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PREFACE 

The Resources Group a t  IIASA i s  concent ra t ing  an increas ing  
amount of e f f o r t  on t h e  WELMM ana l ys i s  and/or comparison of 
n a t u r a l  and syn the t i c  l i q u i d  f ue l s ,  convent ional  o i l ,  sha le  o i l  
and syncrude from t a r  sands, l i q u i d  f u e l s  from coa l ,  etc. A l l  
t hese  a r e  of f o s s i l  o r i g i n .  But a completely d i f f e r e n t  c l a s s  
of s yn the t i c  l i q u i d  f u e l  a l s o  deserves at tent ion--one which is 
der ived from so-ca l led biomass. - In t h i s  cBass of primary 
importance a r e  a lcoho l  and methanol (from wood). Methanol 1s 
of p a r t i c u l a r  i n t e r e s t  s i nce  it can a l s o  be produced from coa l ,  
and a promising process  has been developed (by t h e  Mobil O i l  
Corporat ion) t o  conver t  methanol t o  much needed high grade 
gasol ine.  

Economic comparisons a r e  r e l a t i v e l y  d i f f i c u l t  s ince  t h e  
s tages  of development of t hese  var ious l i q u i d  f u e l s  a r e  very 
dif ferent--some a r e  s t i l l  i n  t h e  labora to ry  s t a g e  o r  a t  t h e  
p i l o t  s tage,  o t h e r s  a r e  very near  commercial app l i ca t ion  o r  
even a l ready  sommercialized ( t a r  sands) .  Also, impact on 
n a t u r a l  resources d i f f e r s  g r e a t l y  from one type of f u e l  t o  
another  and from one process t o  another.  W e  t he re fo re  decided 
t o  use t h e  WELMM method t o  achieve a b e t t e r  understanding of 
some of t h e  systems aspec t s  of these  l i q u i d  f ue l s .  

Various r e p o r t s  and working papers have a l ready  been 
devoted t o  t h e  t o p i c  a s  f a r  as f o s s i l  f u e l s  a r e  concerned. 

This  paper opens up a new f i e l d :  biomass l i q u i d  f u e l s .  
I t  i s  based on va r ious  studies--wi th a d i f f e r e n t  i n i t i a l  
ob ject ive--carr ied ou t  by Bruno Lapi l lonne and co l leagues 
a t  t h e  I E J E .  I thought it would be i n t e r e s t i n g  t o  reshape 
some of t h e  r e s u l t s ,  o r  r e f l e c t i o n s ,  according t o  t h e  WELMM 
format. Th is  paper shows t h e  r e s u l t  of t h i s  e f f o r t ,  and 
although s t i l l  pre l iminary is very i n t e r e s t i n g .  



I t  i s  a 
a few y e a r s  
approach".  

doub le  p l e a s u r e  f o r  m e  t o  i n t r o d u c e  t h e  paper ,  s i n c e  
ago Bruno Lap i l l onne  he lped m e  t o  p i onee r  t h e  "WELMM 

F i n a l l y ,  t h e  paper  i s  a good and encourag ing example of  
c o n t i n u a t i o n  o f  c l o s e  coope ra t i on  between I I A S A  s c i e n t i s t  s--even 
long a f t e r  t h e y  have r e t u r n e d  t o  t h e i r  home i n s t i t u t i o n s .  

Michel  Grenon. 

- i v -  



IMPACT ON NATURAL AND HUMAN RESOURCES 
OF ETHANOL PRODUCTION FROM BIOMASS 

The o i l  c r i s i s  of 1973-74 has a c t e d  a s  a r e v e l a t o r  of t h e  

o i l  dependence of  i n d u s t r i a l i z e d  c o u n t r i e s  and of  t h e  exhaust -  

i b i l i t y  of  t h i s  resource .  S ince  then  c o u n t r i e s '  energy p o l i c i e s  

have focused on t h e  development of s u b s t i t u t e s  t o  o i l ,  e i t h e r  

by immediate investment o r  by s t i m u l a t i n g  r e s e a r c h  and develop- 

ment f o r  new energy sources  and techno log ies .  I n  t h a t  r e s p e c t ,  

B r a z i l  assumed a l ead ing  p o s i t i o n  i n  t h e  u t i l i z a t i o n  o f  renewable 

energy sources  w i th  t h e  implementat ion i n  1975 of t h e  Na t i ona l  

Alcohol Program (PNA). T h i s  program aimed a t  s u b s t i t u t i n g  g a s o l i n e  

w i th  e t h a n o l ,  produced from sugar  cane,  by producing i n  1980 a 

motor f u e l  b lend of 205 a l coho l  and 80% gaso l i ne .  I n  1978, 

6 3 t h e  t o t a l  a l coho l  product ion amounted t o  2.5 10 m , which co r re -  

sponded t o  an average b lend o f  14%. Th i s  p roduc t ion  w a s  expected 

6 3 * 
t o  be about  4.10 m i n  1979- The 20% b lend is u s u a l l y  cons idered  

a s  t h e  t e c h n i c a l  l i m i t ;  any f u r t h e r  s u b s t i t u t i o n  of  g a s o l i n e  w i th  

a l coho l  can on l y  be done by t h e  u t i l i z a t i o n  of  100% a l coho l  cars. 

* 
Equiva lent  t o  approximately 2 . 1 0 ~  t o n s  o f  o i l .  



Since t h e  B r a z i l i a n  d e c i s i o n  t o  deve lop  a l coho l  a s  a sou rce  

o f  energy has  been p u b l i c i z e d ,  many c o u n t r i e s ,  e s p e c i a l l y  t h o s e  

among t h e  sugar  cane  producers ,  have been look ing  towards B r a z i l ,  

cons ide r i ng  t h a t  a s i m i l a r  s t r a t e g y  cou ld  h e l p  them i n  a l l e v i a t i n g  

t h e i r  energy  supp ly  d i f f i c u l t i e s  ( f o r e i g n  dependence, ba lance  o f  

payments) .  Apart  from t h e  energy  a s p e c t s ,  t h e  suga r  expo r t i ng  

c o u n t r i e s  cons ide r  a l c o h o l  p roduc t ion  a s  a means t o  d i v e r s i f y  

t h e i r  sugar  cane p roduc t ion  t o  a more economical and p r o f i t a b l e  

s e c t o r  s i n c e  sugar  i s  p r e s e n t l y  quoted a t  a low p r i c e  on t h e  

i n t e r n a t i o n a l  market .  Var ious s t u d i e s  c a r r i e d  o u t  i n  some of 

t h e s e  c o u n t r i e s  make u s  t h i n k  t h a t  t h e  B r a z i l i a n  expe r i ence  may 

induce t o o  rap id l y ,  by an i m i t a t i o n  e f f e c t ,  t h e  development o f  

s i m i l a r  programs i n  o t h e r  c o u n t r i e s  w i t hou t  a c a r e f u l  i n v e s t i -  

g a t i o n  o f  t h e i r  p a r t i c u l a r  economic, energy,  and a g r i c u l t u r a l  

c o n d i t i o n s .  A s  a consequence, premature  d e c i s i o n s  may be  t aken  

i n  favour  o f  a l c o h o l  w i t h  n e g a t i v e  impacts on t h e i r  f u t u r e  

economic development and food supply.  The p i t f a l l  o f  most of  

t h e s e  a l c o h o l  f e a s i b i l i t y  s t u d i e s  1s t o  main ly  c o n c e n t r a t e  on 

t h e  energy a s p e c t s  (e .g .  energy supp ly  v e r s u s  energy demand, 

c o s t  comparison o f  a l c o h o l  and g a s o l i n e ) .  The purpose of 

t h i s  paper is  t o  look a t  some impacts  of t h e  development o f  

l a r g e - s c a l e  a l c o h o l  p roduc t ion  i n  a coun t r y .  I t  c o n c e n t r a t e s  

main ly  on t h e  impacts on n a t u r a l  and human r e s o u r c e s  and tr ies 

t o  i d e n t i f y  d i f f i c u l t i e s ,  c o n s t r a i n t s  on b o t t l e n e c k s  t h a t  a l coho l  

p roduc t ion  may have t o  overcome t o  be cons ide red  v i a b l e .  The 

i d e a  behind t h i s  a n a l y s i s  is  t h a t  s o c i e t y  does  n o t  consume 
* 

energy a lone ,  b u t  a complex set o f  n a t u r a l  and human resou rces .  

