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Introduction 
Recent shortages of 

energy and rapidly-escalating 
prices for natural gas and 
petroleum products have gener- 
ated much interest in develop- 
ment of alternative sources of 
fuel. Wood, one of our most 
abundant renewable resources, 
has been the focal point for a 
great deal of this activity.l/ - 

The objectives of this 
report are to present a summary 
of the state of the art of the 
technology of converting wood 
to energy and to discuss the 
wood resource base from which 
energy might be produced.21 
The information is aimed at a 
wide audience at planning and 
management levels in both the 
private and public sector of 
the United States. 

This report focuses on 
wood biomass, either from 
standing trees or the material 
left after harvesting and 
manufacturing operations. 
Other forms of biomass, such 
as agricultural and municipal 
wastes, will only be con- 
sidered as they interface with 
wood in situations favoring 
use of multiple feedstocks for 
production of energy. 

1' ltWood," a s  used i n  t h i s  
r epor t ,  inc ludes  bark, unless  
otherwise specfied.  

llEnergyll r e f e r s  t o  a wide 
range o f  products ,  inc luding  e l ec -  
t r i c i t y ,  steam, gases,  o i l ,  a lco-  
ho l s ,  and var ious  chemicals. 

Most of the data were 
drawn from sources for the 
State of Oregon. Less emphasis 
on the other Pacific Coast 
States does not imply that 
similar opportunities do not 
exist. In almost all cases, 
conclusions inferred from the 
Oregon data apply directly to 
Washington and California. 
The conclusions, however, may 
not apply to Alaska because of 
the special physical and 
socioeconomic circumstances 
prevailing in that State. 

Wood as a Fuel 
Wood has long been used 

as a fuel for producing energy. 
The history of wood use for 
energy is well documented and 
need not be presented here. 
The issue is not one of new 
products, although there are a 
few, but rather one of advanc- 
ing the technology of using 
wood for energy and of insuring 
adequate supplies for large- 
scale applications. In addition, 
the possibility of removing 
the total biomass from a given 
area has raised questions 
about future productivity of 
sites and stability of soil 
and water. 

The forest products 
industry is the largest user 
of wood for energy in the 
Pacific Northwest. In 1976, 
about 4.3 million tons (dry 
weight) of mill residues were 
used for fuel, mostly by the 
industry itself (33). The 
primary use was to fuel 
boilers for steam or direct 
heat, and, in a few cases, for 
electricity ( 2 1 ,  37). Al- 
though not produced in large 
quantities locally, charcoal 
and various chemicals are also 
produced from wood. The 
forests of this region supply 
a great deal of fuelwood for 
residential consumption. Use 
of fuelwood has increased 



c o n s i d e r a b l y  t h e  p a s t  few 
y e a r s .  Although d a t a  on 
consumption of fuelwood from 
a l l  l ands  a r e  n o t  a v a i l a b l e ,  
t h e  USDA F o r e s t  S e r v i c e  r e p o r t e d  
t h a t  about  378,000 d r y  tons  
were removed from Oregon and 
Washington Na t iona l  F o r e s t s  i n  
f i s c a l  yea r  1978. The t r e n d  
i n  r e s i d e n t i a l  use  would 
appear  t o  be upward i n  l i g h t  
of r e c e n t  i n c r e a s e s  i n  s a l e s  
of wood s t o v e s  f o r  h e a t i n g  
homes. 

The energy v a l u e  of  wood 
i s  u s u a l l y  measured i n  terms 
of i t s  h e a t  v a l u e ,  expressed 
a s  B r i t i s h  thermal  u n i t s  (Btu) 
p e r  ovendry pound. Resin has 
a  h igher  h e a t  v a l u e  than  wood, 
about 17,000 Btu p e r  pound 
(11) . Thus, r e s i n o u s  softwoods 
have a  h igher  h e a t  v a l u e  than  
hardwoods on a  weight  b a s i s ;  
however, hardwoods produce 
more B t u ' s  on a  volume b a s i s  
because of t h e i r  g r e a t e r  
d e n s i t y .  Energy c a l u e s  i n  
t h i s  r e p o r t  a r e  expressed on 
an ouendrg b a s i s .  

Actual  h e a t  v a l u e s  of  
wood do n o t  v a r y  s i g n i f i c a n t l y  
between s p e c i e s .  S ince  mois tu re  
c o n t e n t  has a  g r e a t e r  impact 
on a v a i l a b l e  h e a t  t h a n  s p e c i e s ,  
average  v a l u e s  a r e  used i n  
most a n a l y s e s .  Various 
s t u d i e s  i n d i c a t e  t h e  h e a t  
v a l u e  of most softwoods t o  be 
between 8,300 and 9,000 Btu 
p e r  pound ( 4 ,  11, 34, 50)  . 
The wood of Douglas - f i r  
( Pseudotsuga rnenziesii (Mirb . ) 
Franco) i s  e s t i m a t e d  a t  8,600 
t o  9,200 Btu p e r  pound; t h e  
bark  a t  9,400 t o  10,100. Bark 
v a l u e s  a r e  g e n e r a l l y  h i g h e r  
because of g r e a t e r  c o n c e n t r a t i o n s  
of r e s i n ,  l e s s  c e l l u l o s e ,  and 
a  h i g h e r - p r o p o r t i o n  of l j g n i n .  
Heat v a l u e s  f o r  hardwoods 
range from 8,000 t o  8,800 Btu. 
Red a l d e r  ( Alnus mbra Bong .) 
i s  es t ima ted  a t  8,000 Btu. 

L i t t l e  in fo rmat ion  i s  
a v a i l a b l e  on which t o  base e s t i -  
mates of h e a t  v a l u e s  r e s u l t i n g  
from u t i l i z a t i o n  of t h e  whole 
t r e e .  A h i g h e r  p r o p o r t i o n  of 
ba rk  i n  t h e  upper stem p o r t i o n  
would g e n e r a l l y  l e a d  t o  h i g h e r  
h e a t  va lues .  In  a d d i t i o n ,  t h e  
r e s i n o u s  n a t u r e  of softwood 
n e e d l e s  would r a i s e  t h e  h e a t  
v a l u e s  somewhat. 

M a t e r i a l  commonly used 
f o r  f u e l  i n  t h e  f o r e s t  p roduc t s  
i n d u s t r y  i s  g e n e r a l l y  r e f e r r e d  
t o  a s  hogged f u e l  o r  "hog 
f u e l . "  Th i s  f u e l  u s u a l l y  has  
a h igh  p r o p o r t i o n  of bark  w i t h  
an average  h e a t  v a l u e  of 8,500 
t o  9,000 Btu p e r  pound. 
Although hog f u e l  from hardwoods 
i s  n o t  marketed e x t e n s i v e l y  i n  
t h e  P a c i f i c  Northwest,  h e a t  
v a l u e s  should range from 8,000 
t o  8,500 Btu p e r  pound. 

Wood i s  a  c l e a n  burning 
f u e l  and o f f e r s  some advan- 
t a g e s  over conven t iona l  f u e l s ,  
such a s  c o a l .  The ash  c o n t e n t  
of  wood i s  v e r y  low, l e s s  than  
3  p e r c e n t  by weight .  Bark has 
a  s l i g h t l y  h i g h e r  l e v e l .  The 
a s h  c o n t e n t  of c o a l  on t h e  
o t h e r  hand i s  3  t o  5 t imes  
h igher .  Thus, d i s p o s a l  problems 
a r e  fewer when wood i s  used a s  
a  f u e l .  Su l fu rous  compounds 
a r e  a  s p e c i a l  problem encount-  
e r e d  when c o a l  o r  o i l  i s  
burned. Wood, however, has  a  
n e g l i g i b l e  s u l f u r  c o n t e n t ,  
making i t  e a s i e r  t o  meet a i l -  
p o l l u t i o n  s t a n d a r d s .  A 
c r u c i a l  problem i n  us ing  wood 
a s  a  f u e l  i s  meeting s t a n d a r d s  
f o r  smoke and p a r t i c u l a t e  
m a t t e r ,  which may r e q u i r e  
expensive  equipment t o  comply 
w i t h  s t a n d a r d s  f o r  v i s i b l e  
emiss ions ,  Advances i n  t h e  
technology of combustion, such 
a s  f l u i d i z e d  bed b u r n e r s ,  
should  a i d  i n  dec reas ing  c o s t s  
of meeting environmental  
s t a n d a r d s  i n  t h e  f u t u r e .  



In certain situations, 
wood may be used in conjunction 
with other fuels to produce 
energy. The use of two or 
more feedstocks for energy 
production is referred to as 
cofiring. Cofiring may in- 
volve conventional fuels, such 
as coal and oil, or municipal 
and agricultural wastes in 
conjunction with wood. In 
general, the various feed- 
stocks are not processed 
simultaneously, although this 
may be possible with certain 
technologies, 

A new coal-fired electric 
facility, owned by Portland 
General Electric Company 
(PGE), is being constructed to 
accept wood for as much as 
20 percent of its fuel, 
although such use is not now 
planned on a production basis. 
A Georgia Pacific pulpmill in 
Toledo, Oregon, uses hammer- 
milled tires as a partial 
source of fuel to produce 
steam. Wood and municipal 
waste are being considered as 
fuel sources for some pyro- 
lytic processes elsewhere in 
this country. 

