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ABSTRACT

T o d a y  a b o u t  3 . 7 % ,  o r  2 . 7  q u a d  ( 2 . 8  E J ) .  o f  e n e r g y  i n  t h e  U n i t e d  S t a t e s
comes from wood. T h i s  c o u l d  p o t e n t i a l l y  i n c r e a s e  t o  1 0  q u a d  ( l 0 . 6  E J )  o r
about  13.5% of  U.S.  energy use . Th i s  amoun t  o f  wood  i s  r e ad i l y  ava i l ab l e .
Wood  use  i s  compe t i t i ve  w i th  o the r  fue l s  i n  some  app l i ca t i ons  now,  and  w i l l
become  more  compe t i t i ve  a s  fo s s i l  f ue l  p r i ce s  i nc rea se  and  env i ronmen ta l
p o l l u t i o n  f r o m  b u r n i n g  f o s s i l  f u e l s  r e c e i v e s  m o r e  a t t e n t i o n . Development of
w o o d  e n e r g y  i s  n e e d e d  t o  i n s u r e  o u r  e n e r g y  s e c u r i t y .

Our  product ion of  energy f rom wood is  now s imilar  to  the  amounts  we
obtain  f rom hydropower  and nuclear  power . The major  wood energy users  are  the
f o r e s t  p r o d u c t s  i n d u s t r y  a n d  h o m e o w n e r s . W e  c o u l d  i n c r e a s e  u s e  s i g n i f i c a n t l y ,
w i thou t  dep l e t i ng  ou r  t imbe r  r e sou rce  by  u s ing  ma te r i a l  no t  now used ,  such  a s
l o g g i n g  r e s i d u e s ,  m a n u f a c t u r i n g  r e s i d u e s , l a n d - c l e a r i n g  r e s i d u e s ,  u r b a n  w o o d
r e s i d u e s , a n d  w o o d  f r o m  i n s e c t - ,  d i s e a s e - ,  a n d  f i r e - k i l l e d  t r e e s . Na t ionwide ,
we have an excess  of  wood growth in  comparison to  annual  cut .

A l t h o u g h  g r a d u a l  o r  u n e x p e c t e d  s h a r p  i n c r e a s e s  i n  f o s s i l  f u e l  p r i c e s  w i l l
increase  wood energy use ,  we could obtain  many benef i ts  of  wood energy use
s o o n e r  i f  w e  c o n t i n u e  t o  i m p r o v e  t e c h n o l o g y  f o r  p r o d u c i n g  a n d  u s i n g  w o o d - b a s e d
f u e l s . Wi th  a  modes t  r e sea r ch  and  deve lopmen t  e f fo r t ,  u se  cou ld  i nc r ea se  f rom
t h e  c u r r e n t  2 . 7  q u a d  ( 2 . 8  E J )  t o  4 . 0  q u a d  ( 4 . 2  E J )  b y  1 9 9 5 .  A  s t r o n g
c o m m i t m e n t  c o u l d  l e a d  t o  p r o d u c t i o n  o f  6 . 0  q u a d  ( 6 . 3  E J )  b y  2 0 0 0 ,  a n d  a
s u s t a i n a b l e  1 0  q u a d  ( 1 0 . 6  E J )  b y  2 0 1 0 . Th i s  con t r a s t s  w i th  a  U .S .  Depa r tmen t
o f  E n e r g y  p r o j e c t i o n  o f  3 . 8  q u a d  ( 4 . 0  E J )  b y  2 0 0 5  i n  t h e  r e c e n t  E n e r g y
S e c u r i t y  R e p o r t  t o  t h e  P r e s i d e n t . To more ful ly  ut i l ize  wood we must  overcome
o b s t a c l e s  t h a t  i n c l u d e  h i g h  c o s t  o f  h a r v e s t i n g  a n d  c o l l e c t i n g  w o o d ,  l a c k  o f
i n f r a s t r u c t u r e  f o r  m a r k e t i n g  w o o d  f u e l  p r o d u c t s , emphasis  on nonwood fuels  in
r e s e a r c h  a n d  s u b s i d y  p r o g r a m s ,  a n d  f a i l u r e  t o  g i v e  d u e  c r e d i t  t o
e n v i r o n m e n t a l ,  n a t i o n a l  s e c u r i t y ,  a n d  e c o n o m i c  b e n e f i t s  i n  u s e  o f  w o o d  f u e l s .
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INTRODUCTION

In  1987 ,  wood  was  t he  s i x th  l a rge s t  supp l i e r  o f  ene rgy  i n  t he  Un i t ed  S t a t e s
( b e h i n d  o i l ,  n a t u r a l  g a s ,  c o a l ,  h y d r o p o w e r  a n d  n u c l e a r  p o w e r )  a n d  t h e  s e c o n d
l a r g e s t  r e n e w a b l e  e n e r g y  s o u r c e  a f t e r  h y d r o p o w e r .  M o s t  w o o d  i s  c o n s u m e d  i n
t h e  r e s i d e n t i a l  a n d  i n d u s t r i a l  s e c t o r s  o f  t h e  e c o n o m y . Commercial ,

i n s t i t u t i o n a l ,  a n d  t r a n s p o r t a t i o n  s e c t o r s  u s e  s m a l l  a m o u n t s .  T h e
t r a n s p o r t a t i o n  s e c t o r  u s e d  o n l y  a b o u t  4  t o  5 m i l l i o n  g a l l o n s  ( 1 5  t o  1 9  m i l l i o n
l i t e r s )  o f  e t hano l  t ha t  c ame  a s  a  byp roduc t  o f  pape r  mak ing . I n  t h e
r e s i d e n t i a l  s e c t o r ,  a b o u t  1  q u a d  ( 1 . 0 6  e x a j o u l e  ( E J ) )  o f  w o o d  w a s  c o n s u m e d  i n
1984. Th i s  r ep re sen t ed  11% o f  t o t a l  r e s iden t i a l  ene rgy  consumed  and  s aved

