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Summary 

This report describes the results of a short feasibility study of the 

application of pyrolytic conversion techniques to agricultural and forestry 

wastes in Indonesia. The study was conducted in Indonesia in a joint effort by 

personnel from the Engineering Experiment Station at the Georgia Institute of 

Technology and the Development Technology Center at the Institute of Technology 

Bandung. The principal circumstance that led to the study is the severe fire- 

wood cutting of the forests, especially in Java, which has resulted in damage 

to soil, water, and mangrove resources, with the resulting need for an alternate 

source of fuel for cooking. Agricultural and forestry wastes appear as a pos- 

sible fuel source, but in their initial form are largely unusable for this pur- 

pose. However, through the use of pyrolysis, these wastes can be converted 

into clean-burning char and oil which can be easily stored and transported and 

a gas which can be used on site. 

The study involved (1) an investigation of the production of agricultural 

and forestry wastes in Indonesia; ( 2 )  an evaluation of the market for the char, 

oil, and gas which are products of the pyrolytic conversion process; (3) the 

development of a preliminary pyrolytic conversion system design; and (4) an 

approximate economic evaluation of the system. 

The primary results of the waste survey indicate that at least 17 million 

tons of wastes are produced in Indonesia each year, with rice hulls comprising 

a third of the total and sawmill, coconut, logging, rubber, oil palm wastes and 

bagasse comprising the remainder. From the available wastes it is estimated 

that about 1.5 million tons of charcoal and .9 million tons of pyrolytic oils 

could be produced. To put these numbers in perspective, this represents some- 

thing like 15% of the total 1974 Indonesian energy consumption. The market sur- 

vey reveals that domestic consumption of charcoal is declining because of 

increased home use of imported and heavily subsidized kerosene. However, it 

may be expected that this domestic familiarity with liquid fuels should facili- 

tate the use of the pyrolytic oils for cooking and lighting. There does appear 

to be a great potential export market for the charcoal, however, and with antici- 

pated increasing fuel prices, the use of charcoal as a home cooking fuel should 

likely increase. 



The preliminary design study has produced three different appropriate 

technology one-ton-per-day systems using rice hulls as the fuel and for use at 

typical rice mills. All three systems could be easily fabricated in Indonesia. 

They are assumed to operate 150 days per year. The three systems include (1) a 

three-shift-per-day design with a drier, ( 2 )  a three-shift-per-day design with- 

out a drier, and ( 3 )  a larger, single-shift design without a drier. All the 

systems appear economically favorable, having an estimated return on investment 

of 16%, 15.7%, and 18.5%, respectively. The estimated total capital require- 

ments are 1.4 million rupiahs, 1 million rupiahs, and 1.25 million rupiahs, 
1/ respectively.- 

In addition to the above, the need for a follow-on demonstration program 

is discussed and a program plan devised. 

1/ One U. S. dollar equals approximately 414 rupiahs at current (1976) 
exchange rates. 



INTRODUCTION 

Current Indonesian development plans 11) L/ assume an average annual in- 

crease of about 7% in energy consumption throughout the last quarter of this 

century, with the result that by the year 2000 the energy required will have 

increased almost six times above today's needs. While Indonesia is fortunate 

to have abundant supplies of oil and coal, it currently depends heavily, and 

will continue to do so in the future, upon these fossil fuels, especially the 

oil, to provide it with the foreign exchange required for the planned develop- 

ment. Thus, since the needs of the country for energy are increasing and the 

need for foreign exchange is unabated, the obviously finite limit to ~ndonesia I s  

fossil fuel reserves is a subject which cannot long be ignored (witness the 

crises of the Developed World). Clearly, a program to develop an alternate 

energy supply appropriate to Indonesia's needs should be of high priority. 

While there are a number of alternate energy sources, such as nuclear, geo- 

thermal, and solar, that show considerable promise, there is another that has 

not received the attention it deserves and which offers many advantages to 

Indonesia and other LDCs: energy from agricultural wastes and/or biomass ( 2 1 ,  

as it is often called. 

An attractive means of converting biomass into high-energy fuels that can 

be stored, transported, and used much more efficiently and conveniently than 

the original agricultural waste is low-temperature pyrolysis. Low-temperature 

pyrolysis produces charcoal and oil, which are fuels that can be used by the 

people and thereby relieve the current heavy burden on Java's forests caused by 

the need for firewood. But before any program concerning the use of low- 

temperature pyrolysis can be implemented, however, a preliminary technical and 

economic feasibility study should be made to insure that an adequate supply of 

wastes is available, that a market exists for the products of pyrolytic conver- 

sion, and that the means for producing the necessary equipment is at hand. 

Additionally it must be recognized that to practically utilize energy from 

wastes, especially in the homes, some changes in habit may be necessary and the 

development of auxiliary equipment, such as cooking stoves and lamps, that can 

burn the pyrolytic oils must be made. Further, the need for appropriate char- 

coal briquetting equipment should be noted. 

1/ Numbers in parentheses refer to citations in the References section at - 
the end of this report. 

-1- 



~ h c  present study, then, addresses this need and is a companion to an 

earlier investigation in Ghana ( 3 ) ,  which complements the work presented herein. 

