
An Analysis of the Densified 
Wood Fuel Industry 
in the Lake States 

Bill Callas 
John Haygreen 

Miscellaneous Publication 42-1987 
Minn sota Agricultural Experiment Station 
Uni ersity of Minnesota 



The University f Minnesota 's Agricultural Experiment Station paid for the pro­
duction of this publicati n. As a miscellaneous publication it is in tended for a very 
limited audience. nitial distribution was made by the University of Minnesota's 
Department of Forest Produ cts. Copies of this publication are available from the 
Department of Fo est Products, 203 Kaufert Lab ratory, University of Minnesota, 
2004 Folwell Ave., St. Paul. MN 55108, until the original printing is hausted. 

Reference to commercial products or trade names is made with the understanding 
that no discrimination is intended and no endorsement by the Minnesota Agricul­
tural Experiment Station is implied. 



AN ANALYSIS OF THE DENSIFIED WOOD FUEL INDUSTRY� 
IN THE LAKE STATES� 

Bi ll Callas and� 
J ohn Haygr een� 

Mis ce l laneous Publication 42-- 1987� 
Minnesota Agr i cultural Experiment Station� 

Universi t y of Minnesota� 



CONTENTS� 

I NTRODUCTION 

THE PRODUCT AND PROCESS 

HISTORY ... . 

Early Developments 
Recent Activi t y in the United States 
Recent Act i v i t y in Other Countries 
Recent Activity in the Lake States 
Fiber Fuels Ins titute 

CURRENT STATUS OF THE INDUSTRY 

Industry Infrastructur e 
Expec ted Produc t Demand 
Pr i c i ng .. .. 
Transportation Me t hods and Costs 

ECONOMI CS OF US E AND PRODUCTION 

Economi cs of Use . . . .� 
Economi cs of Produc tion� 

MARKETING . . . 

Pr es ent Si tuat i on� 
Dis t r i but i on Channels� 
Pr e s ent and Pot ent ial Marke t s� 
Marke t i ng Stra t e gy� 
Pub l ic Sector Suppor t� 

I NDUSTRY TRENDS . . . . . 

I SSUES AND OPPORTUNI TIES 

LITERATURE CITED 

1� 

2� 

3� 

3� 
4� 
6� 
6� 
9� 

10� 

10� 
14� 
15� 
15� 

15� 

15� 
16� 

20� 

20� 
21� 
21� 
22� 
24� 

26� 

26� 

29� 



I NTRODUCTION� 

The densified wood f ue l industry in the Lake States cons i s t s largely of small 
f i r ms t hat procure forest or mill residues, densify them i n t o pellets or 
b r ique t t es , and deliver t he r esul ting product for us e as fuel. Pellet 
producers make up the l arges t segment of the industry. Major mar kets for 
pellets are public schools, ins titutional users, and light commerce/industry. 
Briquett es, on the other hand, are sold mostly to homeowners, with some used 
in s chool s . 

In the Lake States region, densification of wood f or fuel began around 1979. 
With the help of government involvement and incentives, and with an 
inexpensive resource base, the Lake States ha s developed the largest 
concentration of densified wood fuel plants in the country . There are now 10 
dens i f i ca t i on operations in the Lake States . Production of fuel has ranged 
from 35 , 000 to 70 , 000 tons per year the past three years. 

An important factor i n the growth of the densified wood fuel industry was the 
rapidly inc r eas i ng pr i ce of liquid fuels from 1973 t o 1981 and the belief 
t ha t this trend would continue indefinitely . With the current (1987) low oil 
and ga s pr i ces, dens i f i ed fiber fuels are not as attractive to users as i n 
the r e cen t past. The resu l t is that t h e densifi ed wood fuel industry is 
h ighly competi t ive , with excess capaci t y and na r r ow profit margins. Demand 
for densif i ed wood f uels i s f l at and is likely t o continue so until there is 
a signifi cant i ncreas e in oil and gas prices. Because demand was expec t ed to 
grow, poten t i al marke t s were over e s t ima ted by many firms entering the 
bus i ness , resul t i ng i n overcapac i t y , pr i ce cu t t ing , and inadequate profits. 
A recent shake-up in t he industry can be l a r gely a t tributed t o inadequate 
profi t s due t o price cutting . 

This r eport documents t he h i stor y of the wood pellet and briquett e industry 
i n t he Lak e States r egi onl and ident i fi es problems and opp ortunities 
as s oc i a ted wi t h t his industry. I t empha s i zes the economic and policy 
env i r onmen t t hat r esu l t ed in s i gn i f i cant growth of the densified wood fuel 
industry i n the r egion , and explor e s characteristics of other regions of the 
country i n wh i ch t he r e has been little development of densified wood fuels . 

Thi s report i s intended as a p lanning and reference document for future 
producers and users of densified wood fuels. It also provides a description 
of the indus t r y for those not familiar with it. 

Included are : (1) a brief international and national history of the 
densified wood fuel industry, with emphasis on the Lake States region; (2) a 
des cr i p t i on of the marketing structure of the industry, and of government and 
pub l i c agency involvement; ( 3) an analysis of the economics of production and 
use; and (4 ) a discussion of new developments and problems facing the 
industry. 

Information for this s tudy was gathered through personal interviews, plant 
visits, telephone calls, and published and unpublished reports . 

lMinnesota, Wisconsin, Michigan 
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THE PRODUCT AND PROCESS 

The term biomass f ue l r efers to a wide va r ie t y of materials (Table 1 ). 
However, in most cases the term is used as a synonym for wood and bark 
residue fuels. The te r m densified biomass fuels usually refers t o wood and 
bark fuels that have been dried a nd compressed to increase t he i r density. 
Two important features di stinguish dens ified biomas s fuels f r om other biomass 
fuels: (1 ) low moisture con t en t , and (2) high bulk densi t y (10). 

Table 1. Common biomass fuels (10). 

Forest Agricultural Other 
whole tree chips grass animal manure 
cordwood s t r aw sewage s l udge 
mill residues co rn stover r efus ed-derived 

1) s awdust sunflowers fuels 
2) bark art ichokes 

bagasse 

Bi omas s f ue l s currently us ed in Minnes ot a are: 
1) whole t r ee ch ips 
2) s awdus t 
3) bark 
4 ) cordwood 
5) peat 
6) wood pe l le t s /brique t tes 
7) sunflower hulls 
8) sugarbeet s eeds 
9) co r n s talks 

10 ) mar i gold pe tals 
11 ) artichokes 
12) hay 
13) legume s 
14 ) oat hulls 

Green b i ofue l s have certai n di sadvan t age s , t he maj or ones be i ng high mois tur e 
co ntent, non - un i f or m s i ze, low bulk density, and l ow conv er sion e f f i c iency . 
Densifica t i on removes many of these disadvant a ges, thus reducing 
transportation and storage cost . Densification also r esults in cons i s t en t 
produc t dimens i ons, easier handling and s t ora ge , and more efficien t burning. 

Cur r ent l y , dens ified wood fuels in t he Lake Sta t es are made primarily from 
f orest industry r e s i dues generat ed at sawmi lls, secondary manufacture r s, and 
pulpwood ch i pp i ng plants. Sawdust, bark, and other t r i m wa s t e make up most 
of the residues us ed (1 ) . One producer of pellets in Minne s ota us es whole 
t r ee chips in t he pelletizing process (16 ) . 

Both pelle t s and br i quet tes are produced in Minnesota. A f ue l pe l l e t 
r esembles an animal feed pellet with t he d iame t er f rom 3/8" t o 7/ 8" and the 
length from 1/ 2" t o 1 - 1/ 2". The briquette product is abou t 3 inches in 
diameter and range s in length fr om l 2-inch "logs" t o 3- i nch or thinner 
br i quettes. 
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The densifi ca t i on process f or wood r esidues involves five major steps: 

Col l ec t i on . In t he ear l y year s of the densified wood fuel industry much of 
the residue was from wood p i l e s which were several years old. Because this 
reserve has been consumed, f r esh residues are now more typically used. 
Today, mo s t plants utilize res i due s (bark, sawdust, shav i ngs, chips, and 
other was t e s craps) generated by a nearby sawmill operation . 

Particle size r eduction. Hammermills, hogs, or chippers are used to reduce 
r es i dues t o par tic l es approximately the size of sawdust . 

Drying. Rotary drum dryers, of t en fired by wood wastes, dry residues to a 
moisture content of approximately 10 to 18 percent. The energy for drying is 
typically ob tained by burning dry f ines in a suspension burner (1 ) . 

Densifi cation. Wo od fuel s are shaped by loading r esidues into a pellet or 
log ext r uder. The material is compres s ed and forced through a die the 
diame t e r of the i ntended product . The r e are s ever a l t heor ie s r elating to the 
s elf bo nding of wood be twe en adjacent particles of biomass . The most 
approp r iate one s are bonds formed due t o thermal soft ening of lignin and 
ot he r phenolics, hydrogen bonds, and polar bonds (11). 

Pellet s are usually manufac t ur ed by continuously f eed i ng and fo r c ing 
compres s ed f eedstock against the face of a hard steel die perforated with a 
dense a r ray of holes. The pressure results in ex t r us i on of densified 
pelle ts. The maximum pr oduction r a t e of one pellet machine i s approximately 
five tons per hour. 

Br i que ttes are t yp i ca l l y produced by t he Hausmann method, deve l oped i n 
Swi t ze r l and and known in Europe as the Gl omera press method . In this process 
t he r es i due i s partially compac t ed while being fed ver t i ca l l y by a s crew 
auge r i nto a chambe r . A horizontal reciprocating r am f orces the material 
t hrough a d i e wher e a log or briquet t e is formed, depending on the t ype of 
die us ed (11). The max imum produc t i on rate of one b r i quett i ng machine i s 
appr oximately 1 . 5 t ons pe r hour . 