T 

W e  r e f e r  h e r e  t o  t h e  WELMM approach developed a t  IIASA by 
M .  Grenon [ I ] ,  [21  : WELMM (Water, - Energy, - Land, - - Manpower and 
M a t e r i a l s )  - . 



I n  t h i s  i n v e s t i g a t i o n  we a r e  p e r f e c t l y  aware of n o t  having 

covered a l l  t h e  sqrstemsaspects of a l coho l  product ion:  f o r  

i ns tance  we d i d  n o t  look a t  i t s  s o c i a l  and i n s t i t u t i o n a l  

imp l i ca t ions ,  o r  a t  i t s  i n t e r f e r e n c e  w i th  t h e  food supply 

systems [3]. 

TECHNOLOGY 

The technology of e thano l  product ion from biomass invo lves  

two major s taqes :  an a g r i c u l t u r a l  phase dur ing which a c rop  i s  

c u l t i v a t e d  and harvested and an i n d u s t r i a l  phase f o r  t h e  conver- 

s ion  of t h e  c rop  i n t o  e thano l .  There a r e  two b a s i c  methods of 

processing crops i n t o  e thano l .  The f i r s t  method, and t h e  one 

most f requen t l y  used,  c a l l s  f o r  a  fermentat ion of t h e  d i r e c t l y  

fermentable sugar conta ined i n  t h e  crops.  The second method is 

based on t h e  hyd ro l ys i s  o f  t h e  c e l l u l o s e  and/or s t a r c h  and tas  

it has  on ly  been developed on a s m a l l - s c a l e r i t  w i l l  n o t  be 

d iscussed i n  t h i s  study.  The fermentat ion method can use 

a wide range of raw m a t e r i a l s  such a s  sugar cane j u i ce ,  cassava,  

and f r u i t s  (e .g .  bananas, e t c . ) .  In t h i s  paper we w i l l  on ly  

concent ra te  on sugar cane and cassava s i n c e  they  r e p r e s e n t  t h e  

most promising raw m a t e r i a l s  f o r  l a rge -sca le  product ion of 

a lcoho l  on a g l o b a l  l e v e l .  F igure 1 i s  a flow diagram of  an 

e thano l  p l a n t  using sugar cane a s  a raw m a t e r i a l .  The f i r s t  

operat ion- - the m i l l i ng - - cons i s t s  of t h e  unloading,  c u t t i n g ,  and 

crush ing of t h e  sugar cane. The cane j u i c e ,  once e x t r a c t e d ,  i s  

heated and f i l t e r e d  t o  ob ta in  must which i s  then  fermented. 

Ethanol  is f i n a l l y  obta ined by d i s t i l l a t i o n .  Although each one 

of t hese  i n d u s t r i a l  o p e r a t i o n s  i s  we l l  known, t e c h n i c a l  improve- 

ments a r e  s t i l l  poss ib le .  For i ns tance  new m i l l i n g  p rocesses  

a r e  being developed which can i nc rease  t h e  j u i c e  y i e l d  con- 
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s i d e r a b l y .  For t h e  f e rmen ta t i on  s t a g e ,  new v a r i e t i e s  of  micro- 

b i o l o g i c a l  a c t i v a t o r s  are be ing  s t u d i e d  which a r e  more r e s i s t a n t  

t o  a l c o h o l  c o n c e n t r a t i o n  and t h e r e f o r e  may l e a d  t o  h i g h e r  y i e l d s .  

Alcohol  p roduc t i on  from cassava  is  n o t  c u r r e n t l y  be ing 

c a r r i e d  o u t  on an i n d u s t r i a l  scale and t e c h n i c a l  problems s t i l l  

e x i s t  e . g .  d i r e c t  f e r m e n t a t i o n ,  as w i t h  sugar  cane ,  i s  n o t  

p o s s i b l e  and enzymat ic  a c t i o n  is r e q u i r e d .  S i n c e  less a c c u r a t e  

in fo rmat ion  is a v a i l a b l e  f o r  cassava  t h a n  f o r  suga r  cane ,  w e  s h a l l  

devo te  most o f  t h e  a n a l y s i s  t o  suga r  cane--making some comments on 

i t s  advan tages  and d i sadvan tages  when compared t o  cassava .  

WATER 

The i n f  l uence  o f  a l c o h o l  p roduc t ion  on w a t e r  r e s o u r c e s  appea rs  

a t  t h e  a g r i c u l t u r a l  and i n d u s t r i a l  l e v e l s .  Water i s  needed a t  t h e  

a g r i c u l t u r a l  phase f o r  t h e  i r r i g a t i o n  o f  t h e  suga r  cane p l a n t a t i o n .  

The q u a n t i t i e s  r e q u i r e d  may va ry  s i g n i f i c a n t l y  f rom one r e g i o n  t o  

a n o t h e r  depend ing on t h e  c l imat ic c o n d i t i o n s .  The a v a i l a b i l i t y  of 

w a t e r  i s  a n e c e s s i t y  f o r  a  r e g i o n  which would want t o  deve lop  sugar  

cane p l a n t a t i o n s .  I r r i g a t i o n  f a c i l i t i e s  may have t o  be b u i l t  i n  

d r y  a r e a s ,  w i t h  p robab le  p o s i t i v e  impac ts  on o t h e r  c rops ,  s i n c e  

t h e s e  f a c i l i t i e s  c o u l d  supp ly  wa te r  t o  o t h e r  c rops .  

A s  is  t h e  c a s e  f o r  most i n d u s t r i a l  p r o c e s s e s ,  sugar  cane  

t r a n s f o r m a t i o n  i n t o  a l c o h o l  r e q u i r e s  l a r g e  amounts o f  wa te r .  

Water i s  main ly  used t o  wash t h e  cane;  water i s  a l s o  needed 

f o r  steam produc t ion  b u t  t h e  condensed water is  r ecyc l ed .  W e  

d i d  n o t  f i n d  r e l i a b l e  i n f o rma t i on  on t h e  q u a n t i t i e s  o f  w a t e r  

r e q u i r e d :  it i s  probab ly  o f  t h e  o r d e r  o f  s e v e r a l  t o n s  of  w a t e r  

p e r  t o n  of sugar  cane  (one s o u r c e  of i n f o rma t i on  i n d i c a t e s  

5 t o n s  [ 3 ]  and a n o t h e r  17 t o n s / t  [ 5 ]  ) . The w a t e r  i s  n o t  consumed 

i n  t h e  p rocess  and h a s  t h e r e f o r e  t o  be d i scha rged  i n t o  t h e  



environment. The t y p i c a l  s i z e  f o r  an a lcoho l  p lan t  i s  presen t l y  

3 100-120 m a lcoho l  product ion per day. Such a fac to ry  w i l l  have 

t o  r e j e c t  l a r g e  amounts of waste water which may s i g n i f i c a n t l y  . 

i nc rease t h e  po l l u t i on  of t h e  water sources.  In  B raz i l  t h i s  

problem i s  considered a s  very se r i ous  s i n c e  most of t h e  d i s t i l l e r - i e s  

a r e  loca ted  near  r i v e r s .  Regulat ions fo rb idd ing  d i r e c t  d ischarge 

i n t o  t h e  r i v e r s  a r e  expected t o  be put  i n t o  fo rce .  According t o  

3 re fe rence [ 4 ]  , an a lcoho l  d i s t i l l e r y  of  100 m /day capac i t y  would 

produce t h e  same po l l u t i on  a s  t h e  sewage of a c i t y  of  about 

70000 inhab i tan ts .  

The cane ju i ce  fermentat ion leaves  a l i q u i d  res idue  c a l l e d  

v inasse:  about 12 m3 of v inasses  a r e  produced f o r  each m3 of 

a lcoho l .  The d i sposa l  of t h e  v inasses  i s  by f a r  t h e  most acu te  

environmental i s sue  r e l a t e d  t o  l a rge -sca le  a lcoho l  production. 

3 3 A d i s t i l l e r y  of 100 m /day capac i t y  produces about 1200 m /day 

of v inasses  which r ep resen t s  a po l l u t i ng  power equ iva len t  t o  t h a t  

of a c i t y  of 400000 i nhab i tan ts .  The 1978 Braz i l i an  a lcoho l  produc- 

t i o n  was about 30 m i l l i on  m3 of v inasses ,  which g ives  an 

order  of magnitude of t h e  dimension.of t h e  problem. Any f u r t h e r  

development of t h e  Braz i l i an  Alcohol Program w i l l  be confronted 

wi th t h i s  i ssue .  No s a t i s f a c t o r y  so lu t i on  has y e t  been found 

bu t  any so lu t i on  w i l l  mean an inc rease  i n  t h e  a lcoho l  product ion 

cos t s .  Severa l  d i sposa l  a l t e r n a t i v e s  a r e  p resen t l y  under con- 

s i de ra t i on .  