A major advantage of 
cofiring is the use of a 
resource that does not exist 
in sufficient quantities to 
fully fuel an energy facility. 
This will be the case in many 
areas where municipal or 
agricultural wastes are being 
considered as fuels. Using 
wood waste as a backup source 
of fuel has been given con- 
sideration in studies of grass 
straw utilization. The wood 
can be used as fuel when 
seasonally produced fuels or 
supplies of other fuels are 
not available. 

Certain problems are 
encountered when more than one 
feedstock is used for energy. 
Preparation and handling 
requirements of different 
fuels may necessitate additional 
equipment and thereby increase 
capital costs. Generally, 
materials have to be prepared 
so that physical properties 
are similar. Equipment for 
controlling pollution may have 
to be more flexible, again 
increasing costs. Finally, 
operation costs may be higher 
because of the need for increased 
monitoring of controls as feed- 
stocks change. 

Conversion Technologies 
Energy in various forms 

can be produced by combustion 
or by thermochemical or aqueous 
processing of wood. Figure 1 
shows the common products that 
can be produced by each of 
these processes. The follow- 
ing discussion will describe 
each process and the resulting 
products, 

Direct Corn bust ion 
Direct combustion of wood 

is the oldest form of energy 
known, other than sunlight. 
In its simplest form, radiant 
heat is utilized from open 
burning in an enclosure, such 
as a fireplace or pit, Common- 
ly used in homes, this process 
is inefficient; its main 
appeal is esthetic. Use of 
airtight wood stoves increases 
overall efficiency of burning 
fuel and thus offers some 
incentive to residents where 
fuelwood costs are reasonable. 
Although not very efficient 
overall, home heating does 
produce energy from wood that 
would not be utilized other- 
wise. 
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Figure 1 . - - A 1  ternat ive conversion routes and moving-bed v a r i e t y .  P r i o r  

for  producing energy-related products t o  1940, most burners  were 
from wood (Source: Mitre Corp. , Si 1 vi - two-s tage  f u r n a c e s  r e f e r r e d  t o  
cul tural  Biomass Farms (50) ) . a s  "Dutch ovens"; i n  t h e s e  

systems,  f u e l  i s  f e d  i n t o  a  

Wood has  been used a s  a  
f u e l  by i n d u s t r y  f o r  some 
t ime ( 2 ) .  I n t e r e s t  i n  hog 
f u e l  has  i n c r e a s e d  c o n s i d e r -  
a b l y  i n  r e c e n t  y e a r s  a f t e r  a  
cont inuous  d e c l i n e  from l e v e l s  
of t h e  l a t e  1800 's .  Reg iona l ly ,  
t h e  f o r e s t  p roduc t s  i n d u s t r y  
i s  t h e  major u s e r  of hog f u e l .  
Many m i l l s  u t i l i z e  b o i l e r s  t o  
produce steam f o r  o p e r a t i n g  
equipment, d ry ing  p r o d u c t s ,  
and, i n  some c a s e s ,  g e n e r a t i n g  
e l e c t r i c i t y .  The l a r g e s t  non- 
f o r e s t  i n d u s t r y  u s e r  of wood 
f o r  energy i n  Oregon i s  Eugene 
Water and E l e c t r i c  Board. 
This  l o c a l  u t i l i t y  consumes 
about 240,000 t o n s  a n n u a l l y ,  
producing bo th  e l e c t r i c i t y  and 
steam f o r  l o c a l  b u s i n e s s e s ( 7 ) .  

Severa l  combustion systems 
a r e  a v a i l a b l e  which can u t i l i z e  
hog f u e l .  The most common 
burners  i n  use  a r e  t h e  f i x e d -  

f i r e b o x -  where mois tu re  evap- 
o r a t e s  and p a r t i a l  g a s i f i -  
c a t i o n  occurs .  The h o t  gases  
a r e  then  vented i n t o  t h e  
b o i l e r  where combustion i s  
completed and steam produced. 
A more r e c e n t  v e r s i o n  of t h e  
Dutch oven, t h e  f u e l  c e l l  
b u r n e r ,  i s  h i g h l y  automated 
and u s e s  a  water-cooled g r a t e .  
Th i s  u n i t  i s  commonly used t o  
h e a t  k i l n s  a t  sawmills .  

Newer burners  u t i l i z e  
i n c l i n e d ,  p i n h o l e ,  o r  moving 
g r a t e s .  For t h e  most p a r t ,  
t h e s e  burners  do n o t  r e q u i r e  
g a s  o r  o i l  f o r  o v e r f i r i n g ,  a s  
do many o l d e r  types .  Fuel  i s  
in t roduced  i n t o  t h e  fu rnace  
v i a  mechanical  o r  pneumatic 
s t o k e r s ,  and combustion occurs  
i n  suspension and on t h e  
g r a t e s .  Moving o r  dump g r a t e s  
have t h e  added advantage of 
making removal of a s h  e a s i e r .  



For suspension burners, 
often used for combustion of 
coal, the fuel must be reduced 
to fine particles. In this 
type of burner, the fuel burns 
in a large fireball above the 
grate. Burners of this type 
using wood have been employed 
to overfire existing boilers. 
A disadvantage of this type of 
burner is the added effort and 
cost required to reduce wood 
to the necessary size. An 
exception is sander dust which 
burns well in suspension. 

A newer type of suspension 
burner is the cyclonic variety 
(19). This system uses forced 
air to hold fuel in suspension 
until combustion is complete. 
These burners are small modu- 
lar units with broad applica- 
tion for drying chips or solid 
wood products and generating 
steam (PO, 13, 36) . In one 
case, installation of wood- 
fired cyclone burners for 
drying veneer resulted in 
annual savings in fuel costs 
of $450,000 (21, 69). It 
should be noted that these 
savings were based on mill 
residues having zero value, 
which is not the case for most 
mills. 

Much interest has re- 
cently been generated con- 
cerning the combustion of wood 
in fluidized-bed burners. 
This concept involves passing 
a gas stream, such as air, 
upwardly through a bed of 
inert particles (5, 19, 41, 
44, 52, 54). This agitated, 
fluidlike bed results in high 
heat and high mass transfer 
rates. Lower bed temperatures 
reduce sintering and agglom- 
eration of ash and thus 
facilitate removal. A special 
advantage of this type of 
burner is the ability to burn 

fuels of various sizes and 
moisture contents. One such 
burner being tested in Wash- 
ington operates on a mixture 
of millyard waste, wet saw- 
dust, old chips, and sawmill 
end trim. A burner such as 
this can play an important 
part in overall management of 
mill residues and waste. 
Another advantage of the 
fluidized bed is the ease of 
handling noncombustibles, such 
as metal or rocks. Results 
from early tests also indicate 
very low levels of particulate 
emissions (44) . 

As will be discussed 
later, fluidized-bed reactors 
are being tested for the 
gasification of wood. This 
system,using coal or municipal 
wastes, has been used exten- 
sively in Europe for many 
years (31, 47). 

The preceding discussion 
focused mainly on the pro- 
duction of steam or process 
heat for industrial use. 
Generation of electricity--an 
alternative that has captured 
much interest lately (17, 18, 
26)--at a central power facility 
appears to be economically 
questionable at this time. 
Several factors act as impedi- 
ments to generation of central 
power. Economies of scale 
favor large thermal power- 
plants. Current technology, 
however, limits the size of 
wood-fired boilers so that 
generation of electricity in 
excess of 100-150 megawatts 
(MW) is not practical. Most 
existing or planned wood-based 
facilities are 50 MW or less. 
A second .problem associated 
with size is that of fuel 
supply. For example, a 
100 MW plant operating at 75- 
percent capacity would consume 
about 600,000 dry tons annu- 
ally. A long-term supply of 



this quantity of wood cannot 
be assured (46). In addition, 
there are special problems in 
handling and storing this mass 
of material. 

Several studies have 
shown the price of wood-fueled 
power to be competitive with 
new conventionally fueled 
plants (7, 38, 50). Although 
the data base for these con- 
clusions is not especially 
strong, a more pressing concern 
is the existing pricing struc- 
ture for electricity. Many 
people consider the low-cost 
electric power in the North- 
west to be a major deterrent 
to small scale, nonutility 
generation of electricity from 
wood. In general, most con- 
sumers of industrial power 
consider it cheaper and less 
troublesome to continue pur- 
chasing electric power than to 
install equipment to generate 
their own power. 

The general environment 
surrounding power generation 
is constantly changing and 
varies throughout the country 
(24, 30). More costly power 
and less certainty about 
future supplies spurred the 
city of Burlington, Vermont, 
to pass a bond issue for a 
50-MW wood-fired powerplant 
( 3 0 )  

A concept currently 
receiving much attention is 
cogeneration. This is defined 
as the concurrent production 
of process steam and elec- 
tricity from a boiler system. 
This has most frequently been 
done at pulpmills utilizing 
kraft black liquor as the fuel 
source. Faced with rising 
prices for power and the 
potential for interrupted 
supplies, the forest product 
industry has been giving this 
concept much attention lately. 

There are many options 
for equipment to produce steam 
and electricity, depending on 
a mill's needs. The choice of 
turbines ranges from fully 
condensing turbines to ex- 
tractive turbines which allow 
removal of steam at various 
pressures. Back pressure 
turbines, of which extractives 
are a variety, vent steam at 
relatively low pressures for 
industrial use. The proper 
choice of equipment depends on 
steam requirements and quantity 
of electricity needed. In 
some situations a plant may 
sell both steam and electricity 
to outside users and thus 
enhance the economics of the 
operation. 

