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molasses  
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new s o i l  w i t h o u t  complete  p r o f i l e  development 
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1.1 PURPOSE 

I n  response  t o  t h e  h a r d s h i p s  p laced  on deve lop ing  c o u n t r i e s  by s o a r i n g  

energy  p r i c e s ,  t h e  United S t a t e s  Government h a s  i n i t i a t e d  a  program through 

t h e  ~ e ~ a r t h e n t  of Energy t o  a s s i s t  t h e s e  c o u n t r i e s  i n  f u l l y  deve lop ing  t h e i r  

ene rgy  r e s o u r c e s .  Between May and September,  1978,  t h e  U.  S. government and 

t h e  Peruv ian  governments co-operated i n  a s s e s s i n g  t h e  o p p o r t u n i t i e s  f o r  energy 

development i n  Peru .  Four purposes  of t h e  Department of Energy were  i d e n t i -  

f i e d :  (1 )  t o  : .quant i fy  t h e  energy  r e s o u r c e s  a v a i l a b l e  th roughout  Pe ru ,  ( 2 )  t o  

e v a l u a t e  t h e  p r e s e n t  a n d  f u t u r e  e n e r g y  s u p p l y / d e m a n d  s i t u a t i o n ,  ( 3 )  t o  

i d e n t i f y  a l t e r n a t i v e  t e c h n o l o g i c a l  o p t i o n s  f o r  energy development,  a n d , . ( 4 )  t o  

p r o p o s e  a  c ' o m p r e h e n s i v e  p r o g r a m  f o r  i n t e g r a t i n g  e n e r g y  d e v e l o p m e n t  w i t h  

o v e r a l l  n a t i o n a l  development.  

Energy r e s o u r c e s  - a s s e s s e d  i n  t h i s  s t u d y  i n c l u d e d :  o i l  and n a t u r a l  

g a s ,  c o a l ,  g e o t h e r m a l ,  uranium, hydropower, s o l a r ,  wind,  and b i o f u e l s .  , A 

comprehensive s e t  of t e c h n o l o g i c a l  o p t i o n s  f o r  c o n v e r t i n g  t h e s e  r e s o u r c e s  

i n t o  u s e f u l  ene rgy  was i d e n t i f i e d  and e v a l u a t e d .  Th i s  r e p o r t  d e t a i l s  t h e  

r e s u l t s  of t h e  Peruv ian  Energy Assessment performed by t h e  members of t h e  

B i o f u e l  Resources  and Technology Team which was s e l e c t e d  f o r  t h i s  s t u d y  by 

t h e  U.S. Department of Energy. 

1.2 SCOPE 

I n  t h i s  r epor t . ,  a  comprehensive p i c t u r e  is drawn of t h e  p o t e n t i a l  f o r  

t h e  u t i l i z a t i o n  of nonconven t iona l  b i o f u e l s  i n  Peru .  C u r r e n t  u t i l i z a t i o n  of 

b i o f u e l  r e s o u r c e s  i n  Peru  i s  i d e n t i f i e d .  An e v a l u a t i o n  t h e n  i s  made of  t h e  

. p o t e n t i a l  biomass p r o d u c t i v i t y  of  Peru  and of t h e  p r e s e n t  biomass s u p p l i e s  

a v a i l a b l e  from a g r i c u l t u r a l ,  f o r e s t ,  and o t h e r  resources. The demand s i t u a -  

t i o n  f o r  biomass i s  a s s e s s e d  i n  terms of  c o m p e t i t i v e  u s e s  and market  develop- 

ment. A d i s c u s s i o n .  of t h e  t e c h n o l o g i c a l  avenues  and r e s o u r c e  development and 

man;igement c o n s i d e r a t i o n s  f o r '  i . nc reased  u t i l i z a t i o n  of b i o f u e l s  t h e n  f o l l o w s .  

The a s s e s s m e n t  c o n c l u d e s  by  i d e n t i f y i n g  v a r i o u s  o p t i o , n s  f o r  d e v e l o p i n g  

P-eruvian b i o f u e l  r e s o u r c e s ,  and by p r o v i d i n g  a  . r e g i o n a l  a p p r a i s a l  of t h e i r  

a p p l i c a b i l i t y .  The r e g i o n s  d i s c u s s e d  i n ,  t h i s  r e p o r t  a r e :  



t h e  dry  Costa Region; 

t h e  mountainous S t e r r a  Region; 

t h e  wet,  t r o p i c a l  Selva Region. 

The s i t e s  v i s i t e d  by t h e  b i o f u e l  team members a r e  i d e n t i f i e d  i n  Fig.  1.1. 

T h i s  method of a n a l y s i s  p r o v i d e s  a n  e v a l u a t i o n  :o f  c u r r e n t  s u p p l i e s  and 

product ion  potent . ia1 of b i o f u e l s ,  an assessment of t h e  o p p o r t u n i t i e s  and 

~ o n s e ' ~ u e n c e s  of b iof  u e l  development, and a  d e s c r i p t i o n  of promising biof  u e l  

o p t i o n s  f o r  Peru. 

Fig.  1.1. Loca t ioc  of S i t e s  V i s i t e d  and Major .?ezionk i:i Feru 



2 CURRENT STATUS OF BIOFUEL UTILIZATION 

2 -1 NATIONAL PLANS 

The o f f i c i a l  document  o u t l i n i n g  . .p lans  f o r  e n e r g y  d e v e l o p m e n t  i n  

~ e r u l  makes no s p e c i f i c  ? e n t i o n  of expanding t h e  use  of b i o f u e l s  a s  a  f u t u r e  

energy r e s o u r c e .  However, i n d i v i d u a l s  i n  t h e  P e r u v i a n  m i n i s t r i e s  i n d i c a t e  a  

growing awareness  of t h e  importance  of b i o f u e l s  i n  t h e  f u t u r e  development of 

energy r e s o u r c e s  i n  Peru ,  a s  e v i d e n t  from d a t a  i n  a  r e c e n t  s t u d y  under taken  

by t h e  Peruv ian  government and t h e  Uni ted  Na t ions  t o  e v a l u a t e  noncommercial 

f u e l  u t i l i z a t i o n  i n  Peru .  Energy o p t i o n s  d i s c u s s e d  ' a t  mee t ings  w i t h  p e r s o n s  

f r o n  t h e  M i n i s t r y  of Energy and Mines focused  on t h e  p y r o l y s i s  of f o r e s t r y  

w a s t e s  t o  produce combus t ib le  g a s e s ,  o i l s ,  and c h a r c o a l ;  i n d i v i d u a l s  from 

INDUPERU* expressed  i n t e r e s t  i n  p r o d u c t i o n  of c h a r c o a l . f r o m  b i o m a s s ' t o  u s e  a s  

a  s u b s t i - t u t e  f o r  , i m p o r t e d  c o k e  and  i n t e r e s t  i n  t h e  d i r e c t  c o m b u s t i o n  o f  

biomass f o r  p r o d u c t i o n  of e l e c t r i c i t y ;  p e r s o n n e l  from t h e  M i n i s t r y  of Agri- 

c u l t u r e  were p o s i t i v e  about  deve lop ing  f o r e s t  p l a n t a t i o n s  i n  t h e  S i e r r a  r e g i o n  

of Peru.  

I n t e r e s t  i n  b i o f u e l  energy o p t i o n s  is  a l s o  e v i d e n t  i n  o t h e r  s e c t o r s  

of Pe ruv ian  s o c i e t y .  There  a r e  r e s e a r c h  e f f o r t s  a t  s e v e r a l  u n i v e r s i t i e s  

t h a t  f o c u s  on i n c r e a s i n g  wood p r o d u c t i o n .  The i n d u s t r i a l  s e c t o r s ,  espe- 

c i a l l y  t h o s e  invo lved  i n  t h e  f o r e s t - p r o d u c t s  o r  sugar -p rocess ing  i n d u s t r i e s ,  

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

energy r e s o u r c e s .  Thus, i n  Peru much c o n s i d e r a t i o n  i s  now b e i n g  g iven  t o  

deve lop ing  o r  u t i l i z i n g  n a t i o n a l  biomass energy  r e s o u r c e s ;  however, because  

no fo rmal  n a t i o n a l  p l a n  h a s  been p roposed ,  u n c e r t a i n t y  e x i s t s  a s  t o  t h e  b e s t  

way t o  deve lop  t h e s e  r e s o u r c e s .  

2.2 AGRICULTURAL SOURCES 

Of a l l  known a g r i c u l t u r a l  c r o p s  i n  P e r u ,  o n l y  o n e  s i g n i f i c a n t l y  

a f f e c t s  t h e  c o u n t r y ' s  ene rgy  s i t u a t i o n .  Sugar cane p roduces  b a g a s s e  f o r  

combust ion,  e l e c t r i c i t y ,  and p r o c e s s  h e a t ,  and chancaca f o r  p r o d u c t i o n  of 

a l c o h o l .  

These sys tems  a r e  v e r y  e n e r g y  e f f i c i e n t .  E l e c t r i c i t y  and s team a r e  

b o t h  produced by t h e s e  power f a c i l i t i e s  ( i . e  , c o g e n e r a t i o n )  .2 I r r i g a t i o n  

pumps a r e  d r i v e n  e l e c t r i c a l l y  u t i l i z i n g  power  c o n v e r t e d  by t h e i r  own 

*Primary P e r u v i a n  mains tay  r e s p o n s i b l e  f o r  i n d u s t r i a l  development.  



s u g a r  m i l l s .  P r e s e n t l y ,  t h e s e  pumps use  about  90% bagasse  and 10% o i l  ' t o  

f i r e  t h e  b o i l e r s .  The amount o f  o i l  used w i l l  soon i n c r e a s e  t o  30% because  

of i n c r e a s i n g  use  of b a g a s s e  by t h e  paper  i n d u s t r y 2 .  The sugar  i n d u s t r y  

. ' now employs 160  m i l l i o n  l i t e r s  of o i l  annua l ly .  . . 

Peru  c u r r e n t l y  a l l o c a t e s  s u g a r  cane f o r  p roduc t ion  of e i t h e r  s u g a r ,  

a l c o h o l ,  o r  chancaca.  I n  1976, p r o d u c t i o n  of 30,404,000 l i t e r s  of a l c o h o l  

f rom chancaca was r e p o r t e d  by t h e  Alcohol  a n d .  Beverages Department of t h e  

N a t i o n a l  ~ a n k ~ .  T h i s  a l c o h o l  was n0.t used d i r e c t l y  f o r  f u e l ,  b u t  was con- 

v e r t e d  t o  e t h y l e n e  which t h e n  was used f o r  p roduc t ion  of p o l y v i n y l c h l o r i d e  

(PVC). Thus, t h e  alcoho.1 i n  t h i s  i n s t a n c e  s u b s t i t u t e s  d i r e c t l y  f o r  a  pe- 

t ro leum-der ived chemical  f e e d s t o c k .  

2.3 COTTON-GIN WASTES 

A n o t h e r  c r o p  r e s i d u e  t h a t  i s  b e i n g  u s e d  a s  a n  e n e r g y  r e s o u r c e  i s  

c o t t o n - g i n  w a s t e .  S t e m s ,  l e a v e s ,  and  o t h e r '  w a s t e  p r o d u c t s  r e m a i n  , a f t e r  

t h e  g i n n i n g  p rocess .  Systems i n  t h e  U.S. have been developed f o r  burn ing  

t h i s  w a s t e  t o  produce h e a t  f o r  d r y i n g  c o t t o n  a t  t h e  g i n s .  A s i m i l a r  system 

was r e p o r t e d  t o  b e  i n  opera . t ion n e a r  t h e  town of Buenos Aires. ,  Peru.  The 

s p r e a d  of t h e s e  sys tems  throughout  t h e .  coun t ry '  would i n c r e a s e  t h e  energy 

s e l f - s u f f i c i e n c y  o f  t h e  Peruv ian  c o t t o n  i n d u s t r y .  

2.4 ANIMAL WASTE 

Other  major a g r i c u l t r a l  c r o p s  a r e  n o t  be ing  used e x t e n s i v e l y  because  

t h e . d i s t r i b u t i o n  of t h e s e  r e s o u r c e s  throughout  t h e  c o u n t r y  i s  h i g h l y  d i s p e r s e d  

and t h u s  t h e  supp ly  l o g i s t i c s  a r e  a f f e c t e d .  

I n  t h e  Peruv ian  h i g h l a n d s ,  dung h a s  been used b o t h  a s  f u e l  and i e r t i -  

l i z e r  s i n c e  about  500 A . D . ~  A s  a f u e l  s o u r c e ,  dung i s  used f o r  .cooking and 

h e a t i n g  i n  t h e  h i g h l a n d s .  The s o u r c e s  o f ' d u n g  a r e  l l a m a ,  a l p a c a ,  and c a t t l e .  

Waste i s  c o l l e c t e d  and  p i l e d  on  f e n c e s  o r  r o o f s  o r ' i n  open f i e l d s  t o  b e  

sun-dr ied a s  shown i n  F ig .  2.1. 

The Peruv ian  h i g h l a n d s  a r e  h a r s h  c l i m a t i c  and t o p o g r a p h i c  a r e a s  i n  8 

which t o  grow t r e e s .  For t h i s  reason, . :  dung is  .used i n s t e a d  of f i rewood,  

p a r t i c u l a r l y  above t h e  t r e e  l i n e .  The few s t a n d s  of t r e e s  t h a t  do e x i s t  i n  

t h e  h i g h l a n d s  a r e  f a r  f r o m  m o s t  h o u s e h o l d s ;  t h e r e f o r e ,  wood c o l l e c t i o n  



Figure 2.1. Dung Being Dried on A Fence and on t h e  
Ground i n  t h e  S i e r r a  Region (Photo Courtesy 
of R. Giescke, Menber Peruvian Energy Assess- 
ment Team). 

r e q u i r e s  g r e a t  expendi ture  of t ime and e f f o r t 4 .  Fami l ies  p r e f e r  c a t t l e  dung 

b e c a u s e  i t  i s  t h e  e a s i e s t  t o  c o l l e c t ,  and  a  c a t t l e  dung f i r e  i s  e a s y  t o  

k i n d l e  and maintain.  Moreover, i t  produces a  ho t  f i r e  wi th  a  minimum of 

smoke. 

L o c a l  p o p u l a t i o n s  have  o b t a i n e d  s o u r c e s  of e n e r g y  and nutrients 

from t h e s e  h igh-a l t i tude  mountainous environments which permit  e f f i c i e n t  

fami ly  subs is tence .  Curren t ly ,  t h e  amount of t h i s  type of energy a v a i l a b l e  

and i t s  consumption a r e  being i n v e s t i g a t e d  by t h e  United Nations Develop- 

ment Program (UNDP) s tudy  group and w i l l  b e  repor ted  on completion of t h e  

i n v e s t i g a t i o n .  

2.5 FOREST SOmCES 

2.5.1 Firewood 

Wood i s  an  economical and ex tens ive ly  tapped energy source  fo r .  cooking 

and hea t ing  i n  a r e a s  below t h e  h igh -a l t i t ude  mountainous environment. Wood 

c o l l e c t i o n  gene ra l ly  i s  c a r r i e d  out  by a l l  members of t h e  family. The UNDP 



s tudy group5 has  estimated t h a t  20% 

of a n  adul t ' s  d a i l y  t i m e  is expanded 

i n  c o l l e c t i n g  wood. A l l  ch i ldren  a r e  

i n s t r u c t e d  t o  b r i n g  home l i t t l e  

p ieces  of t r e e  branches o r  twigs and 

any wood waste found while playing. 

Of a l l  t h e  wood u t i l i z e d  i n  P e r u ,  

60-853 i s  used a s  firewood. Euca- 

l y p t u s  i s  one of t h e  most widely used 

spec ies  f o r  firewood i n  Peru. 

The E u c a l y p t u s  i s  a p r i m e  

candidate  f o r  firewood production and 

h a r v e s t i n g  because  many of t h e s e  

trees can reach a s u i t a b l e  s i z e  f o r  

ha rves t ing  i n  a few years. Further- 

more, some Eucalyptus spec ies  have 

t h e  a b i l i t y  t o  s p r o u t  a g a i n  from 

t h e i r  s t u m p s  a f t e r  h a r v e s t i n g ,  

4 thereby minimizing the  requirements 
A - f o r  extens ive  land c lea r ing ,  cul t iva-  

t i o n ,  and replant ing  operat ions a f t e r  

each harvest .  Several  Eucalyptus 

trees planted on a house perimeter 

can supply a l l  t he  firewood required 

f o r  a family f o r  many yea r s  (see  Fig. 

2.2). 

Figure 2.2. Typical S i e r r a  Farm 
with Eucalyptus Border 
Planted for Firewood 
(Photo Courtesy of 
R. Giescke, Member 
Peruvian Energy 
Assessment Team). 

2.5.2 Charcoal 
I 

Charcoal is a f a v o r i t e  f u e l  f o r  cookfng and heat ing  throughout Peru. 

Because of pas t  de fo res ta t ion  i n  the  S i e r r a  region,  laws were passed many 

y e a r s  ago p roh ib i t ing  charcoal production. However, charcoal  is  st ill pro- 

duced i n  the  S i e r r a  and Selva regions,  bu t  i ts  c o s t  is  p roh ib i t tve ly  high f o r  - 

ex tens ive  u t i l i z a t i o n .  When ava i l ab le ,  i t  is  used f o r  cooking, p a r t i c u l a r l y  

i n  r e s t au ran t s .  

Table 2.1 summarizes cu r ren t  b io fue l  u t i l i z a t i o n  p rac t i ces  i n  Peru. 



Table 2.1. Summary of Current  Biofue l  Usage i n  Peru 

Biomass Biof u e l  Conversion Erie rg  Y U t i l i z i n g  
Resource Type Technology Produced Sec tor  

Wood Firewood Di rec t  cam- Process  Heat Cooking and hea t ing  
b u s t  i o n  (home and comme r c  i a l  ) 

Wood Charcoal Pyro l y s  i s  Process Heat Cooking (home and 
commercial) and hea t ing  

Sugar cane Bagasse Di rec t  com- Process  Heat, I n d u s t r i a l  and residen- 
bus t i o n  Steam and t i a l  

E l e c t r i c i t y  

Sugar cane Molasses Fermentation Alcohol I n d u s t r i a l  
Bagasse 

Animal Waste Dung Direc t  corn- Process  Heat Cooking and hea t ing  
bus t  i on  (home ) 

A g r i c u l t u r a l  Cotton Gin Di rec t  corn- Process Heat I n d u s t r i a l  
Residue Waste bus t ion  



3 BIOFUEL PRODUCTIVITY -- LAND AND CLIMATE CONSIDERATIONS 

3.1 TERRAIN 

Peru possesses  t h r e e  d i s t i n c t  physiographic reg ions  -- Costa,  S i e r r a ,  

and Selva -- each of which can b e  d iv ided  aga in  i n t o  subregions.  The 

genera l ized  r eg ions  a r e  cha rac t e r i zed  as fol lows:  

(1) Costa: The range of topography i n  t h i s  r eg ion  i s  represented  

from s e a  l e v e l  t o  Andean Mountain peaks .  Al though some a r e a s  n e a r  t h e  

P a c i f i c  Ocean and c e r t a i n  inter-mountain v a l l e y s  a r e  l e v e l ,  much of t h i s  

reg ion  is rugged. Most important ,  however, t h i s  a r e a  i s  mainly a r i d  and i s  

product ive only  when i r r i g a t i o n  water  i s  a v a i l a b l e .  A s  a r e s u l t ,  bioproduc- 

t i o n  h a s  b e e n  l i m i t e d  t o  h i g h  v a l u e  f o o d  c r o p s  u n d e r  c a r e f u l l y  managed 

i r r i g a t i o n .  Product ive capac i ty  of t h e s e  i r r i g a t e d  lands  i s  high. Produc- 

t i o n  i n  s u r p l u s  of human food needs occurs  f o r  c e r t a i n  crops (e .g- ,  sugar  

cane) .  A g r i c u l t u r a l  r e s idues  and municipal wastes  a r e  t h e  most promising 

b i o f u e l  resources  i n  t hese  a r e a s .  

I n  t he  Costa,  about one m i l l i o n  h e c t a r e s  a r e  moist enough t o  support  

f o r e s t s .  These occur  mainly i n  t he  reg ion  of Tumbes along t h e  n o r t h  coas t .  

(2 )  S i e r r a :  The c e n t r a l  Andes Mountains cover  most of t h e  S i e r r a s  

where t h e  topography v a r i e s  from broad mountain v a l l e y s  t o  t h e  s t e e p ,  
A 

ba r ren ,  and snow-covered peaks. E leva t ions  i n  t h i s  reg ion  range from *u< 

1 , 0 0 0  t o  7,000 m e t e r s .  Many a r e a s  o f  u n d u l a t i n g  l a n d s c a p e  a r e  n o t  t o o  

rugged t o  use  f o r  t h e  product ion of biomass. Much of t h i s  land i s  charac- 

t e r i z e d  by gen t l e - to - rugged  topography  s u p p o r t i n g  s a v a n n a  g r a s s l a n d s  o r  

xerophyt ic  f o r e s t s .  The v a l l e y s  suppor t  food crop product ion;  whereas much 

of t h e  upland a r e a s  support  l i v e s t o c k  graz ing  only. About 10 m i l l i o n  

h e c t a r e s  i n  t h i s  r eg ion  p o t e n t i a l l y  could support  f o r e s t  vege ta t ion ,  mainly 

on middle t o  upper s lopes .  

(3)  Selva: East  of t h e  Andes l i e s  t h e  Selva which c o n t r i b u t e s  t he  

headwaters and con ta ins  t h e  Peruvian f l o o d p l a i n  of t h e  Amazon River  and t h e  

r i v e r ' s  numerous t r i b u t a r i e s .  The Selva is p a r t i t i o n e d  i n t o  t h e  high and 

t h e  low reg ions .  The high Selva which occurs  a t  e l e v a t i o n s  between 600 and 

3,800 meters ,  i s  cha rac t e r i zed  by a r o l l i n g  topography wi th  s t e e p  s lopes .  

The low S e l v a  i n d i c a t e s  m o s t l y  a l l u v i a l  s o i l s  i n  a f l a t  t opography .  



I n t e r s p e r s e d  throughout t h i s  r eg ion  a r e  swampy a r e a s  t h a t  a r e  under water  

f o r  much of t h e  year .  The Selva con ta ins  most of t h e  f o r e s t e d  ' a r ea  of Peru, 

about  78 m i l l i o n  h e c t a r e s  -- 69 m i l l i o n  of which a r e  i n  t h e  b a s i n  and t h e  

remainder on t h e  e a s t e r n  s l o p e s  of t h e  Andes. 

3.2 SOILS 

I n  t h e  Costa,  t h e  absence of s i g n i f i c a n t  p r e c i p i t a t i o n  is t h e  major 

r e s t r a i n t  on biomass p roduc t iv i ty .  Without t he  f l u s h i n g  a c t i o n  of water ,  

t h e  s o i l s  o f t e n  a r e  s a l i n e  and possess  pH va lues  n e a r  8.0. The low-lying 

v a l l e y s  possess  deep a l l u v i a l  s o i l s  c l a s sed  a s  E n t i s o l s ,  new s o i l  without  

complete p r o f i l e  development. Most of t h e  remaining s o i l s  a r e  A r i d i s o l s ,  

d e v e l o p e d  unde r  a r i d  c o n d i t i o n s .  The A r i d i s o l s  a r e  d i f f e r e n t i a t e d  from 

t h e  I n c e p t i s o l s ,  s o i l s  wi th  i n i t i a l  p r o f i l e  development, t h a t  a r e  charac- 

t e r i z e d  by t h e  e x i s t e n c e  of s a t u r a t e d  e x t r a c t  c o n d u c t i v i t i e s  of t h e  s o i l  a t  

l e v e l s  g r e a t e r  t han  2 mmhos pe r  cm a t  250C i n  t h e  18  t o  50 cm l a y e r .  

Genera l ly ,  s o i l s  i n  t h e  Costa r eg ion  a r e  f e r t i l e  and support  good 

p e r c o l a t i o n  and d r a i n a g e .  High f e r t i l i t y  o c c u r s  b e c a u s e  water h a s  n o t  

leached bases  from t h e  p r o f i l e .  The s o i l s  a r e  moderately-to-highly suscep- 

t i b l e  t o  e ros ion  i f  i n  con tac t  wi th  exces s ive  amounts of water .  However, i f  

p rope r ly  i r r i g a t e d  and managed, t h e s e  low-lying s o i l s  a r e  h igh ly  product ive ,  

e s p e c i a l l y  f o r  food crops  such a s  g r a i n s ,  po ta toes ,  sugar  cane, e t c .  

I n  t h e  S i e r r a ,  s o i l s  occur on s l o p e s  of < 5% t o  a s  much a s  70%. J u s t  

as s l o p e  v a r i e s  w i d e l y ,  s o  do  t h e  s o i l s  t h a t  o c c u r  i n  t h e  r e g i o n .  The 

p r i n c i p a l  s o i l  g r o u p s  a r e  E n t i s o l s ,  I n c e p t i s o l s ,  and M o l l i s o l s  -- d a r k ,  

f e r t i l e  t o p s o i l ,  formed under g ra s s l and .  Mol l i so l s  are formed under co ld ,  

c o o l ,  o r  warm cond i t i ons  i n  t he  reg ion .  Some have t h i n  s u r f a c e s ;  whereas, 

o t h e r s  a r e  deep .  I n  some c a s e s ,  c l a y  h o r i z o n s  o c c u r  be low t h e  s u r f a c e  

l a y e r .  Among t h e  o t h e r  groups,  s i m i l a r l y  wide v a r i a t i o n s  occur.  The major 

d i f f e r e n c e s  r e s u l t  f rom w h e t h e r  t h e  s o i l s  formed u n d e r  warm, humid, o r  

seasonably  d r y  cond i t i ons .  Many of t h e  s o i l s  occur on s l o p e s  a t  e l e v a t i o n s  

only  s u i t a b l e  f o r  f o r e s t s .  

The second most abundant group of s o i l s  is  s u i t a b l e  f o r  paeture and 

f o r e s t s  growth. These s o i l s  a r e  e r r o s i v e  and occur a t  e l e v a t i o n s  less than 

3,200 meters .  The f e r t i l i t y  of the s o i l s  i n  the S i e r r a  ranges from low t o  

high.  Gully e ros ion  i s  a s e r i o u s  problem. When leaching  water  is p re sen t ,  

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



In  the  high Selva, well-developed 

s o i l  p r o f i l e s  belonging t o  the  Al f i so l  

and U l t i s o l  s o i l  t y p e s ,  c l a y  subsur-  

faces ,  high and low i n  bases, respec- 

t i v e l y .  Both possess c l ay  accumulationo 

i n  a subsurface horizon but d i f f e r  i n  

Lase c o u ~ e t l ~ .  Al I i so l s  developed while 

d i s t i n c t l y  dry  seasons occut . U l ~ i s u l e  

a r e  h i g h l y  w e a t h c ~ s d  a113 l eached  y f  

t h e i r  b a s e s .  Where t h e  s o i l s  a r e  

w e l l - d r a i n e d ,  t h e  p r o f i l e  becomes 

oxidized and the  iron-aluminum oxides 

impart a red color .  In  depressions and 

va l l eys ,  a l l u v i a l  Incep t i so l s  occur. I n  

r e l a t i v e l y  s t a b l e  upland summit po- 

s i t i o n s ,  O x i s o l s  o c c u r .  The l a t t e r  

r e f l e c t  a l o s s  of s i l i c o n  and accumu- 

l a t i o n  of i r o n  and aluminum o x i d e s  

w i t h i n  2 m of  t h e  s u r f a c e .  I n  t h i s  

group, i n f i l t r a t i o n  i s  high and erodi- 

b i l i t y  low because c lays  a r e  aggregated 

and do not d isperse  r e a d i l y  i n  water.  
Figure 3.1. Typical So i l  P r o f i l e  

of Selva Region 

In  the  high Selva, where sloping land i s  common, eros ion i s  a se r ious  

problem. Not only does erosion cause t h e  l o s s  of t o p s o i l ,  but the  stream 

sed iments  w i l l  a d v e r s e l y  a f f e c t  h y d r o e l e c t r i c  f a c i l i t i e s .  Because o f  

t h e s e  l i m i t a t i o n s ,  o n l y  about  s i x  m i l l i o n  h e c t a r e s  appear  s u i t a b l e  f o r  

pas tures  and two mi l l ion  hec ta res  f o r  c u l t i v a t i o n .  The remainder probably 

should remain i n  f o r e s t s .  Of the  70 mi l l ion  hec ta res ,  it i s  believed t h a t  

a s  many a s  25 mi l l ion  should be i n  watershed protec t ion  f o r e s t s .  