-- d i r e c t  app l i ca t i on  on t h e  s o i l  a s  a f e r t i l i z e r  

(problem of t r anspo r t a t i on ,  and of chemical 

conten t  of t h e  v i nasses ) ;  

-- i n c i ne ra t i on  and use of t h e  ashes,  r i c h  in 

potassium, a s  a f e r t i l i z e r ;  

-- anaerobic  fermentat ion t o  produce biogas 

(problem of f i nd ing  a use f o r  t h e  g a s )  



-- f e rmen ta t i on  t o  recover  p r o t e i n s  and p repa re  

animal  food.  

ENERGY 

Alcohol  p roduc t ion  from sugar  cane r e p r e s e n t s  a  convers ion 

o f  biomass i n t o  energy.  Biomass can be cons ide red  a s  t h e  

pr imary energy  source  and a l c o h o l  a s  t h e  energy form under 

which it can be used by t h e  consumers. The h a r v e s t i n g ,  

upgrading and t r a n s p o r t a t i o n  o f  t h e  pr imary energy s o u r c e s  

r e q u i r e s  a d d i t i o n a l  consumptions o f  energy.  It i s  t h e r e f o r e  

i n t e r e s t i n g  t o  look a t  t h e  energy ba lance  o f  t h e  o v e r a l l  

o p e r a t i o n  i .e .  t o  e v a l u a t e  how much and what t ype  o f  energy 

has  t o  be mobi l i zed du r i ng  t h e  d i f f e r e n t  s t a g e s  o f  t h e  a l c o h o l  

p roduc t ion  and t o  compare it w i t h  t h e  energy c o n t e n t  o f  t h e  

o u t p u t s  ( a l c o h o l ,  and p o s s i b l y  byproducts)  . 

A g r i c u l t u r a l  Phase 

The energy r e q u i r e d  a t  t h e  a g r i c u l t u r a l  s t a g e  ( i .e .  sugar  

cane p roduc t ion )  i s  mainly used f o r  t h e  cane h a r v e s t i n g  i n  t h e  

form o f  motor f u e l s  ( c o l l e c t i n g  t r u c k s ,  t r u c k  l oad ing  mach ines) .  

The amount of energy used may vary  s i g n i f i c a n t l y  from one 

p l a n t a t i o n  t o  t h e  o t h e r ,  depending on t h e  l e v e l  o f  mechanizat ion 

of  t h e  h a r v e s t i n g  and t h e  average  d i s t a n c e  between t h e  sugar  

cane f i e l d s  and t h e  e t h a n o l  p l a n t s .  I n  most c o u n t r i e s ,  t h e  

sugar  cane p roduc t ion  i s  semi-mechanized i .e .  t h e  cane i s  c u t  

manual ly and i s  c o l l e c t e d  and loaded i n t o  t r u c k s  w i t h  a  machine. 

The d i s t a n c e  of t r a n s p o r t a t i o n  f i e l d / f a c t o r y  depends on t h e  

s i z e  o f  t h e  p l a n t ,  t h e  s i z e  of t h e  f i e l d s  and t h e  d i s p e r s i o n  

of t h e  f i e l d s  around t h e  p l a n t .  The d i s t i l l e r i e s  a r e  u s u a l l y  

i n s t a l l e d  i n  t h e  middle of  t h e  sugar  cane f i e l d s  i n  o r d e r  t o  



reduce  t r a n s p o r t a t i o n  c o s t s .  Because of t h e  above-mentioned 

f a c t o r s  a  l a r g e  d i s p e r s i o n  i n  t h e  energy requ i rements  i n  suga r  

cane p l a n t a t i o n  e x i s t s .  A s  a t y p i c a l  average  f o r  B r a z i l ,  S i l v a  

[5]  and Morei ra [6 ]  i n d i c a t e  a  d i r e c t  consumption of  abou t  

* 
9GJ/ha. Apar t  from t h e s e  d i r e c t  energy requ i rements ,  energy 

has ,  i n  a d d i t i o n ,  t o  be consumed i n d i r e c t l y  f o r  t h e  f a b r i c a t i o n  

o f  a g r i c u l t u r a l  machinery and t r u c k s ,  n i t r o g e n  f e r t i l i z e r s  and 

v a r i o u s  m isce l laneous  i n p u t  m a t e r i a l s  ( h e r b i c i d e s ,  i n s e c t i c i d e s )  . 
I f  w e  add up t h e  d i r e c t  and i n d i r e c t  requ i rements ,  w e  g e t  a 

t o t a l  o f  about  17 GJ/ha, rough ly  d i s t r i b u t e d  a s  f o l l ows  [6 ] :  

Direct (motor f u e l s )  - 55% (9  GJ/ha) 

I n d i r e c t  - 45% ( 8  GJ/ha) 

(machines) -- (15%) 

( n i t r o g e n  f e r t i l i z e r s )  - (20%) 

(m isce l laneous  m a t e r i a l s )  - (1 0%) 

Cassava (manioc) ,  u s u a l l y  cons idered  a s  an a l t e r n a t i v e  raw 

m a t e r i a l  f o r  e t h a n o l  p roduc t ion ,  r e q u i r e s  40% less energy,  

( i .e.  10 GJ/ha, o f  which 6  GJ/ha i s  f o r  d i r e c t  f u e l  consumpt ion) ;  

t h e  d i s t r i b u t i o n  between d i r e c t  and i n d i r e c t  components i s  

almost  t h e  same a s  w i t h  suga r  cane [61 

I n d u s t r i a l  Phase 

An a l c o h o l  p l a n t  r e q u i r e s  f o r  i t s  o p e r a t i o n  l a r g e  

q u a n t i t i e s  of  p rocess  steam t o g e t h e r  w i t h  a  moderate amount 

of  e l e c t r i c i t y .  I n  most c a s e s ,  t h e  e l e c t r i c i t y  and steam a r e  

co-generated on si te,  us ing  bagasses  a s  a  f u e l .  Bagasses a r e  

was te  o r g a n i c  m a t e r i a l s  w i t h  an average  mo is tu re  c o n t e n t  o f  

50% and a  c a l o r i f i c  v a l u e  of about  7.5 G J / t  ( -  1800 kca l / kg )  

* 
Because o f  t h e  u n c e r t a i n t i e s  i n  t h e  energy consumption f i g u r e s ,  
w e  have rounded a l l  o f  them i n  t h i s  s e c t i o n ;  t h e  i d e a  be ing  t o  
p rov ide  an o r d e r  of magnitude and n o t  e x a c t  f i g u r e s .  



l e f t  over  a f t e r  t h e  e x t r a c t i o n  of  t h e  cane ju i ce .  Apart from 

t h e i r  u t i l i z a t i o n  as an energy source they  can a l s o  be used a s  

a cons t ruc t i on  m a t e r i a l  and as a raw m a t e r i a l  i n  paper f a b r i -  

ca t i on .  Two energy supply schemes can be  envisaged f o r  t h e  

co-generat ion of steam and e l e c t r i c i t y :  

i. t h e  product ion of low p ressu re  steam and 

t h e  genera t ion  of e l e c t r i c i t y  a t  a rate 

of 1kWe f o r  each 9kg of  i npu t  steam; i n  

t h i s  case  t h e  des ign  i s  such t h a t  t h e  

p l a n t  is s e l f  s u f f i c i e n t  i n  e l e c t r i c i t y  

and almost a l l  t h e  bagasse i s  used. 

ii. t h e  genera t ion  of  e l e c t r i c i t y  through 

t h e  product ion of  h igh p ressu re  steam 

(30 atm);  t h i s  l e a d s  t o  an excess  o f  

e l e c t r i c i t y  which can be s o l d  ou ts ide ,  

The f i r s t  scheme i s  p r e s e n t l y  t h e  on ly  one t o  be developed, 

s i n c e  t h e  companies have so  f a r  no t  had enough i n c e n t i v e  t o  

i nc rease  t h e i r  investments (h igh p ressu re  b o i l e r s )  t o  s e l l  

e l e c t r i c i t y  t o  e x t e r n a l  consumers (case  of t h e  second scheme). 