$ 2 . 2  b i l l i o n  ( 1 09 )  i n  c o n v e n t i o n a l  f u e l  e x p e n s e s .  R e s i d e n t i a l  f u e l w o o d  c o s t s
v a r y  w i d e l y  d e p e n d i n g  o n  l o c a t i o n ,  l a n d  o w n e r s h i p ,  a n d  a m o u n t  o f  p e r s o n a l
l a b o r  e x p e n d e d  i n  h a r v e s t i n g  a n d  h a n d l i n g . H o w e v e r ,  f o r  e q u i v a l e n t  h e a t i n g
v a l u e , wood at  $40 per  ovendry ton ($44.09 per  ovendry tonne)  is  about  38% of

the  cos t  o f  na tu r a l  ga s  a t  $5 .80  pe r  f t3 ( $ 0 . 2 0 5 / m3 ) . I n  t h e  i n d u s t r i a l
s e c t o r , 1 .7  quad (1 .8  EJ)  of  wood was consumed in  1984,  or  about  7% of  to ta l
industr ia l  energy consumed (USDOE 1985) .

Wood energy use  may have decreased f rom 2.7  quad (2 .8  EJ)  s ince 1984.
The Forest  Service and U.S.  Department  of  Energy est imate 1986 use at  2 .5 and
2 . 6 6  q u a d  ( 2 . 6  E  a n d  2 . 8  E J ) ,  r e s p e c t i v e l y .  W e  a s s u m e  t h a t  t h e  u s e  o f  w o o d
fo r  ene rgy  r ema ined  f a i r l y  cons t an t  du r ing  t he  pa s t  f ew  yea r s ,  de sp i t e  l ower
o i l  p r i c e s  a n d  l e s s  p e r c e i v e d  u r g e n c y  f o r  d e v e l o p i n g  f o s s i l  f u e l
a l t e r n a t i v e s .

T h e  p u l p  a n d  p a p e r  i n d u s t r y  a c c o u n t s  f o r  m u c h  o f  t h e  i n d u s t r i a l  f u e l w o o d
use  i n  t he  Un i t ed  S t a t e s ,  and  i t  ha s  i nc rea sed  i t s  consumpt ion  s ince  1984  in
a l l  c a t e g o r i e s , w h i c h  i n c l u d e  h o g g e d  w o o d ,  b a r k ,  a n d  w a s t e  p r o c e s s i n g  l i q u o r .
S e l f - g e n e r a t e d  a n d  r e s i d u e  s o u r c e s  o f  e n e r g y  a c c o u n t e d  f o r  5 6 . 7 %  o f  t o t a l
c o n s u m p t i o n  o f  t h e  p u l p  a n d  p a p e r  i n d u s t r y  d u r i n g  c a l e n d a r  y e a r  1 9 8 6
(API 1987). O n  t h e  o t h e r  h a n d  r e s i d e n t i a l  u s e  o f  w o o d  f u e l  a p p e a r s  t o  h a v e
dropped. An indicator  of  reduced fuelwood use  by homeowners  is  a  recent
d e c r e a s e  i n  a m o u n t  o f  m a t e r i a l  h a r v e s t e d  f o r  s e l f - u s e  ( m a i n l y  r e s i d e n t i a l )
f r o m  n a t i o n a l  f o r e s t s  ( F i g u r e  1 ) . T h e  d e c l i n e  i n  f u e l w o o d  h a r v e s t  f r o m
n a t i o n a l  f o r e s t s  i s  d u e  i n  p a r t  t o  i n c r e a s e d  c h a r g e s  f o r  f u e l w o o d .  A
comparison of  wood and other  fuel  use  in  1987,  assuming that  wood use remained
c o n s t a n t  s i n c e  1 9 8 4 ,  i s  s h o w n  i n  F i g u r e  2 . The U.S.  Department  of  Energy
e s t i m a t e s  t h a t  c o n s u m p t i o n  o f  w o o d  f o r  e n e r g y  i n c r e a s e d  s h a r p l y  b e t w e e n  1 9 7 0
and 1984 (Figure  3) .

