

primary wood processors 

Although large primary manufacturers of so l id  wood products generate 
the l a rges t  volume of wood residue, there a re  many small and medium 
primary processors t ha t ,  col lect ively,  a re  s ign i f icant  producers. Firms 
in Idaho, numbering approximately 185 (Govett and Miller, 1988), include 
small sawmills, and cut stock, house logs, cedar products ,  and post and 
pole  manufacturers. 
t o t a l  residue these firms generate, however, only a small amount i s  
sold and surpl us may be stockpi 1 ed , incinerated , or  1 andf i 11 ed . 
Negative operating cos ts  accompanied by environmental r i s k  a re  incurred 
when wood wastes a re  stockpiled, incinerated o r  landf i l led  (Folk and 
Campbell, 1990). Viable markets include l ivestock bedding, organic 
material for nurseries,  garden mulch and firewood. 

There a re  currently no accurate estimates o f  the 
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secondary wood products processing 

Gorman (1989), Morgans (1989) and the Montana Department of State 
Lands (1990) identify over 200 secondary wood processors in Idaho, 13 in 
eastern Oregon and 87 in western Montana that generate potential raw 
materi a1 for wood pel 1 et fuel . Detai 1 ed informati on about secondary 
manufacturers in eastern Washington is not complete but a cursory as- 
sessment is made from the directory commonly used by buyers and sellers 
in the forest products industry (Random Lengths, 1987). 

Of the total, about 115 processors in Idaho, 40 in western Montana, 
5 in eastern Washington and 5 in eastern Oregon manufacture moulding and 
millwork, prefabricated buildings, log homes, pallets and boxes, log and 
western furniture, novelties, lath and survey stakes or operate a resaw 
and remanufacturing facilities. These processors would produce a clean, 
bark and contaminant-free residue with a low moisture content. 

Another supply source composed of 20 specialty cedar products 
manufacturers in Idaho, 3 in western Montana, 6 in eastern Washington 
and 1 in eastern Oregon could also provide a clean, dry raw material. 
Processing difficulties with densification due to the oils present in 
the wood can be eliminated when cedar is pelleted in combination with 
other species. 

A third raw material source is 65 Idaho, 44 western Montana, 2 
eastern Washington and 7 eastern Oregon manufacturers of cabinets, 
furniture, posts and poles however, contamination is likely. 
adhesives and overlays such as formica and vinyl used in furniture and 
cabinet manufacturing wil I damage pelleting equipment, are non- 
combustible and can cause slagging. 
potentially corrosive and volatilize when heated. Processing and com- 
bustion characteristics O F  contaminated residues should be thoroughly 
examined before these sources are used as a residential pellet fuel 
feedstock. 

Abrasives, 

Wood preservatives and coatings are 

Forest Land and Timber Inventories in Idaho 

Idaho supports a large commercial forest land base from which wood 
for energy could be obtained. 
forest land acreage by region and ownership classification and a projec- 
tion of volume growth for this ownership. 

Tables 7 and 8 present an overview of 
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Table 7 .  COMMERCIAL FOREST LAND WITHIN THE STATE OF IDAHO - 1975 

(Hatch e t  a1 , 1976) 
Reg i on Ownership Classif icat ion Acreage (thousands) 

North Idaho National f o r e s t  
other  publ i c  
fo re s t  industry 
other pr iva te  

4 208.7 
778.7 
777.6 

1,808.6 
t o t a l  : 7 573.6 

South Idaho national fo re s t  6,125.0 
other  publ i c  568.2 
fo re s t  industry 169.1 
other pr ivate  265.5 

t o t a l  : 7,127.8 

North and South Idaho (a1 I c l a s s i f i ca t ions )  14 701.4 

Table 8. PROJECTED ANNUAL GROWTH OF IDAHO FORESTS - 1975 
(Hatch e t  a l ,  1976) 

Mill ion cubic feet/year (net)  
Nat i onal Other Forest Other 

Year Forest Pub1 i c Industry P r i v a t e  

1980 - 1990 
1990 - 2000 
2000 - 2010 
2010 - 2020 
2020 - 2030 
2030 - 2640 
2040 - 2850 

1980 - 1990 
1990 - 2000 
2000 - 2010 
2010 - 2020 
2020 - 2030 
2030 - 2040 
2040 - 2050 

119.00 
127.32 
132.68 
135.85 
137.42 
137.77 
137.83 

74.62 
81 .OO 
85.65 
88.86 
90.85 
92.00 
92.50 

North Idaho 
27.97 
29.62 
30.71 
31.50 
32.07 
32.45 
32.68 

South Idaho 
5.80 
5.88 
5.88 
5.85 
5.79 
5.72 
5.66 

45.35 
50.60 
57.90 
55.75 
56.47 
56.54 
56.36 

7.89 
8.25 
8.44 
8.54 
8.57 
8.57 
8.55 

41.15 
41.73 
41.33 
40.66 
40.04 
39.58 
39.31 

3.82 
3.84 
3.83 
3.80 
3.71 
3.71 
3.67 
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To summarize, the forest products industry in the region is consum- 

ing nearly all the coarse and much of the fine residue that is 
available. 
residue primarily by the panel and, pulp and paper industry. 
sawmills and plywood mills significantly impact residue supply and 
residue utilization fuel to provide process steam for lumber and veneer 
drying. In addition, a reduction in the forest land base, a decline in 
lumber production due to mill closings or economic downturn can only 
place further pressures on the supply of clean wood residues (Keegan and 
Blatner, 1991). Given this economic constraint, there is little excess 
for other uses such as wood pellet manufacturing. Vood pellet manufac- 
turing must be expected to generate a higher economic return than 
current uses for clean residues if supplies are to be made available for 
energy. 

It is a result of the competition for utilization of this 
Large 

Other small residue producerss in secondary wood processing however, 
may be potential sources but these firms have not been adequately inven- 
toried and are scattered throughout the region. Bark /hog fuel continue 
to be available but with existing technology, it is undesirable from a 
product quality point-of-view for producing densified wood fuel pellets 
for the current residential pellet appliance market. 
logging slash could supply material for new residue utilization. 
However, the recovery, processing and handling costs of the material are 
expensive. The commercial forest land base throughout the state i s  
substantial, particularly in north Idaho where total growth per year for 
the region is in excess of 230 million cubic feet. Net cubic foot 
volume growth for the state as a whole (average of both regions) i s  
projected to increase approximately 16 percent over the next 70 years. 
This would suggest an increasing wood resource that could meet raw 
material requirements for an expanding forest products industry. An 
expansion should translate to additional supplies of clean residue and 
opportunities for expansim in the pellet fuel industry. 

The recovery of 
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RAW MATERIAL RECOVERY AND IN-THE-WOOD PROCESSING FOR ENERGY PRODUCTS 

Nearly all the supply of raw material for existing pellet mill 
capacity now comes from wood processing residue in the form of sawdust, 
shavings and chips. But if wood pellets are to become a growing source 
of energy, alternative raw material sources must be located and 
utilized. Alternative sources under consideration are from recovered 
logging residue, unmerchantable trees from thinning and timber stand 
improvement, and utilization of cull and standing-dead trees and cull 
logs in conjunction with timber harvesting operations. 
logging residue imp1 ies simultaneous processing or a post-logging entry 
to recover the residue from landing slash piles and scattered accumula- 
tions in a logged area. Utilization of unmerchantable material usually 
means who1 e-tree processing, sometimes from pulp grade trees, and 
processing green slash produced during logging. 

Recovery of 

Wood pellet manufacture requires roundwood or residue to be broken 
down into sawdust, shavings or chips and eventually to particles for 
pelleting. 
ary (on-site) or mobile (in-the-woods) chippers, hogs, shredders, 
chunkers and hammermills. 
chip in-the-woods and then transport the chips to the pellet 
manufacturer. 
near the pellet mill and transport the raw material to the chipper site. 
Available chipping equipment covers a wide range of prices depending on 
the desired chip quality, the machine capacity and mobility, and 
materials handling options. 

There are many ways to achieve this, either through station- 

One method to produce energy products is to 

Another approach is to use a stationary chipper at or 

One reason that current manufacturing interest and wood pellet 
research continues to focus on logging residue recovery is that residue 
is already delivered to or generated at landings during harvesting. 
Uti1 ization of logging residue can increase revenues from logging and 
benefit other forest management activities. Studies have shown that the 
use of logging residue for energy is not feasible in most operations 
because of inefficiency in using large capacity chippers, long hauling 
distances and low hog fuel prices. Other research suggests that residue 
recovery with an ongoing harvesting operation, using a small chipper and 
129 mile hauling distances, would be profitable for fuel chip prices o f  
$30 per dry ton (Dean, 1993). 

There is need with chipper operations to match skidder production, 
volume and residue size t.o the chipper capacity (Keller, 1983). A major 
problem with in-the-woods chipping is over-capacity of the equipment 
which raises the per ton cost of the chips. 
capacity chipper showed that efficiency was raised from approximately 50 
to 75 percent by using two skidders, instead of one, to supply material 
(Dean, 1983). This increased production from 4.6 tons to 8.5 tons per 
scheduled machine hour and lowered the cost of skidding and chipping the 
material from $24.71 to $21.60 per green ton. [A scheduled machine hour 
is defined as the planned operating time period for a piece of equipment 
disregarding downtime.] 

A study with a large 

Efficiency o f  operation using chippers is a continuing problem that 
has many ramifications. A study comparing three models of chippers on 
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three different logging operations revealed a chipper efficiency that 
ranged from 28% to 52%. 
skidders for residue delivery, chippers waiting for vans to load, and 
chipper downtime. The latter was due to knife changing, especially with 
sliding boom, infeed equipment. 
alone were considered, whole tree-processing with large chippers was 
found to be less expensive than residue recovery with small capacity 
equipment (Dean, 1983). This was a direct result of larger chippers 
being utilized more economically from larger piece volumes and from less 
mechanical downtime due to cleaner raw material. This information 
suggests a point where logging residue would be cost prohibitive for 
producing chips if it were below a certain quality. 
for harvesting, skidding and processing whole trees in the previously 
mentioned study, ranged from $8.16 per green ton o f  energy wood with a 
large capacity chipper to $25.14 per green ton for a small capacity 
machine in residue recovery. Overall, larger chippers with an 18-inch 
or greater capacity were found to be better suited for whole tree 
processing, and small chippers 14 inches or less, better for salvage 
operations and residue recovery. 

Cited as major delays were chippers waiting on 

In the same study, when chipping costs 

Total system costs 

The Forest Engineering Research Institute o f  Canada (FERIC) in 
Prince George, British Columbia, examined hauling logging residue to a 
central s-ite for processing (Powell, 1982). A front-end loader with a 
high capacity, self-feeding chipper were utilized. The loader emptied 
trucks and placed material within reach o f  the chipper. Production of 
the chipper averaged 277.75 green tons per day or 36.33 green tons per 
productive machine hour. 
at $8.54 (U.S.)  per green ton. 
the Canadian dollar at an exchange rate of 78%.] 
mill, including logging and hauling, and the chipping costs were es- 
timated at $39.04 (U .S . )  per green ton. Records show that birch and 
aspen, while green, were the easiest to process, and dry softwood 
species were the most difficult. 
sensitive to dirt and incurred excessive downtime for knife replcement 
with material from landing slash piles. It was concluded that shredders 
or hogs that are less sensitive to dirt would be a better alternative 
for processing this type of raw material. 

Costs of the loader and chipper were estimated 
[U.S. dollars have been determined from 

Cost delivered to the 

The chipper was also found to be 

Even though it is probably more economical, in most cases, to 
utilize mill waste for pellet manufacturing, an expanding pellet market 
will make the utilization of alternative raw material sources a 
necessity. 
left after harvesting and unmerchantable trees from thinnings and on- 
going logging operations. 
tree processing, more research is needed in the area of utilizing the 
residue from slash piles. 
due to mechanical problems will be an economical constraint. 
Availability of large supplies of this residue type, however, make it a 
problem worthy of a solution. 
of primary importance with typical problems that include scheduling vans 
for loading, matching equipment to volumes and sizes of the raw material 
and mechanical downtime costs. 
expected to lean heavily on logging residue, machine development con- 
siderations for another type o f  processor, such as a shredder, hog o r  
hammermi 11 , are prudent. 

Two likely sources identified are logging residue or slash 

Whereas chippers may be economical for whole- 

Chipper downtime in dry, contaminated residue 

Efficiency in any chipping operation is 

If future raw material supplies are 
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In-the-woods manufacture of pellet fuel us.lng a punch-press concept 
was pioneered in 1988 (HSI, 1988). 
hydraulic pressure was constructed and sucessfully tested with a wide 
variety of wood and agricultural residue materials that included western 
redcedar, newspaper, mesquite, rapeseed meal , ponderosa pi ne, cabinet 
shop wood waste, plywood trim, dead white pine, red alder, sander dust 
and balsa. 
machine, however, portability was not included and the mobility concept 
was abandoned for fixed-site production. Since the pelleting process 
requires a target mositure content of 15-18% (OD basis) for the 
feedstock, mobil biomass drying would also have to be developed. In- 
the-woods pelleting would bring a new dimension to the densified fuel 
industry by adding value to the raw material close to the source and by 
improving materials transportation and handling. 

A prototype module operated by 

During the evolution o f  the prototype to a production 
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DENSIFICATION PATENTS, PROCESSING AND EQUIPMENT 

Pelleting Patents 

source dates to 1864 (U.S. Patent #43,112) and Ililliam Halstead. It was 
manufactured by combining sawdust, tar, wood cuttings or chips, water, 
and coal tar to form an artificial fuel. About one hundred years 1 ater, 
improved techniques were used to shape wood waste material into an 
energy product known as a briquette. 

Another important process to produce pellets was invented by Rudolf 
Gunnerman in 1977 (U.S. Patent #4,015,951). A raw material of random 
particle size such as sawdust or other wood product waste with a non- 
uniform water content is carried by pneumatic ccnveyor to a hammermill. 
The pneumatic conveyor separates rocks, tramp metal and other foreign 
material from the wood. At the hammermill, particle size is adjusted to 
a uniform maximum dimension which is approximately 85% or less of  the 
minimum thickness o f  the pellet to be produced. The product from the 
hammermill is transported to a rotary drum type dryer where the moisture 
content of the uniformly dimensioned wood particles is reduced to a 
range of 16 to 28% (dry basis). The particles are then moved by con- 
veyor to a pellet machine where the material is fed into a hopper and 
pressed through a ring-shaped die to the desired shape and diameter for 
the product. The pellet mill die and roller as;embly must be capable of 
producing compression within the die to cause t h e  temperature o f  the 
woody material to reach 325-350 degrees F. Pellet mill load pressures 
may vary from 8,000-40,000 pounds per square inch and depends largely on 
die design. 

During the extrusion process, the lignin component in the cellulose 
material is caused to flow and and migrate to the pellet surface. 
During cooling, the lignin forms a surface skin on the pellet that 
protects it from shattering and from any rapid change in moisture con- 
tent before the fuel is used. 

Wood pellets emerging from the mill are spread over a moving, end- 
less belt conveyor where air fans adjust the temperature to ambient 
level. The product, now rlith a low, uniform moisture content, may be 
stored safely or used immediately. The equilibeium moisture content of 
the pellets will usually be within the range of seven to eight percent, 
oven-dry basis, depending on the humidity in starage. 

fibrous pellets, having a symmetrical configuration with a maximum 
cross-sectional dimension of not more than one-nalf inch and a pellet 
density greater than 65 pounds per cubic foot. Pellets burn uniformly 
and release approximately 8,500 to 9,000 BTU per pound. It is not 
necessary to add a binder material to the particles, provided the pres- 
sure during pelleting is sufficient to produce the necessary 325-350 
degrees F.  temperature. Materials such as waxes may be added to the 
fibrous material t o  supplement the lignin which serves as a natural 
binding substance within the wood. 

The first recorded patent for using biomass material as an energy 

Products from the Gunnerman process are comousti ble, organic, 
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Other processes were developed during the 1980's that used different 
types of binders. 
coal was obtained. 
burning characteristics of the pellet but also ;ubricated and extended 
the life of the pellet mill die. One such example was a 1980 develop- 
ment by Ian F .  Johnston who invented a fuel pellet with a minimum 
dimension of at least 3/16-inch to ease handling. The pellet was com- 
prised o f  approximately 50 to 99% by weight of natural cellulosic 
material and from one to 50% by weight of a synthetic, polymeric, ther- 
moplastic material (U.S. Patent #4,236,897). A thermoplastic material 
was chosen because it solidified at a temperature of approximately 200 
degrees F.  
encapsulating the wood particles, increased the heating value of the 
pellet, lubricated the pellet mill die, and improved the ignition and 
burning characteristics of the fuel. The pellets were easily ignited, 
burned evenly, resisted changes in humidity, and generally produced a 
gross heating value in excess of 9,000 BTU per pound. 

the Johnston process can be woody material such as sawdust, wood sha- 
vings, sanderdust, hog fuel, peat and bark. Agricultural waste such as 
banana and papaya stalks, straw, bamboo, jute, bagasse, corn cobs and 
husks, cotton "gin trash", sisal, seed hulls and peanut hulls can also 
be processed. The synthetic thermoplastic material can be polystyrene, 
polyethylene, polypropylene, acrylonitrile-butadienestyrene, acetal 
copolymer, acetal homopolymer, acrylic, polybutylene and combinations of 
these. 

By doing so, a calorific value approaching that of 
These binders not only improved the ignition and 

The thermoplastic served to bind the pellet together by 

The natural cell ul osic materi a1 used to manufacture pel 1 et fuel by 

A process developed by Charles J. Reilly in 1983 (U.S. Patent 
#4,398,917) modified the cellulose and renders it more pliable and soft. 
The cellulose could then flow easily into the pellet mill to be 
processed with less mechanical power. Since the modified cellulose 
particles were less abrasive than unmodified material, die life was 
extended. The Reilly process was directed at producing fuel pellets 
that were derived in whollz or in part from at least one cellulose-based 
material. The only requirement for the material was that it can be 
softened by the enzyme, cellulase. The form of the cellulose could be 
paper, sawdust, roundwood, wood chips, wood was.;e, peat, bark and urban 
or municiple waste in the form of paper or paper derivitives. 
preferred moisture content of the processed material could not exceed 
15-25% by weight. 

The 

As a description of the Reilly process, cellulose material is hogged 
by rotary knives, grinders, shredders or hammermills to comminute the 
material to a desired particle size. The preferred particle size for 
wood is approximately 3/4-inch. After comminuting the cellulosic 
material, it is sieved to produce uniform size particles. At this stage 
and depending again on the raw material pelleted, it may be desirable to 
pre-condition the material before bringing it in contact with enzymes. 
Pre-conditioning can be effected by a variety of methods including acid, 
a1 kal i and steam treatment. 

Pre-conditioning is followed by modifying the cellulose structure 
with the enzyme cellulase, 
the rate of about one to two pounds per ton of cellulose. 

The enzyme is applied over the material at 
The reaction 
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requires from one-half to eight hours. 
ready for pelleting by using any of the types of densification equipment 
presently on the market. 

Pellets from the Reilly process have a bulk density of 35 pounds per 
cubic foot, compared to approximately five pounds per cubic feet for the 
enzyme-treated feedstock prior to pelleting. 
rated at about 7,500 BTU per pound. 
to be acceptable for home heating or for use in commercial and in- 
dustri a1 boil ers. 

The modified material is then 

The calorific value is 
The pellets produced are reported 

A further review of the U.S. Patent Office record by Resch (1982) 
that follows lists processes and equipment that are key contributions to 
the development of the densified fuel industry in the United States: 

W.H. Smith 
G.B. Norman 
E.N. Meakin 

E.N. Meakin 
E.N. Meakin 
E.N. Meakin 
E.N. Meakin 

E.N. Meakin 
E.N. Meakin 
E.N. Meakin 

E.N. Meakin 
R.W. Gilman 
R.W. Gilman 
R.W. Gilman 

R.W. Gilman 

A.M. Alessio 
R.W. Gilman 
R.W. Gilman 
R.W. Gilman 
A.D. Livingston 

Densification of sawdust for fuel, #233,887, 1880 
Extrusion-consolidated die, #2,902,715, 1959 
Means for extruding moldable material having viscous 
properties, #2,902,949, 1959 
Extrusion mill feed assembly, #2,908,038, 1959 
Pellet mill die assembly, #2,958,900, 1960 
Extrusion mill assembly, #2,961,700, 1960 
Method of extruding material which is adversely af- 
fected by heat, #2,974,371, 1961 
Contamination free extrusion mill, #3,010,150, 1961 
Floating die type pellet mill, #3,280,426, 1966 
Apparatus for cooling material adversely affected by 
heat o f  extrusion, #2,870,480, 1959 
Horizontal cooler, #2,982,029, 1961 
Axial extrusion mill, #3,422,748, 1969 
Adjustable feed deflector, #3,538,546, 1970 
Walking die pellet mill and improvements thereof, 
#3,559,238, 1971 
Extrusion mill with roller adjustment means, 
#3,679,343, 1972 
Traversi ng roll type extruder, #3 , 743,462, 1973 
Quick-change die and roller assembly, #3,825,387, 1974 
Deflector and impelletor combination, #3,826,475, 1974 
Quick-change die and roller assembly, #3,911,550, 1975 
Process for treating municipal wastes to produce a 
fuel, #4,015,951, 1977 

Process Flow and Manufacturing Equipment 

A flow chart of a small-scale densified wood fuel manufacturing 
facility (Figure 2) shows the primary processing equipment and produc- 
tion steps. A directory o f  principal manufacturers o f  small to medium- 
scale processing equipment are given in Appendic D by major function 
categories that include in-the-woods raw material processing, raw 
material transport, residue handling and classifying, storage, grinding, 
drying, densification and packaging. 
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raw material storage and handling 

In small-scale manufacturing facilities, a common objective is to 

This allows for safe raw material storage over 
utilize a high quality rav material, primarily clean wood residues with 
low moisture content. 
extended periods if necessary, eliminates or simplifies drying require- 
ments, and reduces investment in expensive storage facilities, metal 
detection, handling equipment and grinding. Storage may be an open-air 
pile, covered pole building, gravity-fed bin or self unloading silo. 
Uncovered storage piles of wood residue to be used for energy, as noted 
by Springer (1985) and Harris (1988), show that fuel characteristics 
including moisture content, fiber content, heat value and spontaneous 
ignition temperature are adversely affected. 
be avoided. 

This storage method should 

Thoroughly mixed raw materials types (sawdust, shavings, chips 
etc.) , particulary where species, particle size and moisture content may 
vary, is critical to a uniform feedstock for successful pelleting. A 
mixing bin allows some "buffering" to occur between particles of dif- 
ferent moisture content. Any special physical or chemical 
characteristic of the wood due to species (pitch, volatiles, lignin, 
oils), either beneficial or detrimental, are also distributed in the 
feedstock during mixing. A mixing bin allows the introduction of 
additives. If an attached elevator is included, additives may be intro- 
duced and raw materials off-loaded for other uses. 
bins and, elevators and screw conveyors are sometimes used. 

Shop-built mixing 

raw material grinding 

The grinding process may begin prior to raw material storage with a 
chipper, hog or shredder to reduce oversize materials. A hammermill is 
needed to arrive at a uniform, target particle size for pelleting. A 
common screen size for a pellet plant hammermill is 3/16-inch. The raw 
material is delivered to the hammermill by elevator or screw conveyor. 

feedstock drying 

I f  dry or low moisture material is the feedstock, a biomass dryer 
may be eliminated from the process. 
needs to be 12-18 percent minimum on an oven-dry basis. 
lower moisture contents may be brought to target levels by adding water 
in the form of steam or hot water. 
technology is the most common choice in the pellet fuel industry. 
Rotary drum drying in small to medium-scale pellet manufacturing, 
however, is excessive from a capacity and investment point-of-view and 
is likely to require extensive modifications to the dryer. 
purchased from a manufacturer could exceed $300,000. Modification costs 
for used, medium-sized equipment are reported to be in excess o f  
$146,000. 
dryer and layout modified for a medium-sized pellet manufacturing opera- 
tion (Roether, 1991). Note that the energy source to operate the dryer 
is reject pellet fuel that is pulverized and mixed with combustion and 
return air in the burner section of the drum. 

Moisture content before pelleting 
Feedstocks at 

If a dryer i s  necessary, rotary drum 

A new dryer 

Figure 3 presents a product flow diagram of a rotary drum 



Figure 3 .  Flow Diagram of  a Modified Rotary Drum Dryer for 
Densi f ied  W Q O ~  Fuel Manufacture (Roether, 1991) 

Pellet mill 
storage 

N 
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The dry feedstock is then moved by blower fan to a surge bin, often 
shop-built, located above the pellet machine. The bin should be 
enclosed and able to control wood dust generated by the flow into the 
bin. 

densification 

A ring-die extrusion or die and roller mill is the most widely used 
machine type in wood pelleting although punch and die technology has 
also been recently developed (HSI, 1989). Other types include disk 
pelletizers or "flying saucers", drum and rotary cy1 inder pelletizers, 
tablet presses, compacting and briquetting rolls, piston-type briquet- 
ters, cubers and screw extruders. Each densification method will be 
suited to specific materials and end products. 
influenced by factors such as needed capacity, abrasiveness, plasticity, 
finished particle appearance, size and shape, need and tolerance for 
lubricants and binders, and the material's adaptability to the process. 

and were initially designed to pellet alfalfa and other grasses and 
grains for livestock feed. 
necessary for pelleting wood feedstocks and will include increasing 
motor, shaft and bearing sizes, using a die designed for wood and 
developing a method to introduce steam, hot or cold water or other 
conditioning agent into the mixing chamber. New equipment by one U.S.  
manufacturer contains factory engineered changes for wood pelleting. 

Method selection is 

In the United States, pellet mills are produced by three companies 

Modifications to livestock feed equipment is 

The feedstock enters the supply auger housing of the pellet mill by 
gravity where supply rate to the mixing chamber is regulated by control- 
ling the auger motor. 
conditioned or softened. Steam, and hot or cold water are commonly used 
as conditioning agents and are introduced into the mixing chamber. Some 
feed mill machines have been factory-fitted to add binders and feed 
additives such as molasses, starch and sugar. 
ing is determined by the mill operator through trial and error. 
Mixed furnish enters the center of the ring-shaped, perforated die where 
die rotation against one, two or three rollers press the furnish through 
the perforations (Figure 4 ) .  As Leaver (1988) illustrates, a die design 
that includes proper bore diameter, number of perforations, die thick- 
ness and shape (effective length and counterbore area) is critical to 
controlling residence time, heat and densification of the wood (Figure 
5). The adjustment of the rollers against the die surface effects the 
furnish rate entering the die and the pressure forcing the wood through 
the die chamber. 

Furnish entering the mixing chamber may be 

The amount of condition- 

Pellets should leave the die in long strands that are cut to length 

This commonly occurs with conifer feedstocks containing 

by an adjustable knife held against the rotating die. With wood pellet- 
ing, however, heat and pressure will often cause the pellet to break 
while exiting. 
extractives such as pitch that volatilize under pressure. Manufacturers 
often develop a raw material recipe containing a mixture o f  wood species 
found to reduce this problem and, at the same time, improve process 
control or enhance other fuel characteristics such as heat value and 
appearance. 
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Figure 4. The Ring-Die Extrusion Process (Leaver, 1988) 
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Figure 5. Die  Design f o r  Wood P e l l e t  Manufacture (Leaver, 1988) 
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cool ing and fines removal 

to retain integrety and permit handling and packaging. 
ated by the pellet mill and the movement of pellets from the mill to 
storage. Commercial vacuum systems and pellet Toolers are available 
technology but fans and shop-built screens are common. 

Wood pellets leaving the die should be cooled as qickly as possible 
Fines are gener- 

bagging and pellet storage 

Pellets are transferred to permanent bulk storge, directed to a 

Translucent 

surge bin for bagging or both. 
of a covered stall or in a pellet surge bin. 
but fitted with a commercial weight-dispensing bagger. 
polyethylene bags containing the manufacturers logo and net contents (40 
or 50 pounds) are heat sealed and check-weighed. 
who consistently produce a product with low fines and a light or golden 
color use clear polyethylene as a marketing strategy. 
be manually stored or placed on pallets and handled by forklift or 
pallet jack. Covered storage is essential for protection from moisture 
and mechanical damage. 

Bulk storage may be on a concrete floor 
Bins are often shop-built 

A few manufacturers 

Bagged fuel may 

process control systems 

The "artistic" side of pellet fuel manufacturing is often evident 
with the methods used in controlling the process. For example, pellet 
mills in small-scale facilities are often operated by maintaining a 
desired load on the drive motor using an amp gauge. Through a visual 
examination of the product as it is being made, furnish supply rate and 
conditioning, roller clearance and drive motor speed is adjusted. 
Electrical service and a control panel for the pellet machine are 
usually separated from the raw material storage and hand1 ing, feedstock 
preparation and pellet fuel handling and storage sides. 
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PRODUCT QUALITY, PROCESS PATENTS AND END USES 

Pellet Fuel Testing and Standards 

National, but not nec,:ssarily regional, development of manufacturing 
standards for the wood pellet industry can be described as in the early 
stages. Two manufacturing organizations, the Association of Pellet Fuel 
Industries (APFI) and the Fiber Fuels Institute (FFI), have become 
established in recent years to promote the densified fuel industry in 
the Northwest and the Lake States, respectively. Membership in either 
organization currently represents less than one. ha1 f the total producers 
in the United States and Canada. Actual producz standards, as shown 
later, vary within and between organization membership in order to 
accomodate significant differences in raw material types, species, 
processing equipment, product end use, combustion equipment, air quality 
requirements and industry expansion. 

Five reasons are important for establishing high, well-defined 
standards for wood pellet manufacturing. First, it is necessary to 
clarify and standardize the terminology and definitions used in research 
and development, and manufacture and use of pellet fuel. 
the basis used for expressing physical characteristics of wood products 
can be "oven-dry", "green" or at a "specified moisture content". 
many cases, research and development rely on oven-dry data, while 
manufacturers relate to wood in the green condition and end users iden- 
tify the product accordin3 to as the product is received. 
pellet industry, the raw material and product a*e only dealt with on an 
"as received" basis, thereby introducing potential for confusion and 
misunderstanding of product characteristics. 