The study is divided into six parts: The first section introduces the tech- 

noloqy of pyrolytic conversion of agricultural wastes into fuels. The second 

section identifies agricultural and forestry wastes in Indonesia. The third 

section points out markets for charcoal, oil, and gas and their competing 

products. The fourth section offers a preliminary design of a simplified 

pyrolytic conversion system. The fifth section illustrates the economics of 

the selected systems. Finally, the sixth section describes the steps necessary 

to implement a pilot project based on the study findings. 

The study was limited to a four-week field trip and thus is necessarily 

limited in scope. Considerable data obtained for this study came from direct 

field interviews. Without the cooperation and assistance of various institu- 

tions and individuals in Indonesia, the study would have been impossible to 

comp le te . 
The Development Technology Center at Bandung, under a subcontract, pro- 

vided outstanding technical and logistical support throughout the study, includ- 

ing the construction and successful test operation of a small, laboratory-scale 

pyrolytic convertor. 



AGRICULTURAL WASTE CONVERSION TECHNOLOGY 

Advantages of Energy from A g r i c u l t u r a l  Wastes 

A g r i c u l t u r a l  wastes  r e p r e s e n t  a major p o t e n t i a l  a l t e r n a t e  energy  sou rce  

i n  Indones ia  which could provide  an e f f e c t i v e  means t o  r e l i e v e  t h e  c u r r e n t  

s t r a i n  on t h e  f o r e s t s  i n  Java  from f irewood c u t t i n g .  The development o f  a 

program t o  recover  energy from was tes  a l s o  would pro long  t h e  l i f e  o f  I n d o n e s i a ' s  

o i l  r e s e r v e s  and h e l p  g e n e r a t e  badly needed f o r e i g n  exchange r equ i r ed  f o r  i ts 

cont inued  development. S ince  energy convers ion  from was tes  i s  a r e l a t i v e l y  

l a b o r - i n t e n s i v e  p r o c e s s ,  a program f o r  u s ing  t h e s e  m a t e r i a l s  a s  f u e l s  cou ld  

c r e a t e  s u b s t a n t i a l  new employment o p p o r t u n i t i e s  i n  ~ n d o n e s i a . ~ ~  A d d i t i o n a l l y ,  

it should be recognized t h a t  s i n c e  t h e s e  wastes a r e  o f t e n  a nuisance  and a r e  

cont inuous ly  produced, t hey  r e p r e s e n t  an e s p e c i a l l y  i n t e r e s t i n g  means f o r  sup- 

plementing I n d o n e s i a ' s  energy needs because i n  t h e i r  use t h e  environment would 

be c leaned  and t h e  energy sypply would be  renewable.  F u r t h e r ,  s i n c e  t h e  f u e l s  

d e r i v a b l e  from t h e s e  was tes  can be produced i n  an e c o l o g i c a l l y  c l e a n  manner, 

wi thout  t h e  presence  o f  any hazards such a s  n u c l e a r  a c c i d e n t s  and o i l  s p i l l s  

a s s o c i a t e d  wi th  o t h e r  energy s o u r c e s ,  t h e  p u b l i c  acceptance  o f  such a program 

would be inc reased .  Moreover, because t h e  f u e l s  produced from t h e s e  was t e s  

would c o n t a i n  e s s e n t i a l l y  ze ro  s u l f u r ,  t h e y  could  be burned wi th  no i n c r e a s e  

i n  atmospheric  s u l f u r  d iox ide  concen t r a t ion .  

Much of  t h e  waste produced is  concen t r a t ed  a t  p roces s  p l a n t s  and o f f e r s  

t h e  a d d i t i o n a l  advantage o f  r e q u i r i n g  minimum e f f o r t  i n  c o l l e c t i o n .  These pro- 

c e s s  was tes  a r e  t y p i c a l l y  o f  a s m a l l  i n d i v i d u a l  p a r t i c l e  s i z e  and could  be 

r e a d i l y  used where r e q u i r e d  a s  f u e l s  a t  t h e  p roces s  p l a n t s  themselves.  Thus, 

such m a t e r i a l s  a s  r i c e  h u l l s ,  sawdust,  coconut  s h e l l s ,  and o i l  palm was tes  

o f f e r  a convenient  oppor tun i ty  t o  produce s i g n i f i c a n t  q u a n t i t i e s  o f  high-energy 

f u e l s  from a p rev ious ly  unusable  source .  

Not a l l  t h e  wastes  a r e  ga the red ;  i n  f a c t ,  major amounts o f  logging  resi- 

dues i n  t h e  o u t l y i n g  i s l a n d s  a r e  l e f t  t o  r o t  i n  t h e  f o r e s t s  and massive 

1/ The November 2 ,  1976, i s s u e  o f  t h e  Indones ia  Observer r e p o r t e d  t h a t  
on ~ a v a  a lone  t h e r e  a r e  about  20 m i l l i o n  unemployed. 



I/ amounts of  r i c e  s t raw a r e  burned i n  t h e  f i e l d s ,  t hus  p o l l u t i n g  t h e  r u r a l  

a i r .  C l e a r l y  no t  a l l  t h e  wastes  can be p r a c t i c a l l y  used a s  f u e l  sou rces .  How- 

e v e r ,  was tes  can be used t o  supply a major f r a c t i o n  of I n d o n e s i a ' s  f u t u r e  

energy needs. 

Problems wi th  Recovering Energy from Wastes 

The use of  a g r i c u l t u r a l  wastes  a s  an energy source  has  been cons idered  

f r e q u e n t l y  i n  t h e  p a s t  but  has n o t  been widely p r a c t i c e d  because of t h e  fol low- 

ing  f a c t o r s :  

1. A g r i c u l t u r a l  was tes ,  even p rocess  was tes ,  a r e  widely s c a t t e r e d ,  o f t e n  

f a r  from p o t e n t i a l  energy use r s .  