SOURCES OF WOOD FUEL

Wood  used  fo r  ene rgy  i s  de r i ved  l a rge ly  f rom ma te r i a l s  t ha t  a r e  no t  su i t ab l e
f o r  o t h e r  p r o d u c t s .  H o w e v e r , i n  s o m e  p a r t s  o f  t h e  c o u n t r y  u n s p l i t  r o u n d w o o d
f o r  f u e l  s e l l s  a t  a b o u t  t h e  s a m e  p r i c e  a s  p u l p w o o d .  E v e n  t h o u g h  p u l p w o o d
ma te r i a l  may  be  u sed  fo r  fue l  i n  some  a r ea s , t h e r e  i s  s t i l l  m u c h  w o o d  r e s i d u e
i n  o u r  f o r e s t s .
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O f  t h e  e s t i m a t e d  1 8  b i l l i o n  c u b i c  f e e t  ( 5 0 9  m i l l i o n  c u b i c  m e t e r s )  o f
roundwood  t imbe r  ha rve s t ed  i n  t he  Un i t ed  S t a t e s  i n  1986 ,  3 . 1  b i l l i on  cub i c
f e e t  ( 8 8  m i l l i o n  c u b i c  m e t e r s ) , t h e  e q u i v a l e n t  o f  0 . 9  q u a d  ( 0 . 9 5  E J ) ,  w a s  u s e d
for fuelwood (USDA 1988). Of  t h i s ,  on ly  26% came  f rom ma te r i a l  c l a s s i f i ed  a s
g r o w i n g  s t o c k , t h a t  i s ,  m a i n  s t e m  p o r t i o n s  o f  l i v e  s a w t i m b e r  t r e e s  a n d
p o l e t i m b e r  t r e e s ,  m e e t i n g  s p e c i f i e d  s t a n d a r d s  o f  q u a l i t y  o r  v i g o r .

R o u n d w o o d  i s  i n c r e a s i n g l y  h a r v e s t e d  f o r  e n e r g y  b y  w h o l e - t r e e  c h i p p i n g .
T h i s  m e t h o d  i s  p a r t i c u l a r l y  a p p r o p r i a t e  f o r  s u p p l y i n g  w o o d  t o  1 0 -  t o  5 0 - . M W
p o w e r  p l a n t s . W o o d - b u r n i n g  e l e c t r i c  p o w e r  p l a n t s  t h a t  a r e  c u r r e n t l y  o p e r a t i n g
or  under  construct ion could generate  2000 to  2500 MW and consume 20 to
2 5  m i l l i o n  g r e e n  t o n s  ( 1 8  t o  2 3  m i l l i o n  g r e e n  t o n n e s )  o r  1 0  t o  1 2 . 5  m i l l i o n
o v e n d r y  t o n s  ( 9 . 1  t o  1 1 . 3  m i l l i o n  o v e n d r y  t o n n e s )  o f  w o o d  c h i p s  p e r  y e a r .  I n
1 9 8 4 ,  t h e r e  w e r e  1 4  w h o l e - t r e e  c h i p p e r s  o p e r a t i n g  i n  t h e  f o r e s t s  o f  G e o r g i a ,
p r o d u c i n g  9 7 2 , 0 0 0  t o n s  ( 8 8 2 , 0 0 0  t o n n e s )  o f  c h i p s  f o r  e n e r g y . New England is
b e c o m i n g  a  l e a d e r  i n  c h i p p i n g  i n  t h e  w o o d s  f o r  e n e r g y ,  a n d  C a l i f o r n i a  i s  n o t
f a r  b e h i n d .

Wood  i s  a l so  consumed  fo r  f ue l  a t  manufac tu r ing  p l an t s ,  a f t e r  i t  ha s  been
r e m o v e d  f r o m  t h e  f o r e s t  f o r  o t h e r  p u r p o s e s . Mos t  o f  t h i s  i s  i n  t he  fo rm o f
r e s i d u e s  f r o m  p r i m a r y  w o o d  p r o d u c t s  m a n u f a c t u r i n g . B l a c k  l i q u o r ,  o r  w a s t e
p r o c e s s i n g  l i q u o r  f r o m  k r a f t  p u l p i n g  o p e r a t i o n s ,  p r o d u c e d  0 . 9  q u a d  ( 0 . 9 5  E J )
o f  e n e r g y  i n  1 9 8 6 . A t  l e a s t  a n o t h e r  0 . 3 9  q u a d  ( 0 . 4 1  E J )  w a s  o b t a i n e d  f r o m
w o o d  i n  t h e  f o r m  o f  s a w d u s t ,  s l a b s ,  e d g i n g s ,  c h i p s ,  a n d  v e n e e r  c l i p p i n g s  a t
l u m b e r  a n d  p l y w o o d  m a n u f a c t u r i n g  p l a n t s  i n  t h a t  y e a r .  I n  a d d i t i o n ,  b a r k  u s e d
fo r  f ue l  a t  pu lp  mi l l s  and  l umbe r  and  p lywood  p l an t s  amoun ted  t o  a t  l e a s t
0 . 3  q u a d  ( 0 . 3 2  E J )  o f  e n e r g y  i n  1 9 8 6 .

I n  a d d i t i o n  t o  t h e  w o o d  c o n s u m e d  i n  i n d u s t r i a l  p l a n t s  a n d  h o m e s ,
compara t i ve ly  sma l l  amoun t s  we re  u sed  i n  commerc i a l  and  in s t i t u t i ona l
b u i l d i n g s .