For example, 

In 

In the wood 

Next, pellet quality standards provide the consumer with product 
identification. If the product is often not visible or cannot be 
closely examined, how can the consumer be confident of what is bought? 
All wood pellets "are not created equal" and standards can be used to 
differentiate an all -wood product from bark and agricultural ones, 
hardwood feedstocks from softwood, and fuels with additives from fuels 
without. 
and RDF (refuse-derived fuel) products is not widely followed in the 
industry. 
separately identified. 

Product differentiation with wood, agricultural biomass, paper 

Products containing combinations of these feedstocks are not 

Third, quality testing and product standard:. provide manufacturer 
and consumer protection, particularly in the areas of weights and 
measures, and from combustion of potentially toxic materials. For 
example, in the Intermountain West region, the ,let contents of bagged 
fuel from eighteen manufacturers showed a 3-15% excess weight, translat- 
ing to loss of potential profits. Nationally, potentially harmful 
additives and feedstock raw materials in use include: plastics, mixed 
waste paper, phenol and urea formaldehyde adhes rves, poly-vinyl - 
chloride, sanderdust, and paper mill and agricultural crop processing 
by-products. 
volatiles driven off during manufacturing, emissions given off during 
combustion or environmental effects from ash disposal. 

These materials have not been adequately tested for 
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Product standards serve as a basis for comparison in the marketplace 
for pellet fuel manufacturers. How does Manufacturer A who makes a 
product from all wood compete with Manufacturer B who makes a pellet 
from all bark, when both are manufacturing pellet fuel? There is a 
widely held belief by pellet manufacturers that the market will absorb 
wide variation in pellet fuel products, regardlcss of cost of produc- 
tion, price or performance. 

Finally, quality standards will provide for thorough, stepwise 
development of this energy technology, ensure the longevity or product 
1 ife, and emphasize the engineering advantages of wood pellets. 

There are distinct advantages of closely associating wood pellets as 
a product of the wood processing industry rather than the energy 
industry. Product testing methods in the wood industry are specifically 
outlined, physical characteristics affecting processing are well docu- 
mented, and performance i s  understood and predictable. Wood pellet fuel 
is a product of the timber growing and wood processing industries, and 
is a renewable resource. Pellets can be marketed as a commodity or as a 
specialty product and, as a by-product, can compliment the product array 
of these industries. As a product o f  the energy industry, pellet fuel 
is identified as an alternative - a choice between one fuel or another. 
Other economic and social distinctions such as renewability, value-added 
and resource recovery can become disconnected and overshadowed. 

Grades and Specifications 

Wood pellets are used as an energy source for commercial/industrial 
and residential applications. In general, pellets are three-sixteenths 
to one-half inch in diameter and one-half inch long (Zerbe, 1978). 
There are no widely accepted standards by fuel and stove manufacturers, 
or consumers for densified wood fuel. However, fuel specifications 
adopted by the APFI in 1988 recognize a residential grade pellet fuel, 
that shall meet or exceed the following: 

1. calorific value of not less than 8,200 BTU per pound 
2.  bulk density of at least 40 pounds per cubic foot 
3. moisture content of not more than 8 percent 
4. ash content of not more than 1 percent 
5. diameter between 0.235 and 0.35 inches 
6. length not to exceed 1.5 inches 
7. fines content of not more than 1 percent passing through a 1/8-inch 

screen 

All pellet specifications are measured on an "a; received" basis. 

In 1984 the FFI adopted two grades of fuel pellets, premium and 
choice, and both having the same specifications except ash content. 
speci f i cat i ons were : 

The 

1. calorific value of not less than 8,000 BTU per pound (as received} 
2. bulk density of not less than 36 pounds per cubic foot 
3. moisture content, as received, of not more than 10 percent 
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4 .  

5. diameter between 0.375 and 0.50 inches 
6. 
7. 

ash content of not more than 2.75 percent for premium grade or 4 
percent for choice grade 

length not to exceed 0.75 inches 
fines content, as received, of not more than 10 percent passing 
through a 1/8-inch screen 

There are numerous pitfalls associated with fuel specification 
A categories, levels set as floors and ceilings, ur lack of them. 

calorific value on an "as received" basis provides the manufacturer and 
consumer with an estimate of usable heat only if differences in moisture 
content and the contributions from additives are also taken into ac- 
count. Since moisture content less than 10 percent is low compared to 
stored conditions, pellet fuel could have a tendency to absorb moisture. 
In addition, absorption is encouraged by pellet geometry in currently 
manufactured products because pel let ends have exposed, rough surfaces 
and good formation of an outside skin is not always achieved. Calorific 
value based on oven-dry basis would eliminate potential confusion from 
moisture effects and give the calorific value of the wood content and 
additives. The integrity and energy contribution of these components are 
the energy basis for the Fuel. 

Pellet density is actually bulk density, defined as weight per unit 
volume and is used to measure the amount and, sometimes, strength or 
durability, of a product that is aggregated. Since the amount of void 
space within the given volume effects the weight, we should assume that 
individual pellets are relatively uniform in sire. This is not the case 
at all with products currently manufactured in the region. 
tested for bulk density from regional manufacturers show bulk densities 
ranging from 36 to 42 pounds per cubic foot. 
pounds per cubic foot are usually associated with pellets that are 1/4- 
inch in diameter. 
pellet diameter. 

With bulk density, any association with strength or durabilty is 
misleading since bulk density will automatically be increased by in- 
creasing pellet diameter. A larger diameter pellet may actually be 
softer and less durable than a smaller one. The American Society for 
Testing and Materials (ASTM) has developed a test method for pellet 
durability (E  1288-89), but neither that method or another standard has 
been accepted by any pellet manufacturer or manufacturing association. 
Without a clearer definition of the term "as received" by manufacturers, 
durability measured at the plant where cash and carry sales are con- 
ducted will be very different from that measured at an intermediary such 
as a wholesaler or retailer or at the consumer's location. 
a1 so indicates hardness, a characteristic that could adversely effect 
the operation of the pellet burning appliance. Long pellets that are 
too hard could damage the stove's auger. 
during handling or during movement within the stove may obstruct the 
auger hous i ng . 

Pellets 

Values greater than 40 

Pellet fuel density should be specified for each 
Pellet length should show only minor variability. 

Durabil i ty 

If tog soft, fines generated 

High moisture content of pellet fuel is a legitimate source of 
concern by the consumer, when a common practice by manufacturers is to 
perforate the sealed plastic bag to improve stacking for storage on 
pallets. Two methods that can be used to improve stacking ability is to 
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expel trapped air before sealing using the same method for preparing 
food to be frozen in plastic bags or by applying vacuum. Data collected 
from current regional manufacturers describe a product ranging from 3 to 
8 percent moisture content (oven-dry basis) at the plant. 

Percentage of non-combustibles (primarily ash) is a primary concern 

At temperatures above 
with consumers and pellet appliance manufacturers in the region. 
Another concern regards formation of "clinkers"' 
900 degress F., non-combustibles within the pellet can slag then re- 
solidify to form clinker. 
the combustion chamber that supply underfire and overfire air. 
removal of clinker is essential for safe and efficient appliance 
operation. Although ash will fall by gravity into an ash pan, it will 
also be circulated and deposited in the heat exchanger and on the door 
glass by combustion air. Intermountain pellet manufacturers currently 
offer the lowest ash pellet in the industry, ranging from 3/10 to 3/4 
percent. 
ing this level because their pellet fuel industries are based on 
hardwood residues and feedstocks with significant bark content. 
pellet stove manufacturers are able t o  design an appliance with 
capability to combust contaminated pellet products safely and effi- 
ciently, there can be no substitute for low ash pellet fuel. 
Modifications to the appliance will need to include a significant in- 
crease in combustion air, high temperature fabr;cation and a larger ash 
pan. With an increase in operating temperature, slagging will become 
more probllematic. With an increase in combustion air, stack particu- 
lates are likely to increase. These design chariges will lead to higher 
appliance costs, added operating requirements and increased maintenance. 

Formation usually occurs near the orifices in 
Periodic 

Other regions of the United States will have difficulty meet- 

Unless 

Pellet size (diameter and length) is a characteristic within the 
pellet manufacturing industry with a wide range of acceptable values, 
even though an earlier explanation for manufacturing a uniform pellet 
size would be more desirable. Without a minimum length, pellet frag- 
ments in the shape of a coin will be accepted during screening (greater 
than 1/8-inch) even though these "coins" can cause problems with ap- 
pliance operation. Long pellets create a problem known as "bridging" 
where the fuel supply is interrupted or interferes with auger operation. 
Damage to the auger or shutdown can result. 

Equally important as ash content is fines content of wood pellet 
fuel. Coin-shaped fragments should be rejected as fines during screen- 
ing but to do this, a screen size larger than 1/8-inch is required. 
Even if a l/rl-inch screen were used, only "coins" thinner than 1/32-inch 
would be rejected in the pellet products from all diameter classes now 
manufactured. These coin-shaped fragments that are easily retained on a 
1/8-inch screen, will migrate and collect at the bottom of the bag where 
they rapidly disintegrate during handling and storage. 

In addition to characteristics and specifications that are recog- 
nized as measures of quality, some pellet specifications and 
characteristics that have not been recognized are of equal or perhaps 
greater importance. 
enhance particle binding, equipment lubrication, combustion and ap- 
pearance should be listed on the package, and combustion tests of these 
additives should be made available to the consumer by the manufacturer 

Besides examining durability, adding by-products to 
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upon request. Currently, no labeling is required. The area o f  emis- 
sions testing, so long as wood pellets are wood-based, is well 
documented for other wood-based energy products such as roundwood, hog 
fuel and chips. Manufacturing with additives, or pelleting contaminated 
feedstocks, enters a new dimension of increased environmental risk that 
could result from processing, stack emissions during combustion and 
disposal of combustion residues. Research data needs to be obtained 
regarding processing and combusting potentially hazardous feedstocks in 
residential appliances, such as: sander dust, panel trim, pulp and paper 
waste streams, agricultural residues and refuse-derived waste materials. 

Patented Processes 

listed below offer a general description o f  the type and quality o f  
these products. 

Examples of pel 1 et products manufactured by the patented processes 

1) Woodex 
Woodex is refined from almost any organic, fibrous material including 
wood waste, bagasse, agricultural waste and peat. The manufacturer 
reports that the product has a moisture content of 10 percent, a low 
ash content, virtually no sulfur content, and carbon dioxide emis- 
sions equal to the carbon dioxide released into the atmoshere if the 
raw material were left to naturally decompose. Natural resins serve 
as binders for these pellets. 
proximately 35 pounds per cubic foot and delivers about 9,000 BTU per 
pound (Blackman, 1978; Carpenter, 1981; Pearson, 1981). 

Woodex pellet bulk density is ap- 

2) Lignetics 
Lignetics is a densified wood fuel manufactu-ed by a proprietary 
process from wood waste including sawdust, wood shavings, bark, hog 
fuel, and trash wood. A small amount of a polystyrene additive, 
estimated at approximately one percent by volume, is used to 
facilitate the formation of dust-free pellets, lubricate the dies in 
the pellet machine, increase the calorific value and accelerate the 
burning rate. Lignetics pellets are reported by the manufacturer to 
produce about one percent ash when burned, have a moisture content o f  
less than 10 percent (oven-dry basis), and produce 8,500 to 9,000 BTU 
of energy per pound of wood fuel (Lignetics, 1986). The product is 
sold by the ton in bulk or in 40 pound bags to residential and 
commercial/industrial customers. 

3)  Roemmc 
Roemmc fuel pellets may be used as a heating fuel for residential and 
commercial/industrial appl ications. Reported specifications by the 
manufacturer are that (1) pellets may be made from any biomass in- 
cluding wood, straw, nut hulls, bagasse, corn cobs, and peat, (2) 
moisture content may not exceed 12 percent, !3) ash content may not 
exceed five percent, (4) average bulk density is about 40 pounds per 
cubic foot, and (5) the average BTU content i s  8,500 per pound 
(Guaranty, 1986). 
and 50 pound bags. 

The product is sold by the ton in bulk or in 20 
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4) Pel 1 eti zed S1 udge 
At the Abitibi-Price hardboard plant in Alpena, Michigan, sludge 
collected by a dissolved air flotation process is dried and 
pelletized. The pellets are burned as a supplemental fuel in com- 
bination with coal and reduce the amount of coal used by about 15 
percent. 
two-thirds that of coal or 8,600 BTU per pound. Moisture content of 
the sludge pellets ranges from 7 to 8 percent and pellet size varies 
from 1/16 to 3/16-inch in diameter (American Logger & Lumberman, 
19811. 

The BTU contznt of the pelletized sludge is approximately 

Industrial and Municipal/Institutional Use 

For an industry considering the use of densified wood pellets as a 
fuel substitute, there i s  some question as to whether the added expense 
of processing is justified by the increased ease of handling and the 
improved combustion efficiency of the end product. 
emissions from coal are a problem, burning sulfur-free wood pellets in 
combination with coal may be a solution (Johnson, 1982). 
choose between installing expensive scrubbers or burning sulfur-free 
fuel, a hospital in Oregon changed to wood pellets without expensive 
boiler modifications. A study in one lumber mill revealed that wood 
pellets may provide greater efficiency and fewer stack emissions than 
conventional mixtures of dry wood and manufacturing waste, and hog fuel 
(Zerbe, 1978). However, another indicated that where hog fuel is avail- 
able to a mill within a 25-mile radius, the economic advantages of 
pellets may be nullified (Pearson, 1981). 

Where high sulfur 

Having to 

Wood pellets can be used to fuel large industrial boilers, such as 
factory-assembl ed package boi 1 ers up to 1,200-horse power (Guaranty, 
1986). 
or it can be used in a suspension burner by reducing the pellets to 
powder with a hammermill and burning the particles in suspension. 

Pellet fuel can be burned in a standard, stoker-spreader furnace 

Wood pellets can be easily handled by conveyor equipment. Short 
duration, outdoor storage using covers, silos or bins reportedly will 
not adversely affect the moisture content. 
ing delivery and storage of wood pellets for a small-scale consumer 
showed that degradation during handling produced an unacceptable problem 
with fuel dust (Brandon and Wright, 1982). 

One study, however, involv- 

In the Intermountain West region, commercial, industrial or institu- 
tional use of wood pellet fuel is at a modest level. Since no 
industrial grades are manufactured in the region, residential quality 
fuel is burned. On the commercial/industrial side, heating greenhouses 
has become a viable alternative to roundwood, electricity, LP gas and 
fuel oil. Fruit orchard space heaters known as "salamanders" have been 
modified to replace the kerosene generator with an add-on pellet burner. 
Pellet fuel acceptance in the institutional market has shown the most 
progress and include schools, hospitals and penal institutions. Data 
collected during a boiler survey of Idaho facilities in 1988 by the 
Idaho Department of Water Resources identifies, from fuel(s) used, 
boiler size and type, age and operating condition, and energy applica- 
tion, existing and potential institutional users for pellet fuel. 
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Current users were one hospital with two boilers, and four schools with 
four boilers. 

Potential pellet fuel users are identified by fuel type now used and 
Facilities using coal, electricity or 

Coal 

age and condition of the boiler. 
LP gas in heating systems which are in in fair or poor condition and 
where natural gas is unavailable would have the highest potential. 
supplies are shipped to Idaho from neighboring states and do not con- 
tribute significantly to any multiplier effect in Idaho's economy. 
Those boiler facilities burning wood as sawdust, chips or roundwood in 
systems rated as good, fair or poor, and where natural gas is unavail- 
able would be the next highest potential. 
problems such as fugitive dust, storage space, variable fuel moisture 
content, tramp metal, and frozen material. Some fuels handling and 
storage equipment is in place and knowledge of wood as a fuel exists. 
Third priority facilities are those heated with fuel oil in heating 
systems rated as poor, and where natural gas is unavailable. Facilities 
in this category would be likely to replace a furnace or boiler in the 
very near term and pel let fuel could be an a1 ternative. 

These facilities contend with 

High priority facilities in Idaho are two hospitals with three 
heating systems, five armories with five systems, one school for the 
deaf and blind with three systems and twenty four other schools with 
twenty four systems. 
eight systems and a third priority facility is a state office building 
with one heating system. 

Second priority facilities are eight schools with 

A 1 i st of i ndustri al/commerci a1 wood pel 1 et combusti on system 
manufacturers has been compiled (see Appendix B). With older stoker 
coal equipment, adjustment of the fuel delivery rate may be the only 
modification necessary. Add-on equipment that supplies pellet fuel 
through the furnace door and replacement pellet fuel burn rings are 
avai 1 ab1 e to retrof i t exi sting furnaces. 

Residential Use 

An exploratory study o f  residential wood pellet use was conducted in 
Information on 1986 using a judgement sample of selected stove dealers. 

pellet stoves and wood pellets was obtained through telephone and face- 
to-face interviews that concentrated on the residential user's 
acceptance of the wood pellet technology. Three geographical areas in 
Idaho and Washington were canvassed by the telephone survey (Boise, 
Coeur d'Alene and Spokane). 
pellet stove dealers was conducted in Spokane. 

A face-to-face interview of wood pellet and 

telephone survey description 

A 1986 telephone survey asked retail dealers a series of pre- 
determined questions to find out whether or not they sold pellet stoves 
and wood pellets, and to gather information fror,i their opinions as to 
their acceptance and knowledge of the wood pellet technology. If 
dealers sold pellet stoves, brand names and sales prices were requested. 
If wood pellets were sold, the supplier or manuCacturer and retail 
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prices were recorded. After the i n i t i a l  se r ies  o f  sales-related ques- 
t ions ,  dealers were asked t o  comment on customer sa t i s fac t ion  and t o  
give t h e i r  personal opinion of wood pe l le t  fuel as an energy technology. 
A summary of the results of the telephone survey i s  given in Table 9. 

Table 9. SUMMARY OF TELEPHONE SURVEY RESULTS 
Number Number of Sell Pe l le t  Sell Wood 

Area Surveyed Responses Stoves Pel 1 e t  s 
Spokane 15 10 6 2 
Coeur d'  A1 ene 9 6 3 1 
Boise 3 3 2 1 

2 1 other 
t o t a l s  30 22 12 5 

- 3 - 3 - 

Dealers were selected from the yellow pages o f  telephone 
d i rec tor ies .  The difference between the number surveyed and the number 
of responses was due t o  disconnected telephone service, and dealers who 
had changed location or  had gone out of business. 

The survey showed tha t  of 22 dealers responding, 12  sold wood pe l le t  
stoves as par t  of t h e i r  l i n e  of wood burning appliances. 
dealers ,  seven displayed pel le t  stoves in t h e i r  show rooms. 
remainder s ta ted tha t  they would have them on display by the end of 
July,  1986. 

O f  those 12 
The 

The survey fur ther  indicated tha t  only f ive  of the 12 dealers who 
handled pe l le t  stoves also sold wood pellets. Quantity sold by the f ive  
wood pe l l e t  suppliers ranged from 40-pound bags t o  b u l k  delivery. The 
seven dealers not carrying wood pe l l e t s  s ta ted tha t  they would act  as an 
intermediary for  pe l l e t  sales  w i t h  the manufacturer or other suppliers, 
bu t  had no intentions a t  t h i s  time of keeping pe l l e t s  on inventory. 

wood pel 1 e t  stove avai 1 abi 1 i tx  

Table 10 i s  a summary of the manufacturers Drand names and prices 
f o r  wood pe l le t  stoves i n  the telephone survey areas. 

Table 10. BRAND NAMES AND RETAIL PRICES OF PELLET STOVES - 1986 
brand average cost  pr ice  range 

W m e 1  d $1,289 $1,200 - 1,500 
Traeger $1,336 $1,200 - 1,800 
Coll ins $1,330 $1,300 - 1,390 
Sweet Home $1,500 $1,200 - 1,800 
Ever1 a s t i  ng $ 475 - 
other $1,300 - 

The majority of the dealers se l l ing  pe l le t  stoves carried more t h a n  
one brand name in t h e i r  show rooms. Three dealers displayed as many as 
three d i f fe ren t  brand n a p s  a t  one time. Whitfield, Traeger, Collins 
and P e l l i f i e r  were the three most frequently c a x i e d  brand names. 
l i s t i n g  o f  current res ident ia l  wood pe l l e t  stove and furnace manufac- 
t u re r s  has been compiled (Appendix C ) .  Sweet Home is currently marketed 
under the  tradename, So l i t a i r e ,  by Sierra  Manuf.icturing Co., 
Harrisonburg, Virginia. The brand name l i s t e d  as ''other" i n  Table 8 i s  

A 
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now marketed under the tradename, Crossfire, by Thermic Inc., Spokane, 
Washington. 

Dealers had varying opinions as to their popularity. Some felt that 

The Everlasting 

pellet stoves were the most efficient stove, had lower maintenance 
requirements and were easier t o  install. The Sweet Home was a newer 
stove and only two of the dealers contacted carried it. 
stove was less expensive because it was an "add-on" pellet burning 
device. As the name implies, an add-on appliance is located in or 
adjacent to an existing furnace or boiler and uses the duct-work to 
deliver the heat generated by the add-on (Pursley, 1980). An add-on 
usually allows the homeowner to switch back and forth from the pellet 
fuel device to the primary heating system. Add-ons will fit into most 
primary heating systems usually by modification of the furnace door and 
fire pot. 

wood pellet availability and distribution 

Pellet stove dealers who carried wood pellets did so because they 
felt that customer satisfaction with their appliance was important and 
that selling pellets was one way to insure this. 
price differences between bag and bulk supplies. 

Table 11. PELLET DISTRIBUTION AND PRICE - 1986 

Table 11 indicates 

quantity price units 

40-pound bag $110 - 132 ton 
bulk $ 65 - 110 ton 

40-pound bag $2.50 - 2.85 bag 

The amount charged by dealers for 40-pound bags was fairly 
consistent. 
the price would be reduced to approximately $2.20 per bag. 
chase would require the consumer to store the bags and may not be 
desirable in some residential applications. 

If the consumer bought the bags in orders of 1 ton or more, 
Bulk pur- 

The wide range in price for bulk sales was due to differences in 
markup with the $65 per ton quotation being direct from the 
manufacturer. 
additional cost of shipping, handling and storage by the retail dealer. 
One retail dealer offered a free ton o f  wood pellets with the purchase 
of  a pellet burning stove. 

The bulk retail price of $110 per ton reflected the 

Retail dealers reported a major problem with consumer acceptance of 
pel let burning appl i ances: a concern about price and avail abi 1 i ty of 
pellets. Since pellet prices were largely determined by the costs and 
profit margin of the pellet manufacturer, dealer prices of pellet burn- 
ing appliances, supplies and services were perceived to be too closely 
tied to pellet prices. Although wood pellet prices currently allowed 
the dealer to sell pellets and pellet stoves, the dealer felt that if 
prices were to increase, wood pellet stove sales would slow or might 
stop completely. At the time o f  the study, obtaining a pellet supply 
was not a problem for the dealers contacted. 
expressed concern with future avai 1 abi 1 i ty and cost as demand increased. 
No widespread concern was expressed concerning ,,ellet quality, although 

Two dealers, however, 
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one r e t a i l  wood stove dealer n o t  handling pellet. stoves s ta ted tha t  some 
pe l l e t s  would not burn well. 

A r e t a i l  dealer a t  Post Fal ls ,  Idaho, s ta ted t h a t  50% of l a s t  year’s 
stove sales  were wood pe l l e t  burning equipment. Since f i rs t  opening for 
business, he had sold a to ta l  of 131 units and f e l t  t h a t  sa les  would 
increase. 
the people inquiring about new or  add-on energy systems asked about wood 
pe l le t  b u r n i n g  stoves. 
doubled since l a s t  year. 

Another dealer a t  Hayden Lake, Idaho, reported t h a t  98% of 

Pel le t  stoves sales  fo r  this  dealer had almost 

Another dealer s ta ted tha t  a customer should base the decision t o  
buy a wood stove or  a pe l le t  stove on only one c r i t e r i a :  is there access 
t o  firewood? I f  the homeowner l ived re la t ive ly  close t o  a forested area 
containing an available supply of firewood, firewood should be used. 
Otherwise, wood pe l l e t s  would probably be l e s s  expensive and 
troublesome. 

Two stove dealers s ta ted t h a t  they would never consider carrying 
wood pe l l e t  stoves. 
de f in i t e  mechanical problems such as burn-back and clinker formation and 
tha t  the stoves did not burn very well. One r e t a i l e r  s ta ted tha t  a wood 
pe l l e t  stove was not t radi t ional  and t h a t  i t s  d?pendence upon 
e l e c t r i c i t y  was a l imitation. 

Both f e l t  tha t  pe l l e t  stove engineering had some 

The majority of dealer opinion indicated tha t  i n  the future,  the 
wood pe l l e t  stove was the only way t o  meet our energy needs. One dealer 
went so f a r  as t o  say tha t  the wood pe l le t  burning stove had reached the 
theoretical  l imi t s  of efficiency. 

face-to-face interview description 

of Spokane, Washington, asked the same pre-determined questions used i n  
the telephone survey. The intent was t o  determine whether or n o t  these 
r e t a i l e r s  so ld  pe l le t  stoves and wood pe l le t s ,  and t o  gather information 
with regard t o  their acceptance and knowledge of the wood pe l l e t  
technology. I f  dealers so ld  pe l le t  stoves, brand names and prices were 
requested. I f  wood pe l l e t s  were sold, the supplier or  manufacturer and 
r e t a i l  prices were recorded. After the i n i t i a l  se r ies  of sales-related 
questions, dealers were asked t o  comment on cusxomer sa t i s fac t ion  and t o  
give t h e i r  personal opinion of wood pe l le t  fuel as an energy technology. 

A 1986 face-to-face survey of a l l  r e t a i l  stove dealers i n  the c i t y  

wood pel 1 e t  stove avai 1 abi 1 t y  

of the dealers intended t o  s e l l  or manufacture pe l le t  stoves i n  the 
future.  
wood pe l l e t  stoves were: 

Of the dealers vis i ted,  half currently sold pe l le t  stoves. Several 

The major reasons given by the stove dealers for not se l l ing  

1. Current stove technology was unacceptable t o  the stove dealers.  
2.  Pel 1 e t  qual i t y  and avai 1 abi 1 i t y  was questi onabl e.  
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3 .  In the opinion of the dealers ,  pe l l e t  stoves currently on the  market 
were unat t ract ive.  

Since 1981, pel 1 e t  stove sa les  had consistently increased. Deal e r s  
were ant ic ipat ing sa les  of the pellet stoves t o  increase in the future .  
All p e l l e t  stove dealers kept pe l l e t  stoves in stock for  inspection by 
potential  customers. Sales were generally t o  f i r s t - t ime  customers. I t  
appeared t h a t  nearly a l l  customers were in s t a l l i ng  pe l l e t  stoves as a 
primary source of res ident ia l  heat (mortgage regulations from many 
sources of funds often require a backup source of heat other than a 
wood-based system). 
homes (900 t o  1000 square f e e t  range). 
p e l l e t  stoves t h a n  conventional wood stoves. However, dealers  s ta ted 
t h a t  there  was often more p r o f i t  potential  on conventional wood stove 
sa les  due t o  i n s t a l l a t ion  costs and the sa l e  of accessory items. 
stove customers reportedly f e l t  t ha t  stoves were clean and inexpensive 
t o  operate. The major concerns w i t h  wood pe l l e t  stoves voiced t o  the 
deal e r s  by t h e i r  customer; were: 

Sales of wood pe l l e t  stoves were geared t o  smaller 
Dealer markup was higher for  

Pel le t  

1. problems w i t h  stove technology which include auger maintenance, 

2 .  p e l l e t  qua l i ty ,  and 
3 .  stove safe ty  (burn-back into fuel hopper) .  

p lugging of the exhaust pipe, exhaust fan maintenance, and miscel- 
1 aneous minor mechanical problems, 

wood p e l l e t  ava i l ab i l i t y  and d is t r ibu t ion  

All p e l l e t  stove dealers contacted had pe l l e t s  in stock and sold 
wood p e l l e t s  primarily t o  t h e i r  stove customers. 
i n  g rea tes t  quantity was the 40-pound bag and the grea tes t  quantity 
purchased was one t o n .  One ton  of pe l l e t s  represents a 30 t o  50-day 
supply of fuel. The major complaints concerning pe l l e t  qual i ty  were: 

1. d i r t y  fuel containing bark and contaminates which resul ted i n  var i -  

2.  widely varying pe l l e t  length resul t ing i n  nuinerous augering problems. 

The following comments summarized the views and opinions o f  the  
dealers contacted d u r i n g  a face-to-face intervin2w: 

The package s i z e  so ld  

able p e l l e t  q u a l i t y  ard "klinker" bui ldup  i n  the  stove, and 

1. The technology of  wood pe l l e t  stoves was not  well developed. 
2. There was a lack of knowledge and safety codes regarding the i n s t a l -  

l a t ion  and use of chimneys fo r  pe l l e t  burning equipment. 
3 .  The future of wood p e l l e t  sa les  appeared opt imist ic  as there  was a 

growing proportion of the wood heat stove sa les  in p e l l e t  stoves. 
4 .  Sales of wood pe l l e t s  should be geared t o  geographic areas where 

pe l l e t s  were manufactured and readily available.  
5. There was grea te r  p ro f i t  i n  conventional wood stove sa les  compared t o  

pel 1 e t  stoves. 
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wood pellet manufacturers 

In 1985, wood pellet manufacturing plants within the Intermountain 
West region were located at Ravalli, Bozeman, Eureka and Darby, Montana, 
Sandpoint, Idaho, and at Omak and Brewster, Washington. Two additional 
plants were planned to be in operation the following year in Spokane, 
Washington and Julietta, Idaho. There are currently 19 wood pellet fuel 
manufacturers in the region; five in Idaho, six in western Montana, five 
in eastern Washington and three in eastern Oregon. Three neighboring 
regions account for 23 manufacturers with 42 producers in the four 
remaining U.S./Canadian regions (see Appendix A ) .  Average production 
capacity in the Intermountain West region in 1991 is an estimated 680 
tons per 8-hour shift with an annual capacity o f  approximately 170,300 
tons. Intermountain regim pellet production iri 1991 is estimated at 
143,650 tons per year. 

Whitney (1991) reports that across the United States, some producers 
may be working more than one shift, however, this is not likely occur- 
ring in the Intermountain West when considering the production figures. 
There is unused capacity in the Intermountain West region. The amount, 
estimated at 26,650 tons, could be true unused capacity in that produc- 
tion is keeping up with demand. Or, manufacturers may be having 
difficulty getting the production from their equipment. 
to pellet mills and mill operation are as much an art as a science in 
the industry, with considerable trial and error that result in delays 
and downtime. 