The i n d i r e c t  energy requirements (e.g.  energy inves ted  

i n  t h e  f a c i l i t y  o r  i n  t h e  i npu t  materials) is smal l  compared 

t o  t h e  d i r e c t  energy consumption. According t o  [5] and [6], 

t h e  i n d i r e c t  requirements rep resen t  less than  10% of  t h e  

t o t a l  requirements.  

Table 1 i n d i c a t e s  t h e  energy requirements of e thano l  

product ion from sugar cane and cassava.  The n e t  energy 

e f f i c i e n c y  i s  about 2 i n  t h e  c a s e  of sugar  cane and about 

1  w i th  cassava.  The recovery of cassava s t e m s  r e p r e s e n t s  



TABLE 1: ENERGY BALANCE OF ETHANOL PRODUCTION ( M J / l  a l c o h o l )  

N e t  energy  p roduc t ion  E x t e r n a l  
energy  R a t i o  energy  

elec- r e q u i r e -  produced/ 
Wastes t r i c i t y  A lcoho l  ments energy  r e q u i r e d  

No co -genera t ion  1 0  t o  2 f  - 2 1 1 8  1,7 t o  2,3 

T r a d i t i o n a l  co-gen- 
Sugar Cane e r a t i o n  scheme ? - 2 1 1 2  118  

Product ion  o f  elec- 
t r i c i t y  s u r p l u s  3 4 2 1 12 

No recovery  o f  
o r g a n i c  was tes  - - 2 1 1 9  - 2 5  0,9 t o  1,2 

Cassava 50% recovery  of  
o r g a n i c  was te  8 - 2 1 20  1 1 5  

1 0 0 %  recovery  o f  
o r q a n i c  was te  15  - 2 1 2 1 1 1 7  

Sources:  from r e f e r e n c e s  [ 4 ] , [ 5 ]  and [ 6 ]  

D e f i n i t i o n  N e t  energy p roduc t ion  = energy  a v a i l a b l e  f o r  e x t e r n a l  consumers 
E x t e r n a l  energy  requ i remen ts  = energy t o  b e  purchased o u t s i d e  

a 
The t h e o r e t i c a l  hea t  con ten t  of t h e  recovered bagasses correspond approximately t o  
21 G J / 1  ethanol ;  bu t  i n  p r a c t i c e  it i s  considered t h a t  on ly  ha l f  of t h i s  c a l o r i f i c  
va lue  i s  usefu l .  



a  p o s s i b l e  way of improving t h e  cassava /a lcoho l  energy ba lance  

bu t  t e c h n i c a l  problems s t i l l  e x i s t .  From t h i s  t a b l e  one can 

see t h a t  t h e  cassava  r o u t e  i s  much less i n t e r e s t i n g  s i n c e  w e  

have t o  consume a lmost  a s  much energy a s  i s  recovered  i n  t h e  

a l coho l ;  n e v e r t h e l e s s  low q u a l i t y  f u e l  may be used i n  t h e  

d i s t i l l e r i e s .  Even i n  t h e  most o p t i m i s t i c  c a s e  ( f u l l  r ecove ry  

o f  t h e  cassava  w a s t e s ) , t h e  energy  ba lance  i s  less f a v o r a b l e  

than  w i t h  suga r  cane.  A l l  t h e s e  f i g u r e s  have t o  be 

cons idered  c a r e f u l l y  s i n c e  t h e y  depend g r e a t l y  on: 

-- t h e  a g r i c u l t u r a l  y i e l d  ( h e r e  ave rage  

y i e l d s  w e r e  taken :  54t /ha f o r  suga r  

cane and 14 ,5 t /ha  f o r  c a s s a v a ) ;  

-- t h e  energy  q u a l i t y  o f  t h e  r e s i d u e s  

and t h e i r  mode of u t i l i z a t i o n .  

LAND 

The concept  of energy  p roduc t ion  from biomass i m p l i e s  t h e  

m o b i l i z a t i o n  o f  l and  t o  grow t h e  raw m a t e r i a l s  (e .g .  wood, sugar  

c a n e ) .  The d e f i n i t i o n  of t h e  land  p o t e n t i a l  t h a t  can  be devoted 

t o  such p roduc t ion  c a l l s  upon two c r i t e r i a :  on t h e  one hand, a  

c r i t e r i o n  of s u i t a b i l i t y  of  t h e  l and  t o  t h e  s e l e c t e d  c r o p s  

( s o i l  t y p e s ,  c l i m a t e ,  t opog raphy ) ,  on t h e  o t h e r  hand a  c r i t e r i o n  

o f  l and  a v a i l a b i l i t y  (e .g .  l and  w i thou t  c u l t u r e ) .  

Not a l l  l and  t y p e s  a r e  s u i t e d  t o  suga r  cane c u l t i v a t i o n .  

Sugar cane needs good s o i l  q u a l i t i e s  and r a t h e r  f l a t  l a n d .  

I t  a l s o  r e q u i r e s  water  bu t  n o t  t o o  much ( r a i n y  a r e a s  g i v e  l o w  

a l c o h o l  y i e l d s )  and good sun c o n d i t i o n s .  Sugar cane  c u l t u r e s  



a r e  restr icted t o  t r o p i c a l  a r e a s .  Compared t o  t h e  a l t e r n a t i v e  

c rops  u s u a l l y  cons ide red  t o  produce energy  (e .g .  wood, c a s s a v a ) ,  

sugar  cane i s  probab ly  t h e  most demanding i n  t e r m s  o f  c l i m a t i c  

c o n d i t i o n s  and l a n d  q u a l i t y ;  t h i s  causes  a  s e r i o u s  l i m i t a t i o n  on 

t h e  a v a i l a b l e  a g r i c u l t u r a l  l a n d  and l and  p o t e n t i a l  f o r  sugar  cane.  

The concep t  o f  a v a i l a b l e  l a n d  i s  more d i f f i c u l t  t o  g rasp .  

One u s u a l l y  c o n s i d e r s  a s  a v a i l a b l e  t h e  l and  p r e s e n t l y  unused. 

Good q u a l i t y  l a n d  which i s  n o t  used is p robab ly  l im i t ed ,  excep t  

i n  a few c o u n t r i e s  ( l i k e  B r a z i l  f o r  i n s t a n c e ) .  A r e a s  p r e s e n t l y  

occup ied by s u b s i s t e n c e  c r o p s  or l o w  p r o d u c t i v i t y  (and r e n t a b i l i t y )  

p l a n t a t i o n s  may a l s o  be cons ide red  as a v a i l a b l e .  But one shou ld  

be aware of  t h e  consequences of  s h i f t i n g  from t h e  e x i s t i n g  c r o p s  

t o  energy  c r o p s  l i k e  suga r  cane:  rep lacement  of  p o l y c u l t u r e s  by 

a  monocul ture which i n c r e a s e s  t h e  s o i l  e x h a u s t a b i l i t y ,  e f f e c t  on 

t h e  food supp ly  of  t h e  l o c a l  popu la t i on  i f  s u b s i s t e n c e  c r o p s  a r e  

rep laced  by sugar  cane ,  r e d u c t i o n  o f  l o c a l  a g r i c u l t u r a l  produc- 

t i o n  and r i s k  o f  dependence on i n p u t s .  I n  any c a s e  t h e  d e c i s i o n  

t o  devo te  l a r g e  a r e a s  of l and  t o  energy  c r o p s  shou ld  n o t  be l e f t  t o  

t h e  e x p e r t s  and i n d u s t r i a l i s t s  a l o n e ,  b u t  shou ld  be c o n t r o l l e d  

by t h e  government and be p a r t  of  i t s  o v e r a l l  development p o l i c y ,  

e s p e c i a l l y  i n  i t s  energy  and a g r i c u l t u r a l  a s p e c t s .  I n  any 

f e a s i b i l i t y  s t udy  on l a r g e - s c a l e  sugar  cane /a lcoho l  development,  

one shou ld  e v a l u a t e  t h e  p o t e n t i a l  a v a i l a b l e  l a n d  o n l y  a f t e r  

having cons ide red ,  on t h e  one hand t h e  long- term l a n d  r e q u i r e -  

ments f o r  an adequa te  food supp ly  of t h e  popu la t i on ,  accoun t ing  

f o r  bo th  t h e  popu la t i on  e v o l u t i o n  and improvement i n  t h e  

n u t r i t i o n  and on t h e  o t h e r  hand t h e  requ i remen ts  f o r  s u b s t i t u t i n g  

impor ts  o f  basic a g r i c u l t u r a l  p roduc t s  w i t h  domes t i c  p roduc t ion .  