A major deterrent to 
extensive application of 
cogeneration is the existing 
marketing structure for 
electricity. It is difficult 
to find outlets for privately 
generated electricity. Local 
utilities will frequently pay 
only a portion of the cost of 
the power. Thus, nonutility 
producers must look elsewhere 
for purchasers. By working 
with Bonneville Power Admin- 
istration (BPA), -- 

- through 
its power management position, 
customers outside the region 
may be found. If a contract 
is secured, power can be 
wheeled throughout a complex 
trading system. 

A major breakthrough in 
power generation could occur 
if BPA was able to purchase 
power under a roll-in pricing 
scheme. Under this framework, 
higher cost new power is 
averaged in with existing 
cheaper power. The result 
would be slightly higher 
prices and larger supplies for 
all users. Given the authority, 
BPA might also trade power 
with the small producer. A 



possible drawback is that BPA 
might need power at the same 
time as the producer. 

Aside from the problems 
mentioned above, cogeneration 
is the most likely candidate 
for short-term increases in 
power supplies (16). Even 
with no changes in the mar- 
keting structure, the threat 
of a power cutoff might result 
in installation of steam- 
driven turbines (56) . Some 
larger mills in the region 
currently sell or trade elec- 
tricity, and a number of mills 
are closely scrutinizing this 
option, 

Pyrolytic Conversion 
Pyrolytic conversion of 

wood into energy-related 
products is not a new process. 
Charcoal has long been made by 
this process. What is new is 
the diversity of products 
being considered and the 
advancing technology on use of 
reactors. Although fairly 
common in Europe, the use of 
pyrolytic techniques to produce 
gases and oil is just emerging 
in this country. Most appli- 
cations to date have used coal 
or municipal waste as feedstock 
(31) 

A dichotomy in termin- 
ology exists in describing 
this process. When the feed- 
stock is heated to temper- 
atures below 600°C, the 
process is usually referred to 
as pyrolysis. Products at 
this level of thermal de- 
gradation are gases, oils, and 
a considerable amount of char. 
At temperatures above 600°C 
the process is called gasifica- 
tion, resulting primarily in 
vaporous products with much 
less carbonaceous residue (6, 
14, 28, 67). Both pyrolysis 
and gasification involve 
thermal degradation of organic 
matter in an oxygen deficient 
atmosphere. 

The gas produced by this 
process is referred to as low 
Btu gas. The gas has a heat 
value of 150-300 Btu per cubic 
foot and is composed of hydrogen, 
carbon monoxide; methane with- - 

smaller amounts of nitrogen, 
and carbon dioxide (6, 19, 28, 
44). Because it is laden with 
tars and oils and has a low 
Btu value (natural gas is 
about 1,000 Btu per cubic 
foot) low Btu gas must be 
consumed close to the production 
point. Low Btu gas can be 
converted to pipeline gas or 
substitute natural gas by a 
process called methanation. 
The result is greater trans- 
portability, but at a higher 
cost. 

Currently, no significant 
market exists for low Btu gas. 
This situation could change 
radically, however, if legis- 
lation restricting consumption 
of industrial natural gas was 
enacted. In this event, 
segments of industry might 
start producing their own gas 
rather than converting to 
other energy sources, such as 
electricity. 

Another product of gasi- 
fication receiving attention 
recently is methanol (22). 
Methanol is produced by further 
refining low Btu gas by cata- 
lytic conversion of methane. 
Methane is currently made from 
natural gas and has a wide 
variety of uses, the most 
significant being conversion 
to formaldehyde (40). 

The interest in methanol 
focuses on its use as a fuel 
for internal combustion engines. 
As an additive to gasoline 
(usually 10- 20 percent) , 
forming a product called 
gasohol, methanol increases 
power and burns cleaner. 
Disadvantages of its use are 
fewer miles per gallon, vapor- 
ization, phase separation due 



to water contamination, and 
effects of corrosion on exist- 
ing fuel systems (1). There 
are indications that use of 
pure methanol rather than 
blends would better utilize 
its unique properties (1). For 
existing cars this would 
require modification of the 
fuel-feeding system and an 
increase in the capacity of 
the tank. 

The greatest drawback to 
the use of methanol or ethanol 
as a fuel for cars is cost. 
Most studies indicate that 
methanol from wood will cur- 
rently cost from two to three 
times as much as gasoline at 
the plant gate (1, 51, 63). 
Cost aside, recent legislative 
activites indicate that the 
use of methanol as a gasoline 
additive may be decided by 
public policy at the national 
level. 

One further concern in 
the production of methanol is 
the net balance of energy. As 
much as 62 percent of the 
energy value of the feedstock 
is required in the production 
phase (38). 

Other products, such as 
ammonia and furfural, can be 
derived from pyrolytic pro- 
cesses. Conventional sources 
are now readily available and 
cheaper to use. Thus, unless 
taken as a credit during 
multiproduct processing, 
large-scale generation of 
these products is unlikely 
within the existing economic 
environment. 

Another product of 
pyrolytic conversion of wood 
is substitute fuel oil. 
These oils can also be pro- 
duced by a process known as 
carboxylolysis. This term 
describes a process by which 
wood fiber is catalytically 
converted to oil in the 

presence of carbon monoxide 
and water at temperatures of 
250"-400°C and pressures of 
2,000-4,000 psi (47, 50). A 
pilot plant utilizing this 
technology is operating in 
Albany, Oregon. Oil from 
pyrolysis or carboxylolysisis 
similar to Number 6 residual 
oil now being used by indus- 
tries and for generation of 
electricity. The wood-based 
oil is more viscous than Num- 
ber 6 oil, has a lower sulfur 
content, and is somewhat more 
corrosive. Blending of Number 
6 oil with the wood-based oil 
has been considered to take ad- 
vantage of the better qualities 
of each (47). Currently, the 
economics of wood-based oils 
are not favorable; however, 
rising petroleum prices and a 
generally increasing demand for 
fuel oils indicates potential 
for the future. 

Hydrolysis and Fermentation 

This process utilizes 
hydrolytic agents, such as 
sulfuric or hydrochloric acids 
or enzymes, to depolymerize 
cellulose into sugars. Ethanol 
can then be produced by fermen- 
tation of the sugar. Some inter- 
est in sugars is generated where 
conventional sources are not 
available. Such is the case 
in the Soviet Union (50). In 
this country, the interest is in 
ethanol for industrial feed- 
stock or as a gasoline addi- 
tive. A pilot study now 
underway in Nebraska is 
testing the use of a 10- 
percent mixture of ethanol; 
this "gasohol" sells for 
about 6 cents per gallon more 
than pure gasoline. Studies 
to date indicate that ethanol 
produced by this process is 
not competitive in cost and 
has a very low net energy 
balance (1, 40, 50). 



Bacterial Digestion Mill Residues 
Produc t ion  of a  gas  

c o n t a i n i n g  methane and carbon 
d i o x i d e  by b a c t e r i a l  d i g e s -  
t i o n  of wood has  rece ived  
some a t t e n t i o n .  The p rocess  
i s  a e r o b i c  (oxygen us ing)  o r  
anaerob ic  [oxygen d e f i c i e n t )  
and u s e s  t h e  d i g e s t i v e  capa- 
b i l i t i e s  of v a r i o u s  micro- 
organisms ( 5 0 ) .  The p rocess  
i s  slow and r e q u i r e s  c o n s t a n t  
moni to r ing  of temperature .  
There i s  some i n d i c a t i o n  t h a t  
t h e  l i g n i n  i n  wood may be 
t o x i c  t o  t h e  b a c t e r i a .  

B a c t e r i a l  d i g e s t i o n  i s  
n o t  now cons ide red  a  s i g n i f -  
i c a n t  f a c t  o r  i n  producing 
energy from wood; animal and 
munic ipal  wastes  a r e  more 
favored  sources .  

The Resource Base 
The i n t e n t  of t h i s  

s e c t i o n  i s  t o  d e s c r i b e  t h e  
c h a r a c t e r i s t i c s  and a v a i l -  
a b i l i t y  of  v a r i o u s  sources  of 
wood t h a t  may be used f o r  
energy.  Q u a n t i t i e s  of wood 
from t h e  v a r i o u s  sources  w i l l  
be d i s c u s s e d  where d a t a  
pe rmi t .  The g e n e r a l  t h r u s t  
i s  t o  b r i n g  i n t o  focus  t h e  
p h y s i c a l  and economic f a c t o r s  
a f f e c t i n g  t h e  a v a i l a b i l i t y  of 
t h e  r e s o u r c e  f o r  p roduc t ion  
of energy.  Analyses of c a s e  
s t u d i e s  of  t h e  a v a i l a b i l i t y  
of  wood f o r  a  s p e c i f i c  energy 
f a c i l i t y  a r e  s i t e  s p e c i f i c  
and thus  beyond t h e  scope of 
t h i s  r e p o r t .  The d i s c u s s i o n  
t h a t  fo l lows  p o i n t s  o u t  t h e  
p o t e n t i a l s  and shortcomings 
of e x i s t i n g  r e s o u r c e  d a t a  a s  
they  p e r t a i n  t o  energy.  The 
a v a i l a b i l i t y  of wood f o r  f u e l  
i s  t o  a  g r e a t  degree  a  f u n c t i o n  
of  t h e  dynamic economic 
environment and compet i t ion  
from conven t iona l  p roduc t s .  