Modifications 

Capacity may also be overestimated. Difficiilty in determining 
machine capacity is a common problem in pellet manufacturing because 
machine manufacturer’s spacifications, often used by the producer, have 
been based on production of feed pellets rather than wood fuel. An 
accurate determination of capacity is probably .i combination of both 
capacity scenarios. 
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DENSIFIED WOOD FUEL MARKETS AND MARKETING 

Introduction 

The industrial manufacturing sector is a large energy consumer and 
uses large bulk volumes at any given site. As a consequence, it became 
the first market for targeting wood pellet production. 
have many advantages over some other conventional fuels in that they are 
relatively clean to handle and burn. Wood pellets may be burned in gas 
or oil furnaces with certain modifications or it? a conventional stoker- 
spreader furnace without modification. 
usable heat compared to round wood, less pollutants as compared to coal 
and lower cost per therm compared to electricity, LP gas and fuel oil, 
the savings achieved from using wood pellets is attractive to most 
industrial space heating applications (Spangler, 1977; Pursley, 1980; 
Pearson, 1981; Johnson, 1982). 

Wood pellets 

With a substantially higher 

On the other hand, wood pellets face stiff competition from other 
sources of more expensive and inexpensive energy, and readily available 
fuels. 
being compressed into pellets. 

pellets in some areas of the country. While this might seem to 
eliminate the Intermountain West from being a potential wood pellet 
market, the outlook is perhaps not that bleak. Many believe that 
reasonable energy costs for industrial customers of hydro-electric and 
natural gas i s  only temporary and that imposition of more stringent air 
and water qual i ty regulations are 1 i kely. This will further di scourage 
the utilization of fuels such as coal (Pearson, 1981). 

An example is hogfuel which can be used to fire furnaces without 

Hydro-elctric power and natural gas are strong competitors with wood 

Despite competition, the industrial sector has remained attractive 
to wood pellet manufacturers for several reasons. Only a few industrial 
contracts (each with a large volume) can keep a pellet plant at desired 
production capacity. Sewing a few customers further reduces the sales 
efforts required and other logistics problems such as distribution and 
del ivery. There are, however, some disadvantages related to industrial 
sales. 
all the eggs in one basket" and large volume, blrlk sales are associated 
with low profit margin. 

Dependence on just a few customers can 3e equated to "putting 

Sales efforts are being increasingly directed toward 
heating in recent years as a market segment offering a h 
margin (Spangler, 1977; Pursley, 1980). An objective of 
is to examine these potential market segments and market 

resi dent i a1 
gher profit 
this discussion 
ng approaches. 

Identification of Market Segments 

There are a number o f  steps to marketing a product, and some initial 
steps are categorized accordingly: 

- identification of the market segments 
- selection of the most promising segment(s) 
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- formulation of marketing approaches and a'location of resources 

When identifying market segments, fuel pellet consumers can be 
generally grouped under three major segments - ,industrial, residential, 
and municipal/institutional. Industrial consumers of wood pellets can 
be further sub-divided into two classes: those that consume energy 
principally for generating process heat (steam or hot water) and those 
that use the energy for interior (space) heating (Pursley, 1980; 
Pearson, 1981). 

In most cases, residential (including small businesses and offices) 

One method of differentiating the sub-groups 

consumption of heat energy is almost exclusively for space heating. 
There are, however, certain differences that warrant further sub- 
division o f  this segment. 
of residential consumption is according to a readiness to convert to 
using wood pellets. By ajplying this classification, four sub-divisions 
are identified (Pursley, 1980): 

residences with existing coal or wood heating systems, or other 
types of furnaces or boilers that could be easily converted, with 
little or no modification to burn pellets; 
residences that are contemplating an "add-on" or an additional 
furnace to connect into existing duct work; 
residences having existing or seeking additional supplemental, 
appliances, including all non-central systems; 
new residences installing central or non-central heating systems, 
and older residences considering replacement of old furnaces or 
boi I ers. 

The municipal/institutional consumer category uses energy primarily 
for interior heating although some institutions such as hospitals also 
require fuel to generate steam or supply hot water. Consumption by 
these customers is normally much larger than those of a residential 
consumer . 

Ranking the important. of these segments might differ among 
geographical regions. Detailed market segment \-esearch could be too 
costly for some wood pellet manufacturers, however, a basic marketing 
investigation can help in avoiding serious mistakes with formulating 
marketing approaches. 

Selecting Market Segments 

There are several factors to be considered before a market segment 
is selected for use in determining the approach to selling wood pellets. 
Geographical constraints, production capacity, and the availability and 
cost of techniques and equipment for conversion of existing devices for 
burning pellets are very important. 

While many pellet mar.ufacturers feel that a hauling distance with a 
100-mile radius is generally feasible (Pearson, 198l), market studies 
suggest that a distribution area with a 50-mile radius or less, espe- 
cially for distribution to residential consumers, is more profitable. 
Within the region, howevw, manufacturers have recently demonstrated the 
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abi 1 
prof 

ty to 
tabi 1 

supply customers beyond a 200-mile ritdius and maintain 
tY. 

The rationale behind these conflicting statements seems to closely 
relate t o  the volume of consumption of each customer, over time, with 
the concentration of these customers? competition, and price o f  alter- 
nate fuels. 

There are a number of ways that production capacity or proposed 
First, capacity might affect the selection of the market segments. 

while it is critical to determine the availability of potential con- 
sumers for the manufactured product, the quantity that consumers can 
absorb will largely determine the viable capacity. This viable capacity 
will also depend on the ability of this new product to penetrate the 
market of an established product. 

, production capacity would be unlikely for any new venture, so aside from 
other production logistics, a legitimate design capacity will need to be 
tied to market penetration within a specific geographical region. 

Immediate market penetration of full 

Available technology and cost of engineering and equipment needed t o  
convert existing facilities to burn wood pellets varies among market 
segments. For large volume consumers such as industrial and 
municipal/institutional users, the savings that could be realized should 
be sufficiently attractive to commit investment in such conversions. 
For residential consumers? the return on investment may be quite 
different . 

There are many other factors that contribute to the final selection 
of viable market segment. 
tribution and delivery methods. 
industrial and municipal/insti tutional segments wi 11 typical ly require 
bulk delivery under a long term contract price on a payment schedule, 
while the residential market may prefer packaged supplies that are cash 
and carry. Furthermore? delivery requirements will not only vary in 
terms of quantity but also with consistency of delivery. While process 
heating systems will need fuel all year round, space heating require- 
ments will be restricted t o  a specified period each year. A seasonal 
supply requirement adds complexity to wood pell?t fuel distribution? 
inventory and storage. Other factors that will influence manufacturing 
decision making are budgetary constraints and required profit margins. 
Large volume sales will usually require less marketing effort with lower 
profit margin than individual small volume sales to residential 
consumers. Some form of additional regulation with respect to particu- 
late emissions by environmental agencies, especially for large volume 
consumers? may also be expected. 
year to obtain (Spangler, 1977). 

Different segments require different dis- 
Large volume consumers in the 

Regulatory approval can take up to a 

Market research, besides being necessary for market segmentation and 
segmentation identification, should be designed to collect information 
in order to select the most promising segements. Before formulating a 
marketing approach? information to include potential wood pellet con- 
sumption? types of existing furnaces, available local suppliers of 
needed combusti on equipment and auxi 11 i ary hardware? and avai 1 ab1 e 
contractors with knowledge of furnace modificat,tons are important to 
selecting these segments. 
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Formul ati ng Pel let Fuel Marketing Approaches and A1 1 ocating Resources 

Initial stages in market segment identification and selection are 
market survey and analysis activities often performed in marketing 
research. After data are obtained and analyzed, the next step i s  to 
formul ate approaches and a1 1 ocate resources needed to sell the product. 
This will include the areas of promotion, consumer education, the sales 
approach, establishing distribution networks and delivery systems, and 
many other related activities. Again, market segments have widely 
varying characteristics and will call for different approaches to 
marketing wood pellets. Similarly, resource requirements will also vary 
according to the complexity of each segment, residential being the most 
complex followed by municipal/institutional and finally, the industrial 
segment. 

Marketing Programs For Different Market Segments 

With the variability among the three main groups of potential con- 
sumers, marketing programs with different approaches should be designed 
for each market segment. Programs should follow a somewhat standard 
format, with components such as selecting a sales or marketing agent, 
planning out promotion and consumer education programs, and establishing 
a distribution network and delivery system. Component emphasis is given 
according to the target group. Approaches that have been proven to be 
effective are out1 ined below, according to segment. 

industrial seqment 

Either selecting a sales or marketing agent or recruiting and train- 
While ing a sales and marketing team have advantages m d  disadvantages. 

an experienced marketing agent is more likely to do a better marketing 
job, it may not be feasible to have an agent devoted solely to one 
product. An agent will usually handle more than one marketing program 
a t  the same time. 
ferent manufacturers, there may be consumer confusion. Since industrial 

sales, as a rule, are small in terms of numbers of accounts, 

If the programs are for similar products from dif- 

marketing functions with promotion and sales can be handled 
employees at the plant. 

wood pelle 
continuing 
by company 

Promot onal approaches to selling wood pellets may include: 

- advertising in trade journals, technical periodicals and newslet- 
ters that are targeted towards industrial plant managers, plant 
engineers, physical plant supervisors, and boiler and furnace 
operators, 

- mailing out a technical pamphlet or newsletter to plant managers, 
plant engineers ana other industry representatives, 

- calling plant managers or their technical staffs to arrange par -  
ticipation in promotional, yet technical, seminars that advertise 
the advantages of using wood pellets over other conventional 
fuels, 
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- contacting plants to test-fire wood pellets in their facility. 
(This would simultaneously promote a product and educate a poten- 
tial user. Test-firing information could then be included in 
promotional literature or the test could be video-taped and made 
available at seminars, trade shows or for mailings.) 

shows, particularly in conjunction with and heating equipment 
manufacturers. 

- participating in trdde fairs, exhibitions and other promotional 

Devising a distribution network for marketing wood pellets to in- 
dustrial segment may not be necessary since sales are usually direct 
between the manufacturer and the industrial customer. Establishing a 
delivery system will probably be in the form of bulk shipping, direct t o  
customer storage, on a year-round basis. 

Although these approaches are logically sound for marketing wood 
pellets to industrial consumers, the need to carry them out has been 
questioned. It has been argued that pellets are a bulk energy product 
and cannot be separated from the family of bulk energy commodities in a 
marketing scheme (Bossel, 1985). Pellets therefore do not become more 
attractive by creative packaging or advertising. In all liklihood, 
persuading a plant to operate with pellets on a trial basis may be all 
that is needed to ''push" the product (Spangler, 1977; Pursley, 1980). 

resident i a1 segment 

in-house team has similar problems with cost and loyalty as with the 
industrial segment. A professional agent, howeqer, may be better able 
to handle some of the complexities of residential marketing than a plant 
employee and vice versa. Residential pellet fuel promotion might be 
approached by: 

Hiring a marketing or sales agent or recruiting one versus using an 

- advertising in the media (television, newspaper, and magazine) as 
well as other household literature (this may be cost prohibitive 
for the small manufacturer), 

- participating in consumer trade fairs, home shows and exhibitions, 
- mailing promotional pamphlets of the pellet product to retailers 
of combusti on equi pinent and accessories (pel 1 et stove deal ers , 
home heating contractors, and hardware stores) that might provide 
display space or coltld become potential outlets for wood pellets, 

- using sales personnel to contact potential retailers for accounts 
by offering seasonal and quantity discounts, and providing assis- 
tance with advertising and pricing, 

- conducting and evaluating the use of pellets in residences, video- 
taping and documenting results and providing the tapes and 
literature t o  pellet stove dealers. 

The distribution network for serving the residential segment will be 
longer and more complicated than the industrial network, and may require 
intermediaries such as a warehousing wholesaler and a retailer. 
wood pellet demand is likely to be seasonal, detailed planning for 
inventory control and establishing a delivery system is critical. 
Pellet fuel should be marketed to customers in a package size that is 
safe and convenient to handle with 50 pounds as maximum. 

Since 

Federal OSHA 



42 

safety regulations regarding employee 1 ifting lJmits would apply with an 
employee handling the product. Bagged fuel is often manually loaded 
into a pick-up truck or car trunk of cash and carry customers. 
Accomodating several bag weights will require additional investment by 
the manufacturer for packaging and storage. Packaging could be per- 
formed at the intermediary level although it is now not a function of 
wholesalers or retailers. Bulk delivery direct to residential cus- 
t o m e r ~ ~  not now a function of the manufacturer, is unlikely since an 
individual customer sale is typically less than one ton with retail 
value less than $100. 

municipal/institutional segment 

This segment can be treated with marketing approaches that are 
similar to those listed for the industrial segment. 
customers are usually in large volumes except that part of the segment 
demand used mainly for space heating is seasonal. Interruption o f  
supply is a critical concern from municipal/institution customers. 

Consumption by 

Proposed Marketing Strategy 

Characteristics of the three market segments out1 ined have been 
summarized in the following table to indicate a marketing startegy for 
wood pellet fuel sales and distribution. 

Table 12. MARKET SEGMENT CHARACTERISTICS OF WOOD PELLETS 

market segment demand mode delivery mode marketing profit margin 
i ndustri a1 year round bulk simple, 1 ow 

direct' sales 

di re3, sales 

residenti a1 seasonal packaged complicated high 

i nsti tuti mal 
muni ci pal and mi xed bulk simple, 1 ow 

A rational approach to be followed for a manufacturer entering the 
wood pellet market and serving these market segments will be to: (1) 
obtain one or more large volume industrial customers, (2)  or expand into 
the municipal/institutional segement, (3 )  using the excess or slack 
production capacity to serve the residential segment. This approach may 
be modified when the desired level of initial market penetration has 
been established. 
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INTRODUCTION AND BACKGROUND 

Biomass from the Forest 

originating from forest land may be found within the Intermountain West 
region. Coarse and fine residue from forest products processing (slabs, 
edgings, sawdust, and shavings) generated by 1 arge forest industry corpora- 
tions are largely utilized. Bark, however, is underutilized (Keegan et al, 
1988). Medium and, particularly, small -sized primary and secondary proces- 
sors generate green and dry residue (edgings, trim ends, sawdust and 
shavings) that are largely unused. In most cases, these producers do not 
have wood waste in a quantity or form that can be readily sold or directly 
consumed either in the martketplace or by the company. In some cases, the 
producers are simply not aware of alternative conversion of their residue to 
an energy product or cann3t afford to conduct the research to investigate 
the technical and economic aspects of equipment layout, processing, markets 
and marketing. Small wood processing companies generally use conventional 
residue disposal methods such as giving it away, incinerating it in open 
burners, stock piling or landfilling. There are economic, social and en- 
vironmental costs associated with these disposal methods; methods that are 
often expensive and unnecessary. 
pose an environmental risk and the probabilty for regulation. 

Substantial but widely dispersed quantities of residue and waste wood 

Long term use of such disposal methods may 

Green residue generated from primary wood processing must be dried to a 
very low moisture content before pelleting; a cost that becomes prohibitive 
in small-scale densified biomass fuel manufacturing. On the other hand, 
secondary manufacturing residues are usually free from bark and dirt, and 
are already at a low moisture content. 
secondary processing usually generates less residuerper unit volume of 
product output. Consequently, scale and capacity of a pellet manufacturing 
operation is immediately critical to the investment. 

reported to range from 2G-40 tons per acre (Johnson et al, 1987). 
cases, the waste wood is found concentrated along haul roads and near 
landings. Since the cost of collecting logging residue is already borne 
with the log, only the cost of conversion to pellet fuel and hauling the 
fuel remains, if processing is carried out on-site. Mechanical, in-the- 
woods processors (whole-tree-chippers) are now avail able that separate much 
of the bark from the wood, converting logging residue into a high quality 
biomass energy raw material. At least one manufacturer of punch-press 
pelleting equipment has designs for a portable machine, however, a full 
scale model has not been built or tested. 
not portable and would be unlikely to profitably operate with even the 
smallest amount of contamination in the raw material. 

Compared to primary manufacturing, 

Estimates of in-the-woods waste wood from .Limber harvesting have been 
I n  many 

Ring-die extrusion equipment i s  

Whole-tree-chips from standing dead trees do offer a raw material 
supply with certain desivible characteristics fur pelleting; less contamina- 
tion and lower moisture cmtent. 
pel 1 eti ng i s undeveloped. 

However, as with logging residue, on-site 
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Biomass From Agricultural Residue 

Accepted agricultural practices with grain crops are to bale and sell 
residue, plow it under, leave it in place and plant the next crop in the 
stubble (no-till), or broadcast burn it. Other potential biomass pellet raw 
materials from agricultural residue are the dry fibrous stems and stalks of 
plants such as straw, corn, rapeseed, sorghum and sunflowers. These types 
o f  residues provide little organic value when returned to the soil and 
therefore should present little or no environmental impact on short or long 
term soil productivity. These residues are difficult to incorporate using 
machinery. 

Since harvesting the agricultural product requires the residue t o  be 
pre-processed, part o f  the cost of densified biomass fuel manufacturing i s  
absorbed by the marketed crop. 
simplified by using conventional farming equipment such as balers, elevators 
and, si 1 age choppers and hammermi 11 s . 

Residue handling and processing can be 

Once an agricultural crop has been harvested, by-products may be gener- 
ated during processing, spoilage during storage can occur and surpluses may 
require disposal. Examples of common processing by-products in agriculture 
are: corn cobs, nut hulls and husks, peelings, o i l  seed meals, and gin 
trash. Examples of spoiled and surplus products are seed potatoes and seed 
corn, grass seed and grains. 

Biomass From Municipal Solid Waste 

Municipal solid waste from biomass origin, such as lawn and garden 
residue, and newspaper represent biomass wastes that are usually buried or 
sometimes burned at the landfill. In the case o f  newspaper, demand for use 
as a recycled material exists in the marketplace where large quantities are 
used in the building products (e.g. insulation) and the pulp and paper 
industry (e.g. paper and board products and mail ing envelopes). The com- 
position of newspaper printing inks are three ingredients: vehicles, 
coloring agents and additives. Vehicles serve as carriers and binders, and 
may be derivitives of phenolic resins, celluloss or rubber. Coloring agents 
are pigments rather than dyes, composed of clay. calcium, magnesium and 
carbon. Additives are waxes and polyethylene. Never-the-less, newspaper 
does show considerable technical promise as a biomass pellet fuel feedstock 
with its high cellulose and lignin content and few chemicals compared to 
other paper waste streams. 
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CASE STUDY FACILITY DESCRIPTION 

Operating History 

managed, secondary wood processing business, founded in 1964 by Jack G. 
Browning, the current President. 
specialty wood products that include window and door parts, moulding, 
finger-jointed millwork, toy blocks, and paper nil1 roll plugs, Browning Cut 
Stock is a major forest products industry employer in southern Latah County. 
The plant is located approximately 1 mile south of Juliaetta, Idaho, and 
employs 30 workers from the nearby communities of Juliaetta, Kendrick, 
Southwick, Troy, Deary and Bovill . Manufacturing materials are exclusively 
kiln dried, shop grade, ponderosa pine lumber. Moisture content, dry basis, 
averages 12 percent or less and total annual lumber useage is approximately 
1.5 million board feet. An estimated 500 tons of fine residue and hogged 
waste wood from narrow edgings, fine sawdust, shavings, and trim containing 
knots, pitch pockets and wane are produced annually. Prior to 1987, 
Browning Cut Stock Co. periodically sold small quantities of fine residue 
(sawdust and shavings) for animal bedding and gave away coarse residue 
(edgings and trim) and reject cut stock pieces for firewood. The majority 
of the residue, however, was burned in two open incinerators, and the 
remainder was landfilled on adjacent company property. 

Browning Cut Stock Company is an incorporated, family owned and 

As a manufacturer of pine cut stock and 

In 1987, Browning Cut Stock Co. purchased a Hyflo pellet mill manufac- 
tured by California Pellet Mill Company, along with several dies and spare 
parts. The pellet mill had been used to produce alfalfa pellets for cattle 
feed. The mill was modified by Browning employees. These modifications 
included: a new drive motor, heavy main shaft bb?arings, new rollers and 
roller bearings, a rebuilt supply auger, and a new main drive gear. The 
mill was installed on site in a new steel building but independent of the 
cut stock operations. A self-unloading, steel yrain silo was attached to 
one end of the building to store residue produced at the different cut stock 
machine centers. 
landfilled while only shavings and sawdust were moved by fans through metal 
blower pipe to the silo for pelleting. During late summer 1988, a rotary 
hog was added to reduce the trim to chips, and a 12-inch diameter residue 
collection line was installed to move the hogged material t o  the silo. 

Initially, end trim continued to be given away or 

Browning Cut Stock Co. began manufacturing wood pellets from their own 

One employee was trained to operate and service the 
residue in late 1987, first using a 1/4-inch diameter feed die and then a 
new 1/4-inch wood die. 
mill. The pellets were o f  exceptionally high quality (very low fines con- 
tent, durable, very low ash content) but production and maintenance on the 
pellet machine was unacceptable. In 1988, a 5/.:6-inch wood die was in- 
stal 1 ed i n the pel 1 et macni ne that successful ly increased product i on and 
reduced operating and maintenance costs on the mill. Pellet quality, par- 
ticularly durability and fines content, were soriewhat adversely effected by 
the die change but the product remained residential grade. However, adding 
knotty trim to the feedstock created a processiig problem not encountered 
with sawdust and shavings: pelleting residue containing high concentrations 
of pitch. A solution to the problem was found when steam and hot water were 
added to condition the feedstock prior to entering the pelleting chamber. 
In mid to late 1988, the company went into full production of densified wood 
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fuel and has made only minor changes t o  their process since then. 
overhaul of the pellet machine (shaf t  aligned and balanced with the die)  i n  
ea r ly  1989 has p u t  the machine ? n  i t ’ s  best operating condition since p u r -  
chase, producing a wood fuel p e l l e t  similar i n  q u a l i t y  t o  the  1/4 inch 
product made with a wood die.  

A part ia l  

Equi pment Description and Materi a1 s/Product Flou 

As shown by the flow chart  in Figure 1, dry residue produced by the cut 
stock s ide  is  moved by fan and blower pipe t o  a 24 x 24 f e e t  round, s teel  
storage s i l o .  Moisture content of the residue i s  reduced t o  approximately 9 
percent (oven-dry basis)  from movement through the pipe. Fans, blower pipe, 
cyclones and e l e c t r i c  controls for  hogging the trim and handling the 
material were purchased and ins ta l led  by the company. 
col lect ion and handling equipment (2 fans and 150 f e e t  of blower pipe) were 
already i n  place from use with the incinerator.  
th rough the silo roof by elevator. 

A l l  other residue 

The s i l o  may also be f i l l e d  

The f a c i l i t y  containing the pel le t ing s ide is  an insulated,  s teel  
building tha t  measures 52 f e e t  long, 24 feet wide, and s t ands  15 f ee t  high, 
and rests on a 6-inch thick,  reinforced concrete s lab.  
v o l t  service i s  ins ta l led ;  440-volt service is  not available.  Lighting for  
the building i s  supplied by five florescent f ix tures ,  and two e l e c t r i c  space 
heaters provide temporary heat fo r  the pe l l e t  mill operator during s ta r tup .  
Heat generated dur ing  pel le t ing is  given off in to  the building. 

Three phase, 220- 

Residue is  unloaded from the s i l o  by an auger running through the 
center o f  the s i lo  t h a t  is ins ta l led  in the concrete foundation. The auger 
i s  elevated approximately 3 1/2 f e e t  from the base of the s i l o  t o  remain in- 
l i n e  with the blending hopper. 
b u i l t  blending hopper with a surge capacity o f  approximately 60 cubic f e e t .  
An off-loading elevator connected t o  one s ide of the blending hopper  allows 
residue t o  be unloaded from the silo and sold as  mulch and animal bedding. 
The elevator  i s  reversing and can be used t o  supply other residues for  
pe l le t ing  o r  introduce additives t o  the residue i n  the hopper should the 
opertor choose t h i s  option. [A permanent magnet or  other metal detecting 
device i s  usually ins ta l led  in the outfeed s ide o f  the blending hopper t o  
locate  tramp metal. However, the high qual i ty  of the residue generated by 
cut stock (edgings, shavings, sawdust and trim) usually precludes the need 
f o r  one.] A shop-built a’iger, 11 fee t  long, ca r r i e s  the residue from the 
bottom o f  the hopper t o  a hammermill powered by a 30-hp, 220-volt, 3-phase 
motor. 
dry wood per hour through a 3/16-inch screen. 
i s  located near the throat  of the hammermill. 

Stored material i s  unloaded into a shop- 

Productive capacity of the hammermill i s  approximately 200 pounds o f  
A bu i l t - i n ,  permanent magnet 

The hammered material o r  feedstock i s  transported by fan and blower 
pipe t o  a shop-built,  surge bin located above the pe l l e t  machine. 
capacity of the bin i s  approximately 350 cubic f ee t .  
the blower pipe t o  the b i n ,  reduces wood d u s t  i n  the building. [ I f  green 
residue were being pel le ted,  a biomass dryer would be in s t a l l ed  a f t e r  the 
hammermill t o  lower the moisture content of the furnish t o  the  ta rge t  level 
of 15-18 percent]. 

The surge 
A c lo th  cover, sealing 



51 

B 
i 

W 



52 

T h e  feedstock i s  g r a v i t y  fed i n t o  a r ing-die extrusion pel le t  mill ( a  
vertical die ,  horizontal  main shaf t  machine w i t h  two rollers) powered by a 
50-hp, 3-phase, 220-volt e l e c t r i c  motor. A bui l t - in ,  permanent magnet i s  
located i n  the p e l l e t  mill just before the feedstock enters  the pe l l e t  
chamber. Two additional 3-phase, 220-volt motors independently operate the 
auger and the mixer. 
ing a l f a l f a  pellets is rated a t  6 tons per hour, however, wood pe l le t  
production ranges from 400 t o  900 pounds per hour.  Steam and hot water are 
introduced into the  mixing chamber t o  condition the feedstock before 
extrusion. A shop-built steam generator consis ts  of a steel casing, water 
i n l e t  and baf f le ,  220-volt heating element and a float-solenoid switch. 
Steam flows from an o u t l e t  on the generator i n t t  the mixing chamber casing 
of the p e l l e t  machine through high pressure hose. 
injected into the mixing chamber using an industr ia l  furnace spray nozzle. 
One s ide  of the spray head i s  connected t o  a 52 gallon ho t  water heater and 
the other t o  a 220-volt air compressor supplying 40 pounds per square inch 
of a i r  t o  produce a "fan-shaped" mist of water .inside the mixing chamber. 

The production capacity o f  the  machine fo r  manufactur- 

Hot water may also be 

Pe l l e t s  and p e l l e t  f ines  e x i t  from the base of the p e l l e t  machine, move 
by a 7 f e e t  long, shop-built auger and are deposited i n t o  the open end of a 
ro ta t ing  barrel screen o r  "trundle" measuring 2 f e e t  in diameter and 30 
inches long. The  screen size i s  1/4 inch. 
auger and continues during movement through the trundle.  Pellet f ines  pass 
through the screen into a fan housing and are  blown back in to  the storage 
s i l o  where they are  mixed with new residue. [In a green residue process, 
f i nes  could be burned as fuel fo r  the rotary drvm dryer.] The trundle i s  
inclined a t  a 30-degree angle, allowing the pellets t o  be screened the 
e n t i r e  l eng th  of the barrel. 

Pellet cooling begins in the 

Pe l l e t s  leave the open end o f  the trundle and f a l l  in to  a bucket 

The bin out le t  has 
Two 

elevator, carrying them a vert ical  distance of 14 f ee t  t o  a fan and blower 
pipe used t o  f i l l  the  pe l l e t  surge b i n .  
combine bin with a surge rapacity of  170 cubic f e e t .  
been modified t o  accomodate a commercial, weigh.;-dispensing bagger. 
grain bin cooling fans are  mounted in the base .3f the  p e l l e t  surge bin t o  
bring the pe l l e t  fuel t o  room temperature. 

The p e l l e t  surge bin i s  a farm 

A l l  pe l l e t  fuel produced a t  Browning C u t  Stock Co. is  packaged in c lear  
polyethylene bags, check-weighed on a beam balance (additional product may 
be added) and sealed with a 24" impulse sealer. 
pal le ts  where each p a l l e t  contains 20, fifty-pound bags o r  one-half ton .  
Shrink-wrap packaging is  used t o  seal the contents o f  each pa l le t .  
pound capacity pal le t  jack moves loaded pallets t o  an overhead door in the 
building where a propane powered fork l i f t  transports and stacks the product 
in a 24' x 24' x 15' high, enclosed storage shed. 
i s  approximately 48 bagged tons .  

Bagged fuel i s  loaded on 

A 5,000 

The capacity o f  the shed 

P lan t  and Equipment Layout _- and Costs 

Figure 2 gives the p311et p l a n t  layout a t  Browning C u t  Stock Co. and 
includes the locat ion of s p t i o n a l  residue dryinl  equipment. 
o f  the  equipment, purchass pr ices ,  and cost  of s e t - u p  l a b o r  and materials 
for  putt ing the f a c i l i t y  on stream i s  given below. 