2 .  The wastes  f r e q u e n t l y  c o n t a i n  s i g n i f i c a n t  amounts of  water  which, com- 

bined wi th  t h e  g r e a t  d i s t a n c e  involved ,  make t r a n s p o r t a t i o n  c o s t s  excess ive .  

3 .  The mois ture  c o n t e n t  makes it d i f f i c u l t  t o  e f f i c i e n t l y  employ conven- 

t i o n a l  energy convers ion  techniques  such as d i r e c t  burning,  and expensive 

b o i l e r s  must be cons t ruc ted  t o  burn t h e  wastes .  

4. The was tes  a r e  u s u a l l y  produced s e a s o n a l l y  and t h u s  do n o t  o f f e r  a 

s t eady  supply  o f  f u e l .  

Any s u c c e s s f u l  system t o  u t i l i z e  a g r i c u l t u r a l  wastes  as f u e l  must overcome 

t h e s e  problems. 

P y r o l y t i c  Conversion of  Wastes t o  Higher-Quality Fuels  

P y r o l y s i s ,  which is t h e  thermal  deg rada t ion  of  l i g n o c e l l u l o s i c  m a t e r i a l s ,  

i s  one promising means f o r  conver t ing  was tes  i n t o  higher-value f u e l s  which can 

be t r a n s p o r t e d ,  s t o r e d ,  and used more e f f i c i e n t l y  and economical ly than  t h e  

o r i g i n a l  m a t e r i a l s .  The p roduc t s  o f  p y r o l y s i s  a r e  a c h a r ,  an o i l ,  and a com- 

b u s t i b l e  gas .  The char  i s  a f a m i l i a r  p roduc t ;  however, t h e  o i l  and g a s  a r e  

n o t  s o  widely u t i l i z e d  a t  p r e s e n t .  The a p p l i c a t i o n s  of  t h e  char  f o r  home 

1/ It must be recognized t h a t  n o t  a l l  o f  t h e  r i c e  s t r a w  should e v e r  be 
used Tor energy product ion  s i n c e  t h e  o r g a n i c  c o n t e n t  of  t h e  s o i l  would be 
dep le t ed .  Likewise it i s  c l e a r  t h a t  some means t o  r e t u r n  t o  t h e  s o i l  n u t r i e n t s  
such a s  potassium found i n  t h e  s t a l k  would have t o  be devised .  However, s i n c e  
t h e  r e s i d u e  from t h e  conversion o f  t h e s e  was tes  t o  energy c o n t a i n s  a l l  t h e s e  
n u t r i e n t s ,  it is n o t  hard t o  imagine a s o i l  cond i t ion ing  program us ing  t h e  
a s h e s  from t h e  wastes .  I t  might be noted t h a t  t h e  f e r t i l i z e r s  used i n  t h e  
"mirac le  r i c e "  product ion  a l r e a d y  inc lude  potassium and could be f u r t h e r  en- 
r i c h e d  wi th  t h i s  element  i f  need be. 



cooking or as an industrial or metallurgical fuel are also well known, but the 

uses of the gas and especially the oil are not generally appreciated. 

A number of factors govern the relative amounts of char, oil, and gas 

produced through pyrolytic conversion; among them are the operating pressure, 

the time required for pyrolysis, and the temperature of the process. In the 

more commercially successful pyrolytic conversion systems developed to date, 

carbonization has occurred at near ambient pressure and at a relatively moder- 

ate rate. Thus the conversion temperature is, for practical purposes, the most 

important controlling variable. At higher temperatures, greater amounts of gas 

and oil are produced and the char yields are small; at lower temperatures, the 

char yields are large and the oil yields moderate. Since the oil and char are 

storable and more easily transported, they are of greater interest than the 

gas as the products of pyrolytic conversion of agricultural wastes. Thus low- 

temperature pyrolysis has a definite advantage in rural applications. This is 

convenient, since the materials problems associated with the higher tempera- 

ture processes can create serious design difficulties. 

Pyrolytic conversion can occur in batch processes, such as those histori- 

cally used for making charcoal, or in continuous processes. Batch processes 

are simpler and allow carbonization of relatively large pieces; continuous 

processes are generally more mechanized and require the feed to be in smaller 

sizes, such as the wastes produced at agricultural processing plants. Continu- 

ous processes also allow the recovery of the pyrolytic oils, while this is not 

so easily accomplished .with batch processes. 

While pyrolysis is actually an exothermic reaction, once the feed reaches 

a temperature of several hundred degrees, the rate of this reaction without any 

external heat addition is usually too slow, especially for continuous processes, 

for commercial utilization. Thus most continuous flow systems require the ad- 

dition of external heat .l/ This heat can be added in many ways, i.e. , directly 
through the walls of the containing vessel or retort, in a rotary-type kiln 

where combusion of some fuel is made within the kiln, or perhaps in a vertical 

shaft furnace where a small part of the charcoal produced is oxidized using 

1/ An important exception is the Stafford retort, which is designed to 
utilize the exothermic heat of decomposition in well-insulated kilns. Usually 
the kilns are very large and, even though the feed residence time is long, the 
charcoal production is substantial. 



c o n t r o l l e d  a i r  a d d i t i o n  and t h e  hot  g a s e s  genera ted  t r a n s f e r  t h e  necessary  

h e a t  t o  t h e  feed .  Combinations o f  t h e s e  techniques  a l s o  can be found. 