Screening and cooling . The final product i s s c r eened t o remove undes irable 
fine s and i s also cooled pr i or to storage. 

HISTORY 

Early Development s 

Densifi ed wood fue l development da t es back to 1864, when a u.s. patent was 
ob t a i ned t o mix sawdust, wood ch i ps , and other similar materials, and to then 
subj ec t t he f eeds t ock t o heat and pressure in a mold, resulting in a fuel 
pellet (31 ). 

Wood briquet tes have been us ed in t he United States for at l east 75 years. 
They we r e originally made of wood residues compacted between the faces of 
ro l l e r bearings. One of the best known fuel logs in the United States, the 
"Pres- t o-Log," was fi r s t produced around 1933 with a machine developed by 
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Wood -Briquette s I nc . , i n Lewi ston , Idaho . This ma ch i ne was po pular with wood 
pr oduc t s firms look ing f or a way t o u tilize wood r es i due s p ro f i t ably. t he 
l ogs wer e s ol d primar i l y as a recreational fue l fo r campi ng and f ireplaces 
(11 ) . 

I n 1961 , Spr out -Wa ldr on & Co. , a manuf ac tur er of agricul t ural feed pelle t 
machines, began producing bark pe l lets i n Knoxvi l l e , Tenn . Th i s produc t was 
designed t o be burned wi t h co al (13 ). 

Recent Act i v i ty i n t he United St a t e s 

Many attemp t s t o deve lop wood densif icat i on plan t s were made acros s the 
country i n t he 1960s and 1970s , with li t t l e s uccess due t o low economic 
f ea s i b i l i ty . Then in 1977 a pi l ot pl ant wa s bui l t i n Brownsvi l l e , Ore . 
uti liz i ng t he pa t en t ed "Woodex " pelle t i z i ng pr ocess . 

Fol l owing t he Woodex p l an t was the Wes t e r n Power Co. pe l l et mi l l in Burney , 
Calif. I t went i nto operation in 1978 and markets were es t ablished in 
norther n Californ i a and southern Oregon. Raw mat er i a l shortages in 1982 , due 
to curtai lme nt of mi ll operat ions i n t he Burney area, brought about a 
dec i s i on to c lose t he plant . Othe r companies t hat constructed pel l e t plants 
were Biomas s Energy Corp. in t he eas t ern Uni ted States , Guaranty Fuels in the 
southern Uni t ed States and Minnesota, and various plants in the western 
United States ( 3) . Int e r es t in b ioma s s densification grew i n t he early 
1980s . dur i ng t he pas t decade over 30 p l an t s have operated in t he United 
States and Canada. Many of t hese have since closed (Table 2). 

Tab le 2 . Recent producers of densifi ed wood fuels no t operating in November 
1986 . 

Woodex, Brownsvi l le, Ore.� 
For est Fuels Inc. , Medford , Ore.� 
Wes tern Power Co ., Burney, Ca l i f .� 
Day Resour ce s , Sand Point , I dah o .� 
Bi omas s Ener gy Corp. , For t Fa i r f i eld , Maine.� 
Biomass Ene r gy Corp. , Li ncol n , Maine .� 
Guaranty Fue ls , Gol dston, N.C.� 
Guaranty Fuels, Clevel and , N.C .� 
Guar anty Fue ls, Br i s t ol , Fl .� 
Gua r anty Fuels , St i l lwa ter , Mi nn .� 
Blackduck Pr e s sed Wood Pr oduc t s , Bl ackduck , Mi nn.� 

1American Bi o - energy , Gi l be r t , Minn .� 
Nor t he r n Bio -fue l s , Cr osby, Mi nn .� 
Cole Fores t Products , Grand Rap i ds , Minn .� 
Snowy Range Wood Produc ts, La r ami e , Wyo .� 
Danridge Pe l le t Fuels I nc . , Da nr i dge, Tenn .� 
Spr out -Wa l dr on & Co . , Knoxv i l le, Tenn .� 
Phoenix Cor p . , Shawano , Wi s .� 
Bemi dj i Fiber Fue l s I nc . , Bemidj i , Mi nn .� 

Former Aspenol p lant. I 



5 

I t i s int eresting to not e that s t a t e s such as Oregon, Geor g i a , and North 
Car o l i na , wh i ch have had strong state-encouraged wood ene r gy programs, all 
lack a s i gn i f i c ant densi fied wood fuel industry. The emphasis in these 
s tat es has been on gr een wood r e sidue fuels. This appea r s t o be because the 
wood- f uel using i ndus t ry is made up of large energy users, and because stat e 
programs did no t emphasize densified fuels. 

Montana and Oregon each currently has two pellet plants in operation, and the 
northeas t ern r egion has one or two plants. The number of operating plants in 
any ar ea ha s f luc t uat ed frequently with closings and reopenings. This points 
t o t he fac t tha t t he densified wood fuel industry is both very c ompe t i t i ve 
and immatur e. Figure 1 shows densified wood pellet and briquette plants 
oper a t ing in the United State s as of November 1986. 

N.04K 

504"­

WVQ 

NCBR. 

CO L 

NHfX. 

A - Briquettes 

. - Pellets 

Figure 1. Densi f i ed wood pe l l et and briquette p l an t s operating in North 
America (Novembe r 1986) . 
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Recent Acti vity i n Ot her Countr ies 

Canada cur r en t l y has t h r ee pe lle t plan t s i n operat i on . They a re owned by t he 
Shell Oi l Company and we r e bui l t at a cos t of about $5 mi l l ion (Canadi an) per 
p lant. Constructi on was subs i di zed by t he Canadi an gover nmen t through its 
For es t I ndus t r y Renewab l e Ene rgy Pr ogr am ( $288 mi l l ion Canadian) (2 1 ) . 

Raw mate r i al f or Canadian pe l let mill s i s sawmi l l waste pur cha s ed from 
neighb oring mills. The pellets a r e sh i pped prima r i l y t o paper mills , and 
a l so t he h eat i ng ma r kets of s ou t hern Ont a r i o and nort heaste r n Un i ted Stat es 
(3). I t i s i nter es t i ng t hat the prima r y mar ke t , the paper mi l l industry , 
us es l arge quan t i t ies of ene r gy - - a marke t no t gener al ly be lieved in t he 
Un i t ed Stat es to be wel l s u i ted t o wood pelle t s. I n addition to s e rving a 
diffe r ent mar ke t , Canadi an pe l l et plant s ar e l ar ger t han U.S. plants . 

Current l y t he r e does not appear t o be much deve lopment of dens i fi e d wood 
fuel s in co un t r i e s othe r than t he Un ited States and Canada . One maj or reason 
is that mos t deve l ope d countries do no t have an inexpens i ve s uppl y of wood 
waste . Biomass dens ification plants i n Europe l a r ge l y use agr i cultural and 
paper waste. 

Recent Acti vity i n the Lake States 

Dur i ng t he middle 197 0s , fo s si l fue l pr i c es r os e dramatical ly due to the Arab 
o i l embar go . Th i s s itua t ion led to increased use of wood fo r energy, and set 
t he s t age for densified wood f uels . 

The densified wood f ue l industry i n the Lake States is relatively new , 
starting production i n 1979 (Table 3) . Today , the area con t a i ns the larges t 
concentration of high-capac i ty wood densification plants in the wor ld (F i gu r e 
2 ) . 

Just why i s the Lake States r egi on a l eade r i n the production of densified 
fuels? This probably can be attributed to a number of factors , including: 

1) Minnes ota i mports a l most a l l i t s fue l . A des ire by state 
po licymakers to lower this dependence ha s led to interest in 
a l ter native f uels and a pu sh f or l egi sla t i on that pr ov ided incentives 
for fue l conve r sions and produc tion . 

2) The regi on has an avai l able abundance of inexpens ive wood res idues. 

3) The private 
production. 

s ec tor is wi l ling t o i nvest capital i n de ns ifi ed f ue l 

4 ) Hi gh winter space -heat i ng 
f ue l . 

cos ts encourages us ers t o seek a l t ernative 

5)� Oi l shor t age s i n s ome parts of t he regi on du r i ng t he early years of 
t he energy cr is is made us e r s uncer tain of t he s upply of conventional 
f ue l s . 

6)� Seve r a l ke y indiv i dual s from t he i ndus t r y have aggress ive ly promoted 
wood f ue l s and deve l oped marke t s . 
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7)� It was cheaper to convert existing boiler systems t o use densified 
fuels than to install new sys t ems using green fuels. 

Although there is a significant densified fuel industry in the region, it has 
suffered se tbacks and r everses. In the early yea r s , errors typical of a new 
industry were made: (1) insufficient analysis of the markets; (2) poor 
selection of equipment; and (3) faulty plant engineering. In recent years 
the marketplace has become highly competitive due to exces s capacity. Price 
cutting has become commonplace and poor profit margins have resulted in the 
closing of several plants. Price cutting has also led to a reduction in 
product quality as f i r ms have attempted to reduce costs in order to compete. 

Very recently, excess capacity problems have been reduced due to the closing 
of several large pellet plants. Prices have stabilized and an effort has 
begun to produce a higher quality product . 

• • 
MINN. 

A 

WI~. 

• - Pellets 

A - Br i qu e t t e s 

Figure 2. Densified wood pellet and briquette plants in the Lake St a t es 
(November 1986). 