I n  the  low Selva, the  s o i l s  a r e  dominated by En t i so l s  from recent  

a l l u v i a l  deposi t s  from r i v e r  f loodings ( see  Fig.  3.1) .  The c lay  f r a c t i o n  

of these  s o i l s  i s  e i t h e r  k a o l i n i t i c  o r  contains hydrous oxides -- both of 

which a r e  low i n  exchange capacity.  Thus, the  s o i l s  o f t e n  a r e  low i n  f e r t i l -  

i t y .  Most n u t r i e n t s  occur i n  l i v i n g  and dead organic ma te r i a l s .  Because 

of  warm t e m p e r a t u r e s  (18 t o  240C), h i g h  r a i n f a l l  (1 ,500  t o  7,000 mm), 



decaying vegeta t ion,  weathering i n  these  s o i l s  is in tense -  The r e s u l t a n t  

c l a y  slows i n f i l t r a t i o n  and percola t ion-  Thus, i n  t h e  absence of vegeta- 

t i o n ,  e ros ion  i s  a se r ious  problem- In  some cases,  t h e  c lays  may dry irre- 

v e r s i b l y  under c o n d i t i o n s  of e x c e s s i v e  d e s i c c a t i o n  e - g - ,  h i g h  tempera- 

t u r e s  andlor  low amounts of moisture- For these  reasons, many of the  s o i l s  

cannot p e r s i s t  under c u l t i v a t i o n  o r  support in tens ive  cropping- When c leared 

mechanically, many of t h e  s o i l s  of t h e  Selva a r e  compacted and depleted of 

vegetable  ash  and topso i l .  This l i m i t s  t h e  f e a s i b i l i t y  of mechanical c lear ing 

and favors  manual c lear ing.  

3 - 3  CLIMATE 

Peru provides an i n t e r e s t i n g  study i n  climatology- The country's 

c l i m a t e  i s  e s s e n t i a l l y  t r o p i c a l  and i t  l i e s  between t h e  e q u a t o r  and lgO 

s o u t h  l a t i t u d e .  However, t h e  topography of t h e  r e g i o n  g i v e s  r i s e  t o  a n  

i n t e r e s t i n g  v a r i e t y  of cl imates.  Three g r e a t  c l ima t ic  groups a r e  found i n  

Peru: (1) dese r t ;  (2)  t i e r r a  f r i a  o r  non-frost less t r o p i c a l  highlands; and 

(3) t r 0 ~ i c a l . 7  The main reasons f o r  the  exis tence  of t h e  var ious  c l imates  

a r e  t h e  Andes mountains and the  Von Humboldt ocean current .  This combina- 

t i o n  has caused the  development of a n  atmospheric weather p a t t e r n  leading 

t o  the  c rea t ion  of a d e s e r t  on the  western s lopes  of t h e  Andes and a trop- 

i c a l  r a i n  f o r e s t  on t h e  eas te rn  s ide .  Thus, t h e  Andean t r o p i c a l  high-lands 

are among the  h ighes t  t r o p i c a l  a reas  i n  t h e  world. In  Peru, t h e l e  rhree  

c l ima t ic  groups are present  i n  the  Costa, S ie r ra ,  and Selva regions,  respect-  

ive ly .  

The Costa  i s  p redominan t ly  d e s e r t ,  b u t  a l a r g e  p r o p o r t i o n  of  t h e  

c o u n t r y ' s  a g r i c u l t u r a l  p r o d u c t i o n  o c c u r s  i n  t h e  c o a s t a l  mountain r i v e r  

v a l l e y s  ( s e e  F ig .  3 .2) .  It  i s  n e c e s s a r y  t o  i r r i g a t e  t h e  c r o p s  grown i n  

t h i s  region-  The water f o r  i r r i g a t i o n  is  obtained from snowmelts and r a i n  

i n  t h e  Andes. 

I n  t h e  highland areas of t h e  Andes are cool ,  r i c h ,  and f e r t i l e  mountain 

v a l l e y s  (see Fig. 3.3)- Much of t h e  h i l l s i d e  is used a s  pas ture ,  and in- 

t e n s i v e  a g r i c u l t u r a l  p r o d u c t i o n  o c c u r s  on t h e  mountain v a l l e y  f l o o r s -  

Because of  t h e  h i g h  a l t i t u d e  of t h e  Andes, many p a r t s  of t h e  S i e r r a  a r e  

u n i n h a b i t e d  and u n s u i t a b l e  f o r  biomass p r o d u c t i o n  a s  shown i n  F i g -  3 . 4 .  



Figure 3.2. Irrigated Coastal Mountain Valley i n  Costa Region 

- 

Figure 3.3. Cultivated Mountainside i n  the Sierra Region. 



Figure 3 . 4 .  Barren Terrain Typical of the High Selva Region. 

The Selva o r  t r op i ca l  area is  po t en t i a l l y  the  most productive region 

i n  Peru, and o f ten  is  i den t i f i ed  a s  e i t h e r  the  high Selva o r  the  low Selva. 

The h igh  Selva  o r  Caja de  Selva  ( r im of t h e  Se lva)  i s  i n  a mountainous 

t r op i ca l  area  with high r a i n f a l l  and i s  shown i n  Fig. 3.5. The low Selva i s  

i n  the  f l a t ,  low-lying reaches of the  Amazon River Basin and i s  shown in  

Fig. 3.6. 

Thus, t he  two ma3 o r  c l imat ic  va r i ab l e s  i n  determining biomass produc- 

t i v i t y  i n  Peru a r e  temperature and r a i n f a l l .  These data  a r e  presented i n  

Tables 3.1 and 3.2, respectively.  For representa t ive  c i t i e s  from the  Costa 

(e-g., Lima), t h e  S i e r r a  (e-g., Huancayo), and the  Selva (e.g., Tingo Maria), 

t h e  t yp i ca l  c l imat ic  pa t t e rns  a r e  t he  hot-dry dese r t ,  rhe cool-moist high= 

lands,  and hot-moist t rop ics ,  respectively.  

From an agronomic perspective,  t he  method of cl imatological  classi- 

f i c a t i o n  developed by papadakis7 can a s s i s t  i n  understanding bidmass 

product iv i ty  i n  Peru. The approach of t h i s  c l a s s i f i c a t i o n  considers those 

environmental f a c to r s  t ha t  a r e  determinants of ag r i cu l t u r a l  productivity. 



Figure 3.5 .  Highlands of the Caja de Selva (High Selva Region) 

Figure 3.6. Low Selva within the Amazon River Basin. 





Table 3.2. Monthly Mean R a i n f a l l  (cm) f o r  Selected S t a t i o n s  i n  peru8 

S t a t i o n  Jan. Feb . Mar. Apr. May June Ju ly  Aug . . . Sept.  0 c t .  Nov . Dec. Annual 
- -  ~p - 

Arequipa 3.1 . 2.6 2.9 0.1 0.0 0.0 0.0 0 .01 .  0.1 0.0 0.1 0.5 9.4 

Caj amarca 9 . 5 .  11.3 13.6.  '10.8 3.7 1.3 0.5 . 0.9 3.0 8.7 . 7.2 7.7 78.2 

Car tav io  0.1 0.3 0.1 0.1 . 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.8 

Cerro de  Pasco 13.4 15.3 12.8 7.0 3 6 1.6' 1.1 1.9 5.0 6.8 11.5 12.6 92.6 

CUZCO 15.8 12.8 12.6 3.8 ' 0.9 0.5 0.1 0.8 2.4 4.3 8.1 12.8 74.9 

Chacapoyas 8.3 13.5 10.3 9.6 4.0 2.7 2.3 . 2.8 6.0 9.2 7.3 5.6 81.5 

Huancayo 13.6 12.6 11 -6 5.1 , 2.2 0.8 0.5 1.1 4.0 7.1 6.9 9.3 74.9 

Imata 14.8. 14.7 10.5 4.1 1.5 0.5 0.3 0.2 2.0 2.0 .2.3 9.0 62.0 

I q u i t o s  2.6 20.0 27.0 31.4 25.7 17.2 17.7 13.8 20.4 21.9 .27.0 24.6 272.7 

Juan j u 9.2 15.9 14.1 20.3 12.7 6.3 8.0 6.0 12.2 16.8 15.3 ' 10.8 ' 1'47.6 . 

' 0.1 
w Lambayeque 0 ..7 0.7. 0.3 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.2 2.5 

Lima 0.1 0.0" 0.1 0.0 0.1 0.3 0.5 0.6 0.5 0.2 0.1 0.1 2.6 

Molina (La) 0 .1  0.16 . 0.1 0.1 0.2 0.3 0.3 0.3 0.2 0.1 0.1 0.1 2.0 

P iu ra  1.1 1.7 1.'9 ? 1.5 0.1 0.0 0.0 0.1 0.0 0.1 0'; i 0.6 7.2 

Puno ' 13.5 13.8 10.9 4.0 0.9 0.6 0.5. 0.6 2.4 3.7 2.7 8.8 62.5 

San Ramon 24.2 24.4 24.3 20.4 12 .O 5.4 7.1 11.6 12.8 16.6 12.4 21.9 194.1 

Tacna 0.1 0.1 0.1 0.1 , 0.4 0.3 0.4 , 0.8 1.1 0.7 0.1 0.1 4.1 

Tingo Maria 42.4- 40.3 46.9 35.1 21.7 17.5 15.7 11.2 18.4 34.1 28.9 28..9 341.0 

V i to r  0.8 0.8 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1 2.2 



The  a p p r o a c h  l e a d s  t h e  d e v e l o p m e n t  of a n  e n e r g y  a n d  w a t e r  b a l a n c e . f o r  a  

h a b i t a t .  The energy b a l a n c e  i s  based on a  combinat ion of t h e  s e v e r i t y  of 

w i n t e r s  and t h e x  h e a t  o c c u r r i n g  d u r i n g  t h e  summer, and on t h e i r  r e l a t i o n s h i p  

t o  a g r i c u l t u r a l  p r o d u c t i v l t y .  An e x p l a n a t i o n  of t h e  w i n t e r  s e v e r i t y  and t h e  

summer h e a t  c l a s s i f i c a t i o n  approach i s  g i v e n  i n  Appendix A and Appendix B ,  

r e s p e c t i v e l y  . 
The o v e r a l l  e f f e c t  of s e a s o n a l  t e m p e r a t u r e  v a r i a t i o n s  i s  descr. ibed by 

t h e  Temperature  Regime i n  Appendix .C, and t h e  w a t e r  b a l a n c e  i s  determined by 

t h e  Humidity Regime shown i n  Appendix D and i s  based on a  humidi ty  index  of 

t h e  r a t i o  of annua l  r a i n f a l l  t o  annua l  e v a p o t r a n s p i r a t i o n ,  on normal and 

maximum e x c e s s  r a i n f a l l ,  and on l e n g t h  of humid and d r y  seasons .  Evapo- 

t r a n s p i r a t i o n  d a t a  i s  c o n t a i n e d .  i n  Appendix  E. The r e s u l t i n g  c l i m a t i c  

c l a s s i f i c a t i o n  a l l o h  a n  e s t i m a t i s n  of c l i  env i r6nmenta l  v a r i a b l e s  in ipor tant  

f o r  b iomass  p r o d u c t i o n .  The c l i m a t i c  c l a s s i f i c a t i o n s  of 23 s t a t  i o n s  through- 

o u t  Peru a r e  p r e s e n t e d  i n  Tab le  3.3. 

The d i s t r i b u t i o n  of t y p e s  of  v e g e t a t i o n  t h r o b g h o u t  P e r u  i s  shown 

i n  f o u r  maps, one f o r  each i n t e r v a l  of 4O s o u t h  l a t i t u d e  ( s e e  ~ i g s .  3 . 7 ,  

3 . 8 ,  3 . 9 ,  a n d  3 . 1 0 ) .  T h e s e  v e g e t a t i o n  maps ,  a d a p t e d  f r o m  maps deve , loped  

by Univers idad  Nacional  A g r a r i a  p e r s o n n e l ,  d e p i c t  e i g h t  of t h e  v e g e t a t i o n .  

zones .  Tab le  3.4 p r o v i d e s  a  legend f o r  i n t e r p r e t i n g  t h e s e  maps. . . ' The ' d a t a  

r e v e a l  t h a t  over  42% of Peru i s  covered by a l l u v i a l  o r  h i l l y  f o r e s t s ,  22% by 

d e s e r t ,  13%'  by p r o t e c t e d  f o r e s t  ' a rea ,  10% by a g r i c u l t u r a l  l a n d s ,  6% by p a s t -  

u r e . , , 4 %  by swamp-like a r e a s ,  and 3% by savanna  v e g e t a t i o n .  



Table 3.3. Climatic parameters, Regimes, and classifications for Selected Locat.ions in peru7 

~ u m i d b  
Season 
Nonnal Maximunc 
Excess  Excess  Humid Dry ~ i n t e r d  Summe re  

Humid i t y a  R a i n f a l l  R a i n f a l l  Season Season S e v e r i t y  Heat  ~ u m i d i d ~ ~  Tempera tu re  C l i m a t i c  
L o c a t i o n  Index (cm) (cm) Begin (End) Begin (End) C l a s s i f i c a t i o n  C i a s s i f i c a t i o n  Regime Regimeg C l a s s i f i c a t i o n  

4 None Mar. ( J a n . )  C i t r u s  b c l t  'Maize b e l t  Semi-ar id  
Monsoon 

Medium T i e r r a  Medium ~ i e r r a  
Fr i a  F r  i a  

Arequ ipa  

Caj amarca  

C a r t a v i o  

67 Dec. (Apr.) J u l y  (Aug.) C i t r u s  b s l t  +kiize b e l t  Med i un Medium. 
T i e r r a  F r i a  7 i e r r a  F r i a  

Dry . 
Monsoon 

0  None Jan .  (Dec.,) Cool t r o p i c a l  Cc*Efee b e l t  Abso lu t e  
D e s e r t  
Humid 

Cool  Cool  and 
T r o p i c a l  Semi-ho t 
Low t r o p i c a l  

. d e s e r t  

C e r r o  d e  Pascc- 1.54 36 >9 3 

Chacha Poyas 1 . 0 1  18 86 

Chuqu ibambi l i a  .a03 27 80 

Cusco .71 22 7: 

Huancayo .7i 20 86 

Oc t .  (Apr . )  None Cold w i n t e r  
o a t s  b e l t  

Humid Low Andine High Andine 

Dcc. fApr . )  August Cool t r o p i c a l  
b e l t  

I.laize b e l t  Moi s t  
Monsoon 

Cool  T i e r r a  Humid T i e r r a  
Templada Templada 

Dec. (Mar-.) June  ( O c t . )  Mild w i n t e r  
wheat b e l t  ' 

Hiqh 
Alp ine  b e l t  

Moi s t  
Monsoon 

Low High ~ n d i n e  
Andine 

Dee. (Mar.) ~ u n e  ( S e p t . )  Mild w i n t e r  
o a t s  b e l t  

Maize b e l t  Eloist 
Monsoon 

Medium Medium 
T i e r r a  F r i a  T i e r r a  F r i a  

Dec. (Mar.) June  ( S e p t . )  Mild w i n t e r  Maize b e l t  1.10 i s t Medium Medium 
o a t s  b e l t  Monsoon T i e r r a  F r i a  T i e r r a  F r i a  ,, 

aHumidity index = Annual R a i n f a l l  
Annual E v a p o t r a n s p i r a t i o n  

b ~ h e  d i f f e r e n c e :  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d.uring t h e  humid s e a s o n .  

CThe d i f f e r e n c e :  two t i n e s  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d u r i n g  t h e  non-dry s e a s o n .  

d ~ e e  Appendix A  f o r  e x p l a n a t i o n .  

eSee Appendix B f o r  e x p l a n a t i o n .  

' s ee  Appendix C  f o r  e x p l a n a t i o n .  

gSee Appendix D f o r  e x p l a n a t i o n .  



Table 3 . 3  (Contd.) 

~ u m i d b  
Season 
Normal Wximumc 
Excess  Excess  Humid Dry win t e r d  Summere 

E u n i d i t y a  R a i n f a l l  R a i n f a l l  Season Season S e v e r i t y  Heat llumid i t y  Tempera tu re  C l i m a t i c  
Locat  i o n  1ndex (cm) (cm) Begin (End)  Begin (End)  C l a s s i f i c a t i o n  C L a s s i f i c a t i o n  Regime Regimeg C l a s s i f ~ c a t  i on  - 

Ima t  a  .98 35 9 3 Dec. (Mar.) June  (Mov.) Mild w i n t e r  High a l p i n e  Mois t  Low High Andine 
wtient he1 t  b e l t  Monsoon Andine 

I q u i t o s  2.42 18 7 > 99 Auc. ( J u l y )  N0r.e E q u a t o r i a l  
be1 t  

C o d  c o t t o n  Ever-humid Semi-hot Humid 
b e l t  E q u a t o r i a l  Semi-ho t  

E q u a t o r i a l  

Jua  j a  . 7 5  .17 6 1 c  M a .  J u l y  (Sep;..) C i t r u s  b e l t  Maize b e l t  Mois t  Med i um Medium 
Monsoon T i e r r a  F r i a  , T i e r r a  F r i a  

Lambayeque .02 0 0 None Jan .  , : k c . )  T r o p i c a l  b e l t  Cocr c o t t o n  A b s o l u t e  Semi-hot ' Cool  and 
be1  t  D e s e r t  T r o p i c a l  Semi-ho t 

t r o p i c a l  
d e s e r t  

La Molina  

Lima 

.02 0 0 None , S e p t .  (Aup,.) Cool t r n p i c a l  1:offee b e l t  Abso lu t e  Cool Cnol and 
b e l t  d e s e r t  t r o p i c a l  semi-ho t  

I 
t r o p i c a l  
d e s e r t  

.05 0 0 Nonc S c p t -  (At!]:.) Cool t r o p i c a l  Cof fee  b e l t  A s b o l ~ ~ t e  Cool Cool and 
d e s e r t  t r o p i c a l  semi-ho t 

t r o p i c a l  
d e s e r t  

aHumidi ty  = Annual  R a i n f a l l  
. Annual E v a p c t r a n s p i r a t i o n  

b ~ h e  d i f f e r e n c e :  r a i n f a l l  mincs  e v a p o t r a n s p i r a t i o n  d u r i n g  t h e  humid s e a s o n .  

C ~ h e  d i f f e r e n c e :  two t imes  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d u r i n g  r h e  non-dry s e a s o n .  

d ~ e e  Appendis  A  f o r  e x p l a n a t i o n .  

eSee Appendis  B  f o r  e x p l a n a t i o n .  

€ s e e  Appendis  C f o r  e x p l a n a t i o n .  

gSee Appendis  D f o r  exp lana t ion . .  . 



Table  3 . 3  (Contd.) 

Hunidb 
Season 
Normal . Maximumc 
Excess  -Excess  Humid Dry win t  e r d  Summere 

Humiditya R a i n f a l l  R a i n f a l l  Season Season . S e v e r i t y  Heat Humidi tyf  Tempera t u r e  , C l i m a t i c  
L o c a t i o n  .. Index (cm) (cm) Begin (End)  Begin (End)  C l a s s i f i c a t i o n  C l a s s i f i c a t i o n  Regime Regime8 C l a s s i f i c a t i o n  

- -~ --- - - - - - - -- - 

Lomas d e  Lachay .46 6 18 J u l .  ( S e p t . )  J a n .  (May) Cool t r o p i c a l  Maize b e l t  Dry Cool  T r o p i c a l  
b e l t  Medi t e r -  T r o p i c a l  M e d i t e r r a n e a n  

r anean  

z Mollendo 

Moquegua . 

P i u r a  

Puno 

None S e p t .  (Aug.) Cool b e l t  T r o p i c a l  c o f f e e  b e l t  Abso lu t e  
D e s e r t  

None Mar: ( ~ e b . )  C i t r u s  b e l t  Cof fee  b e l t  Abso lu t e  
D e s e r t  

None b r .  (Feb . )  Cool  T r o p i c a l  Warm Co t ton  Monsoon 
be1 t be1 t  D e s e r t  

Dec. (Plar.)  June (Nov.) Mild w i n t e r  Low ~ l ~ i n ' e  Moi s t  
o a t s  be1.t b e l t  Monsoon 

a H u m i d i t y  = Annual R a i n f a l l  
Annual E v a p o t r a n s p i r a t i o n  

b ~ h e  d i f f e r e n c e :  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d u r i n g  che humid s e a s o n .  

CThe d i f f e r e n c e :  two t imes  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d u r i n g  t h e  non-dry s e a s o n .  

d ~ e e  Appendix A  f o r  e q p l a n a t i o n .  

eSee Appendix. B f o r  u p l a n a t i o n .  

. f ~ e e  Appendix 'C f o r  e x p l a n a t i o n .  
. .  . gSee ~ ~ ~ e n d i x  D f o r  e x p l a n a t i o n .  

Cool Cool  and.  Semi- 
T r o p i c a l  h o t  T r o p i c a l  

D e s e r t  

LO w  T r o p i c a l  
T i e r r a  F r i a  H igh land  

D e s e r t  

Ho t Hot t r o p i c a l  
t r o p i c a l  E q u a t o r i a l  I 

n e s e r  t  

Low Andine Low Andine 



Table 3 . 3  (Contd.) 

llumidb 
S e a s o l  
Normal >laximumc 
Excess  Excess  Hunid -- Dry h ' in terd  Summere 

Humidi tya  R a i r f a l l  R a i n f a l l  Season . Season S e v c r i t y  Heat  ~ u m i d i  t y f  Tempera tu re  C l i m a t i c  
L o c a t i o n  Index (cm) ( c n )  Begin (End) Begin (End:) C l a s s i f i c a t i o n  C l a s s i f i c a t i o n  Regime ' Regimeg C l a s s i f i c a t i o n  

San Ranon 1 .20  5 1 >99 Oct .  (Mip) N ~ n e  T r o p i c a l  B e l t  CofEee B e l t  Humid T i e r r a  Humid 
Templada T i e r r a  Templada 

Tacna .03 0  0  None l u l y ' ( ~ u n e )  Cool  t r o p i c a l  Cof fee  B e l t  Abso lu t e  Cool A b s o l u t e  Cool  
b e l t  D e s e r t  t r o p i c a l  

d e s e r t  

Sepc.  ( J u l y )  None T r o p i c a l  b e l t  
N 

Tingo Maria  2 .43  19 @ >9 9  C o f f e e  E e l t  Humid T i e r r a  Humid . P 
Tenplada T i e r r a  Templada 

V i t o r  -01  0  0  Kone Mar .(Feb .:I C i t r u s  b e l t  C o f f e e  b e l t  Abso lu t e  Low T r o p i c a l  
D e s e r t  T i e r r a  F r i a  Highland - D e s e r t  

a ~ ~ ~ i d i ~ ~  index  = Annual  R a i n f a l l  
Annual E v a p o t r a n s p i r a t i o n  

b ~ h e  d i f f e r e n c e :  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d u r i n g  t h e  humid s e a s o n .  

CThe d i f f e r e n c e :  two t imes  r a i n f a l l  minus e v a p o t r a n s p i r a t i o n  d u r i n g  t h e  non-?ry s e a s o n .  

d ~ e e  Appendix A  f o r  e x p l a n a t i o n .  

eSee Appendix B  f o r  e x p l a n a t i o n .  

£ s e e  Appendix C f o r  e x p l i n a t i o n .  

gSee Appendix D  f o r  e x p l a n a t i o n .  
J 



Table 3 . 4 .  Legend f o r  Vegetat ion Maps of Peru 

Ma i n  
Vegetat ive Groups 

Vegeta t ive  
Subgroups Symbol 

Fo re s t ,  A l l u v i a l  

Fo re s t ,  H i l l y  

Swamp vege t a t i on  

Pro tec ted  F o r e s t  

Savanna and Low Bush 
Vegetat ion 

Fores t ,  A l l u v i a l  Class  I 
Fores t ,  A l l u v i a l  Class  I1 

-1 
Fo re s t ,  A l l u v i a l  Class  111 

Fores t ,  H i l l y  C la s s  I 
  ore st, H i l l y  Class  I1 
Fores t ,  H i l l y  Class  111 

Mangroves 
Aguaj a 1  
Swamps 
Quinal 

Devastated F o r e s t s  
I n a c c e s s i b l e  F o r e s t s  
P l a n t a t i o n s  

Dense Dry Fo re s t  
Savanna Fo re s t  
Chaparral  
Podocarpus F o r e s t  
Low Bush 

Deser t  Vegetat ion Cactus 
Bush 

A g r i c u l t u r a l  
Vegetat ion 

Pas tu re  

Food and F iber  
Crops 

Forage 
Crops 



Fig. 3.7. Vegetation Map of Peru (0-4' South Latitude) 



Fig. 3.8. Vegetation Map of Peru (5-9' South ~ a t i t ~ d e )  



F i g .  3 . 9 .  V e g e t a t i o n  Map of P e r u  (10-13" South ~ a t i t u d e )  



Fig. 3.10. Vegetation Map of Peru (14-18' South ~atitude) 
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4  BIOFUEL RESOURCE BASE 

4.1 CURRENT AGRICULTURAL RESOURCES 

I n .  ~ e r u ,  approximately 2,600,000 h e c t a r e s  (2%) of a  t o t a l  n a t i o n a l  

s u r f a c e  a r e a  o£ 128.5 m i l l i o n  h e c t a r e s  a r e  under c u l t i v a t i o n .  An a d d i t i o n a l  

27.3 m i l l i o n  h e c t a r e s  can be c l a s s i f i e d  a s  uncu l t i va t ed  g,rasslands.1° Of 

t h e  land under c u l t i v a t i o n ;  approximately 1.1 m i l l i o n  h e c t a r e s  (over 40%) is  

i r r i g a t e d .  Cerea l  c rops  account f o r  about .35% of t h e  t o t a l  c u l t i v a t e d  a r e a  

and 32% of t h e  i r r i g a t e d  a r ea .  Tuber c rops ,  such a s  po t a toes ,  cassava,  and 

sweet po t a toes ,  a r e  grown on approximately 14% of t h e  t o t a l  c u l t i v a t e d  a r e a  

and on 7% of t h e  i r r i g a t e d  a r ea .  Cu l t i va t ed  p a s t u r e s  (e.g., a l f a l f a )  and 

o t h e r  fo rages  cover over 15% of t h e  c u l t i v a t e d  a r e a  and 19% of t h e  i r r i g a t e d  

a r e a .  Permanent c u l t i v a r s ,  such a s  lemons, o l i v e s ,  cocoa, t e a ,  and co f f ee ,  

p r o v i d e  a b o u t  1 0 %  of  t h e  c u l t i v a t e d  a r e a  and 7 %  of t h e  i r r i g a t e d  l a n d ;  

whereas,  f r u i t s  and vege t ab l e s  cover about 9% of c u l t i v a t e d  land and 7% of 

i r r i g a t e d  l a n d .  Beans and a s s o r t e d  legumes  a c c o u n t  f o r  o v e r  6 %  of  t h e  

c u l t i v a t e d  a r e a  and 5% of t h e  i r r i g a t e d  a r e a .  More than 11% of t h e  c u l t i -  

va ted  a r e a  is  used f o r  t h e  product ion of i n d u s t r i a l  c rops ,  such a s  sugar  

cane and co t ton ;  t h e s e  crops r e q u i r e  23% of t h e  i r r i g a t e d  acreage.  Table  

4.1 l i s t s  t h e  product ion and y i e l d  s t a t i s t i c s  f o r  s e l e c t e d  crops.  