Because of  t h e  s i m p l i c i t y  and e f f i c i e n c y  of  t h e  s h a f t  furnace  d e s i g n ,  

because it can be made t o  be s e l f - s u s t a i n i n g ,  and because it p rov ides  g r e a t e r  

f l e x i b i l i t y  i n  t h e  type  of  feed  t h a t  can be used ,  it has  been developed over  

t h e  l a s t  cen tu ry  i n  a  v a r i e t y  o f  forms. While t h e r e  have been some d i f f e r -  

ences  i n  t h e  source  of t h e  energy,  i . e . ,  e i t h e r  by e x t e r n a l  combustion of t h e  

p y r o l y s i s  gas  wi th  subsequent  i n t r o d u c t i o n  i n t o  t h e  bed o r  by t h e  s imple addi -  

t i o n  o f  a i r  and combustion o f  t h e  c h a r ,  a lmost  a l l  t h e  d e s i g n s  have involved 

t h e  i n t r o d u c t i o n  of  t h e  feed  a t  t h e  t o p  o f  t h e  r e t o r t ,  t h e  removal of  t h e  char  

from t h e  bottom, and t h e  passage of  t h e  hot  gases  upward through t h e  downward- 

moving feed.  The gases  a r e  subsequent ly  removed a t  t h e  t o p  o f  t h e  u n i t ,  

scrubbed,  and passed through a  condensing u n i t ,  from which t h e  l i q u i d  f r a c t i o n  

i s  recovered.  Frequent ly  t h e  feed  is  d r i e d  e x t e r n a l l y ,  r a t h e r  t han  i n  t h e  bed 

i t s e l f ,  thereby a l lowing t h e  u t i l i z a t i o n  of  t h e  chemical r a t h e r  than  t h e  s e n s i -  

b l e  energy of  t h e  g a s  f o r  dry ing .  This  r e s u l t s  i n  ano the r  advantage ,  which is  

t h a t  l e s s  g a s  need be produced, t h u s  a l lowing g r e a t e r  cha r  and o i l  y i e l d s  -- an  

impor tant  c o n s i d e r a t i o n  f o r  a g r i c u l t u r a l  wastes .  

I n  t h e s e  systems invo lv ing  p a r t i a l  burning o f  t h e  c h a r ,  t h e  amount of a i r  

in t roduced can be used t o  c o n t r o l  t h e  r e a c t i o n  tempera ture ,  t h u s  a l lowing v a r i -  

a t i o n  i n  t h e  product  y i e l d s .  One impor tant  c o n s i d e r a t i o n  i n  t h e  o p e r a t i o n  of  

t h e s e  systems i s  t o  main ta in  t h e  o f f -gas  tempera ture  we l l  above t h e  dew p o i n t  

of t h e  mixture  and even above t h e  condensat ion tempera ture  of  a l l  bu t  t h e  

h i g h e s t  b o i l i n g  p o i n t  f r a c t i o n  of  t h e  p y r o l y t i c  o i l s .  Th i s  is  u s u a l l y  s a t i s -  

f i e d  i f  t h e  o f f -gas  tempera ture  is  i n  t h e  range of  350°F-400°F. 

S e v e r a l  examples o f  t h i s  g e n e r a l  t ype  o f  p y r o l y t i c  conversion system, 

u t i l i z i n g  a l l  o r  some of  t h e  above c h a r a c t e r i s t i c s ,  i nc lude :  

o  t h e  b a s i c  S t a f f o r d  r e t o r t  (4 )  used widely over  t h e  p a s t  50 y e a r s  i n  t h e  

U. S. and elsewhere f o r  product ion  of  cha rcoa l  and l i q u i d  by-products 

o  t h e  Mellman r e t o r t  (5)  

o  t h e  Lambiotte r e t o r t  ( 6 )  

o t h e  de  Bartolomeis  des ign  (7 )  

o  t h e  Barneby p rocess  ( 8 )  

o t h e  Georgia Tech des ign  (9) 



Obviously, the technology of low-temperature pyrolysis is well advanced and 

can be applied to Indonesia's needs with confidence. 

While continuous conversion systems are suitable for process wastes, and 

do allow oil recovery, they generally are more complex and more expensive than 

simple kilns, which provide charcoal production only, but can readily process 

logging residues. Likewise, continuous processes are more vulnerable to shut- 

downs in LDCs because of reduced spare part availability. Thus, since the 

character of the wastes in Indonesia varies widely, a process that would accept 

all kinds of materials in various sizes and shapes and still allow oil recovery 

would be most desirable. However, it is important that such a system should 

work efficiently using rice hulls, since they represent the predominant waste. 

In a later section, a preliminary description of a system which has many of 

these desirable characteristics is presented. 

In reviewing the previously mentioned problems of using agricultural 

wastes for energy production, it is useful to note that low-temperature pyrol- 

ysis systems produce dense, dry, high-energy fuels that can be easily stored 

and transported and used in existing facilities with little or no modification. 

By making the system transportable, the seasonal nature of these wastes can be 

dealt with. Thus, the problems characteristic of using these wastes can be 

materially reduced or resolved through the use of low-temperature pyrolytic 

conversion. 