M i l l  r e s i d u e s  a r e  gener-  
a l l y  viewed a s  a  f i r s t - l i n e  
source  of wood f e e d s t o c k  f o r  
energy and a r e  used a s  such by 
t h e  f o r e s t  p roduc t s  i n d u s t r y .  
The advantages o f f e r e d  by m i l l  
r e s i d u e s  a r e  apparen t .  They 
a r e  i n  a  convenient  form, a r e  
r e a d i l y  a c c e s s i b l e ,  a r e  gener-  
a t e d  i n  f a i r l y  l a r g e  q u a n t i t i e s ,  
and a r e  t h e  cheapes t  form of 
wood f i b e r .  The t o t a l  q u a n t i -  
t i e s  genera ted  tend t o  be 
mis lead ing .  I n  1976 about 
15.4 m i l l i o n  t o n s ,  d r y  weight ,  
of wood and bark  r e s i d u e s  were 
c r e a t e d  by t h e  f o r e s t  p roduc t s  
i n d u s t r y  i n  Oregon ( 3 3 )  . Of 
t h i s  t o t a l ,  however, on ly  
510,000 t o n s  were r e p o r t e d  a s  
unused. Th i s  l e s s e r  volume 
r e p r e s e n t s  t h e  most l i k e l y  
source  f o r  new p r o d u c t s ,  such 
a s  energy.  As i s  i n d i c a t e d  by 
f i g u r e  2 ,  no s i g n i f i c a n t  
c o n c e n t r a t i o n  of unused r e s i -  
dues e x i s t s  i n  t h e  s t a t e . /  
The s i t u a t i o n  i n  t h e  n o r t h e a s t  
p a r t  of  t h e  S t a t e  has  changed 
s i n c e  1976. A l a r g e ,  wood- 
f i r e d  b o i l e r  has  been i n -  
s t a l l e d  a t  a  p u l p m i l l  a t  
Wal lu la ,  Washington. Con- 
t r a c t s  f o r  hog f u e l  have no 
doubt g r e a t l y  reduced t h e  
unused volume i n  t h e  surround- 
i n g  a r e a .  

This map and the one shown 
in figure 3 indicate the quantity of 
mill residues, by volume class, 
tributary to various locations 
within the 50-mile-radius supply 
zones noted. The volumes are not 
additive, however, since the supply 
zones overlap. Thus, care must be 
taken in assessing the number of 
opportunities for generating energy 
in the State. 



BONE- DRY TONS 

25.000 - 50.000 

CD 50.000 75.000 

Figure 2.--Quanti ty o f  unused mil 1 
residues within 50-mi le supply 
zones o f  selected cities. 

To put these quantities 
in perspective, a 50-MW 
powerplant would require about 
250,000 bone-dry tons of hog 
fuel annually (operating at 
75 percent of capacity). As 
figure 2 shows, no location in 
Oregon has this quantity in 
its supply zone. The 50-mile 
supply zone was the consensus 
from various studies as a 
reasonable distance for wood 
residues to be transported to 
a central energy facility. In 
practice, residues are trans- 
ported farther than 50 miles; 
the end value of the final 
product is the determining 
factor. 

As the value of energy 
products increases it is 
likely that residues now used 
for low-value products, such 
as mulch and decorative bark, 
may be used for energy. 
Although all residues now used 
for miscellaneous purposes, as 
defined by the 1976 Oregon 
industry survey ( 3 3 ) ,  may not 
be available for energy, some 
will be bid away from other 
uses. Figure 3 indicates the 
volume of "unused" plus "mis- 
cellaneous use" residues for a 
50-mile supply zone. These 
volumes represent physical 
existence only. Competing 
uses and the difficulty of 
securing long-term contracts 
will considerably reduce the 
volume available for energy in 
today's economic environment. 



Figure 3. - -Quant i ty  o f  unused and 
misce l l  aneous use m i  11 residues 
w i t h i n  50-mile supply zones o f  
selected c i t i e s .  

Cogeneration within the 
forest products industry in 
the Pacific Northwest is a 
likely candidate for immediate 
additions to the area's supplies 
of electricity. Within the 
forest products industry, 
large volumes of residue are 
used as boiler fuel, about 
4.3 million tons in 1976 
(33) .y In plants where steam 
is now produced, generation of 
electricity would require less 
additional input than at a 
central powerplant. Thus, 

Although a por t ion  of the  
t o t a l  volume of residues used f o r  
f u e l  was consumed outsi.de the  
indust ry  o r  f o r  general heating,  by 
f a r  the  majori ty was used f o r  b o i l e r  
fue l .  

significant opportunities 
exist to generate electri- 
city--coupling residues 
presently used for boiler fuel 
with those now unused or used 
for low-value miscellaneous 
purposes. Although cogener- 
ation may not be feasible for 
each mill, it may provide a 
physical or economic alter- 
native for clusters of mills 
close to each other. 

Cogeneration will prob- 
ably increase in importance in 
this region. Difficulty in 
securing adequate supplies of 
residues may restrict ex- 
pansion for some mills. In 
addition, competition from 
conventional products and 
other types of energy will 
impact the level of electrical 
output in the future. 



Logging Residues 
The volume of logging 

residues throughout the 
Pacific Coast is very high and 
represents significant potential 
for production of energy (8, 
27). The main concerns are not 
about total volume, however, 
but of cost and future avail- 
ability. The latter is a 
factor of increased utili- 
zation of residues for con- 
ventional products and a shift 
from old-growth to young- 
growth forests. 

Three characteristics 
distinguish logging residues 
from mill residues as a re- 
source base for energy. 
First, they are not in a 
readily usable form. At the 
minimum, chipping would be 
required. Second, they may 
have to be yarded to a loading 
point before they are prepared 
or transported-a relatively 
high cost to be borne by low- 
value products, such as 
energy. Finally, they are 
usually located some distance 
from processing facilities and 
thus incur higher costs for 
transportation. The fact that 
residues are not used for 
higher value conventional 
products says much about the 
economics of their use for 
energy. 

Most studies of the 
energy potential of residues 
are using out-of-date in- 
formation. The major point, 
however, is still valid; large 
quantities of logging residue 
exist if the means can be 
found to utilize them in an 
economically viable manner. 

Data for the 1980 national 
timber assessment indicate a 
total of 181 million cubic 
feet of logging residues are 
generated annually in western 
Oregon (32, 64). For eastern 

Oregon the total is 26 million 
cubic feet. Converted to 
weight on the basis of 25 
pounds per cubic foot (dry 
basis), the total for Oregon 
is over 2.6 million tons; this 
figure refers only to the 
growing-stock portion of 
logging residues. The non- 
growing-stock~ portion is 
roughly equal to the growing- 
stock portion. Thus, the 
total volume for Oregon 
expands to about 5 million 
ovendry tons annually. 

Also not taken into 
consideration is the material 
less than 4 inches in dia- 
meter. Little definitive work 
has been done on measurement 
of total biomass of logging 
residues. Data from a recent 
study give a hint of the 
possible magnitude (50) ; from 
information compiled from 
various sources, the main-stem 
portion of logging residues is 
estimated to be slightly less 
than 50 percent of total 
biomass. By this standard, 
total biomass of logging 
residues in Oregon would be 
approximately 10 million dry 
tons. Maintenance of site 
productivity, however, re- 
quires leaving some material 
on the ground. Suffice it to 
say there is a considerable 
volume of material that could 
be converted to energy or 
related products. The 10 
million tons quoted above 
could fuel forty 50-MW plants 
for a year. 

Volume from previously dead, 
cull, or noncommercial trees on 
harvested areas. 



Estimates of costs of 
removing logging residues 
range from $20 to $40 per ton, 
depending on various physio- 
graphic and technological 
factors. This is equivalent 
to 16-40 mills per kilowatt 
hour (38, 50). Add to this 
the costs of transporting, 
preparing, and processing the 
residues and it becomes 
apparent that production of 
electricity from logging 
residues is at a disadvantage 
in today's market, where it 
must compete with prices that 
include large quantities of 
cheap hydropower. Even if the 
above costs are conservative, 
electric power--or almost any 
energy product--cannot compete 
with the average cost of 
conventional sources. A 
change in the existing pricing 
system for electricity would 
make the situation more favor- 
able. But even this would 
prompt use of more readily 
accessible sources, such as 
mill residues. Sharing the 
costs of removing residues, up 
to the benefits to land 
management, will be discussed 
later. 

The situation surrounding 
logging residues is dynamic 
and presents problems in 
projecting future volumes. 
Increased demand from con- 
ventional products, more 
efficient techniques and 
equipment for harvesting 
timber, and a shift toward 
young growth will act to 
reduce future volume and 
concentration of residual 
materials. This uncertainty 
about future supplies presents 
special problems for central 
power facilities for capital 
investments with long payoff 
periods. Investors are 
reluctant to finance con- 
struction when long-term 
supplies of raw material are 
in doubt. 

Mortality 
It is doubtful that 

naturally occurring mortality, 
because of generally low 
concentrations per acre, will 
be a major factor in this 
region's energy picture. If a 
significant market for energy 
existed, there might be great- 
er utilization of lower 
quality logs. 