The Costa rep ion  con ta in s  27% of t h e  t o t a l  c u l t i v a t e d  a r e a  i n  Peru 

and 66.6% of t h e  i r r i g a t e d  land. V i r t u a l l y  a l l  a g r i c u l t u r a l  land on t h e  

coas t  i s  i r r i g a t e d ;  t h i s  a r e a  accounts  f o r  75% of r i c e  product ion ,  58% of 

corn  product ion,  86% of sweet po t a to  product ion ,  99% o£ c o t t o n  product ion,  

and o v e r  99% of s u g a r  p r o d u c t i o n  i n  P e r u  ( s e e  T a b l e  4 . 2 ) .  The b i o f u e l  

p o t e n t i a l  of t h i s  a r e a ,  a s  es t imated from t h e  c rops  l i s t e d  i n  Table 4.2 i s  

a p p r o x i m a t e l y  53 JO's (1015 j o u l e s )  p e r  y e a r ,  t w o - t h i r d s  o f  which comes 

from sugar  cane product ion.  Much of t h e  sugar  cane r e s idue  c u r r e n t l y  i s  

b e i n g  u t i l i z e d  by t h e  s u g a r  i n d u s t r y  a s  b o i l e r  f u e l .  Moreover ,  o v e r  30 

m i l l i o n  l i t e r s  of  e t h a n o l  a r e  produced  i n  t h e  s u g a r  d i s t r i c t s ,  a s  shown 

i n  Table  4.3. Table  4.4 shows t h a t  an a d d i t i o n a l  18 JQ's of b i o f u e l  energy 

collld pos s ib ly  be  obtained from t h e  l i v e s t o c k  popula t ion  i n  t h e  Costa reg ion .  

The S i e r r a  reg ion  con ta in s  50% of t h e  a r e a  c u l t i v a t e d  i n  Peru and 30% 

of t h e  land i r r i g a t e d .  Continuous c u l t i v a t i o n  i n  t h i s  reg ion  i s  r a r e ,  and a  

f a l l o w  s y s t e m  of c r o p  r o t a t i o n  u s u a l l y  i s  f o l l o w e d .  O n e ' e s t i m a t e  shows 



Table  4.1. T o t a l  P roduc t ion ,  Residue,  and Energy E s t i m a t e s  of Crops Grown in ~ e r u l l  

Est imated 
19 76 1976 y i e l d l 1  Annua 1 R e s  idue  Residuea 

Product i o n  (Met r ic  t o n s /  Product i o n  E s t i m a t e  Energy Value 
Commodity , (Metr ic  t o n s )  Hec ta re )  (Metr ic  t o n s )  . ( lo15 J o u l e s )  

R ice  
O a t s  
Bar 1 ey 
Milo 
Maize 
Quinoa 
Sorghum 
Wheat 
Soybean 
P l a n t a i n s  

Camote 
P o t a t o e s  
Yucca 

Cot ton  
Peanut 
Sugar cane  
(For  s u g a r )  
Sugar cane  
(For  Alcohol)  
Sugar cane 
(For  Molasses)  

Coconut 
AsWe . 

- -- 

aSee Appendix F  f o r  e x p l a n a t i o n .  



Table  4.2. T o t a l  P r o d u c t i o n ,  Residue,  and Energy E s t i m a t e s  of Crops Grown 
i n  t h e  Cos ta  Region of p e r u l 1  

Es t ima ted  
1976 ,1976 y i e l d l l  Annual Residue Residuea 

Produc t ion  (Met r i c  t o n s /  P roduc t ion  E s t i m a t e  . Energy Value 
Commodity (Metr ic  t o n s )  Hec ta re )  (Metr ic  t o n s )  (1015 J o u l e s )  

R i c e  
Oats 
Bar ley  . 

Milo 
Maize 
Quinoa 

.. . Sorghum 

Wheat 
Soybean 
P l a n t a i n s  

Camo t e 
P o t a t o e s  
Yucca . 

Cot t o n  162,869 1.69 162,869 2.18 . 

Peanut  967 2.54 96 7 .01 
Sugar cane 8,761,542 159.90 3,066,540 33.73 
(For  s u g a r )  
Sugar cane 41,958 59.58 14,685 -16 
(For  Alcohol)  
Sugar cane  67,350 84.19 23,573 2 6 

. ..  

aSee Appendix F f o r  e x p l a n a t i o n .  



Table 4 .3 .  Production of Absolute Ethanol  i n  Peru by Sugar Producing ~ i s t r i c t 3  

- - 

FY 1972 FY74 0 1976 

Abso lu t e  .Absolute  Absolute  
. Ethano l  Yeast  Yeast  f o r  C02 Ethanol  Yeast  . Yeast f o r  C02 Ethanol  Yeast  Yeast  f o r  C02 

Product  i o n  Recovered Fodder Produced Product  i o n  Rscovered Fodder /Produced Product  i o n  Recovered Fodder Produced 
S t a t i o n  (1000 ) (Mt /Yn) ( M ~ / Y K S  (Mt/Yr) (LO00 } ( ~ t / ~ r )  (Mt / Y r )  (Mt/Yr) (1000 ) (Mt/Yr) ' (Mt/Yr) (Mt/Yr) 

Paramonga 4.996 7 1 749 2500 5,184 7 4 852 2590 5,065 7 2 760 2530 

Pomalca 881 13 132 ' ' 440 .1.104 16 16 6 552 1,414 20 212 70 7 

Pucala  --- --- --- -- 3,795 54 569 1900 3,540 5 1 531 1707 

Tuman 3 ,341  48 501 1670 2,  E31 4 1 425 1415 2,863 4 1 430 1431 

Chucarapi  728 10 109 36 4 66 8 12 130 434 62 7 9 94 313 

S t a .  Maria 4 -05 .55 2 -- - -- -- -- --- - --- -- 
Car t a v i o  10 ,590  151  - 1588 5295 10,717 153 , 1608 5358 11.235 16 1 1685 5617 . 

. . 

Casa Grande 7,942 1 1 4 ,  1191 3971 '8 ,941 , 12 8 1341 4470 4,968 7 1 74 5 2484 

W 
Laredo -- -- --- -- 1 ,143  16 . 171  . 571 692 10 10 3 346 . *  



Table  4.4. Residue P r o d u c t i o n  and Energy P o t e n t i a l  From L i v e s t o c k  i n  p e r u l 1  

1976 Annual Residue Estimated Residuea 
p o p u l a t  i o n l l  P roduc t ion  Es t imate  

Animal By Region (1000 Head) (1000 M e t r i c  Tons) K5vBJ:zIeS) 

Alpacas  

N a t i o n a l  
S i e r r a  

P o u l t r y  

N a t i o n a l  
Costa  
S i e r r a  
Se lva  

Goats  

N a t i o n a l  
Cos ta  
S i e r r a  
Se lva  

Horses  

N a t i o n a l  
Costa  
S i e r r a  
Se lva  

Llamas 

Nat iona l  
S i e r r a  

Sheep 

N a t i o n a l  
c o s t a  
S i e r r a  
Se lva  

Pigs 

N a t i o n a l  
Cos ta  
S i e r r a  
S e l v a  

C a t t l e  

N a t i o n a l  
Cos ta  
S i e r r a  

: - S e l v a  

a ~ e e  Appendix F f o r  a p p l i c a t i o n .  



500,000 h e c t a r e s ,  approximately 20% of a l l  c u l t i v a t e d  land i n  Peru,  l i es  

f a l l o w  each year.12 Land t y p i c a l l y  w i l l  l i e  f a l l o w  1-2 yea r s  per year  of 

c rop  product ion ,  depending upon t h e  s o i l  type.  Cerea l  and tuberous c rops  

account  f o r  over 60% of t h e  c u l t i v a t e d  l and , .  40% and 20% r e s p e c t i v e l y ,  i n  

t h i s  mountainous a r e a .  Table  4.5 shows t h a t  over  98% of t h e  b a r l e y ,  10% of 

t h e  o a t s ,  33% of t h e  co rn ,  100% of t h e  quinoa, 99% of t h e  sorghum, 97% of 

t h e  wheat,  and 90% of t h e  p o t a t o e s  i n  Peru a r e  grown i n  t h i s  reg ion .  The 

p o t e n t i a l  b i o f u e l  energy a v a i l a b l e  from t h e  crop r e s i d u e s  of t h e  S i e r r a  is  

approximately 16 JQ's. 

The animal popula t ion  of t h e  S i e r r a  i s  l a r g e .  Table  4.4 shows t h a t  

v i r t u a l l y  a l l  of t h e  country 's  a l p a c a s ,  g o a t s ,  h o r s e s ,  l l amas ,  and p i g s  and 

80% of t h e  c a t t l e  i n  Peru a r e  found i n  t h i s  region.  The manures produced by '  . 

t h e s e  an imals  provide  approximately 140 JQ's of energy annual ly .  Milch of I 

t h i s  energy i s  used f o r  h e a t i n g  and cooking, o r  a s  f e r t i l i z e r .  
, 

I 

a I n  t h e  Se lva ,  which i s  p o t e n t i a l l y  t h e  most p roduct ive  a g r i c u l t u r a l  

a r e a  of Peru,  23% of tbe a r e a  i s  under c u l t i v a t i o n .  S h i f t i n g  c u l t i v a t i o n  I 
I 

predominates i n  t h i s  r eg ion ,  w i th  t h e  p a r t i c u l a r  sequencing of c rops  depen- I 
1 

den t  upon l o c a l e .  A t y p i c a l  sequence would involve:  (1) s l a s h i n g  and burn- a 1 
i n g  a  h e c t a r e  o f  j u n g l e ;  ( 2 )  p l a n t i n g  ma ize  o r  r i c e ;  ( 3 )  p l a n t i n g  yucca  

1 

1 

1 

(cassava) ;  and (4 )  p l a n t i n g  bananas and mangoes o r  syme o t h e r  f r u i t  t r e e .  

The land  then  i s  allowed t o  r e t u r n  t o  jungle .  The major c rops ,  as  shuwl~ lu I I 

Table  4.6, a r e  p l a n t a i n s  (78% of Peruvian p roduc t ion ) ,  cassava  o r  yucca (78% I 
of Peruvian product ion) ,  and r i c e  (25% of Peruvian product ion) .  The t o t a l  

I 
I 

b i o f u e l  energy t h a t  is p o t e n t i a l l y  contained i n  crop r e s i d u e s  of t h e  Selva 

i s  6 JQ's; i nc lud ing  t h a t  from animal was tes ,  i t  is approximately 11 JQ's. 

Comparatively lower b i o f u e l  p roduct ion  from a g r i c u l t u r e  i n  t h i s  a r e a  i s  due I 

1 
t o  t h e  type  of c rops  grown and t h e  lower y i e l d s '  of t h e  crops.  A g r i c u l t u r a l  I 

produc t ion  i n  t h i s  a r e a  i s  c u r r e n t l y  developing. Eventual ly  t h e  Se lva ,  could . ' I, 

i 
become t h e  major a g r i c u l t u r a l  reg ion  of Peru. ! 

i 
I n  summary, i t  has  been es t imated  t h a t  246 JQ's of energy. a r e  pro- 

duced by a g r i c u l t u r a l  p r o d u c t i o ~ l  i n  Peru;  approximately one-third (76  JQ's) . I 

from crop r e s i d u e s  and two-thirds (170 JQ's) from animal res idues .  Curren t ly ,  
I 

suga r  cane r e s i d u e s  i n  t h e  Costa and animal waste (dung) i n ' t h e  S i e r r a  a r e  . , 

u t i l i z e d  t h e  most. 



Table  4.5.  P r o d u c t i o n ,  Residue,  and Energy E s t i m a t e s  
of Crops Grown i n  t h e  Se lva  Region of ~ e r u l l  

Es t ima ted  
1 9 7 6 ~ 1  197611 Y i e l d  Annual Residue Residuea . 

Produc t ion  (Met r i c  t o n s /  P roduc t ion  E s t i m a t e  Energy Value 
Commodity ' (Metric t o n s )  Hec ta re )  (Metr ic  t o n s )  (1015 J o u l e s )  

R i c e  
O a t s  
B a r l e y  
M i l  0 

Maize 
' Quinoa 

Sorghum' 
Wheat 
Soybean 
P l a n t a i n s  

Camo t e 
P o t a t o e s  
Yucca 

C o t t o n  . 

Peanut  
Sugar cane 
(For  s u g a r )  
Sugar cane 
(For  Alcohol)  
Sugar  cane 

. (For  Molasses)  . 

Coconut 
Agua j e 

aSee Appendix F f o r  e x p l a n a t i o n .  



Table  4.6. P r o d u c t i o n ,  Residue,  and Energy E s t i m a t e s  
cf Crops Grown i n  t h e  Selva  Region of ~ e r u l l  

Es t imated 
1976l  197611 Yie ld  Annual Residue ~ e ' s i d u e ~  

Product  i o n  (Met r i c  t o n s /  P roduc t ion  E s t i m a t e  Energy Value 
Commodity (Met r i c  tons.) Hec ta re )  (Metr ic  t o n s )  ( lo15 J o u l e s )  

. . 

R i c e  
O a t s  
Bar ley  
Milo  
Maize 
Quinoa 
Sorghum 
Wheat 
Soybean 
P l a n t a i n s  

Cam0 te  
P o t a t o e s  
Yucca 

Cot t o n  
Peanut  
Sugar cane 
(For  s u g a r )  
Sugar  cane 
(For  Alcohol)  
Sugar  cane 
(For  Molasses)  

--- 
71,300 

-- 
a,, 200 --- 

85 2 
82,921 

Coconut 1 , 3 1 1  7.95 1 ,967 .03 
Agmj e 5,460 ' .  21.00 5,460 -07 

aSee Appendix F f o r  e x p l a n a t i o n .  



4.2 AGRICULTURAL RESOURCE POTENTIALS 

The need t o  provide food f o r  t h e  Peruvian people of t h e  n a t i o n  w i l l  

r e s t r i c t  t h e  c a p a b i l i t y  of t h e  a g r i c u l t u r a l  s e c t o r  t o  provide b i o f u e l s  t o  

s a t i s f y  t h e  f u t u r e  demand f o r  ene rgy .  I n  1976 ,  13% of t h e  GNP was from 

a g r i c u l t u r e  and 40% of t h e  l a b o r  f o r c e  worked i n  t h i s  s e c t o r .  An unfavor- 

a b l e  ba lance  of payments i n  a g r i c u l t u r a l  t r a d e  amounting t o  a  $33 m i l l i o n  

d e f i c i t  was r e g i s t e r e d  i n  t h a t  year .  Most l i k e l y ,  i n c r e a s e s  i n  a g r i c u l t u r a l  

p r o d u c t i o n  w i l l  b e  o f f s e t  by i n c r e a s e s  i n  p o p u l a t i o n .  Thus, t h e  u s e  of  

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

appear f e a s i b l e .  

A g r i c u l t u r a l  a l t e r n a t i v e s  f o r  providing a l t e r n a t i v e  energy resources  

by 1985 rest p r imar i ly  i n  t h e  development of t h e  ag ro - indus t r i a l  base  i n  

t h e  country.  For example, i nc reas ing  sugar  product ion would s imultaneously 

i n c r e a s e  t h e  a v a i l a b i l i t y  of bagasse f o r  energy conversion. Development 

of o t h e r  a g r o - i n d u s t r i e s  c o u l d  s i m i l a r l y  p r o v i d e  p r o c e s s i n g  w a s t e s  t h a t  

could be  r e a d i l y  converted i n t o  a  b i o f u e l  resource.  

However, t h e  u s e  of m a r g i n a l  

l a n d s  a n d  t h e  d e v e l o p m e n t  o f  new 

a g r i c u l t u r a l  a p p r o a c h e s  -- s u c h  a s  

f e r t i l i z a t i o n  t o  a l l o w  more f a l l o w  

land t o  be c u l t i v a t e d  -- could b r i g h t e n  

t h e  out look  of a  biomass product ion f o r  

energy uses .  Ce r t a in  high-residue c rops ,  

s u c h  as  Chenopodium q u i n o a  shown i n  

F i g u r e  4.1) can  b e  grown on m a r g i n a l  

lands .  This crop has  u t i l i t y  as a food 

crop and p o t e n t i a l l y  a s  a f u e l  crop. It 

c a n  b e  n a t u r a l l y  s e l f - p r o p a g a t i n g ,  

and, i f  IL i s  p lan ted  i n  t h e  marginal  

h i g h l a n d  a r c a s  o f  t h e  S i e r r a ,  i t  

c a n  a l s o  p r o v i d e  p r o t e c t i o n  f r o m  

eros ion .  Other f  ood/ fue l  c rops  similar 

t o  C. quinoa should b e  i d e n t i f i e d  f o r  

f u t u r e  b i o f u e l  a p p l j r a t i o n o .  O t h e r  

cand ida t e s  a r e  po ta to  and cassava ,  which 

could b e  so ld  a s  food o r  fermented i n t o  

e thano l  i n  t i m e s  of su rp lus .  

F igure  4.1. Chenovodium uuinoa: 
A Crop Which Could 
Provide Both Food 
and Fuel  



Double or mul t ip le  cropping p rac t i ces  could s i g n i f i c a n t l y  increase  

crop production. T h e ' i d e n t i f i c a t i o n  of mul t ip le  cropping schemes f o r  var ious  

areas i n  Peru should a l s o  consider t h e  f e a s i b i l i t y  of a foodlfuel  crop ro- 

t a t i o n .  Thus, b y  employing m u l t i p l e  c ropp ing  f o r  energy  p r o d u c t i o n ,  no 

a d d i t i o n a l  land e f f e c t i v e l y  would b e  removed from food production- 

Dev~loping the  Selva f o r  crop production could increase  g r e a t l y  t h e  

area of Peru under c u l t i v a t i o n .  This approach could open new lands f o r  the  

p r o d u c t i o n  of b i o f u e l  c r o p s .  However, i t  s h o u l d  b e  seen  a s  a long-term 

venture  because environmentally sound approaches f o r  a g r i c u l t u r a l  production 

i n  t h i s  t r o p i c a l  area  s t i l l  need t o  be developed. 

I n  summary, t h r e e  avenues appear open f o r  a g r i c u l t u r a l  approaches t o  

b iof  u e l  production : 

(1) the  use of marginal or  underut i l ized lands f o r  
the  production of foodlfuel  crops; 

(2)  the  development of mul t ip le  cropping approaches 
of a l t e r n a t i n g  crops f o r  food and crops f o r  f u e l  
i n  a s i n g l e  year;  and 

(3) the  development of the  Selva f o r  a g r i c u l t u r a l  pro- 
duct ion.  

4.3 CURRENT FOREST RESOURCES 

Peru possesses over 128 m i l l i o n  hectares  of land (Table 4.7) divided 

among 23 land types supporllug vegeta t ion.  Althor~gh most of t h e  f o r e s t s  a r e  

n a t u r a l ,  p lan ta t ions  a r e  becoming increas ingly  abundant and well-dispersed 

as shown i n  Table 4.8. Unfortunately, most of the f o r e s t  growth occurs f a r  

from t h e  major  p o p u l a t i o n  c e n t e r s .  Of t h e  t o t a l  a c r e s  i n  f o r e s t s  (84.5 

m i l l i o n  hectares) ,  about 75.5 mi l l ion  hectares  a r e  i n  t h e  Selva a s  shown i n  

Table 4.9. Table 4.8 shows t h a t  the  number of p lan ta t ions ,  mainly of euca- 

l y p t u s ,  are increas ing rap id ly  i n  t h e  S ie r ra .  For example, t h e  area  planted 

i n  1973 was about 8,000 hectares ;  i n  1976, i t  was 37,800 hectares ,  bringing 

t h e  t o t a l  acreage i n  Peru t o  106,140 hec ta res  ( a s  shown i n  Table 4.8)- 

The Peruv ian  Amazon r e p r e s e n t s  t h e  g r e a t e s t  p o t e n t i a l  f o r  f o r e s t  

p r o d u c t s  i n  South  America o t h e r  t h a n  B r a z i l .  Two r e g i o n s  i n  t h e  Amazon 

- the  low-lying a l l u v i a l  f o r e s t s  and the  humid f o r e s t s  on the  s lopes  of 

the  Andes (Ceja de  Selva) -- are h i l l y  but support high wood volumes, (Table 

4.7). T h i s  r e g i o n  h a s  a n n u a l  r a i n f a l l s  from 1,500 t o  7,000 mm, b u t  t h e  

s o i l s  a r e  low i n  f e r t i l i t y .  Temperature averages range from 18oC f o r  t h e  



I 

Tab11 7. D i s t r i b u t i o n  of Land Types ' i n  Peru  by Area ,  Region, P r o d u c t i v i t y ,  and Dominant S p e c i e s  (1973) ,  

- - - - - - - 

Area Vo 1 ume Number Most Abundant Costa S i e r r a  S e l v a  X 

Land Type ( M i l l i o n s  ha)  (m3/ha) ( ~ r e e s / h a )  Spec ies  (ha)  (ha )  (ha )  T o t a l  
Area 

F o r e s t ,  3.612 140-180 120 ( a )  Cumalo, Moena, - - 3.612 2.81 
A l l u v i a l  Machimango, 
C l a s s  I Shimb i l l 0  , Copal , 

Quinaquina 

Class I1 

C l a s s  111 

100-130 ', 1 0 0 ( a )  Cumalo, Copal , - 
Machimango, 
Zapo t e  , Huimba , 
Shimbil  l o ,  Moena 

5.071 80-100 65 ( a )  O j e ,  P a l o  Azufre ,  
Requ i ra ,  Cumalo, 

I L a g a r t o ,  Casp i ,  
C e t i c o  

F o r e s t ,  H i l l y  12 754 140-180 110 ( a )  T o r n i l l o ,  Moena, - - 12.754 9 . 92' 
C l a s s  I Q u i n i l l o ,  Cumalo, 

Mashonaste,  Copal,  
Pashaco,  Chimieva 

Class I1 16 169 120-150 90 ( a )  Tornil ' lo , Moena , - - 16.169 12.58 
Q u i n i l l o ,  Cumalo 

C l a s s  I11 9.841 70-120 70 ( a )  T o r n i l  l o ,  Moena - - 9.841 7.66 
. Q u i n i l l o ,  Cedro, 

Pashco 

": ' .' Mangular '. ' 0.028 

F o r e s t ,  0.525 
Dry Dense 

Mangle, D e l i ,  0.028 - - 0.02 
Avicen ia ,  
Conocarpus 

40 110 (b)  Guayacan, P a l o ,  0.525 . 
de  Vaca, Amar i l lo ,  
Sanchez,  Zapote ,  
P a s a l l o  



Table 4.7. (Contd.) 

Area Vo 1 ume Number Most Abundant Costa S i e r r a  Selva X 
Land Type (Mi l l ions  ha) (m31ha) (Trekslha)  Species (ha)  (ha). (ha) To ta l  

Area 

1.121 30 (b) F o r e s t ,  12-15 Alharrobo, 1.121 0.87 . 
. 

Savanna Zapote, Huarango, 
Hualtaco, Palo 

. Santo, Ceibo 

Chapparel 

Quinua l  

F o r e s t , .  
~ o d o c a r ~ u s  

Palm Fores t s  1.053 

Bush Land 1.086 

Land S u i t a b l e  2.336 
f o r  P l a n t a t i o n s  

Swamp 3.502 

F o r e s t s  Deva- 5.191 
s t a t e d  by Agri- 
c u l t u r e  class I 

Algarrobo, 0  898 
Zapote, Sauce, 
Acacias 

20-50 500 Quena .006 

70-75 65'( a )  Romerillo,  
Ulcumano, Moena, 
Cumalo, Puma, 
Maqui, Pa l t ron ,  . 
Roble 

580 Aquaje, Huasai,  
Ungurahui 

Tara,  P a l l i l o ,  -1.086 
Mito, Sauce, Molle 

Shrubs, Grasses  2.336 

"Agua j e  , Palms . . 



T a b l e  4.7. (Contd.)  

Area Vo 1 ume Number Most Abundant C o s t a  S i e r r a  S e l v a  . X  
Land Type ( M i l l i o n s  h a )  (m3/ha) ( ~ r e e s / h a )  S p e c i e s  ( h a )  ( h a )  ( h a )  T o t a l  

Area 

F o r e s t s  8.667 100-120 100 5 . I 9 1  4.04 
I n a c c e s s i b l e  

Desert ,28.709 28.709 22.34 

G r a s s l a n d  7 929 * * 6.17 

A g r i c u l t u r a l '  12.201 Var ious  Crops ,  * * '  * 9.49 
Use -- T r e e s  and Casuv ina ,  
and ~ u l  t i v a  t e d  E u c a l y p t u s ,  

Cypres s  

58 0 
f- 

Palm F o r e s t s  1.053 Aquaje ,  H u a s a i ,  1 .053 0.82 w 
Ungur a h u i  

F o r e s t  P l a n t a -  0.038 
t i o n s  

Euc a l y p  f u s ,  * * 0.03 

*Not p r o p o r t i o n e d  



h i g h  S e l v a  t o  24OC f o r  t h e  low S e l v a .  I n  t h e  u t i d i s t u r b e d  s t a t e ,  t h e s e  

c o n h i t i o n s  f avo r  r a p i d  growth. 

Inv'entory s t a t i s t i c s  (Tables  4.7, 4.8, 4.9, 4.10) . r e f l e c t  t h e  massive 

commercial volumes of Peruvian t imber ,  e s p e c i a l l y  i n  t he  Selva. For b i o f u e l  

assessment ,  t h e s e  s t a t i s t i c s  have l i m i t e d  va lue .  Only a few of t h e  s e v e r a l  -, 
hundred t r e e  s p e c i e s  comprising t h e s e  f o r e s t s  a r e  used commercially ( s ee  

Table  4.10). I n  a d d i t i o n ,  because of t h e  abundance of f o r e s t e d  h e c t a r e s ,  

on ly  t h e  l a r g e s t  trees a r e  chosen. Genera l ly ,  on ly  t r e e s  wi th  a t op  d ia -  

m e t e r  o f .  40 cm o r  l a r g e r  a r e  i n c l u d e d  i n  i n v e n t o r i e s .  Because  l o g s  a r e  

o f t e n  t r anspo r t ed  by r i v e r  r a f t i n g ,  only t h e  s p e c i e s  t h a t  f l o a t  a r e  u sua l ly  

c h o s e n .  G e n e r a l l y ,  o n l y  a b o u t  25 s p e c i e s  a r e  u s e d ,  44% o f - t h e s e  b e l o n g  

t o  four  spec i e s .  Where mechanical ha rves t  and over-the-road t r a n s p o r t a t i o n  
/ 

i s  p o s s i b l e ,  a d d i t i o n a l  s p e c i e s  a r e  e x p l o i t e d .  