The Aspen Fibre Corporation plant in Marcell, Minn. was the first pelletizing 
plant t o go into operation in the Lake States. The corporation was 
e s t ab l i shed on April 3 , 1977. A financing package was completed in late 
1978, and cons truc t i on began in Apri l 19 79 . The processing plant c arne on 
line i n December 1979 , and began regular production in April 1980. That 
plant was constructed at a cost of approximately $2 million. Most of the 
equipment was ob t a i ned from an alfalfa pelletizing plant in Graston, Minn. 
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Tab l e 3. Chronol ogy of t h e development of dens i f i ed wood f ue ls in t he Lake 
St a t es . 

1977 
*As pe n Fi br e Cor p. es tabl i shed. 

1979 
*Mi nn es ot a Coa l Conf erence pushes fo r the us e of wood f or ene r gy . 
*Sti l l wate r pe lle t plant r eady f or produc tion . 
*Aspen Fi br e be gins produc tion of wood pelle t s. 
*Moun t ain I ron , Minn. hea t i ng fac i l ity i s Aspen Fibre's f i rs t customer. 
*Lapor t e, Mi nn . school is t he f i rst school t o us e pelle t s. 

1980 
*S t i l 1wat e r , Minn . pe l l e t plant closes . 
*St . J os eph and McGr egor, Minn . schools begin us ing pe l lets. 

1981 
*Aspenol, Inc . purcha s e s St i l l wa t e r plan t and moves i t to Gi l bert, Minn . 

I t a lso r e t r ofi t s an agr i cul tur al pe l l e t i z ing plant in Thie f Ri ve r 
Fa lls t o us e wood . Financ i a l pr ob l ems i dle t he co mpany 's p l ants. 

1982 
*For est Fue ls Cor p. opens a pellet plant i n Ino , Wis . 
*Co1e Fores t Pr oduc t s begi ns produc t i on of wood b r iquettes. 
*Dur kee Manufacturing pr oduces wood bri quettes. 
*Mi nnesota 's I r on Range Res our ce s and Rehab i l i t a t i on Board ( IRRRB) make s 

money ava i l abl e fo r he a t i ng convers i ons . 
*F iber Fue ls I nstitu t e i s estab l ish ed to pr omot e use of al l b i omas s 

f ue ls in Mi nneso t a . 
1983 

*Legis1ation is passed i n Minnesota to permit t h i r d -par t y financing of 
s t a t e f ac il i t y hea t i ng sys t ems for f iber f uel conversions. 

*Bl ackduck Pr es s ed Wood Products begins making briquettes. 
*Ame r ican Bio -energy , I nc. purchases Aspeno1 plant at Gi lber t and goes 

i nto pr oduct i on. 
*Northern Bi o- f ue l s bui l ds pelletizing plant i n Crosby, Minn . 

1984 
*U.P . Bio -ener gy reopens a pe l let plant i n Menominee, Mich . 
*B1ackduck Pressed Wood Produc ts closes. 
*Cole For e s t Produc ts closes br i quette oper ation. 
*Rapid River Grain & Seed Co. in Baudette , Minn. begins producing wood 

pe l l e ts . 
1986 

*Gas and oi l pr ices begi n a dramatic s lide . The price advantage pe l l e t s 
and br i que t t e s once had no l onger exists. 

*Northe r n Bi o - fue1s c loses due to fire. 
*Amer ican Bio - energy closes due to r es i due quali ty and supp ly problem. 
*A1t e rna t ive Fuel Corp . opens pe l le t operation i n Plymout h, Minn . us i ng 

was t e pape r . 
*Dynami c Re sour c es opens wood pe l let p l an t i n Bagl ey , Mi nn . 
*Maus t Fiber Fue l begins produc tion of f irepl ace l ogs in Preston , Mi nn . 
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About 1975 the oper ator s of t he sawmi l l adj acent t o the futur e s i t e of Aspen 
Fi br e shut down their t epee burners because of a i r pollution problems ; 
cons equen t l y , an outlet f or di s po sal of mill residues was needed. At that 
same time the r e was a hay shortage due to a drought. This led to the idea of 
using the wood r esidues fo r cat t l e -feed pellets . Aspen Fibre worked in 
co nj unc t i on wi t h the Minneso ta Department of Nat ural Resources (DNR) , the 
University of Sou t h Dakota, the University of Minnesota, and Ca r gi l l Corp . in 
developing pe l le t i zed ani ma l feed . In 1977 the bottom fell out of that 
marke t due t o l ower co sts of conventional feed . The company then decided to 
pl ace t he marketing emphas is on pellets as fue l for heat ing ( 28). The f i r s t 
wood f ue l customer of Aspen Fibre Corporation was the heating plant for the 
town of Moun t a i n Iron, Minn. It conver t ed from coal to pellets to meet air 
quali t y standards. 

In 1979 , a pellet plant was built by Guaranty Fuels in Stillwater, Minn . The 
plan t was designed to utilize chips from diseased elms and supply the 
St i l lwa t er State Pris on wi t h pel l e t s for heat. Al l egedl y due to residue 
supply di f f icu l t i e s , the plan t fa i led (2 9). Nevertheless, the e f f or t did 
s e r ve t o f ur t he r the dens ified fuels i ndus t ry . The cons t r uct i on of the 
St i l lwa t er pl an t along wi t h promotion of the idea by t h e Minnesot a DNR 
c reat ed i nteres t i n dens i f i ca t i on and he l ped s et t he s t age f or exp ans i on of 
t he indus try . 

The maj or push f or dens i fied wood f uel us e in Mi nne s ot a , l ed by As pen Fibre , 
came in t he fall of 1980 . Coal -us i ng schools wer e targe t ed first, because 
t hose institut i ons d i dn ' t requ i red ex tens i ve conve r s i ons . The i ndus t r y also 
targe t ed o i l -bur n i ng ins t i t u t i ons , which wou l d r equ i r e co nversions of t he 
bo i l e r sys t em. Sta t e programs pr ovidi ng loans t o s chool d i str ic t s f or energy 
co nver sion to fibe r fuels helped accelerate t he conversion to f i be r f uels. 

The major reasons tha t s chools co nve r t ed t o dens i f i ed fue ls a re : 

1 . fuel costs were reduced; 
2 . densified f uels provided an alte r na t i ve t o o i l , ga s , and coal ; 
3. dens ified f uels r epr es en t ed a na t ur al renewable resource ; 
4 . de ns ified fuel us e provided i n - s t a t e employment; 
5 . t here wa s po l itica l pre s sur e t o co nver t; and 
6 . t he r e was qui ck payback on wood fue l sys tems . 

Beginning in 1980 , a number of dens i f i ca tion oper at i ons wen t i n t o bus ines s. 
In 1982 and 1983 , s i x new pl ant s were bu i l t in Minneso ta and Wi s cons i n . By 
1984 , however , f our of t hese six new operat ions were no l onger in production . 

Fi ber Fue l s I ns t i t ut e 

I n Decembe r 1982 the Fi be r Fue l s I ns t i t u t e (FFI) was e s t ab l i sh ed . It s oon 
became one of t he dr i ving forces i n promot i ng t he us e of fiber f ue l s in the 
Lake States . Its main purpos e i s t o promot e t he pr oduc t i on and us e of wood , 
agr icul tural residues, and pea t to r ep l ace o i l , gas , and coa l . 

FFI staf f and offi ce rs h ave wor ked c lose l y with legis l a t ors and gove r nmen t 
agency pe r s onne l . Thus , t he i ns ti t ute has s uccessful ly assis ted i n fo r mi ng 
pub l i c pol i cy , encouragi ng pub l i c par tic i pa tion in t he continui ng deve l opment 
of t he i ndus try , and impl ement ing pub l i c wood- energy progr ams . 



10� 

The� objec t ive s of FFI have been t o: 

1 .� p r omo te i ncr eas e d ma r kets f or fibe r fue l s ; 
2 .� educa t e busines s manage r s, i ns ti tutional director s, and h omeowne r s 

about fibe r fue l s ; 
3.� provi de a f or um f or the exchange of technical i n f or mat i on with i n t he 

i ndustr y ; and 
4 .� e s t abl i s h and publish s t anda r ds f or f i be r f ue ls ( 5). 

Pas t ac t ivities of t he FFI i nclude : 

1 .� deve l opmen t of qua li t y and performance standards and specificat ions 
f or f i ber f ue l s; 

2.� c ol l ection and dissemi nation of s t a t e gover nmen t pub l i c pol icy 
do cumen t s re l a ted t o t he b i omass energy i ndus t r y ; 

3.� r e s earch on acti v i t ies pe r t a i ni ng to t he i n tens i ve produc tion of 
woody b i omas s mat erial ; 

4.� expans ion of mar ke t s in the a r ea of public l y owned and ope r a t ed 
f ac i lit i e s , pri nc i pa l l y in Mi nne so t a, through promot i on of 
l e gisla tion to encourage t he or de r ly conver sion of pub l ic fac i l i t i e s ; 
and 

5 .� s ponsor sh i p of a t r ade show i n t he summer of 1984 and s eve r a l 
techn i ca l conferences . 

The current membe r sh i p i n FFI i nc l udes owners and oper a tors of f ue l 
pr oduc tion pl an t s , mach inery and e quipment manuf ac t ur e r s , researcher s, energy 
sys tem engi nee r s, and gove rnment o f fici a l s . 

Es t ab l i shmen t of FFI was impor t ant to the i ndus t r y because i t educated 
pot en t i a l users , gave cred i bi l i t y to the i ndustry, and encouraged cooperation 
among f ue l proces s ors . Currently FFI i s much less active than i n t he pas t 
due to the poor economic condition of t he i ndustry. 