A f t e r  dec id i ng  what l a n d  shou ld  be r e s e r v e d  t o  f u l f i l l  t h e s e  



p r i o r i t i e s ,  p o l i c y  d e c i s i o n s  should be made t o  dec ide  t h e  

a l l o c a t i o n  of t h e  remaining land  p o t e n t i a l  between sugar  cane 

( o r  o t h e r  energy c rops )  and o t h e r  c u l t u r e s  which may be more 

i n t e r e s t i n g  f o r  t h e  country.  Such d e c i s i o n s  should n o t  on ly  

look a t  economic a s p e c t s  ( r e n t a b i l i t y ,  e f f e c t  on ba lance of  

payments) bu t  a l s o  a t  s o c i a l ,  i n s t i t u t i o n a l  and environmental  

impacts . 
The amount of land t h a t  has t o  be committed t o  reach  a 

g iven a lcoho l  product ion depends on t h e  one hand on t h e  

a g r i c u l t u r a l  y i e l d  o f  t h e  r a w  m a t e r i a l  (e .g .  t h e  p r o d u c t i v i t y  

i n  t o n s / h a ) ,  and on t h e  o t h e r  hand on t h e  convers ion e f f i c i e n c y  

of t h e  c r o p  i n t o  an energy form ( e t h a n o l  o r  methanol f o r  i n s t a n c e ) .  

Table 2 i n d i c a t e s  t h e  average sugar  cane y i e l d  observed i n  

va r i ous  South American c o u n t r i e s .  These y i e l d s  vary  q u i t e  a 

l o t  from one count ry  t o  ano the r ,  ( range between 50 and 150 t /ha ) ,  

mainly because of  d i f f e r e n c e s  i n  e c o l o g i c a l  c o n d i t i o n s  ( l and  

q u a l i t y ,  c l ima te )  and i n  t h e  sugar  cane v a r i e t i e s .  S im i l a r  

d i f f e r e n c e s  can be observed w i th in  each count ry .  I n  Ecuador f o r  

i ns tance  t h e  average y i e l d  o f  t h e  b i g  p l a n t a t i o n s  belonging t o  

t h e  sugar  m i l l s  i s  90t/ha compared t o  66t/ha f o r  t h e  independent 

cane growers. I n  B r a z i l ,  a l though t h e  average y i e l d  is low 

compared t o  t h e  o t h e r  c o u n t r i e s  (46 t /ha ) ,  t h e  p r o d u c t i v i t y  

exceeds 60t/ha i n  t h e  Sao Paolo S t a t e ,  t h e  main reg ion  where 

t h e  a l coho l  product ion is  p r e s e n t l y  being developed. 

The fe rmenta t ion  and d i s t i l l a t i o n  o f  sugar  cane j u i c e  

u s u a l l y  y i e l d s  between 63 and 70 l i t r e s o f  a l coho l  ( e t h a n o l )  pe r  t on  

of cane; i n  t h e  r e s t  o f  t h e  r e p o r t  w e  w i l l  use an average y i e l d  of 

67 l/t. Therefore w e  can e v a l u a t e  now t h e  average q u a n t i t y  o f  

a l coho l  t h a t  can be produced from t h e  c u l t i v a t i o n  of Iha  o f  



T a b l e  2:  Sugar  cane  y i e l d  i n  L a t i n  A m e r i c a  

1967 1976 Trend 

B r a z i l  ( a v e r a g e )  46 t / h a  47 t / h a  a p p r o x i m a t e l y  
c o n s t a n t  s i n c e  
1967 

Sao Pau lo  S t a t e  
( B r a z i l )  56 t / h a  64 t / h a  1 % / y e a r  1947-1976 

Venezuela 80 t / h a  

Colombia 120 t / h a  180 t / h a  f o r  1 8  
months 

Ecuador  ( a v e r a g e )  41 t / h a  67 t / h a  6%/year  1967-1 976 

C e n t r a l  A m e r i c a  70-84 t / h a  
(depend ing  on 
t h e  c o u n t r y )  

Pe ru  150 t / h a  220 t / h a  f o r  18 
months 

Source :  Re fe rence  [ 3 ]  



sugar  cane f o r  v a r i o u s  c o u n t r i e s .  I t  v a r i e s  between 3000 and 

10000 l / h a ;  measured i n  energy  u n i t s  [ I ]  t h i s  means an energy  

y i e l d  o f  between 60 and 210 GJ/ha. I n  t h i s  s t u d y  w e  w i l l  

c o n s i d e r  a s  t y p i c a l  f o r  South  America an  a l c o h o l  y i e l d  o f  

4500 l / h a  i .e .  abou t  95 GJ/ha-  t h e  e q u i v a l e n t  o f  2 t o n s  of o i l .  

The l i k e l y  a l c o h o l  p roduc t ion  from suga r  cane  i n  B r a z i l  

6  3 i n  1986 is expected t o  be abou t  5.10 m ; t a k i n g  an average  

p r o d u c t i v i t y  o f  60 t /ha.  T h i s  means t h a t  abou t  1 ,2  m i l l i o n  ha 

w i l l  be devoted a t  t h a t  t i m e  t o  suga r  cane.  A r e a l i s t i c  

e v a l u a t i o n  o f  t h e  a g r i c u l t u r a l  p o t e n t i a l  o f  B r a z i l  i n d i c a t e s  

a  maximum o f  308,5 m i l l i o n  ha ,  o f  which o n l y  68% (209.10bha) 

a r e  s u i t e d  t o  permanent s h o r t  c y c l e  c rops  (e.9. s u g a r  cane)  

[ 4 ] .  The re fo re ,  t h e  l and  u s e  f o r  suga r  cane  i n  1986 i s  a lmost  

i n s i g n i f i c a n t  compared t o  t h i s  p o t e n t i a l  (less t h a n  1%)  . 
However, one  shou ld  be c a r e f u l  when d e a l i n g  w i t h  t h i s  g l o b a l  

concep t  o f  l and  p o t e n t i a l :  

-- s u g a r  cane,  a s  e x p l a i n e d  above, r e q u i r e s  good 

q u a l i t y  l and ,  good sunny c o n d i t i o n s  and wa te r  

r e s o u r c e s ,  t h e r e f o r e  t h e  e f f e c t i v e  sugar  cane  

p o t e n t i a l  is p robab ly  much lower t han  t h e  

a g r i c u l t u r a l  p o t e n t i a l .  

-- t o o  l a r g e  a  d i s t a n c e  between sugar  cane 

p l a n t a t i o n s  and consumer markets  may i n c r e a s e  

a l c o h o l  c o s t  and make u n s u i t a b l e  l a r g e  b u t  

remote a r e a s  which would o the rw i se  have been 

s u i t a b l e  f o r  t h e  p roduc t ion  of  sugar  cane.  

-- t h e  p o t e n t i a l  development and l a n d  requ i rement  

of  o t h e r  c rops  shou ld  b e  taken  i n t o  account .  



I f  B r a z i l  has no land  c o n s t r a i n t s ,  o t h e r  c o u n t r i e s  such 

a s  Ecuador and Colombia may we l l  have c o n s t r a i n t s  ( s e e  

re fe rence  [ 3 ]  f o r  example) . 
Cassava fe rmenta t ion  is o f t e n  cons idered a s  a p o s s i b l e  a l t e r -  

n a t i v e  r o u t e  t o  e t h a n o l ,  s i n c e  it can grow on low q u a l i t y  and d ry  

land.  Cassava t h e r e f o r e  reduces t h e  r i s k  of compet i t ion  of energy 

p l a n t a t i o n s  w i th  o t h e r  c rops  and extends t h e  land  p o t e n t i a l  f o r  

a l coho l  product ion.  I n  a d d i t i o n  t h e  q u a n t i t y  of a l c o h o l  t h a t  can be 

e x t r a c t e d  from cassava i s  much h igher  than  w i th  sugar  cane 

(170 l/t compared t o  67 l / t). A t  presen t  t h e  cassava  c u l t i v a t i o n  

is mainly p r a c t i c e d  i n  sma l l  p l a n t a t i o n s  t o  prov ide  food f o r  t h e  

l o c a l  popula t ion:  it is a non- technica l  c u l t u r e  and t h e  y i e l d  

i s  r a t h e r  low (10-15t/ha). A s  a r e s u l t ,  w i th  t h e  p r e s e n t  a g r i -  

c u l t u r a l  p rac t i ces ,  cassava  p l a n t a t i o n s  cou ld  y i e l d  about  

2500 l i t res of a lcoho l /ha ,  t h a t  is t o  say  almost  ha l f  a s  much 

a s  w i th  sugar  cane.  One can argue,  and exper iments have shown 

t h e  p r a ~ t i c a b i l i t y ~ t h a t  p r o d u c t i v i t y  improvements could be 

ob ta ined  w i th  more i n t e n s i v e  c u l t i v a t i o n  b u t  t h i s  is r a t h e r  

s p e c u l a t i v e  and would need changes i n  i t s  c u l t i v a t i o n  p r a c t i c e s .  