Table  4.8. Fores t  P l a n t a t  ion ~ e v e l o ~ m e n t  i n  Peruvian ~ e ~ a r t m e n t s l ~  

Year 

1964 1968 1973 i9 7 8 TOTAL 
Department Hectares  , 

Tumb e s 
P i u r r a  
Larnbayeque 
Cajamarca 
Amazones 
La L ibe r t ad  
Ancash 
I c  a 
Arequipii 
Tacna 
Lima 
Moquegua 
Jun in  
Huanuco 
Pasco 
San Mart in  
Huancauelica 

'Lo re to  
Ayacucho 
Azeo 
Apur imar 
Madre de Dios 
Puno 

To ta l  1,032.8 2,881.0 8,005.8 5,717 106,140 

NOTE: Eucalyptus comprises about 98% and o the r  s p e c i e s  t h e  remainder. 



Table  4.9. N a t u r a l  F o r e s t  i n  Peru and Land Capable 
of Suppor t ing  F o r e s t  Pl 'an.tations' (1976) l 4  

H e c t a r e s  

* N a t u r a l  Land S u i t a b l e  
Reg i o n  F o r e s t  P l a n t a t  i o n s  For P l a n t i n g  T o t a l  

- - -  - 

Cos ta  950,000 6,683 493,317 1,450,000 

S i e r r a  50,000 97,672 7,402,328 7,550,000 

S e l v a  73', 000,000 1 ,785 2,498,215 75,500,000 

T o t a l  74,000,000 106,140 10,393,860 84,500,000 

Table  4.10. p roduc t ion  of Sawn F o r e s t  
P r6duc t s  by s p e c i e s 1 4  

Year 

Spec ies  1968 19 72 19 75 

,3 

Alf a r o  
Caoba 
Caf ahua 
Cedro 
Cong oma 
Copaiga 
Cumal o 
Diablo  f u e r t o  
I shp ingo  
Lupuna 
Marupa 
Moena 
Mogal 
Roble a m a r i l l o  
Roble c o r r i e n t a  
T o r n i l l o  
Ulcumano 
Eucalypt0  
Others  

T o t a l  



C u r r e n t l y ,  no more t h a n  2.7% of t h e  f o r e s t s  a r e  e x p l o i t e d  and of t h a t  

a m o u n t ,  o n l y  o n e  m3/ha ,  o r  l e s s ,  i s  h a r v e s t e d . l 5  T h i s  u s a g e  r e p r e s e n t s  

less t h a n  1% of t h e  a n n u a l  growth -- about  0.006% of t h e  s t a n d i n g  volume. 

E s t i m a t e s  of t h e  s t a n d i n g  volumes v a r y  widely .  I n  t h i s  r e p o r t ,  o n l y  

t h e  c o n s e r v a t i v e  estimates were chosen (Tab le  4.7).  Vast  amounts of commer- 

c i a l l y  unused b i o f u e l s  are l e f t  i n  t h e  f o r e s t s  because  ways t o  use  them a r e  

n o t  known; t h e  wood w i l l  n o t  f l o a t ,  o r  wood i s  l o s t  t o  decay a w a i t i n g  h i g h  

w a t e r .  T h i s ,  added t o  unused s l a s h  ( l imbs  and s m a l l  s tems)  from commercial 

t r e e s ,  s u g g e s t s  t h a t  much biomass which p o t e n t i a l l y  cou ld  b e  used f o r  f u e l  

i s  l e f t  i n  t h e  f o r e s t .  

A f t e r  l o g s  a r e  d e l i v e r e d  t o  a m i l l  s i t e ,  t h e y  a r e  processed -- m i l l  

w a s t e  may r e p r e s e n t  f r o m  50  t o  70% of t h e  o v e r a l l  amount  o f  l u m b e r  p r o -  

c e s s e d .  l 5  Although t h e s e  w a s t e s  of t e n  . are burned f o r  d i s p o s a l  purposes ,  

i t  a p p e a r s  t h a t  t h e y  c o u l d  b e  used as b i o f u e l s .  To i l l u s t r a t e  t h i s  was te ,  

compare t h e  d a t a  f o r  h a r v e s t e d  volumes ( T a b l e  4.11) and f o r  processed volumes 

co able 4 .12) .  From t h e s e  d a t a ,  t h e  w a s t e  g e n e r a t e d  by t h e  Peruv ian  f o r e s t  

p r o d u c t s  i n d u s t r y  can be  c a l c u l a t e d .  For 1975 p r o d u c t i o n ,  was te  volume w a s  

a p p r o x i m a t e l y  503,000 m3.  Assuming a  d e n s i t y  of 500 kg/m3 and a  h e a t i n g  . 

v a l u e  of 18,000 m i l l i o n  j o u l e s  p e r  m e t r i c  t o n ,  t h i s  was te  i s  t h e  e q u i v a l e n t  

o f  4.5 JQ's of energy .  

I n c r e a s i n g  numbers  o f  p l a n t a t i o n s ,  m a i n l y  e u c a l y p t u s ,  a r e  b e i n g  

p l a n t e d  i n  P e r u  ( T a b l e  4 . 8 ) ,  e s p e c i a l l y  i n  t h e  S i e r r a .  T h e s e  c u l t u r e d  

f o r e s t s  grow from 10 t o  1 8  m3/halyr and now cover  o v e r  one m i l l i o n  m3 

( T a b l e  4 .13) .  During t h i s  s t u d y  on Peru ,  l a r g e  e u c a l y p t u s  p l a n t a t i o n s  were 

observed i n  t h e  h i g h l a n d  of .Cusco. E. g l o b u l u s  was observed a t  400 m 

(12,000 f t ) .  I n  Cajarnarca, E. g l o b u l u s ,  E. c a m a l d u l e n s i s ,  and E. s a l i g n a s  

were  growing a t  2500 m (7 ,000 f t )  on a n  e x p e r i m e n t a l  p l a n t a t i o n  be long ing  t o  

t h e  S e r v i c i o  S i l v o  Agropecuar io  U.N.T. C. A s u c c e s s f u l  e s t a b l i s h m e n t  and 

r a p i d  growth of E. d e g l u p t a  was observed on a  p l o t  on t h e  exper imenta l  f a r n  

o p e r a t e d  by t h e  M i n i s t e r i o  d e  A g r i c u l t u r a ,  Zona A g r a r i a  IX, Tarapo to .  I n  

t h e  C i t y  of Lima, many eucalypt \us ,  mainly  g l o b u l u s ,  a r e  p l a n t e d  a long  

major  avenues  and parks'. 

These n a t u r a l  f o r e s t s  a r e  e s t i m a t e d  t o  grow about  1 0  t o  30 m 3 / h a 1 ~ r . l ~  

Assuming t h a t  t h e  a v e r a g e  Se lva  f i r e s t  i s  u k e f u l  f o r  f o r e s t  p roduc t ion  and 
I 

60% h a r v e s t a b l e ,  t h e s e  43 m i l l i o n  h e c t a r e s  would grow between 430 t o  1 ,290 



Table  4.11. E x t r a c t i o n  of Round Wood f o r  P r o c e s s i n g  i n  peru14 

Sawti Timber 
Parque t  
Piywood 
Veneer , 

P a r t i c l e  Board 
D e c o r a t i v e  Hardboard 
Rail T i e s  

Firewood 2,081,960 2,369,215 2,580,185 

Charcoal  '27 ,951 31,112 19,206 

Pulpwood 54,333 22,450 

Rural  C o n s t r u c t i o n  268,743 329,678 370,006 
(homes and' Fences) 

NOTE: See Table  4.8 

Tab le  4.12. P roduc t ion  of F o r e s t  P r o d u c t s  i n  peru14 

Sawn Boards 
Parque t  
Plywood 
Veneer 
P a r t i c l e  Board 
Decora t ive  Hardboard 
R a i l  T i e s  

Firewood 2,081,960 2,369,215 2,580,185 

Charcoal  27,951 31,112 19,206 

Wood Pulp * 54,333 22,450 

*Informat ion  n o t  a v a i l a b l e .  
NOTE: See Tab le  4.8 



T a b l e  4.13. Wood ~ r o d u c t i o n ~  By . 
P l a n t a t i o n s  i n  peru14 

Volume of Wood 
Year i n  P l a n t a t i o n s  

1964 208,200 
1966 163,800 
1968 ' 579,200 
1970 737,200 
1972 1,532,400 
1974 / 1,940,800 
1 9  76 1,143,400 

"Assuming 1 0  n 3 / t 1 a / ~ r  f o r  20 y e a r s . s .  
NOTE: See Tab le  4.8 

. m i l l i o n  m 3 I y r .  T h i s  wood c o u l d  b e  u s e d  f o r  e n e r g y  w i t h o u t  r e d u c i n g  t h e  

c u r r e n t  s t a n d i n g  f o r e s t  s t o c k .  T h i s  growth r e p r e s e n t s  3,900 t o  11 ,000 ,  

JQ's . 
/ D e s p i t e  P e r u ' s  m a s s i v e  p o t e n t i a l  f o r  f o r e s t  g r o w t h ,  t h e  c o u n t r y  

i n c r e a s i n g l y  i m p o r t s  f o r e s t  p r o d u c t s ,  as shown i n  Tab le  4 - 1 4 ) ,  and has  n o t  

developed i t s  e x p o r t  p o t e n t i a l .  Among t h e  i n p o r t s  i s  a  c o n s i d e r a b l e  volume 

of  c o n i f e r o u s  wood ( T a b l e  4.15 j ,  p r o b a b l y  ra meet the softwood f i b e r  ~ ~ e e c l s ,  

e s p e c i a l l y  f o r  p u l p .  C u r r e n t l y ,  o n l y  o n e  p u l p  m i l l  u s e s  P e r u v i a n  wood 

( T a b l e  4 .16) ,  w h i l e  t h e  r e s t  use b a g a s s e .  A well-developed f o r e s t  i n d u s t r y  

cou ld  g e n e r a t e  s u b s t a n t i a l  amounts of b i o f u e l s  and l e n d  s u p p o r t  t o  e f for t s  

t o  manage f o r e s t s ;  c u r r e n t l y ,  e x p l o i t e d  f o r e s t s  a r e  r a p i d l y  be ing  degraded 

by t i m b e r i n g  and s h i f t i n g  a g r i c u l t u r e .  

~ e r u Y i a n s  u s e  o n l y ' ,  0 .25 m3 of  wood p e r  c a p i t a . l y r  b u t  i m p o r t  p u l p  
\ 

a n d  p a p e r  v a l u e d  a t  900  m i l l i o n  , s ~ l e s / ~ r . l ~  I n  t h e  r e m a i n d e r  o f  L a t i n  

America,  1 .2  rn2 /cap i ta /y r  of wood a r e  used;. whereas  i n h a b i t a n t s  of 

developed c o u n t r i e s  u s e  more t h a n  2  m3. Wood is  an  e n e r g y - e f f i c i e n t  

b u i l d i n g  m a t e r i a l  compared t o  t h e  energy r e q u i r e m e n t s  f o r  c o n c r e t e ,  s t e e l , '  

aluminum a l t e r n a t i v e s .  The p o t e n t i a l  f o r  .expanding wood u s e '  and t h e  energy 

c o n t e n t  of t h e  commercial wood volumes i n  Peru i s  shown i n  T a b l e  4.17. . The 

e n e r g y  c o n t e n t  o f  t h i s  wood vo lume i s  e s t i m a t e d  t o  r a n g e  f r o m  7 8 , 3 7 0  t o  

97,620 JQ's 



T a b l e  4.14. I m p o r t a t i o n  and E x p o r t a t i o n  
of  F o r e s t  P r o d u c t s  i n  pe ru14  

Year I m p o r t s  E x p o r t s  

' 1968 54,926 7,902 
1970 55,082 . 1 9 , 1 9 1  
1972 62 ,228 15 ,946 
1 9  74 60 ,448 18 ,120 

NOTE: See  a l s o  T a b l e  4.8 

T a b l e  4.15. I m p o r t a t i o n  o f .  F o r e s t  P r o d u c t s  by 
~ e r u l 4  

C h a r c o a l  107  6 38 

Roundwood 
C o n i f e r  
Non-Coni f er 472 2 ,934 1 ,610  
Mine Timber 3,597 317 
P o s t  and P i l i n g  . 2 5 . 3,299 

Sawn Wood 
C o n i f e r  
Non-Conifer 45 9 99 268 
R a i l  T i e s  6 , 1 3 1  174 26,093 
P a r q u e t  ' 5 781  
Veneer 20 9 1 3 2 
Wood T e r c i a d a  756 1 , 6 6 1  5 1 1  
Laminated  Board 43 '  
Manufac tured  Wood 1 ,772  1 ,912  2 ,993 
F i b e r  Board 65 8 567 1 , 0 7 7  

T o t a l  54 ,924 62 ,228 93,167 

NOTE: See  a l s o  T a b l e  4.8 . . -. . . 
. . 



Table  4.16. Loca t ion  o f .  F o r e s t  P roduc t s  M i l l s  by Product  i n  peru14 

Saw Parque t  Veneer Lamina Encha P a r t i c l e  Cajune Paper  
Locat  i o n  M t 1 1  P l a n t  M i l l .  Doras Pe s Board Fa s M i l l  T o t a l  

P iuna  7 19 2 6 
Tumb e s 4 4 
Lambayeque 2 8 1 11 
Chachapoya s 18 1 8  
Ca j amar c a 2 2 4 
J a e n  6 6 5 1 7  
T r u j  i l l i o  7 2 9 
Lima 3 9 1 5 .  
I q u i t o s  3 1 3 2 2 3 8 
P u c a l l p a  45 6 . .  4 l* 5 6 
Tarapo t  a 3 3 
Y u r  imag ua s 4 4 
Tingo Maria 34 3 5 
Moyabama 7 7 
Huancayo 49 4 9 
Oxapampa 12 23 
 an Ramon 16 2 2 9 
S a t  i p o  33 4 37 
V i l l a  Rica  20 30 
Cusco 1 7 .  17 
P u e r t o  14 15 
La Convenc i o n  8 ' 8 
San Gaban 5 5 

' 3 .  Ayacucho 3 
4 Apur imac 4 - - - - - - - - - 

T o t a l  . 341 , 34 7 2 3 1 6 6 1 3  467 

'*only m i l l  u s i n g  wood -- o t h e r s  use  bagasse .  .. . . . . . 



.*. , . . Table 4.17. Area, Wood Volume, and Energy i n  Wood Inventory of Peruvian F o r e s t s  

- -- 

Land Type 
Area Commercial Wood Volume Wood Biomass ~ n e r ~ ~ ~  

Mi l l ion  ha m3 /ha Tota l  m3 X l o6  rnTons X l o 6  J o u l e s  X 1018 

A l l u v i a l  Fo re s t s  

Class  I 
C la s s  11 
Clas s  I11 

H i l l y  Selva F o r e s t s  

Class  I 
C la s s  I1 
Clas s  111 

Dry, Dense Fo re s t s  0.525 40 2 1 10.5 0.19 

Forests /Savana 

Quinoa l  

Podocarpus Fo re s t s  0.408 70- 75 28.6 - 30.6 14.3..- 15.3 0.26 -0.28 

Fo re s t s  Abandoned 5.191 70 363.4 281.7 5.1 
from Agr i cu l tu re  

F o r e s t s  ( Inacces s ib l e )  8.667 100-120 866.7-1,040.0 433.3- 520.0 7.8- 9.4 
, 

Fores t  P l a n t a t i o n s  106,140 1,143.4 571.7 10.3 
.. . ,.. -1 Note: Calculated from d a t a  i n  Table 4.7. 

a ~ s s u m e s  d e n s i t y  of 500 kg/m3. 

b ~ s s u m e s  hea t ing  va lue  of 18,000 m i l l i o n  j o u l e s  per  me t r i c  ton. 



4.4 FOREST RESOURCE POTENTIALS 

The f o r e s t  r e s o u r c e s  i n  P e r u  a r e  immense a n d  w i l l  r e m a i n  s o  e v e n  

i f  e x p l o i t i v e  f o r e s t r y  shou ld  c o n t i n u e .  Although l o c a l  p l a n t i n g s  cou ld  be 

made i n  t h e  Costa  p r i m a r i l y  f o r  fuelwood and r u r a l  u s e ,  e f f o r t s  t o  expand 
* 

f o r e s t s  i n  t h i s  a r e a  show l i t t l e  promise .  C l i m a t i c  c o n d i t i o n s  a r e  u n s u i t -  

a b l e  e x c e p t  i n  a  s m a l l  a r e a . o f  t h e  extreme n o r t h ,  where f o r e s t  management 

s h o u l d  b e  i m p l e m e n t e d  t o  s u s t a i n  t h e  r e s o u r c e  b a s e .  P l a n t a t i o n  manage- 

ment shows promise i n  much of t h i s  r e g i o n .  

I n  t h e  S i e r r a ,  c o n s i d e r a b l e  o p p o r t u n i t y  e x i s t s  t o  expand  f o r e s t  

r e s o u r c e s .  C u r r e n t  e s t i m a t e s  p r e d i c t  t h a t  1 0  m i l l i o n  h e c t a r e s  c o u l d  b e  

f o r e s t e d  i n  t h i s  r e g i o n .  Recent t r i a l s  show t h a t  b o t h  Eucalyptus  and p i n e s  

w i l l  grow r a p i d l y  i n  t h i s  r e g i o n .  E s t a b l i s h i n g  such f o r e s t s  h e r e  seems u r g e n t  

w h i l e  t h e r e  s t i l l  is  l a n d  a v a i l a b l e ,  a n  a c u t e  need f o r  f o r e s t  p r o d u c t s ,  . a n d  

e x c e s s  l a b o r  t o  a c c o m p l i s h  t h e  . t a s k .  M o r e o v e r ,  r e f o r e s t a t i o n  w i l l  h e l p  

c o n t r o l  e r o s i o n .  

Expanding t h e  f o r e s t  r e s o u r c e  i n  t h e  S i e r r a  i n v o l v e s  c e r t a i n  p o l i c y  

q u e s t i o n s .  A c h o i c e  i n .  o b j e c t i v e s  must b e  e s t a b l i s h e d  between t a r g e t i n g  

p l a n t a t i o n s  o n l y  f o r  b i o f u e l  p r o d u c t i o n  a n d  d e v e l o p i n g  a  v i a b l e  f o r e s t  

p r o d u c t s  i n d u s t r y  w i t h  energy  o p p o r t u n i t i e s  e v o l v i n g  from wastage and non- 

m e r c h a n t a b l e  t r e e s .  . . 

' The e u c a l y p t u s ,  w h i c h  i s '  n a t i v e  t o  A u s t r a l i a ,  e m e r g e s  a s  a p r i m e  

c a n d i d a t e  f o r  f u e l  p r o d u c t i o n  and because  many of t h e s e  t r e e s  can reach  a  

s u i t a b l e  s i z e .  f o r  h a r v e s t i n g  w i t h i n  approx imate ly  seven  y e a r s .  Peru h a s  

o v e r  100,000 ha p l a n t e d  i n  e u c a l y p t u s .  Fur thermore,  some e u c a l y p t u s  s p e c i e s  

which r a n g e  from' approx imate ly  450 t o  o v e r  700 h a ,  depending upon t h e  s ~ u r c e , . ~  

cou ld  b e  grown on m a r g i n a l  l a n d  l i k e  d e s e r t s ,  swamps, e t c .  They a l s o  have t h e  

a b i l i t y  t o  s p r o u t  a g a i n  from t h e i r  stumps a £  ter h a r v e s t i n g ,  t h e r e b y  minimizing 

t h e  r e q u i r e m e n t s  f o r  e x t e n s i v e  l a n d  c l e a r i n g ,  c u l t i v a t i o n ,  and r e p l a n t i n g  

o p e r a t i o n s  a f t e r  each h a r v e s t  ( s e e  F i g u r e  4 .2 ) .  

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

-- Roundwood - Small  p o l e s  and l a r g e  p o l e s  f o r  t e l e p h o n e  and t ransmis-  
s i o n .  

-- Sawnwood - C o n s t r u c t i o n  t imber  and f l o o r i n g ,  r a i lway  , s l e e p e r s .  



Figure 4.2. Coppiced Stand of Eucalyptus (Photo Courtesy of 
R. Giescke, Member Peruvian Energy Assessment 
Team 

- Pulpwood - Hardboard, so f tboa rd ,  and paper.  

-- Plywood - Laminated wood products .  

- Charcoal - Home o r  r e s t a u r a n t  cooking. To b e  burned i n  b l a s t -  

furnaces ,  i n  charcoal- i ron i n d u s t r i e s .  

E u c a l y p t u s  i n  A u s t r a l i a ,  South  A f r i c a ,  and  o t h e r  c o u n t r i e s  are  known t o  

provide  o t h e r  v a l u a b l e  minor products ,  inc luding:  

-- Honey - A u s t r a l i a  expor t s  17,000 me t r i c  t ons  annual ly.  

- E s s e n t i a l  O i l s  -- Nearly a l l  s p e c i e s  of Eucalyptus have o i l  

producing glands i n  t h e i r  l e a v e s  which produce o i l s .  The main 

e s s e n t i a l  o i l s  and t h e i r  u ses  a r e :  

< a )  Cine01 - Used i n  pharmaceut icals ,  s t a i n  removers. 

(b)  Phel landrene - Used i n  t h e  i n d u s t r y  as a so lven t  and 

f l o t a t i o n  f o r  metals. 

( c )  Terpineol  - Used i n  perfumery. 



(d) Eudesmol - Used as a f i x a t i v e  f o r  perfumes. 

( e )  Piperione - Used a s  a raw mate r i a l  f o r  syn the t i c  

thymol and menthol. 

Eucalyptus trees could provide s u b s t a n t i a l  amounts of biomass i n  t h e  

C o s t a ,  S i e r r a ,  and Se lva  r e g i o n s  of Peru.  These trees are a n  i m p o r t a n t  

resource i n  f u t u r e  f o r e s t  development. 

The dependency of much of t h e  population on concrete and other  con- 

s t r u c t i o n  materials t h a t  r equ i re  more energy t o  produce and process than 

wood, and t h e  importat ion of woods (espec ia l ly  softwood pulp and mine timbers) 

suggest  t h a t  a v i a b l e  f o r e s t  indust ry  would serve  t h e  na t iona l  i n t e r e s t .  Such 

an indus t ry  would: (1) reduce imports, (2) s u b s t i t u t e  low energy mate r i a l s  f o r  

high energy a l t e r n a t i v e s ,  and ( 3 )  @aerate  b i o f u e l s  t o  m e e t  energy needs as a 

byproduct, o r  i n  c e r t a l n  cases  a s  a p r i n c i p l e  raw mater ia l .  Even i n  developed 

coun t r i e s ,  about 40% of theaharves ted  wood cannot be  used f o r  conventional 

f o r e s t  products and is diver ted  t o  other uses, e.g. energy production, o r  

d isposal .  Noncommercial trees a l s o  may be  used f o r  energy wood. 

Each hectare  of trees planted i n  the  S i e r r a  region w i l l  grow from 

10-20 m3/halyr during an 18-yr growth period. A t  t h i s  r a t e ,  90 t o  180 x 

l o 9  J of energy  a r e  f i x e d  i n  m e r c h a n t a b l e  wood (assuming 500 kg/m3 and 

18,000 mi l l ion  J/MT of wood). Half of t h i s  probably would be waste wood 

u s e f u l  f o r  energy  p r o d u c t i o n .  Should t h e  b iomass  i n  such noncommercial 

components be used, t h e  amount of energy obtained from wood could b e  in- 

creased from 15 t o  25%. 

The & l v a  p o s s e s s e s  abou t  8.7 m i l l i o n  h e c t a r e s  (Tab le  4.7) which 

needs r e f o r e s t a t i o n  following s h i f t i n g  agr icu l tu re .  P lan ta t ions  could be  

es tab l i shed  before  abandonment and r e s t o r e  t h e  biomass t o  a useful  crop. 

Currently only 2*7% of t h e  f o r e s t s  is  exploi ted ,  with only an average 

of  1 m3/ha h a r v e s t e d .  However, t h e  h a r v e s t  t a r g e t s  o n l y  c e r t a i n  p r i z e d  

spec ies  (Table 4.10). Removing only these  trees without d e l i b e r a t e  at tempts 

t o  regenera te  t h e  choice spec ies  w i l l  degrade t h e  f o r e s t  and its products. 

Proper management could maintain both t h e  high product iv i ty  and t h e  supply 

of use fu l  species .  



Amazonian f o r e s t s  grow from 10  t o  30 rn3/ha/y-r. . I f  '40 n i i l l i o n  h e c t a r e s  

were deemed a c c e s s i b l e  f o r  h a r v e s t s ,  t h e n  t h e  e q u i v a l e n t  of  2.7 t o  10.8 x 1018 

j o u l e s  o f  e n e r g y  would  b e  p r o d u c e d  a n n u a l l y  a s  c o m m e r c i a l  wood, w i t h o u t  

r educ ing  growing s t o c k .  Half of t h i s  would b e  m i l l  w a s t e  i f  p rocessed  f o r  

f o r e s t  p r o d u c t s ,  and a  s i m i l a r  q u a n t i t y  would be  p o t e n t i a l l y  a v a i l a b l e  a s  

noncommercial biomass a t  t h e  h a r v e s t i n g  s i t e .  Assuming .wise management, t h i s  

q u a n t i t y  c o u l d  b e  m a i n t a i n e d  o r  i n c r e a s e d .  ' A s  new t e c h n o l o g i e s  f o r  h a m e ' s t i n g  

and t r a n s p o r t i n g  a r e  deve loped ,  t h e  . a r e a  used f o r  b i o f u e l  p r o d u c t i o n  could  b e  

expanded. 

I n  summary, b i o f u e l  s u p p l i e s  from f o r e s t  r e s o u r c e s  appear  abundant  

even i f  much of  t h e  f o r e s t  biomass i s  c o n v e r t e d  t o  f o r e s t  p r o d u c t s  (which 

cou ld  a l s o  r e p l a c e  o t h e r  ene rgy  u s e s ) .  





5 RESOURCE DEVELOPMENT AND MANAGEMENT 

5.1 WVESTING 

H a r v e s t i n g  sys tems /arb a  p r imary  d e t e r m i n a n t  of s u c c e s s f u l  develop- 

ment of f o r e s t  r e s o u r c e s .  The b e s t  sys tems  t o  u s e  i n  Peru  w i l l  v a r y  due t o  

t h e  d i v e r s i t y  o f  t h e  f o r e s t s  a n d  t h e  t e r r a i n  s u p p o r t i n g  them.  However ,  

t h r e e  t y p i c a l  sys tems  now commonly employed a r e :  

( 1 )  Axe, hand- ro l l ed  w i t h  c a r t  hooks ,  and hand winch 
(most common) ; 

( 2 )  Chain saw, c a r t  hook, and winch; 

( 3 )  Chain saw and rubber  t i r e  a r t i c u l a t e d  s k i d d e r  
(company e x t r a c t o r s ) .  

I n  t h e  S i e r r a ,  h a r v e s t i n g  would  t a r g e t  p r i m a r i l y  p l a n t a t i o n s  o f  

e x o t i c  t r e e s  p l a n t e d  on d e f o r e s t e d  l a n d s  o r  l a n d s  n o t  i n  g r a s s  and' bush.  

These  forest,^ c o u l d  b e  h a r v e s t e d  and t h e  wood handled l a r g e l y  by hand because  

of r e l a t i v e l y  s m a l l  t r e e  s i z e s  and we l l -d ra ined  s o i l s .  ' However, power saws 

could  b e  used advan tageous ly  i n  l a r g e - s c a l e  h a r v e s t s .  Wood h a r v e s t i n g  f o r  

domest'i'c f u e l  u s e  cou ld  e a s i l y  b e  done manual ly  by employing s u r p l u s  l a b o r .  