Catastrophic mortality, 
on the other hand, may make 
significant contributions to 
future needs for energy. In 
the case of major fires, sal- 
vage for conventional products 
may account ,for most of the 
volume. There may be, how- 
ever, greater volumes of 
residue created by milling of 
these trees. 

Epidemics of insects or 
disease, such as the tussock 
moth and mountain pine beetle 
outbreaks in northeast Oregon, 
offer substantial opportunity 
for production of energy. 
Studies by Oregon State 
University indicate that 
insects have killed approxi- 
mately 1.3 billion board feet 
of timber in the Blue Mountain 
area over the past few years 
(12, 70). Much of this volume 
has value for solid products 
and pulp chips. Some of the 
material is not suitable for 
these products but has much 
value for energy products. 
This proportion will increase 
as the trees deteriorate in 
quality over time. A multi- 
product operation, including 
energy, would be a most likely 
approach to utilizing this 
fairly large volume of timber. 
Such a facility, however, must 
be predicated on assurance of 
obtaining adequate supplies of 
dead timber for many years. 



It has been estimated that 
timber killed by insects in 
northeast Oregon will be 
physically available for 
energy for 20 years. Thus, an 
energy-producing facility 
could be established with an 
adequate supply of material 
for a period long enough to 
write off the investment. 
This alternative, along with 
proposals for overcoming 
institutional constraints to 
long-term contracts, is being 
considered in a study by 
Oregon State University funded 
in part by the U.S. Department 
of Energy. 

Hardwoods 
Hardwoods, particularly 

on the west side of the Cascades, 
currently represent a little 
used resource. Many forest 
managers consider hardwoods an 
impediment to management of 
more desirable softwoods. 
Although some mills process 
hardwoods, mainly red alder, 
the timber inventory is enor- 
mous when compared with harvest. 
A recent survey of the forest 
industry (33) shows that only 
65.5 million board feet (about 
13 million cubic feet) of 
hardwoods were utilized in 
1976. Recent inventories of 
western Oregon (3, 35, 49)  
show a roundwood volume of 4.8 
billion cubic feet. As can be 
seen, the harvest is less than 
one-third of 1 percent of 
inventory volume. 

The inventory figure 
stated above does not repre- 
sent the total biomass of 
hardwoods, nor does it include 
volume on noncommercial land. 
From the little solid data 
existing, the total biomass of 
hardwoods is estimated at 
roughly one-and-two-thirds 
times the reported inventory 
volume. By this rough rule of 
thumb, the total volume of 

hardwoods suitable for energy 
is over 8 billion cubic feet. 
All of this volume, of course, 
is not available for energy-or 
other products, for that 
matter. Many private owners 
may not offer timber for sale 
at any price, much less at 
prices low enough to make 
energy products economically 
competitive. Some of the 
better quality timber will be 
used for higher value products, 
such as furniture. In addition, 
scattered pockets of hardwoods 
may not be economically 
retrievable. Even one-half of 
the available volume, however, 
could support five 50-MW 
electric plants for 30 years. 

Hardwood stands are 
presently being converted to 
softwood in some areas. This 
is a costly practice but 
deemed necessary by those land 
managers desiring to return 
these productive lands to 
softwood types. The avail- 
ability of energy markets for 
the bulk of this material 
might provide an impetus for 
increased stand conversion. 
Preliminary estimates supplied 
by the Industrial Forestry 
Association indicate that 
6,000 acres of hardwood were 
converted to softwood in 1977. 
This figure is considered 
somewhat conservative and 
includes only lands owned by 
forest industry. There are 
about 2,700,000 acres of 
hardwood type in western 
Oregon. Obviously, all areas 
will not be converted to 
softwoods. Yet, a large 
portion of the area will yield 
greater volumes in the long 
run if hardwoods are converted 
to coniferous species and 
produce fuel for energy in the 
process. 



I t  i s  obvious from t h e s e  
f i g u r e s  t h a t  s i g n i f i c a n t  
p o t e n t i a l  e x i s t s  t o  augment 
r e g i o n a l  s u p p l i e s  of energy 
through i n c r e a s e d  use  of t h e  
hardwood resource .  

Silvicultural Materials 
Residues genera ted  dur ing  

s i l v i c u l t u r a l  o p e r a t i o n s  
( t h i n n i n g ,  s t a n d  r e l e a s e ,  o r  
s i t e  p r e p a r a t i o n )  may s e r v e  a s  
a  source  of raw m a t e r i a l  f o r  
p roduc t ion  of energy.  Some 
e s t i m a t e s  a r e  a v a i l a b l e  f o r  
a c r e s  t r e a t e d  by t h e s e  p r a c -  
t i c e s ,  bu t  l i t t l e  i s  known 
about volume removed. Even 
l e s s  i s  known about t h e  t o t a l  
biomass t r e a t e d .  

Advances i n  technology 
aimed a t  u t i l i z a t i o n  of t h e  
whole t r e e  may i n c r e a s e  t h e  
q u a n t i t y  of m a t e r i a l  a v a i l a b l e  
f o r  energy. The o p p o r t u n i t i e s  
l i e  w i t h  g r e a t e r  r ecovery  of  
f i b e r  c o n t e n t  through removal 
of t h e  e n t i r e  t r e e .  Relogging 
of t r e a t e d  a r e a s  i s  g e n e r a l l y  
n o t  f e a s i b l e  because of 
p o t e n t i a l  damage t o  r e s i d u a l  
t r e e s .  For t r e a t m e n t s  such a s  
s i t e  p r e p a r a t i o n ,  r e e n t r y  may 
be i m p r a c t i c a l  u n l e s s  done 
b e f o r e  t h e  new s t a n d  i s  
e s t a b l i s h e d .  I n  g e n e r a l ,  
a d d i t i o n s  t o  raw m a t e r i a l  
s u p p l i e s  f o r  energy w i l l  be 
from t o p s  and branches of 
t r e e s  and from t r e e s  c u r r e n t l y  
below commercial s i z e .  A new 
market f o r  t h i s  type  of 
m a t e r i a l ,  such a s  f o r  energy,  
could  provide  t h e  impetus f o r  
inc reased  s i l v i c u l t u r a l  
a c t i v i t i e s .  A major q u e s t i o n ,  
however, i s  how much m a t e r i a l  
could  be removed wi thou t  
d e l e t e r i o u s  e f f e c t s  on l e v e l s  
of s o i l  n u t r i e n t s  (42, 4 3 ) .  

Brush Species 
A l a r g e  q u a n t i t y  of b rush  

e x i s t s  on f o r e s 6  l a n d s  through- 
ou t  t h e  P a c i f i c  Coast  S t a t e s .  
Many of t h e s e  a r e a s  r e q u i r e  
t r ea tment  t o  r e t u r n  t h e  s i t e  
t o  f u l l  p r o d u c t i v i t y .  I t  i s  
d o u b t f u l ,  however, i f  much of 
t h i s  type  of m a t e r i a l  w i l l  be 
conver ted  t o  energy i n  t h e  
n e a r  f u t u r e .  L i t t l e  i s  known 
about  t h e  c o s t  of  removing and 
hand l ing  b rush  o r  t h e  equip-  
ment necessa ry  t o  accomplish 
t h e  t a s k .  Another unknown i s  
t h e  f a c t o r  b rush  p l a y s  i n  
main ta in ing  n u t r i e n t  l e v e l s  of 
t h e  s o i l .  Many q u e s t i o n s  
would have t o  be answered and 
t h e  economics improved b e f o r e  
b rush  could  be considered a s  a  
source  of  supply  f o r  energy i n  
t h i s  a r e a .  

Biomass Farms 
The use  of s h o r t - r o t a t i o n  

t r e e  farms t o  p rov ide  wood f o r  
energy has  gained much a t t e n t i o n  
i n  t h e  p a s t  few y e a r s  (9,  
20, 50, 57, 60, 61, 71). The 
concept  e n t a i l s  i n t e n s i v e  
s h o r t  r o t a t i o n  ( u s u a l l y  2-15 
y e a r s )  management of  c l o s e l y  
spaced,  f a s t -g rowing  t r e e s .  
Hardwoods a r e  most f r e q u e n t l y  
cons ide red  because of t h e i r  
a b i l i t y  t o  propagate  by 
coppic ing.  

R e s u l t s  of s t u d i e s  of 
s p e c i e s  indigenous  t o  t h e  
Northwest i n d i c a t e  y i e l d s  from 
4 t o  3 3  t o n s  (dry  weight)  p e r  
a c r e  (15, 23, 29, 45, 50, 60). 
Yie lds  of 1 0  t o  2 0  t o n s  p e r  
a c r e  were f r e q u e n t l y  recorded.  
A shortcoming of most of t h e s e  
s t u d i e s  i s  t h e  r e l a t i v e l y  
smal l  sample plots--some were 
on ly  one-thousandth of an 
a c r e .  There i s  some doubt 
whether t h e s e  l e v e l s  can be 
s u s t a i n e d  on l a r g e r  a r e a s  (20). 