POTENTIAL SOURCES OF AGRICULTURAL AND FORESTRY WASTES 
FOR ENERGY CONVERSION IN INDONESIA 

Agriculture is the principal economic activity in Indonesia. About 64% 

of the population is directly employed on farms during the major part of the 

year. If employment in forestry and in the manufacturing and selling of agri- 

cultural and forestry products is included, the percentage may reach over 80%. 

The quantity of waste materials associated with farming and manufacturing of 

agricultural and forestry products is enormous. This section, then, presents 

a discussion of the types of these wastes found in Indonesia along with a 

description of the quantities involved and the general locations where the 

wastes are  produced. 

In any discussion of wastes, there is an immediate difficulty which must 

be faced regarding the important distinction that should be made between the 

terms "wastes" and "available wastes." This is because there are many present 

commercial uses for "wastes," and while it is not too difficult to determine 

the quantities of wastes produced in most cases, it is often extremely diffi- 

cult to identify what portion of those wastes is presently being used and what 

portion is actually "available." Conveniently, the predominant sources of 

waste in Indonesia, i.e., rice hulls and logging and sawmill residues, are gen- 

erally used to a relatively minor extent. However, such materials as coconut, 

oil palm, and rubber tree wastes and bagasse, which are produced in prodigious 

quantities, are used to a significant but unknown degree. Therefore, some in- 

accuracies are likely present in the results shown in this study, since esti- 

mates of the available fraction of the wastes have been made of necessity. 

In addition, there are likely problems of omission -- no doubt some waste 
types have been ignored due to lack of information regarding their existence 

and/or amounts. For example, peanut hulls and maize stalks, because of poor 

knowledge regarding their production rates and uses, are not included. Further, 

there is a semantic difficulty regarding the definition of what a waste actually 

is. For example, rice straw, which has historically been burned in the fields 

and used as a fertilizer -- by and large -- and is therefore not a waste, to a 
large extent could be replaced by chemical fertilizers and thus become a waste. 

However, for present purposes this straw has not been considered a waste even 

though its total dry weight could easily approach an order of magnitude greater 

than that of the rice hulls; hence, the energy potentially recoverable from 

this source is enormous. 

-0- 



A summary of t h e  a g r i c u l t u r a l  and f o r e s t r y  was tes  i n  Indones ia  which, 

based on t h e  r e s u l t s  o f  t h i s  f i e l d  s tudy ,  have a  h igh  p o t e n t i a l  f o r  energy 

convers ion  i s  g iven  below a long  wi th  t h e  e s t ima ted  a v a i l a b l e  pe rcen tages  : 

Annual Waste Es t imated  
Product ion  Percentage  

( i n  m e t r i c  t o n s )  Ava i l ab l e  

Rice h u l l s  

Logging was tes  

Sawmill was tes  

Coconut was tes  

O i l  palm was tes  

Rubber was tes  

Bagasse 

T o t a l  

The weight of  t h e s e  materials i s  i n  g reen  tons.-  2/  I f  a l l  t h e  e s t i m a t e d  
6 

a v a i l a b l e  was tes  were conver ted  i n t o  c h a r c o a l  and o i l ,  1 .5  x 10  t o n s  of  cha r -  
6  3 / 

c o a l  and -90  x 10 t o n s  of  o i l  would be produced. The market  value-- of  t h e s e  

p roduc t s  would be about  28 b i l l i o n  r u p i a h s . '  To p u t  t h i s  number i n  perspec-  

t i v e ,  Indones ia  consumed an  amount of  energy e q u i v a l e n t  t o  16  m i l l i o n  t o n s  of  

c o a l  i n  1974. Thus, c h a r c o a l  and o i l  produced by p y r o l y t i c  convers ion  would 

be e q u i v a l e n t  t o  about  15% of  t h e  t o t a l  energy consumed i n  t h e  n a t i o n  i n  t h a t  

y e a r . '  I f  t h e  energy p o t e n t i a l l y  a v a i l a b l e  from r i c e  straw a l s o  were inc luded ,  

t h i s  pe rcen tage  might  be inc reased  by a f a c t o r  of  t h r e e  o r  more. C l e a r l y ,  t h e  

p o t e n t i a l  impact of  a g r i c u l t u r a l  and f o r e s t r y  was tes  a s  an energy sou rce  i n  

Indones ia  is  h i g h l y  s i g n i f i c a n t .  

I t  should  be noted  t h a t  i n  t h e  e v e n t  a p y r o l y t i c  c o n v e r t o r ,  based on a 

s p e c i f i c  waste  m a t e r i a l ,  i s  t o  be b u i l t ,  a survey  of a v a i l a b l e  was t e s  t o  conf i rm 

1/ A l l  weights  g iven  i n  t h i s  r e p o r t  a r e  m e t r i c ,  excep t  where o the rwi se  
i n d i c a t e d .  

2/ The r i c e  h u l l  mo i s tu re  c o n t e n t  is  t aken  a t  14%. The remaining was t e s  
a r e  assumed t o  have a 50% mois tu re  c o n t e n t .  

3/ The p r o d u c e r ' s  p r i c e  f o r  l o o s e  cha rcoa l  is  t aken  as 12,000 r u p i a h s  
p e r  t o n ;  p y r o l y t i c  o i l  i s  va lued  a t  10,560 r u p i a h s  p e r  t on .  