CONTINUED AVAILABILITY

In consider ing expanded use of  wood for  energy,  whether  we wil l  have enough
w o o d  t o  s u p p l y  o u r  n e e d s  f o r  w o o d  a n d  f i b e r  p r o d u c t s  a s  w e l l  a s  f o r  e n e r g y  i s
a  v a l i d  c o n c e r n .  N u m e r o u s  e x a m p l e s  o f  s e v e r e  p r o b l e m s  f r o m  o v e r c u t t i n g
fo re s t s  have  occu r r ed  i n  t he  pa s t ,  and  i n  many  coun t r i e s  t he se  p rob l ems  a r e
r e s u r f a c i n g  t o d a y . However ,  much of  our  fuelwood comes from mater ia l .  that
o t h e r w i s e  w o u l d  n o t  b e  u s e d . U n r e m o v e d  f o r e s t  r e s i d u e  c a n  c a u s e  d i f f i c u l t i e s
i n  f i r e ,  i n s e c t ,  a n d  d i s e a s e  p r o t e c t i o n  o r  o c c u p y  s p a c e  t h a t  m i g h t  b e  b e t t e r
u s e d  b y  y o u n g ,  v i g o r o u s  t r e e s . Nonetheless ,  we must  be aware of  environmental
p r o b l e m s  t h a t  w o u l d  b e  e x a c e r b a t e d  i n  h a r v e s t i n g  m o r e  w o o d  f o r  e n e r g y .

More  r e sea r ch  on  t he  r e l a t i onsh ip  be tween  wood  r emova l  and  nu t r i en t
b a l a n c e  f o r  d i f f e r e n t  s i t u a t i o n s  i s  n e c e s s a r y .  I f  m o r e  w o o d  i s  r e m o v e d  f r o m
t h e  l a n d  i n s t e a d  o f  b e i n g  l e f t  t o  d e c a y , f ewer  nu t r i en t s  w i l l  be  r ecyc l ed  back
t o  t h e  s o i l . I t  i s  unce r t a in  how much  nu t r i en t  ma te r i a l  may  be  r emoved  sa f e ly
b e f o r e  r e p l e n i s h m e n t  i s  n e c e s s a r y . Undoub ted ly  t h i s  w i l l  va ry  w i th  so i l
t y p e s ,  s t a n d  g r o w t h  c h a r a c t e r i s t i c s ,  a n d  c l i m a t i c  c o n d i t i o n s .
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A l t h o u g h  b e t t e r  i n f o r m a t i o n  o n  n u t r i e n t  c y c l i n g  i s  n e e d e d ,  w e  s h o u l d  n o t
b e  h a r d  p r e s s e d  t o  s u p p l y  e n e r g y  f r o m  w o o d  i n  t h e  U n i t e d  S t a t e s  i n  t h e  n e a r
t e rm. Table  1  shows sources  of  wood that  are  not  now used and could serve as
s o u r c e s  o f  e n e r g y . Some  o f  t he se  r e se rve  supp l i e s  a r e  i n  r emo te  a r ea s  and
w o u l d  b e  u n e c o n o m i c a l  t o  h a r v e s t  f o r  e n e r g y . However, a s  a  r o u g h  e s t i m a t e ,
pe rhaps  ha l f  t h i s  ma te r i a l  wou ld  be  ava i l ab l e  a t  a  cos t  o f  $ 4 5  p e r  o v e n d r y  t o n
( $ 4 9 . 6 0  p e r  o v e n d r y  t o n n e )  o r  l e s s .

NEED FOR EXPANDED USE OF WOOD FOR ENERGY

Consumption of  an es t imated 2.7  quad (2 .8  EJ)  of  energy from wood in  1987
amounts  to  3 .4% of  our  to ta l  consumption including wood. Th i s  i s  somewha t
less  than the  3 .9% from hydropower  and 6 .3% from nuclear  power .  The
c o n t r i b u t i o n  f r o m  w o o d  i s  n o t  a  m a j o r  p o r t i o n  o f  o u r  e n e r g y  c o n s u m p t i o n ,  b u t
i t  i s  s i g n i f i c a n t  a n d  h a s  t h e  p o t e n t i a l  f o r  g r o w t h .

U s e  o f  a n  a d d i t i o n a l  5 8 7  m i l l i o n  o v e n d r y  t o n s  ( 5 3 3  m i l l i o n  o v e n d r y
t o n n e s )  p e r  y e a r  o f  w o o d  f o r  e n e r g y  w o u l d  s u p p l y  1 0 . 0  q u a d  ( 1 0 . 6  E J ) ;  i f  o n l y
h a l f  t h e  r e s i d u e s  a r e  a v a i l a b l e  e c o n o m i c a l l y ,  t h i s  a m o u n t s  t o  5 . 0  q u a d
( 5 . 3  E J ) .

H a v i n g  a  s u b s t i t u t e  f u e l  i s  i m p o r t a n t  i n  c a s e  i m p o r t s  a r e  c u t  o f f  e n d
f o s s i l  f u e l  s u p p l i e s  a r e  d e p l e t e d ,  c a u s i n g  p r i c e s  t o  r i s e .  T h e  u r g e n c y  f o r
s u p p l y i n g  a l t e r n a t i v e  f o r m s  o f  e n e r g y  i s  l e s s  d u r i n g  a  p e r i o d  o f  l o w  a n d
d e c r e a s i n g  o i l  p r i c e s ,  a s  w e  h a v e  e n j o y e d  s i n c e  1 9 8 5 .  H o w e v e r ,  t h i s  i s  a
s i t u a t i o n  t h a t  c o u l d  c h a n g e  a b r u p t l y  a n d  c a u s e  c r i s e s  s i m i l a r  t o  t h o s e  i n  1 9 7 3
and 1979.