CURRENT STATUS OF THE INDUSTRY 

Industry Infrastructure 

Currently t here are 10 dens i fied wood fuel producers in the Lake States 
r eg i on and 10 pr oduc i ng plants e l sewhere in the country (Tab le 4) . The 
l a r ges t de nsified fue l pr oduce r s are the pellet manufacturers. I n Minnesota , 
pe l le ts compr i s e ove r 90 percent of the densi f ied wood f ue l vo lume so l d i n 
1985 (F i gur e 3). 
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Table 4 . Producers of densified wood fuels, (November 1986) . 

Pellet manufacturers 

1 . Modoc Lumber Co. , Klamath Falls, are . 
2. Bi o Shell of Canada, Hearst, ant . 
3 . Bio Shel l of Canada , I roquois , Onto 
4. Bi o She l l of Canada, Lac Megantic , Quebec . 
5. Green Mountain Pellet Co. , Gas s e t , Vt . 
6 . East Perry Lumber Co., Frohna, Mo . 
7 . Aspen Fibre Corp ., Marcell , Minn. 
8. Rapid River Companies, Baudette , Minn. 
9 . For est Fuels Corp ., Ino , Wis. 

110 . Northwest Pellet Mills, Brownsville, Ore . 
11. Ligne t i cs Inc., Sand Point , Idaho. 2 

12 . Mountain Ener gy , Livingston, Mont. 
13 . Bi tterroot Timbe r Produc t s , Darby, Mont . 
14. D. P . Bi o -energy, Menominee, Mich . 
15. Dynami c Re s our ces , Bagley , Minn . 

Briquette manufacturers 

16. Sonoco, Baker Di v ., Dur kee Pl an t , Pi ne River, Minn . 
17. Ferche Mil lwo r k I nc . , Rice, Mi nn . 

Fi r epl ace Logs 

18. Nage l Lumber Co. , Land-a - Lake s , Wi s . 
19 . Maust Fi be r Fuel I nc ., Pres t on , Mi nn . 

1. For mer Woode x plan t . 
2 . Former Day Res ources 

BRIQUETTES 5% 

PELLETS 95% 

Fi gure 3 . Pr oducts so l d by per c en t of t otal t onnage in Minneso ta dur i ng 1985 
(4,8, 14 , 16, 30) . 
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A maj or indicat or of the growth of the densified wood fuel industry is the 
number of furnaces conve r t ed from coa l , oil , or gas to wood pellets. The 
number of conversions in Minnesota has grown steadily since 1980, but is 
expected t o level of f and possibly decline in the near future due to lower 
oil and ga s prices (Figure 4). Production of pellets and briquettes gr ew 
steadily until the 1985-86 heating season (Figure 5) . Lower demand and the 
closing of s eve r a l densification operations that season caused approximately 
a 20 percent reduction in production. The apparent increase in conversions 
but decrease in densified wood fuel production is probably due to lower 
pe l l et use by larger users , but an increase in the number of new sma l l e r 
conversions. The figures are difficult to interpret, however, because the 
number of conversions is based on a calendar year while pelle t production is 
based on a heating season (October - March). 

Pellet and briquette manufacturers are quite different in their operations 
and business strategies. Pellet producers are character i zed by large 
production capac i t i e s , high capital investments, and free-standing 
ope r a t i ons . In contrast, b r i que t t e production is usually a side operation to 
uti lize wood waste, so production is much lower, and the capital expenditure 
for eq u i pmen t is l ess. 

Mos t pe l l e t plants have capac i t ies of 40 ,000 tons pe r year and h ave maximum 
de s i gn capac i t i e s of 5 tons per hour per machine , whereas br i que tte produce r s 
can only pr oduce ab ou t 1 . 5 t ons per hour , and most pr oduce less t han 3 , 000 
t ons pe r year (Tab l e 5). Br i quet t e p l ants typ i cal l y operate on l y one 
mach i ne . 

Table 6 de s c ribe s the produc ts manuf ac t ure d by compan ies listed i n Tab l e 5. 
Charac t er i s t i cs of pe l le t s and b r ique t t es a re s i mi l a r excep t f or s i ze and ash 
conten t. Br i quettes have a l owe r a s h con t en t , ma inly due t o t he u t i liza t i on 
of c lean r e s idues f r om secondary manufacturing ope r a t i ons . 
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Figure 4 . Cumula t i ve number of dens i f ied wood f ue l u s e r s i n Mi nne s ota 
( 22 , 23, 24 , 25). 
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Fi gure 5 . Tons of pellets and br i que t t es produced in Minnesota and Wisconsin 
( 2, 6 , 9) . 

Table 5 . Summar y of densif i ed wood fuel produce rs in the Lake States region 
(1 ,4 , 17 ,26 ,27 , 32 , 33) . 

- - - - -­ - - Producti on Leve l s -------­
(tons / yea r ) 

On- s i t e 
Maxi mum Current Exces s storage 

Plant capac ity (Nov. 186 ) capacity (tons) 

Aspen Fibre 40, 000 22 , 000 18 ,000 6, 200 

Nage l Lumber 15 , 000 

Durkee 2 ,500 2 , 000 500 1,000 

Rapid Ri ver 40,000 4,000 36 ,000 16,000 

Fer che Mill wor k 4 , 000 1,000 3,000 2 , 000 

D.P . Bi o- ener gy 125 , 000 5 ,000 

For es t Fue ls 36 ,000 18 ,000 18,000 3 ,400 

Dynami c Resources 20 , 000 10 ,000 10,000 200 

Maus t Fi be r Fuel 11, 000 11,000 0 2 ,000 
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Tab l e 6 . Pr oduc t desc r iption of dens i fi ed wood fuels produced i n t he Lake 
St a tes r e gi on (1 , 4 ,1 7, 26 ,2 7, 32 , 33) . 

Plan t Type Size Btu/lb Ash % Mois t ur e % Bulk Wt 
dia .x 1 !CF <lb ) 

Asp en Fi br e Pe l l e t� 3/8" x 8 ,100 3 <10 40 
3/4" 

Durke e Brique tte� 3" x 8 , 900 .55 7.5 50� 
3" -5 "� 

Rapi d Ri ver Pel l et� 1/ 4" x 7, 800 1 <10 42 
3/ 4" 

Ferche Br i que tte� 3. 5" x 8,200 . 32 5. 8 55 
1" - 5" 

D. P . Bi o - ene r gy Pe llet� 3/ 8" x 8 , 800 3 5 .0 35 
1 . 5" 

Fores t Fue ls Pe l l e t� 3/8" x 8,100 4 4 -6 38 
3/4" 

Nag e l Lumbe r Br ique t t e� 3, 6" x 8 ,000 2.2 10 55 
4 " -12" 

Dynamic Res ource s Pelle t� 3/8" x 8, 500 2,8 7 40 
3/4" 

Maus t Fi ber Fue l Log� 3.5 " x 9 , 100 ,5 8 55 
12" 

Marketing str a tegies differ s omewhat be t ween pe l let and briquette pr oduce r s , 
Since most pe llet producers produce on ly pel l ets , t hey must obtain a profit 
from the sale of pe l le t s to continue operating. Their main goals are to make 
a pr of i t and mi n imi z e pe r -uni t costs through market expan ion . In contrast , 
briquette producers utilize residues from t heir primary manuf ac t ur i ng 
operations that otherwise would be l andf il l ed or hau l ed away. The pr imary 
goal of the b r i quette producers has been to e liminate the cost of dispos i ng 
of residues, and to make a profit if possible . Br i quet t e manufac turing is 
not the main busine s s of these firms, and its contr i bution to profits of the 
f i rm i s not gene r al l y critical to t he viabi l ity of t he company. 

Expected Product Demand 

Current densi fi ed wood fue l demand in Minnesota is ap proximate ly 36 ,000 
t ons/year (8). As sta ted earlier, t his demand is expected to be l evel or 
even dec l i ne s l i gh t l y f or the next several years because of l ow price s f or 
o i l and gas . Also , competition from a l t ernat ive fue ls such as paper pe l l e t s, 
r e f us e - der i ved f ue l s (RDF) , and agr i cul t ura l pelle ts is l i ke l y t o i n t ens ify . 
A sha r p i nc r ea s e in f ossi l fuel pr i ces will have to occur before p r oduc t 
demand wi l l i nc r ea s e . 
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Pr ic i ng 

Prev ious ly , pe l l e t and briquette pr~ c~ng benefited f rom the continuing upward 
spiral of f os s i l fue l cos t s. Pellet prices r ose f r om ap pr ox i mate l y $34 per 
t on in 1981 t o ove r $50 pe r ton i n 1986. I f oil and gas pr ice s r ema i n s t eady 
at 1986 l eve l s i t is unl ike ly t hat dens i f i ed f ue l produ cers wi l l be able to 
ob t a in higher pr ices for t he i r pr oduc t . Cur r en t pr i ces l eave a very t h i n 
p r ofi t margi n , and continuat ion of r ecent price cu t t i ng may l ead to l ower 
qua l i t y pe l le ts and mor e plan t c los ings . I f t he dens i f i ed wood f ue l i ndus t r y 
i s t o enj oy l ong -ter m hea l t h, s e l l ing prices wil l have t o i nc r ea se i n 
re l a t i on t o produc t ion cos ts. 

Transport ation Me t hods and Cos t s 

Each mill i s di f ferent i n i t s pr ocur emen t and distribu t i on me t hods. In s ome 
ca ses f eeds t ock i s ob tained f r om adj acent manufac t uring f a c i l i t i es . In ot her 
cas e s s awmills or i nde pendent t r ucke r s br ing in the feedstock . Ot he r 
producer s pick up r esidues using the i r own trucks. 