A complete l i s t  
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residue preparation, handling and storage 

used rotary hog (unknown manufacturer; 
w/40 h p ,  3 phase, 220 vol t ,  98 amp motor 

$ 2,224 

electrical service f o r  hog 

used fan and 15' blower pipe (unknown 
manufacturer) w/5 hp, 3 phase, 220 vol t ,  
13.4 amp motor 

used fan and 150' blower p i p e  (unknown 
manufacturer) w/30 hp ,  3 phase, 220 vul t ,  
70 amp motor; 3 used cyclones 

new Scafco grain s i l o  (24 '  x 24')  
w/1/2 hp, 3 pha.;e, 220 vol t ,  13.4 amp 
motor; concrete foundation and auger 
hous i ng 

new R&M steel tui lding (52' x 24' x 
15 ' ) ;  concrete; l ight ing;  space 
heaters; e lectr ic  service 

shop-built blending hopper and 11' auger 
w/l h p ,  3 phase, 220 vol t ,  4.4 amp motor 

shop-built off-loading elevator  w/5 hp, 
3 phase, 220 vo l t ,  14.6 amp motor 

new e lec t r ica l  service f o r  residue 
handling and processing, and p e l l e t  
handling and storage 

residue grinding 

shop-bui 1 t hamrn.2rmi 11 screw auger 

used Sears-Roebuck Model 241/1000 
hammermill w/new 30 h p ,  3 phase, 220 
vol t ,  76.6 amp motor 

used fan and 18' blower p i p e  (unknown 
manufacturer) w/1/3 hp, 1 phase, 115 
vol t ,  5.0 amp motor 

pel 1 e t i n g  and pel 1 e t  hand1 i ng 

shop-built furnish surge bin (350 cubic 
feet)  

new California Pellet Mill Company wood 
d ie s  (1/4" and 5/16") 

$ 545 

$ 488 

$ 9,000 

$15,328 

$15,100 

$ 407 

$ 1,570 

$ 2,090 

$ 112 

$ 1,119 

$ 350 

$ 4,500 

$ 2,400 
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used CPM Hyflo pe l l e t  mill w/3/4 hp,  
3 phase, 220 vol t ,  3.8 amp auger motor; 
15 hp, 3 phase, 230 vol t ,  38 amp mixer 
motor; new 50 hp,  3 phase, 220 v o l t ,  128 amp 
dr ive motor; 2 feed dies;  extra rollers and 
auger 

$ 2,720 

shaft/die a1 igntnent and balancing 

shop-built "steam jenny" w/220 vol t  
heat i ng el ement 

$ 1,225 

$ 500 

new Eagle Deluxe 52 gallon h o t  water $ 377 
heater w/4000 watt upper and lower elements 

new a i r  compressor (manufacturer unknown) $ 500 
w/5 hp,  220 v o l t ,  15 amp motor 

new industr ia l  furnace spray head 
(manufacturer unknown) 

$ 550 

shop-built steel platform, s t a i r s  and 
ra i  1 i ng 

shop-built 7' auger w/1/3 hp, 3 phase, 
220 vol t ,  1.5 ainp motor 

$ 2,700 

$ 143 

shop-built 30" trundle w/1/8 hp,  1 phase, $ 70 
115 vol t ,  2.5 amp motor 

used fan and 25' blower p i p e  w/1/2 hp ,  
1 phase, 115 v o l t ,  7.8 amp motor 

$ 391 

new Universal bucket elevator w/3/4 h p ,  
3 phase, 220 v o l t ,  3.8 amp motor 

used fan and 5' blower pipe w/1/3 hp,  
1 phase, 115 v o l t ,  5.0 amp motor 

$ 1,300 

$ 383 

electric service for pe l l e t  machine $ 2,090 

pel 1 e t  cool i ng and storage 

shop-built pel l2t  surge bin (170 cubic 
f ee t )  

two new Scafco cooling fans w/.75 hp,  
1 phase, 115 v o l t ,  11.6 amp motor 

$ 4,500 

$ 900 

new Taylor bagger $ 430 

used U.S. Standard beam type weigh scales $ 116 



new 24" Clamco impulse heat sealer 

used pal 1 et jack (manufacturer unknowrr) 

used Clarke 5 ton capacity propane fork 
1 ift 

20' x 20' x 15' enclosed storage shed 

other mi scell aneous 

miscellaneous construction and assembly 
1 abor 

Grand total: - 

Labor Costs  
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$ 1,280 

$ 555 

$ 6,500 

$ 6,776 

$12,500 

$101 9 739 

The entire pellet manufacturing facility i s  operated by one employee at 
the rate of $10.48 per hour, including benefits. Work days are Monday thru 
Friday, 5 days per work week, 250 work days per year (5 paid holidays and 5 
paid vacation days). 
hour for lunch and ~ W O ,  15 minute breaks (7.5 working hours). 

Daily work hours are from 8:OO am to 5:OO pm with 1 

Operating and Maintenance Costs 

Electricity use is summarized for each electric motor operated at 75% 
capacity: 

The largest operating expense i s  for electricity t o  power the facility. 

40 hp - 3 phase - 220 v. - 98.0 a. - 8 hrs./day: 180 kWH 
5 hp - 3 phase - 220 v .  - 13.4 a. - 8 hrs./day: 22.5 kWH 
30 hp - 3 phase - 220 v .  - 70.0 a. - 8 hrs./day: 135 kWH 
1.5 hp - 3 phase - 220 v. - 4.8 a. - 1 hrs./day: 3.4 kWH 

1 hp - 3 phase - 220 v. - 4.4 a. - 6 hrs./day: 3.4 kWH 
30 hp - 3 phase - 220 v .  - 76.6 a. - 12 hrs./day: 202.5 kWH 
1/3 hp - 1 phase - 115 v. - 5.0 a. - 12 hrs./day: 2.3 kWH 
3/4 hp - 3 phase - 220 v. - 3.8 a. - 6.3 hrs./day: 2.9 kWH 
15 hp - 3 phase - 220 v.  - 38.0 a. - 6.9 hrs./day: 58.2 kWH 
50 hp - 3 phase - 220 v .  - 128.0 a. - 6.3 hrs./day: 194.1 kWH 
1/3 hp - 3 phase - 220 v. - 1.5 a. - 8 hrs./day: 1.5 kWH 
1/8 hp - 1 phase - 115 v. - 2.5 a. - 8 hrs./day: 0.6 kWH 
3/4 hp - 3 phase - 220 v. - 3.8 a. - 8 hrs./day: 3.4 kWH 
1/2 hp - 1 phase - 115 v .  - 7.8 a. - 8 hrs./day: 2.3 kWH 
1/3 hp - 1 phase - 115 v .  - 5.0 a. - 8 hrs./day: 1.5 kWH 

2 hrs./day: 5.6 kWH 
3/4 lhp - 1 phase - 115 v. - 7.0 a. - 8 hrs./day: 3.4 kWH 
3/4 hp - 1 phase - 115 v. - 7.0 a. - 8 hrs./day: 3.4 kWH 
n/a - 1 phase - 240 v.  - 8000 w. - 8 hrs./day: 48 kWH 
n/a - 1 phase - 110 v. - 660 w.  - i hrs./day: 1 kWH 
n/a - 1 phase - 115 v. - 1100 w. - S hrs./day: 6.6 kWH 
n/a - 1 phase - !20 v. - 10000 w. - 6.9 hrs./day: 51.7 kWH 

5 hp - 1 phase - 230 v. - 15.0 a. - 
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dai ly  t o t a l :  933.3 kWH 
cost/kWH: $0.03897 

dai ly  kWH t o s t :  $ 36.37 
dai ly  basic charge: $ 34.41 

t o t a l  da i ly  cost:  $ 70.78 

A cost  of $0.38 is  incurred fo r  each polyethylene bag and $3.20 per 
p a l l e t  (includes shrink-wrap). 

Maintenance a t  the f a c i l i t y  is performed by the p e l l e t  mill operator 
for  an average of 1 1/2 hours  per week (0.3 hrs./day) a t  a da i ly  cost  of 
$4.19, including benefits .  Parts are obtained from scrapped equipment and 
materials a t  the f a c i l i t y .  

Office Overhead, Sales and Transportation Costs 

Browning C u t  Stock Co. maintains a sa les  and accounting o f f i ce  s taffed 
by the company president, who serves as sa les  manager and purchasing agent 
for a l l  company business, and by a part-time accountant and payroll c lerk.  
Office overhead and sa les  costs  from the p e l l e t  manufacturing s ide do not  
contribute any s igni f icant  added expense t o  the principal business of the 
company, cut stock, and are no t  separated from the cut stock side.  The 
company owns and operates two, t r a c t o r  truck and f l a t  bed t r a i l e r  combina- 
t ions  t h a t  de l iver  cut stock orders as f a r  eas t  as  Minnesota and t o  the west 
coast. 
100-mile radius of the plant and are  loaded along w i t h  cut stock orders and 
del i vered enroute when space i s avai 1 ab1 e. Transportation expenses for  
pe l l e t  fuel are  therefore not  separated from the cut stock f re ight  costs .  
Cash and carry customers from f ive  local communities, purchasing one bag t o  
several t ons  a t  a time, account fo r  more t h a n  75% of pellet fuel sa les .  The 
company's yard foreman o r  the company president loads  the bagged fuel for  
the customer, accepts payment and sees tha t  the sa l e  is  recorded a t  the 
of f ice  by the end of the  day. Employees may purchase p e l l e t  fuel from the 
company a t  a discount. The r e t a i l  price fo r  bagged fuel so ld  a t - the-plant  
i s  $2.35 per 50 l b .  bag. The delivered, wholesale pellet cost is $115 per 
bagged ton. 

Pe l le t  fuel de l iver ies  made t o  wholesale purchasers are within a 

Unbagged, b u l k  sa les  are not made. 

Markets and Marketing 

The most widely used local market d i s t r ibu t ion  channel is  at- the-plant  
t o  cash and carry customers. 
pliance shops, building suppliers,  and feed and seed stores located i n  the 
la rger  towns and c i t i e s  of Lewiston, Orofino, and Moscow, Idaho, and 
Pullman, Washington. 
promote pellet stove sa les ,  stove shops often lack storage space for large 
inventories and are  not  able t o  take advantage of quantity discounts. Some 
b u i l d i n g  supply companies see pe l l e t  fuel as a c*ompliment t o  t h e i r  array of 
building materials and wood products. 
and garden centers a l l  have warehouse space for large inventories,  
mechanized handling equipment and can usually p-ovide t h e i r  own 
transportation. 
f re ight ,  labor and the wholesale price of pe l l e t  fuel. 

The company also s e l l s z t o  p e l l e t  stove ap- 

Al though  they must keep a supply o f  pe l l e t s  on hand t o  

Feed and seed s tores ,  farm supplys  

These purchasing advantages lead t o  a cost  savings i n  



I Product qual i ty ,  type of packaging, color of the fuel, size of the bag, 
logo, and l i s t i n g  of contents have a l l  been used as a marketing strategy. 
Browninq C u t  Stock Co. emDhasises fuel color and low fines content bv usina 

I clear packaging t o  allow the contents o f  the bay t o  be examined and t o  take 
advantage of the clean, l i g h t  colored appearance o f  ponderosa pine. Other 
manufacturers see advantages i n  fuel advertised on the bag as  "100% wood", 
"a l l  natural" o r  "clean burning" ( t o  separate t h e i r  product from manufac- 
turers t h a t  use additives or  bark). The weight of the bag i s  an important 
consideration with consumer marketing. The Occupational Safety and Health 
Administration (OSHA) has s e t  the safe  l i f t i n g  limit i n  the workplace a t  50 
pounds. This limit will lie t o o  heavy for many people including: the 
elder ly ,  some women, the handicapped and consumers tha t  carry their pur- 
chases any distance o r  on s t a i r s .  
punctures, are  widely recognized by wholesale crrstomers and r e t a i l  consumers 
as poor qual i ty  merchandise. 

Condition of the bag, such as  tears  and 
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CASE STUDY METHODS 

Case Study Plan 

The purpose of this study was to observe atid document the operation of 
a small-scale, densified biomass fuel facility located at the Browning Cut 
Stock Company, Juliaetta, Idaho. The company produces pine cut stock where 
residue generated from the cut stock side is usc?d to manufacture biomass 
fuel pellets in small-scale equipment for local markets. 

The principal residue types selected to use in a production run 
analysis included waste wood from ponderosa pine (Pinus ponderosa) edgings, 
sawdust, shavings and trim ends, whole-tree-chips, stalks from the winter 
rapeseed plant (Brassica napus L. )  and newspaper. Combinations of wood and 
whole-tree-chips, and wood and rapeseed stalks were also examined. The 
assessment included documenting residue preparation, examining materials 
flow through the system, identifying any special processing or handling 
problems, (particularly those associated with small volumes, contamination, 
shipping and product identification), identifying any "bottlenecks" in the 
system and recording production levels. While operating the facility, a 
sensitivity analysis was performed to identify production variables that 
effect cost, output and pellet fuel quality, and market and marketing vari- 
ab1 es that effect sal es. 

Case Study Methods 

100% wood feedstock 

Fine and coarse wood residues generated at the case study facility were 
selected as a principal production run material. 
freshly hogged sawdust, planer shavings and trim from ponderosa pine were 
collected, weighed to the nearest tenth of a pound and bagged. After the 
inside of the pellet mill was cleaned and the system purged from the pellet 
mill to the bagger, a portion of the pellet surge bin exposing the auger was 
partitioned off and a length of blower pipe installed to link the hammermill 
directly with the pellet machine auger. 
fines fan (receives fines from the trundel screen) was disconnected and a 
cloth bag was attached to collect the fines. 
approximately 100 pounds of 100% wood residue was added to the system at the 
hammermill and was pelleted in order to heat the die and allow the mill 
operator to make adjustments to the steam and h3t water supply, furnish 
supply rate and roller clearance. After warm-u?, the system was again 
purged (except for the pellet machine die) and the production run was 
started by adding pre-weighed bags of wood resiiue into the hammermill. 

hammermill was not sufficient to keep up with the pellet machine by a factor 
of two. 
in quantities that could cause it t o  plug. 
to regularly attend the blending hopper and hamnermill. 
properly test the remainder of the system, the yre-weighed residue sample 
used in the production run was first put through the hammermill and into the 
furnish surge bin before pelleting. 

Five hundred pounds of 

The blower pipe from the pellet 

W3th the equipment operating, 

One observation made during warm-up was that residue reduction at the 

The blending hopper auger also supplied residue to the hammermill 
This required the mill operator 

In order to 
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The starting and ending times for pelletiny were recorded. Production 
run fuel pellets collected in the pellet surge bin were cooled, bagged and 
weighed t o  the nearest tenth of a pound using a digital balance. 
fines were removed from the cloth bag and weighed. 
determined by the weight of the fuel produced within the time required t o  
pelletize all the feedstock in the pellet machine surge bin. 
recovery or the percentage of the feedstock actually pelleted was calculated 
from the difference between the pellet weight and residue weight. 
pellet fuel was later laboratory and appliance tested at the University o f  
Idaho, Department of Forest Products. 

Pellet 
The production rate was 

Pellet 

The 

WTC and Wood/WTC feedstock 

Whole-tree-chips (WTC) representing waste wood from logging slash and 
unmerchantable trees were selected as a principal production run material. 
A partial pickup load o f  tvhole-tree-chips (35 cubic feet and weighing ap- 
proximately 875 lbs.) composed of stem, limb and branchwood from a mixture 
of conifer species and some hardwoods, was processed at the University o f  
Idaho using a 12-inch capacity Morbark Eeger Beever chipper. Production 
time was calculated to be 1.3 tons per hour for a 3/4-inch chip size. The 
3/4-inch chips were too large to be processed in the hammermill and were 
pre-prepared at the case study facility with a 1 1/2-hp, Sears Chipper- 
Shredder. 
prepare the whole-tree-chips for the hammermill, however, it was not pos- 
sible to shut it down or divert hogged WTC directly to the pelleting 
operation at the time of the study. 
other physical constraints. 

The cut stock hog located at Browning's facility was adequate to 

This was due to equipment line-up and 

The production rate for the shredder-chipper was 122 pounds per hour. 
After a five hundred pourd supply had been processed, a 100-pound sample was 
again run through the hammermill and into the pellet machine surge bin for 
pelleting. Moisture content of 100% whole-tree-chips, measured later t o  be 
41% (oven-dry basis), was found to completely inhibit the pelleting process, 
terminating the productiG-7 run. 

A substitute residue type made from mixing 50% ponderosa pine and 50% 
whole-tree-chips was then processed in the hamniwmill. After roller 
clearance in the pellet mill had been set and a sub-sample again pelleted, 
the production run was completed in the same manner as for 100% wood. 

Rape and Wood/Rape feedstocks 

Rape stalk was selected as a principal production run material. As a 
coarse, fibrous, agricultural crop residue, it returns little nutrient value 
to the soil and has a high cost of tillage. Approximately 1 1/2 tons o f  
rape stalk were collected from University o f  Idaho Experimental Farm using 
conventional hay/straw bai ing equipment. The r2pe stalk was pre-processed 
using a 1 1/2 hp-Sears Chipper-Shredder. As with whole-tree-chips, the cut 
stock hog at Browning's facility was adequate but could not be modified for 
the study. A pre-processing rate through the shredder for rape stalk was 
160 pounds per hour but a noticeable amount of 'ines and irritating d u s t  was 
produced. After 500 pour.ds have been bagged and weighed, approximately 100 
pounds were run through the hammermill for pellet mill adjustment. 
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An observation made during the adjustment period was a requirement for 
greater amounts of steam and hot water in pelleting, and the visible amount 
of fines and irritating dust in the air. 

With the system purged, pre-weighed bags of  100% rape stalk residue 
were processed at the hammermill and transfered to the pellet machine surge 
bin. Hammermill output was noticeably increased over wood or whole-tree- 
chips. 
furnish types. 
also processed and following pellet machine adjustment, a production run 
with a pre-weighed sample was completed. 

The production run was conducted in the same manner as with previous 
A residue type composed of 50% wood and 50% rape stalk was 

100% newspaper (NP) feedstock 

Newspaper was selected as a principal production run material, repre- 
senting a municipal solid waste with a biomass origin. 
preparation was completed by feeding rolled, newspaper "logs" into a 25-hp 
B1 ack-C1 awson Rechipper located at Washington %ate University and 
reprocessing the shredded paper through the 3/8-inch screen of a 40-hp, 
silage hammermill. Newspaper logs were also fed directly into the hammer- 
mill but with only marginal success. 

Newspaper pre- 

The action of the hammermill significantly increased the volume of 
residue by a factor of about 10 to 1 and the carbon black on the paper 
particles were given a static charge. 
were visible in the air and attached themselves to every nearby surface. 
The rotary hog at the case study facility again was acceptable for shredding 
newspaper, however, the hammermill was found to be underpowered during the 
pre-production run adjustnient period. 

Fine particles of carbon and paper 

The large volume-to-weight ratio of the feedstock produced by the 
hammermill created several problems with pelleting that are a reflection of 
the feedstock supply rate, auger operation and furnish conditioning in the 
mixing chamber. The newspaper's fine particle size and large surface area 
required additional moisture for proper heat transfer and binding, but the 
auger and mixing systems were unable t o  function when the furnish thickened 
from the addition of moisture. When conditioned feedstock was introduced 
directly into the pelleting chamber, successful extrusion and densification 
resulted. Adjustments to make the feedstock flow independently through the 
pellet machine were totally unsuccessful. 
due to equipment breakdown that resulted when wet newspaper jammed the 
auger. 

The production run was terminated 

Case Study Results 

100% Wood 

1. The production rit.e for the pellet mach;ne was 527 pounds of fuel 
pel lets per hour (based on a 1/2 hour production run). The recovery 
of pellets from the residue was 88%. 

2. Based on the wood residue supply generated annually by the case 
study facility ard operating the pellet machine 7.2 hours per 8 hour 
shift, a minimum of 250 operating days per calendar year will be 
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needed to utilize all cut stock residues. This number of annual 
operating days is typical for small, wood products processors. 

3.  The inability of this 30-hp hammermill t o  keep up with the pellet 
mill was a "bottleneck". 

4. A 10 to 20 minute warm-up period was needed to heat the die and 
adjust the pellet machine for the furnish being pelleted. 

5 .  Applying steam to the mixing chamber of the pellet mill to condition 
the wood feedstock before it enters the pellet chamber improved 
pellet recovery (reduced fines removed by the trundle screen). 

6. Extractives driven off during pelleting were significant eye 
irritants. 

100% WTC 

1. Green whole-tree-chips with a moisture content o f  41% or greater 
could not be pelleted in the ring-die extrusion equipment at the 
case study facility. 

2. The 30-hp hammermill was unacceptable for processing 3/4-inch chips 
produced by a whole-tree-chipper. 

3. A portable chipper was adequate to preprocess in-the-woods waste 
wood from stems, limbs and branches from harvested and unmerchant- 
able trees for pellet fuel manufacturing. 

50% Wood and 50% WTC 

1. The production rate for the pellet machine was 247 pounds o f  fuel 
pellets per hour with a recovery o f  58%. 

2 .  No steam or hot water was needed to condition the furnish. 
3. The production rate for the hammermill was inadequate. 
4. Fuel pellets exhibited signs o f  significant swelling after leaving 

the pellet mill. 

100% Rape Stalk 

1. The production rate for the pellet machine was 493 pounds of fuel 

2. Fines and dust generated during residue processing were significant 

3 .  Particle size o f  the feedstock produced by the hammermill varied, 

4. A large amount o f  steam and hot water was needed t o  successsfully 

pellets per hour with a recovery o f  78.5% 

eye and respitory system irritants and should be avoided. 

with noticeable amounts smaller than 3/16-inch. 

pellet the residue type, compared to woqd-based feedstocks. 

50% Wood and 50% Rape Stclk -- 

1. The production r;te o f  the pellet machi7e was 582 pounds of fuel 

2. Fines generated during residue processiig was a significant eye and 
pellets per hour with a recovery of 87%. 

respitory system irritant and should be avoided. 
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100% Newspaper 

1. Hammermilled newspaper (3/8-inch particle size) could not be pel- 
leted in the ring-die extrusion equipment at the case study 
facility. 
because of the static charge of the particles, the large volume-to- 
weight ratio and difficulties with moving the furnish by auger when 
steam and hot water were added. Pelleting was successful when the 
conditioned feedstock was introduced directly into the pelleting 
chamber. 

2.  The size of rotary hog at the case study facility was acceptable for 
shredding newspaper. 

3. The hammermi 11 was underpowered for processing who1 e newspapers , or 
converting shredded newspaper with a 3/8-inch particle size to a 
3/16-inch particle. A mill larger than 40-hp could perform both 
tasks. 

4. Processing newspcper into a feedstock released paper and carbon 
particles into the air that were significant respitory system 
irritants. 

The furnish would not flow through the pellet machine 

Case Study Discussion and Conclusions 

pellet mill production for wood fuel indicate that the pellet machine will 
need to operate at or above the production run output throughout the normal 
business year if all cut stock residues are utilized. 
and rape stalk furnish would not permit full utilization o f  wood residue 
within the annual number of operating days with one shift operation. 
pellet machine with greater operating capacity (and some excess) is needed 
to prevent a permanent production loss and from having to continuously 
operate the pellet mill at peak output. 

The amount of wood residue generated at the case study facility and the 

Using a 50/50 wood 

A 

A major "bottle-neck" at Browning Cut Stock Co. is operating a hammer- 
mill with a production rate for wood feedstock that is half the output o f  
the pellet machine. Although the feedstock supply problem may be solved by 
running the mill during off hours (during the lunch hour, work breaks and 
after 5:OO pm), the hammermill still has a tendency to plug if not peri- 
odically tended by the operator. Plugging results from an over-supply of 
residue fed to the mill by the blending hopper auger. The drive pulley on 
the auger motor can be reduced in size and prevent plugging, however, this 
will not solve the miss-match of the hammermill to the pellet machine. Most 
hammermills can be modified to increase output by adding additonal hammers, 
but a corresponding increase in horsepower will be required. A motor rating 
between 40 and 50-hp (3-phase, 220-volt) would match the hammermill to this 
pellet machine. The higher end of the range should allow direct processing 
of other residue types, such as whole-tree-chips and newspaper, and enough 
capacity to accomodate a larger pellet machine. 

Applying steam to cbndition the furnish increases pellet production by 
improving heat transfer and bonding between particles, and reduces fines 
generated during pelleting. Small particles of the feedstock will require 
more moisture within the feedstock matrix because of greater surface area 
and bonding sites. 
reduces pellet fines and increases output. Short-fibered biomass such as 

Unifcrm particle size is an advantage to bonding, 
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rape stalk and other agricultural materials present a problem in maintaining 
uniform particle size where large particles (at least particles greater than 
3/16") are desirable in the furnish. Short fibers tend to disintegrate into 
fine particles on impact with the hammers and pass directly to the furnish 
bin without being screened. 

Vapors and dust particles from residue processing and pelleting may be 
irritating to the eyes, skin and respiratory system of pellet plant 
employees. Acceptable levels in the workplace have been set by OSHA for 
wood dust resulting from machining. Residue processing in a hammermill may 
be interpreted as machining. Wood residue (except cedar) should be less of 
a concern with dust particles, but volatiles from feedstocks released during 
pelleting are eye and respitory irritants. 
machine would relieve most vapor problems. 
ticles from rape stalk and newspaper processing are very likely to effect 
the health of plant employees. 
air circulation is provided, a dust mask should be worn when working in 
conditions of this type. 

Ventilation above the pellet 
Although not wood dust, par- 

Consequently, even where dust collection or 

Pellating a furnish composed, in part, from whole-tree-chips shows 
promise for pellet manufacturers using a dry residue process (without a 
rotary drum dryer). 
moisture content (dry basis), processed through a hammermill, and pelleted 
(without steam or hot water), there is enough "buffering effect" by the dry 
residue t o  produce an acceptable biomass fuel pallet. Excessive fines are 
also produced by the pellet machine, probably due to a lack of uniform 
moisture within the feedstock matrix and poor heat transfer. Pellets that 
swell and burst after leaving the machine indicate excessive moisture in the 
fuel and identify what may be the moisture limit of this machine for pellet- 
ing feedstock mixtures o f  green and dry residues. It should be noted that 
whole-tree-chip moisture :ontent is certain to exceed 41% (dry basis), 
require more dry material in the mixture and probably reduce pellet 
recovery. 

When mixed with a residue that is approximately 40% 

Pre-preparation of newspaper with a knife chipper or rotary hog is an 
acceptable method for reducing this bulky material. Newspapers that are 
rolled into logs form to fit the chipper infeed chute opening, result in the 
continuous pre-processing of shredded paper. 
hammermill provides a uniform particle size but creates the problem of a 
large volume-to-weight ratio. Not only is there difficulty in augering 
newspaper furnish in dry form, it i s  difficult for the pellet machine to 
auger it rapidly into the die and roller area. When steam or water is added 
to the feedstock in sufficient quantity to obtain binding and extrusion in 
the die, it thickens in the auger or mixer and plugs the machine. Another 
approach t o  pelleting newspaper may be to pre-process the residue with a hog 
and to use a shear to slice the shredded material into particles. This 
would reduce static charye and air-borne carbon particles and improve the 
volume-to-weight ratio. It may be possible to auger the larger, uniform 
paper particles through the machine and apply steam just before the furnish 
enters the pelleting charher. Still another cowideration is to redesign 
the auger and mixer to move paper in a pulp form. 
amount of steam or hot water will be needed in the extrusion process because 
o f  the increased surface area and low moisture content of paper. 

Processing newspaper with a 

In either case, a large 
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The residential pellet fuel consumer is restricted by the current 
design and operation of pellet burning appliances from using biomass pellets 
with high moisture content (solids) or a high percentage of non-combustibles 
(ash and slag). Pellet fuel made from wood and whole-tree-chips could 
almost certainly be directed into the residential market at a price lower 
than 100% wood pellets since bark pellets have been sold in the residential 
market. If ash content was acceptable (1-2%), residential customers might 
accept the product, especially if other fuel performance characteristics 
favorably compare with all-wood fuel (e.g. heat value) and were listed 
somewhere on the bag for the consumer to examine. An appeal to the consumer 
for utilizing waste from harvested trees, as from Wood/WTC pellets, might be 
exploited in a logo or phrase on the bag (e.g. WHOLE-FUEL, NO WASTE, WHOLE- 
TREE). 
Wood/WTC pellets should be sold in opaque packaging. 
strained by a safe lifting weight of 50 pounds and should not exceed this 
weight. 

Since a light colored fuel is more appealing to most consumers, 
Package size is con- 

Fuel performance, color, odor, and other consumer preferences and 
expectations are likely to direct production of non-wood pellet fuels from a 
cut stock facility into industrial or municipal/institutional market seg- 
ments that are more competitive, distant and not yet expanding in the local 
market of this case study facility. Creating a market for biomass fuel 
pellets means replacing a fuel that may be non-renewable, degrades air 
quality, is destined for regulatory control or is increasing in cost. It 
might also mean providing a fuel that can be used in inexpensive retrofits 
(e.g. stoker-spreader systems) and boiler replacements (e.g. firewood) where 
natural gas and coal are not available. Entering the market with pellet 
fuel means producing an inexpensive fuel in quantity and guaranteeing unin- 
terrupted delivery perhaps in unbagged bulk. Browning Cut Stock may not be 
able to supply a large school or hospital while maintaining current pellet 
fuel sales to residential fuel consumers and residue sales to other 
customers. 
would not be sufficient. Unbagged, bulk delivery would mean an additonal 
equipment purchase (truck with a dump body) and the ability to load directly 
from the pellet surge bir! (re-design and relocation of the bin). Although 
more of a concern with residential grade fuel, pellet quality for industrial 
and municipal/institutional users would still be specified in a sales con- 
tract with provisions and penalties from testing. The manufacturer would be 
required to perform his own testing or have it done under contract to 
prevent a penalty. 

If surplus residues were available, pellet machine capacity 
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LABORATORY TESTING METHODS AND RESULTS 

Laboratory Testing Methods 

Biomass pellet fuel characteristics 1 isted below are currently recog- 
ni zed by pel 1 et fuel manufacturers, pel 1 et stove manufacturers, the forest 
products industry, and by university and governnjent energy researchers as 
important measures of fuel quality. 
listing of every recognized characteristic. It is only an overall assess- 
ment of quality and a means of comparing pellet fuels manufactured at the 
case study facility with Ijther producers. The characteristics are: 

They are not, however, a complete 

- moisture content (dry basis) 
- percent ash (wet and dry basis) 
- bulk density (wet and dry basis) 
- specific gravity/density (dry basis) 
- percent fines (wet basis) 
- heat value or BTU content (wet and dry basis) 

Properties and characteristics of wood and wood-based materi a1 s may be 
expressed as a function of the moisture conditions in the material as it i s  
used (known as wet basis), conditions at a specified moisture content, or 
when all moisture has been removed (dry basis). 
specified on wet basis are important in assessing the fuel’s expected per- 
formance, as received, in a pellet burning appliance. 
expressed on dry basis provide a means of comparing one fuel with another 
and represent, in many instances, theoretical ceilings. 
used in the forest products research because the dry condition in wood can 
be achieved with inexpensive laboratory equipmeat and is repeatable. 