P rob l ems  t ha t  cou ld  deve lop  f rom a  new o i l  c r i s i s  a r e  i nd i ca t ed  by  t he
r e c o r d  o f  o i l  p r i c e s  s i n c e  1 9 7 0  ( F i g u r e  4 ) .  A f t e r  t h e  f i r s t  o i l  c r i s i s  i n
1 9 7 3  o i l  p r i c e s  d o u b l e d ,  a n d  t h e y  d o u b l e d  a g a i n  a f t e r  t h e  c r i s i s  o f  1 9 7 9 .
P r i c e s  g r a d u a l l y  d e c r e a s e d  f r o m  1 9 7 9  t o  1 9 8 5  e n d  a b r u p t l y  d e c r e a s e d  t o  1 9 8 6
l e v e l s . T h e  s i t u a t i o n  s i n c e  h a s  b e e n  u n s e t t l e d .  E n e r g y  s e c u r i t y  i s
t h r e a t e n e d  b y  o u r  d e p e n d e n c e  o n  f o r e i g n  o i l  s o u r c e s . O i l  i m p o r t s  a r e  a g a i n
i n c r e a s i n g  ( F i g u r e  5 ) .

The  U .S .  Depa r tmen t  o f  Ene rgy  p red i c t s  pe t ro l eum use  i n  t he  Un i t ed  S t a t e s
i n  1 9 8 8  w i l l  a v e r a g e  1 6 . 6 6  m i l l i o n  b a r r e l s  ( 2 . 6 5  m i l l i o n  c u b i c  m e t e r s )  p e r
d a y . I m p o r t s  o f  c r u d e  o i l  a n d  r e f i n e d  p r o d u c t s  a r e  e x p e c t e d  t o  r i s e  t o
6 . 0 4  m i l l i o n  b a r r e l s  ( 0 . 9 6  m i l l i o n  c u b i c  m e t e r s )  p e r  d a y  i n  1 9 8 8 ,  u p  f r o m
5 . 8  m i l l i o n  b a r r e l s  ( 0 . 9 2  m i l l i o n  c u b i c  m e t e r s )  i n  1 9 8 7 ,  a  4 . 1 %  i n c r e a s e .
Ind i ca t i ons  a r e  t ha t  impor t s  w i l l  p rov ide  36% o f  U .S .  pe t ro l eum consumpt ion  i n
1 9 8 8  ( U S D O E  1 9 8 8 ) .  

D e t e r r e n t s  t o Expanded Use

W h e t h e r  i n c r e a s e  i n  u s e  o f  w o o d  f o r  e n e r g y  i s  r a p i d  o r  s l u g g i s h  d e p e n d s
s o m e  a r t i f i c i a l  a n d  i n s t i t u t i o n a l  d e t e r r e n t s  a s  w e l l  a s  e c o n o m i c s  a n d

on

env i ronmen ta l  conce rns . S o m e  i m p o r t a n t  d e t e r r e n t s  t o  g r o w t h  i n  u s e  o f  w o o d
f o r  e n e r g y  a r e  ( 1 )  d i f f i c u l t i e s  i n  h a r v e s t i n g  e n d  c o l l e c t i n g  f o r e s t  w o o d ,
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( 2 )  l a c k  o f  i n f r a s t r u c t u r e  f o r
c o n v e r s i o n  t e c h n o l o g y ,  a n d  ( 4 )
o u t p u t  t h e n  f o r  w o o d .

Wood harvested for  energy
v e n e e r  l o g s ,  o r  e v e n  P u l p w o o d .

m a r k e t i n g  w o o d  f u e l  p r o d u c t s ,  ( 3 )  o b s o l e t e
h i g h e r  s u b s i d y  f o r  n u c l e a r  e n e r g y  p e r  u n i t

i s  u s u a l l y  o f  s m a l l e r  d i a m e t e r  t h a n  s a w l o g s ,
T h e  h a r v e s t i n g  o f  s m a l l e r  m a t e r i a l  i s  u s u a l l y

m o r e  e x p e n s i v e ,  a n d  t h e  d e l i v e r e d  v a l u e  i s  o f t e n  l e s s  b e c a u s e  i t  i s  n o t  s u i t e d
for  manufacture  of  wood products  such as  lumber  and plywood.

T h e  e n e r g y  i n d u s t r y  i s  r e l u c t a n t  t o  b u i l d  p l a n t s  f i r e d  b y  a
n o n t r a d i t i o n a l  f u e l  w i t h  a  s u p p l y  s y s t e m  t h a t  m a y  n o t  b e  r e l i a b l e ,  a n d  t h e
f o r e s t  p r o d u c t s  i n d u s t r y  i s  r e l u c t a n t  t o  d e v e l o p  a  s u p p l y  i n f r a s t r u c t u r e
without  long-term contracts  f rom those who would use the wood as  an energy
source  (UT 1986) . Koning and Skog (1987)  propose  farm or  farmlike
c o o p e r a t i v e s  a s  a n  a l t e r n a t i v e  m a r k e t i n g  i n f r a s t r u c t u r e .