4/ A t  c u r r e n t  (1976) exchange r a t e s ,  one U.  S. d o l l a r  is worth 414 r u p i a h s .  - 
5/ The energy c o n t e n t  of  t h e  cha r  and o i l  is approximate ly  e q u a l  t o  t h a t  

of  c o a l .  



t h e  r e s u l t s  o f  t h i s  s t udy  shou ld  be conduc ted .  More i m p o r t a n t l y ,  a long- term 

supply  o f  m a t e r i a l  shou ld  be a s s u r e d  b e f o r e  a c t u a l  c o n s t r u c t i o n  o f  a p y r o l y t i c  

conve r s ion  p l a n t  is begun. 

I n  t h e  f o l l o w i n g  s e c t i o n s  t h e  seven  major  t y p e s  o f  was te  i d e n t i f i e d  above 

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

p r o d u c t i o n  rates and l o c a t i o n .  

Rice  H u l l s  

The p r o d u c t i o n  and marke t i ng  o f  r i c e  constitute t h e  dominant economic pur -  

s u i t  i n  I ndones i a .  The v a r i e d  o c c u p a t i o n s  a s s o c i a t e d  w i t h  r i c e  p r o d u c t i o n  and 

marke t i ng  i n c l u d e  paddy c u l t i v a t i o n  i n  t h e  wide t r ac t s  o f  r u r a l  l a n d ,  t housands  

of r i c e  m i l l s  s c a t t e r e d  among fa rms ,  and numerous w h o l e s a l e r s  and r e t a i l e r s  o f  

rice i n  v i l l a g e s  and c i t i e s .  S i n c e  r i c e  i s  t h e  major  f w d  s t a p l e  o f  t h e  l a n d  

and  129 m i l l i o n  peop l e  consume it d a i l y ,  t h e  impor tance  o f  r i c e  t o  Indonesia 

can  o n l y  be imagined. About 62% o f  t h e  r i c e  p r o d u c t i o n  i s  c e n t e r e d  i n  J a v a ,  

which c o n t a i n s  a comparable  f r a c t i o n  of t h e  n a t i o n a l  p o p u l a t i o n .  

A f t e r  t h e  r i c e  i s  h a r v e s t e d ,  t h e  s e p a r a t i o n  o f  s t a l k  and r i c e  g r a i n s  i s  

t y p i c a l l y  done a t  t h e  fa rm by s imp le  foo t -peda l ed  o r  hand-operated t h r e s h e r s .  

R ice  s t a l k s ,  which c o n t a i n  po tass ium,  a r e  p r e s e n t l y  b e i n g  l e f t  on  t h e  fa rms  

and a r e  t y p i c a l l y  burned ,  t h e r e b y  r e t u r n i n g  t h e  po t a s s ium t o  t h e  s o i l .  Only 

a b o u t  10% o f  t h e  s t a l k  from t h e  l o c a l  r i c e  v a r i e t y  g o e s  t h r o u g h  t h e  r i c e  m i l l s  

and is  used  f o r  papermaking o r  f o r  mushroom c u l t i v a t i o n .  The s t a l k  o f  t h e  l o c a l  

r i c e  v a r i e t y  h a s  a  v a l u e  o f  15-20 r u p i a h s  p e r  k i logram f o r  t h e s e  p u r p o s e s ,  b u t  

t h e  s t a l k  and l e a v e s  o f  t h e  m i r a c l e  rice c u r r e n t l y  have no  v a l u e .  I n  sum, r i c e  

s t a l k s  i n  I n d o n e s i a  c a n n o t  c u r r e n t l y  be  c o n s i d e r e d  a s  was t e  because  t h e y  p l a y  

an  i m p o r t a n t  f u n c t i o n  i n  m a i n t a i n i n g  s o i l  f e r t i l i t y .  However, i n  t h e  f u t u r e ,  

chemica l  f e r t i l i z e r s  c o u l d  be used  t o  r e p l a c e  t h e  r i c e  s t a l k s  i f  t h e  economics  

were f a v o r a b l e .  

Today, t h e  rice i s  g e n e r a l l y  s e n t  f o r  g r i n d i n g  t o  m i l l s  r a t h e r  t h a n  u s i n g  

t h e  o l d e r  manual methods. However, i n  t h e  o u t l y i n g  areas, t h e  o l d e r  methods 

a r e  s t i l l  p r a c t i c e d  to some e x t e n t .  Two k i n d s  o f  w a s t e s  are g e n e r a t e d  i n  t h e  

m i l l i n g  and p o l i s h i n g  p r o c e s s e s  -- r i c e  h u l l s  and f i n e s ,  o r  b ran .  These 

wastes c o n s t i t u t e  abou t  one  t h i r d  o f  t h e  we igh t  o f  r i c e  g r a i n s  i n p u t .  The 

ba l ance  is  t h e  o u t p u t  o f  mi l l ed  and p o l i s h e d  r i c e .  Of t h e  t o t a l  g r a i n ,  r i c e  

h u l l s  c o n s t i t u t e  abou t  25% and f i n e s  make up abou t  8%. F i n e s ,  o r  b r a n ,  a r e  



Table 1 

THE DISTRIBUTION OF RICE MILLS BY PROVINCE, PRODUCTION, 
RICE HULLS GENERATED, INDONESIA, 1975 

Province 

Milled Rice 
Number of Rice Mills Production Hulls Generated 
Large Small (metric tons) (metric tons) 