Pellet fuel properties 

Characteristics 

Dry basis is often 

Testing methods for most pellet fuel characteristics have been estab- 
lished by the American Society For Testing and llaterials (ASTM). 
methods provide a description of the testing equipment, as well as a step- 
by-step outline of the testing procedure. Additional methods have been 
devel oped by i ndi vidual pel 1 et fuel and pel 1 et stove manufacturers, pel 1 et 
fuel manufacturing associations, private testing laboratories and independ- 
ent researchers. Biomass pellet fuel properties and characteristics in this 
category include pellet diameter and length, fines content, durability, ash 
analysis, ash fusion temperature (slagging temperature), analysis o f  
volatile matter and, proximate and ultimate analysis. 

the following testing method identification: 

ASTM 

The pellet fuel characteristics listed in the beginning paragraph have 

- moisture content (ASTM E 871-82) 
- percent ash (ASTM D 1102-84) 
- bulk density (ASTM E 873-82) 
- specific gravity (ASTM D 2395-69, Method D, reapproved 1977) 
- percent fines cl/4-inch (University of Idaho) 
- percent fines cl/8-inch (Association of Pellet Fuel Industries 

- calorific value (ASTM D 2015-77, reapproved 1978) 
and the Fiber Fuels Institute) 
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Laboratory Testing Results 

100% Wood 

moisture content (dry basis) 

ash content (dry basis) 
bulk density (wet basis) 
bulk density (dry basis) 
sp. gr./density (dry basis) 

percent fines < 1/8" 
heat value (wet basis) 
heat value (dry basis) 

8.0 % 
0.21 % 
0.23 % 

37.0 lbs./cu. ft. 
34.3 lbs./cu.ft. 

1.12/69.9 lbs./cu. ft. 
3.3 % 
0.8  % 

8,363 BTU/1 b. 
9,091 BTU/1 b. 

ash content (wet basis) 

percent fines < 1/4" 

50% WOOd/50% W7 C 

moisture content (dry basis) 
ash content (wet basis) 
ash content (dry basis) 
bulk density (wet basis) 
bulk density (dry basis) 
sp. gr./density (OD basis) 
percent fines < 1/4" 
percent fines < 1/8" 
heat value (wet basis) 
heat value (dry basis) 

8.7 % 
1.95 % 
2.12 % 

39.2 lbs./cu. ft. 
36.1 lbs./cu. ft. 

1.05/65.7 lbs./cu. ft. 
4.9 % 
1.8 % 

7,991 BTU/1 b. 
8,752 BTU/1 b. 

50% hfood/50% Rc:,e Stalk 

moisture content (dry basis) 
ash content (wet basis) 
ash content (dry basis) 
bulk density (wet basis) 
bulk density (dry basis) 
sp. gr./density (dry basis) 
percent fines < 1/4" 
percent fines < 1/8" 
heat value (wet basis) 
heat value (dry basis) 

100% Rape Stalk 

moisture content (dry basis) 
ash content (wet basis) 
ash content (dry basis) 
bulk density (wet basis) 
bulk density (dry basis) 
sp. gr./densiti (dry basis) 
]percent fines < 1/4" 
percent fines <. 1/8" 
heat value (wet basis) 

9.4 % 
2.88 % 
3.15 % 

33.2 lbs./cu. ft. 
34.9 lbs./cu. ft. 

1.17/73.3 lbs./cu. ft. 
3.3  % 
0.8 % 

7,536 BTU/1 b. 
8,318 BTU/1 b. 

9.9 % 
5.'80 % 
6.38 % 

40.7 lbs./cu. ft. 
37.0 lbs./cu. ft. 

1.19/74.4 lbs./cu. ft. 
1.4 % 
0.7 % 

6,769 BTU/1 b. 
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heat value (dry basis) 

100% NP 

moisture content (dry basis) 
ash content (we; basis) 
ash content (dry basis) 
sp. gr./density (dry basis) 
heat value (wet basis) 
heat value (dry basis) 

7,512 BTU/1 b. 

14.8 % 
1.34 % 
1.54 % 

1.23/76.8 lbs./cu. ft. 
7 , 192 BTU/1 b. 
8 , 427 BTU/1 b. 

100% whole-tree-chip (WTC) pellets could not be successfully produced 
without a biomass dryer and 100% newspaper (NP) fuel pellets could not be 
manufactured in sufficient quantity during production runs at the case study 
facility to even perform all laboratory tests. 

Lab Testing Conclusions 

1. Moisture content of biomass fuel pellets produced ranged from 8% 
with wood-based residues (100% Wood and 50% Wood/50% WTC), to 10% 
with wood/crop residues (50% Wood/50% Rape Stalk and 100% Rape 
Stalk) and 15% with municipal solid waste (100% NP). 

2. Bul k density (green basis) of all pellet products covered a narrow 
range within 40 pounds per cubic foot. 

3. Specific gravity/density was higher for pellets containing crop 
residue or newspaper compared to wood based residue. 

4. Percent fines cl/4-inch and <1/8-inch was greater for pellets con- 
taining wood-based residue compared to crop residue. 

5. Calorific value of fuel pellets made from wood-based residue was 
higher than pellets containing crop residue or newspaper. 

Lab Testing Discussion 

The densification process that takes place in ring-die extrusion 
equipment is a function of feedstock characteristics and machine operation. 
Feedstock particle size is important in that surface area of the particle 
effects heat transfer that causes lignin to flow and become a binder. Small 
particles provide more contact sites, however, additional moisture is needed 
to provide a sufficient rbiedium for heat transfer. Air spaces act as 
insulation. 
from wood-based residues are coarser than those containing crop residue or 
newspaper, requiring less moisture to transfer mough heat to aid in binding 
these larger particles. 
with the pre-preparation of agricultural residues such as rape stalk and 
other short fiber biomass, will require a higher feedstock moisture content 
for pelleting. 
heat unless the chemical and mechanical makeup of the residue has combustion 
advantages over wood or, additives with a high calorific value are used in 
pel 1 eting. 

Particle size of pellets manufactured at Browning Cut Stock 

This suggests that small particle size, inherent 

Consequently, the pellet product will provide less usable 

Bulk density (wet basis), a measure of the weight of moisture, solid 
wood and air space of a specified volume (usually 1 cubic foot) of loose 
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product, varies within a narrow range for pellels of similar length and 
diameter. 
density than pellet size. Differences in total amount of air space or solid 
wood due t o  pellet sizes (e.g., 1/4-inch, 5/16-inch 3/8-inch, 7MM, 8MM) 
contribute more to the variation in weight per cubic foot than physical 
properties of the feedstock or reasonable adjustments to the pellet machine 
to increase extrusion pressure. With respect to the case study pellet 
fuels, comparing bulk densities of similar size products indicates that wood 
and wood-based pellet fuels are lighter than fuels manufactured all or in 
part from crop residues. The commonly accepted standard in the industry for 
pellet fuels of similar size, 40 lbs./cu. ft., will therefore require close 
control o f  moisture content and particle size to achieve and maintain this 
level. Without this control, increased power consumption and higher main- 
tenance costs on the pellet machine will result. 

Residue type and pellet machine set-up have less effect on bulk 

An insufficient volume of 100% newspaper pellets was produced for 
measuring bulk density, however, specific gravi ty/densi ty data can be ob- 
tained from small amounts of a sample. In addition, specific 
gravity/density is positively correlated with strength, providing a broad 
assessment of durability. From specific gravity/density tests, a comparison 
of the products showed higher specific gravity/density and, therefore, 
greater durability, for fuel pellets containing crop residue and newspaper. 
This result was is further substantiated by a higher percentage of fines 
generated in manufacturing pel 1 ets from wood-based feedstocks compared t o  
crop-based feedstocks. Newspaper pellets are therefore likely to produce 
less fines than wood or crop residue pellets, a conclusion reached from 
other pellet product testing of specific gravity/density relationships with 
durabi 1 i ty (Fol k, 1989). 

Since the usable heat in a biomass fuel pellet is largely influenced by 
moisture content, a comparison of heat values (wet basis) is indicative of 
how the case study fuels w e  likely to perform in a pellet burning 
appl i ance. Lower moisture content coup1 ed with 1 ess noncombusti bl es (ash) 
show wood-based pellets (100% Wood and 50% Wood/50% WTC) as the fuels with 
higher calorific value. If the effects of moishre are removed and only the 
physical and chemical prc9erties of the fuels are considered by using heat 
value (dry basis), wood-based pellets again contain a higher heat value. 
Newspaper, still being manufactured using a mechanical process, now contains 
more colored ink (mineral pigments), binders (oils and resins) to improve 
legibility, and additives (waxes and polyethylene). These compounds will 
increase the noncombustible component. 

In conclusion, physical and chemical properties of wood-based biomass 
fuel pellets are higher in heat value than pellets made at the case study 
facility from 50% Wood/50% Rape Stalk, 100% Rape Stalk, or 100% Newspaper. 
Unless crop residues provide superior calorifis value due to physical and 
chemical properties or unless these residues or newspaper can be pelleted at 
a low moisture content, they show no advantage as a feedstock in small-scale 
biomass pellet fuel manufacture for the residential market. 
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STOVE TESTING BIOMASS PELLET FUELS 

Stove Testing Methods 

A representative sample weighing 3303 gram.; (approximately 7 . 3  pounds) 
was drawn from a supply of four pellet fuels mariufactured at the case study 
facility. 
appliance; a Welenco Model P-1OOOW. 
tions of fuel feed rate, as well as variable coiitrol of combustion air. 

Each fuel type was placed into the hopper of the pellet-testing 
The appliance has 14 different combina- 

The test stove was located in a 15 feet x 23 feet unheated room where 
the temperature was brought to 55 degrees F. before each test burn. 
room, built on a 4-foot thick concrete slab was well insulated and contained 
no windows. 
contained no windows. 

The 

An exterior and an interior door were weather stripped and 

After igniting the fuel with a propane torch, the stove was gradually 
staged through the fuel feed rate and combustion air settings until optimum 
combustion was observed. Optimum conditions were recorded when room tem- 
perature, monitored near the appliance with laboratory thermometers, had 
maximized and other favorable combustion characteristics were visible in the 
appliance's combustion ch3mber (flame color and intensity, ash deposit on 
the glass, size of ash particles ejected by new fuel being augered into the 
burn pot) and stack emissions (smoke color and density). Once optimum stove 
settings were reached (wi thin one hour), they were maintained throughout the 
remainder of the burn (usually a three to five hour period) until the stove 
was out of fuel. After a "cool down" period of two hours, the burn chamber 
was brushed clean, the ash pan removed, and the contents weighed and re- 
corded. The burn pot was then scraped to remove slag deposits and finally 
vacuumed to remove slag and any unburned pellets from the burn pot and t he  
auger housing. The vacuumed contents were screened to separate unburned 
fuel from slag, ash and unburned fines. Unburned fuel was identified as 
pellets and pellet fragments unable to pass through 1/8-inch square mesh. 
The unburned fuel was weighed separately from the slag and unburned fines. 

Ash content (wet basis) of pellet fuel was determined by adding the 
ash, slag and unburned fines weight, and dividing the sum by the original 
sample weight less the unburned pellet weight, 

% ash = ash t slag t unburned fines weight x 100 
3303 - weight of unburned pellets 

Results reported bel IW and conclusions reached regarding fuel qual i ty 
were a combination of measured and observed datoi. 

Stove Testing Results 

100% Wood 

ash 
slag & unburned fines 
unburned pel 1 ets 
% ash (wet basis) 

6.8 grams 
18.0 grams 
76.6 grams 
0.8 % 



50% Wood - 50% WTC 

ash 
s l a g  & unburned f ines  
unburned pel 1 e t  I; 
% ash (wet basis)  

27.6 grams 
26.3 grams 
73.4 grams 

1.7 % 

28.2 grams 
45.9 grams 

- 169.1 grams 
2.4 % 

100% Rape S t a l k  

50% Wood - 50% Rape Stalk 

ash 
s lag & unburned f ines  
unburned pel 1 e t s  
% ash (wet basis)  

ash 
slag & unburned f ines  
unburned pel 1 e t s  
% ash (wet basis)  

99.2 grams 
39.0 grams 

416.8 grams 
4.8  % 

WTC and NP pe l l e t s  wsre not  successfully produced in su f f i c i en t  quan-  
t i t y  during the case study t o  perform stove tes t ing .  

Stove Testing Conclusion: 

1. Fuel r a t e  and combustion a i r  s e t t i ngs  011 the  t e s t  stove ranged from 
a high fuel r a t e  w i t h  Wood, t o  a medium r a t e  with Wood/WTC, and t o  
a very low ra t e  w i t h  Wood/Rape and Rape pe l le t s .  

2.  Room temperature a t  optimum operating conditions was 72, 68, 68 and 
64 degrees F . ,  respectively,  for  Wood, blood/WTC, Wood/Rape and Rape 
pel 1 e t s .  

3. Visible smoke and par t icu la tes  from the stack a f t e r  s t a r t - u p  were 
negligible from Wood, s l i gh t ly  v i s ib l e  from Wood/WTC, and highly 
v i s ib l e  from Wood/Rape and Rape pe l le t s .  

4. Solids (creosote and other vo la t i l e s  i n  the  fue l )  buildup i n  t h e  
stove’s burning chamber and on the glass  was negligible w i t h  Wood, 
s l i gh t ly  noticeable with Wood/WTC, and very noticeable with 
Wood/Rape and Rape pel 1 e t s .  

5. Percent ash (wet basis)  was 0.8, 1.7, 2.4 and 4.8 percent respec- 
t ive ly ,  for  Wood, Wood/WTC, Wood/Rape and Rape pel 1 e t s .  

6. The amount of unbirned fuel remaining i i  the stove a f t e r  cooling 
using Wood/Rape and Rape pe l l e t s  was more than double and nearly s i x  
times, respectively,  than the unburned amounts from Wood and 
Wood/WTC pel 1 e t s  . 

7. The amount o f  ash, slag and unburned fiiies remaining i n  the burn p o t  
a f t e r  cooling from Wood/Rape and Rape pe l l e t s  was more t h a n  double 
t h e  unburned amounts from e i the r  Wood 0.- Wood/WTC pe l le t s .  

8. W i t h  the  exception of biomass fuel pellets made from Wood, stove 
t e s t ing  r e su l t s  for  percent ash (wet basis)  were consis tent ly  lower 
t h a n  1 aboratory tes t ing  r e su l t s  for  Wood/WTC, Wood/Rape and Rape 
pel 1 e t s .  
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Stove Testing Discussion 

Densified biomass fuel manufactured from all wood at Browning Cut Stock 
Co. performs better with respect to usable heat, stove maintenance and 
visible smoke, compared to all other case study pellet fuels that were stove 
tested. Biomass pellets made from 50% wood and 50% whole-tree chips show 
potential as a lower grade fuel that could be used in current residential 
pellet appliances but with some disadvantages. From a manufacturing point- 
of-view, Wood/WTC pellets make it possible to uye a wet residue that can be 
"buffered" by adding dry material. Biomass fuel pellets made from rapeseed 
stalks, alone or in combination with wood, exhibit poor combustion charac- 
teristics and will result in excessive maintenance, solids build-up in the 
stove and stack, and increased particulates in stack emissions. Although 
the percent ash from stove testing is lower than that from laboratory test- 
ing (except 100% Wood), this 1 ikely resulted from releasing significant 
amounts of ash out the stack as particulates. Burning all wood pellet fuel 
produced noticeable smoke only during start-up. Ash loss from the stack as 
particulates was probably insignificant during peak operation since smoke 
was barely visible. Unless stack particulates are accounted for, percent 
ash determined by stove testing will be artificially low compared to that 
determined by laboratory testing methods. 
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COST COMPARISON OF SOLID, LIQUID AND GASEOUS FULLS 

Chart Expl anati on 

The residential energy cost comparison chart (Table 1) compares the 
energy cost for fuels commonly used in the 1ntei.mountain West at local 
prices. 
the cost per therm; the capital investment in the heating system is not 
included. 

Only the cost to produce and deliver the energy is represented by 

Cost per therm has been calculated using the formula, 

COST/THERM = 1 x 100,000 x Cost/Unit 
Higher Heat 'lalue x Combustion Efficiency 

Energy costs for biomass Fuel pel 
i ncl uded . ets produced during the case study are 

The higher heat value shown n the formula is defined as the amount of 
energy available when the fuel is burned. A combustion efficiency adjust- 
ment is then applied to arrive at the recoverable or usable BTU; a result o f  
heat loss from water evaporation, fuel vaporization and flue gas. A 5% 
boiler inefficiency is also included in the adjustment for all fuel types. 
Clearly, firepalce and stove inefficiency from using some of the solid fuels 
listed may increase to more than fifty percent and result in a significant 
increase in the cost per therm for these fuels. 

The cost per unit for wood pellets is the current cash and carry sales 
price from Browning Cut Stock, including profit, while other pellet fuels, 
not currently manufactured, ref1 ect the expected sal es price and profit . 
Newspaper pellets reflect purchasing the raw material at $.02 per pound. 

From the chart, cost per therm for wood pellets ($.654) compares 
favorably with #2 furnace oil ($.648) and represents a substantial savings 
when compared to electricity ($1.327 and $1.4751. Firewood ($.455 and 
$.492), coal ($.479) and natural gas ($.523) are lower cost alternatives, 
however, supply, environmental concerns and reyA1atory action are 1 i kely to 
impact the future availability, development and use. Compared to wood 
pellets, however, small diameter firewood from .;pecies of low specific 
gravity and high moisture content dramatically increases cost per therm, 
even when the price per cord is reduced. 

Energy costs  for  combinations of  wood and vapeseed stalk feedstocks 
($.693 and $.724) also show a savings when compared to electricity, but 
current residential heating equipment may not perform we1 1 using these 
pel 1 et fuel s .  
be promising if processing and combustion problems can be overcome. 

Agricultural residue pel 1 ets from rapeseed stal k ($. 753) may 

The high energy cost of newspaper pellets ($1.229) may not accurately 
represent the actual cost per therm since the case study production run was 
terminated before enough data was collected. 
problems with newspaper, however, must first be solved before a realistic 
evaluation o f  this pellet fuel product can be m.ide. 

Significant processing 



74 

Table 1. RESIDENTIAL ENERGY COST COMPARISON CHART FOR THE INTERMOUNTAIN WEST 

Fuel Type 

e l e c t r i c i t y  

e l  e c t  r i c i ty  

#2 furnace o i l  

kerosene 

prop an e 

n a t u r a l  gas 

s o f t  coal  

Del i v w e d  
C o s t / U n i t  

$0.0453/,<wh 

$0.0453/kwh 

$0.749/gal 

$1.25/gal 

$0.79/gal 

$0.0042/cuft 

$1 1 O/ ton 

charcoal (5% MC) $250/ton 

p res - to -1  ogs $128/:on 
(5% MC) 

1 arch f i rewood $80/80 c u f t  
(18% MC) 

l a r c h  f i rewood $80/80 c u f t  
(35% MC) 

WOOD PELLETS $94/ton 
(8% MC) 

WOOD/WTC PELLETS $102/ton 
(8.7% MC) 

RAPE PELLETS $100/ton 
(9.9% MC) 

WOOD/RAPE PELLETS $92/’ton 
(9.4% MC) 

NEWSPAPER PELLETS $152/t.on 
(14.8% MC) 

Higher 
Heat Value 

3,413 BTU/I:wh 

3,413 BTU/kwh 

140,000 BTU/gal 

134,000 BTU/yal 

89,536 BTU/gal 

1,035 BTU/cuft 

27 000,000 BTU/ton 

26 000,000 BTU/ton 

16 500,000 BTU/ton 

22,644,000 BTU/cord 

21,565,000 BTU/cwd 

18,182,000 BTU/ton 

17,864,000 BTU/ton 

15,780,000 BTU/ton 

16,848,000 BTU/-ton 

15,836,000 BTU/ton 

Combustion 
E f f i c i e n c y  

90% 

100% 

82.5% 

82.5% 

78.7% 

77.8% 

85% 

94% 

94% 

77.7% 

75.4% 

79% 

78.9% 

78.8% 

78.8% 

78.1% 

Cost/Therm 

$1.475 

$1.327 

$0.648 

$1.131 

$1.121 

$0.523 

$0.479 

$1.023 

$0.977 

$0.455 

$0.492 

$0.654 

$0.724 

$0.753 

$0.693 

$1.229 
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Part 111. DENSIFIED BIOMASS FUEL MANUFACTURING PROGRAM (DENSEFUEL) : 
A Prel iminary Investment Model for Smal l&-Scal e Wood Pel 1 et 
Manufacture 

i 

- LglGLlED 1 W S  l A 1 J  . IlRIlS 11) I7 



77 

INTRODUCTION 

Wood pellet manufacturing in the Intermountain West is a recently 
founded and rapidly expanding energy industry rfor small -scale producers. 
Within a three-year period, the total number of manufacturers in the region 
has increased from seven to twelve (Folk et a1 ., 1988). Small-scale in- 
dustry development is evolving because a supply of raw materials from small 
and some medium-sized primary and secondary wood processors that has been 
1 argely unused. For the residue producer considering pellet fuel manufac- 
turing, the wastewood generated from primary products often carries a cost 
associated with residue disposal when methods at-e stockpiling, landfill ing 
or incinerating. Regional processors use these methods for a variety of 
reasons, including the relatively small amounts of residue produced, residue 
form, mixed residue types, high transportation costs and lack o f  a local 
market, convenience and absence of regulation. Direct costs associated with 
residue disposal include the expenses required t o  own and operate residue 
handling equipment, costs for operating and maiqtaining a combustor and 
tipping fees charged to accept wood waste at public landfills. Economic and 
social costs related t o  environmental concerns may also be incurred to 
include local air and water quality degradation from open-air combustion and 
leachate movement into streams and drinking water. 

Small-scale pellet fuel industry establishment and expansion is also 
occurring due t o  increasing consumer demand. 
consumer preference for alternative energy that is less expensive than 
electricity, less energy dependent than fossil fuels, and more efficient and 
convenient than firewood. Increasing use of wood pellet fuel also simul- 
taneously addresses important environmental issues by being derived from a 
renewable natural resource, 1 ess pol 1 uting that many energy a1 ternatives, 
and a recyclable waste. 

The demand is a result of 

There are more than 185 small primary and over 300 secondary wood 
products processors in tt? region producing an undetermined quantity o f  wood 
waste that could be utilized to potentially enhance profitability of these 
companies (Klug, 1990; Gorman, 1989; Hill, 1989; Govett and Miller, 1987). 
Conducting detailed technical and economic feasibility studies to aid in 
decision-making is often Zost prohibitive for tliese manufacturers. 
added disincentive, each small-scale pellet fuel manufacturing facility is, 
in many cases, a one-of-a-kind system containing modified and shop-built 
processing equipment with a process control by trial and error. 
considerable critical but privileged processing information held by pellet 
fuel and commercial pelleting equipment manufacturers, such as: pellet mill 
modifications, pellet mill adjustment, die design, raw material mixture and 
additives used. Access to this information effects the time period and 
investment costs for putting a pellet fuel manufacturing facility on stream. 

The objective of this investment model is t o  provide a simplified, 
interactive, step-by-step investment method analysis that a small t o  medium- 
sized wood products processor with a residue surplus can use as an aid in 
designing a pellet fuel manufacturing addition. 
cash flow for directing vied waste into densified wood fuel is calculated by 
the model. 
the same numbers entered into the model with those from hand calculations. 

As an 

There is 

Estimated after tax net 

The model has been validated using a side-by-side comparison o f  
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PROGRAM EXPLANATION 

The densified biomass fuel manufacturing program DENSEFUEL is a 
preliminary investment mole1 that provides the user with a decision-making 
tool to examine small -scale manufacturing and local marketing opportunities 
for fuel pellets. The prJgram requires use of personal computer spread- 
sheets, however, the interactive logic allows its use by persons who have 
only minimal computer background. 

The model is based on several assumptions generally considered to be 
valid with small-scale wood products manufacturing in the Intermountain West 
region. Pellet fuel manufacturing in this analysis is assumed to be an 
''add-on" facility to an existing forest products business (primary or secon- 
dary processing). Consequently, the model assumes land purchase is not 
necessary, and office space, labor and equipment that conduct the primary 
business of the company are already in place. Other assumptions of the 
model are as follows: One employee operates the pellet manufacturing side 
of the company with responsibility for production (residue handling, pre- 
processing and processing, pelleting, packaging and maintenance). Product 
storage and loading, and customer service activities are performed by other 
yard and office employees during "slack time" or as a minimal part of the 
business day of the primary company. An 8-hour shift with two, 15 minute 
breaks is the basis for a work day. Waste wood generated by primary opera- 
tions should be treated 3.s a negative cost if a disposal method has been the 
alternative to utilization. 
should be treated as an opportuniuty cost. 

If residue has been sold, the selling price 

DENSEFUEL is a spreadsheet designed to run on Lotus 123 (Version 2.0),  

This model 
a registered trademark, and other spreadsheet software that are fully com- 
patible in importing and running Lotus 123 (Version 2 .0 )  files. 
provides a generalized approach that, by its nature, cannot accurately 
reflect the unique business operations of all small forest products 
companies. Consequently, the daily CASH FLOW statement or "income 
statement" serves only as a preliminary investigative tool and does not 
necessarily reflect use of generally accepted accounting principles by the 
company. 
expense which may not necessarily reflect how the company may depreciate the 
equipment for tax purposes. The program is designed to give the decision 
maker a "first look" at 5:nall-scale manufacturiKg possibilities for den- 
sified wood fuel. As such, detail in the model is focused on identifying 
and considering the relavmt fixed and variable costs related to raw 
materials, equipment purchase, equipment operation, product sales etc., 
rather than detailed pro-forma financial informltion that may be be confus- 
ing t o  potential program users. Use of the modal is not a substitute for 
appropriate business planning normally required by a company for an invest- 
ment of this size and nature, which may include analyses such as cash flow 
projections and marketing studies. 

An example would be the simplified treatment of depreciation 
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PROGRAM LOGIC 

Model Diagram 

Figure 1 is a branched diagram outlining the logic, the decision-making 
considerations and alternatives for the model. Principal considerations 
known as aggregated inputs (AI) include manufacturing investment (direct), 
fixed costs (indirect), labor costs, variable costs and revenue and are 
shown by the large squares. Small squares represent secondary considera- 
tions or inputs (I). Large circles are input components (IC) and small 
circles are component -- side channel data (SCD). 

Manufacturing Investment [Direct)- 

There are two inputs, building and equipmerlt, represented by this 
aggregated input. Under equipment, input categories include residue han- 
dl ing and processing, feedstock hand1 ing and pelleting, pellet handling and 
processing and pellet storage. Equipment input components have options of 
investing in new, used or shop-built equipment. The model provides a list 
of the necessary equipment for categories of inputs and input component 
options with a spreadsheet address where costs are entered. 
may be accomodated at the end o f  each listing, not to exceed three 
additions. The total manufacturing investment (direct) is calculated after 
this consideration is satisfied. 

Other equipment 

Fixed Costs (Indirect) 

The aggregated input., fixed costs (indirect), is represented in the 
model by input categories that include taxes, insurance, cost of capital and 
depreciation. The taxes input is further separated into property and income 
taxes. 
$100 of assessed value at 100% fair market valut!. 

An address identified as PTRATE is for entering the fixed rate per 

Income tax is determined f rom annual net 'iticome and an appropriate tax 
The 

A default bracket o f  50% (0.50) is assessed. 

bracket but only an estimated bracket can be entered at the beginning. 
user is advised to return to the address identified as BRACKET and make 
revisions if necessary. 

sessed value using the replacement cost method to arrive at the assessed 
value. A daily rate is calculated from the fixed rate (INRATE). 

annual rate. The amount to be borrowed (BORROW) and the rate (RATE) are 
entered under their respective addresses and the interest is calculated. 

An annual insurance premium is based on a fixed rate per $100 of as- 

The cost of borrowed capital (INTEREST) uses the compounded, effective 

Depreciation expenscl is determined from thr? Modified Cost Recovery 
System (MACRS) , straight 1 ine method, by grouping assets according to useful 
life categories specified by the Internal Revenue Service. The useful life 
categories are 5-year property (rolling stock), 10-year property (mill 
equipment and machines) and 20-year property (brildings). 
shop-built options are treated independently. 

New, used and 
.1 SUGGESTED TOTAL for the 



Figure 1 .  Branched Diagram o f  the DENSEFUEL Model 
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assets in each life category are calculated from the building and equipment 
lists. The user may elect to use these amounts or enter different values 
(YOUR TOTAL). 

Labor Costs 

The labor cost aggregated input is based on an hourly rate (PAYRATE), 
including all benefits, and hours worked (HOURS). The model provides for 
more than one employee. An unweighted average payrate (UNWEIGHTED AVERAGE 
PAYRATE) is determined for 1-3 employees before calculating total labor 
costs (LABOR). 

Vari ab1 e Costs 
The aggregated input, variable costs, is comwised of inwts that 

include: electricity consumption, other fuel consumption, repair and main- 
tenance, bags and pallets, residue disposal and additives. Since 
electricity consumption is a major operating cost, the model requires enter- 
ing the horsepower rating of each electric motor then applying the kilowatt 
rate for industrial custorners available from the public utility. The model 
provides for 1 isting specifications, horsepower (HP) and operating hours 
(HOURS) for up to 25 electric motors. The energy cost for each motor is 
calculated then totaled. 

Other electricity costs that include lights, heaters o r  appliances are 
determined by entering the watt rating (WATTS) and the operating hours 
(HOURS). The model provides for listing 10 appliances, calculates each 
energy cost and gives a total for other electricity use. 

(POWER) are partly a function of power demand. Flat chages and multipliers 
for factor charges need to be obtained from the public utility company then 
applied to the total electricity demand from electric motors and other 
appl i ancex. 

A basic charge (BASIC), demand cost (DEMAND) and power factor charge 

Other fuel costs (OTHERFUEL) such as gasoline or propane for rolling 
stock must be entered directly to the model as an annual expense. 

Equipment repair and maintenance consist o f  labor rates, labor hours 
and repair parts. 
pay rate and the designat.2d number of hours per week (HOURS) to be spent on 
repair and maintenance. 
work day are commonly used in wood products processing, the model uses this 
approach. Parts and supplies (PARTS) are estimated at a value of one-half 
the labor. A total repair and maintenance cost (REPAIR) is calculated from 
the labor value, length of the designated maintenance period and parts and 
suppl i es . 