Res iden t i a l  wood  hea t i ng  ha s  been  i ne f f i c i en t  and  t he  sou rce  o f  much  a i r
p o l l u t i o n . Bu t  s t eps  a r e  be ing  t aken  t o  a s su re  be t t e r  con t ro l s  f o r  home
h e a t i n g  a p p l i c a t i o n s . N e w  c o n t r o l s  i n c l u d e  c a t a l y t i c  c o n v e r t e r s ,  a i r t i g h t
c o m b u s t i o n  c h a m b e r s ,  a n d  r e g u l a t e d  s u p p l y  o f  c o m b u s t i o n  a i r . I t  i s  a l s o
n e c e s s a r y  t o  d e v e l o p  i m p r o v e d  t e c h n o l o g y  f o r  i n d u s t r i a l ,  i n s t i t u t i o n a l ,  a n d
c o m m e r c i a l  i n s t a l l a t i o n s  w h e r e  l a r g e r  q u a n t i t i e s  o f  w o o d  f u e l  a r e  u s e d .

I n  a  s t u d y  b y  t h e  R o c k y  M o u n t a i n  I n s t i t u t e  ( H e e d e  a n d  L o v i n s  1 9 8 5 ) ,  i t
was  e s t ima ted  t ha t  more  t han  $50  b i l l i on  was  spen t  i n  ene rgy  subs id i e s  by  t he
Fede ra l  gove rnmen t  i n  f i s ca l  yea r  1984 . Bu t  t he se  subs id i e s  a r e  uneven ly
a l l o c a t e d . Renewable energy other  than hydropower produced 1.7 mil l ion Btu
( 1 . 8  m i l l i o n  k i l o j o u l e )  p e r  d o l l a r  o f  s u b s i d y .  N u c l e a r  e n e r g y  r e c e i v e d
80 t imes as  much subsidy per  uni t  of  energy and produced about  20,000 Btu
( 2 1 , 1 0 0  k J )  p e r  d o l l a r  o f  s u b s i d y .

F a c t o r s  F a v o r i n g Expanded Use

I m p o r t a n t  c o n d i t i o n s  f a v o r i n g
( 2 )  c l e a n u p  o f  h a r v e s t  s i t e s .

e x p a n s i o n  o f  w o o d  u s e  i n c l u d e  ( 1 )  c o s t  s a v i n g s ,
( 3 )  r e d u c e d  e m i s s i o n s  o f  s u l f u r  a n d  n i t r o u s

o x i d e s  f r o m  b o i l e r s , ( 4 )  c o n t r o l  o f  t h e  g r e e n h o u s e  e f f e c t ,  a n d  ( 5 )  n a t i o n a l
e n e r g y  s e c u r i t y .

Much  r ecen t  p r e s s  commen ta ry  ha s  focused  on  t he  d i f f i cu l t y  i n  f i nd ing
l a n d f i l l  s p a c e  f o r  m u n i c i p a l  s o l i d  w a s t e . Much  o f  t h i s  so l i d  was t e  cons i s t s
o f  pape r ,  demo l i t i on  was t e ,  t r e e  t r immings ,  and  o the r  f o rms  o f  wood . I f  more
o f  t h i s  m a t e r i a l  w e r e  u s e d  f o r  f u e l ,  n e e d  f o r  l a n d f i l l s  c o u l d  b e  s i g n i f i c a n t l y
r e d u c e d . Manag ing  pub l i c  and  p r i va t e  f o r e s t  ha rve s t i ng  ope ra t i ons  pose s  a
s i m i l a r  p r o b l e m . O f t e n  b r u s h  f r o m  l o g g i n g  o p e r a t i o n s  i s  c o n c e n t r a t e d  a n d
b r o a d c a s t  b u r n e d  t o  p r e p a r e  l a n d  f o r  n e w  t r e e  g r o w t h .  T h i s  c o n s u m e s
managemen t  funds  and  sub j ec t s  t he  a tmosphe re  t o  more  pa r t i cu l a t e  l oad ing  a s
w e l l . Howeve r ,  i n  Ca l i f o rn i a  t he  Fo re s t  Se rv i ce  now avo id s  b roadcas t  bu rn ing
b y  o f f e r i n g  c l e a n u p  c r e d i t s  f o r  h a r v e s t i n g  e x c e s s  w o o d  f o r  e n e r g y ,  T h i s  m e a n s
t h a t  w o o d  i s  b u r n e d  i n  b o i l e r s  i n s t e a d  o f  b e i n g  b u r n e d  i n  t h e  o p e n ,  a n d
e m i s s i o n s  a r e  r e d u c e d .

Ano the r  i nc r ea s ing  conce rn  i n  t he  Un i t ed  S t a t e s  and  Canada  i s  a c id  r a in .
O n e  s u s p e c t e d  r e a s o n  f o r  i n c r e a s e d  a c i d i t y  i n  p r e c i p i t a t i o n ,  a l t h o u g h  b y  n o
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m e a n s  p r o v e n ,  i s  i n c r e a s e d  e m i s s i o n  o f  v a r i o u s  o x i d e s  o f  s u l f u r  a n d  n i t r o g e n
to  t he  a tmosphe re . B u r n i n g  w o o d  u s u a l l y  p r o d u c e s  l e s s  o f  t h e s e  e m i s s i o n s  t h a n
b u r n i n g  h i g h - s u l f u r  c o a l  a n d  s u l f u r - c o n t a i n i n g  p e t r o l e u m .