West Java 27 3 5,994 3,675,375 1,357,683 

DKI Jakarta 

Central Java 

D.I. Yogyakarta 

East Java 245 4,022 2,801,172 1,034,753 

D.I. Aceh 7 0 1,071 456,859 168,764 

North Sumatra 269 2,044 981,846 362,694 

West Sumatra 

Ri au 

Jambi 

Bengkulu - 141 110,503 40,820 

South Sumatra 11 2,072 477,433 176,364 

West Kalimantan 3 403 282,567 104,380 

Central Kalimantan - 257 112,933 41,717 

South Kalimantan 

East Kalimantan 

North Sulawesi 

Central Sulawesi - 8 8 119,993 44,325 

South Sulawesi 13 2,761 788,568 291,297 

Southeast Sulawesi - 64 29,238 10,800 

Maluku - 3 9 5,975 2,207 

Irian Jaya - 19 670 247 

Bali 

N.T.B. 

N.T.T. 

Total 

Note: Large mill = One metric ton or more per hour. 
Small mill = Less than one metric ton per hour. 

Source: Directorate for Food Crops Promotion, Sub-Directorate for License, 
Ministry of Agriculture, Jakarta. 
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P u b l i s h e d  d a t a  g i v i n g  p o t e n t i a l  o r  maximum a l l o w a b l e  c u t  o f  l o g s  and p o t e n -  

t i a l  l o g g i n g  and sawmill wastes by p r o v i n c e  i n  I n d o n e s i a  f o r  1974-1975 a r e  p r e -  

s e n t e d  i n  T a b l e  2. Based on t h e  p o t e n t i a l  p r o d u c t i o n  d a t a ,  e s t i m a t e d  l o g g i n g  

and sawmill wastes were d e r i v e d  on t h e  b a s i s  o f  a c t u a l  l o g  and  sawmill o u t p u t s  

i n  1974. The q u a n t i t y  o f  l o g g i n g  wastes i n  1974 w a s  e s t i m a t e d  a t  1 , 4 2 6 , 5 7 3  

t o n s  i n  I n d o n e s i a ,  w h i l e  sawmill w a s t e s  were e s t i m a t e d  a t  1 , 1 0 3 , 8 9 7  t o n s .  E a s t  

Ka l imantan ,  C e n t r a l  Kal imantan,  and Riau are t h e  major  l o g g i n g  and s a w m i l l l n g  

c e n t e r s  o f  I n d o n e s i a .  

Coconut Wastes 

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

Over 99% o f  t h i s  a c r e a g e  i s  o p e r a t e d  by s m a l l  h o l d e r s  and o n l y  s l i g h t l y  l e s s  

t h a n  1% is o p e r a t e d  by " e s t a t e s . "  An "estate" is  a government i n s t i t u t i o n  o rgan-  

i z e d  t o  own and o p e r a t e  t h e  p l a n t a t i o n s  f o r  t h e  p r o d u c t i o n  o f  v a r i o u s  c r o p s .  

Coconut p r o d u c t i o n  is  c e n t e r e d  i n  North  S u l a w e s i ,  West J a v a ,  E a s t  J a v a ,  

and North  Sumatra .  The n a t i o n  produced 1 ,365 ,000  t o n s  o f  c o p r a  i n  1974. 

The a v e r a g e  w e i g h t  c o n t e n t s  o f  a coconut  are g i v e n  as f o l l o w s :  

Components P e r c e n t  

Husk 

Copra 

S h e l l  

Water 

T o t a l  

Waste volume e s t i m a t e s  are as f o l l o w s :  

Husk 

S h e l l  

T o t a l  

1 , 6 5 4 , 0 0 0  t o n s  

703,000 t o n s  

2 ,357,000 t o n s  

A p o r t i o n  o f  t h e  h u s k s  and s h e l l s  is used by f a r m e r s  f o r  d r y i n g  t h e  c o p r a .  

The remainder  i s  burned ;  however,  t h e  amount burned i s  unknown. These  wastes 

are a t  t h e  s i t e s  o f  c o c o n u t  p l a n t a t i o n s .  

O i l  Palm Wastes 

The n a t i o n  had 164 ,300  h e c t a r e s  o f  o i l  palm p l a n t a t i o n s  i n  1974 ,  n e a r l y  a l l  

o f  which are s t a t e - r u n  estates. The d i s t r i b u t i o n  o f  o i l  palm estates i s  g i v e n  

i n  T a b l e  3.  

- 1  3 -  



T a b l e  2  

POTENTIAL LOGGING AND SAWMILL WASTES I N  INDONESIA, 1974 

Logging Wastes Sawmill  Wastes  
P o t e n t i a l  E s t i m a t e d  P o t e n t i a l  E s t i m a t e d  

~ o l u m e l /  A c t u a l  Volume ~ o l u m e l /  A c t u a l  Volume 
P r o v i n c e  ( c u b i c  meters) ( m e t r i c  t o n s ) /  ( c u b i c  m e t e r s )  (metric t o n s )  / 

West J a v a  
C e n t r a l  J a v a  and 

Yogyakar ta  
E a s t  J a v a  
Ace h  
North  Sumatra 
West Sumatra 
S o u t h  Sumatra  
Riau  
Jarnbi 
Bengkulu 
Rampung 
West Kal imantan 
C e n t r a l  Kal imantan 
South  Kal imantan 
E a s t  Kal imantan 
North  S u l a w e s i  
C e n t r a l  S u l a w e s i  
S o u t h e a s t  Su lawes i  
Sou th  S u l a w e s i  
West Nusa Tenggara  
Maluku 
I r i a n  J a y a  

T o t a l  7 ,925 ,408  1 , 4 2 6 , 5 7 3  6 , 1 4 4 , 5 8 1  1 , 1 0 3 , 8 9 7  

1/ Derived from p u b l i s h e d  p o t e n t i a l  volume f o r  l o g g i n g  and s a w m i l l i n g  w a s t e s  - 
by p r o v i n c e  i n  1974-1975. 