Labor (LABOR) is determined from the unweighted average 

Since designated maintenance periods during the 

Packaging and handling require an expenditure for bags and possibly 
pallets. 
for each bag (BAGS) and pallet (PALLETS) is entered for use in later 
cal cul at i ons . 

Since total cost will be determined by pellet production, the cost 



82 

If wood waste produced from primary product manufacturing represents a 
disposal cost, the model treats it as a negative cost with a positive in- 
fluence on pellet manufacturing profitability. If residue is being sold, 
the residue represents an opportunity cost with a negative influence on 
profitability. As furthe;- explanation, if residue is sold resulting in a 
positive net cash flow to the company, diverting the residue to pellet 
manufacturing will require that we forego the opportunity to sell it. The 
residue thus diverted is valued as if it were purchased at a cost equal to 
the price at which it could have been sold. 
costs associated with disposal (e.g. stockpile, landfill , combustion). In 
this situation, residue is treated as having a negative cost that would be 
equal to the cost of disposal. The price per ton is used as the basis for 
the disposal cost calculation (DISPOSE). 

On the other hand, there may be 

Extra ingredients such as polystyrene, lubricants and other additives 
may be purchased to improve processing or product performance. Additive 
costs are also a function of pellet production but are introduced to the 
model by entering the cost per pound (ADDCOST) and the percent by weight 
(PERCENT) to be used in pellet feedstock. 

Revenue 

Revenue considerations are explained by the categories raw material 
supply, pel 1 et machi ne production, product price and gross sales. 
material supply (RESIDUE) is entered in tons per day with a conversion made 
from tons o f  residue to pounds of pellets (PELLETS). The conversion uses a 
1 to 1.1 ratio of residue (less than 10% moisture content, dry basis, with 
an average weight of 6.5 pounds per cubic foot) to pellets that are greater 
than 10 percent when packaged and weighed. There may be a net gain in 
pellet moisture content from conditioning the furnish in the pellet mill 
with steam or water followed by a net loss during storage. Gross income 
from product sales is a function of pellet production in three common unit 
measurement quantities (40-, 50-pound bags and by the ton) and the unit 
sales price. The model allows for a mix between retail and wholesale volume 
with income (INCOME) calculated from the percent directed into each market 
for the unit quantities. 

Raw 

Pellet machine produ,ction rates for pelleting wood fuel feedstocks 
should be used in the revwue formula and not the rated capacity of the 
pellet mill to manufactur2 feed pellets. 
tons per hour and actual daily production (DAYPROD), automatically adjusted 
for repair and maintenance, are the basis for the calculation. 

Estimated production (RATE) in 

Operating Days * 

Consideration for the number of operating days (MAXDAYS) for pellet 
manufacturing is calculated from the daily pellet production and the residue 
supply. Either the calculated value (may have t o  operate during holidays o r  
scheduled vacations) or a lesser number of days (ACTUAL) may be selected. 
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Income Statement 

The f i n a l  section i n  the model presents a simplified pro-forma income 
statement and cash f low for  the manufacturing f a c i l i t y  dur ing  an 8-hour  
shif t .  As shown i n  the sample income statement in Table 1 ,  to ta l  revenues 
are projected from pe l le t  production and sales  pr ice  i n p u t s .  Total fixed 
costs include taxes, insurance, i n t e re s t  on borrowed cap i t a l ,  depreciation 
and cost  of residue disposal o r  opportunity cost. Variable costs include 
e l e c t r i c i t y ,  other fue l ,  repair  and maintenance, packaging and additives. 
Labor costs  fo r  the operator are calculated separately. The sum o f  
revenues, fixed costs ,  variable costs  and labor determine before tax income. 
By applying the tax bracket ra te ,  a f t e r  tax p ro f i t  is  calculated. Profit  i s  
adjusted by depreciation t o  obtain a f t e r  tax net cash flow. 
assumed t h a t  the pe l le t  mnufacturing f a c i l i t y  is  an "add-on" t o  an ex i s i t -  
ing company, the full  amount o f  earned depreciaxion is  added t o  a f t e r  t a x  
p ro f i t s  t o  calculate  a f t e r  t a x  net cash flow. 

Since i t  i s  
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Table 1. S i m p l i f i e d  Income Statement and Cash Flow 
For Small -Scal e Densi f i ed Biomass Fuel Manufacture 
(8- hour sh i  f t ) 

REVENUES $ 222.20 

FIXED COSTS 
Property Taxes 
I n t e r e s t  on Borrowed Cap i ta l  
Insurance 
Depreci a t  i on 
Residue Disposal 

($ 29.98) 

($ 10.34) 
($ 35.22) 
$ 56.91 

($ 0.00) 

LABOR (base pay and a l l  b e n e f i t s )  ($ 83.84) 

VARIABLE COSTS 
E l e c t r i c i t y  
Other Fuel 
Repai r and Maintenance 

1 abor 
parts/suppl  i es 

Pac kag i ng 
bags 
pa l  1 e t s  

Add i t i ves  

INCOME BEFORE TAXES 

TAXES 

AFTER TAX PROFIT 

DEPRECIATION 

AFTER TAX NET CASH FLOW 

($ 72.43) 
($ 0.00) 

($ 3.14) 
($ 1.57) 

($ 34.03) 
($ 3.58) 
($ 0.00) 

$ 4.97 

$ 2.49 

$ 2.49 

$ 35.22 

$ 37.70 
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DISCUSSION/CONCLUSIONS 

The densified biomass fuel manufacture program DENSEFUEL is an interac- 
tive model that offers a preliminary investment analysis for adding pellet 
fuel manufacturing to an existing forest products business. Products within 
a mix that are often complimentary in a product line mix such as: furniture 
and shipping crates, window parts and wood toys, and dimension lumber and 
electricity generation, may better enhance the overall profitability o f  the 
company as products produced in combination rather than singly. These mixes 
may be difficult or impossible to identify without an investment tool with 
which to conduct a simple examination regarding what investment considera- 
tions should be made, what are the components o f  the production process and 
what level of profit might be anticipated. 

Within the constraints of the DENSEFUEL model, an after-tax net cash 
flow is projected. 
from manufacturing the primary product is treated as a cost. If the wood 
waste is currently utilized elsewhere in the business or sold, this must be 
considered as an opportunity cost. If the wasts has no value or other use, 
there is a disposal cost that is incurred. Those costs may be associated 
with stockpiling, incinerating, landfilling or even giving the waste away. 

An imJortant constraint is that wood waste generated 

The model places no cash value on environmental improvements to air and 
water quality, benefits that may include special discounts to consumers who 
are company employees, in-house sales or free sclpplies of reject fuel, local 
economy impacts from pellet stove sales, good will or beneficial effects 
from serving a municipal/institutional customer such as a school or 
hospital. 
not necessarily economic but they represent benefits to others or society in 
general none-the-1 ess. 

These advantages to the company considering the investment are 

The value in the DENSEFUEL model is that it is tailored to the small- 
scale pellet producer who may not have the resources, time or even the 
expertise to conduct a detailed feasibility study. 
level by these potential pellet fuel manufacturers is essential and can be 
achieved through creative approaches to equipment fabrication, process 
control, labor use and serving several local market segments. 
provides for consideraticn of these approaches, approaches that are unique 
to small and some medium-sized forest products processors who may con- 
template becomming small -scale densified biomass fuel manufacturers. 

A modest investment 

The model 
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WOOD PELLET MANUFACTURERS IN THE U.S. COASTAL WEST & WESTERN CANADA 

Ag-Pro Grain Company Ltd. 
Creston, Bri t ish Columbia, Canada 
Chris Harl and 
(604) 428-7061 

Evergreen Forest Products, Inc. 
620 S.W. Stearns Lane 
Oak1 and, Oregon 97462 
Ray Palm 
(503) 459-9664 

Gold Country Pellet Fuel 
9720 East Mach Street, P.O. Box 639 
Plymouth, California 95669 
Ron McKinney 
(209) 245-6340 

Johnson Pe l le t  Mill 
P.O. Box 4 
Sultan, Washington 98294 
S. Johnson 
(206) 793-3133 

Kaaland Mill 
P.O. Box 533 
Hamilton, Washington 9825!; 
Don Kaaland 
(206) 826-4344 

Manke Lumber Company 
1717 Marine View Drive 
Tacoma, Washington 98422 
Milt Farvor 
(206) 572-6252 

Modoc Energy Products 
P.O. Box 257 
K1 amath Fa1 1 s, Oregon 97601 
Kurt Schmidt 
(503) 884-3177 

Natilral Resources Recovery, Inc. 
2306 2nd Street, P.O. Box 250 
Columbia City, Oregon 97018 
Christopher Sharron 
(503) 397-6908 

Northwest Pel 1 e t  Mi 11 s, Inc. 
34401 Lake Creek Drive 
Brownsvi 11 e, Oregon 97327 
Dan Knight 
(503) 466-5115 



Pacific Densified Fuels 
P.O. Box 3589 
Arlington, Washington 98223 
M. Kuhlman 
(206) 334-5018 

PEP Fuel Products 
5551 Eastside Road, P.O. Box 4704 
Redding, California 96099 
Dan Priel ipp 
(916) 246-0965 

Presto-F1 ame 
1250 Glenshire Road 
Victoria, British Columbia, Canada V8X3X2 
(604 J 474-6200 

Recycle King 
808 'G" Street 
Fresno, Cal i forni a 93706 
Chuck Balo 
(209) 485-2154 

Seattl e-Tacoma Box Company 
23400 71st Place South 
Kent, Washington 98032 
Ferd Nist 
(206) 854-9700 

Swan Lake Pellets 
Route #2, Box 809-S 
Klamath Fa1 1 s Oregon 97603 
Ken lJesperson 
(503) 882-2915 

The dood Pellet Company 
P.O. Box 86 
Oakv i 1 1  e, Washington 9856:3 
John Sharp 
(206) 273-6982 

West Oregon Wood Products 
Box 249 
Columbia City, Oregon 97018 
Christopher Sharron 
(503) 397-6707 

Wood Fuel Processing, Inc. 
5079 South Township Road 
Yuba City, Cal i forni a 95991 
R. Farrell 
(916) 895-1806 



WOOD PELLET MANUFACTURERS IN THE U.S. iNTERMOUNTAIN WEST 

Agri -Systems 
1300 Minnesota Street 
Agri-Trade Center 
Bi l l ings,  Montana 59101 
Steve Wojciechowski 

Bear Mountain Forest Products Inc. 
751 Frankton Road 
Hood River, Oregon 97031 
Robert Sourek 

(406) 245-6231 

(503) 386-4799 

Belsrade Wood Products 
251 Arden Drive 
Belgrade, Montana 59714 
John Topp 
(406) 388-8866 

Bitterroot Timber Products 
Box 57 
Darby, Montana 59829 
Winston Wanstrath 
(409) 821 -4428 

B1 ackfoot Forest Products 
P.O. Box 188 
Lincoln, Montana 59639 
Ginny Carey 
(406) 362-4868 

Browning C u t  Stock Company, Inc. 
P.O. Box 439 
J u l i a e t t a ,  Idaho 83535 
Jack Browning 

C.D. Pellet Company 
Box 3185 
Omak, Washington 98841 
Cherri e Moomaw 

(208) 276-3494 

(509) 826-2059 

Coeur d’Alene Fiber Fuels 
3550 West Se l t i ce  Way 
Coeur d’Alene, Idaho 83814 
Bob Caul ey 
(208) 765-0608 

Eureka Pe l le t  Mills 
P.O. Box 667 
Eureka, Montana 59917 
Gregory Schmid 
(406) 296-3109 





Spok me Pres-To-Logs 
North 3124 Flora Road 
Spokane, Washington 99216 
Derald Kuhnhausen 
(509) 924-2807 

Ten Gs 
Box 146 
Union, Oregon 97883 
(503) 562-5057 



WOOD PELLET MANUFACTURERS I N  THE U.S. ROCKY MOUNTAIN & CENTRAL CANADA 

CNZ Corporation 
932 Yroe Lane 
Sheridan, Wyoming 82801 
O r r i  n Connel 1 
(307) 672-9797 

L i t t l e  River Lumber Company 
Piedmont, South Dakota 57769 
A r l  i n  Bates 
(605) 787-4836 

Northern Combustion 
Pr ince A1 be r t ,  Saskatchewan, Canada 
J e r r y  Seufert  
(306) 763-4500 

R & H Enterpr ises 
P.O. Box 1075 
Sturg is ,  South Dakota 57785 
M. Ringer 
(605) 347-4556 

Rocky Mountain Forest Products Corporat ion 
P.O. Box 777 
Laramie, Wyoming 82070 
Butch Keadle 
(307) 745-8924 

South and Jones 
North Highway 89 
Evanston, Wyoming 82931 
Dan South 
(307) 798-2398 

Westway Trading Corporat i  on 
P.O. Box 40 
Mapl?ton, North Dakota 58059 
Jeff Olson 
(701 1 282-5010 



WOOD PELLET MANUFACTURERS I N  THE U.S. SOUTHWEST 

B & K Packaging, Inc. 
Tu1 sa, Oklahoma 
C1 i f f  Kuns 
(918) 585-9136 

P e l l e t  Fuels o f  Texas 
690 Lindbergh Drive 
Beaumont, Texas 77707 
Stan Price 

Precision Pel l e t  Manufacturing 
P.O. Box 368 
Heber, Arizona 85928 
David Tenney 
(602) 535-5356 

Wood Recyclers, Inc. 
Tulsa, Oklahoma 
Kent Burkett  
(918) 446-0023 



WOOD PELLET MANUFACTURERS I N  THE U.S. MIDWEST 

Agri -Mass 
80 East Road 
Rockv i l le ,  Indiana 47872 
(317) 569-3151 

C1 aycamp' s 
R.R. #4, Box 132 
Seymore, Ind iana 47274 
(812) 522-7136 

East Perry Lumber Company 
Highwat "C" & "A", P.O. Box 105 
Frohna, Missour i  63748 
B. Lorenz 
(314) 824-5272 

Hammon Products Company 
217 Hammon Drive, P.O. Box H 
Stockton, Missour i  65785 
J. Jones 
(417) 276-5181 

H e a t i l a t o r ,  Inc.  
Muscatine, Iowa 52761 
Rob Perrenoud 
(800) 247-6798 

Pennington Seed Co. 
P.O. Box 338 
Greenf i e l  d , M i  ssour i  65661 
K e i t h  Hankins 
(417) 637-5978 

Tecor, Inc.  
HCR5, Box 40 
Houston, Missour i  65483 
J e r r y  S t r i c k l  i n  
(417) 967-4838 



WOOD PELLET MANUFACTURERS IN THE U.S.  & CANADIAN GREAT LAKES REGION 

Alberta Dehydrating Company Ltd. 
138 Argyle Street North 
Renfrew, Ontario, Canada K7V4A6 
A1 1 an Lindsay 
(613) 432-3614 

American Bio-Energy, Inc. 
P.O. Box 635 
Gilbert, Minnesota 55741 
(218) 749-1818 

Anderson Industrial Products 
P.O. Box 119 
Maumee, Ohio 43537 
N. Peiffer 
(419) 893-5050 

Biomass Fuel Supply, Inc. 
112 West Spring Street 
Marquette, Michigan 49855 
(906) 228-9150 

BioShel 1 , Inc. 
P.O. Box 547 
Hearst, Ontario, Canada POLlNO 
Jacques Lecours 
(705) 362-4264 

Dynamic Resources, Inc 
R.R. #3, Box 277 
Bagley, Minnesota 56621 
(218) 657-2501 

Forest Fuel Corporation 

Mason, Wisconsin 54856 
RR #2, BOX 205-BL 

(715) 746-2452 

Gilman Forest Products 
400 North 1st Avenue 
Gilman, Wisconsin 54430 
Tom S1 augther 
(715) 447-8221 

Grand Rapids Wholesalers 
P.O.  Box 101 
Grand Rapids, Minnesota 55744 
(218) 326-9477 



Khoury, Inc.  
2201 East I n d u s t r i a l  Park Dr i ve  
I r o n  Mountain, Michigan 49801 
Steve Johnson 
(906) 774-6333 

LaCross M i  11 i n g  
Box 86 
Cochrane, Wisconsin 54622 
(608) 248-2222 

Martha Wood Shaving Supply 
6752 State Highway 107 North 
Marathon, Wisconsin 54448 
J e r r y  Natzke 
(715) 842-9200 

Maust F ibe r  Fuels 
Highway 52 & 16 North 
Preston, Minnesota 55965 
Mark Maust 
(507) 765-2126 

Montcalm Fiber  Corporat ion 
6244 Henkel Road 
Howard City, Michigan 49503 
James Trent 
(616) 235-2800 

Neo-Wood Products Company 
447 Wall S t r e e t  
T i f f i n ,  Ohio 44883 
Mike P i f e r  
(419) 447-9700 

Nordheim Roofing & Sheet Metal 
P.O. Box 188 
Bemidi j i ,  Minnesota 55601 
(218) 751-3923 

Northern Bio-Fuel 
P . O .  Box 28 
PequDt Lakes, Minnesota 56472 
(218) 568-8616 

N.S.  Bauman, Ltd. 
Route 3 
Wallenstein, Ontario, Canada N802SO 
W i  1 1 ard Bauman 
(519) 669-5447 



Rapid River Co. 
P.O. Box 458 
Baudette, Minnesota 56623 
(218) 634-2041 

R i  vard’ s Qual i ty Seeds 
P.O. Box 303 
Argyle, Minnesota 56713 
Ken Schuster 
(218) 437-6638 

S-W Mills, Inc. 
P.O. Box 162 
Archbold, Ohio 43502 
I. Wyse 
(419) 445-5206 

Thronson Management, Inc. 
P.O. Box 424 
Menominee, Michigan 49858 
Don Thronson 
(906) 863 - 1208 
U.P. Bio-Energy, Inc. 
Highway #41 & Brigdecreek Road 
Menominee, Michigan 49858 
(906) 863 - 7853 

Val 1 ey Forest Resources 
Star Route, Box 27 
Marcell, Minnesota 56657 
John Fisher 
(218) 832-3600 



WOOD PELLET MANUFACTURERS I N  THE U.S. NORTH & EASTERN CANADA 

B ioshe l l  , Inc.  
6070 Sherbrook S t ree t  
Montreal, Quebec, Canada H l N l C l  
Roger Paquet 
(514) 252-8300 

B i  oShel1, Inc.  
Lac-Megantic, Quebec, Canada 
B. Paradis 
(819) 583-5131 

Great Lakes Fuel P e l l e t s  
6831 County Road 34 
Naples, New York 14512 
R. Gardner 
(716) 374-2021 

Green Mountain P e l l e t ,  Inc.  
P.O. Box 4327 
Bur l  ington, Vermont 05401 
Pat I r i s h  
(802) 862-9228 

Jim C. Hamer Company 
Kenova, West V i r g i n i a  25530 
J.P. Hamer, I 1  
(304) 453-6381 

Kingsford Products Company 
P.O. Box 464 
Parsons, West V i r g i n i a  26287 
Richard Stokes 
(304) 478-2911 

Manus Company 
200 Park Avenue, Pan Am Bui ld ing,  S u i t e  303 East 
New York, New York 10016 
(212) 986-2515 

Map1 e l  eaf  Techno1 ogies 
7 H a l l i d a y  S t ree t  
Westmont, Nova Sco t ia  B l R l A 8  

New Engl and Sol i -Fuel 
P.O. Box 184 
Derby, Vermont 05829 
(802) 334-5733 

Wood Pe l l e t s ,  Inc.  
Summerhill, Pennsylvania 15958 
Donna Nolan 
(814) 495-9335 





APPENDIX B 



INDUSTRIAL/COMMERCIAL WOOD PELLET COMBUSTION SYSTEM MANUFACTURERS 

Aqua-Chem Inc.  - Energy Systems D i v i s i o n  
P.O. Box 421 
Milwaukee, W I  . 53201 
tradename: BMS Series 
(414) 961-2872 

Cresswood Stove Works 
4504 E l  l w a l  k Rd. 
Courtland, I L  60112 
tradename: Cresswood 
(815) 758-7171 

Decton I r o n  Works, Inc.  
520C N 124th St. 
Milwaukee, W I  53225 
tradename: Decton 
(414) 462-5200 

Eshland Enterpr ises,  Inc.  
P.O. Box 8A 
Greencastl e, PA 17225 
tradename: Wood Gun 
(717) 597-3196 

Fire-View Products, Inc.  
9003 A West Evans S t . ,  P.O. Box 370 
Rogue River, OR 97537 
M u l t i - F l u e  
(503) 582-3351 

G 8. S M i l l  CO., Inc. 
75 O t i s  S t .  
Northborough, MA 01532 
tradename: G & S 
(508)393-9266 

Messersmith Manufacturing, I nc .  
1260 Highway #2 81 #41, P.O. Box 68 
Bark River,  M I  49807 
tradename: Messersmith Dragon 
(906) 466-9947 

Northwest I r o n  Fireman 
Fargo, ND 58102 
tradename: Sidewinder 
(701) 237-4096 

PMC Corporat ion 
Drawar S 
Sheridan, WY 82801 
tradename: P r i l l  Ring-O-Fire 
(307) 672-5801 



The Will-Burt Company 
169 S. Main St. 
Orrville, OH 44667 
tradename: Will-Burt 

T r y w  Manufacturing Co., Inc. 
Southside Dr. 
Decatur, IL 62525 
tradename: Bioflamm 

(216) 682-7015 

(217) 428-0901 



APPENDIX C 



RESIDENTIAL WOOD PELLET STOVE AND FURNACE MANUFACTURERS 

A1 ternate Energy Northwest, Inc. 
16311 Smokey Point Blvd. 
Arlington, WA 98223 
tradzname: Turbo-Fire 
(206) 653- 1067 

Alternate Heating, K.A.E.S. Ltd. 
Box 2445 
Creston, British Columbia, Canada V O B l G O  
tradename: Pel s t a r  
(604) 428-3466 

American Road Equipment - Nordic Division 
4201 N 26th S t .  
Omaho, NB 68111 
tradename: E r i k  E l  i te-M 
(402) 451-2575 

Atta'l a Stoves 
Highway 35 N 
Kosciusko, MS 39090 
tradename: Attal a 
(601) 289-6004 

Boston Boiler Works 
Boston Post Rd. 
Enosburg Fa l l s ,  VT 05450 
tradename: Boston Boiler 

Chippewa Trading, Ltd. 
1610 Industrial  Rd. 
Sa l t  Lake City, UT 84104 
tradename: Chippewa 
(801) 972-4488 

Collins Enterprises, Inc. 
P.O. Box 8 
Belgrade, MT 59714 
t r a d  mame: Col 1 ins Hopper 
(406) 587-0544 

Country Flame, Inc. 
1200 Industrial  Park Dr., B . O .  Box 151 
M t .  Vernon, MO 56712 
tradename: Country Flame 
(417) 466-7161 

Decton Iron Works, Inc. 
5200 N 124th S t .  
Milwaukee, WI 53225 
tradename: Decton 
(414) 462-5200 



Deeze, Inc. 
E 5317 Trent Ave. 
Spokane, WA 99212 
tradename: Free1 and F1 ame 

Earth Stove Marketing, Igc. 
19700 SW Teton St. 
Tualatin, OR 97062 
tradename : HomeWarmer 

Energie Nouvelle Engineering 
401 16th Ave. 
Deux-Montagnes, Quebec, Canada J7R4P9 
tradename: Energie Nouvelle 

Essex Thermodynamics Corp. 
P.O.  Box 817 
Essex, CT 06426 
tradename: Essex 

(509) 534-6974 

(503) 682-3384 

(514) 473-4634 

(203) 767-2651 

FABCO 
P.O. Box 6 
Eagle, Idaho 83616 
tradename: Briarwood 

Fabridyne, Inc. - Viking Heating Division 
P.O. Box 1040 
Litchfield, MM 55355 
tradename: Eagle 
(612) 693-7251 

Forae Stove Co. 
3275 N Main St. 
Logan, UT 84321 
tradename: Augermatic 
(801) 753-8787 

Harman Stove Systems 
R.D. 1, Box 619 
Halifax, PA 17032 
tradename: Harman 
(717) 362-9080 

Hawke Manufacturing Co. 
Ball Park Rd., P.O. Box 507 
Marietta, SC 29661 
tradename: U1 traFl ame 
(803) 836-8008 



Heritage Stoves, Inc. 
352 South Main St. 
Clearfield, UT 84120 
tradename: Heritage 
(801) 773-8606 

Hi-Teck Stoves, Inc. 
2985 S 3600 St. W 
Salt Lake City, UT 84119 
tradename: Jamestown 
(801) 975-0548 

Horizon Research, Inc. 
180 W. Dayton St. , Suite 201 
Edmonds, WA 98020 
tradename: Eclipse 
(206) 670-6533 

Horstmann Industries 
301 2nd St., P.O. Box 66 
Elroy, WI 53929 
tradename: Royal 
(608) 462-8431 

Humble Manufacturing Co., Inc. 
Highway 43 N 
Rushford, MN 55971 
tradename: Humble 
(507) 864-2525 

Hunter Enterprises Orillia, Ltd. 
P.O. Box 400 
Orillia, Ontario, Canada L3V6K1 
tradename: Hunter 

Ithaca Manufacturing Company 
1210 Avenue A, P.O. Box 78 
Ithaca, Michigan 48847 
tradename: A-MAIZE-ING HEAT 

(705) 325-6111 

(517) 875-4949 

Kani ksu Heating Equipment 
Rt. 1, Box 479 
Bonners Ferry, ID 83805 
tradename: Kaniksu 
(208) 267-2755 

King Coal Furnace Corp. 
P.O. Box 2162 
Bismark, ND 58502 
tradename: King Coal 
(701) 255-6406 



Leaders Heat Products 
8518 W Main S t .  
Kalamazoo, MI 49009 
tradename: Leaders 
(701) 372-1072 

Longwood Manufacturing C 
Box 223 
Gallatin,  MO 64640 
tradename: Longwood 
(816) 663-2185 

rporati  I 

Martin Industries 
P.O. Box 128 
Florence, AL 35630 
tradzname: P e l l i f i e r  
(205) 767-0330 

Messersmith Manufacturing, Inc. 
120 Hwy. #2 & #21 
1260 Highway #2 & #41, P.O. Box 68 
Bark River, MI 49807 
tradename: Messersmi th Dragon 
(906) 466-9947 

National Steelcrafters o f  Oregon, Inc. 
P.O. Box 2501 
Eugene, OR 97402 
tradename: Breckwell 
(503) 683-3210 

New Buck Corp. 
1265 Bakersville Hwy., P.O. Box 69 
Spruce Pine, NC 28777 
tradename: Pel t ron 
(704) 765-6144 

Pel le t  Inc. 
P.O. Box 4308 
Burlington, VT 05401 
(802) 862-9287 

PMC Corp. 
Drawer S 
Sheridan, WY 82801 

tradename: P r i l l  Ring-0-Fire 
(307) 672-5801 

Pyro Industries 
11625 Airport Rd. 
Everett, MA 98204 
t raden ame : W h i t f i el d 
(206) 348-0400 



RSF Energy, Ltd. 
P . O .  Box 3637 
Smithers, BC, Canada VOJ2NO 
tradename: RSF 
(604) 847-4301 

Scott  Stoves, Inc. 
P.O. Box 1033 
Hayden Lake, I D  83835 
tradename: Scot t  
(208) 772-7310 

Sherwood Industr ies  Ltd. 
6820 Kirkpatric Circle 
Victoria. BC, Canada V8X3X1 
tradename: Enviro Fire 
(604) 652-6080 

Sier ra  Manufacturing Co. 
1680 Country Club Rd. 
Harrisonburg, VA 22801 
tradename: S o l i t a i r e  
(703) 434-3800 

S1 an t/Fi n Corp. 
100 Forest Dr. 
Greenval e, NY 11 548 
tradename: S1 ant /F in  
(516) 484-2600 

TEC 
Box 23 
Lewiston, ID 83501 
tradename: Pellet S t a r  
(208) 843-7297 

Thelin-Thompson Co. 
P.O. Box 847 
Nevada City, CA 95959 
tradename: Thelin-Thompson 
(916) 265-2121 

Therini c Inc. 
605 N Fancher St . ,  P.O. Box 11986 
Spokane, WA 99211 
tradename: Crossfire 
(509) 535-0140 

Thermo-Rite Sales o f  Minnesota 
110 6 t h  St .  NE 
Mi nneapol i s , MN 55413 
tradename: Thermo-Rite 



Traeger Industries 
1385 E College S t .  
Mt. Angel , O R  97362 
tradename: Traeger 
(503) 845-9234 

Tryco Manufacturing Co., Inc. 
South Side Drive, P.O. Bax 1277 
Decatur, IL 62525 
t raden ame ; B i o f  1 amm 
(217) 428-0901 

Vector Corp. 
2720 Roosevel t B1 vd. 
Eugene. OR 97402 
t raden ame : Convect o r  
(503) 461-2141 

Volcanic Glow Stoves, Ltd. 
R.R.  #2 
Elmira, Ontario, Canada N38222 
tradename: Volcanic Glow 
(519) 669-1733 

Waterford I r i sh  Stoves, Inc. 
R i  vermi 1 1 Compl ex 
85 Mechanic S t .  
Lebanon, NH 03766 
t raden ame : W a t erf ord 

We1 enco/Enerpel , Inc. 
533 Thain Rd. 
Lewiston, ID 83501 
tradaname: We1 enco, Pel 1 e t  Master 
(208) 753-5525 

Woodcutters Manufacturing, Inc. - Blaze King of Montana 
3301 Isaccs S t .  
Walla Walla, WA 99362 
tradename: Auto-Light 
(509) 529-9820 



APPENDIX D 



MOBILE WHOLE TREE PROCESSOR IqANUFACTURERS 

Bruks Mekaniska Akt iebolag 
P.O. Box 46 
S-82010 Arbra, Sweden 
0278/40500 

Chip i rves tors ,  Inc.  
P.O. Box 1000 
Winn, M I  48896 

M-B Company Inc.  o f  Wisconsin 
1200 Park S t .  
Chi l ton,  W I  53014 

(517) 866-2381 

(414) 849-2313 

Nicholson Manufacturing Co., Inc.  
3670 E Marginal Way S 
Seat t le ,  WA 98134 
(604) 385-6757 

Peterson P a c i f i c  Corp. 
4253 Frank1 i n  Blvd. 
Eugene, OR 97403 
(503) 746-3177 