The de livery pr oc ess for de ns i f ied wood fue l pr oducts also va r i e s f r om 
produce r to produc er . Some buye r s haul t he i r own f ue l, but i n mo s t cas es 
pr oduc i ng plants wi l l pr ov i de contrac t t r uc king t o de l i ver pr oce s s ed f ue l . 
Transpor t a t i on cos t s are about $1. 60 t o $1 . 85 per loaded mi l e . Thus , for a 
24 - ton l oa d , t he aver a ge cos t i s $0 .07 pe r t on pe r mi l e . Fue l sal es 
contrac t s are usually bas ed on a hea ting s eason and are r enegoti ated every 
year. 

ECONOMICS OF USE AND PRODUCTION 

Economics of Use 

Fuel costs . The ma i n r eason peopl e use densified f ue l s i s the cos t s avings 
over alternative f ue ls. Si nce solid fue l s such as pellets a r e l e ss 
convenient than oi l or gas , there must be a cost s av i ngs ove r these other 
fuels to develop a ma r ke t . Thus , one of t he keys to a succe s s f ul dens i f i ed 
f ue l business is to maint ain a cost -competitive advan t age over o t he r fuels . 

Fuels cannot be co mpared on a cos t pe r ton basis , bu t r a t her on t he basis of 
cost per unit of del ivered hea t value . The best co mpar ison is on a cost per 
mi l l i on Btu basis , taking i nto conside r at ion hea t co ntent and over a ll 
efficiency of the co mbustion system (Tab l e 7) . 

Since J anua r y 1986 f ue l oil and gas pr ice s have dr opp ed sha r p l y . This ha s 
nar r owed the cos t advantage of wood pe l lets over l i qu i d fue l s , making i t 
d i f f i cu l t to expand t he demand for de ns i f i ed f ue l . 

Densified wood f ue l has been attractive i n the pas t becaus e it has been 
cheaper t han liquid f uels , i s cleaner burning t han coal, pr ovides rapid 
paybacks on furnace retrofits, and i s a l ocal s our ce of ene r gy . 
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Table 7 . Typical costs of various heating fuels in Minnesota (March 1987). 
Cos t /MM 

Fuel Cost Heat Content Efficiencyl Btu 

Green wood chips $15/ton 4 , 250 Btu/lb 65% $2 . 71 
Densified wood $50/ton 8,000 Btu/lb 78% $4 .00 
Coal $45/ton 9 , 000 Btu/lb 75% $3 . 33 
Nat ural gas $4/mcf 1,000 Btu/ cuft 80% $5 . 00 
#2 Oil $.50/gal 138 ,000 Btu/gal 80% $4.53 
1 Typ ica l effic i ency f or combus tion sys t ems ; will vary widely . 

Equipment costs. The economi c feasibility of using densified wood fuels 
depends not only on fuel cost, but also on capital investment and operating 
costs . For residential heat ing, a densified fuel heating system is 
r e l a t i ve ly simple , being similar t o a stoker-fed coa l system. But for 
i ns t a l l a t i ons calling f or large ene r gy output , dens ified wood fuel systems 
can be complex and c os t ly . Equipment r equired for t he us e of densified wood 
f ue ls includes handling and s t or age equipment , con t r o l systems, pollution 
abatement equipment, and energy convers i on equipment . 

Densi f i ed wood fuel systems have higher cap i t a l i nves t ment requirement s 
(excep t r etr of i t s ) and opera ting costs than nat ural ga s or fuel oil systems. 
Therefore, sufficient sav i ngs must be obtained from t he lower cost of pellets 
t o a l low a reasonable r eturn on the capital inves t men t (2 0). 

Costs Re lative t o Gr een Fuel s. The rela t i ve economics of pe l lets and green 
wood fue ls must also be cons idered. Often the mos t r e liable and economic 
wood-using sys t ems f or indus t rial f irms us i ng proces s energy are gr een fue l 
sys t ems ( 8) . A repor t by St ek l enski and Haygreen (3 4 ) provides a de t a i led 
ana lysi s of the costs of ene r gy from pelle t and green fuel systems. 

The pr ice diff erent i al betwe en pellets and ch i ps i s t he major f actor 
de t er mi n i ng the cos t compe t i t iveness be t ween green chip and densified wood 
fuel energy systems. Green fuel systems gener a l l y r equ i r e a higher c ap i t a l 
i nves t ment f or co mbus tion systems, but the l ower price per mi llion Bt us of 
fuel of ten makes it a more economi ca l alternative . La r ge r wood energy 
sys t ems have l ower delivered energy costs than small sys tems because the 
lar ge r pr oc ess heat sys tems operate a greater number of hours per yea r , may 
operate near s ys t em capac i t y and can take advantage of economies of s cale. 
Thes e f ac t or s r esult in l owe r co st of capital r ecovery per unit of de l i ver ed 
ene r gy. 

Economics of Product i on 

Densification of wood f ue l s requires labor, cap i t a l , and energy. the 
processing requ ired increases the cost of densified wood fuel considerably 
over that of nondensified fiber fuels . The U.S . Office of Technology 
As s e ssment (3 6) appr ox i ma t ed the manufacturing cost co mponents of wood 
pellets (Figure 6) . Assuming tha t the green feeds tock price is $15 per t on 
($2 . 00/ mi l l i on Btu) and that 14% of the feedstock i s consumed to provide the 
energy to dry the feedstock , pe l l e ts cost abou t $46 per ton ($ 2 .90/million 
Btu) to produce . 
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OPERATION & MAINT ENANCE 13% 

PROCESS (14%) FlEL ~'~II~ 
CAPIT AL 12 % 

WOOD FEEDSTOCK COST OF RAW MATERIAL IRESIDLEJ� 
161%)� ($1 5/green ton)� 

75%� 

Fi gur e 6 . Cost sha r es of wood pe l l e t s ( 36) . 

The economics of produc t i on i s very s ite - and t i me - sens i t i v e , depending on 
the part icular f ee ds tock, marke t , and general economic cond i t i ons . Cos t 
f ac tor s affecting the c omme r c i a l f easib i li t y inc lude the initial cap i t a l 
investment , type of f eeds tock , operat ion and maintenance cos t , and 
t r ans por t a tion cos t ( 20). 

Residue cos t s have t he s tronges t i nfl uence on the pr odu c t i on cost of pel l ets, 
whereas var iations in capital i nves t ment only a f f ec t the selling pr i ce 
approx imate l y 5% to 15% (35 ) . The l eas t cos t ly f eeds t oc k i s mill res i due 
ob t a i ned from primary wood processors , currently availab l e f or approxi ma t e l y 
$0 t o $10 per green ton plus transportat ion co s t s . The higher cos t of 
l ogging residue and whole - t r e e chips ($ 12 to $25 per green ton ) makes t hes e 
f eedstoc ks l e ss des irab l e . 

Transportation costs can have a s i gni f i cant i mpact on t ot a l cos ts due to t he 
l ow ene r gy dens i t y of the b i omas s f eedstock and t he l arge v ol ume r equ i r e d . 
Shi pping costs pe r mi l e for a densified f ue l product are about h alf of t ha t 
f or r aw fee ds tock . 

Ope ration and maintenance costs i nclude ge neral and s pec i a l i zed labor, energy 
costs , and machinery par t s and s uppl ies . Ene r gy costs f or dens i f i ca t ion 
depend on moi s t ur e cont en t , s ize and t ype of f eeds t ock , and the s pecif ic 
pr oduc t i on proces s and equ ipmen t used. 

Pr oduct i on vo l ume sharply affec t s over a l l co nve r s i on c os ts pe r t on sinc e many 
of the co s ts are f i xed r a the r than va r i ab l e (1 6) . 

Several feasibi l ity studies have f ocus ed upon t he produc t i on of pe l l e ts i n 
t he Lake States regi on . A repor t pr epared by the Arr owhead Regi onal 
Development Commission (ARDC) (1 ) c ited a Mi nnesota DNRjU. S. For est Servi ce 
r ep or t t hat estimated the pr oduc t i on cos t s of wood f uel pe l l e t s . That r eport 
us ed 1979 co st figures provided by t hree pe l l e t p l ants i n Tennesse e , Vermont , 
and Minnesota . Also r epor t ed in t he ARDC paper we r e 1983 es t i ma ted costs 
provided by r e gi onal pel l e t pr oducers . Cur rent costs would be highe r du e t o 
i n f l a t i on . Tab l e s 8 and 9 summar ize both es t i mate s . 
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Tab l e 8 . Estimated production cost per f inished ton of pelle t s ( excluding 
raw material costs) (1). 

Item 
Utilities, elec t r i c 
Utilities, furnace, fuel oil 
Maintenance 
Labor 
General/Adminis tration 
Depreciation & interest 

MDNR!FS (1979) 
$4 . 60 

3.00 
4. 41 
2 . 48 

Producers ( 1983) 
$5.50 

3. 00 
8.00 
6 . 50 
3 . 00 

12. 80 

Total Produc t ion Cost $17 .37 $38.00 

Table 9 . Estimate of delivered selling price (feeds t ock , producti on, and 
delivery costs) per finished ton of pellets (1). 

Item 
Raw material 
Produc t i on co s t 

Total break - even 
12% mar gin 

Pellet ~rice F.O.B. 
Freight 

co s t 

mill 

MDNR!FS (1 979) 
$18 . 70 

17 . 37 
36 . 09 

4 . 33 
40 . 42 

5 . 28 

Producers (198 3) 
$14 . 50 

38.00 
52.50 

6. 30 
58. 80 

5. 28 

De l i ve r ed s e lling p r i ce $45. 70 $64 . 08 

1 80 mi l es at $1.65/mile i n 25 - ton van . 