However, when s i t i n g  a c c e s s  r o a d s  and s k i d - t r a i l s ,  t h i s  must b e  done w i t h  c a r e  

t o  p r e v e n t  s o i l  e r o s i o n  d u r i n g  t h e  wet p e r i o d s .  

F o r e s t  h a r v e s t i n g  i n  Peru  i s  r e g u l a t e d  by t h e  M i n i s t r y  of Agr icu l -  

t u r e .  The A g r i c u l t u r a l  V I I I  z o n e  o f f i c e  i n  I q u i t o s  m a n a g e s  a b o u t  2 , 0 0 0  

c o n t r a c t s  u s i n g  20 s t a f f  members, f i v e  of whom a r e  f o r e s t e r s  and t h e  re-  

mainder t e c h n i c i a n s .  The l e n g t h  of t h e  c u t t i n g  s e a s o n  t h e r e  i s  . s ix  t o  seven  

months. .  Al l -weather  l o g g i n g  is  n o t  p o s s i b l e ,  and w a t e r  t r a n s p o r t  i n  s m a l l  

c r e e k s  i s  u n r e l i a b l e .  R i v e r s  f l o o d  f i v e  t o  s i x  months each  y e a r . .  . 

The zone o f f i c e  s i g n s  c o n t r a c t s  w i t h  e x t r a c t o r s  f o r  t h e  h a r v e s t i n g  of 

s i x  s p e c i e s .  Because t h e r e  i s  l i t t l e  en forcement ,  e x t r a c t o r s  seldom f o l l o w  

t h e s e  c o n t r a c t s .  Thus, Cedro and Mahogany a r e  u s u a l l y  t h e  s p e c i e s  t a k e n ,  

and t h e  o t h e r s  a r e  l e f t .  S tand ing  w o o d ! u s u a l l y  is  s o l d  a s  f o l l o w s :  

Cedro and Mahogany: 500 Soles/m3 

Other  S p e c i e s :  50-70 ~ o l e s / n ~ .  



Twenty percent of the estimated pay scale is received in advance. by extrac- 

tors. The remainder is received after scaling the log rafts at the. river 
/ 

mill- site. 

Credit is a serious problem for extractors. A typical credit 

scheme is ,shown, below: 

Private Banks 

Credit 

I 
I 

I 

Habilitadores 
(Area contacts) I 

Selective Credit 
Program 

1 Sub-Habi,litad;re; ] 
(Sub-area contracts) 

, 

( ~ x t  ractor 1, Contract 
Holder 

I 

I Credit : 
i 

Workers u Natives - paid bybarter. . 

Mestizos - paid 
with cash. 



Although The Agrarian Bank could make c r e d i t  ava i l ab le ,  i t  doks no t ,  

mainly because e x t r a c t o r s  provide incomplete inven to r ies  . An absence of 

c r e d i t  r e t a r d s  Improvement of logging methods. 

I n  t h e  Selva, t h e  l a r g e  s i z e  of t h e  trees and t h e  need t o  f r e e  harvest- 

ing  from dependency on r i v e r  t r anspor t  systems suggests  t h e  use of mechanical 

harvest ing a ids .  This does not  preclude t h e  use of manual harvests .  

The u s e  of wood f o r  b i o f u e l s  d o e s  n o t  r e c o g n i z e  c u r r e n t  q u a l i t y  

cons t ra in t s .  A l l  species  can be  use fu l  -- not j u s t  those t h a t  w i l l  f l o a t  o r  

perform w e l l  i n  c u r r e n t ,  c o n v e n t i o n a l  u s e s  of f o r e s t  p r o d u c t s .  Greater 

in t roduct ion of mechanical f e l l i n g  devices -- skidders , loaders ,  and haulers  

-- would al low a l l  trees to  be removed and-permit  year-round operat ions i n  

many c a s e s .  Moreover, i n s e c t  and d i s e a s e  decay l o s s e s  would b e  reduced 

because timber would not  be l e f t  i n  the  f o r e s t  awaiting stream-rise. This 

way, trees s u i t a b l e  f o r  f o r e s t  p r o d u c t s  c o u l d  b e  s o r t e d  o u t  from t h o s e  

use fu l  only f o r  b iofuels .  

The development of e f f i c i e n t  harves t ing systems requ i res  t h e  proper 

s e l e c t i o n  of equipment along with t h e  use of o the r  harvest ing approaches and 

would take add i t iona l  study of s o i l s ,  seasonal  s i t e  condit ions,  l abor  avail- 

a b i l i t y ,  o the r  power systems, t h e  educational  l e v e l  and a t t i t u d e s  of workers, 

and support systems. The development of these  harvest ing systems would a f f e c t  

how f o r e s t  resources a r e  u t i l i z e d  i n  both f o r e s t  products i n d u s t r i e s  and 

energy production. 

5.2 REFORESTATION 

Currently,  t h e  f o r e s t r y  law i n  Peru requ i res  e x t r a c t o r s  t o  p lan t  two 

trees f o r  each m3 of trees extrac ted .  However, t h e r e  i s  l i t t l e  law enforce- 

ment, and t h e  e x t r a c t o r s  do not know where, when, and how t o  plant .  Further- 

more, t h e  Fores t ry  Department has  only one nursery f o r  the  e n t i r e  Loreto zone 

i n  t h e  Selva (50 mi l l ion  ha). To ensure t h e  f u t u r e  product iv i ty  of f o r e s t  

resources,  adequate r e f o r e s t a t i o n  is necessary. 

I n  t h e  Sierra, t r e e  p lant ing o r  a r t i f i c i a l  f o r e s t a t i o n  with Eucalyp- 

t u s  and/or Pinus seems t o  be t h e  only reasonable a l t e r n a t i v e .  Considerable 

a t t e n t i o n  must be  given t o  pre-planting s i te preparat ion.  Brush removal 

and t e r r a c e s  c o u l d  p o s s i b l y  b e  used t o  s t a b i l i z e  h i l l s i d e s .  A n u r s e r y  



Figure 5 . 1 .  Experimental Nursery Operation for the Production 
of Eucalyptus and Pinus radiata of the National 
Technical University of Cajanarca. 

Figure 5.2 .  Experimental Plantation of Eucalyptus .and Pinus radiata 
Operated by the National Technical University a t  
Ca j amar ca . 



support  system network would need t o  b e  e s t a b l i s h e d  c l o s e  t o  r e f o r e s t a t i o n  

a reas .  Worldwide, nu r se ry  product ion  techniques a r e  we l l  advanced. The 

technology i s  e a s i l y  t r a n s f e r a b l e  as shown i n  Fig. 5.1). 

Many nu r se ry  support  system t r i a l s  of d i f f e r e n t  s p e c i e s  have been 

conducted i n  Peru. From these ,  Eucalyptus g lobulus  and Pinus r a d i a t a  appear 

we l l  s u i t e d  t o  l o c a l  condi t ions .  However, a d d i t i o n a l  t e s t s  a r e  d e s i r a b l e  

t o  a s c e r t a i n  t h e  b e s t  s p e c i e s  f o r  t h e  v a r i e t y  of growth s i t e s  a v a i l a b l e  ( s ee  

Fig. 5.2). 

I n  g e n e r a l ,  euca lyptus  d i s p l a y s  growth supe r io r  t o  o t h e r  spec ies .  

Although t h i s  t r e e  w i l l  meet many domestic needs f o r  sawn timber and fuelwood, 

i t  does not  supply pulp used by Peruvian paper manufacturers.  Pinus r a d i a t a  

o r  P. ca r ibaea ,  oocarpa, p i n a s t a ,  e l d a r i c a ,  o r  o t h e r s  may prove use fu l  i n  

meeting softwood product ion goa ls .  Pinus r a d i a t a  performance t o  d a t e  sugges ts  

t h a t  i t  w i l l  grow q u i t e  w e l l  on many s i t e s  i n  t h e  S i e r r a .  

Another advantage t o  using Eucalyptus,  bes ides  i t s  rap id  growth, i s  

i t s  capac i ty  t o  coppice. P ines  do n o t  coppice. A disadvantage of eucalyptus 

u s e ,  however ,  i s  t h e  minimal  g r a s s e s  and s p e c i e s  g rowth  u n d e r n e a t h  t h e  

canopies  of t h e s e  t r e e s .  Because of t h e  need t o  provide fo rage  f o r  domestic 

animals,  p ines  o f t e n  may be  more d e s i r a b l e .  

For e i t h e r  spec i e s ,  s o i l s  and spec i e s  requirements  must b e  matched t o  

e n s u r e  t h a t  e a c h  h e c t a r e  p r o d u c e s  i t s  f u l l e s t  b iomass  p o t e n t i a l .  S o i l  

surveys and spec i e s  t e s t s  on each major s o i l  a s s o c i a t i o n  need completion 

be fo re  ex t ens ive  p l a n t i n g s  a r e  begun. Ch mica l ,  phys i ca l ,  and b i o l o g i c a l  t s o i l  p r o p e r t i e s  w i l l  determine t h e  success  of t h e  s p e c i e s  p lan ted .  

I n  t h e  Selva,  a number of r e f o r e s t a t i o n  o p p o r t u n i t i e s  a r e  a v a i l a b l e .  

A r t i f i c i a l  r e f o r e s t a t i o n  i n  a r e a s  abandoned a f t e r  s h i f t i n g  a g r i c u l t u r e  could 

immediately produce t r e e  growth. Although t h e  f e a s i b i l i t y  of t h i s  p r a c t i c e  

has been demonstrated, t h e  b e s t  s p e c i e s  t o  use  and management p r a c t i c e s  have 

no t  been f u l l y  i nves t iga t ed .  Although numerous s p e c i e s  t r i a l s  have been 

conducted i n  t h e  S i e r r a ,  few have been made i n  t h e  Selva. Ce r t a in  eucalyptus 

and p i n u s  s p e c i e s - a r e  p o t e n t i a l l y  s u i t e d  t o  t h e  Selva's we t t e r  condi t ions .  

I n  a d d i t i o n ,  o t h e r  e x o t i c  spec i e s  ( e  .g., Gmelina) and s e v e r a l  n a t i v e  spec i e s  

may prove u s e f u l  f o r  t h i s  purpose. 



I n  s p e c i f i c  sites i n  t h e  Selva, where a l l  commercially u s e f u l  t r e e s  

have been ha rves t ed ,  r e f o r e s t a t i o n  is u rgen t ly  needed. For example, t h e  

f o r e s t s  a long  t h e  r i v e r  nea r  I q u i t o s  are deple ted  of commercial s p e c i e s -  

However, due t o  changes i n  spec i e s  u t i l i z a t i o n  s i n c e  t h i s  area was f i r s t  

logged, Lupuna, a t r e e  prev ious ly  unused, i s  now a v a i l a b l e  i n  some p l a c e s  

and is  a p r i zed  s p e c i e  f o r  plywood. I n  most ca ses ,  t h e  d e s i r e d  spec i e s  w i l l  

n o t  r e e s t a b l i s h  under t h e  shade of t h e  remaining wor th less  t r e e s .  Develop- 

i n g  a demand f o r  wood b i o f u e l  products  would c r e a t e  a market f o r  t hese  c u l l  

t r e e s  and would supply t h e  necessary  impetus t o  r e f o r e s t  t hese  s i t e s .  

One method which shows promise is used a t  the p r e l i r u l ~ ~ t l ~ y  t r i a l  on 

t h e  Von Humboldt ~ h t i o n a l  Fores t .  It involves  s t r i p  removal of a l l  trees, 

p l a n t i n g  with choice  n a t i v e  spec i e s ,  tllltl c leaning  f o r  two years .  The c leaning  

o p e r a t i o n s  (mechanical o r  chemical) a r e  necessary  t o  a l low t h e  crowns of 

p l an ted  trees t o  grow above t h e  competing vege ta t ion .  Another a l t e r n a t i v e  may 

invo lve  c u t t i n g  a l l  r e s i d u a l  t r e e s  and using them f o r  b i o f u e l s .  This  would be 

followed by s i t e  p repa ra t ion  by s c a r i f i c a t i o n ,  and then establ ishment  of 

p l a n t a t i o n s .  Mechanical p repa ra t ion  must b e  done c a r e f u l l y  t o  prevent s i t e  

q u a l i t y  d e t e r i o r a t i o n  from t o p s o i l  removal and from t h e  l o s s  of n u t r i e n t s  

s t o r e d  i n  t r e e  f o l i a g e  and twigs remaining from ha rves t .  

Natura l  regenera t ion  using s tandard  s i l v i c u l t u r e  systems, such a s  

s e l e c t i o n  c u t t i n g ,  shel terwood,  and s t r i p  c u t t i n g ,  may prove u s e f u l ,  bu t  

t h e s e  need ex tens ive  i n v e s t i g a t i o n  be fo re  one o r  more systems a r e  s e l e c t e d .  

However, a wise choice ,  i f  p roper ly  implemented, could ensure t h e  sus t a ined  

p r o d u c t i v i t y  of  t h e s e  f o r e s t  l a n d s  and t h e  u t i l i z a t i o n  of  t h e i r  immense 

growth c a p a c i t i e s .  A s e r i o u s  r e s t r a i n t  i s  t he  worldwide l a c k  of knowledge 

about  s i l v i c u l t u r e  systems s u i t a b l e  f o r  t h e  t r o p i c s .  

5.3 TRAINING 

Ach iev ing  t h e  o b j e c t i v e s  o u t l i n e d  above  w i l l  r e q u i r e  p r e p a r a t i o n  

-- t h r o u g h  e d u c a t i o n  and  t r a i n i n g  -- a b o u t  f o r e s t  r e s o u r c e  development  

a c t i v i t i e s  of a l a r g e  s u p p l y  of  p r o f e s s i o n a l s  and  p a r a - p r o f e s s i o n a l s .  
f - a  

Unlike f o s s i l  f u e l s ,  f o r e s t  s u p p l i e s  should never run out  i f  f o r e s t s  a r e  

managed properly.  



By expanding use  of wood a s  a p r i n c i p l e  bu i ld ing  m a t e r i a l  i n  Peru, 

t h e  h o u s i n g  i n d u s t r y  w i l l  b e  l e s s  d e p e n d e n t  on f o s s i l  ene rgy .  However, 

t h i s  no t ion  must b e  introduced i n t o  Peruvian c u l t u r e .  H i s t o r i c a l l y ,  t h e  

popula t ion  has  used c l a y s  f o r  adobe; t h e  use of conc re t e  and masonry was 

e a s i l y  a c c e p t e d  b e c a u s e  of t h e i r  s i m i l a r i t y  t o  adobe .  However, i n  t h e  

housing i n d u s t r y ,  woodworking i s  n o t  a s  well-developed. Publ ic  educat ion 

a b o u t  t h e  v a l u e  of  u s i n g  wood i s  needed  and woodworking s k i l l s  mus t  b e  

taught  t o  encourage t h e  use  of wood. Thus, Peru could t ake  advantage of one 

of i t s  most abundant r e sou rces ,  reduce i t s  need f o r  energy-intensive ma- 

t e r i a l s ,  and a i d  t h e  development of a  v i a b l e  f o r e s t  i ndus t ry .  

For a  h i g h l y  p ro fe s s iona l  nucleus of f o r e s t  managers, s e v e r a l  d i s c i -  

p l i n e s  need  t o  b e  i n t r o d u c e d .  S i l v i c u l t u r i s t s  w i t h  c o m p e t e n c i e s  i n  t h e  

a r e a  of s p e c i e s  ecology, s o i l s  and n u t r i t i o n ,  g e n e t i c  s e l e c t i o n  and breed- 

i n g ,  and nursery  management. P ro t ec t ion  s p e c i a l i s t s  a l s o  a r e  important t o  

keep p e s t s  under s u r v e i l l a n c e ,  t o  promote f i r e  a s  a  management t o o l  and t o  - - 

prevent w i l d f i r e s .  

U t i l i z a t i o n  s p e c i a l i s t s  a r e  needed  t o  expand t h e  u s e  of t h e  many 

under -u t i l i zed  spec i e s .  They need t o  develop q u a l i t y  grades  and s tandards  

t o  p r o t e c t  consumers from i n f e r i o r  products  and t o  develop means of season- 

i n g  and p r o c e s s i n g  woods t o  meet  t h e s e  s t a n d a r d s .  T e s t i n g  of woods, t o  

ensure  t h e i r  proper  performance, a l s o  is e s s e n t i a l .  

Fo res t  engineers  a r e  needed t o  develop ha rves t ing  and o the r  f o r e s t  

ope ra t ions  t h a t  a r e  most economical, y e t  environmental ly  acceptab le .  These 

s t u d i e s  should b e  complemented wi th  a cons ide ra t ion  of t h e  a t t i t u d e s  and 

a p t i t u d e s  of t h e  f o r e s t  l abo r  pool. 

For development of t h e  Selva's f o r e s t  r e sou rces ,  f o r e s t  e c o l o g i s t s  

who a r e  keenly s e n s i t i v e  t o  t h e  problems unique t o  t h i s  r eg ion  a r e  urgent ly  

needed. It appears  t h a t  most f o r e s t r y  p r o f e s s i o n a l s  i n  Peru a r e  educated i n  

t h e  Costa and have l i m i t e d  t r o p i c a l  f  o r e i t r y  experience.  Typical  ecosystems 

(e.g., i n  t h e  Selva)  a r e  very  product ive  bu t  a l s o  very  f r a g i l e  and s e n s i t i v e .  

5.4 ENVIRONMENTAL FACTORS 

The ma jo r  e n v i r o n m e n t a l  f a c t o r s  a s s o c i a t e d  w i t h  l a n d  u s e  i n  Pe ru  

a r e  s o i l  and water .  In t ima te ly  t i e d  t o  t h e s e  a r e  n u t r i e n t s .  Fores t  cover 



mediates t h e  e f f e c t s  of c l ima t i c  events ,  so t h a t  f o r e s t  removal o r  es tabl i sh-  

ment can sharply  change ambient conditons and a f f e c t  water behavior and s o i l  

p roper t i e s .  

Lands a f fec ted  mainly by grazing (e.g., t h e  S ie r ra )  receive in tense  

s o l a r  r a d i a t i o n ,  causing the  su r face  s o i l  temperatures t o  b e  high and n u t r i e n t  

minera l i za t ion  t o  be rapid .  Over-grazing can reduce t h e  i n f i l t r a t i o n  r a t e  of 

water  and r e s u l t  i n  water  runoff .  Es tabl ish ing a f o r e s t  canopy w i l l  reduce 

s o i l  temperature and r e s t o r e  d e s i r a b l e  hydrologic funct ions  which involve 

i n f i l t r a t i o n  and percola t ion .  Moreover, raindrop energy is  lessened and 

eros ion reduced. When f u l l y  stocked with t r e e s ,  t o r e s t s  w i l l  probably ullllargo 

increased evapotranspi ra t ion .  This i n  t u r n  w i l l  increase  the  s o i l  water 

s to rage  and the l e v e l  of t h e  storm hydrograph i n  streams associa ted  with t h e  

watershed. Stream water l e v e l s  can be regulated by con t ro l l ing  the  proportion 

of t h e  lands  which have- been harvested,  r ecen t ly  generated,  o r  f u l l y  stocked. 

Excessive eros ion proceeds only when there i s  no crop canopy. Thus, 

management schemes must be  devised t o  minimize eros ion and must be  properly 

phased with appropr ia te  c l i m a t i c  events.  Fores ts  a r e  n u t r i e n t  conservers 

because they f i l t e r  atmospheric deposi t ions  and s t o r e  n u t r i e n t s  i n  t h e i r  

biomass. Because only t h e  woody component i s  used ia  b io fue l  producLloa, 

p r o p e r  management of t h e  l o g g i n g  s l a s h  i s  e s s e n t i a l  t o  p r e v e n t  n u t r i e n t  

l o s s e s .  For example, excess ively  hot  f i r e s  i n  the  dry  season could have 

s e r i o u s  e f f e c t s  on s o i l  condi t ions  and r e s u l t  i n  l o s s e s  of nuLrlrl~Le, and 

water. 

Roads and s k i d - t r a i l s  used i n  h a r v e s t  must b e  p r o p e r l y  s i t e d  and 

constructed t o  minimize erosion.  Contour roads could serve  a s  t e r r a c e s  by 

increas ing water i n £  i l t r a t i o n .  

I n  t h e  Selva,  a  d i f f e r e n t  s e t  of problems is present ,  although these 

problems i n v o l v e  t h e  same key f a c t o r s .  Humid, t r o p i c a l  f o r e s t s  d i f f e r  

from temperate f o r e s t  ecosystems i n  t h a t  most of t h e  n u t r i e n t s  a r e  contained 

i n  the b i o l o g i c a l  ma te r i a l .  This phenomenon has been exploi ted  f o r  genera- 

t i o n s  i n  these regions  by t h e  pracLlcr  u1 s h i f t i n g  a g r i c u l t u r e  -- f e l l i n g  nf 

trees and b u r n i n g  t h e  v e g e t a t i o n  t o  r e l e a s e  t h e  n u t r i e n t s  s o  t h a t  c r o p  

production i s  poss ib le .  Figure 5.3 shows s h i f t i n g  a g r i c u l t u r a l  p r a c t i c e s  i n  

t h e  Se lva .  A f t e r  a  few c r o p  y e a r s ,  t h e  a r e a  i s  a l lowed  t o  grow back t o  

n a t i v e  



Fig. 5.3. Shif t ing  Agricul tura l  P rac t i ces  i n  the  
Selva (Forepart of c l ea r ing  contains 
drying t r e e s ,  back p a r t  of c l ea r ing  
has been burned. ) 

vegeta t ion before  repeating t h e  process. Erosion is  a problem only when 

t h e  s o i l  i s  bare. Wise p r a c t i t i o n e r s  of t h i s  form of a g r i c u l t u r e  keep bare  

s o i l  i n t e r v a l s  t o  a minimum. Where such p r a c t i c e s  have not been followed, 

s o i l  erosion ( a s  much a s  150 t /ha /y r )  has been severe. Losses of 2-3 cm of 

topso i l  can cause y ie ld  reductions of 50%. 

Forest removal and cropping r e s u l t  i n :  

(1) reduced i n f i l t r a t i o n ,  

(2 )  accelerated decomposition of organic mat ter ,  

(3) increased bulk densi ty ,  

(4)  increased s o i l  n u t r i e n t s  (temporary) , and 

(5) increased surface  water flow. 



A f t e r  crop y i e l d s  d e c l i n e ,  f o r e s t  regrowth i s  permi t ted ,  and these  

t r e n d s  a r e  reversed and t h e  s o i l  i s  ameliorated.  Allowing f o r e s t  regrowth 

a l s o  p reven t s  p e s t  popula t ions  t h a t  develop on monocultures from reaching 

s e r i o u s  l e v e l s .  

S i t e  p repa ra t ion  can be  a s soc i a t ed  wi th  s e r i o u s  problems, as shown 

i n  F i g .  5 .4) .  I n  a r e a s  t o o  w e t  f o r  b u r n i n g ,  b u l l d o z i n g  c a n  r e d u c e  s o i l  

p r o d u c t i v i t y  -- by compaction, t o p s o i l  removal, and removal of n u t r i e n t s  

contained i n  t h e  s l a s h  from f e l l e d  t r e e s .  I n f i l t r a t i o n  is reduced drama- 

t i c a l l y  by a c c e l e r a t i o n  of mechanical d i s tu rbance  and eros ion .  Where possi-  

b l e ,  t h e  f e l l e d  m a t e r i a l  should b e  viewed a s  a mulch f o r  the  new f o r e s t .  I n  

s e a s o n a l l y  dry  a r e a s ,  proper  timing of f e l l i n g ,  burning,  and p i l i n g  of d e b r i s  

can b e  done mechanical ly  without  s e r i o u s  adverse a f f e c t s  . S o i l  moisture 

con ten t s  during t h e  period of a c t i v i t y  should b e  chosen when puddling and 

compaction a r e  n o t  problems. 

The o b j e c t  of any r e f o r e s t a t i o n  scheme should b e  twofold: (1)  t o  g e t  

t h e  new f o r e s t  r e e s t a b l i s h e d  a s  quick ly  a s  p o s s i b l e ,  and ( 2 )  t o  keep t h e  

pe r iod  of exposed s o i l  a s  s h o r t  a s  poss ib l e .  In  t h i s  way, environmental 

problems w i l l  b e  prevented and f o r e s t  growth ensured. Comprehensive reviews 

of cropping systems i n  t h e  t r o p i c s  i n d i c a t e  t h a t  growing t r e e s  (e.g. ,  f o r e s t ,  

n u t ,  o r  rubber)  seems t o  b e  a f e a s i b l e  a l t e r n a t i v e  f o r  these  l ands ,  providing 

t h a t  process ing  f a c i l i t i e s  f o r  t h e  c rops  are nearby. 

F igure  5.4. Mechanically Harvested s i b 5  'fii .t% 
Selva Tropica l  Fores t  



Woody w a s t e  i s  now burned o r  dumped i n  t h e  c o u n t r y s i d e  o r  r i v e r s .  

Air and w a t e r  p o l l u t i o n  may r e s u l t  from t h e s e  o p e r a t i o n s .  C r e a t i n g  a  u s e  

f o r  t h e s e  m a t e r i a l s  c o u l d  go ' f a r  i n  a l l e v i a t i n g  problems a s s o c i a t e d  w i t h  

t h i s  d i s p o s a l  p rocedure .  

5 . 5  INTEGRATED UTILIZATION 

Developing f o r e s t  b i o f u e l  c ropp ing  sys tems t h a t  a r e  compat ib le  w i t h  

o t h e r  needs  of  t h e  p e o p l e  can  have p o s i t i v e  b e n e f i t s  t o  t h e  development of 

t h i s  ene rgy  r e s o u r c e .  Thus, p u b l i c  a c c e p t a n c e  i s  e s s e n t i a l .  

F i r s t l y ,  t h e  v i r t u e s  of a  r enewable  energy  s u p p l y  must  b e  advoca ted .  

S e c o n d l y ,  c h o o s i n g  f o r e s t  c r o p p i n g  t h a t  i s  c o m p a t i b l e  w i t h  o t h e r  human 

needs  must b e  i n v e s t i g a t e d .  . F o r  example,  p u b l i c  a c c e p t a n c e  would b e  h i g h  i n  

t h e  S i e r r a  i f  t h e  use  of  f o r e s t s  f o r  f u e l  could  be i n t e r f a c e d  w i t h  g r a z i n g  

o p p o r t u n i t i e s  on t h e  l a n d .  Where t h i s  i s  d e s i r a b l e ,  p i n e s  p robab ly  w i l l  b e  

t h e  chosen s p e c i e s . . .  Moreover, t h e s e  f o r e s t s  must b e  managed t o  e n s u r e  t h e  

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

S i e r r a .  

I n  t h e  S e l v a ,  f o r e s t  p r o d u c t i o n ,  i n  many c a s e s ,  must b e  i n t e g r a t e d  

i n t o  a  n u l t i c r o p p i n g  scheme. A d i v e r s e  f l o r a  w i l l  r educe  p e s t s  and a l s o  

produce a  v a r i e t y  of o t h e r  commodities.  R o t a t i o n  w i t h  annua l  c r o p s , - g r a z i n g  

c r o p s ,  and p e r i o d i c  r e f o r e s t a t i o n  cou ld  prove economica l ly  and environment- 

a l l y  a c c e p t a b l e .  