Table  3 compares t h e  land  commitments f o r  va r i ous  energy 

c rops .  When look ing a t  Table  3 one should bear  i n  mind t h a t  t h e  

d a t a  may d i f f e r  q u i t e  a l o t  from one count ry  t o  ano ther ,  because 

o f  d i f f e r e n c e s  i n  a g r i c u l t u r a l  p r o d u c t i v i t y  o f  each crop.  Of 

t h e  four  c rops  cons idered i n  t h i s  t a b l e  t h e  sugar  cane/ethanol  

r o u t e  appears  t o  be t h e  less l and- in tens ive  p rocess .  



Tab le  3: Energy p r o d u c t i v i t y  pe r  h e c t a r e  f o r  v a r i o u s  energy c r o p s  

Alcohol  p roduc t ion  b References and comments 

l /ha /year  GJ/ha/year 

~ r o s s '  n e t  d 

Sugar cane /e thano l  4500a 95 40 T r a d i t i o n a l  co-generat ion 
scheme (see Tab le  1 )  

Cassava (manioc) / e thano l  2500 55 0 Normal p rocess  w i thou t  
recovery  o f  t h e  was tes  
(see Tab le  1 )  

a~ reasonab le  range t o  be  cons ide red  around t h i s  va lue  i s  3500-5500 l /ha /year ,  

b ~ o u n d e d  f i g u r e s .  ' 

C C a l o r i f i c  va lue  of t h e  a l c o h o l  produced. - 

d ~ e t  energy ba lance:  d i f f e r e n c e  between energy produced and 
energy used. One shou ld  c a r e f u l l y  c o n s i d e r  t h e  concept  o f  
n e t  energy s i n c e  w e  have p u t  a h i gh  q u a l i t y  f u e l  ( e t h a n o l )  
on t h e  same l e v e l  a s  t h e  f u e l s  consumed i n  t h e  i n d u s t r i a l  
p rocess  (85% t o  90% of t h e  t o t a l  energy requ i red )  which can 
be a low g rade  f u e l  ( l i g n i t e ,  wood, p e a t ) .  



MATERIALS 

Cont rary  t o  some new energy sou rces  l i k e  o i l  s h a l e s  o r  

t a r  sands ,  e t h a n o l  from suga r  cane does  n o t  invo lve  s i g n i f i c a n t  

m a t e r i a l  p rob lems ,e i t he r  a s  i n p u t  material o r  as waste m a t e r i a l .  

A t  t h e  a g r i c u l t u r a l  phase,  t h e  main m a t e r i a l s  r e q u i r e d  are 

f e r t i l i z e r s ;  t h e  amount needed may vary  s i g n i f i c a n t l y  from one 

reg ion  t o  t h e  o t h e r  depending on t h e  s o i l  c h a r a c t e r i s t i c s .  

I n  o r d e r  t o  p rov ide  some o r d e r  o f  magnitude, w e  i n d i c a t e  t h e  

f e r t i l i z e r  requ i rements  e s t i m a t e d  f o r  t h e  B r a z i l i a n  A lcoho l  

Program i n  Table 4.  It appea rs  t h a t  on average  665 kg o f  

f e r t i l i z e r  h a s  t o  be used p e r  ha which means approx imate ly  

a consumption of  150-170 kg p e r  m3 a l c o h o l  (based on an a l c o h o l  

y i e l d  o f  4000-4500 l / h a ) .  O ther  m a t e r i a l s  are r e q u i r e d  t o  grow 

sugar  cane bu t  i n  smaller q u a n t i t i e s .  According t o  B r a z i l  

Acucare i ro  ( p r i v a t e  communicat ion),  a suga r  cane p l a n t a t i o n  

consumes on average  0.50 kg/ha of  f e rm ic i de  and 3,30 kg/ha o f  

h e r b i c i d e  (no i n s e c t i c i d e  i s  r e q u i r e d ) .  With a l l  t h e s e  f i g u r e s  

a product ion o f  5.1 06m3 a l c o h o l  i n  1 986 i n  B r a z i l  would l e a d  

t o  t h e  fo l low ing  d i r e c t  m a t e r i a l  requ i rements :  between 750000 

and 850000 t o n s  o f  f e r t i l i z e r s ,  and about  5000 t o n s  o f  h e r b i c i d e  

and fe rm ic i des .  A t  t h e  i n d u s t r i a l  phase no s i g n i f i c a n t  quan t i -  

t ies of  m a t e r i a l s  a r e  consumed. 

Apar t  from t h e  d i r e c t  requ i rements ,  s t r u c t u r a l  m a t e r i a l s  

(main ly  s teel)  a r e  r e q u i r e d  f o r  t h e  a g r i c u l t u r a l  machinery and 

f o r  t h e  c o n s t r u c t i o n  o f  t h e  a l c o h o l  p l a n t .  W e  do n o t  have any 

q u a n t i t a t i v e  in format  i o n  on t h e s e  requ i rements  . 
I n  t h e  case o f  cassava  t h e  f e r t i l i z e r  requ i rements  a r e  o f  

t h e  same o r d e r  o f  magnitude. A s  mentioned above t h e  fermenta-  

t i o n  is  n o t  d i r e c t  and enzymes have t o  be  used (about  5kg/m 3 
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a l c o h o l ) .  Al though t h e  volume o f  enzymes invo lved  i s  n o t  

impor tan t ,  it may be  a  sou rce  o f  f o r e i g n  dependence s i n c e  t h e y  

may n o t  be produced l o c a l l y  (which is p r e s e n t l y  t h e  c a s e  i n  

B r a z i l ) .  

The p roduc t ion  o f  e t h a n o l  i nduces  t h e  g e n e r a t i o n  o f  

r e s i d u e s  (bagasses ,  l i q u i d  was tes  c a l l e d  v i n a s s e s  w i t h  suga r  

cane;  cassava  s t e m s  and f e rmen ta t i on  was tes  w i t h  c a s s a v a ) .  

W e  have a l r e a d y  d i s c u s s e d  t h e  problems r a i s e d  by t h e i r  d i s p o s a l  

t h e r e f o r e  w e  w i l l  n o t  comment on them he re .  

MANPOWER 

Compared t o  t h e  t r a d i t i o n a l  energy  p roduc t ion  r o u t e s ,  

a l c o h o l  p roduc t ion  i s  more l abou r  i n t e n s i v e .  Most o f  t h e  l abou r  

is needed i n  t h e  a g r i c u l t u r a l  phase,  main ly  t o  h a r v e s t  t h e  sugar  

cane.  A s  a l r e a d y  ment ioned most o f  t h e  sugar  cane  p roduc t ion  i s  

p r e s e n t l y  semi-mechanized (manual c u t t i n g ,  c o l l e c t i o n  w i t h  

mach ines) .  The development o f  f u l l  mechan izat ion  is p r e s e n t l y  

n o t  economical  because of  t h e  low s a l a r y  l e v e l  p r e v a i l i n g  i n  

most deve lop ing  c o u n t r i e s .  Even i f  t h e s e  c o n d i t i o n s  were t o  

changersuch  an e v o l u t i o n  would p robab ly  n o t  be  d e s i r a b l e  a s  

t h e r e  is h igh  unemployment i n  t h e s e  c o u n t r i e s ;  i n  any c a s e  it 

cou ld  n o t  be sp read  t o  a l l  p l a n t a t i o n s  s i n c e  t h e  mechan izat ion  

o f  suga r  cane  c u t t i n g  r e q u i r e s  ve ry  f l a t  l a n d .  The p r e s e n t  

employment of  a g r i c u l t u r a l  pe rsonne l  i s  one man f o r  2 .8  ha  i n  

B r a z i l ,  one man f o r  3 ha i n  Ecuador. I n  Colombia t h e  manpower 

p r o d u c t i v i t y  i s  h i g h e r ,  one  man f o r  4 ha.  These f i g u r e s  i n c l u d e  

o n l y  workers engaged i n  t h e  h a r v e s t i n g  l a b o u r s ,  which a c t u a l l y  

r e p r e s e n t  t h e  g r e a t  m a j o r i t y  o f  t h e  l abou r .  No t e c h n i c a l  

q u a l i f i c a t i o n  is r e q u i r e d  f o r  t h e  personne l  i n  charge  of  t h e  



h a r v e s t i n g .  Sugar cane p roduc t ion  is a seasona l  a c t i v i t y  s i n c e  

t h e  h a r v e s t  l a s t s  on average  180 days/year  ( u s u a l  range  is 

between 130 and 200 days / yea r ) .  T h i s  means t h a t  most o f  t h e  

l abou r  is  seasona l  which causes  c e r t a i n  s o c i o l o g i c a l  problems. 