I n 1977 an engi neering and economi c analysi s of a wood pel le t plan t was done 
for t he Koochiching-Itasca Communi t y Action counc i l (15). Fi gures c ited in 
t he r epor t wer e bas ed upon co s t s at Aspen Fibre Corpora t i on and a t anothe r 
plan t t ha t produc ed a l falfa pe l l e t s . Tha t information wa s used in es t i mat i ng 
the produc tion cos t s of pel l e t s produced i n ot her new plant s a s suming a level 
of i nve s tment of $1. 1 mi l l i on . Monthl y ope r ating co s t estima t e s a t three 
pr oduc t i on levels can be found in Table 10. 

The 1977 f i ndi ngs should be i n terpre t ed caut i ous l y bec aus e the Aspen Fib r e 
plan t ha s s ome unique co ndi t ions. Use d equipmen t was ut i l ized i n 
constructi on; f urther mor e , adminis trative costs a r e shared with t he adjacent 
sawmi l l (15). Used equ i pmen t might reduce cap i t a l inv e s tment s and t he r eby 
lower t he cos t pe r ton of fin i shed pelle t s . Howeve r, main t enanc e cos t s may 
be h i gher with s uc h equ i pment. 
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Table 10 . Month ly operating cos t es t ima t e s f or wood pelle t p l ant at t hr ee 
production l eve ls (1977 dol l a r s ) (15) . 

PRODUCTI ON LEVEL (tons/day) 
65 105 135 

(l sh ift ) ( 2 sh i f t s ) (3 sh ift s) 
OPERATING COSTS 

Lab or & over head $ 3, 600 $ 5, 500 $ 7 ,880 
Administra tive wage s 5 , 200 5 ,800 6 ,200 
Deprec iation 13, 100 13 , 100 13 , 100 
I nteres t 6 ,000 6 , 000 6 , 000 
I ns urance 2 ,200 2,200 2 , 200 
Power 1 , 320 1 ,900 2 , 400 
Pr ope r t y t axes 292 292 292 
Office rent & suppl i e s 175 175 175 
Te l ephone 450 450 450 
Supplies & ma i n t enance 1 , 452 2 ,300 3 ,000 
Outside maint. services 198 320 400 
Tr ave l 200 200 200 
Le gal & account i ng 46 0 460 460 
Miscellaneous 553 890 1. 130 

Subtotal $35 , 200 $39 , 587 $43 ,887 

Cos t/ton 26.67 18 . 63 16 . 02 

Feedstock @ $15/ton 19 , 800 31,875 41,100 

Total costs 55,000 71 ,46 2 84 , 987 

Cost/ton $41. 67 $33. 63 $31. 02 

It should be kept in mi nd that data i n Tab l e s 8 , 9 , and 10 a r e i n 1977 , 19 79 , 
and 1983 do l l a rs and so may not reflect cur r ent co s t s of produc i ng wood 
pellets. Furthermore , some cost assumpt ions i n the 1977 report wer e based on 
alfalfa pellet production, which is l ess co stly t han wood pe l l e t produc tion. 
What this information does pr ovide is a general i de a of costs, t he equipment 
used , and percentage of the cost contributed by t he various cost co mponents. 

Another analys is has been done by Ene r gy Resour ce Sys t ems (7). Cos t data a r e 
also based on figures f rom a pell et p l ant in Mi nne s ota . Es t ima tes i n t h is 
study a r e expr essed i n 1986 dol l ars , and t hus give t he bes t i dea of what a 
new pe l l e t plant would cos t today . The cos t br eakdown i s as f ol l ows : 

Capital costs , inc ludi ng a hog , drier, fine gr i nder, mi ll(s ) , and cooler , 
woul d be $1 . 8 million f or a 100 t on/day plan t an d $3 mill i on fo r a 200 
ton/day p l ant . The p l an t would us e about 100 kwh/ t on (1 200 hp ) and have a 
max i mum capac i ty of 5 t ons /hr / mach ine . 
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Variable costs, including labor , mai n t enance, power , f ue l and r aw material a t 
$S/ton, would be $28 /ton . Two t ons of green feedstock is equa l to one ton 
dry product at 8% moisture con tent . Fifteen percent green f eeds t ock would be 
consumed a s dr yer fuel . 

Fixed costs (wi th plant capital costs at $1. 8MM), i nc l udi ng debt service, 
depr ec iat ion , administrative and office costs, and insurance would be $12 to 
$14/ t on. 

Total cos t s under t h i s scena r i o would be $40 to $42/ t on . As s umi ng 
transportat i on a t $0.08/ton/mile for 50 miles and 10 % profit, the s ale pr ice 
would be $SO.OO/ton . Any firm interested in densified wood fuel produc tion 
should conduct a t hor ough economic feasibility study s i nce variables such as 
method of r ecove r ing capital , cos t of l abor , and cost of raw materials a r e 
h i gh l y operation- and site- s pecific. 

MARKETING 

Pr esen t Situa t i on 

The de ns i f i ed wood f ue l industry to this da t e ha s had a strong produc tion, 
rathe r than marke t i ng, or ientation. As a r es ult, marke ting research and 
deve l opmen t has not received as much empha s i s as mi gh t have been desirable 
fo r a new industry att empting to penetra t e a ma r ket domi nat ed by large, well ­
f i nanced firms, altho ugh a f ew f irms di d l aunch marke t i ng efforts . Ma r ket 
planning wa s not s t r ong dur i ng t he s t a r t- up of t he industr y and many 
ent r epreneur s overestima ted t he numbe r of pot en t i a l cus tome r s. 

Cur r en t ly , no pe l let manuf acturing company i n the Lake Sta tes ha s a f u l l -time 
s a l es pers on , and s ome h ave no s a les s t aff . The r e is a de f i nite need for a 
wel l - organiz ed ma r ke ting eff or t fo r the i ndus try as we l l as f or indi vidual 
fi r ms . 

Produc t i on and use i s heavily or i en t ed t o t he winter heat ing season , and t hus 
it is a very cycl i cal bus i nes s . Produce r s mus t have l a r ge storage fac i lit ies 
t o house i nven t or y f or peak demand pe r i ods, wh i ch caus e s h igh inven t or y 
co s t s . 

The l ack of extens i ve mar ke t i ng has r e s ul ted in very limi t e d publ i c knowl edge 
of de ns i f ied f ue l s. Mos t po t en t i a l us ers l ear n of dens i fie d fuel thr ough 
word-of -mouth and pe r sonal se l l ing . For ms of promo t ion used to dat e include 
r epresenta t ion at trade shows and promot i on by fe de r al and sta te wood energy 
pr ograms and t h e FFI . 

An i ntens i ve indus try - s uppor ted a dve r tising e f fo r t mi ght benef i t p r oduc e r s 
and i ncrease the awa r ene s s of var ious marke ting sec t ors . This cou l d be done 
t hr ough mailings, persona l con t ac t s , or trade advertis i ng . Unfor t unat e l y , 
the present economic prob l ems in the i ndus t r y seem t o prec l ude such an 
effort . Al s o , t he mos t cost -e f f ec t i ve marke t i ng s t r a t egy , g i ven the s pec i f i c 
na tur e of pot en t i a l us e r s , has no t been determined. 

The mos t co mmon us e f or dens i fi ed biomass i s as fue l , a lthough aspen pe l lets 
are a lso us ed f or l i vestock f eed . Cur rently t he re is no t much ac tive 
promotion in lives tock f eed marke t s . 



21� 

Dist ribution Channels 

Mos t dens i fied wood f ue ls are di stribut ed di rectly f rom t he producer t o the 
end user . Howeve r , ther e a r e a few whol es a l e dis t ributors who s e l l t o smal l 
users as part of another bus iness such as s ell ing wood s toves or h a r dwa r e. A 
few years ago there was an effort to deve l op a wholesaler networ k , but t he r e 
was not enough margi n in del i ve r ed prices t o make i t profi t ab l e. 

Present and Potential Markets 

Pe l lets and briquettes have until recently served much t he same mar kets . 
However , t h e us e of the much l arger b r ique t t e s is l i mited by combus t i on 
system and handl ing equipment des i gn . Br i quet t e manuf ac t ur ers also have 
recr ea t i ona l markets open t o t hem since s ome can produce " l ogs" and ma r ket 
them for fi repl ace us e . Curren t ly , br i que t t e produce r s are f ocus i ng a l mos t 
exclusive ly on t he r es i den t i a l retai l ma r ke t. Potent i a l densi f ied f ue l us e r s 
i n Mi nneso t a incl ude : 

1) schoo l s (heating) 
2) government and public bu i lding (hea ting ) 
3) private i ndustr i al estab l i shments (hea t ing & pr ocess energy) 
4) residen tial (heating). 

In 1986 in Mi nnesota t here were approximate ly 54 schools , 16� 
government/pub l ic buildings, and 37 private bus i nesses/ organizations us i ng� 
densified wood f ue l s (25).� 

Schools comprise the largest segment of pr e s ent us er s , wi t h governmen t /public 
buildings and indus tr i a l us er s nex t . The res i dent i a l s ec t or i s very s mall 
(Figure 7). 