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

shou ld  b e  done u s i n g  s i m i l a r  p r i n c i p l e s .  Clear-cut  h a r v e s t  a r e a s  shou ld  b e  

s i z e d  t o  p r e v e n t  e x c e s s i v e  w a t e r  l o s s  and e r o s i o n .  Where s t r i p  c u t t i n g  i s  

employed, c l e a r i n g  by e n v i r o n m e n t a l l y  a c c e p t a b l e  chemica l s  may p rove  u s e f u l  

i f  manual l a b o r  i s  n o t  a v a i l a b l e .  Where s e l e c t i o n  c u t t i n g  i s  used (e.g. ,  

r e m o v i n g  c e r t a i n  l a r g e  t r e e s  f o r  t i m b e r  p r o d u c t s  a n d  c u l l l i n g  t r e e s  f o r  

e n e r g y ) ,  a n  ample number of young t r e e s  of d e s i r a b l e  s p e c i e s  must b e  l e f t  

and p r o t e c t e d .  , ,It i s  a l s o  recogn ized  t h a t  . c e r t a i n  f o r e s t s  canno t  b e  harves-  

t e d  . f o r  any purpose  because  of o v e r l y  s t e e p  t e r r a i n ,  e r o s i v e  s o i l  o r  r e n o t e  

l o c a t i o n  of m i l l s .  

/ 



. Knowledge of s o i l ,  s i t e ,  and spec i e s  requirements  and of t h e  in t e rac -  

t i o n s  of management p r a c t i c e s  w i t h  t h e s e  and c l i m a t i c  e v e n t s  can  e n s u r e  

product ive  use  of t h e  land without adverse  environmental problems. 



6 MARKET CONSIDERATIONS 

6 1 IMPORTATION 

I m p o r t a t i o n  of a g r i c u l t u r a l  and f o r e s t r y  commodities i n t o  Peru s i g -  

n i f i c a n t l y  a f f e c t s  t h e  c o u n t r y ' s  development o f  biomass r e s o u r c e s  f o r  energy  

p r o d u c t i o n .  For example,  i n  1975 over  90% of t h e  i n t e r n a l  demand f o r  o a t s ,  

35% of t h e  i n t e r n a l  demand f o r  c o r n ,  85% of t h e  i n t e r n a l  demand f o r  wheat ,  and 

95% of t h e  i n t e r n a l  demand f o r  soybeans  was s a t i s f i e d  by imports.17 I n  1975,  

a d e f i c i t  i n  a g r i c u l t u r a l  t r a d e  of $12 m i l l i o n  occur red .  I n  1976 t h e  d e f i c i r  

i n c r e a s e d  t o  $33 m i l l i o n  due t o  a drop i n  world s u g a r  p r i c e s .  I n  1972,  62,288 

m3 of wood was impor ted ,  of which 87% was' s o £  t ,  c o n i f e r o u s  wood.18 Because 

Peru's  f o r e s t  r e s o u r c e s  a r e  main1,y hardwood, con t inued  i m p o r t a t i o n  of so£  twood 

can b e  expec ted  i n  t h e  f u t u r e .  

U n t i l  s i g n i f i c a n t  i n c r e a s 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 c c u r ,  

e s p e c i a l l y  i n  c e r e a l  c r o p  p r o d u c t i o n ,  governmental  r e s o u r c e  development can  

b e  expec ted  t o  emphasize food p roduc t ion .  Th is  p o s i t i o n  i s  e n t i r e l y  

j u s t i f i e d .  I n  1976, t h e  t o t a l  a g r i c u l t u r e  p r o d u c t i o n  index was 103  (1961- 

1 9 6 5  p r o d u c t i o n  e q u a l l e d  1 0 0 ) ;  t h e  1 9 7 6  t o t a l  f o o d  p r o d u c t i o n  i n d e x  was 

119.19 T h i s  g i v e s  a n  average  annua l  i n c r e a s e  i n  t o t a l  a g r i c u l t u r a l  pro- 

d u c t i o n  i n d e x e s  f o r  y e a r s  b e t w e e n  1 9 6 5  and 1 9 7 6  o f  o n l y  0 . 3 % ;  w h e r e a s ,  

t h a t  f o r  t h e  food p roduc t ion  i n d e x e s  was 1.6%. 

On a p e r - c a p i t a  b a s i s ,  t h e  s i t u a t i o n  i s  l e s s  encourag ing .  The 1976 

p e r - c a p i t a  index  f o r  t o t a l  a g r i c u l t u r a l  p roduc t ion  was down t o  70, and t h a t  

f o r  t o t a l  food p r o d u c t i o n  dropped t o '  81.  For t h e  y e a r s  between 1965 and 

1976,  t h i s  amounted t o  an  average  annua l  d e c r e a s e  of 3.2% i n  t h e  p e r - c a p i t a  

a g r i c u l ' t u r a l  p roduc t ion  i n d e x e s  and a d e c r e a s e  of 1.9% i n  t h e  p e r - c a p i t a  

food p roduc t ion  indexes .  The s i t u a t i o n  over  t h e  p a s t  few y e a r s  h a s  begun 

t o  s t a b i l i z e ,  and t h e  t o t a l  food p roduc t ion  i n d e x e s  have begun t o  i n c r e a s e  

a t  a r a t e  o f  3-4% p e r  y e a r ,  r o u g h l y  t h e  same as t h e  p o p u l a t i o n  g r o w t h ;  

a s  a c o n s e q u e n c e ,  t h e  p e r - c a p i t a  f o o d  p r o d u c t i o n  i n d e x  h a s  r e m a i n e d  a t  

81  f n r  s e v e r a l  y c a r s  . Ilowever , o v e r a l l  a g r i c u l t u r a l  p r o d u c t  i o n  has n o t  

i n c r e a s e d  as r a p i d l y ,  t h e r e b y  r e s u l t i n g  i n  lower p e r - c a p i t a  i n d e x e s .  

Development of biomass energy  r e s o u r c e s  must b e  i n c o r p o r a t e d  i n t o  t h e  

o v e r a l l  development of food and a g r i c u l t u r e  i n  Peru.  Some b a s i c  s t r a t e g i e s  . 

f o r  Peruv ian  a g r i c u l t u r a l  development were i d e n t i f i e d  i n  a 1971 s t u d y  



u n d e r t a k e n  j o i n t l y  b y  t h e  P e r u v i a n  M i n i s t r y  o f  A g r i c u l t u r e  a n d  t h e  U.S. 

Agency f o r  I n t e r n a t i o n a l  ' ~ e v e l o ~ m e n t  . l0 ' T h e s e  a p p r o a c h e s  a n d  new o n e s  

t h a t  h a v e  s i n c e  b e e n  i d e n t i f i e d  n e e d  t o  b e  r e l a t e d  t o  p l a n s  f o r  o v e r a l l  

n a t i o n a l  energy  development ,  and p a r t i c u l a r l y  t o  b i o f u e l  r e s o u r c e s  develop- 

ment. 

Pe ru  i s  a  n e t  i m p o r t e r  of f o r e s t  p r o d u c t s .  On t h e  a v e r a g e ,  280% more 

f o r e s t  p;oducts were imported t h a n  were expor ted  i n  t h e  y e a r s  1968 and 1974 

( s e e  T a b l e  4.14).  Much of t h i s  is  a  r e s u l t  of a  s c a r c i t y  of s o f t  wood i n  

t h e  P e r u v i a n  f o r e s t s .  However, i m p o r t a t  ion  of p rocessed  m a t e r i a l s  i n d i c a t e s  

t h a t  t h e  f o r e s t  i n d u s t r i e s  s e c t o r  s h o u l d  expand  p r o d u c t i o n  f o r  i n t e r n a l  

marke t s .  im he import  s i t u a t i o n  p o i n t s  o u t  t h a t  i n c r e a s e d  at t e n  t i o n  should b e  

g i v e n  t o  development of s o f t  wood r e s o u r c e s  and t o  expans ion  of wood process-  

i n g  c a p a b i l i t i e s .  

6 . 2  MARKET DEVELOPmNT - INTERNAL 

The housing i n d u s t r y  i n  Peru h a s  p r i n c i p a l l y  used adobe-type m a t e r i a l s ,  

la ter  r e p l a c i n g  t h o s e  w i t h  s t e e l - r e i n f o r c e d  c o n c r e t e .  E a r l y  s e t t l e m e n t s  

were e s t a b l i s h e d  i n  a r e a s  w i t h o u t  f o r e s t s  such a s  t h e  Costa  o r  t h e  S i e r r a  

v a l l e y s .  I n  t h e  S e l v a ,  which was s p a r s e l y  p o p u l a t e d ,  palm t h ~ t c h  was used 

f o r  hous ing .  Thus, t h e  use  of wo.od p r o d u c t s  f o r  housing never  became an  

i n t e g r a l  p a r t  of Peruv ian  c u l t u r e .  

A s  a  r e s u l t ,  energy  i n t e n s i v e  m a t e r i a l s ,  such  a s  cement and s t e e l ,  

a r e  now used f o r  housing.  Cons iderab le  energy  could  b e  conserved i f .  t h e  

n a t i o n ' s  v a s t  wood r e s o u r c e s  were used f o r  home b u i l d i n g  and o t h e r  cons t ruc -  

t i o n  p r o j e c t s .  The development of marke t s  f o r  wood is  n e c e s s a r y  and could  

be  done by deve lop ing  domes t ic  u s e s .  New wood p r o d u c t s  cou ld  i n c r e a s e  t h e  

u t i l i z a t i o n  of wood i n  t h e  manufac tu re  of i n o r g a n i c  bound wood-cement boards .  

These b o a r d s ,  which a r e  t e r m i t e - ,  weather-  and f i r e - r e s i s t a n t ,  cou ld  b e  used 

i n  wood framed houses .  Wood wasre i n  tlie manufacture  nf lnorgi ln ic  bound 

wood-cement boards  could  b e  conver ted  t o  biomass f u e l s  and used i n  t h e  cement 

p l a n t  t o  reduce  pet roleum-der ived f u e l  consumption.  

6 . 3  MARKET DEVELOPMENT - EXTERNAL 

W i t h  t h e  second l a r g e s t  f o r e s t r y  r e s o u r c e s  i n  South America, Peru can 

h e  a  s i g n i f i c a n t  world  e x p o r t e r  of f o r e s t  p r o d u c t s .  C u r r e n t l y ,  Peru e x p o r t s  

plywood p a n e l s  and v e n e e r s  t o  North Arnerican and European m a r k e t ~ . ~ O  However, 

based  on t r e n d s  i n  o t h e r  p a r t s  of South America and i n  t h e  world a s  a  whole, 



t h e  market f o r  plywood may d e c l i n e  i n  t h e  1980s.  To p r o t e c t  ... and expand i t s  

c u r r e n t  s h a r e  of t h e  world marke t ,  Peru shou ld  v i g o r o u s l y  deve lop  and expand 

i t s  i n t e r n a l  wood-processing c a p a b i l i t i e s .  The manufac tu r ing  of i n o r g a n i c  

bound wood-cement b o a r d s ,  ment'ioned above,  could  c r e a t e  new e x t e r n a l  marke t s  

and cou ld  b e  expor ted  t o  ne ighbor ing  c o u n t r i e s  (e.g. ,  B o l i v i a ,  B r a z i l  and 

C h i l e ) .  Thus, e x p a n s i o n  of Peruv ian  f o r e s t  p roduc t  i n d u s t r i e s  i s  e s s e n t i a l  

f o r  bo th  i n t e r n a l  and e x t e r n a l  na rke t .deve lopment .  

6.4 MANPOWER 

Wood i n  Peru i s  abundant ,  and t h e  energy used i n  producing wood i s  

low r e l a t i v e  t o  a l t e r n a t i v e s ;  t h u s ,  t h i s  avenue needs  t o  b e  advocated and 

t h e  s k i l l s  f o r  working wood need t o  b e  developed among t h e  peop le .  Wood, 

u n l i k e  f o s s i l  f u e l s ,  is r e n e w a b l e  , and ,  i f  managed p r o p e r l y  c o u l d  b e  a n  

i n e x h a u s t i b l e  r e s o u r c e .  

F o r e s t r y  a c t i v i t y  and wood working ( i . e . ,  saw m i l l s ,  plywood p l a n t s ,  

e t c . )  c o u l d . b e  l a b o r - i n t e n s i v e  o p e r a t i o n s  p r o v i d i n g  employment o p p o r t u n i t i e s ) .  

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

base .  I n c r e a s i n g  employment o p p o r t u n i t i e s  h e r e  cou ld  h e l p  t o  s t e m  t h e  movement 

of workers  ' towards u rban  a r e a s .  However, hous ing ,  s c h o o l s ,  and medical  c a r e  

shou ld  a l s o  b e  developed.  c o n c u r r e n t l y  w i t h  t h i s  i n d u s t r i a l  b a s e .  The e x t e n t  

of t h e  impact of f o r e s t  p r o d u c t s  i n d u s t r y  expansion on n a t i o n a l  unemployment 

w i l l  depend on t h e  degree  t o  which b o t h  t h e  i n t e r n a l  and e x t e r n a l  marke t s  f o r  

f o r e s t  p roduc t s  a r e  developed.  

Coord ina t ion  between f o r e s t r y  o p e r a t i o n s  e ,  h a r v e s t i n g ,  f o r e s t  

p r o d u c t s  manufac tu r ing)  and a g r i c u l t u r a l  o p e r a t i o n s  cou ld  improve u t i l i z a t i o n  

o f  manpower t o  a v o i d  c r i t i c a l  s h o r t a g e s  o r  o v e r - s u p p l i e s  d u r i n g  t h e  w e t  

and d r y  seasons .  F o r e s t  o p e r a t i o n s ,  i f  w e l l  managed, cou ld  p r o v i d e  year-  

r o u n d  employment ,  c a s h  c r o p s ,  a n d  a  l i v e l i h o o d  f o r  members o f  t h e  l o c a l  

p o p u l a t i o n .  This  would l e s s e n  t h e  movement of t h e s e  workers  from t h e  coun t ry  

t o  h e a v i l y  popula ted  a r e a s  l i k e  ~ i m a . ~  

P r e s e n t l y ,  f o r e s t r y  p r o f e s s i o n a l s  a r e  educa ted  wi thou t  much e x p e r i e n c e  

i n  t h e  humid t r o p i c s ,  which i s  where t h e  m a j o r i t y  o f  Peruv ian  f o r e s t  r e s o u r c e  

and growth p o t e n t i a l  o c c u r s .  Most r e s o u r c e  p r o f e s s i o n a l s  a r e  educa ted  i n  t h e  

Costa wi thou t  e x t e n s i v e  exposure  t o  t h e  p r o d u c t i v e  f o r e s t  r e g i o n  of Peru.  

More c o n t a c t  between f i e l d  and u n i v e r s i t y  p e r s o n n e l  can enhance f o r e s t  manage- 

ment approaches .  . . 



An absence of e l e c t r i c i t y  i n  most i s o l a t e d  r u r a l  v i l l a g e s  a l s o  aggra- 

v a t e s  t h e  p o p u l a t i o n  d r i f t .  It i s  v i r t u a l l y  i m p o s s i b l e  t o  d e v e l o p  saw 

m i l l s ,  c a r p e n t r y  shops ,  and maintenance shops  w i t h o u t  e l e c t r i c a l  s u p p l i e s .  

D i f f i c u l t i e s  i n  p r o v i d i n g  minimum e d u c a t i o n  f a c i l i t i e s  f o r  grown-ups  i s  

a n o t h e r  consequence of t h e  l a c k  of e l e c t r i c i t y . 2 1  Biomass-derived 'petroleum 

s u b s t i t u t e s  c o u l d .  economica l ly  and p r o f i t a b l y  g e n e r a t e  t h e  r e q u i r e d  e l e c -  

t r i c i t y  a n d ,  a t  t h e  same t i m e ,  i m p r o v e  t h e  s o c i o - e c o n o m i c a l  s y s t e m s  i n  

t h e .  r u r a i  a r e a s .  Means t o  u s e  f o r e s t  o r  a g r i c u l t u r a l  w a s t e  t o  p r o d u c e  

b i o f u e l s  wi thou t  damaging t h e  environment ,  f o r e s t r y ,  o r  a g r i c u l t u r a l  sys tems 

s h d u l d  b e  a v a i l a b l e .  

6.5 ENERGY POLlCY AND PRICING 

C u r r c n t  governmental  p r i c i n g  and r e g u l a t o r y  p o l i c i e s  a r e  o f t e n . c o u n t e r -  

p r o d u c t i v e  f o r  expanding b i o f u e l  u t i l i z a t i o n .  The primary s u b s t i t u t e  f o r  

f i r ewood  o r  dung i s  k e r o s e n e ,  which is h e a v i l y  s u b s i d i z e d .  The r e t a i l  p r i c e  

of k e r o s e n e  r a n g e s  from 1 7 S / g a l .  i n  Lima t o  1 6 S l g a l l o n  i n  Tarapoto .  Th is  i s  

about  9 d / g a l .  a t  a n  exchange r a t e  of 180S/$. The world market p r i c e  

i s  approx imate ly  30Clgal .  

To a  l e s s e r  e x t e n t ,  a  s i m i l a r  s i t u a t i o n  f o r  d i e s e l  e x i s t s .  The p r i c e  

of d i e s e l  i n  Tarapoto  is  32S/gal .  o r  abou t  1 8 # / g a l .  i n  ~ l e c t r o ~ e r u . ~ ~  

Such  s u b s i d i e s  may b e  j u s t i f i a b l e .  However ,  t h e  k e r o s e n e  s u b s i d y  seems  

p o l i t i c a l l y  mot iva ted .  The impact  of such p r i c i n g  p o l i c i e s  create a s i t u -  

a t i o n  w h e r e  f i r e w v o d  p u r c h a s e d  f o r  c o o k i n g  i s  more c o s t l y  t h a n  k e r o s e n e  

i n  many p a r t s  of t h e  S e l v a  and S i e r r a .  C a r e f u l  c o n s i d e r a t i o n  needs  t o  b e  

g i v e n  t o  t h e  consequences  of energy  p r i c i n g  p o l i c i e s  and b i o f u e l  development.  

Governmental energy  p o l i c y  makes c h a r c o a l  p r o d u c t i o n  i l l e g a l .  This  

p o l i c y  c o m p l i c a t e s  programs t o  d e v e l o p  p r o d u c t i o n  o f  t h i s  promising b i o f u e l  

o p t i o n .  O f f i c i a l l y ,  c h a r c o a l  p r o d u c t i o n  i s  n o t  a l lowed; .  however, an expan- 

s i o n  o f  p r o d u c t i o n  a p p e a r s  t o  be  o c c u r r i n g  i n  t h e  S i e r r a .  Another o f f i c i a l  

p o l i c y  i .s t o  i n c r e a s e  bagasse  u t i l i z a t i o n .  . 

I n  t h e  f u t u r e ,  competing energy Jevelopmcnt approaches  f o r  e l e c t r i c a l  

g e n e r a t i o n  a r e  b i o f  u e l  o r  s m a l l - s c a l e  h y d r o e l e c t r i c  s o u r c e s .  The High 

S i e r r a  seems t o  b e  a  r e g i o n  where such  c o n f l i c t s  cou ld  r e a d i l y  occur .  



Uncer ta in ty  regarding f u t u r e  o i l  product ion a l s o  could complicate 

decision-making about b i o f u e l  development. Peru, which is  now a n e t  expor t e r ,  

may h a v e  t o  i m p o r t  o i l  i n  t h e  f u t u r e .  T h i s  would s i g n i f i c a n t l y  a f f e c t  

p r i c i n g  of v a r i o u s  energy resources  throughout t h e  country. With t h e  v a r i e t y  

of energy p o l i c i e s  and a l t e r n a t i v e s  p r e s e n t ,  b i o f u e l  development should b e  

i n t e g r a t e d  i n t o  governmental energy p o l i c y  and decision-making t o  t h e  g r e a t e s t  

p o s s i b l e  ex t en t .  

6.6 TRANSPORTATIOM 

Transpor t ing  f o r e s t  resources  from the  source of supply t o  t h e  s i t e  

of  u t i l i z a t i o n  i s  a s e r i o u s  problem a t  a l l  l e v e l s  of  d i s t r i b u t i o n .  The 

c o l l e c t i o n  and t r a n s p o r t a t i o n  of firewood by t h e  r u r a l  populat ion i n  t he  

S i e r r a  reg ion  consumes cons iderable  t ime and e f f o r t .  Typica l ly ,  firewood i s  

c o l l e c t e d  and c a r r i e d  home by t h e  people themselves a s  shown i n  Fig. 6.1. 

Dis tances  of 20 km a r e  not  unocmmon f o r  persons t o  c a r r y  firewood. This  

l e v e l  of e f f o r t  f o r  persons whose d i e t  may be  margina l ly  s u f f i c i e n t  causes 

g r e a t  phys i ca l  s t r e s s .  Biomass energy s t r a t e g i e s  f o r  Peru should cons ider  

approaches t h a t  would a l l e v i a t e  t hese  c ~ l l e ~ $ i m  and t r a n s p o r t a t i o n  problems. 

8 ,& '. 

Figure  6.1. Firewood Being Transported Home i n  t h e  
S i e r r a  (Photo Courtesy of R. Giesecke, 
Member Peruvian Energy Assessment Team) 



On a national  l eve l ,  t ranspor ta t ion is a  l imi t ing f ac to r  i n  fo res t  

resource development. The Andes Mountains c rea te  a  massive ba r r i e r  f o r  the 

t ranspor ta t ion of Selva fo r e s t  products t o  Costa markets. Within the Selva, 

t ranspor t ing the  wood from deep i n  the  fo r e s t  t o  the  m i l l s  is a  considerable 

problem. Novel approaches such a s  the  construction of a  f loa t ing  mobile 

plywood plant  a s  shown i n  Fig . 6.2 o f fe r  promising solutions. However, lack 

of adequate t ranspor ta t ion systems may be the  most s ign i f ican t  f ac to r  govern- 

ing t he  development of b iofuel  resources i n  Peru. 

Figure 6.2. Floating Plywood Plants  Waiting t o  be Conveyed 
t o  Forest Harvesting S i t e  on the Amazon River. 



7 BIOFUEL TECHNOLOGY OPTIONS 

7.1 DESCRIPTION OF CURRENT TECHNOLOGIES 

C u r r e n t  approaches  t o  b.iomass c o n v e r s i o n  can  b e  c a t e g o r i z e d  a s  e i t h e r  

t h e r m a l ,  thermo-chemical ,  chemica l ,  o r  b i o l o g i c a l .  Each of  t h e s e  p r o c e s s e s  i s  

d e s c r i b e d  below. 

7.1.1 Thermal P r o c e s s  

The the rmal  approach i s  t h e  most s t r a i g h t - f o r w a r d  and i n v o l v e s  t h e  

d i r e c t  combust ion o r  i n c i n e r a t i o n  of biomass f o r  t h e  g e n e r a t i o n  of h e a t .  I f  

combustion o c c u r s  i n  a  s p e c i a l l y .  des igned  b o i l e r ,  such  a s  t h a t  used i n  t h e  

s u g a r - p r o c e s s i n g  i n d u s t r y ,  p r e s s u r i z e d  s team can b e  g e n e r a t e d  from t h e  h e a t .  

Using s team t u r b i n e s ,  t h i s  p r e s s u r i z e d  steam c a n  b e  used t o  g e n e r a t e  e l e c -  

t r i c t y  and then  s e r v e  a s  a s o u r c e  of p r o c e s s  h e a t .  I f  a  steam eng ine  i s  

used i n  p l a c e  of a  t u r b i n e ,  mechan ica l  ene rgy  a l s o  can b e  produced.  A s i m p l e r  

approach i n v o l v e s  t h e  i n c i n e r a t i o n  of biomass t o  produce p r o c e s s  h e a t  f o r  

d i r e c t  i n d u s t r i a l  a p p l i c a t i o n ,  e .g . ,  f o r  c o t t o n  d r y i n g  o r  c rop  d r y i n g .  

7.1.2 Thermochenical  P r o c e s s e s  

Thermochemical c o n v e r s i o n  approaches  t y p i c a l l y  a r e  a combinat ion 

o f  p y r o l y t i c  a n d  c o m b u s t i o n  p r o c e s s e s .  P y r o l y s i s  i s  t h e  t h e r m o c h e m i c a l  

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

absence  of a i r .  The f i r s t  m a t e r i a l  p y r o l i z e d  by man was most l i k e l y  wood, 

and t h e  p roduc t  was c h a r c o a l ,  a  c l ean-burn ing  f u e l .  Th i s  i s  a n  a n c i e n t  and 

s i m p l e  approach  t o  p y r o l y s i s  b u t  i s  s t i l l  one  of t h e  most p r a c t i c e d  biomass 

c o n v e r s i o n  s t r a t e g i e s  i n  t h e  world today.  B r a z i l  h a s  a n  i n t e n s i v e  n a t i o n a l  

program t o  i n c r e a s e  c h a r c o a l  p r o d u c t i o n .  Today, 40% of t h e  energy  needs  of 

B r a z i l i a n  s t e e l  i n d u s t r y  ( a p p r o x i m a t e l y  2  n i l l i o n  t o n s  a n n u a l l y )  a r e  sup- 

p l i e d  by c h a r c o a l  .23 

P y r o l y s i s  a l s o  p rod ;ces  o t h e r  f o r m s  o f  e n e r g y  i n  a d d i t i o n  t o  t h e  

ca rbon ized  c h a r c o a l .  T h i s  c o n v e r s i o n  p r o c e s s  can  a l s o  produce a n  o i l - l i k e  

s u b s t a n c e  known as , p y r o l y t i c  o i l  and a  low-to-medium BTU, combusf ib le  gas .  

The q u a n t i t y  o f  c h a r c o a l ,  o i l ,  o r  g a s  p r o d u c e d  d e p e n d s  p r i m a r i l y  on t h e  

chemical  compos i t ion  of t h e  f e e d ,  i t s  p r e p a r a t i o n ,  t h e  r e a c t i o n  tempera- 

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

r e a c t o r .  24 . . .. 



Chemical P r o c e s s e s  

C h e m i c a l  a p p r o a c h e s  i n v o l v e  e i t h e r  a c i d  h y d r o l y s i s  o r  t h e  . u s e  of 

o t h e r  c h e m i c a l s  t o  e x t r a c t  p a r t i c u l a r  o r g a n i c  m a t e r i a l s  f r o m  b i o m a s s  -- 
m a t e r i a l s  t h a t  c a n  b e  used i n  p l a c e  of pe t ro leum d e r i v e d  compounds. Typica l  

p r o d u c t s  o b t a i n e d  from t h i s  approch i n c l u d e  o i l s , ,  r e s i n s ,  and o t h e r  a s s o r t e d  

o r g a n i c s .  Perhaps  t h e  most i n d u s t r i a l l y  impor tan t .  of  t h e s e  i s  f u r £  u r a l  . 
F u r f u r a l ,  i d e n t i f i e d  i n  1832 by Dobere iner ,  i s  a n  a ldehyde w i t h  t h e  

-CHO g r o u p  i n  t h e  a p o ~ i t i o n . ~ ~ ~ ~ ~  I t  i s  o b t a i n e d  f rom p e n t o s a n .  w h i c h  

c o n t a i n s  a g r i c u l t u r a l  r e s i d u e s ,  and i t s  produc t ion  was commercialized i n  

1922 by t h e  Quaker Oa ts  CO. P r i m a r i l y  1 L  s r ~ . v e s  as a ehcmical  intermc?j,;lt~ 

f o r  t h e  p r o d u c t i o n  of f u r f u r y l  a l c o h o l ,  t e t r a h y d r o f u r f u r y l  a l c o h o l ,  f u r a n ,  

t e t r a h y d r o f u r a n  o r  p o l y t e t r a m e t h y l e n e  e t h e r  g l y c o l ,  o r  a s  a  p r e c u r s o r  of 

p y r r o l e ,  p y r r o l i d i n e ;  t h e s e  p r o d u c t s  h a v e  many i m p o r t a n t  a p p l i c a t o n s .  