Prec is ion  American Corp. 
R t .  83,  P.O. Box 360 
Leeds, AL 35094 
(205) 640-5181 

Strong Manufacturing Co. 
498 E igh t  M i l e  Rd. 
Remus, M I  49340 
(517) 561-2280 



- TILT DUMP AND CHIP VAN MAIUFACTURERS 

Air-O-Flex Equipment Co. 
3030 East Hennepin Ave. 
Minneapolis, MN 55413 
equipment: tilt dumps 
(612) 331-4925 

Lear Siegler, Inc. - Peerless Division 
610 Mill St., P.O. Box 760 
Paragould, AR 72450 
equipment: tilt dumps, chip vans 
(501) 236-7753 

Chipirvestors, Inc. 
Winn, MI 48896 
equipment: tilt dumps 
(517) 866-2381 

Phel ps Industries 
1700 E 9th St. 
Little Rock, AR 72202 
equipment: tilt dumps 
(501) 375-1141 

Walco National Corp. - Husky Hydraulics Division 
P.O. Box K 
Two Harbors, MN 55616 
equipment: tilt dumps 
(218) 834-2274 

Wesco Trai 1 er Manufacturing 
1960 East Main St. 
Woodland, CA 95695 
equidment: chip vans 
(916) 662-9606 



RESIDUE/PELLET STORAGE EQUIPMENT MANUFACTURERS 

Atlas Systems Corp. 
E 6416 Main Ave. 
Parkwater Sta., P.O. Box 496 
Spokane, WA 99211 
(509) 535-7775 

Bake r/Rul 1 man Manuf act uri ng , Inc . 
104 W Main St., P.O. Box 67 
Watertown, WI 53094 
(414) 261-0708 

Butler Manufacturing Co. 
Box 26 
Salina, KS 67401 
(913) 825-1611 

Clarke's International , Inc. 
660 Canyon St., P.O. Box 2428 
Eugene, OR 97402 
(503) 343-3395 

Sprout-Andritz 
Muncy, PA 17756 
(717) 546-1495 

Laidig, Inc. 
4535 Dragoon Tr. 
Mishawaka, IN 46544 
(219) 256-0204 

Lear Sieglar, Inc. - Peerless Division 
P.O. Box 760 
Paragould, AR 72450 
(501) 236-7753 

McConnell Industries 
3539 Mary Taylor Rd. , P.O. Box 5 
Trussville, AL 35173 
(205) 655-3261 

Memphis Concrete Silo 
2665 Princeton Ave. 
Mempnis, TN 38112 
(901) 452-5416 

Miller-Hofft, Inc. 
2415 W Thompson Rd. 
Indianapolis, IN 46217 
(317) 787-9385 



We1 1 ons , Inc. 
P.O. Box 381 
Sherwood, OR 97140 
(503) 625-6131 



RESIDUE HANDLING, SCREENING AND CLASSIFYIRG EQUIPMENT MANUFACTURERS 

ABCO Engineering Corp. 
801 2nd Ave. SE 
Oelwein, IA 50662 
equipment: conveyors 

Acrowood Corp. 
P.O. Box 1028 
Everett, WA 98206 
equipment: screens 

(319) 283-5652 

(206) 258-3555 

American Fabricators, Inc. 
2519 N Front St. 
Woodburn, OR 97071 
equipment: conveyors 
(503) 982-8500 

Buffalo Hammer Mill Corp. 
222 Chicago St. 
Buffalo, NY 14204 
equipment: blowers 

Bulk Hand1 ing Systems, Inc. 
1040 Arrowsmith 
Eugene, OR 97402 
equipment: conveyors 
(503) 485-0999 

Carrier Vibrating Equipment, Inc. 
P.O. Box 37070 
Louisville, KY 49233 
equi pment : conveyors 
(502) 969-3171 

Carter Day Co. 
500 13rd Ave. NE 
Minneapol is, MN 55432 
equipment: cyclones 
(612) 571-1000 

Chiparvestors, Inc. 
Winn, MI 48896 
equipment: conveyors, portable screens, blowers 
(517) 866-2381 

Clarke’s International, Inc. 
660 Conger St., P.O. Box 2428 
Eugene, OR 97402 
equipment: conveyors, classifiers 
(503) 343-3395 



Sprout-Andritz 
Muncy, PA 17756 
equipment: conveyors, screens, cyclones, air locks, 

cl assi f i ers 
(717) 546-1495 

Erier Magnetics 
Ashbury Rd. 
Erie, PA 16514 
equipment: conveyors, magnets 

General Ki nemat i cs Corp . 
777 Lake Zurich Rd. 
Barrington, IL 60010 
equipment: conveyors, screens 

Hobbs-Adams Engineering 
1100 Holland Rd., P.O. Box 1833 
Suffolk, VA 23434 
equipment: conveyors , separators, b l  ending hoppers 

Jay Bee Manufacturing, Inc. 
P.O. Box 986, 522 North Beverly St. 
Tyler, TX 75701 
equipment : conveyors, bl ending hoppers 

Lear Siegler, Inc. - Peerless Division 
610 Mill St., P.O. Box 760 
Paragould, AR 72450 
equipment: conveyors 

Precision American Corp. 
Rt. #3, P.O. Box 360 
Leeds, AL 35094 
equipment: conveyors, screens 

Progress Industries Inc. 
P.O. Box 353 
Trussville, AL 35173 
equipment: cyclones, conveyors, surge bins, screens, 

(814) 883-9881 

(312) 381-2240 

(804) 539-0231 

(214) 597-9343 

(501) 236-7753 

(205) 640-5181 

metal detectors 
(205) 655-8875 

The Read Corp. 
25 Wareham St., P.O. Box 1298 
Middl eboro , MA 02346 
equipment: screens 
(508) 946-1200) 



Recovery Systems Technology Incorporated 
18012 Bothell Everett Hwy. 
Bothell, WA 98102 
equipment: trommel screens 

Rens Manufacturing Co. 
P.O. Box 37 
Creswell , OR 97426 
equipment: metal detectors 
(503) 895-2172 

Screw Conveyor Corporation 
700 Hoffman St. 
Hammond, IN 46327 
equipment: conveyors 
(219) 931-1450 

Tri p 1 e/S Dynamics 
1031 S Haskell Ave. 
Dallas, TX 75223 
equipment: conveyors, screens, cyclones, air locks, 

fans, cl assi f i ers 
(214) 828-8600 

West Salem Machinery Co. 
665 Murlark Ave. NW 
Salem, OR 97304 
equipment: screens 
(503) 364-2213 



ON-SITE CHIPPER, SHREDDER, HOG AND HAIIMERMILL MANUFACTURERS 

Acrowood Corp. 
P.O. Box 1028 
Everett, WA 98206 
equipment: chippers, debarkers 
(206) 258-3555 

Bruks Mekaniska Aktiebolag 
P.O. Box 46 
S-82010 Arabra, Sweden 
equipment: chippers 
0278/40500 

Buffalo Hammermi 11 Corp. 
222 Chicago St. 
Buffalo, NY 14204 
equipment: hammermills 

C W Manufacturing, Inc. 
14 Commerci a1 St. , P.O. Box 246 
Sabetha, KN 66534 
equipment: tub grinders 
(913) 284-3454 

Combustion Engineering, Inc. 
Sprout-Bauer 
Muncy, Pennsylvania 17756 
equipment: hammermills 
(717) 546-1495 

Hay bu s t e r 
Box 1940 
Jamestown, ND 58402-1910 
equipment: tub grinders 
(701) 252-4601 

Hobbs-Adams Engineering 
1100 Holland Rd., P.O. Box 1833 
Suffolk, VA 23434 
equipment: hammermills 
(803) 539-0231 

Jay Bee Manufacturing, Inc. 
522 North Beverly St., P.O. Box 986 
Tyler, TX 75701 
equipment: hammermills, grinders 
(214) 597-9343 

Montgomery Industries Inte-national, Inc. 
2017 Thelma St., P.O. Box 3687 
Jacksonville, FL 32206 
equipment : hammermi 11 s,  shredders, hogs, chippers 
(904) 355-5671 



Morri son-Knudsen Forest Products Co., Inc. 
P.O. Box 7808 
Boise, ID 83729 
equipment: hogs 
(208j 386-6510 

Precision American Corp. 
Rt. #3, P.O. Box 360 
Leeds, AL 35094 
equipment: chippers, debarkers, grinders 
(205) 640-5181 

Tri pl e/S Dynamics 
1031 S Haskell Ave. 
Dallas, TX 75223 
equipment: shredders 
(214) 828-8600 

Tryco International 
1160 S. Monroe St., P.O. Box 1277 
Decatur, IL 62525 
equipment: grinders, shredders 
(217) 428-0901 

West Salem Machinery Co. 
665 Murlark Ave. NW 
Salem, OR 97304 
equipment: hogs, chippers 
(503) 364-2213 



ROTARY DRUM DRYER MANUFACTURERS 

Aeroglide Corp. 
7100 Hillsborough Rd., P.O. Box Aerogl ide 
Raleigh, NC 27602 
(919) 851-2000 

Baker/Rullman Manufacturing, Inc. - Dehydration Div. 
3000 W Montana St. 
Milwaukee, WI 53201 
(414) 261-8107 

M.E.C. Co. 
P.O. Box 330 
Neodosha, KS 66759 
(316) 325-2673 

McConnell Industries, Inc. 
3539 Mary Taylor Rd., P.O. Box 5 
Trussville, AL 35173 
(205) 655-3261 

Productization, Inc. 
1120 E Main St., P.O. Box 1086 
Independence, KS 67301 
(316) 331-0025 

Rader Companies, Inc. 
P.O. Box 20128 
Portland, OR 97220 
(503) 255-5330 

Stearns Roger, Inc. 
P.O. Box 5888 
Denver, CO 80217 
(303) 770-6400 

Westec America, Inc. 
10580 SW McDonald St. 
Tigard, OR 97223 
(503) 639-9050 





BAGGING, WEIGHING AND PALLETIZING EQUIPMENT MANUFACTURERS 

Clamco Corp. 
12900 Plaza Dr. 
Cleveland, OH 44130 
equipment: heat sealers 
(216) 267-1911 

Detect0 Scale Co. 
P.O. Box 191 
Webb City, 'MO 64870 
equipment: scales 
(417) 673-4638 

Hobbs-Adam Engineering 
1100 Holland Rd., P.O. Box 1833 
Suffolk, VA 23434 
equipment : baggers, packers 
(804) 539-0231 

O/K International - Packaging Equipment Division 
169 Pine St. 
Natick, MA 01760 
equi pment : heat sealers 
(617) 651-1498 

Vaagen Timber Products, Inc. 
565 ' A .  5th St. 
Colville, WA 99114 - 
equipment: pal let forks 
(504) 684-6334 

Walco National Corp. - Huslcy Hydraulics Division 
P.O. Box K 
Two Harbors, MN 55616-0511 
equipment: pal 1 et forks 
(218) 834-2274 



APPENDIX E 



A t :  PR ' DENSEFUEL 
42: Pi? 
A3: PR 'Sral l-Scale Densif ied biorass Fuel Hanufacturing For Local Harkets 
64: PR ' bY 
A5: PR ' Richard 1. Folk & Robert L. t iovett 
46: PR ' 
A?: PR 
AB: PR ' 
89: PR ' 1989 
A12: Pi? 
k13: PR 'provides you with a decision-raking too l  t o  exarine s ra l l -sca le  
I14: PR ' ranufactur ing opportuni t ies fo r  densi f ied biorass fue l  pe l le ts .  
115: PR 'Hhen using the spreadsheet, you w i l l  be prompted by a ser ies of  
416: PR 'questions and ins t ruc t ions ,  Enter your response i n  the space tha t  ha5 
Al!: PR 'been provided. 
A18: PR ' The use of t h i s  rodel  i s  founded on several assurptions tha t  the 
G19: PR 'authors bel ieve t o  be v a l i d  w i th  w a l l - s c a l e  p e l l e t  f ue l  ranufactur ing 
A20: PR ' i n  the Worthwest. The p e l l e t  ranufactur ing s ide is assured t o  be an 
121: PR "add-on' f a c i l i t y  t o  an ex i s t i ng  fo res t  products business ( p r i r a r y  or 
A22: PR 'secondary processing) , agri-business or run i c ipa l  s o i l d  waste disposal 
A23: PA 'company. Consequently, land purchase i s  not necessary and o f f i c e  space, 
A24: PR ' labor and equipment are already i n  place f r o r  the p r i r a r y  business of  
425: PR ' the coapany. One employee usual ly operates the p e l l e t  aanufacturing 
1%: PR ' s ide  of the corpany w i th  respons ib i l i t y  f o r  the production end 
A21: PR ' (residue handling, preprocessing and processing, pe l le t ing ,  packaging 
428: PR 'and raintenance). Product storage and loading, and customer service 
829: PR ' a c t i v i t i e s  are perforred by other yard and o f f i c e  erployees during 
A30: PR '*5iack t i r e "  or as a a i n i r a l  par t  of the business day of  the p r i r a r y  
131: FR 'company. An 8-hour s h i f t  w i th  tuo, 15 minute breaks is the basis of  a 
Ai;?: PR 'nark day. The residue tha t  i s  generated by the p r i r a r y  company i s  
A33: PR ' t reated as a negative cost i f  disposal has been the a l te rna t i ve  
A34: PR 'aethod up u n t i l  now. If  residue has been sold, the s e l l i n g  p r i ce  i s  
A35: PR ' t reated as arc opportunity cost. 
A37: Pl i  ' IHPORTANT ! ! 
138: PR 'This spreadsheet has been designed t o  serve only as a prel iminary 
A39: PR 'evaluation too l  i n  determining i f  fu r ther  analysis o f  s ra l l -sca le  p e l l e t  
G40: PR ' fue l  ranufactur ing ray be warranted. Under no circurstance should the 
641: PR 'model be used as a foundation f o r  an investrent decision. This rodel  
442: PR 'provides a generalized approach tha t  cannot accurately r e f l e c t  the 
A43: PR 'unique business operations of a l l  s r a l l  f o res t  products corpanies. The 
A44: PR ' da i l y  CASH FLOW staterent or 'income staterent '  serves only as an 
645: PR ' i l l u s t r a t i v e  learning too l  and does not t o t a l l y  r e f l e c t  general ly 
146: PR 'accepted accounting pr inc ip les .  

I n  Investrent Spreadsheet For 

College of Forestry, W i l d l i f e  b Range Sciences 
Department of Forest Products 

Un ivers i ty  of  Idaho 

* 

Welcore t o  DENSEFUEL, an i n te rac t i ve  investrent spreadsheet tha t  

A48: PR '--------- 
948: PR '--------- 
C48; PR '--------- 
048: pi? ' _ _ _ _ _ _ _ _ _  
E48: PR '----_---- 

F43; PR ' _________ 
GJa: PR [W18] '------..----------- 



0149: PR 'YGU are now ready t o  begin ! !  The f i r s t  section of UEWSEFUEL examines 
A50: PR 'your investment. One category of investrent has been identified as 
A51: Pk ' t tafiufacturinq Investaent (Direct) and includes: 
k53: Pi! ' 

854: PR ' 
A55: PI? ' 

A56: PR ' 

A57: PR 
2%: PR : 

A60: PR 'You ray choose to  purchase new or used equiprent or t o  custor-build 
A6f: PR 'your GUS. For each building type and piece of equiplent, enter your 
Bb2: PR ' total expected outiay 4e.g. 15109 for t15,1001 under the colurn labeled, 
663: PR 'COST, opposite the type of building or equiprent. Please continue !!. 
iib5: PR ' A .  flGNUFACTURIN6 IHVESTHENT (DIRECT1 
665: PR [#I87 "COST 
Ab6: PR ' 1. Buildings 
Gbi: PH ' 
G6i :  (C2) U [ l i l la l  0 
G68: PR ' 

Gb8: (C?) U EM81 15190 
869: PR ' 
Gb9: (C2) U lUl8l 15328 
R7Q: PR ' 
670: (C2) U 111181 0 
871: Ph ' 

671: f C 2 )  U [Ut81 6776 
A72: PR ' 

672: i c Z )  U t4ll8j 0 
473: PR ' 

673: i C Z )  U [Mi81 12500 
A74: PH ' 
674: (CS) U In181 0 
875: PR ' 

A76: Ph Total Buildings: 
676: (C2) PR [#I81 eSUHi6b7..675) 
G78: PH ' 
Ai?: PR (101 front end loader 
679: (CZ) U IW181 G 
ABO: PR ' 
680: i C 2 j  U IW18I 0 
R B i :  PR ' 

611: iC?J  U l W l 8 l  0 
AR'L: PR ' (13) aetal detector 
682: i C 2 )  U [Ut81 0 
883: PR ' 
683: IC21 U lWl8l 0 
1384: PR ' (151 si10 elevator 
684: (C2) U EM181 0 
R85: PR ' 

1. Buildings (coaplete) 
2. Equipment (includes rodification h set-upi 

a. residue handlina and processing 
b. furnish handling and pelleting 
c ,  pellet handling and processing 
d.  pellet storage 

( 1 )  wooden, pelletiog building 

i21 steel ,  pelleting building 

(3)  self-unloading storage s i lo  

( 4 )  residue storage pole shed 

is) wooden, pellet storage building 

ib) steel ,  pellet storage building 

(7) other .......................... 
( f l )  other .......................... 
(9) other .......................... 

m: mi u ru ia i  o 

28. Mew Equipment (Residue Handling I Processing) 

(11)  knife or rotary hog 

(12) rain hog fan,  pipe & cyclones 

1141 blending hopper or nixing bin 

(16) off-loading or bypass elevator 



685: ( ~ 2 1  u inial it 
A86: Pk ' 

686: IC21 U [Ill81 0 
487: PR * (18) harrerli 11 
687: iC2) U N181 0 
0188: PH ' 
688: (C2) U M181 0 
889: PR 
689: (C2) U [Wl81 0 
g90: PR ' 
690: iC2) U IW181 0 
891: PR * 

691: (C2) U [Ill81 545+2090 
A92: PR ' 

692: (C2) U [W183 0 
A93: PR ' 
693: (C2) U [W18I 0 
A94: PR ' 

694: (C21 U IN181 0 
fi95: PR ' Total New: 
695: (C21 PR [WlU eSUR(679..694) 
A9i: PR ' Used Equipment (Residue Handling b Processing) 

I171 harrerrill screw conveyor 

(19) hamrefrill fan & blower pipe 

(20) rotary drur dryer 

(21) dryer f a n  and blower pipe 

(22) electric panels and controls 

(23) other .......................... 
(24) other .......................... 
(25) other .......................... 

A9B: PR ' 
598: iC2) U M181 0 
A99: PR ' 
679: Xf) U W 8 l  2224 
01100: PR ' 
6100: (C21 U [Ut81 9488 
i i l0l:  PR ' 
6101: X21 U lWl8l d 
AlUZ: PR ' 

6102: (C2) U [#tal 0 
4103: PR 
6103: (C2) U (Ut81 0 
A104: PR ' 
6104: IC21 U [W181 0 
AlO5:  PR ' 

AlOb: PR ' 
6106: (CZ) U [Wlfll 1119 
All)?: PR ' 
6107: (C21 U IW183 350 
A1O8: PR ' 
6108: (C2) U [W183 0 
6109: PR ' 
6109: (C2f U IXl8l 0 
A110: PR ' 
6110: IC21 U IW181 0 
4111: PR ' 

6111: (C2) U IWIEI 0 

aos: (c2) u rwiei o 

(26) front end loader 

(27) knife or rotary hog 

(28) rain hog f a n ,  pipe & cyclones 

(29) retal detector 

(30) blending hopper or mixing b i n  

(31) si lo elevator 

(32) off-loading or bypass elevator 

(33) harrerri 11 screw conveyor 

(34) harrerri 11 

(35) harrerrill f a n  & blower pipe 

(36) rotary drur .dryer 

(37) dryer fan and b l o k  pipe 

(38) electric panels and controls 

(39) other .......................... 



Alli: Pf i  ' (42) 
5117: (C2) U M181 407 
All8: PR ' i43) 
6118: (C2) u IW181 0 
~ 1 1 9 :  PR * (44)  
6119: (C2) U [WlHl 1570 
A120: Pi3 ' (45) 
6120: (C2) U [WMI 112 
Gl21: PR ' (46) 
6121: (C21 U [HI81 0 
A l Z :  PR ' (47) 
6122: iC2i U IW!81 0 
A 1 2 3  PR (48) 

k124: PR ' (49) 
6124: (C2) U [WlEl b 
4125: PR 

6123: (cz) u [wiai o 

6125: (CZ) PR [HI81 4SU!Ii6117..61241 
A128: PR ' Zb. New Equiprent (Furnish Handling f Pelletingl 
A129: PR ' 

6129: iC2) U EW181 0 

6130: iC2) U [WlEI 0 
4131: PR ' 

A132: PR ' 

6132: (C2) U [Mi81 0 
6133: PR ' 
6133: iC2) U [til81 0 
A134: PR ' 
6134: (C2) U [Wlgl 377 
k135: PR ' 
6135: (C2l U tWl81 550 
G136: PR ' 

5136: (C?) U [Hi81 500 
R137: PR 
6137: IC21 U [WlEI 2090 
A138: PR ' 
6138: (C2) U lWl8l 2400 
A139: PR ' 
6131: (C2) U [WlHl 0 
A140: PR ' 

6140: (C2) U M181 0 

ai30: PR 8 

6131: (c?!  u iwiai o 

150) furnish surge b i n  

(51) ring-die pellet rachine 

(51) punch-press pellet machine 

(53) other pellet rachine 

(54) steam generator 

( 5 5 )  hot water heater 

( 5 6 )  industrial furnace spray head 

(57) air corpressor 

(58) electric panels and controls 

(59 )  other --- ....................... 
(60 )  other --- ....................... 

other ----------e ----- -- -------- ( f 



ai4 i :  PR 8 Total New: 
6141: (C2) PR [WlBI 4SUHI6129..6140) 
1143: PR ' 
1144: PR ' 
6144: (C2) U [HI81 0 
a145: PR 1 

6145: (C2) U [ti183 2720 
k146: PR ' 

k147: PR ' 

~ a :  PR (66) stear generator 

1113% PR (67) hot water heater 

1150: PR ' 

6151: PR (69 )  air  corpressor 

8152: PR ' 
6152: (C21 U [W181 0 
A153 PR ' 
6153: (C21 U [I4181 1225 

6154: (C2) U [ti181 0 
01155: PR ' 
6155: (e21 U [HI81 0 
8156: PI1 ' Total Used: 
6156: (C21 PR IW181 @SUi(6144..6155) 
8156: PR ' 

111551: PR ' 

Bl6O: PR ' 
6160: (C21 U [W181 500 
4161: PR ' 

A162: PR a 

CI163: PR ' 

6163: (C2) U Ml8l 0 
A164: PR ' Total Shop-Built: 
G164: (C21 PR IW181 eSUNM59..6163) 
4167: PR ' 

Alb6: PR ' 
6168: (C2) U ZWlBl 0 
A169: PR * 

Used Equiprent (Furnish Handling h Pelleting) 
(62) furnish surge b i n  

(63) ring-die pellet machine 

164) punch-press pellet machine 

(65) other pellet rachine 
6146: ~ 2 )  u [wiei o 

1x47: (e21 u rwiai o 

~ 4 a :  (c21 u rwiai 0 

6149: (cz) u rwiai o 

~150: (c2) u twiai o 

6151: (c2) u twiai o 

(68 )  industrial furnace spray head 

(70) electric panels and controls 

(71) other .......................... 
other .......................... 

(73) other .......................... 

a i ~ :  PR * 

Shop-hilt Equiprent (Furnish Handling h Processing) 
(741 furnish surge b i n  

(75) stear generator 
6153: ic2) u rwiai 4500 

(76) 0 t h  .......................... 
(77) other .......................... 
(78) other .......................... 

6161: (c21 u [wiai 2700 

6162: (c21 u rwiai o 

Zc. New Equiprent (Pellet Handling h Processing) 
(79) pellet screw or belt conveyor 

(80) fjnes separator or screen 

fines f a n  & blower pipe 

pellet cooler 



6171: (CZ) ti [ill83 0 
fil?Z: PR ' 

AiX: PR ' 

6173: (C2) U IWl81 0 
01174: PR ' 

6174: i C Z )  U M183 900 
M ? 5 :  PR ' 
6175: iC2) U IW183 0 

6176: iC21 U 1#181 430 
01177: PR ' 

6177: (C2) U [WlBI 0 

6178: 1C2) U CWt8l L280 
8179: PR ' 

6179: (CZI U [ W I N  0 

6180: (C2) U [W181 0 
A181: PR * 

6181: (C2) U [#181 0 
6182: PR ' 

6172: ( C Z I  r~ [wiai 1300 

sin,: PR 8 

am: PR ' 

aieo: PR * 

(83) pellet bin bucket elevator 

(84) pellet bin 

i85) grain bin cooling fans 

(86) pellet bin fan & blower pipe 

187) bagging head 

(881 weiqhinq scale 

(89) irpulse bag sealer 

90) other --------------- ----------- 
( 9 1 )  other .......................... 
(92) other .......................... 

Total New: 
6182: (C2) PR IW181 @SUH(6168..6181) 
8184: PR ' Used Equipsent (Pellet Handling & Processing) 
8185: PR 
6185: iC21 u [WlBI 6 
(1186: PR ' 

6186: iC2) U [it181 0 
a m  PR 
6187: i c a  u cwi~i 391 
am: PR * 

6188: (C2) U [W181 0 
8189: PR ' 

6189: (C2)  U IW181 0 
1190: YR ' 
6190: iC2) U IWlEI 6 
A191: PR ' 

6191: iC2) U IWlEl B 
A192: PI! ' 

6112: (C21 U [W181 383 
A193: PR ' 
6193: (C2) U [WlBl 0 
,4194: PR ' 
6194: IC21 U [W181 l lb  
A195: PR ' 
6115: (C2) U [W181 0 
A196: PR ' 
6196: (C2) U [WlBI 0 
6197: PR ' 
6197: { C Z I  u 1wi81 o 

(93) pellet screw or belt conveyor 

(94) fines separator or screen 

(95) fines fan & blorer pipe 

(96) pellet cooler 

(97) pellet bin bUKket elevator 

198) pellet bin 

(99) grain bin cooling fans 

1100) pellet bin fan k blower pipe 

(101) bagging head 

(102) weighing scale 

(103) impulse bag sealer 

(104) other .......................... 
(105) 0 t h  .......................... 





6228: (C2) U [ Y l B J  0 
R229: PR ' Total Used: 
6229: IC21 PR lWl8l eSUH(6223..6228) 
a m  PR Shop-Built Equiprent (Pe l le t  Storage) 

8234: PR ' 

6234: iC2)  U [Ut81 0 
01235: PR ' 
6235: IC2) u In181 0 
8236: PR ' 

01237: PR ' 
623!: (C2) U [Y181 0 

6236: ~ 2 )  u [ti181 a 

R238: PR ' Total  Shop-Bui 1 t: 
6238: tCZ) PR W 8 1  @SU11(6232..62371 
A241: PR 'Tour grand t o t a l  HRNUFACTURIN6 INVESTRENT (DIRECT) is: 
6241: (C2) PR [WlBI t676~695~6114t6125t6141~6155t616~t6182t6199921Ot622Ot6229t6238 
A243: PR 
8243: PR 
C243: PR 
0243: PR 
E743: PR 
F243: PR 
6243: PR 
1244: PR 

A247: PR 
A248: PR 
k247: PR 
8250: PR 
ii251: PR 
4252: PR 
A253: PR 
A254: PR 
6255: PR 
4257: PR 
A258: PI! 
01259: PR 
G260: PR 
fi261: PR 
8262: PR 
A264: PR 
Am: PFI 
G265: Ph 

a m :  PR 
1, 

2. 
3. 
5. 