COIv'MEROAL & N)LJSTR1AL 15% 

RES[)ENTIAL &. LIGHT COMve'lCIAL 5% 

~~~ 

PLELIC SQ-lOOLS &. NSTITUTIONS 80% 

Figure 7 . Dens i fied wood fue l ma r ke t s i n t he Lake State s ba s ed on t ons so l d 
dur i ng the 1985 -86 heating seas on ( 8). 
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The most potentially profitable market for densified wood fuels is the 
industrial process energy market , since it would provide a year-round demand. 
(Process ene r gy is heat or steam generated to operated a manufacturing 
process, such as a paper mill or lumber dry k ilns.) Unfortunately, this is a 
difficult market to penetrate for several reasons. First, as explained in 
the economics sec tion, often the most reliable and economic wood-using 
proces s ener gy systems are green fuel systems. Second, some early 
conversions in public institutions were technically inadequate. Word of 
these problems discouraged some potential users in t he industrial sector. 
Third, there was never a serious effort by the densified wood fuel industry 
to penetrat e t h i s market. 

The institutional market, character i zed by customers such as hospitals, was 
once viewed a s qui te promising due to prospects for financing conversions to 
densified wood fuels through third party financ ing loan programs (see 
governmental programs s ec t i on below). But the institutional market hasn't 
developed, du e at least in part to problems with some conversion systems 
r esulting from high ash content of f ue l s . 

Another market cur r en t l y being sought by pr oduce r s is the commercial s egment , 
e .g., manuf acturers and dairy processors, but this opportunity hasn't 
developed as ho ped. The main problem appears to be that many of t he se f irms 
are looking f or conven i ence with their energy systems and don't want t o spend 
money on cos t ly c onve r s i ons. It has been obs e r ved that those in charge of 
the energy sys tems are risk averters who want to avoid down time. They are 
not as concerned about how much they are saving in operational costs as t hey 
are abou t keep i ng the system running smoothl y. The densified wood fuel 
i ndus t r y mus t even t ua l ly de ve lop a r eputat i on for r e l iab i l i ty and ease of 
ope r ation if it i s t o expand into such markets . 

There ar e s ever a l t yp es of r e sident ial sys t ems avai labl e to burn de ns i f i ed 
f ue l s . However , for t he mos t part pellet producers a re no t actively pursuing 
t he r e s i dent i a l ma r ket becaus e of an apparent lack of prof i t ab i l i ty . Low 
pr ofi t s in the r e sidential marke t are du e to the f ollowing factors: 

1) high cos t of home conversion; 
2) need for a wholesale r ne t work; 
3) higher handling cos ts; and 
4) higher transportat i on costs due to small loads. 

Although the r esidential market is not yet profitable, some industry leaders 
f eel the r e i s substantial opportunity f or growth due t o the ease of operation 
fo r us e r s of fully automat ic burning sys t ems, and h ighe r ai r quality when 
burning pellets as compared to cor dwood. 

Mar keting St r ategy 

The fi r ms in this industr y that survive the current difficul t time s will have 
s ever a l charac t eris tics in common: a good residue supply, a strategic 
locat ion to mar kets, and an e ffective marketing strategy. 
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Marketing strategy i s most c r itical when att empt i ng t o marke t a densified 
f ue l . A fi rm shou l d (7): 

1) ident ify means 
demand; 

t o ob t ain i ndus t r i al pr ocess markets f or year-round 

2) be able to pr ovide informat ion abou t 
for new us ers , i ncluding i nf or mat i on 
equi pment options; 

ene r gy equ i pmen t conversions 
on conve r sion costs and 

3) know the character i stics of 
output, pr ox i ma t e analysis, 

t he 
and 

f ue l being sold, i nc l ud i ng hea t 
ash fus i on t empe r a t ure ; 

4) know costs and characterist ics of t he compe ting f ue l s ; and 

5) aggress ively analyze potential mar kets and deve lop spec ifi c 
s trategies to mee t t heir needs. 

A better under s t andi ng of fuel -users' mot i vations fo r uti l izing dens ifi ed 
f ue ls is needed i n or der t o es t i mate t he pot entia l marke t . Mot iva t i on f or 
using wood f uels i s l ikely to be ma i nly economi c a lthough non- economi c 
factors such as re l iab ility of s upply may also be i mpor t an t . The economic 
factors can be bet t e r understood by l ooki ng at t hree charac ter is tics of t he 
fuel user: 

1) the type and cost of fuel currently used 
2) annual fue l co nsumption 
3) age of the existing heat ing system. 

Information on the f uel type and fuel cost will identify t he users who a re 
faced with high costs pe r unit of energy. Annual fuel co nsump t i on i s an 
important consideration since it indicates how gr ea t the sav i ngs can b e wi th 
a less expensive dens ified fuel. The age of t he existing heat i ng sys tem 
suggests which heating systems are s ubj ec t t o replacement (18 ) . I f 
replacement is necessary then t he opportunity to se l l t he advan tages of wood 
fuel is much better than if the user ha s a r e l a t i vely new oil or gas sys tem. 

The� fo llowing marke ting strategies may be app licab le i n certain s itua tions: 

1)� price discount strategy , which offers buye r s a produc t of qua l i t y 
comparable to a competitive nondens ifi ed wood fuel produc t at a 
l owe r pr ice ; 

2)� i mproved - services s t r a t egy (e. g., i mpr oved del i ve r y s chedules and 
r ou t e s ) t hat would challenge t he marke t leader by better s ervi ng 
buyer s ; 

3)� manufact uring-cast-reduction strategy , wh i ch c ou l d help i nc r ea s e 
mar ke t shar e by lower ing manufacturing costs wi t h subsequent s avings 
passed on t o customers ; and 

4)� intensive advertising campaign to s t i mulat e cus tomer awar enes s i n 
t he var i ous market sec tor s , e ithe r t h rough pe r s onal con t ac t s, 
mailings , or trade adver t i sing ( 35). 
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Pub l i c Sector Support 

One� of the major r easons for the high concentration of densi f i ed fuel plants 
i n the Lak e States region i s the env i r onmen t created by public agencies t o 
promote the use of dens ifi ed fuel . However, it wasn't until after t he first 
pe l l e t plants wen t into operation that there was an emphasis f r om gove r nmen t 
agencies on the use of wood f or f ue l . 

In t he late 1970s two "Minnesota Coal" con f e r ence s in Brainerd brought 
together industry and government leaders to look at the use of wood for 
energy. I t was a t this time that public sector i n t e r e s t and support began to 
increase. 

Federal government ac t ions which contributed to biomass fuel development 
began with the Arab oil embargo. The Energy Tax Act of 1978 gave investors a 
10 percent federal tax credit in addition to the normal 10 percent investment 
tax credit when they invested in wood co nve r s i on facilities. This program i s 
no l onger i n existence. In addition, a financial program was established by 
Congr ess to encourage investment in wood energy proj ec t s. One program 
pr ovided c r ed i t s for the production of densified wood. In some cases t h i s 
pr ogr am led to capi tal investments in projects with a unusually high level of 
r i sk . Congress also provided financial support pr ogr ams for s chools and 
hospitals conver t i n g t o wood ener gy (3 7) . 

Minneso t a has taken t he lead in pr ov i d i ng an environmen t t ha t s t i mul a t es 
pr i vate and pub l ic s ec t or organ i zat i ons to use fiber f ue l s . Pr ogr ams that 
have con t r i but ed to t he Mi nneso t a dens i f ied fuel indus t r y inc l ude : 

1) a Departmen t of Energy and Economi c Deve lopment (DEED) p r ogr am that 
pr ovides 50 percent matching gr an t s t o publ i c , no nprofi t pr iva t e 

s chool s and hospitals for ene rgy cons e r vat i on measures, inc ludi ng 
biomass ene rgy r etrofits; 

2) s t a t e tax c r ed i t s for businesses pa r t i c i pat i ng in new t e chno logy 
t rans f e r , inc l uding biomass energy t echnology , a l t ho ugh t his progr am 
ha sn ' t helped the densifi ed f ue l indus try t o any gr ea t ex t ent ; 

3 ) the Sch ool Energy Inves t men t 
public school districts f or 
biomass energy re t r of i t s ; 

Loan Program, which prov i de s l oans t o 
ene r gy conserv a t ion meas ure s, including 

4 ) an IRRRB program- ­ one of the most helpful to the industry--that 
pr ovides loans and grants to public institutions in northeastern 
Mi nne so t a for bo i l e r convers i ons to use fiber fuels; and 

5)� a Shared Savings p r og r am that permits the state and its 
municipal it i es to l eas e energy conservation equipment (including 
fiber fue l burning sys t ems ) from pr ivate companies and provides for 
loan repayment through sharing of energy cost savings. 

The shared fuel savings prog r am hasn't helped t he densified wood f ue l 
i ndustr y a s much as originally hoped (12) f or several reasons. First, most 
state-operated facil ities that would consider conversion under the shared 
f ue l savings program are of the size that would best utilize a suspension 
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burner . Howeve r , ash f usion prob l ems have been experienced with s uspens i on 
burners due t o h i gh ash content i n the pel l ets . Furthe r mor e , implementation 
of t he pr og ram requi r ed a large amoun t of admin i s tra t ive paperwork 
discouraging i t s use . Lastl y , green wood fuel systems we r e mor e econo mi ca l 
fo r this type of user. 

Mos t of t he ear ly assistance fo r f i be r f ue l s came from the Mi nnes ot a DNR 
Marketing and Utilization Progr am i n the fo rm of inf or ma t i on publi ca t i ons , 
media pr omoti ons and programs, indi v i dual energy cons e r vat i on ana lyses , 
demonstration proj ec t s , and other t echnic a l as s i s t ance . 

An excellent source of f urther infor mat i on fo r t hos e int e r ested in f i ber 
fue ls is a DNR annual report , "St a t us of Fiber Fue l Use i n Minnes o t a . " The 
r epor t contains a history of fibe r f ue l us e ; a l i s t of fibe r f ue l s upp l i ers , 