A number of issues remain 
unanswered concerning the 
concept of plantations for 
energy. The costs of large- 
scale plantations have yet to 
be established. Unknowns 
include the requirements and 
costs of fertilizing, irri- 
gating, and harvesting. There 
is some uncertainty as to the 
success of repeated coppicing. 
Planting a new crop would 
increase costs significantly. 
Another factor relevant to the 
broad issue of alternative 
sources of wood for energy is 
the net energy balance of 
plantations. A major concern 
here is the potential depend- 
ence on petroleum-based ferti- 
lizers. 

technic all.^, energy 
plantations are feasible. 
Their application centers 
around economics and devel- 
opment of necessary equipment. 
Possibly a more crucial 
question is that of avail- 
ability of land. The data 
below provide a reasonably 
good estimate of land re- 
quirements for a 150-MW 
powerplant ( 2 0 ) .  

Sustained-yield productivity and 
land needs for a 150-MW power unit 

Ovendry tons per 
acre Der vear 

Acreage 
reauired 

As can be seen, even with 
high, sustainable yields 
acreage requirements are high. 
Smaller facilities would 
obviously require less acre- 
age. The problem of land 
availability comes into focus 
when specific locations are 
considered. Gentle terrain 
with adequate water supplies 
are paramount for success. In the 
Northwest most areas fitting 
this description are currently 

producing other crops or are 
within urban zones. Many 
areas in eastern Oregon, 
although having moderate 
slopes, suffer from restricted 
water supplies (50) ; where 
available, warm water from 
industrial processing, such as 
from pulpmills or thermal 
powerplants, could be used for 
irrigation of plantations. 

A study in Washington 
should provide data for answer- 
ing some of the above questions 
(59). This study was con- 
ducted in powerline rights-of- 
way. Utilizing the productive 
potential of these nonproducing 
lands could add valuable 
acreage to the region's de- 
clining commercial forest land 
base. The study was designed 
to produce cost and yield data 
for a number of management 
regimes on 1/4-acre plots, 
somewhat larger than in most 
studies. 

Biomass farms offer 
advantages over other forms of 
fiber production through 
increased efficiency of har- 
vesting, short waiting periods 
for cash flows, and lower 
regeneration costs via coppic- 
ing. Chief disadvantages are 
higher costs per acre for 
establishment and management, 
restrictions on available 
land, genetic problems associ- 
ated with monoculture, and the 
impact of devastation by fire 
or wind or outbreaks of insects 
or disease. 

Few studies indicate 
short-term application of 
large-scale energy plantations 
in the Northwest. Major 
determinants are cost and 
availability of underutilized 
sources, such as logging 
residues. The opportunity may 
be best for an independent 
energy facility desiring a 
guaranteed supply of raw 
materials. 



Materials Hand ling 
Preparation 

Most systems for con- 
verting wood to energy have 
strict requirements concerning 
the size, form, and moisture 
content of wood or bark fuels. 
Most sources of wood, mill 
residues being the usual 
exception, must be modified to 
some degree to meet these 
requirements (39) . Roundwood 
is usually hogged or chipped 
to produce what is called hog 
fuel. This is not a common 
practice, however, as mill 
residues currently meet most 
of the demand for energy. 
Wetter types of hog fuel are 
usually passed through a 
drying phase to attain the 
desired moisture content. Hog 
fuel from mill residues are 
frequently dry enough to avoid 
this phase; however, water 
absorption during storage may 
present problems. Drying of 
large quantities of hog fuel 
is a problem in terms of cost 
and time. Some integrated 
systems use the fines (sawdust, 
for example) to fire drying 
furnaces or modular units, 
such as the cyclone burners 
previously discussed. Some 
fluid-bed reactors do not 
require all material to be 
dried if a proper mix of high- 
and low-moisture content 
feedstock is maintained. 

Drying of fuels is a 
critical factor in determining 
efficiency of the overall 
process. Corder (11) indi- 
cates heat loss of 13 percent 
for wood fuel at 100-percent 
moisture content (dry hasis), 

and 26 percent at 200-per- 
cent . /  In addition to caus- 
ing a loss of realized heat, 
excess moisture acts to retard 
combustion. Difficulty in 
maintaining combustion occurs 
when the moisture content 
exceeds 200 percent. 

Suspension burners, such 
as will be used by PGE's 
Boardman coal plant now under 
construction, require that the 
feedstock be reduced to fine 
particles. This is usually 
accomplished by hammermilling 
and screening. The added 
costs, however, reduce the 
competitiveness of wood 
compared with more easily 
pulverized fuels, such as 
coal--sawdust and sander dust 
being exceptions. 

Densification of wood 
fiber by pelletizing has 
recently received much atten- 
tion. In this process, wood-- 
usually hog fuel--is dried and 
compressed into cylindrical 
pellets. Based on early 
findings, major advantages of 
this procedure are uniformity 
in size and moisture content, 
reduced storage requirements, 
and clean burning. Pelletizing 
is not required for some 
conversion systems and repre- 
sents an unnecessary cost. On 
the other hand, the pellets 
are ideally suited to the 
needs of small installations, 
such as those in schools or 
hospitals for direct heating 
or steam production. 

All moisture contents are 
stated in terms of dry basis; that 
is, the weight of water relative to 
the weight of the wood portion. These 
moisture contents can be converted 
to wet basis by the following 
formula: 

100 IMC (dry) 1 
= 100 + MC(dry)' 



There is some evidence 
that the resins in bark pro- 
vide some of the adhesive 
agents that assist in pre- 
venting physical deterioration 
of pellets. Thus, it may be 
necessary to mix bark with 
wood residues from some 
manufacturing operations. 
Normally, hog fuel contains 
more than an adequate propor- 
tion of bark. Bark also 
increases the value of pellets 
because of its higher heat 
value compared with wood. 

Analysis of the long-term 
potential of pelletizing is 
hampered by lack of available 
operational data and costs. 
Figures quoted at a recent 
hearing in Eugene indicate the 
cost of pellets to be about 
$20 to $24 per dry ton, f.o.b. 
mill--about three to five 
times higher than hog fuel, at 
$5 to $7 per dry ton. It does 
compare favorably with Wyoming 
coal at $20 per ton, which has 
approximately the same heating 
value per pound. 

Transportation 
Unless a source of fuel, 

such as onsite mill residues, 
is adequate for all energy 
needs, transportation of 
materials is a major factor in 
determining economic feasi- 
bility of energy production. 
Four modes of transportation 
are usually given consider- 
ation for movement of wood: 
trucks, railroads, pipelines, 
or conveyor systems. Barges 
have been considered but are 
limited to facilities on or 
near a navigable river. 

Trucking usually costs 
least and is most adaptable 
for transporting wood fuels. 
Trucks are flexible enough to 
reach remote locations and 
handle small quantities of 
fuels. The extensive road 
network favors the use of 

trucks over other transpor- 
tation with more restricted 
avenues of movement. In the 
case of in-woods chipping, 
trucks offer the only reas- 
onable alternative. Trucks 
are also better able to meet 
the fuel needs of an immediate 
increase in energy production. 
Trucking costs are somewhat 
site specific, depending on 
type of roads, discounts, tax 
structure, contract specifi- 
cations, and equipment. 
Average costs used in various 
studies range from 10 to 17 
cents per ton-mile. One 
component of this cost being 
given careful consideration is 
the weight-mile tax currently 
levied against all hauling of 
commodities. This tax tends 
to favor high-value products 
over low-value products, such 
as hog fuel. Various politi- 
cal bodies are examining this 
tax in terms of its impact on 
use of wood for energy; A 
reduction in the tax would 
obviously reduce costs and 
thereby increase the competi- 
tiveness of wood as a fuel. 

A study in Vermont (30) 
considered the merits of 
trucks versus railroads for 
hauling chips to a central 
power facility. Complete use 
of rail systems and trucking 
to dispersed railheads were 
examined. Trucking was con- 
cluded to be the cheaper of 
either rail-oriented option. 
Much of the cost differential 
was attributed to the addition- 
al handling of the chips 
between trucks and railcars. 

Hauling of hog fuel by 
rail is currently practiced, 
primarily to move mill resi- 
dues. This is a viable alter- 
native where processing facil- 
ities lie on an existing rail 
network. Building of spur 
lines would be prohibitive for 
most energy-related operations. 



Use of r a i l  d e l i v e r y  f o r  
energy p roduc t ion  might be 
favored  a t  l a r g e - s c a l e  c e n t r a l  
f a c i l i t i e s  bu t  n o t  f o r  widely  
s c a t t e r e d ,  s m a l l - s c a l e  ones.  
The g e n e r a l  push, a t  l e a s t  
p o l i t i c a l l y ,  i s  f o r  d e c e n t r a -  
l i z e d  p roduc t ion  of energy.  
Thus, t h e  use  of r a i l r o a d s  t o  
hau l  f u e l s  would be l e s s  
advantageous.  The key h e r e  i s  
t h e  c o s t  a s s o c i a t e d  w i t h  
d e l i v e r y  and hand l ing  of  
m a t e r i a l s  from woods o r  
c o n c e n t r a t i o n  yard  t o  r a i l -  
head. Smal ler  f a c i l i t i e s  
could b e s t  be se rved  by t r u c k s  
loaded i n  t h e  woods where 
r e l o a d i n g  i n t o  r a i l c a r s  would 
n o t  be necessa ry .  Larger 
f a c i l i t i e s ,  r e q u i r i n g  a  
g r e a t e r  volume of f u e l ,  could  
reach  f a r t h e r  and t h u s  amor- 
t i z e  t h e  r e l o a d i n g  c o s t s  over 
g r e a t e r  d i s t a n c e s .  Th i s  would 
enab le  them t o  use  a  r a i l  
system i f  one was c l o s e .  