B u r n i n g  f o s s i l  f u e l s  s e e m s  t o  b e  i n c r e a s i n g  a t m o s p h e r i c  c a r b o n  d i o x i d e
a n d  c o n t r i b u t i n g  t o  t h e  “ g r e e n h o u s e  e f f e c t . ” Th i s  i s  no t  t he  ca se  w i th  wood
burning as  long as  new t imber  grows to  consume carbon dioxide given off  by
p r e v i o u s  g e n e r a t i o n s  o f  w o o d  b u r n i n g . O n l y  i f  f o r e s t s  a r e  c l e a r e d  f o r  o t h e r
t y p e s  o f  l a n d  u s e ,  s u c h  a s  h i g h w a y s ,  d w e l l i n g s ,  a n d  c a t t l e  r a n c h e s  a n d  t h e
r e m o v e d  w o o d  i s  b u r n e d  w i l l  t h e r e  b e  a n  a d d i t i o n  t o  a t m o s p h e r i c  c a r b o n  d i o x i d e
c o n t e n t . T h u s ,  n o r m a l  w o o d b u r n i n g  w i l l  n o t  a d d  c a r b o n  d i o x i d e  t o  t h e
a t m o s p h e r e ,  b u t  b u r n i n g  o f  f o s s i l  f u e l s  w i l l .

E n e r g y  s e c u r i t y  i s  a n o t h e r  f a c t o r  f a v o r i n g  w o o d  u s e .  T h e  E n e r g y  S e c u r i t y
A c t  o f  1 9 8 0  c o n t a i n e d  s e v e r a l  s p e c i f i c  p r o v i s i o n s  t o  s u p p o r t  m a k i n g  e t h a n o l
from wood (Gavett 1986). I t  a l s o  c o n t a i n e d  g e n e r a l  r e c o m m e n d a t i o n s  t o
(1 )  a l l ow  marke t  f o r ce s  t o  de t e rmine  t he  t ypes  and  quan t i t i e s  o f  wood  p roduced
a n d  c o n s u m e d  f o r  f u e l  a n d  ( 2 )  s u p p o r t  s e l e c t e d  l o n g e r  t e r m  w o o d  d e v e l o p m e n t
a c t i v i t i e s . A  g o a l  f o r  l i q u i d  f u e l  p r o d u c t i o n  w a s  d e t e r m i n e d  t o  b e
8 . 4  b i l l i o n  g a l l o n s  ( 3 1 . 8  b i l l i o n  l i t e r s )  o f  f u e l  a l c o h o l  ( e t h a n o l  a n d
methanol) from wood. A  g o a l  f o r  n o n a l c o h o l  w o o d  w a s  n o t  s e t ,  b u t  a s  d i r e c t e d
by  t he  Congre s s iona l  Con fe r ence  Repo r t  (Sena t e  Rep t .  96 -824 ,  House  Rep t .
96 -1104 )  t ha t  a ccompan ied  t he  Ene rgy  Secu r i t y  Ac t ,  t he  U .S .  Depa r tmen t  o f
A g r i c u l t u r e  a n d  U . S .  D e p a r t m e n t  o f  E n e r g y  h a v e  f o r e c a s t  t h a t  4  q u a d  ( 4 . 2  E J )
of nonalcohol wood could be in use annually by 1990 (USDA and USDOE 1983).
Most  of  th is  energy would be provided by the  direct  combust ion of  wood.

FUTURE USE OF WOOD FOR ENERGY

The  Ene rgy  Secu r i t y  Ac t  c a l l s  f o r  pe r i od i c  p rog re s s  r epo r t s ,  end  two  have  been
s u b m i t t e d  t o  t h e  P r e s i d e n t . The  f i r s t  r epo r t  con t a in s  a  comprehens ive  wood
product ion and use  plan f rom 1983 to  1990,  but  the  most  recent  repor t  (USDOE
1987)  neglects  wood. R e f e r r i n g  t o  w o r l d  w o o d  u s e ,  i t  s t a t e s  t h a t  b u r n i n g  w o o d
i n  l u m b e r  a n d  p a p e r  i n d u s t r i e s  a n d  “ s i m p l e  b u r n i n g  o f  w o o d  a n d  o t h e r  b i o m a s s ”
i n  s c a t t e r e d  l o c a t i o n s  a r e  m a t u r e  t e c h n o l o g i e s  t h a t  a r e  n o t  e x p e c t e d  t o
c o n t r i b u t e  m o r e  t h a n  7 . 5  m i l l i o n  b a r r e l s  p e r  d a y  o f  o i l  e q u i v a l e n t  a f t e r
1 9 9 0 . ”  T h i s  i s  e q u i v a l e n t  t o  a b o u t  1 6  q u a d  ( 1 6 . 9  E J )  p e r  y e a r  a n d  g r e a t l y
u n d e r e s t i m a t e s  t h e  p o t e n t i a l .