resources , users, and co nsul t ants in Minneso t a ; and s ources of f i be r fue l 
i nformat ion. 

DEED is l egi s l a tive l y designated as t he l ead b i oma s s ene r gy age ncy i n 
Minnesota. Besides l oan and assistance p rogr ams, DEED ha s been working on a 
project, i n i t i a l l y conceived by FFI , t o develop f ue l s t andard spe c ifi ca t ions 
for solid biomass f ue l s . Other projects of DEED i nc lude t h e i ssuing of 
industrial bonds to f und biomass and energy-related busine s s es , an Ene rgy 
Loan Insurance Program, and engineering and technical as s i stance f or b iomas s 
energy innovators enco untering technical d i ff icul tie s . 

The Energy Loan Insurance Program ins ures fixed a s s ets or capita l i mprovement 
loans made by private lenders for qualify i ng energy projects . The program is 
used primarily for new or developing companies and wi ll i ns ur e up t o 90 
percent of the amount of investment loans . 

Another facto r favoring densified f ue l use in Minnesota h as been t he t enur e 
of a governor who has encouraged l eg i s l ati on and deve l ope d an a tmosph ere 
conducive to t he use of f iber fue ls. 

Michigan and Wisconsin also have governmental pr ogr ams encouraging de nsified 
wood fue l use, a lthough t hey are not as extens ive as t ho se i n Minne s ota . A 
project f unded t hrough a gr ant f r om t he Wisconsin Department of 
Administrat ion de mons trated small-scale commercial and res i den t i a l wood 
pellet heating . The Wisconsin Energy Deve l opmen t and Demon s t r a t i on Gr an t 
Program also has f un ded var i ous progr ams co ncer n i ng t he us e of wood pelle t s. 

A Mich igan Al ternat ive Ene rgy Board h as been act i ve ly invol ved in the 
promotion of de ns ified wood fue l s with i n t he s t a t e. A proposal was submi t ted 
by t he Board to di str i but e wood pellets and fur naces t o seni or ci tizens , l ow­
income families, and handicapped peop l e . As a result , i n 1984 a $937 ,000 
f ede r a l grant was obtai ned fo r t he program , r esu l ting i n construc t ion of a 
pellet plan t in Menomi nee, Mich . 
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INDUSTRY TRENDS 

De sp i t e the low current public interes t in wood fue ls, new industrial 
developments are occurring . Two pelle t plants in the wes tern United States 
that wer e c losed earlier have been purchased and a r e re suming production. In 
the eastern United States a new mil l is being bu i l t in Maine and an old plant 
in Ve r mont has gone back into produc tion. In the Lake States, the U.P. Bio­
ener gy plant in Mi ch i gan / s upper peninsula has reopened . 

As of May 1986 there were severa l plans fo r pelletized fuel production from 
munic ipal waste in Minnesota. There was als o a pellet producer in the Twin 
Ci t i es area using waste paper as the f eedstock . 

A project init i a t ed by International Bio-Fuel s , Inc . in collaborat ion with 
the Seaway Port Authority of Duluth is underway t o market densified wood 
fuels to Af r i ca and ot he r fue l-poor Third World regions. A 250 , 000 ton per 
year wood-densif ying f ac i l i t y is p l anned for Duluth t o produce pellets f or 
export (18). Construction co s ts a r e estimated at $11 mi l l ion. The plan 
call s fo r procuring raw ma t erial directl y from the forest, util i zing 
unmerchantable ha r dwoods. The b r i que t t e s wou l d be shipped in 50 -pound or 50­
kilogram bags via the Port of Duluth (19) . This p l an is based upon ext ensive 
marke t r esearch and testing of the acceptability of the wood f ue l product i n 
selec t ed co un t r i es i n Afri ca . 

I SSUES AND OPPORTUNI TIES 

I f t he Lake State s dens i f i ed wood f ue l industry i s t o gr ow a number of 
prob l ems must be overcome. 

One of the maj or prob l ems fac i ng t he i ndustr y t oday i s that t he s e l l i ng pr i ce 
f or densifi ed wood f ue l is not l i kely t o i ncrease significantly, due to low 
gas and oil price s . The cur r en t pr i ce does not prov ide an attr active pr of i t 
for the ave r age pr oduce r . This situation obvious l y i s beyond the con t rol of 
the pr oduc ers or r egion. None t he l es s , dens i fied fue l i s a s a t is f ac to r y and 
cos t-ef f ective f ue l f or many us e r s and s ome producers can produce at a pr i ce 
wh i ch allows them t o r ema in i n opera t i on. 

There ar e other f ac t or s , however, over wh i ch producers have some con t r ol. 
These f ac t ors which are of maj or co ncer n t oday r e lat e to fuel quality, suppl y 
reliab i li ty, and t h e lack of t raining f or boiler operators . These problems 
a ffec t the consumer directly. More s pec i f i ca l l y, the problems for the users 
of dens i f i ed fue l sys t ems are: 

1 )� In s ome ca ses , boi ler operat ors and maint enance staff were left out 
of the dec is i on t o adopt the densified wood f ue l sys tem, and thus 
these peop l e are not committed to the sys t em and to making it work . 

2)� Labor cos t s are inc r easing , and densified wood fuel systems are more 
labor i ntensive than the o i l / gas systems they replace. Thus , the 
economic advantage i s being e r oded . 
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3) Mechanical cos ts 
been higher than 

due to the more complicated fiber 
antic i pated by some us ers . 

f ue l sys t em have 

4) I ns t a l l a t i on delays and problems have been too frequent . 

5) A l ack of properly trai ned peopl e t o opera t e the densified wood f uel 
sys t ems has creat ed d i s s atisfac t i on and ineffic i ent operation of the 
boi l e r sys t em. 

6) Fue l qua li t y (ash and fines) has been highly variable between 
suppl i e r s and even betwe en shipment s , caus i ng d i s s a t i s f ac t i on. 

7) Erratic supply, resul ting from the 
inconven i enced s ome us ers. 

c l os i ng of some plants, has 

Many of the se prob l ems coul d be r educed if there were be t t e r communication 
among users , f ue l suppl i e r s , and equ i pmen t supplie r s . 

Efforts are be i ng made to cor r ec t the s e pr oblems. The industry needs 
s a t i sfied cus t omers i f i t is go i ng to survive. Ef f or ts are underway by fuel 
pr oducer s t o f i nd new ma r kets, higher quali t y pelle t s are being offered that 
are l ower i n a sh cont ent, be t t e r communi ca t ion is be i ng es t ab l i shed between 
use r s and s upp l ier s , and plans are underway by one equ i pmen t supplier to 
pr ov i de techn i cal t r a i ning semina r s on furnace sys tems f or users. 

The avai l ab i l ity and co s t of r esidues is an impor t ant i s sue wi t h in the 
i ndustry . Cur r ently , t he only economi c a l l y f eas i b l e f e eds t ock f or most 
pr oducers i s mi ll r e s i due. Wi t h the growing wa f er boa r d i ndus try , t he new 
paper mill i n Duluth , Mi nn . , and great er in-hous e us e of residues by the 
f ores t industry , t he r e i s a growi ng concern a s t o t he long-term availability 
of the s e r es i dues . Wit h i ncreased compe t i t i on f or ex i sting r e s i dues , it may 
not be po s s i b l e t o con t i nue t o s ecure feedstock unt i l densified fuel prices 
rise s u f f i c i ent ly to make the use of woods / l ogging res i dues economically 
v i ab l e . Theref or e , when locating any new plan t i t is important to consider 
the r es i due s ourc es . Thos e plants that have been t he mos t successful have a 
good re sidue supp l y , usual l y f r om a djacent wood -pr oce s s i ng ope r a t i ons . 

I n such diff i cul t t i me s it can b e s a i d t ha t thos e producers who have stayed 
i n bus i nes s fo r mor e t han a few yea r s co ul d be cons i der ed s ucce s s f u l . From 
ana l yz i ng the h i story of the industr y, a numbe r of f actor s appea r to have 
contr ibuted t o the succes s f ul ope r a t i ons : 

1 )� a dependab l e and inexpensive re s i due s upp l y ; 

2)� mar ke t ing r es ear ch t o i den t i f y exis t i ng ma r ke t s; 

3)� adequa t e storage f or peak seas ona l demands, s i nce r e l i ab i l i t y of 
supp l y i s ver y import ant to users ; 

4 )� l oca t i on of pr oducti on f ac i l i ties clos e t o res i due sources and 
markets to min i mize t r a ns por t a t i on cos t s ; and 

5)� pr ope r plant l ayout and equipmen t s e l ec t i on f or the mos t efficient 
pr oduc t i on . 
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In addition, there are some areas for improvement tha t the current industry 
needs to consider, whether f or a new plant or an exi s t ing operation: 

1) correct manufacturing equipment and f eedstocks 
quality of pellet desired by t he user; 

t o produce the 

2) marketing and sales 
user groups; 

efforts directed t oward the needs of specific 

3) a cost-competitive quality product 
low ash content--less than 3%) ; 

(quality is generally equated to 

4) a customer assistance program to 
conversion systems; 

insure the proper installation of 

5) adequate training for operators of a customer's energy s ys t ems ; and 

6) a strong industry association, such as FFI, to promote product 
standards and coordinate industry-wide marketing e f f or t s direc t 
consume r groups. 

ed at 

From the si tuation described in this s t udy it seems likely that h i ghe r 
pr oduc t quality, good communication between us ers and pr odu ce r s , and 
continued gove r nmenta l support will ens ur e f u t ure growth of the dens ified 
wood fuel industry, particularly when oil and gas prices increa s e again. The 
industry can be expected to consolidat e furthe r with the most e f f i c i ent 
plants surviving. Innovative marke t s trategies need t o be developed t o 
attrac t specif i c groups of ene rgy users . 

In t he long term, dens i f i ed wood fuel s have a definite niche in the Lake 
States ene r gy pic ture, providing opportunity f or utilizat ion of a natural 
renewable resource, and promising r educed export of dollars to ene r gy - r ich 
r egions. Thus, the industry will sur v i ve t he cur r ent l y diff icult times and 
is likely t o become a more important fac t or in the Lake St a t es mix of ener gy 
res ources. 
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