Taxes 
a. property t a x  
b. incore tax 
Insurance (e.+ f i r e ,  l i a b i l i t y )  
Cost of  Capi ta l  ( i n te res t )  
Depreci a t  i on (HRCRS) 
a. 5 year property h o b i l e  equiprent) 
b. 10 year property (wood ranufactur ing machines) 
E. 20 year property (bui ld ings) 

'Praperty taxes for DENSEFUEL are based on a f i xed  r a t e  per $100 
'of  assessed value where the assessrent is  1002 of f a i r  rarket.  Far no*, 
'enter your property tax r a t e  (e.!. 7.25 for $7.25) i n  the space d i r e c t l y  
'under the label, PTRATE. Yhen add i t iona l  i n f o r r a t i o n  i s  entered l a t e r  
'on, da i l y  property tax w i l l  be calculated for you and shown i n  the cash 
' f l o w  surcary a t  the end of the spreadsheet. Please continue ! !  
'E. FIXED COSTS (INDIRECT) 
' l a .  Property Taxes 
IY181 'PTRATE 

GZ6O: (C?) U [ti181 7.25 
4268: PR ' Incore tax, using DENSEFUEL, i s  deterr ined from annual net incore by 
A259: PR ' a u l t i p l y i n g  the expected ne t  income by your tax bracket. Other 



11270: PR 'calculat ions,  however, rus t  f i r s t  be rade. For now, enter your tax 
,4271: PI! 'bracket (e.g. 502.) i n  the space d i r e c t l y  under the label ,  BRACKET. You 
A272: PR 'eay want t o  re tu rn  t o  t h i s  sect ion and change the BRACKET value. Please 
11273: PR 'cantinue I '  

A2X: PR ' lb.  lncore Tax 

E?$: (F21 U [W181 0.5 
A2!8: PI! 'The annual insurance p r e r i u r  using DENSEFUEL is based on a f i xed  
RZi9: PR ' ra te  per $100 o f  assessed value. Replacerent cost i s  used t o  a r r i ve  
A280: PR 'a t  the assessed value. Enter your insurance r a t e  (e.4. 2.5 fo r  
A281: PR '$2.50) i n  the space d i r e c t l y  under the labe l ,  INRATE. When add i t iona l  
R282: PR ' i n fo r ra t i on  i s  entered l a t e r  on, d a i l y  insurance costs r i l l  be 
A283: PR 'calculated f o r  you and shown i n  the cash f low surrary a t  the end o f  the 
A284: PR ' t he  spreadsheet. Please continue I '  

A286: PR ' 2. Insurance 
6286: PR tWi81 'INRATE 

AZB9: PR 'The annaul cost of borrowed cap i ta l  ( i n te res t )  f ro#  IiEWSEFUEL is based 
A290: PR 'on a corpaunded, e f f e c t i v e  annual rate.  Enter the arount you w i l l  
A291: PR 'borrow (e.g. 15000 f o r  $15,0001 under the labe l ,  BORROW, and the 
11292: PR ' e f fec t i ve  annual i n te res t  r a t e  (e.g. 10.51) under the label ,  RATE. 
11293: PR 'The ca lcu la t ion  will  be rade f o r  you and shown d i r e c t l y  under the labe l ,  
A294: t)R 'INTEREST. Please continue ! !  
$296: PR ' 3. In te res t  
DZP6: PR 'BORROW 
i2%: PR z'RATE 
62?6: PA l'd181 'INTEREST 
33!: !CDl u 0 
F297: !F51 U 3.105 
6297: iC21 PR [WlBI (tD297)t (tF297) 
ot299: PR 'Depreciat ion expense using DENSEFUEL i s  calculated with the Hodif ied 
4300: PR 'Accelerated Cost Recovery Syster (IIACRS), s t ra igh t  l i n e  rethod, by 
A301: PR 'grouping assets according t o  the useful  l i f e  categories speci f ied by 
A302: PR ' the  IRS. These categories are 5-year property ( r o l l i n g  stock), IO-year 
0 3 3 :  PR 'property hill equiprent and machines) and 20-year property (bui ld ings).  
9304: PR 'New, used and shop-built designations are t reated separately. The 
A305: PR 'suggested t o t a l s  of the assets f o r  each l i f e  category have already been 
k36: PR 'calculated f o r  you f r o r  the bu i l d ing  and equiprent l i s t .  You ray  e lec t  
A307: PR ' t o  use these or enter your own to ta ls .  E i ther  way, re-enter the 
A308: PR 'SU66ESTED TOTAL values or enter your t o t a l  values 1e.g. 6500 f o r  $6,500) 
A309: PR ' i n  the spaces opposite the label ,  YOUR TOTAL. Please continue ! !  
A311: PR ' 4. Depreciat ion 
D311: PR "-YEAR 
E311: PR '10-YEGR 
F311: PR "20-YfAk 
C313: PR 'NEW 
D313: IC01 PR +679t@SUH(6215. .G219) 
E312 K O )  PR @SUfi(6RQ. A941 t4SUHG129. .6140) t@SUN(6168. .6181) t6214 
FZ13: iC0) PR @SUH(G67..6751 
C315: PI! 'USED 

6275: PR IWIEI "BRACKET 

5287: ( a i  u E W ~  2.5 



~ 3 1 5 :  mi PR +~9etesun(62~4. ,6228) 
E M :  (COj PR eSUnf699..6113)teSUH(6144. .6155)+eSUH(6185..6198)+6223 
C317: PR 'SHDP 
D317: !COl PR @SUR(6232. .6237) 
E 3 7 :  (C0) PR BSUH(6117. .6124)teSUH(6159. .61631t@SUH16202. .6209) 
4319: PA ' SUGEESTED TOTAL: 
G319: KO) PR tD313tD315+0317 
E319: lC0j PR +E313tE315tE317 
F319: (CO) PR +F313tF315tF317 
4320: PR . YOUR TOTAL: 
D320: ( C O I  U b500 
E320: IC01 u 45535 
F320: KO) U 49704 
A322: PR 
b321: PR 
C322: PR 
D322: PH 
E322: PR 
F322: PR 
6322: PR 

0325: PR 
A32b: PR 
$327: PR 
1328: PR 
629: PR 
1330: PR 
R331: PR 
A332: PR 
$i;33: PH 
4335: PR 
17335: Pi! 
F335: PA 
6335: PR 
G337: PR 

6323: PR 
hourly pay (including ALL benefits) for the 
in the pellet manufacturing side to  operate 
First, enter the nurber of pa id ,  d a i l y  work 

'hour5 for each employee 4e.g. 8.0) in the space opposite the erplayee 
'nurter and directly under the label, HOURS. Then enter the rate per 
'per hour 1e.g. 10.80 for $10.801, including A11 benefits, in the space 
'directly under the label, PAYRATE. The daily cost of labor will be 
'calcuiated for you and shown i n  the spaces directly under the label, 
'LABOR. Pleare continue !! 
' 1. Labor Costs 
'HOURS 
'PAYRATE 
N 1 B J  'LABOR 

EHPLOYEE I1 
D337: 1F1) U 8 
FX7:  ( C 2 )  U 10.48 
GS3i: IC21 PR [Y183 t$F$337fSDS337 
,4339: PR ' EHPLOYEE t2 
DS39: (F11 U 0 
F339: ( C 2 )  U Q 
6339: (C2) PR [It183 tZF$339tSDS339 
A341: PR ' EHPLOYEE 13 
D241: (F11 U 0 
F341: (C2) U 0 
6341: (C21  PR [Y181 +SF1341*SD$341 
A 3 4 3  PR ' Totals: 
D313: i F  1) PR +D337tD339tD341 
F343: PR ' sf) 
6343: (CZ) PR IW181 +$6$337+t6S339t$6$341 



11345: PR ' UNWEIGHTED AVERAGE PIIYRATE: 
F345: (C2) PR @iF(F341>0, (@AV6(F3;7..F341J), (eIF(F339)O,QAV6(F337..F3391 ,F337)1) 
A347; PR '--------- 

8347: PR '--------- 
C347: PR '--------- 
D347: PR '_--_--..-- 
E347: Pfl '--------- 
F347: PR '--------- 
6347: PA [wig] '_____________-__-- 

R348: PR 'D. VARIABLE COSTS 
8350: PR 'Another category of expenses has been identified as Variable Costs 
A351: PR 'and includes the following: 
R353: PR ' 
~354: PR 1 a. electric rotors 
A355: PR 
A356: PR ' 
A357: PR ' d. derand cost 
A358: PR ' 

A353: PR ' 
4360: PR ' 

8361: PR ' a.  labor 
4362: PR ' b. parts/supplies 
k363: PR ' 
4364: PR ' 
A365: PR ' 6. Additives 
A367: PR 'Electicity cost is  a function of the energy charge, basic charge, derand 
A368: PR 'cost and power factor charge of your u t i l i ty  corpany. These rates and 
A369: PR 'charges are fixed and rust be obtained from your utility corpany. 
k370: PR 'First ,  enter the cost per kilowatt charged b y  your u t i l i ty  corpany 
4371: PR 'in the space directly under the label, KWRATE k.9. ,03897 for S.03897). 
ctS72: PR 'To calculate the energy charge, l i s t  the horsepower (5.75 for 5 314 hp) 
A373: PR 'for each electric motor on the pellet side i n  the space directly across 
A374: PR 'fror the label, ROTOR# and directly under the label, HP. Then enter 
U75: PR 'the nurber of hours per day (6.5 for 6 112 hours) t h a t  each rotor will 
R376: PR 'actually operate, under the label, HOURS. The total daily cost will be 
A377: PR 'calculated for you and shown directly under the label, ENERGY, Energy 
A378: PR 'charge is based on the rotor operating a t  752 capacity. Please 
A379: PR 'continue !! 
4381: PR ' la. Electric Notors 
D381: PR 'NOTORI 
€381: PR 'HP 

6381: PR [Mi83 'ENERGY 
1382: PR ' (energy charge) 
D383: PR '1 
€383: IF21 U 40 

6383: K.2) PR IW181 tE383f0.75fF383fSBS385fO.75 
8384: PR 'KWRATE 
E385 (F5) U 0.03897 

1. El ectr i t  i t y Consurpt ion 

b. other electricity 
c. basic charge 

e. power factor charge 
2. Other Fuel Consumption 
3. Repair and Naintenance 

4. Bags and Pallets 
5. Residue Disposal 

mi: PR 'HOURS 

~383: i ~ i i  u e 



D385: PA '2 
E385: (F2) U 5 
F385: iF11 U 8 
6385: IC?) PR lWl8l tE385t0.75*F385tSBS385*0.75 
D387: PR '3 
E387: (F2) U 30 
F387: iF1) U 8 
6387: iC2) PR [W181 tE387t0.75iF387fSBS385+6.75 
D389: PR '4 
E389: (F2) LI 1.5 
F389: IF11 U 4 
6389: iC2) Pi? [W181 tE38PtO.?5tF389tSBS385*0,75 
D391: PA '5 
E391: (F2) U 1 
F391: $11 U 6 
6391: (C2) PH IWlBl +E39110.75tF3911SBS3B5€0.75 
D393: PR '6 
E393: iF2) U 30 
F393: (F1) U 12 
6393: (C2) PR [W181 tE393*0.75*F3?3tiBS385tO.75 
D395: PR '7 
E395: IF21 U 0.67 
F395: (Fl) U 12 
6395: (C21 PR W181 tE395t0.75rF395tSB1385tO.75 
0397: PR '8 
E59i: (F2) U 0.75 
F'39i: ( F l )  U 6.9 
6397: (C21 PR [W183 +E397*0.75*F397*SBS385*0.75 
0399: PR '9 
E399: (F2) U 15 
F399: IF11 U 6 .9  
6399: (C21 PR IW181 +E39%0.75*F399fSBS385*0.75 
D401: PR '10 
E401: (F2) U 50 
F401: iF1) U 6.9 
6401: IC21 PK W 8 1  ~E401f0.75tF461rSB1385fO.75 
01103: PR '11 
E403: lF2) U 0.33 
F403: IF11 U 8 
6403: iC21 Pk [WI tE403t0.75tF403tSBi385*0.75 
D405: PR '12 
E405: (F2) 0 0.13 
F405: (F1) U 8 
6405: iC2) PR [WlBl tE405f0.75fF405tSBS385r6.75 
0407: PR '13 
E407: (F2) U 0.75 
F407: (F1)  U 8 
6407: IC21 PR [WlBI tE407€0.75*F407tSBS3B5?0.75 
D409: PR '14 
E409: (F2) U 0.5 



F409: (F1) U 8 
6409: (CZ) PR IW181 tE409f0.75fF409fSBS385f0.75 
D411: PR '15 
E411: (F2) U 0.33 

6411: IC21 PR IY181 tE411f0.75?F911?SBS385?0.75 
D413: PR '16 
E413: (F2) U 5 
F413: (Fl) U 2 
6413: IC21 PR [ W181 tE413f0. 75fF 41 31 SB1385f0.75 
D415: PR '17 
E415: (F21 U 0.75 
F415: (F11 U 8 
6415: LC2) PR IWl8l tE415f0.75fF415fSBS385f0.75 
D417: PR '18 
E417: (F2) U 0.75 
F417: [ F l l  U 8 
6417: (C2) PR IW181 tE417f0.75fF417fSBS385f0.75 
D419: PR '19 
6419: (C2) PR [W181 tE4lPf0.75fF419fSBS385~0.75 
D421: PR '20 
6421: iC2) PR IW181 tE421f0.75fF421iSBS385t0.75 
D423: PR '21 
6423: (C2) PR IW181 tE423t0.75fF423fSB$385?0.75 
D425: PR '22 
6425: IC21 PR [WlBl tE425*0.75?F425f$B$3B5?0.75 
D427: PA '23 
6427: (C2) PR IW181 tE427f0.75fF427f1BS385t0.75 
D429: PR '24 
6429: IC?) PR [ W181 tE419fO.75fF429f$BS3B5*0.75 
D431: PR '25 
6431: (C2) PR IW183 tE431*0.75fF431+SBS385?0.75 
D433: PR '26 
6433: (C2) PR [HI01 tE43310.75fF433r1BS3B5f0.75 
D435: PR '27 
6435: (CZ) PR [HI81 tE435fO. 75fF435fSBS385f0.75 
D437: PR '28 
6437: (C2)  PR IWlBl tE437f0.75fF437fSBS3B5f0.75 
D439: PR '29 
6439: (C2) PR [Ill81 tE439f0.75ff439fSBS3B5fO.75 
D441: PR '30 
644 1 : (E21 PR W81 tE44 1 f 0.75fF 441f SBt3B5f0. 75 
A442: PR ' Colwn Totals: 
E442: PR tE303tE385tE3~7tE389+E39ltE393tE395tE397tE399tE4OltE4O3tE4O5+E4O7tE4O9tE4lltE4l3+E4l5tE4~7tE4l9tE42ltE423+E42 

F442: IF11 PR tF383tF385tF387tF3B9tF39ltF393tF395tF397tF399tF40~+F4O3+F4O5tF407t~4O9tF4ll+F413tF415tF417~F419~F42l~F42 

8443: PR ' Total Hotore: 

A445: PR 'Other electricity costs from the pellet side can be calculated by first 
4446: PR 'entering the wattage of the equiprent (i.e. lights and heaters) opposite 
11447: PR 'the label, OTHER), and i n  the space directly under the label, WATTS. 

~411: 1 ~ 1 )  u a 

5tE427tE429tE431 tE433tE435tE437tE439tE441 

3tF 425tF427tF429tF 43 1 tF433tF 435tF437tF 439tF44 1 

6443: 1c21 PR [WMI esun(6383..~41) I 



4448: PR 'Next, enter the number of huurs per day the under the label, HOURS. 
R449: FR 'Your energy charge will be calculated for you and shown under the label, 
A450: PR 'ENERGY. Please continue ! ! 
A452: Pf? ' 
D452: PR 'OTHER# 
E152: PR "WATTS 
F452: PR 'HOURS 
6452: PR LMlEl 'ENERGY 
A 4 5 3  PR ' (energy charge) 
D455: PR "1 
E455: (FOI U 8000 
F455: (F1) U 8 
6455: (E21 PR [WlEI (+E455/1000ItF455f0.7~~SBS385 
D457: PR '2 
E453: (FOi U 660 
F457: (Fli U 2 
6453: (C2) PR tW181 (tE457/1000)tF457f0.75*SB$385 

I&. Dther Electricity 

D459: PR '3 
E459: (FOI U 1100 
F459: ( F l i  U 8 
6459: IC21 Pk [It183 (tE459i 
D46l: PR '4 
E461: (FOI U 10000 
F461: (F11 U 5.9 
6461: (C21 PR [W181 (+E461i 
9463: PR ' 5  

0001 *F459t0.75*SBS385 

000) *F461*0.75*SB5385 

6463: (C2) PR In181 (tE463/1000)fF463f0.75~SBS385 
D465: PR '6 
6465: (C2) PR [W183 (+E465/1000)ff465t0.75tJB1385 
D467: PR '7 
6467: (C2) PR [W181 (+E467/100O)tF467fO. 75fSBS385 
D469: PR '8 
6460: (C2) PR [WMI f+E469/1000)~F46?t0.75,)B5385 
D471: PR '9 
647 1 : (C2 1 PH I Y18 1 ( +E47 1 I 1000 tF47 1 SO. 751SBS385 
D473: PR '10 
6473: IC21 PR IWlBI (+E473/1000l+F473f0.75rJBS385 
A I T J :  PR ' Column Tatals: 
E414: lF0 i  PR tE455tE457tE459+E461tE463+E465tE467tE469+E47ltE473 
F474: (F1 i PIS +F455+F457tFI59+F4bl+F463+F465tF46itF469tF471 tF473 
A4T5: PR ' 

6475: (CZI PR [ti181 t6455+6457t645?t6461+6463t6465t6467t6469t6471t6473 
A477: PR 'The basic charge i s  a ronthly f l a t  fee set by your u t i l i ty  conpany. 
1578: FR 'Enter the amount (e.g. 200 for C200) in the space directly under the 
84?9: PR ' label, CHAR6E. The daily basic charge will be calculated for you on 
A4a0: PR 'the basis of 20 working days per month and shown directly under the 
A481: PR ' label, BASIC. Please continue ! !  
A4a3: PR : 

E W :  PR 'CHARGE 
6483: PR IY181 'BASIC 

Total Other Electricity: 

IC. Basic charge 



E484: X O )  U 200 
G489: (C?) PR lWi8l tE484l20 
01486: PR 'The derand cost i s  deterrined by taking the horsepower fror rotors 
A487: PR 'and watts fro# other electricity uses and rultiplying the total 
01488: PR 'kilowatts by a daily derand cost factor. Enter the D O n t h l y  derand cost 
A489: PR 'factor (e.g. 2.6 for $2.60) supplied by your utility corpany, i n  the 
A490: PR 'space directly under the label, FACTOR. The calculation will be rade 
6491: PR 'far you from the list of rators and other equipment and shown directly 
A492: PR 'under the label, DEHAHD. Please continue !! 
4494: PR ' Id. Derand Cost 
E494: PR 'FOICTDR 
6494: PR W 8 1  'DEHAND 
€495: (C21 u 2.6 
6495: (C2) PR tWl8l I ( (+€442t1E474/1000))-50)fE49S)~2~ 
A497: PR 'Power factor charge i s  a daily cost calculated by dividing the ronthly 
A496: PR 'power cost factor supplied by your ut i l i ty ,  by ?G. Enter the power 
449% PR 'cast factor ie.g. 123.75 for $123.75) i n  the space directly under the 
8500: PR 'label, FACTOR. The calculation will be rade for you and shown i n  the 
4501: PR 'space directly under the label, POWER. Please continue !! 
8503: PR ' 
E503: PR 'FACTOR 
6503: PR EWlBI 'POWER 
E504: (G2) U 123.75 
6504: (C2) PR IW191 +E504/20 
6506: PR ' 

6536: (C2) PR [W181 +6443+6475t6484t6495t6504 
4508: PR 'Other fuel casts such as fuel to operate a biorass fuel dryer, and 
6 0 9 :  PR 'gasoline or propane for rolling stock rust be estirated. Enter your 
8510: PR 'anticipated annual cost far other fuels i n  the space directly under the 
A511: PR 'label, OTHERFUEL. The daily expense will be calculated for you when 
A S 1 2  PR 'operating days per year are deterrined. P!ease continue ! ! 
G514: PR ' 2. Other Fuel Costs 

6515: (CZ) U [#181 0 
A51?: PR 'DENSEFUEL allows for repair and raintenance on equiprent in the 
4518: PR 'categories af labor and partslsupplies. Labor costs are determined by 
A519: PR 'designating a total number of hours per week t o  be spent on repairs 
A520: PR 'and raintenance. Enter the Rurber of hours (e.g. 3.0)  i n  the space 
A521: PR 'directly under the label, HOURS. The daily arount for Iabw will be 
8522: PR 'calculated for you using an average labor cost value, and shown i n  the 
fi523: PR 'space directly under the label, LABOR. Partslsupplies cost are 
11524: PR 'estirated at a value of 112 the labor. Partslsupplies cost will be 
A525: PR 'calculated for you and shorn directly under the label, PARTS. Total 
6526: PR 'repair cost will also be calculated for you and shown directly under the 
827: PR 'label, REPAIR. Please continue ! !  
A529: PA ' 
E5?9: PR "LABOR 
F529: PR 'PARTS 
6529: PR [ Y l B l  'REPAIR 
E530: (C2) PR ( (tSFS345) tOBS532/40) 1 t 8  

le. Power Factor Charge 

Total Electricity Cost: 

6514: PR [ww ROTHERFUEL 

3. Repair and Naintenance 



F530: (C2) PR +SE$530*0.5 
6530: (C21 PR tWl8l ttES530+#1530 
8531: PR "HOURS 
3532: ( F l )  U 1.5 
A534: PR 'The cost of bags and pallets for packaging and handling product are 
A535: PR 'calculated on a daily basis by ruitiplying the cost per bag by the 
8536: PR 'daily production, expressed i n  numbers of bags of fuel. Pallet capacity 
8537: PR 'is 112 ton. Production will be exarined later but for now, enter your 
G538: PR 'cost for each bag and pallet (e.g. .38 for S.38) directly under the 
A539: PR 'labels, 886s and PALLETS. Please continue ! ! 
fi541: PR ' 4. Packaging 
E541: PR '346s 
F541: PR 'PALLETS 
E542 (C21 U 0.38 
F542: (C2) U 3.2 
A544: PR 'Since residue generated b y  your plant nay represent a disposal problen, 
A545: PR 'there is a negative cost associated w i t h  disposal using DENSEFUEL. For 
G546: PR 'nou, enter your disposal cost per ton of residue (e.9. 18.5 for $18.50) 
c1547: PR 'in the space directly under the label, DISPOSE. I f  you are currently 
A548: PR 'selling your residue, enter the price you receive per ton as a negative 
4544: PR 'value (e.9. -4.50) i n  the space directly under the label, DISPOSE! t o  
8550: PR 'reflect the opportunity cost. Please continue !! 
8552: PR ' 
E552  PR IW181 'DISPOSE 

A555: PR 'Extra ingredients such as plastic, lubricants and other additives ray be 
13556: PR 'purchased t o  irprove processing or product quality. For now, enter the 
A557: PR 'cost per pound (e.g. .02 for s.02) in  the space directly under the 
4558: PR 'label, ADDCOST, and the percent by weight 4e.g. 2%) that is added to  
A559: PR 'the furnish, under the label, PERCENT. Please continue ! !  
A561: PR ' 6. Additives 
E561: PR 'GDDCOST 
F561: PR 'PERCENT 
E562: (C21 U 0 
F562: IF31 U 0 
G564: PR 'You have just coqleted Hanufacturing Investrent tDirectl, fixed Costs 
8565: PR ' (Indirect) ,  Labor Costs and Variable Costs using DEWSEFUEL. The next 
A566: PR 'part of the spreadsheet, Revenues, will calculate incore from 
$1567: PR 'anticipated sales and will be used to  deterrine costs that have 
8568: PR 'already been rentioned but not yet shown. Please continue ! ! 
8570: PR * _------__ 
~ 5 7 0 :  PR -___----_ 
~ 5 7 0 :  PR t-___----- 

~ 5 7 0 :  PR ~-__-----_ 

8571: PR 'The second section of DENSEFUEL exarines revenue, useing the following 
G572: PR 'categories t o  arrive a t  gross daily revenue: 
A574: PR 

5.  Residue Disposal 

6553: ic?) u [ W ~ E I  za 

k570: PR '____----- 

D570: PR '--------- 

6570: PR [W1fl] '------------------ 

1. Raw Material Supply 



A575: PR ' 2. Pellet Hachine Production 
A576: PR ' 3. Product Price & Gross Sales 
12578: PR 'Raw raterial  supply i s  treated i n  the spreadsheet as tons of dry 
A579: PR ' ( l e s s  than 121 HCl, clean, hogged residue. The average weight per cubic 
A580: PA 'foot for this raterial  is 6.5 pounds. A 1 t o  1.1 conversion of 
A581: PR 'residue to  pellet fuel i s  used. To calculate the daily production of 
AS82: PR 'pellet fuel, enter your supply of hogged residue (e.9. 477 for 477 
A583: PR 'tons) i n  the space directly under the label, RESIDUE. The conversion 
A584: PR 'fror tons of residue t o  pounds of pellet fuel will be rade for you and 
A585: PH 'shown i n  the spare directly under the label, PELLET. Please continue !! 
1'1587: PR 'E. REVENUE 
A58B: PR ' 
E588: PR 'RESIDUE 
F588: PR 'PELLET 
6588: PR tW181 ' 
E569: IF01 U 500 
F589: (FOl PR t$E$589t2000?1.1 
A591: PR 'Pellet machine production rates should be used for the residue being 
A592: PR 'pelleted and not for the rated capacity of the rill making aniral feed. 
A593: PR 'Enter the estirated production i n  tons per hour (e.g. ,2500 for 1/4 ton) 
1594: PR ' i n  the space directly under the label, RATE. Actual d a i l y  production 
A595: PR '(adjusted for repair and raintenance) will be calculated for you i n  
1596: PR 'pounds of fuel and shown directly under the label, DAYPROD. Please 
A597: PR 'continue !! 
8599: PR ' 2. Pellet Hachine Production 

F599: PR 'DAYPROD 
EbOO: (F3l U 600/2OOO 
FbOO: (FO) PR I+$E$MOtZ000) t(7.5-03$532/40) 1 
A602 PR 'fir055 income fror the sale of your product will be a function of 
A603: PR 'production, expressed i n  u n i t  size (40 lb. bags, 50 lb. bags, ton) ,  and 
4604: PR 'the u n i t  sales price. 6ross incore will depend on the nurber of units 
A605: PR 'sold of each unit size. Enter the unit prices (e.g. 2.35 for $2.35 per 
A606: PR '50 pound bag) for your u n i t  sizek) i n  the space directly under the 
1607: PR 'labels, 40LB, 50LB and TOM. Then determine the percent of sales t h a t  
AbQB: PR 'you anticipate raking to  re ta i l  and wholesale custorers. Retail prices 
A609: PR 'are usually given for bagged fuel while wholesale prices are quoted by 
4610: PR 'the ton. Enter the percent sales 1e.g. 7523 in the spaces directly 
A611: PR 'under the labels, RETAIL and WHLSALE. Daily gross income will be 
A612: PR 'calculated for you and shown directly under the label, INCDHE. 
A613: PA 'Please continue !! 
A615: PR ' 3. Product Price t 6ross Sales 
B617: PR 'RETAIL 
C617: PR 'WHLSALE 
D617: PR '40LB 
E617: PR '50LB 
Fbii:  PR 'TON 
6617: PR CY181 'INCDHE 
Bbl8: (F2) U 0.75 
C618: IF2) U 0.25 

1. Raw Haterial Supply 

EW: PR *RATE 



Db18: (CZ1 U 0 
E618: IC21 U 2.35 
Fb18: lC21 U 115 
6618: (C2I PW [Hi81 ( (  ~+~FS600dBS618~/40)~SDS6f8~+~~~+$FS600~SCS618~/2000~~SFS6lB)~~~~+SFS600~SBS618~I5O~~~ES6l8~ 
A620: PR '--------- 

8620: PR '--------- 
Cb20: PR '-- ------- 
Db2O: PR '--------_ 
E620: PR 
F620: PR '--------- 
6620: PR J '------------------ 

A621: PR 'F. OPERATING DAYS 
6623: PR 'Operating days are determined by the arount of hogged residue that  you 
A624: PR 'generate and the production fro# the pellet rill that you purchase. 
6625: PR 'From the daily pellet production and hogged residue supply that you have 
A626: PR 'already entered, the raxirur nurber of operatinq days have been 
A627: PR 'cafculated for you and is shown i n  the space directly under the label, 
A628: PR 'HAWDAYS. Yau ray use the calculated value h a y  rean operating during 
A629: PR 'holidays and scheduled vacation) or you can enter a s d l e r  value due to 
4630: PR 'holidays and vacation. Either way, re-enter the calculated nurber or 
G631: PR 'enter your nurber 1e.g. 250) i n  the space directly under the label, 
A632 PR 'ACTUAL. Please continue !! 
A634: PA ' 
D634: PR ' I O X D A Y S  
Fb34: PR "ACTUAL 
D635: F O )  PI? tF5891Fb00 
Fb35: (FO) U 246 

1. Operating Days 

4637: PR '--.. ------ 
8&37: PR '-- .------- 
('$37: PR '..-"------ 
D637: PR '--..------ 
€637: PR '--I------ 
Fb37: PR '--------- 

6637: PA [y1u] '--I-------------- 

A638: PR 'The final section of DENSEFUEL is designed to autoratitally return t o  
A639: PR 'the data you have entered and provide you with an analysis of your 
A640: PR 'proposed pellet ranufacturing facil i ty.  Please continue ! ! 
4642: PR '6. CASH FLOW FROH SMALL-SCALE DENSIFIED BIOHASS FUEL IANUFACIURING 
R643: PR ' DURING AN 8-HOUR SHIFT 
A643 PR ' Revenues 
6645: IC21 PR W 8 1  tS6S618 

A648: PR property taxes 
6648: IC21 PR [ti181 ~~(+S6$241/100)~S6t266)/SFS635),-1 
A649: PR ' insurance 
6649: IC21 PR [W181 I ( (+S6S241/100)~$6S287)/SFS635)f-l 
A650: PR ' 

6650: (CZI PF! [WlSl (+$6$297/$Ft635)*-1 
Ab51: PR ' depreciation 
6651: (C2) PI? IW183 ((lSDS320/41/(SfS6351)+( (SE1320/10)/lSFS635)) 

AM: PR * costs 

interest on borrowed capital 

f (SFS320/20) 



M52: PR ' residue disposal 
6652: (C2) PA W81 ((tSES589fS6S553) /SfS635) 
11654: PR ' Labor 
A655: PR ' 
6655: (E21 PR M181 (+$6S343)*-1 
A657: PR ' Variable Costs 
11658: PR ' electricity 
6658: IC21 PR IW181 (+$6S506)*-1 
A659: PR ' other fuel 
6659: (C2) PR IN181 ((+6515/F635)*-1) 
1660: PR ' 
A M :  PR ' 1 abor 
6661: (C2) PR [W181 (+E5301*-1 
A662: PR ' 
6662: (C21 PR lW181 I+#$5301*-! 
4663: PR ' packaging 
11664: PR ' bags 
6664: (C2) PR [ W W  (eIF(+SDSb18=0, (#S600/50l*SES542, (SFS600/40)f#~512)1t-l 
1665: PR ' pal lets 
6665: (C2) PR lWl8l ~~~~SfS600/10001~~F~542~*~CS618~~-! 
4666: PR addi t i yes 
6666: (C21 PR IY181 ( (~SFS'562*SFSbOO)*SES5bZ)*-l 
A668: PR ' Income Before Taxes 
6668: X21 PR IY183 eSUfl(6645. ,6666) 
A670: PA ' Taxes 
6670: (C2) PR [Hi81 eIF(t6668(=0,0,6668t~S276) 
8672: PR After Tax Profit 
6672: (E21 PR IW181 6668-6670 
8674: PR ' Depreciation 
5674: IC21 PR W 8 1  ((SDS320/4~/~#S635))~~(~Et320/10)/(SFS635) )+((##20/20)1(FS635) t 
4676: PR ' bfter Tax Net Cash Flow 
6676: (C2) PR [ W N I  +6672+6674 
11678: PR ' NOTE !! 
11679: PR 'Since we h a w  assured that the srall-scale pellet facility being 
A680: PR 'exarined i s  an 'add-on' t o  an existing, profitable operation, the f u l l  
A681: PR 'amount of earned depreciation is added t o  after tax profits to arrive a t  
A682: PR 'after tax net cash flow. 

base pay and all benefits 

repair and maintenance 

parts and supplies 

4684: PR '--------- 
0604: PR '--------- 
C684: PR '-__---_-- 
Db84: PR '--------- 
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