I n  B r a z i l ,  accord ing  t o  a 1970 census  ( 'Censo Agropecuar io 1970' )  

about  608000 persons  w e r e  working i n  t h e  sugar  cane c u l t u r e  

(3.5% of t h e  t o t a l  occup ied p o p u l a t i o n ) ,  d i s t r i b u t e d  a s  fo l lows :  

40% independent  workers ( f i e l d  owners ) ,  30% permanent employees 

and 30% temporary employees. The same census  i n d i c a t e s  t h a t  t h e  

p roduc t ion  s t r u c t u r e  is t o t a l l y  d i f f e r e n t  f o r  cassava  s i n c e  more 

t han  90% o f  t h e  peop le  invo lved i n  t h e  cassava  c u l t u r e  a r e  

independent  workers: a l l  t h e  cassava  i s  grown i n  sma l l  farming 

u n i t s  a s  opposed t o  sugar  cane  f o r  which l a r g e  p l a n t a t i o n s  

p r e v a i l .  From an employment s t a n d p o i n t ,  cassava  p r e s e n t s  two major 

advantages f o r  a deve lop ing coun t ry :  on t h e  one hand, t h e  peop le  

a r e  occupied a l l  t h e  y e a r  round, on t h e  o t h e r  hand i t s  c u l t u r e  

i s  t o t a l l y  manual and more l abou r  i n t e n s i v e  ( 0 , 7  ha p e r  worker 

f o r  cassava  a g a i n s t  2 ,8  ha f o r  suga r  c a n e ) .  Whether based on 

cassava  o r  sugar  cane ,  an a l coho l  program w i l l  undoubtedly 

c r e a t e  a l a r g e  number of a g r i c u l t u r a l  jobs and t h e r e f o r e  pe rm i t s  

a reduc t i on  o f  r u r a l  m ig ra t i on ,  which is a s e r i o u s  i s s u e  i n  most 

deve lop ing c o u n t r i e s .  

An a l c o h o l  program w i l l  a l s o  c r e a t e  employment i n  t h e  

3 
a l coho l  p l a n t s ,  a t y p i c a l  d i s t i l l e r y  o f  100m /day c a p a c i t y  

employs between 50 and 100 workers,  most o f  them be ing  s k i l l e d  
* 

workers. The d i r e c t  employment requ i rement ,  t o  suppo r t  an a l c o h o l  

3 3 **  p l a n t  w i t h  a c a p a c i t y  of 100m /day (18000m /yearb can be 

* 
es t ima ted  from r e f e r e n c e s  [ 7 ] ,  [81 and [91 * *  
S ince  t h e  suga r  cane has  t o  be processed when it i s  ha rves ted  
t h e  d i s t i l l e r y  u s u a l l y  on l y  o p e r a t e s  du r i ng  t h e  h a r v e s t i n g  
season (average  180 days)  . 



* 
es t ima ted  a t  1400 persons  (more t han  90% be ing  employed i n  

p l a n t a t i o n s ;  r e a s o n a b l e  range  1100-1700). A p roduc t i on  o f  

5 m i l l i o n  m3 i n  1986 i n  B r a z i l  w i l l  t h e r e f o r e  concern d i r e c t l y  

about  400000 persons .  

To have an o v e r a l l  p i c t u r e  of  t h e  impact o f  a l c o h o l  

p roduc t ion  on employment, one shou ld  i n c l u d e  t h e  peop le  employed 

i n  t h e  manufac tur ing  of a g r i c u l t u r a l  machinery,  t h e  f a b r i c a t i o n  

o f  t h e  d i s t i l l e r y  components and f i n a l l y  t h e  c o n s t r u c t i o n  o f  

t h e  d i s t i l l e r i e s .  I n  t h e  frame of  t h i s  s t u d y  w e  have n o t  t r i e d  

t o  e v a l u a t e  t h e s e  indirectemploymenteffects; t h i s  cou ld  be  done 

us ing  a d i s a g g r e g a t i o n  o f  t h e  investment  costs acco rd ing  t o  i t s  

major components and an i npu t / ou tpu t  m a t r i x  (see Tables  5 and 6 ) .  

* 
Based on 3  ha p e r  worker and 4500 l i t r e s / h a  



'Table 5: D i s t r i b u t i o n  o f  t h e  c o s t  o f  an  e t h a n o l  p l a n t  
by main components ( c a p a c i t y :  120m3/day, 
o p e r a t i n g  p e r i o d :  150 d a y s / y e a r ) .  

D e s c r i p t i o n  ( l o 3  D o l l a r  (1978)  ) 

1 .  Sugar  cane  un load ing  
and conveying 

2 .  Sugar  c a n e  p r e p a r a t i o n  
and m i l l i n g  

3. J u i c e  t r e a t m e n t  210 

4 .  B o i l e r s  715 

5 .  Thermogenera tors  155 

6. Electr ic power 
d i s t r i b u t i o n  sys tem 

7.  Water t r e a t m e n t  75 

8. L a b o r a t o r y  50 

9 .  Machine shop and 
hardware 

10. D i s t i l l e r y  1280 

1 1 .  A lcoho l  s t o r a g e  330 

12. S t i l l a g e  t r e a t m e n t  285 

13. Metallic s t r u c t u r e s  340 

1 4 .  Other  110 

15.  T r a n s p o r t a t i o n  185 

16. B u i l d i n g s  1360 

T O T A L  7670 

Data  f o r  B r a z i l  f rom COPERSUCAR, Ref [ 61 . 



Table  6: Investment  c o s t  f o r  sugar  cane  p l a n t a t i o n  

Cos t  

( D o l l a r  1979/ha) 

P repa ra t i on  o f  t h e  p l a n t a t i o n  

( l e v e l l i n g  o f  t h e  ground, plowing, 

i r r i g a t i o n )  . =I 100oa 

T r a n s p o r t a t i o n  equipment,  a g r i c u l t u r a l  

machines ( t r a i l e r s ,  t r u c k s ,  f i l l i n g  

equipment) - .  - 400b 

T O T A L  1400 

Note: The r e a l  investment  c o s t  i s  h i g h e r  s i n c e  t h e  c o s t  of  
l and ,  which v a r i e s  accord ing  t o  t h e  r e g i o n ,  shou ld  be  
added t o  t h e  c o s t s  g iven above. 

a ~ y p i c a l  c o s t  f o r  Colombia [9]  and Ecuador [3 ] ,  exc lud ing  t h e  
c o s t  o f  t h e  land .  

b ~ o s t  p e r t a i n i n g  t o  a b i g  p l a n t a t i o n  o f  14000 ha which cou ld  
supply about  3 d i s t i l l e r i e s  of 120 m3/day (see Table  5 )  [ 3 ] .  



CONCLUSIONS 

The main resource  c o n s t r a i n t  on l a r g e - s c a l e  product ion of 

a l coho l  from biomass i s  c l e a r l y  t h e  land.  In c o u n t r i e s  w i th  

l i m i t e d  a v a i l a b l e  land a r e a s ,  an a l coho l  program may c o n f l i c t  

w i th  o t h e r  land u t i l i z a t i o n  (mainly o t h e r  a g r i c u l t u r a l  p roduc ts ) .  