F u r f u r a l  i s  used: (1 )  a s  a  s e l e c t i v e  s o l v e n t  i n  t h e  r e f i n i n g  of l u b r i c a t i n g  

o i l s  t o  i n c r e a s e  t h e i r  s t a b i l i t y  d u r i n g  p r o c e s s i n g ;  ( 2 )  a s  an e x t r a c t i v e  

d i s t i l l a t i o n  medium i n  t h e  manufac tu re  of b u t a d i e n e  from petroleum; ( 3 )  a s  a  

d e c o l o r i z i n g  agen t  f o r  wood r e s i n ;  and ( 4 )  a s  a  r e s i n  former .  

7.1.4 B i o l o g i c a l  P r o c e s s e s  

B i o l o g i c a l  c o n v e r s i o n s  o f  b i o m a s s  o f f e r  n.umerous a v e n u e s  f o  r t h e  

p r o d u c t i o n  o f  b i o f u e l s , '  b y  t h e  b i o c h e m i c a l  a l t e r a t i o n  o f  t h e  s u b s t r a t e  

d u r i n g  t h e  metabolism of a  microorganism.  'l'he two most wldely used b i e  

l o g i c a l  c o n v e r s i o n  p r o c e s s e s  a r e  t h e  f e r m e n t a t i o n  o f  c a r b o h y d r a t e s  t o  produce 

e t h a n o l  and t h e  a n a e r o b i c  d i g e s t i o n  of o r g a n i c  m a t t e r  t o  produce a  methane- 

c o n t a i n i n g  gas .  

Fermentat ion '  i s  e s s e n t i a l l y  a  h y d r o l y t i c  p r o c e s s .  Beginning w i t h  

one  s ix-carbon s u g a r  molecu le  ( g l u c o s e ) ,  t h e '  enzymes produced by f a c u l a t i v e  

microorganisms ( u s u a l l y  a  y e a s t  known as Saccharomyces c e r e v i s i a e )  sequen-' 

t i a l l y  b r e a k  down t h e  s u g a r  molecule  i n t o  two molecu les  of e t h a n o l  and two 

molecu les  o f  ca rbon  d i o x i d e .  I n  a d d i t o n ,  t h e  microorganism o b t a i n s  metabo l ic  

energy  from t h e  b iochemica l  h y d r o l y s i s  of t h e  sugar . .  T h i s  p r o c e s s  h a s  been 

used throughout  t h e  c e n r u r i e s  t o  produce fermented beverages .  

A p r o c e s s  h a s  b6en developed'  f o r  t h e  i n d u s t r i a l  p r o d u c t i o n  of e t h a n o l  

from molasses  u s i n g  v a r i o u s  r e f e r e n c e s  on i n d u s t r i a l  
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e t h a n o l  product ion.25*28,29 The f i r s t  phase of t h e  p r o c e s s  i n v o l v e s  d i l u t i o n  

. o f  t h e  molasses  and ad jus tment  o f  t h e  pH. Other  n u t r i e n t s  u s u a l l y  a r e  n o t  

r e q u i r e d  i f  b l a c k s t r a p  molasses  i s  used because  i t .  c o n t a i n s  non-sugar n u t r i -  

e n t s .  The' mash ( a s  t h e  a c i d i f i e d  d i l u t e d  molasses  i s  c a l l e d )  i s  t h e n  t r a n s -  

f e r r e d  t d  t h e  f e r m e n t a t i o n  v a t .  

A f t e r  i n o c u l a t i o n  w i t h  y e a s t ,  f e r m e n t a t i o n  b e g i n s  and c o n t i n u e s  f o r  

. 28 t o  72 h r .  (an  average  of 45 h r ) ,  producing an  a l c o h o l  c o n c e n t r a t i o n  between 

6 and 10%. The optimum tempera tu re  f o r  f e r m e n t a t i o n  v a r i e s  between 25O and 

35OC. ~ u r i n ~  f e r m e n t a t i o n ,  c a r b o n  d i o x i d e  g a s  i s  p r o d u c e d  i n  e q u i m o l a r  

q u a n t i t i e s  9 t h  e t h a n o l .  The f e r m e n t a t i o n  l i q u o r  then  i s  c e n t r i f u g e d ,  and a  

y e a s t - r i c h  s t r e a m  i s  p r e c i p i t a t e d .  P a r t  of t h e  y e a s t  w i l l  be r e t u r n e d  t o  t h e  

y e a s t  v a t  f o r  r e u s e ;  most w i l l  be  d r i e d  and s o l d .  

The l i g h t  s t ream from t h e  c e n t r i f u g e  is  passed through a  h e a t  exchanger  

and i n t o  t h e  s t i l l .  From t h i s  s t i l l ,  i t  p a s s e s  through a  condenser ;  t h e  

condensa te  c o n t a i n s  60% e t h a n o l  and a  m i x t u r e  of a ldehydes .  The condensa te  
. . 

then  i s  charged i n t o  t h e  a ldehyde  column where t h e s e  and o t h e r  h i g h l y  v o l a t i l e  

compounds a r e  b o i l e d  o f f .  The e t h a n o l  f r a c t i o n  comes o f f  a f t e r  t h e  a ldehyde 

and t h e n  e n t e r s  t h e  r e c t i f y i n g  column. The lower f r a c t i o n  i s  known a s  f u s e l  

o i l ,  which i s  a  complex m i x t u r e  of h l g h e r  a l c o h o l s .  Water known a s  L u t t e r  

w a t e r ,  l e a v e s  t h e  system from t h e  bottom of t h e  column. 

The f i n a l  s t e p  i n  t h e  p r o c e s s .  i s  t h e  p r o d u c t i o n  of anhydrous (wa te r  

f r e e )  . e t h a n o l .  To a c h i e v e  t h i s  p r o d u c t ,  b e n z e n e  i s  a d d e d  ( 1 0  t i m e s  t h e  

q u a n t i t y  of wa te r  p r e s e n t )  and a  b i n a r y  system of e thanol-benzene i s  formed 

t h a t  d i s t i l l s  u n t i l  e s s e n t i a l l y  a l l  of  t h e  benzene i s  exhaus ted .  T y p i c a l l y ,  

f o r  each t o n  of molasses  ( w i t h  a 55% s u g a r  c o n t e n t )  fermetlced, 68 g a l  of 

e t h a n o l ,  340 l b  of C02, 1.02 l b  of y e a s t s ,  1.6 l b  of f u s e l  o i l ,  and 435 l b  of 

s t i l l a g e  i s  produced. * 

Another commonly p r a c t i c e d  b i o l o g i c a l  c o n v e r s i o n  p r o c e s s  i s  a n a e r o b i c  

d i g e s t i o n  .27 Anaerobic d e g r a d a t i o n  of o r g a n i c  m a t t e r  f o r  t h e  p r o d u c t i o n  

of methane i n v o l v e s  t h r e e  g e n e r a l  g roups  of i n t e r a c t i n g  b a c t e r i a .  The f i r s t  

o p e r a t e s  o n  c e l l u l o s i d i c  w a s t e s  t o  p r o d u c e  o r g a n i c  a c i d s ,  a l c o h o l s ,  H z ,  

C O ~ ,  NH3, and s u l f i d e ;  t h e  second o x i d i z e s  t h e  l o n g e r  c h a i n  o r g a n i c  a c i d s  

t 6  a c e t a t e  and H2; and t h e  t h i r d  u t i l i z e s  t h e  H2, C02, and a c e t a t e  t o  produce 



methane . 20 Temperature  g r e a t l y  a f f e c t s  t h e  rate of  c o n v e r s i o n .  For optimum 

p r o d u c t i o n ,  t h e  t e m p e r a t u r e  of  t h e  r e a c t o r  shou ld  b e  k e p t  between 33O-38OC. 

To e n s u r e  s t a b i l i t y  of  t h e  p r o c e s s ,  sudden t e m p e r a t u r e  changes  should  b e  

avo ided .  Th i s  t e c h n o l o g y  h a s  been  s u c c e s s f u l l y  adap ted  t o  c o n d i t i o n s  i n  ' 

d e v e l o p i n g  c o u n t r i e s .  

7.2 PERUVIAN BIOFUEL TECHNOLOGY OPTIONS 

Peru h a s  e x t e n s i v e  and d i v e r s e  a g r i c u l t u r a l  and f o r e s t r y  r e s o u r c e s .  

As a  r e s u l t  of t h e  m e e t i n g s  between P e r u v i a n  and U.S. b i o f u e l  team members 

, a f t e r  a s sessment  s t u d i e s ,  s p e c i f i c  b i o f u e l  t e c h n o l o g i c a l  approaches  were 

i d e n t i f i e d  as pr,omising o p t i o n s .  These a r e  d i s c u s s e d  below. 

7.2.1 Opt ion  A: Smal l - to  M e d i m s c a l e  G a s i f i c a t i o n  . 

U.S.-Peruvian development and d e m o n s t r a t i o n  of small-to-med,ium-scale 

g a s i f i c a t i o n  sys tems f o r  low-BTU g a s  p r o d u c t i o n  from t h e  p y r o l y s i s  of b iomass  - 
i s  a  promis ing v e n t u r e .  Such sys tems  c o u l d  power v a r i o u s  t y p e s  of machinery ,  

e .g . ,  d i e s e l  g e n e r a t o r s  o r  i r r i g a t i o n  p-umps, and p r o v i d e  a  s u b s t i t u t e  f o r  

pet roleum-der ived f u e l s .  Proposed p r o j e c t s  would adap t  e x i s t i n g  t e c h n o l o g i e s  

t o  l o c a l  c o n d i t i o n s  and i d e n t i f y  p o t e n t i a l  a p p l i c a t i o n  and f e a s i b i l i t y  th rough  

d e m o n s t r a t i o n  p r o j e c t s .  

7.2.2 Opt ion  B: Wood waste  InveuLury  

Most  e s t i m a t e s  f i x  r h e  p r o c e s s i n g  p l a n t  w a s t e  wood p r o d u c t i o n  a t  

a b o u t  50 p e r c e n t  of t h e  wood d e l i v e r e d  t o  t h e  m i l l .  I n  Peru  t h e r e  a r e  230 

s a w m i l l s ,  e i g h t  plywood and v e ~ ~ e e r  p l a ~ l t c ,  and several o t h e r  p l a n t s  t h a t  

p r o d u c e  p u l p  a n d  p a p e r ,  p a r t i c l e  b o a r d ,  a n d  f l a v i n g .  However ,  l o g g i n g  

s l a s h  r ' e s i d e s  and non-commercial tree r e s i d u e s  a r e  o n l y  c r u d e l y  e s t i m a t e d .  

Q u a n t i t a t i v e  b iomass  i n v e n t o r i e s  need t o  b e  made t o  a s s e s s  t h e s e  . b i o f u e l  

r e s o u r c e s .  Such s t u d i e s  would r e q u i r e  d e s t r u c t i v e  sampling and d e t e r n i n a -  

t i o n  of a r e a l  w e i g h t s  and s p e c i e s  and components d i s t r i b u t i o n .  These ' in-  

ve .nbor ies  shou ld  b e  made f o r  t h e  a r r a y  of l a n d  p r o d u c t i v i t y  c l a s s e s  w i t h i n  

each  phys iograph ic  r e g i o n  and major  s o i l  a s s o c i a t i o n s  w i t h i n  each r e g i o n .  

With t h e s e  d a t a  a v a i l a b l e ,  p r e c i s e  a p p r a i s a l s  o f  woody biomass  s u p p l y  f o r  

e n e r g y  u s e s  wpuld be , p o s s i b l e .  I n v e s t m e n t s  i n  b i o f  u e l  u t i l i z a t i o n  opportun- 

i t i e s  c a n  b e  planned.  Proposed p r o j e c t s  would u n d e r t a k e  a n  e x t e n s i v e  su rvey  



of wasted o r  u n u t i l i z e d  f o r e s t  r e s i d u e s  g e n e r a t e d  by a g r i c u l t u r a l ,  f o r e s t r y ,  

o r  i n d u s t r i a l  a c t i v i t y  t h a t  cou ld  p r o v i d e  low-cost and r e a d i l y  a v a i l a b l e  

s o u r c e s  of b iomass  f o r  ene rgy  c o n v e r s i o n .  

7 . 2 . 3  Opt ion  C :  S t a t i o n a r y  and Mobile Charcoa l  P r o d u c t i o n  Systems 

Assessment of  t h e  p o t e n t i a l  of u s i n g  mobi le  ( i . e . ,  t r a c t o r  mounted o r  

ra i l -mounted)  c h a r c o a l  k i l n s  f o r  t h e  p r o d u c t i o n  of c h a r c o a l  a t  t h e  f o r e s t  

h a r v e s t i n g  s i t e  i s  a  promis ing b i o f  u e l  t e c h n o l o g i c a l  o p t i o n .  The develop- 

ment of  such  a  sys tem would a l l o w  g r e a t e r  u t i l i z a t i o n  of f o r e s t r y  w a s t e s  and 

non-commercial wood s p e c i e s  by m i t i g a t i n g  t h e  t r a n s p o r t a t i o n  problems a s s o c i -  

a t e d  w i t h  s h i p p i n g  b i o m a s s  t o  a  c o n v e r s i o n  s i t e ,  a n d  t h e  p r o d u c t i o n  o f  

a  v a l u a b l e  f u e l  r e s o u r c e .  S i m i l a r l y ,  s t a t i o n a r y  s i t e s  would pe rmi t  conver-  

s i o n  of b iomass  r e s i d u e s  a t  f o r e s t  and a g r i c u l t u r a l  p r o c e s s i n g  s i t e s .  A 

s m a l l - s c a l e  o b j e c t i v e  f o r  i n c r e a s i n g  c h a r c o a l  p r o d u c t i o n  i s  t h e  s u b s t i t u t i o n  

of c h a r c o a l  f o r  k e r o s e n e  used f o r  cooking i n  r u r a l  and s m a l l  urban a r e a s  

and  i n  s e c o n d a r y  c i t i e s .  A l a r g e - s c a l e  o b j e c t i v e  i s  t h e  s u b s i t u t i o n  of  

c h a r c o a l s  f o r  imported m e t a l l u r g i c a l  c o a l s .  A proposed p r o j  e c  t would develop 

s m a l l - s c a l e  sys tems ( b o t h  mobi le  and s t a t i o n a r y )  f o r  p r o d u c t i o n  of c h a r c o a l  

f o r  cook ing ,  o r  f o r  o t h e r  domes t i c  o r  i n d u s t r i a l  u s e s .  

7.2.4 Opt ion  D :  Wood D i s t i l l a t i o n  

The d e s t r u c t i v e  d i s t i l l a t i o n  of  s u r p l u s  and w a s t e  wood i n  Peru a p p e a r s  

t o  b e  an  a t t r a c t i v e  o p t i o n .  Some by-products  of t h i s  p r o c e s s  a r e :  me thano l ,  

c r e s o t e ,  a c e t o n e ,  t a r ,  and c h a r c o a l .  These b y p r o d u c t s  have c e r t a i n  d e f i n i t i v e  

advan tages  i n  t h e  n a t i o n a l  economy, main ly  because  they  cou ld  be  s u b s t i t u t e d  

f o r  o i l  s o l d  t o  t h e  i n t e r n a t i o n a l  market .  A f e a s i b i l i t y  s t u d y  cou ld  d e t e r n i n e  

t h e  p r a c t i c a l i t y  of implementing such  a  wood d i s t i l l a t i o n  sys tem i n  Peru.  The 

need f o r  . c h a r c o a l  r e s o u r c e  h a s  been  i d e n t i f i e d  i n  t h e  i r o n - i n d u s t r y  i n  t h e  

Chimpote a r e a .  There  i s  a  proposed e f f o r t  t o  a d a p t  e x i s t i n g  t echno logy  f o r  a  

p i l o t  p l a n t  d e m o n s t r a t i o n  o f  t h e  p r o c e s s  a n d  p r o v i d e  m a r k e t  p e n e t r a t i o n  

s t u d i e s .  . : 

, 

7 . 2 . 5  O p t i o n  E: F o r e s t  Resource  Development, Manapement, and U t i l i z a t i o n  

F o r e s t  b i o m a s s  c a n  p r o v i d e  m a s s i v e  a m o u n t s  o f  b i o f u e l s  f o r  P e r u  

w h i l e  a l s o  g e n e r a t i n g  e x p o r t  commodi t  i e s  and  r e d u c i n g  i m p o r t s .  F o r e s t  



management i s  g r o s s l y  i n a d e q u a t e  - i n  t r o p i c a l  a r e a s ,  i n  b o t h  humid and season- 

a b l y  humid r e g i o n s  w h e r e  b i o - p r o d u c t i o n  p o t e n t i a 1 . s  a r e  g r e a t .  T r o p i c a l  

e c o s y s  terns a r e  f r a g i l e  and  s e n i t i v e .  Examples  o f  c a t a s t r o p h i c  r e s u l t s  

of improper  management i n  o t h e r  c o u n t r i e s  document t h i s .  P r o c e d u r e s .  f o r  

r e f o r e s t a t i o n  and t h e  i n t r o d u c t i o n  and c u l t u r e  of e x o t i c  s p e c i e s  a r e  advanced 

i n  o t h e r  c o u n t r i e s  which l a c k  a softwood r e s o u r c e  and r e l y  on f o r e s t  pro- 

d u c t s  f o r  b o t h  energy  and economic v a l u e s .  I n  Peru ,  a  broad-based f o r e s t  

r e s o u r c e  program needs  t o  b e  developed t o  emphasize:  

(1 )  r e f o r e s t a t i o n  and management of t h e  humid t r o p i c a l  
f o r e s t s  fo l lowing  h a r v e s t i n g ,  and development of 
s o i l - s i r e  s p e c i f i c i t y  of management p r a c t i c e s ;  

( 2 )  d e t e r m i n a t i o n  of p r o p e r t i e s  of a l l  t r o p i c a l  woods, 
i .e . ,  how t o  group them i n  u t i l i z a t i o n  c l a s s e s ,  
e s t a b l i s h  g r a d e s  and s t a n d a r d s ,  and develop uses  -- 
e s p e c i a l l y  i n  housing -- t o  reduce t h e  dependence 
on e n e r g y - i n t e n s i v e  a l t e r n a t i v e s ,  such  a s  c o n c r e t e  and 
metal  f o r  s t r u c t u r e s ;  

( 3 )  e v a l u a t i o n  of p o t e n t i a l  s p e c i e s  and t h e i r  s i t e  r e q u i r e -  
ments f o r  f o r e s t a t i o n  of i d l e  l a n d s  i n  t h e  S i e r r a ;  
i n t r o d u c t i o n ,  of a g e n e t i c  so11,ltion .and c u l t u r a l  p r a c t i c e s  
and i n t e g r a t i o n  of management of f o r e s t ,  r a n g e ,  and wi1.d 
an imals  r e s o u r c e s .  Euca lyp tus  and P i n u s  s p e c i e s  cou ld  be 
used i n  f o r e s t a t i o n  of about  1 0  n i l l i o n  h e c t a r e s  i n  which 
l a n d s  a r e  underused ,  a  l a b o r  s u r p l u s  e x i s t s ,  and energy 
needs a r e  g r e a t ;  

( 4 )  development and e x p a ~ ~ s l c r n  of t h o  use nf forest  p roduc t s  
i n  P e r u ,  e s p e c i a l l y  i n  t h e  c o n s t r u c t i o n  i n d u s t r y .  

The e x p e r i e n c e  and s u c c e s s  o f  f o r e s t  management and wood p r o d u c t s  

i n d u s t r i e s  i n  t h e  Uni ted S t a t e s  p r o v i d e  a sound b a s i s  f o r  U.S.-Peru coopera- 

t i o n  i n  t h e  development of t h e  above program. The proposed p r o j e c t  would:. 

(1) i d e n t i f y ,  and develop e f f e c t i v e  f o r e s t r y  management . . 
programs ; 

( 2 )  i d e n t i f y  akd i n i t i a t e  f o r e s t r y  development p r o j e c t s ;  . 

( 3 )  i d e n t i f y ,  deve lop ,  and i n i t i a t e  f o r e s t  management t r a i n i n g  
programs ; 

( 4 )  develop new u s e s  f o r  f o r e s t  p r o d u c t s ;  and 

( 5 )  t r a i n  i n d i v i d u a l s  i n  woodworking. 



7.2.6 Opt ion  F: E l e c t r i c a l  Cogenera t ion  

Plywood and m i l l i n g  o p e r a t i o n s  i n  Peru  can  p r o v i d e  a  s i t e  ' for  t h e  

d e m o n s t r a t i o n  of a sys tem f o r  t h e  c o n s e r v a t i o n  of e l e c t r i c i t y  and p r o c e s s  

s t e a m  a s  c u r r e n t l y  ' p r a c t i c e d  by  t h e  U.S. f o r e s t  i n d u s t r y .  M o r e o v e r ,  a n  

a s s e s s m e n t  s h o u l d  b e  made o f  t h e  e n e r g y  p l a n t a t i o n  c o n c e p t  o f  p r o v i d i n g  

b i o f u e l s  f o r  t h e  g e n e r a t i o n  of e l e c t r i c i t y  and p r o c e s s  h e a t  f o r  s m a l l  towns 

i n  t h e  Se lva .  A f e a s i b i l i t y  s t u d y  c o u l d  d e t e r m i n e  t h e  p r a c t i c a l i t y  of u s i n g  

l o c a l l y  a v a i l a b l e  wood f o r  f i r i n g  t h e  steam b o i l e r  and could  a s s e s s  whether  

t h i s  form of renewable  energy  s o u r c e  c o u l d  make a n  i m p o r t a n t  c o n t r i b u t i o n  

t o  Peru 's  f u t u r e  energy  consumption.  Proposed p r o j  e c t s  would adap t  e x i s t i n g  

t echno logy  (wood-fired s team b o i l e r  d e s i g n )  and p r o v i d e  s m a l l - s c a l e  e l e c -  

t r i c a l  g e n e r a t i o n  (0.5-2.0 MW) and p r o c e s s  s team f o r  l o c a l  u s e s  t o  b e  d e f i n e d .  

7.2.7 Opt ion  G:  Chemical P r o d u c t i o n  and Market P e n e t r a t i o n  

An a s s e s s m e n t  and e v a l u a t i o n  s h o u l d  b e  made o f  t h e  r e s o u r c e  and  

, econonic  f a c t o r s  r e l e v a n t  t o  t h e  development of i n d u s t r i a l  chemical  tech- 

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

m a t e r i a l  i n p u t .  Development of a  p i l o t  p l a n t  would p rov ide  t h e  a p p r o p r i a t e  

v e h i c l e  t o  accompl ish  such a n  assessment ,  e .g. ,  of i n d u s t r i a l  s o l v e n t s  and 

c h e m i c a l .  i n t e r m e d i a t e s  d e r i v e d  from biomass .  Market p e n e t r a t i o n  s t u d i e s  

would i d e n t i f y  t h e  p o t e n t i a l  of a  n a t i o n a l  e f f o r t  t o  deve lop  t h i s  r e s o u r c e  

and i t s  use  i n  b o t h  i n t e r n a l  and e x t e r n a l  m a r k e t s .  

7.2.8 Opt ion  H: Anaerobic  D i g e s t i o n  Technology 

The develbpment of: a n a e r o b i c  d iges t io r - I  sys tems f o r  r u r a l  Pe ruv ian  

l o c a l i t i e s  a n d  p o s s i b l y  u r b a n  a r e a s  would  b e  u n d e r t a k e n .  The c o n s t r u c -  

t i o n  and f i e l d - t e s t i n g  of t h e  model sys tem t h e n  would f o l l o w .  An assessment  

of s t r a t e g i e s  f o r  i n t r o d u c i n g  such sys tems  f o r  home u s e  i n  r u r a l  Peru  and 

t h e  t r a i n i n g  of p e r s o n n e l  i n  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of t h e  u n i t s  

would b e  done.  

7.2.9 Opt ion  I: Development of E t h a n o l  P r o d u c t i o n  C a p a b i l i t i e s  

E x p a n s i o n  o f  e t h a n o l  p r o d u c t i o n  i n  P e r u  s h o u l d  b e  e x p l o r e d  a s  a  

v i a b l e  p r o c e s s  f o r  development of P e r u v i a n  b i o f u e l  r e s o u r c e s .  E thano l  cou ld  
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p r o v i d e  f u e l  f o r  t r a n s p o r t a t i o n ,  cooking,  and o t h e r  i n d u s t r i a l  uses .  'Alter- 
n a t i v e s  f o r  r e c o v e r i n g  and u t i l i z i n g  t h e  f e r m e n t a t i o n  byproduc t s ,  . such a s  

CO*, y e a s t ,  f  use1  ' o i l  and s t i l l a g e ,  a l s o  would b e  i d e n t i f i e d  and a p p r a i s e d .  

Such p r o j e c t s  cou ld  assess t h e  f e a s i b i l i t y  of and o p t i o n s  f o r , '  i n c r e a s i n g  

e t h a n o l  p r o d u c t i o n  a t  e x i s t i n g  f e r m e n t a t i o n  p l a n t s .  A r e s e a r c h  and develop- 

ment program could b e  s t a r t e d  . t o  e x p l o r e  t h e  u s e  of o t h e r  biomass r e s o u r c e s ,  

e - g . ,  p o t a t o e s  o r  yucca as s u b s t r a t . e s  f o r '  f e r m e n t a t i o n  and , r e c o v e r i n g  and 

u t i l i z i n g  byproduc t s  of t h e  p r o c e s s .  

7.2.10 Opt ion J: A g r i c u l t u r a l  s t r a t e g i e s  For 'Fuel P roduc t ion  

I n  t h e  f o r e s e e a b l e  f u t u r e ,  t h e  o b j e c t i v e  of a g r i c u l t u r a l  . p r o d u c t i o n  

i n  Peru w i l l  c o n t i n u e  t o  b e  i n c r e a s e d  food p roduc t ion .  However, c e r t a i n  

a g r i c u l t u r a l  s t r a t e g i e s  cou ld  be i n i t i a t e d  t h a t  cou ld  i n c r e a s e  t h e -  a v a i l -  

a b i l i t y  of a g r i c u l t u r a l  r e s i d u e s ,  o r  pe rhaps  even whole c rops ,  f o r  energy  

p r o d u c t i o n .  One such s t r a t e g y  i s  t h e  i n c r e a s e d  p r a c t i c e  of m u l t i p l e  crop- 

p i n g .  Th is  approach cou ld  b e  used t o  i n c r e a s e  t h e  p r o d u c t i o n  of a g r i c u l t u r a l  

r e s i d u e s  f o r  energy  convers ion .  Another p o s s i b l e  a l t e r n a t i v e  i s  t h e  u t i -  

l i z a t i o n  of marg ina l  l a n d s  f o r  t h e  p r o d u c t i o n  of a g r i c u l t u r a l  f 'ue ls .  Such 

s t r a t e g i e s  need t o  b e  a s s e s s e d  f u r t h ' e r  . 



8 POTENTIAL REGIONAL APPLICATIONS 

Each o f  t h e  b i o f u e l  t echnology  o p t i o n s  d e s c r i b e d  i n  S e c t i o n  7 has  

p a r t i c u l a r  r e g i o n a l  a p p l i c a t i o n s  b e c a u s e  o f  d i f f e r e n c e s  i n  v e g e t a t i o n ,  

c l i m a t e  and. i n d u s t r i a l  c a p a b i l i t i e s .  The Costa Region h a s  i t s  own p a r t i c u -  

lar  s e t  of a p p l i c a t i o n s  t h a t  a r e  s p e c i f i c a l l y  d e f i n e d .  The S i e r r a  and Se lva  

a l s o  have i n d i v i d u a l  a p p l i c a t i o n s .  These a r e  d e s c r i b e d  below. 