I n  t h e  U n i t e d  S t a t e s ,  g i v e n  a  s l o w  r a t e  o f  g r o w t h ,  i t  w o u l d  b e  d i f f i c u l t
t o  i n c r e a s e  c u r r e n t  p r o d u c t i o n  o f  2 . 7  q u a d  ( 2 . 8  E J )  t o  4 . 0  q u a d  ( 4 . 2  E J )  b y
1990 (USDA and USDOE 1983). However ,  wi th  a  modest  research and development
e f f o r t  t o g e t h e r  w i t h  e x t e n s i o n  p r o g r a m s ,  4 . 0  q u a d  ( 4 . 2  E J )  s h o u l d  b e
a t t a i nab l e  by  1995 . A strong commitment  could lead to  6.o quad (6.3 EJ)  by
2 0 0 0 ,  a n d  b y  2 0 1 0  w e  c o u l d  r e a c h  a  s u s t a i n e d  l e v e l  o f  1 0  q u a d  ( 1 0 . 6  E J ) .  W i t h
a l l - o u t  d e d i c a t i o n  t o  p r o d u c t i o n  o f  w o o d  f o r  e n e r g y ,  l e v e l s  s i g n i f i c a n t l y
h i g h e r  t h a n  t h i s  w o u l d  b e  p o s s i b l e . In  the  12 years  f rom 1973 to  1985 the  use
o f  w o o d  f u e l  i n c r e a s e d  a p p r o x i m a t e l y  1 0 0 % .  G r o w t h  t o  6 . o  q u a d  ( 6 . 3  E J )  i n  t h e
1 2  y e a r s  t o  2 0 0 0  w o u l d  r e q u i r e  a n o t h e r  1 2 2 %  i n c r e a s e .
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O t h e r  p r o j e c t i o n s  f o r  e n e r g y  f r o m  w o o d  a r e  b o t h  h i g h e r  a n d  l o w e r .  T h e
USDOE (1985 )  Na t iona l  Ene rgy  Po l i cy  P l an  P ro j ec t i ons  s t a t e  t ha t  by  t he  yea r
2010  wood  consumed  by  t he  r e s iden t i a l  and  i ndus t r i a l  s ec to r s  i s  p ro j ec t ed  t o
inc r ea se  by  abou t  60% and  25% re spec t i ve ly . This  would mean 1.6 quad (1.7 EJ)

f o r  r e s i d e n t i a l  u s e  a n d  2 . 1  q u a d  ( 2 . 2  E J )  f o r  i n d u s t r i a l  u s e .  T h e  P l a n  a l s o
p r o j e c t s  0 . 3  q u a d  ( 0 . 3 2  E J )  i n  t h e  c o m m e r c i a l  s e c t o r ,  f o r  a  t o t a l  o f  a b o u t  4 . 0
q u a d  ( 4 . 2  E J ) .

In  1980,  the  Off ice  of  Technology Assessment  (OTA 1980)  predicted about
4 quad (4 .2  EJ)  f rom wood for  the  year  2000 with  a  hands off  approach and
1 0  q u a d  ( 1 0 . 6  E J )  w i t h  a  h i g h  l e v e l  o f  p o l i c y  s u p p o r t  f o r  b i o e n e r g y .  P i m e n t e l
e t  a l .  ( 1 9 8 1 )  e s t i m a t e d  r e s i d u e s  f r o m  c r o p s  e n d  f o r e s t  h a r v e s t s  t o  h a v e  a
g r o s s  h e a t  e n e r g y  e q u i v a l e n t  o f  a b o u t  1 2 %  o f  t h e  f u e l  c o n s u m e d  a n n u a l l y  i n  t h e
U n i t e d  S t a t e s .

CONCLUSION

We have  l a rge  supp l i e s  o f  unused  wood  ma te r i a l  t ha t  wou ld  a l l ow  an  i nc r ea sed
commitment  to  developing wood energy. Such a  commitment  would (1)  reduce the
p o t e n t i a l  d a m a g e  o f  a  c u t o f f  o f  o i l  i m p o r t s , ( 2 )  r e d u c e  e m i s s i o n s  o f  s u l f u r
f r o m  b o i l e r s ,  ( 3 )  p o t e n t i a l l y  h e l p  c o n t r o l  t h e  g r e e n h o u s e  e f f e c t ,  a n d
( 4 )  r e d u c e  h a z a r d s  t o  f o r e s t s  b y  c l e a n i n g  u p  h a r v e s t  s i t e s .  A n  i n c r e a s e d
c o m m i t m e n t  s h o u l d  a d d r e s s  ( 1 )  t h e  n e e d  f o r  i m p r o v e d  c o n v e r s i o n  t e c h n o l o g y ,
( 2 )  t h e  l a c k  o f  a n  i n f r a s t r u c t u r e  f o r  m a r k e t i n g  w o o d  f u e l  p r o d u c t s ,
( 3 )  d i f f i c u l t i e s  i n  h a r v e s t i n g  f o r e s t  w o o d , a n d  ( 4 )  t h e  m u c h  h i g h e r  s u b s i d y
p a i d  f o r  p r o d u c t i o n  o f  n u c l e a r  e n e r g y .
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TABLE   1
Potential Wood for Use as Energy a
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aSources:
bMul t ip ly

USDA (1980, 1988).

ovendry tons by 0.9 to obtain ovendry tonnes.

Figure 1. National forest fuelwood harvest, 1972 to 1986.
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Oil Prices (1985 dol/bbl)
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