The oppo r tun i t y  of producing a lcoho l  i n  any count ry  o r  reg ion ,  

should r e s u l t  f i r s t  from a c a r e f u l  i n v e s t i g a t i o n  o f  t h e  amount 

of land  which cou ld  be reasonably  mobi l ized f o r  l a r g e - s c a l e  

sugar  cane c u l t i v a t i o n ,  account ing on t h e  one hand f o r  i t s  

p o s i t i v e  and nega t i ve  s i d e  e f f e c t s ,  and on t h e  o t h e r  hand f o r  

a l t e r n a t i v e  u t i l i z a t i o n  of t h e  land .  

In  c o u n t r i e s  where a s i g n i f i c a n t  land  p o t e n t i a l  f o r  biomass 

p l a n t a t i o n s  e x i s t s ,  one w i l l  have t o  make a cho ice  between t h e  

var ious  p o s s i b l e  pr imary resources  (e.g.  sugar  cane,  cassava,  

wood). In t h i s  r e p o r t  w e  have on l y  touched on some a s p e c t s  o f  

t h i s  problem. I t  i s  d i f f i c u l t  t o  g i ve  a g e n e r a l  answer a s  t o  

which resource  i s  t h e  most app rop r ia te :  t h i s  should  be asses-  

sed i n  each i n d i v i d u a l  case ,  account ing f o r  t h e  p a r t i c u l a r  



e c o l o g i c a l  and economical s i t u a t i o n  of each reg ion .  Never the less ,  

sugar  cane appears  t o  be t h e  most a t t r a c t i v e  raw m a t e r i a l  f o r  
* 

c o u n t r i e s  wi th  land s u i t a b l e  f o r  sugar  cane: 

-- t h e  technology of both sugar  cane c u l t i v a t i o n  

and e t h a n o l  product ion i s  w e l l  known, and has 

many yea rs  o f  i n d u s t r i a l  exper ience;  

-- t h i s  technology o f f e r s  developing c o u n t r i e s  

t h e  p o s s i b i l i t y  of developing a l coho l  produc- 

t i o n  w i th  a l i m i t e d  dependence on i n d u s t r i -  

a l i z e d  c o u n t r i e s  and t h e r e f o r e  t o  se t  up an 

autonomous a g r o - i n d u s t r i a l  base;  

-- sugar  cane i s  t h e  l e a s t  land- in tens ive  raw- 

m a t e r i a l  f o r  a l coho l  product ion;  

-- sugar  .cane i s  t h e  most e f f i c i e n t  r a w  m a t e r i a l  

from an energy s tandpo in t  s i n c e  t h e  wastes 

(bagasses)  can be recovered t o  supply energy 

i n  t h e  d i s t i l l e r i e s :  a n e t  energy g a i n  ( r a t i o  

of about  2 between t h e  n e t  energy ou tpu t  and 

t h e  energy requ i red  i n  t h e  p rocess )  combined 

w i th  a s u b s t i t u t i o n  of  a low grade  energy 

source (bagasse)  w i th  a h igh  q u a l i t y  f u e l  

(e thano l )  ; 

-- e thano l  from sugar  cane p rov ides  a means f o r  

sugar  producing count r ' ies  t o  c o n t r o l  t h e  

sugar  market and s t a b i l i z e  t h e  sugar  p r i c e .  

Alcohol product ion from biomass i s  l abour - in tens ive  i n  i t s  

a g r i c u l t u r a l  phase, some raw m a t e r i a l s  being more i n t e n s i v e  

than o t h e r s  (cassava  compared t o  sugar  cane f o r  i n s t a n c e ) .  

Th is  aspec t  is a p o s i t i v e  f a c t o r  i n  favour  o f  a l coho l  produc- 

* 
Th is  concerns about  90 developing c o u n t r i e s ,  equa l l y  
d i s t r i b u t e d  between America, Asia and A f r i ca .  



t i o n  i n  developing c o u n t r i e s  s i n c e t o n  t h e  one hand, such a 

product ion c r e a t e s  a l a r g e  number of jobs (compared t o  any 

o t h e r  energy cha in )  i n  c o u n t r i e s  where unemployment i s  u s u a l l y  

h igh and, on t h e  o t h e r  hand, t h e  people are employed i n  r u r a l  

a r e a s  which could improve t h e  l i v i n g  cond i t i ons  of t h e  r u r a l  popu- 

l a t i o n  and reduce r u r a l  migrat ion.  Most of t h e  a g r i c u l t u r a l  

jobs do n o t  r e q u i r e  any q u a l i f i c a t i o n s  which is an advantage 

f o r  most developing c o u n t r i e s  where t h e r e  is u s u a l l y  a sho r tage  

of  s k i l l e d  manpower. I t  may have nega t i ve  long-term consequences 

on peoples ' educat ion  by maintaining, f o r  ins tance,  a l a r g e  num- 

ber  of cane c u t t e r s .  Jobs w i l l  a l s o  be c r e a t e d  i n  t h e  i n d u s t r i a l  

s e c t o r s  producing t r a n s p o r t a t i o n  equipment, a g r i c u l t u r a l  machin- 

e r y  and d i s t i l l e r y  components as w e l l  a s  i n  t h e  upstream s e c t o r s  

producing b a s i c  materials (e .g .  s t e e l ,  f e r t i l i z e r s ) .  I n  t h e  

d i s t i l l e r i e s  t h e r e  is a need f o r  q u a l i f i e d  people (e.g.  chemical 

eng ineers ,  m ic rob io log i s t s  and t e c h n i c i a n s )  ; i n  some c o u n t r i e s  

t o o  rap id  a development of an a l coho l  program may be cons t ra ined  

by a s c a r c i t y  i n  some of t h e s e  q u a l i f i c a t i o n s .  

Alcohol d i s t i l l e r i e s  use a l a r g e  amount of water; t h e  

water is n o t  consumed and t h e r e f o r e  has  t o  be d ischarged.  

3 Because of t h e  expected l a r g e  s i z e  of d i s t i l l e r i e s  (1OOm /day 

of capac i t y  i s  a t  presen t  cons idered t o  be t h e  t y p i c a l  capac i t y )  

a d i r e c t  d i scha rge  of t h e i r  l i q u i d  e f f l u e n t s  w i l l  s i g n i f i c a n t l y  

inc rease  water p o l l u t i o n  and water t rea tmen t  w i l l  be necessary .  

The most a c u t e  i s s u e  i n  t h a t  r e s p e c t  concerns t h e  d i s p o s a l  of 

t h e  v inasses :  s e v e r a l  s o l u t i o n s  are c u r r e n t l y  under cons ide ra t i on  

bu t  none has  been implemented dn a l a rge -sca le  s o  f a r .  

In  t h i s  r e p o r t  we have mainly d e a l t  w i th  p r e s e n t  technolo-  

g i e s .  S ince l a rge -sca le  a l coho l  product ion may on ly  become 

s i g n i f i c a n t  i n  t h e  long-termr-apart  from some coun t r i es , such  as 



Braz i1 ,wh ich haveve ry  f a v o r a b l e  c o n d i t i o n s - - i t  would be  i n t e r -  

e s t i n g  t o  complement t h i s  i n v e s t i g a t i o n  by look ing  a t  t h e  

p o s s i b l e  t e c h n o l o g i c a l  improvements and t h e i r  consequences on 

r e s o u r c e  use: 

-- i n  t h e  energy  ba lance  o f  dis t i l ler ies (was tes ,  

recovery ,  b e t t e r  o p t i m i z a t i o n  o f  co -genera t ion ,  

use  o f  low g rade  f u e l  . . . )  ; 

-- i n  a g r i c u l t u r a l  t echn iques  ( b e n e f i t s  and nega- 

t i v e  e f f e c t s  o f  f u l l  mechan izat ion  on energy  

consumption and employment, y i e l d  improvement, 

op t ima l  use  o f  f e r t i l i z e r s  ...); 

-- i n  l i q u i d  waste  d i s p o s a l  ( use  a s  an energy  

sou rce ,  f e r t i l i z e r  o r  an imal  f e e d s t o c k ) .  

F u r t h e r  a n a l y s i s  i s  a l s o  necessa ry  t o  make a better 

e v a l u a t i o n  of t h e  needs i n  s k i l l e d  manpower, s p e c i a l l y  i n  t h e  

d is t i l le r ies ,  a s  w e l l  a s  t h e  o v e r a l l  impacts  on equipment 

p roduc t ion  and m a t e r i a l  p roduc t ion  (s tee l ) ;  t h i s  would a l l o w  

a b e t t e r  i d e a  o f  t h e  impacts  of  biomass development on eco- 

nomic growth. 
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