Conveyor b e l t s  a r e  
f r e q u e n t l y  used f o r  o n s i t e  
movement of r e s i d u e s  w i t h i n  
t h e  f o r e s t  p roduc t s  i n d u s t r y .  
Conveyor systems i n  excess  of 
1 mi le  i n  l e n g t h  a r e  used t o  
move c h i p s  between a d j a c e n t  
p rocess ing  c e n t e r s .  The major 
d i sadvan tages  t o  t h e  use  of  
conveyors a r e  c o s t  and i n f l e x i -  
b i l i t y .  Costs  of i n s t a l l a t i o n  
a r e  h igh ,  e s p e c i a l l y  when 
r igh t s -o f -way  must be secured .  
Although t h e s e  systems can be 
moved, t ime and c o s t  a r e  a  
major c o n s i d e r a t i o n .  F igures  
from a  r e c e n t  s tudy  of energy 
p l a n t a t i o n s  (50) p l a c e  t h e  
c o s t  of i n s t a l l i n g  a  conveyor 
system a t  $250 p e r  f o o t .  A t  
t h i s  r a t e ,  t h e  i n s t a l l a t i o n  
c o s t  of 1 mi le  of b e l t  would 
exceed $1.3 m i l l i o n .  

P i p e l i n e s  a r e  a l s o  
expensive  and a r e  s t a t i o n a r y .  
Some c o n s i d e r a t i o n  was g iven 
t o  c o n s t r u c t i o n  of a  p i p e l i n e  
f o r  t r a n s p o r t i n g  Wyoming c o a l  
t o  e a s t e r n  Oregon. Act ions  
were d e t e r r e d  by r e l a t i v e l y  
h i g h  c o s t s  of c o n s t r u c t i o n  and 
d i f f i c u l t y  i n  o b t a i n i n g  p e r -  
miss ion  f o r  access  along t h e  
proposed r o u t e .  An a d d i t i o n a l  
problem a s s o c i a t e d  w i t h  p i p e -  
l i n e s  i s  t h e  requirement  f o r  
l a r g e  q u a n t i t i e s  of wa te r .  
For example, movement of 1,400 
t o n s  of c h i p s  would r e q u i r e  
about  2 m i l l i o n  g a l l o n s  of 
water  (66) . 
Storage 

Problems i n  s t o r a g e  of 
wood g e n e r a l l y  r e l a t e  t o  t h e  
s c a l e  of o p e r a t i o n  and r o t a -  
t i o n  of inven to ry  t o  avoid 
d e t e r i o r a t i o n .  Fewest d i f f i -  
c u l t i e s  a r e  encountered when 
m a t e r i a l s  a r e  used a t  t h e  same 
l o c a t i o n  and time a s  they  a r e  
c r e a t e d .  This  obviously  
e l i m i n a t e s  t h e  need f o r  
s t o r a g e  a r e a s ,  excep t  a s  a  
sa feguard  a g a i n s t  shutdown of 
t h e  res idue-produc ing  f a c i l i t y .  
There in  l i e s  t h e  advantage of 
t h e  f o r e s t  p roduc t s  i n d u s t r y  
a s  g e n e r a t o r  of energy from 
m i l l  r e s i d u e s .  

D e t e r i o r a t i o n  of wood 
f u e l s  depends mainly on l e n g t h  
of  time i n  s t o r a g e  and degree  
of p r o t e c t i o n  from t h e  e l e -  
ments. P o t e n t i a l  problems can 
be m i t i g a t e d  by p roper  r o t a -  
t i o n  of t h e  inven to ry .  Other 
problems encountered i n  
s t o r a g e  a r e  f i r e s ,  f r e e z i n g  of  
m a t e r i a l s  i n  c o l d e r  c l i m a t e s ,  
and i n c r e a s e d  mois tu re  c o n t e n t  
from p r e c i p i t a t i o n .  Where 
m a t e r i a l s  a r e  c o n s t a n t l y  being 
c r e a t e d ,  such a s  i n  t h e  f o r e s t  
p roduc t s  i n d u s t r y ,  t h e s e  
problems o r  t h e i r  impacts  a r e  
n o t  a s  s i g n i f i c a n t .  



Institutional Factors of 
Energy Production 

Many i n s t i t u t i o n a l  f a c t o r s  
a f f e c t  new sources  of energy.  
Some a r e  l o c a l ,  and o t h e r s  a r e  
n a t i o n a l  w i t h  p o l i t i c a l  
o r i g i n s .  Some of t h e  s i g n i f -  
i c a n t  problems a r e  summarized 
below. 

Marketing of bo th  energy 
and f u e l  s u p p l i e s  a r e  an a r e a  
of major concern.  The c u r r e n t  
p r i c i n g  s t r u c t u r e  of e l e c t r i -  
c i t y ,  f o r  example, does n o t  
f a v o r  g e n e r a t i o n  by n o n u t i l i t y  
companies. Few new sources  of 
energy can compete w i t h  t h e  
e x i s t i n g  p r i c e s  which a r e  
average  p r i c e s  from e x i s t i n g  
s o u r c e s ,  inc lud ing  low-cost  
hydropower. P r i v a t e  u t i l i t i e s  
w i l l  purchase  some power b u t  
a t  p r i c e s  a s  low a s  one- ten th  
of i t s  market va lue .  Market- 
i n g  of power through t h e  BPA 
g r i d  i s  p o s s i b l e  where cus -  
tomers can be found,  u s u a l l y  
i n  C a l i f o r n i a .  This  e n t a i l s  a  
marketing f e e  of about 3 
mills/kWh which f u r t h e r  
r educes  t h e  compet i t iveness  of  
new sources .  A g e n e r a l l y  more 
p o s i t i v e  approach t o  market ing 
of s m a l l - s c a l e  power and t h e  
u s e  of r o l l - i n  p r i c i n g  would 
open t h e  door t o  g r e a t e r  
p roduc t ion  of e l e c t r i c i t y  by 
n o n u t i l i t y  companies, e s p e c i -  
a l l y  t h e  f o r e s t  p roduc t s  
i n d u s t r y .  BPA i s  c u r r e n t l y  
g i v i n g  some a t t e n t i o n  t o  t h i s  
s i t u a t i o n .  Enactment of 
s t a t u t e s  g i v i n g  BPA power t o  
purchase  energy i s  being 
considered.  

On t h e  o t h e r  s i d e  of t h e  
c o i n  i s  t h e  supply  i s s u e .  
Secur ing an adequate supply  of 
wood i s  a  problem voiced by 
most p o t e n t i a l  producers  of 
energy. Development of a  
c o n t r a c t u a l  procedure by which 
p u b l i c  landowners could  i n s u r e  
a  long-term supply  of  under-  
u t i l i z e d  m a t e r i a l  would be a  
major breakthrough.  The 
p r o s p e c t s  f o r  t h i s  do n o t  look 
b r i g h t .  There i s  no l e g a l  
framework f o r  t h i s  type  of 
a c t i o n ,  and compet i t ion  from 
o t h e r  u s e s  of wood i s  a  compli- 
c a t i n g  f a c t o r .  A s i m i l a r  
environment e x i s t s  i n  t h e  
i n d u s t r i a l  s e c t o r .  A r e c e n t  
s t u d y  of t h e  Eugene a r e a  (46) 
i n d i c a t e d  a  g e n e r a l  r e l u c t a n c e  
on t h e  p a r t  of mil lowners t o  
e n t e r  i n t o  any type  of long-  
term c o n t r a c t  t o  supply  r e s i -  
dues f o r  energy p roduc t ion .  
A t  b e s t ,  some of t h e  s u p p l i e r s  
would agree  t o  a  yea r - to -year  
b a s i s ,  l e a v i n g  t h e  p r i c e  
n e g o t i a b l e .  This  s i t u a t i o n  
does n o t  f avor  c o n s t r u c t i o n  of 
an energy f a c i l i t y  w i t h  a  
w r i t e o f f  p e r i o d  of  15 t o  30 
y e a r s .  

E x i s t i n g  t a x  s t r u c t u r e s  
a l s o  a f f e c t  t h e  energy s i t u -  
a t i o n  t o  a  g r e a t  degree .  
P lac ing  p r i v a t e l y  f inanced  
energy f a c i l i t i e s  on t h e  
p r o p e r t y  t a x  r o l l s  i n c r e a s e s  
c o s t s  of p roduc t ion .  The 
q u e s t i o n  r a i s e d  h e r e  i s  
whether t h e s e  f a c i l i t i e s  a r e  
i n  f a c t  p o l l u t i o n  c o n t r o l  
e f f o r t s  which enab les  them t o  
be p laced  i n  a  t a x  exempt 
s t a t u s  (66) . A p o l i c y  f a v o r -  
ing  t h e  u s e  of biomass f o r  
energy might r e q u i r e  a  major 
overhaul  i n  p r o p e r t y  t a x  laws. 
Changes i n  S t a t e  and Federa l  
t a x  laws governing d e p r e c i a t i o n  
of c a p i t a l  inves tments  could  
have p o s i t i v e  e f f e c t s  on produc- 
t i o n  of energy by n o n u t i l i t y  
companies. 