8.1 COSTA REGION 

8.1.1 Cos ta  Opt ion A-I :  G a s i f i e r  powered I r r i g a t i o n  Systems 

T h i s  o p t i o n  u t i l i z e s  a g r i c u l t u r a l  r e s i d u e ,  p a r t i c u l a r l y  sugar  cane  

f i e l d  r e s i d u e ,  t o  f u e l  a  g a s i f i e r  i n  t h e  p r o d u c t i o n  o f  a  low-Btu g a s  t o  

power  an  i r r i g a t i o n  pump. 

8.1.2 Cos ta  Opt ion E-I: Euca lyp tus  P l a n t a t i o n  Development 

Eucalyptus  p l a n t a t i o n s  i n  t h e  Costa  a r e  a  p o t e n t i a l  s o u r c e  of f i rewood,  

c h a r c o a l ,  a n d  w a s t e  wood. . T h e s e  p r o d u c t s  t h e n  c o u l d  b e  u s e d  t o  p r o d u c e  

e l e c t r d c i t y  o r  b i o f u e l  f o r  use i n  water-pumping e n g i n e s  on t h e  c o a s t a l  i r r i -  

g a t i o n  p r o j e c t s - ;  t h e s e  normal ly  use  l a r g e  amounts of g a s o l i n e  o r  f u e l  o i l .  

8.1.3 Costa  Opt ion F-I: Expanded Cogenera t ion  From F i e l d  Kesidues 

Cogenera t ion  from t h e  burn ing  of bagasse  , i s  c'ommonly p r a c t i c e d  a t  

s u g a r  pr 'ocessing p l a n t s .  Bagasse cou ld  b e  s u b s t i t u t e d  o r  e l e c t r i c a l  genera-  

t i o n  cou ld  b e  expanded i f  f i e l d  r e s i d u e  were  used.  

8.1.4 Cos ta  Opt ion G-I: Dev-elopment of F u r f u r a l  P r o d u c t i o n  
s 

I f  p rocess ing  f a c i l i t i e s  a r e  c o n s t r u c t e d ,  b a g a s s e ,  r i c e  h u l l s ,  c o r n  

cobs ,  o r  o t h e r  pen tosan-con ta in ing  r e s i d u e s  a v a i l a b l e .  i n  t h e  Costa  Region, 

c n ~ i l d  he  used f o r  fccdo tock  i n  the p ~ u d u c t i o n  of f u r f u r a l .  

8.1.5 Cos ta  Opt ion  H-I: R u r a l  Anaerobic  D i g e s t e r  Development 

I f  a n a e r o b i c  d i g e s t e r  equipment were a v a i l a b l e ,  l i v e s t o c k  manures,  

p r o d u c e d  b y  f a r m  a n i m a l s  i n  t h e  C o s t a  R e g i o n ,  c o u l d  b e  u s e d  t o  p r o d u c e  . 

methane f o r  farm use .  

. .  , 

-.. 



8.1.6 C o s t a  Opt ion H-11: Anaerobic  ~ u n i c i ~ a i  Waste Treatment  

The c o n s t r u c t i o n  of an  a n a e r o b i c  d i g e s t e r  f o r  t h e  t r e a t m e n t  of munici- 

p a l  sewage f o r  t h e  major  c o a s t a l  c i t i e s '  cou ld  p r o v i d e  was te  t r e a t m e n t  and 

p roduce  methane.  

8.1.7 Cos ta  Opt ion  1-1: I n c r e a s e d  E t h a n o l  P r o d u c t i o n  

Use of r e s i d u e  from brewery w a s t e s  cou ld  produce e t h a n o l  o r  i n c r e a s e  

u t i l i z a t i o n  of 'molasses .  Bagasse use  cou ld  a l s o  i n c r e a s e  e t h a n o l  .p roduc-  

t i o n .  

8.1.8 C o s t a  Opt ion  1-11: Recovery and U t i l i z a t i o n  of Fermenta t ion  Byproducts 

A p o t e n t i a l .  annual  s a v i n g s  of 40,000 b a r r e l s  o f  d i e s e l  nil i n  t h e  Lima 

a r e a  cou ld  b e  r e a l i z e d  i f  a  sys tem t o  l i q u i f y  t h e  ca rbbn  d i o x i d e  ( ~ 0 2 )  t h a t  

is  d i s c h a r g e d  i n t o  t h e  'atmosphere b y  f e r m e n t a t i o n  were i n s t a l l e d ,  t o  r e p l a c e  

t h e  m a n u f a c t u r e d  co2 t h a t  p r e s e n t l y  comes f rom f o s s i l  f u e l '  f e e d s t o c k .  

Manufactured co2 c u r r e n t l y  i s  used i n  t h e  f a b r i c a t i o n  of d r y  i c e  and bever- 

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

b y p r o d u c t s ,  now wasted.  

8.1.9 C o s t a  Opt ion J-I: Assessment of M u l t i p l e  Cropping S t r a t e g i e s  

The o v e r a l l  a g r i c u l t u r a l  p r o d u c t i v i t y  of t h e  Costa cou ld  b e .  i n c r e a s e d  . 

b y  t h e  i n t r o d u c t i o n  o f  m u l t i p l e  c r o p p i n g  a p p r o a c h e s .  The p o t e n t i a l  o f  
I 

employing 'such p r a c t i c e s  t o  i n c r e a s e  a v a i l a b l e  r e s i d u e  f o r  .energy c o n v e r s i o n  

shou ld  be a s s e s s e d  and s t r a t e g i e s  developed f o r  i t s  i n t r o d u c t i o n .  

8.2 SIERRA REGION 
I 

8.2.1 S i e r r a  Opt ion A-I :  Small-Scale G a s i f i e r ' D c v e l o p m e n t  

The development of s m a l l - s c a l e  * g a s i f i e r  u n i t s  t o  power machinery o r  

g e n e r a t o r s  i s  a  v i a b l e  b i o f u e l  o p t i o n  f o r  the' i r t i l i z a t i o n  of c r o p ' r e s i d u e s  

i n  t h i s  a r e a .  

8.2.2 S i e r r a  Opt ion C-I  : p l a n t a t i o n  f o r  Charcoa l  P r o d u c t i o n  

The p o s s i b i l i t y  of deve lop ing  Eucalyptus  planta t i \ons  f o r  t h e  produc- 

t i o n  of c h a r c o a l  f o r  home and o t h e r  commercial u s e s  i s  a n  a l t e r n a t i v e .  



8.2.3 S i e r r a  Opt ion  E-I: P l a n t a t i o n  Development 

An a d d i t i o n a l  1 0  m i l l i o n  h e c t a r e s  of  l a n d  i n  t h e  S i e r r a  cou ld  s u p p o r t  

e i t h e r  Euca lyp tus  o r  P inus  p l a n t a t i o n s .  ~ e v e l o ~ m e n t  of  such  p l a n t a t i o n s  

would  n o t  o n l y  make f i r e w o o d  m o r e  a v a i l a b l e  b u t  a l s o  would  h e l p  c o n t r o l  

e r o s i o n  and  s t i m u l a t e  t h e  d e v e l o p m e n t  o f  l o c a l  wood p r o d u c t  i n d u s t r i e s .  
. . 

f 
8.2.4 S i e r r a  Opt ion  E-11: Wood Frame C o n s t r u c t i o n  

Wood frame c o n s t r u c t i o n  would p e r m i t  t h e  i n c o r p o r a t i o n .  of  p a s s i v e  

s o l a r  sys tems  (e.g. ,  b e t t e r  i n s u l a t i o n )  i n  new hous ing  c o n s t r u c t i o n  p l a n s .  

Wood u s e s  t h e  l e a s t  ene rgy  of a l l  housing m a t e r i a l s  i n  c o n v e r t i n g  raw con- 

s t r u c t i o n  m a t e r i a l  i n t o  a  f i n i s h e d  p r o d u c t .  With Euca lyp tus  a s  a  wood s o u r c e ,  

t h e  o p p o r t u n i t i e s  f o r  a n  a d d i t i o n a l  c a s h  c r o p  and employment f o r  t h e  l o c a l  

p o p u l a t i o n  make i n t r o d u c t i o n  of wood f r a n e  c o n s t r u c t i o n  i n  Peru  a  v i a b l e  

o p t i o n .  

8.2.5 S i e r r a  Opt ion  F-I: Cogenera t ion  

For many y e a r s ,  Euca lyp tus  t r e e s  have been p l a n t e d  i n  t h e  S i e r r a ,  

p a r t i c u l a r l y  i n  mining a r e a s  where Euca lyp tus  wood was used a s  s t r u c t u r a l  

members i n  mining t u n n e l s .  These Euca lyp tus  p l a n t a t i o n s  should  be  expanded 

t o  produce wood t h a t  cou ld  b e  used t o  g e n e r a t e  e l e c t r i c i t y  o r  used f o r  w a t e r  

h e a t i n g .  C u r r e n t l y  a t  t h e  Buenaventura mines ,  1 .5  m i l l i o n  g a l .  of d i e s e l  o i l  

a r e  used a n n u a l l y  t o  g e n e r a t e  4 ,000 kWh.30 B i o f u e l  could  c o n t r i b u t e  t o  a  

s u b s t a n t i a l  s a v i n g s  of t h i s  f o s s i l  f u e l .  

The Cusco a r e a  could  b e  b e n e f i t e d  by l a r g e  p l a n t a t i o n s  of Euca lyp tus  

t r e e s .  Evidence of  good growth of E. g l o b u l u s  can  b e  seen  on t h e  mountainous 

a r e a  and a l o n g  t h e  Urubanba River  Va l l ey .  Observed s h o r t a g e s  of e l e c t r i c i t y  - - 
i n  t h i s  a r e a  cou ld  c u r t a i l  t h e  c o n s t r u c t i o n  o f '  h o t e l  accommodations t h a t  a r e  

b a d l y  needed i n  t h i s  h i g h l y  v i s i t e d  s p o t s .  

Tourism i s  a n o t h e r  i m p o r t a n t  s o u r c e  of f o r e i g n  exchange,  and b i o f  u e l  

could  c o n t r i b u t e  t o  i t s  deve1,opment i f  Euca lyp tus  p l a n t a t i o n s  were  e s t a b -  

l i s h e d  20 km from Machupicchu, where g r e a t  q u a n t i t i e s  of  f l a t  l a n d ,  w a t e r ,  

and manpower e x i s t .  The p r e s e n t  r a i l r o a d  sys tem cou ld  b e  used t o  t r a n s p o r t  

wood and  c h a r c o a l  f o r  e l e c t r i c a l  g e n e r a t i o n  a t  t h e  end  of  t h e  r a i l r o a d .  

T h i s  i s  h y p o t h e t h i c a l ,  h o w e v e r .  A t  p r e s e n t ,  e n o u g h  E u c a l y p t u s  t r e e s  a r e  

p l a n t e d  t o  g e n e r a t e  o n l y  1 , 0 0 0  kwh. 



8.2.6 S i e r r a  Opt ion H-I :  R u r a l  Anaerobic  D i g e s t e r  

I n t r o d u c t i o n  o f  s m a l l - s c a l e  a n a e r o b i c  d f g e s t e r s  i n t o  t h e  S i e r r a  

would p r o v i d e  an  a l t e r n a t i v e  t o  the' u s e  of dung a s  a f u e l .  The f u e l  produced 

would b e  c l e a n  burn ing  and could  a l s o  p r o v i d e  l i g h t i n g .  

8.2'.7 S i e r r a  Opt ion 1-1: P o t a t o  Fermenta t ion  
/ 

The f e a s i b i l i t y  and p r a c t i c a l i t y  of us ing  p o t a t o e s  a s  a  , f e e d s t o c k  f o r  

f e r m e n t a t i o n  and e t h a n o l  p r o d u c t i o n  shou ld  b e  addressed-.  Develqpment of 

such  ' an  i n d u s t r y  c o u l d  p r o v i d e  a n  expanded and s t a b i l i z e d  market . f o r  t h e  

p o t a t o  i n  Peru.  

I 

8.2.8 S i e r r a  Opt ion J-I: Chenopodiurn Seep ing  

C o n s i d e r a t i o n  shou ld  b e  g i v e n  t o  promoting t h e  seed ing  of Chenopodium 

Quinoa i n  a b o v e - t r e e l i n e  a r e a s  i n  t he  S i e r r a .  Th i s  m a t e r i a l  could p rov ide  

food g r a i n  and a  r e s i d u e  t h a t  would b e  a  r e a d i l y  a c c e s s i b l e  f u e l .  . . 

8.3 SELVA REGION 
./ 

8.3.1 S e l v a  Opt ion A - I :  G a s i f i c a t i o n  f o r  E l e c t r i c a l  Genera t ion  

I n  a r e a s  of t h e  S e l v a ,  such  a s  Tarapo to ,  presel l~  forest  racourcef i  are 

s u f f i c i e n t  t o  s u p p l y  a  g a s i f i e r  t h a t  c o u l d  power t h e  town ' s  2  MW power  

p l a n t .  Use of w a s t e  wood f rom l a n d  c l e a r i n g  i n  t h e  a r e a  c o u l d  p r o v i d e  

an i n e x p e n s i v e  s o u r c e  of f u e l  f o r  t h e  g a s i f i e r  and a l s o  be  compat ib le  w i t h  

a g r i c u l t u r a l  development.  

8.3.2 S e l v a  Opt ion B-I: Wood Waste I n v e n t o r y .  

A s e r i o u s  need e x i s t s  t o  i d e n t i f y  t h e  amount of wood waste  genera ted  

a t  f o r e s t  h a r v e s t i n g  s i t e s ,  s a w m i l l s ,  plywood. p l a n t s ,  and o t h e r  wood process-  

ing  s i t e s .  

8.3.3 S e l v a  Opt ion C-I: Large-Scale Charcoa l  P r o d u c t i o n  
r 

The biomass r e s o u r c e s  a v a i l a b l e  i n  t h e  Se lva  a r e  a b l e  t o  suppor t  t h e  

l a r g e - s c a l e  p r o d u c t i o n  of c h a r c o a l  f o r  u s e  b y  P e r u v i a n  i n d u s t r i e s .  t he 

f e a s i b i l i t y  of such  a n  approach shou ld  b e  addressed .  



8.3.4 S e l v a  Opt ion  D - I :  Wood D i s t i l l a t i o n  

I f  deve loped ,  wood d i s t i l l a t i o n  i n d u s t r y  i n .  t h e  S e l v a  could  s u p p l y  

o r g a n i c  s u b s t i , t u t e s  f o r  pet roleum-der ived m a t e r i a l s  and f u e l s .  The develop- 

ment o f  t h i s  i n d u s t r y  shou ld  b e  a s s e s s e d '  f o r  t h e  p r o d u c t i o n  of a l c o h o l s ,  

tars ,  and c h a r c o a l .  

4 

8.3.5 S e l v a  Opt ion  E-I: T r a i n i n g  and E x t e n s i o n  

Expansion of o n - s i t e  t r a i n i n g  of f o r e s t r y  p e r s o n n e l  and development 

of a  f o r e s t  e x t e n s i o n  s e r v i c e  would h e l p  e n s u r e .  t h e  f u t u r e  p r o d u c t i v i t y  of 

S e l v a  f o r e s t  l a n d .  

8.3.6 S e l v a  Opt ion  E-11: F o r e s t r y  Resea rch  

Research on t r o p i c a l  f o r e s t s  and ..the env i ronmenta l  consequences  of 

t h e i r  u t i l i z a t i o n  needs  t o  b e  expanded. 

. 
8.3.7 S e l v a  Opt ion  E - 1 1 1 :  F o r e s t r y  Management 

A l t e r n a t i v e  f o r e s t  management approaches  should  be  i d e n t i f i e d  and 

developed i f  g r e a t e r  u t i l i z a t i o n  o f  f o r e s t  r e s o u r c e  i s  planned.  

8.3.8 S e l v a  Opt ion  F-I: Cogenera t ion  

The use  of  S e l v a  biomass 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 ,  s t eam,  and 

p r o c e s s  h e a t  (poss ib . ly  f o r  d i s t r i c t  h o t  w a t e r  use )  shou ld  b e  s t u d i e d  f u r t h e r .  

8.3.9 S e l v a  Opt ion  G - I :  Palm O i l  U t i l i z a t i o n  

Palm o i l  i s  a  promis ing s u b s t i t u t e  f o r  pet roleum-der ived f u e l ,  e s -  

p e c i a l l y  t h e  B r a z i l i a n  babacu palm, O r b i g n i a  s p e c i o s a  t h a t  grows i n  r e l a t i v e l y  

poor  s o i l  and i n  a r e a s  t o o  wet f o r  food c r o p s .  A palm o i l  p l a n t a t i o n  pro- 

duc ing  3,000 t * / y r  i s  l o c a t e d  n e a r  t h e  town of J u a n j u y ,  s o u t h  of  Tarapo to .  

This o i l  cou ld  p a r t i a l l y  r e p l a c e  some l u b r i c a n t  o i l  o r  f u e l  d e r i v e d  from 

p e t r o l e u m . '  The f e a s i b i l i t y  of u s i n g  t h i s  r e s o u r c e  shou ld  b e  e x p l o r e d .  

*t = m e t r i c  t o n  



8.3.10 , S e l v a  Option I-I:  Ethanol From Cassava (Yucca) 

The development of cassava f o r  both food and f u e l  (ethanol) purposes 
U 

should ,be  s er ious ly  a s se s sed .  Other South American countr ies ,  e . g . ,  Braz i l ,  

are  pursuing t h i s  approach. I t  could prove to be a v i a b l e  option f o r  Peru. 
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Appendix A. Explana t ion  of Winter  S e v e r i t y  c l a s s i f  i c a t i 6 n 7  

' !, 

Mean Annual . Coldes t  Month -- 
Winte r  S e v e r i t y  Minimum Average D a i l y  Other 
C l a s s i f i c a t i o n  Temperature Temperature Temperature Requirements 
-- - - ~ -  

Mild w i n t e r  -29 t o  -10 C .  >O C (32 F) Mean annua,l minimum .Ay b e  
wheat b e l t .  (-20 t o  14- F) ' h igher  i f  c o l d  month ave. 

d l y .  max. i s  (5 C(41 F) 

c o l d '  w i n t e r  -10 t o  -25 , 5 t o  1 0  C Mean annual  minimum may b e  
o a t s  b e l t  (14 t o  27.5 F ) .  (41  t o  50 F) h i g h e r  i f  c o l d  month 'ave.  

d 1 y . m a x . i ~  < 1 0 C ( 5 0 F )  

Mild w i n t e r  -10 t o  -25 C >10 C (50 F) 
o a t s  b e 1  t ' (14  t o  27.5 F) \ 

C i t r u s  b e l t  ' >-2.5  C (27.5 F) 1 0  - 21 C Not e n t i r e l y  f r o s t l e s s .  
(50 - 69.8 F) Cold month average d a i l y  

max. may b e  h i g h e r ,  i f  mean 
I .  annual  t empera tu re  i s  

<19 C (66.2 F) 

Cool t r o p i c a l  (15 C (59 F) (21 (69.8 F ) .  E n t i r e l y  f r o s t l e s s .  Cold 
b e l t  month average d a i l y  max. 

may b e  h i g h e r  i f  mean annual  
t empera tu re  is  (19 c (66.2 F) 

T r o p i c a l  b e l t  (15 C (59 F) >21 C (69.8 F) ~ n t i r e l ~  f r o s t l e s s .  . 14ean 
annual  t empera tu re  is  

. . i 1 9  c (66.2 F) 

E q u a t o r i a l  >15 C (59 F) 



Appendix B. Explana t ion  of Summer Heaf c l a s s i f i c a t i o n 7  

Average of t h e  
Average D a i l y  

Maximum Tempera- 
Summer Heat t u r e  of n  Fros t -Free  Other 

C l a s s i f i c a t i o n  Warmer Months Season ~ e m ~ e r a  t u r e  Requirements 

High a l p i n e  
be1 t 

Low a l p i n e  
b e l t  

Maize b e l t  

Coffee  b e l t  

Cool c o t t o n  '. 
. . 

b e l t  

Warm c o t t o n  

> l o .  C(50- F ) ; .  
n=4 

Average d a i l y  max; of 
c o l d e s t  month > 17.8 C 
(0. F ) ;  t o o  co ld  f o r  low 
a l p i n e  

Average of t h e  lowes t  each 
month of 1 o r  more months 
>O C (32 F) 

.4-1/2 months Too c o l d  f o r  c o f f e e  o r  
c o o l  c o t t o n  

Minimum > 5  Average d a i l y  minimum of a l l  
monthsa months >20. C(68. F ) ;  summer 

t o o  co ld  f o r  warm c o t t o n  

Minimum > 5 Summer n i g h t s  t o o  warm f o r  
monthsa c o t t o n  -- t o o  coo l  f o r  warm 

c o t t o n  

- P 
Minimum = 5 ~ v e r a ~ e  d a i l y  maximum of warm- 
monthsa est month > 33.5 C (92.3 F) 

aThis t ime p e r i o d  i s  reduced t o  1 112 months when average d a i l y  maximum of 
t h e  warmest month exceeds  33.5OC (92.30F). 



Appendix C. E x p l a n a t i o n  of Temperature Regimes f o r  pe ru7  

~ e m ~ e r a t u r e  
Regime 

Winter S e v e r i t y  
C l a s s i f i c a t i o n  

Summer Heat 
Class  i f  i c a t  i o n  

Hot e q u a t o r i a l  E q u a t o r i a l  b e l t  Warm c o t t o n  b e l t  

Semi-hot e q u a t o r i a l  E q u a t o r i a l  b e l t  Cool c o t t o n  b e l t  

Hot t r o p i c a l  T r o p i c a l  b e l t  Warm c o t t o n  b e l t  

Seni-hot t r o p i c a l  T r o p i c a l  b e l t  , Cool c o t t o n  b e l t  

Cool t r o p i c a l  Cool tropfcal . b e l t  Warm wheat b e l t ,  
maize 'belr, cof fcc 
b e l t ,  o r  c o o l  c o t t o n  
be1 t 

T i e r r a  templada 

Cool t i e r r a  
templada 

Low t i e r r a  £ r i a  

Cool tr .opic 'a1 b e l t ,  
t r o p i c a l  b e l t ,  o r  
e q u a t o r i a l  b e l t  
. 
Cool t r o p i c a l  b e l t ,  
t r o p i c a l  b e l t ,  o r  
e q u a t o r i a l  b e l t  

Mild w i n t e r  o a t s  b e l t ,  
o r  c i t r u s  be1 t 

Coffee  b e l t  

Warm wheat b e l t ,  o r  
maize be1 t . . 

Coffee  b e l t  

Medium t e i r r a  f r j a  ' .  Mild w i n t e r  o a t s  b e l t ,  Maize b e l t  
or  c i t r u s  b e l t  , 

6 

Low a n d i n e  Mild w i n t e r  wheat b e l t ,  Warm wheat b e l t  
c o l d  w i n t e r  o a i s  b e l t ,  
mi ld  w i n t e r  o a t s ,  b e l t ,  
o r  c i t r u s  b e l t  

High a n d i n e  Mild w i n t e r  wheat b e l t ,  High a l p i n e  be1 t 
c o l d  w i n t e r  o a t s  b e l t ,  
mi ld  w i n t e r .  o a t s  b e l t ,  
o r  c i t r u s  b e l t  

Semi-hot s u b t r o p i c a l  C i t r u s  b e l t  Con1 c o t t o n  - b e l t  



Appendix D. Explanation of Humidity ~ e ~ i m e '  

Humidity Regime 
Annual 

Humidity Index Water Surplus  Other Humidity Requirements 

Always humid > 1.0 

Humid > 1.0 

Dry Mediterranean Between 0.22 and 
0.88 

Moist Monsoon > 0.88 

Dry Monsoon Between 0.44 and 
0.88 

Semi-arid Monsoon C 0.44 

Absolute d e s e r t  

>20% evapo t r ansp i r a t i on  A l l  months humid 

>20% evapo t r ansp i r a t i on  One o r  more months no t  humid 

>20% evapo t r ansp i r a t i on  Winter r a i n f a l l  g r e a t e r  than 
summer 

>20% evapo t r ansp i r a t i on  July-August (Jan-Feb southern)  
have h igher  humidity i n d i c e s  
than April-May (Oct-Nov 
southern)  

July-August (Jan-Feb southern)  
have h igher  humidity i n d i c e s  \e VI 
than  April-May (Oct-Nov southern)  

>20% evapo t r ansp i r a t i on  

July-August (Jan-Feb southern)  
have h igher  humidity i n d i c e s  
than April-May (Oct-Nov southern)  

Average d a i l y  max. f o r  a l l  months 
> 15 C -- a l l  months a r e  d ry  

Monsoon d e s e r t  < 0.22 A l l  months a r e  dry-humidity index 
of July-August . g r e a t e r  than  Apr i l -  
May 



Appendix E. Evapot ransp i ra t ion  (cm) f o r  Selected 
S t a t i o n s  i n  peru7 

Jan. Feb. Mar. Apr i l  May June J u l y  Aug. Sept.  , Oct. Nov. Dec. Annual 

Arequipa 8 8 9 10 12 11 10 11 12 11 11 9 12 2 

Cajamarca 7 8 7 7 8  7 9  9  8 8 9 8 95 

Car t a v i o  8 9 . 8 7 6 5 5 5 5 5 6 7 7  6  

Cerro de Pasco 4 

Chachapoyas 6 

Chuquibambilla 6  

Cusco 8 

Huancayo 14 

Imata 5 

I q u i t o s  11 

Jua j a 5 

Lambqyeque 9 

La Molina 11 

Lima 9 

Mollendo 9 9 8 7 6 5 4 4 4 5 .  6 7 7  4  

Moquegua 1 3  14 14 14 14 14 15 15 15  15 15 14 172 

P iu ra  20 20 2 2 18  15 1 3  12 1 4  15 '15 16 17 19 7 

San Ramon 2 2 2  1 21 -. 151 12 8-. 8 6 9 . .. 16 . 14 21 173 ' , 

Tacna 11 13 12 . . 11 8 6 6 7 . .  7 8 10 11 110 

Tingo Maria 11 10 11 13 12 13  11 13 13  12 .12 11 . 140 

Vi to r  1,s 15 15 16 16 16 16 17 18  17 16 15  191 - 
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Appendix F. Annual Residue Produc t ion  F a c t o r s  and Energy Value 

Commodity 

Animal Residue 
Produc t ion  F a c t o r s  

Ton Residue 
Ton Produc t ion  

Energy Value 
of Residue 

, (109 J o u l e s )  

Rice  1.5 MT/MT Produc t ion  13.4 

Oats 

Bar ley  

Milo 

Maize 

Quina 

Sorghum 

Wheat 

Soybeans 

Plan ' t  a i n  

Camo t e  

P o t a t o e s  

Cassava 

Cot ton 

Peanut 

Sugarcane 

Coconut 

Agua j c 

Alpacas 

P o u l t r y  

Goats 

Horses 

Llamas 

p i g s  

Sheep 

C a t t l e  

2.0 MT/MT Produc t ion  

1.5 MT/MT Produc t ion  

1 .0  MT/MT Produc t ion  

1.0 MT/MT Produc t ion  

2.5 ?iT/MT ' ~ r o d u c  t i o n  

1.5 MT/MT Produc t ion  

1.5 MT/MT Produc t ion  

1 MT/MT Product  i o n  

0.15 MT/MT Produc t ion  

0.15 MT/MT Produc t ion  

0.15 MT/MT Produc t ion  

1.0 MT/MT Produc t ion  

1.0 MT/MT Produc t ion  

1.0 MT/MT Produc t ion  

0.35 MT/MT Produc t ion  

'1.5 MT/MT Product  i o n  

1.0 MT/MT Produc t ion  

0.13 MT/Head 

1.1 MTI1000 Head 

0.11 MT/Head 

0.14 MT/Head 