I n c e n t i v e  programs have 
been and w i l l  con t inue  t o  be 
an impor tant  means f o r  s t imu-  
l a t i n g  r e s e a r c h  and develop-  
ment of v a r i o u s  forms of 
energy.  Much of t h e  e f f o r t  i n  
t h i s  a r e a  has  been focused on 
h igh  technology s o l a r  energy,  
which has  l i t t l e  impact on 
t h e  use  of biomass. I n c r e a s -  
i n g l y ,  however, e f f o r t s  have 
been s tepped up by t h e  U.S. 
Department of Energy and o t h e r  
agenc ies  t o  s t i m u l a t e  r e s e a r c h  
i n t o  t h e  use  of wood f o r  
energy.  Although i n c e n t i v e  
programs a r e  v a l u a b l e  t o o l s ,  
economics i s  t h e  overr ids ing 
f a c t o r  i n  terms of a d a p t a t i o n  
of technology.  The message i s  
t h a t  t h e  product  must be 
compet i t ive  and p r o f i t a b l e .  
These c r i t e r i a ,  f o r  example, 
a p p a r e n t l y  a r e  n o t  met by 
methanol p roduc t ion  from wood 
a t  t h i s  t ime.  

A t o p i c  being d i s c u s s e d  
i s  s h a r i n g  t h e  c o s t  of removal 
of raw m a t e r i a l  t o  t h e  e x t e n t  
of b e n e f i t s  t o  t h e  l a n d  o r  
landowner. A c a s e  i n  p o i n t  i s  
logging r e s i d u e s  on Na t iona l  
F o r e s t  l ands .  I t  appears  t h a t  
t h e  c o s t  of removing t h e s e  
r e s i d u a l s  f o r  energy u s e s  i s  
c u r r e n t l y  too  h igh  t o  be 
suppor ted  by p r i c e s  f o r  
energy.  In  many c a s e s  t h i s  
m a t e r i a l  must be t r e a t e d ,  
f r e q u e n t l y  a t  r a t h e r  h igh  
c o s t s ,  t o  p r e p a r e  t h e  l and  f o r  
t h e  nex t  c rop  of t r e e s .  
I n v e s t i g a t i o n s  have been made 
i n t o  development of a  c o s t -  
s h a r i n g  program t o  a l low f o r  
payment f o r  removal of t h e s e  
m a t e r i a l s ,  a t  l e a s t  t o  t h e  
l e v e l  of c u r r e n t  c o s t s  of 
t r ea tment .  Whether o r  n o t  
t h i s  would make t h e  p r i c e  of 
wood-based energy compet i t ive  
i s  unknown. The main concern 
a g a i n  might be guaran tee  of 
supply  

Summary 
I n s u r i n g  an adequate 

supply  of energy f o r  t h e  
f u t u r e  i s  a  concern t h x t  
a f f e c t s  almost  everyone. The 
n a t i o n a l  and worldwide env i ron-  
ment of nonrenewable sources  
d i c t a t e s  impending changes i n  
our  p a t t e r n s  of producing and 
consuming energy.  Grea te r  
d i v e r s i t y  i n  sources  of energy 
i s  paramount t o  p r o g r e s s  
toward meeting t h i s  c o u n t r y ' s  
enormous a p p e t i t e  f o r  energy.  
S o l a r ,  n u c l e a r ,  and f u s i o n  
t e c h n o l o g i e s  hold  much promise 
f o r  t h e  long term; c o a l  p l a y s  
a  p o t e n t i a l l y  impor tant  r o l e  
i n  t h e  s h o r t - t e r m  f u t u r e .  The 
u s e  of t h i s  r e g i o n ' s  abundant 
biomass, however, may be 
prominent i n  t h e  i n t e r i m  
b e f o r e  t h e s e  h igh- technology 
a l t e r n a t i v e s  make s i g n i f i c a n t  
c o n t r i b u t i o n s .  

U t i l i z a t i o n  of biomass 
f o r  energy may occur i n  two 
forms. Most obvious i s  t h e  
d i r e c t  g e n e r a t i o n  of energy 
from v a r i o u s  sources  of b io -  
mass. An i n d i r e c t  approach 
would be t h e  s u b s t i t u t i o n  of 
wood f o r  more e n e r g y - i n t e n s i v e  
m a t e r i a l s ,  such a s  i r o n  o r  
aluminum. The impact of t h e s e  
a c t i o n s  i s  l a r g e l y  unknown; 
t h e  d i r e c t i o n  t aken  w i l l  be ,  
t o  a g r e a t  e x t e n t ,  a  m a t t e r  of 
n a t i o n a l  p o l i c i e s  and economics. 
Regional ly ,  t h e  use  of  wood 
f o r  g e n e r a t i o n  of e l e c t r i c i t y  
appears  t o  be t h e  most l i k e l y  
a l t e r n a t i v e .  Cogenerat ion by 
t h e  f o r e s t  p roduc t s  i n d u s t r y  
w i l l  be t h e  probable  v e h i c l e  
f o r  t h i s  ou tpu t .  The p ro-  
d u c t i o n  of low Btu gas  may 
become a  f a c t o r  i f  n a t i o n a l  
l e g i s l a t i o n  r e s t r i c t s  i n -  
d u s t r i a l  use  of n a t u r a l  gas .  
Ana lys i s  of t h e  energy poten-  
t i a l  of wood i s  n o t  j u s t  a 
m a t t e r  of e l e c t r i c i t y  gener-  
a t i o n  but  which of a  wide 



v a r i e t y  of  energy p roduc t s  
o f f e r s  t h e  g r e a t e s t  advantage 
t o  t h e  Nation and t h e  r e g i o n .  

The o p p o r t u n i t i e s  f o r  
producing energy a r e  p r e d i -  
c a t e d  on t h e  v a s t  q u a n t i t i e s  
of  biomass i n  t h e  P a c i f i c  
Coast  S t a t e s .  Some of t h i s  
m a t e r i a l  has r e c e i v e d  s p e c i a l  
a t t e n t i o n  because of i t s  
c u r r e n t  s t a t u s  of u n d e r u t i l i -  
z a t i o n .  Such i s  t h e  c a s e  w i t h  
logging r e s i d u e s  and i n s e c t -  
k i l l e d  t r e e s  i n  e a s t e r n  
Oregon. No s i n g l e  source  of  
wood f i b e r ,  however, has  t o  
supply  a l l  t h e  needs of an 
energy convers ion f a c i l i t y .  
In  t h e  b roades t  s e n s e ,  t h e r e  
i s  an abundance of wood f i b e r  
having p o t e n t i a l  f o r  producing 
energy.  Phys ica l  a v a i l a b i l i t y  
i s  n o t  t h e  r e a l  i s s u e - - r a t h e r  
t h e  q u e s t i o n  i s  one of economic 
a v a i l a b i l i t y  and market ing.  
Other r e s t r i c t i v e  f a c t o r s  a r e  
compet i t ion  from t h e  use  of 
wood f o r  conven t iona l  p roduc t s  
and t h e  r e l a t i v e  c o s t  of o t h e r  
sources  of energy.  Techonology 
w i l l ,  of c o u r s e ,  a f f e c t  t h e  
r a t e  a t  which wood sources  
w i l l  augment f u t u r e  s u p p l i e s  
of energy.  

An a d d i t i o n a l  means of 
a f f e c t i n g  f u t u r e  s u p p l i e s  of  
energy i s  through conserva-  
t i o n .  E f f e c t i v e  c o n s e r v a t i o n  
i n  t h e  use  of energy might 
t e m p o r a r i l y  dampen e f f o r t s  t o  
produce energy from woody 
biomass. On t h e  o t h e r  s i d e  of 
t h e  i s s u e ,  s u b s t i t u t i o n  of 
wood f o r  more energy i n t e n s i v e  
p roduc t s  would i n c r e a s e  demand 
on a  dwindling resource .  This  
p o t e n t i a l  s h i f t  i n  emphasis 
toward s o l i d  p roduc t s  would 
probably  dec rease  t h e  q u a n t i t y  
of  wood now cons ide red  a  
source  f o r  p roduc t ion  of 
energy(25) . The e x t e n t  t o  
which c o n s e r v a t i o n  w i l l  be 
e f f e c t i v e  i s , t o  a  l a r g e  
degree ,  a  p o l i c y  i s s u e  and a  
m a t t e r  of educa t ing  t h e  
p u b l i c .  There i s  one c e r -  
t a i n t y :  Demand f o r  energy 
w i l l  con t inue  t o  grow. With 
a t t e n t i o n  being given t o  use  
of renewable r e s o u r c e s ,  t h e  
f o r e s t s  of t h e  P a c i f i c  North-  
west  w i l l  be expected t o  
supp ly  energy and g r e a t e r  
q u a n t i t i e s  of  a l l  wood-based 
p roduc t s .  
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M E T R I C  EQUIVALENTS 

1 c u b i c  f o o t  = 0.283 c u b i c  me te r  
1 pound = 0.454 k i log ram 

1 t o n  = 0.907 m e t r i c  t o n  

1 m i l e  = 1.609 k i l o m e t e r  

1 a c r e  = 2.47 h e c t a r e s  

1 B r i t i s h  
the rma l  
u n i t  (Btu) = 1 055.87 j o u l e s  

1 k i l o w a t t  6 hour (-kwh) = 3 . 6  x 10 j o u l e s  

G P O  989-095 