2/ The c o n v e r s i o n  i n t o  a c t u a l  wastes volume i n  m e t r i c  t o n s  is  based  on t h e  - 
f o l l o w i n g  e q u a t i o n :  

MT = PW x .6  + SV x D ,  where 

MT = Metric Tons o f  e s t i m a t e d  a c t u a l  waste volume 
3 

PW = P o t e n t i a l  Waste volume g i v e n  i n  t h e  t a b l e  as M . A c t u a l  Waste 
volume e s t i m a t e d  based  on  1974 l o g  p r o d u c t i o n  is  60% o f  PW 

SV = S o l i d  Volume, which e q u a l s  A c t u a l  Waste volume d i v i d e d  by 2.  
3  

D = Wood D e n s i t y  o f  .6 ton/M t o  a r r i v e  a t  metric t o n s  

Source :  E v a l u a t i o n  o f  F o r e s t  U t i l i z a t i o n  f o r  Wood P r o c e s s i n g  P l a n t s  i n  
I n d o n e s i a ,  1975,  D i r e c t o r a t e  G e n e r a l  o f  F o r e s t r y ,  M i n i s t r y  o f  Agri -  
c u l t u r e ,  J a k a r t a ,  1976. 



Table  3 

NUMBER OF OIL PALM ESTATES BY PROVINCE I N  1973 

P rov ince  Number o f  E s t a t e s  

Aceh 

North Sumatra 

Riau 

West Sumatra  

Rampun9 

West J a v a  

T o t a l  

Source :  S t a t i s t i c a l  Pocketbook,  I n d o n e s i a ,  1974-1975, Cen- 
t r a l  Bureau o f  S t a t i s t i c s ,  J a k a r t a ,  1975. 

From t h e  t a b l e s ,  it is obv ious  t h a t  North  Sumatra  is t h e  o i l  palm p l a n t a -  

t i o n  c e n t e r  i n  I ndones i a .  The area e x p o r t e d  385,020 t o n s  o f  palm o i l  i n  1975 

and t h e  volume i s  expec t ed  t o  i n c r e a s e  8 .84% p e r  y e a r .  According t o  Asjar i  

Darus ,  Head o f  t h e  North Sumatra Trade S e r v i c e ,  t h e  e x p o r t  i n  t h e  area i s  pro-  
1 / j e c t e d  t o  r e a c h  732,740 t o n s  by 1985.- 

The ave rage  y i e l d  o f  o i l  palm f r u i t s  and bunches  is e s t i m a t e d  a t  9 .4  t o n s  

p e r  h e c t a r e .  The we igh t  d i s t r i b u t i o n  between t h e  f r u i t  and t h e  bunch o f  o i l  

palms i s  g i v e n  below: 

Bunch s t e m  

F r u i t  

Husk 

S h e l l  

Kernel  

40% 

60% 

60% o f  t h e  f r u i t  

32% o f  t h e  f r u i t  

8% o f  t h e  f r u i t  

Waste volume e s t i m a t e s  a r e  as f o l l o w s :  

164,300 h e c t a r e s  x 9 .4  t o n s  
f r u i t s  and bunches = 1 ,544 ,420  t o n s  

Bunch s tem wastes = 617,768 t o n s  
F r u i t s  = 926,652 t o n s  
Husks = 555,991 t o n s  
S h e l l s  = 296,529 t o n s  
Ke rne l s  - - 74,132 t o n s  

1/ Indones i a  Times, Oc tober  26,  1976. - 



Thus t h e  t o t a l  w a s t e  volume, which i n c l u d e s  bunch stems, h u s k s ,  and s h e l l s  

o f  t h e  o i l  palm p r o d u c t i o n ,  i s  e s t i m a t e d  a t  1 , 4 7 0 , 2 8 8  t o n s  i n  1974.  

I t  is i n t e r e s t i n g  t o  n o t e  t h a t  c o c o n u t  s h e l l  and o i l  palm s h e l l  are two 

e x c e l l e n t  m a t e r i a l s  f o r  p y r o l y t i c  c o n v e r s i o n ,  and t h e s e  two m a t e r i a l s  d e s e r v e  

s p e c i a l  a t t e n t i o n .  Dimens iona l ly  t h e y  a r e  t h e  r i g h t  s i z e  f o r  p y r o l y t i c  con- 

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

P h y s i c a l l y  t h e y  have h i g h  d e n s i t y  and a r e  e x c e l l e n t  m a t e r i a l s  f o r  making a c t i -  

v a t e d  c h a r c o a l ,  which commands a  much h i g h e r  v a l u e  i n  t h e  wor ld  m a r k e t  t h a n  

o r d i n a r y  c h a r c o a l .  These two s o u r c e s  o f  s h e l l s ,  based  on c u r r e n t l y  e s t i m a t e d  

d a t a ,  have a t o t a l  w e i g h t  o f  995,500 t o n s  p e r  y e a r  i n  I n d o n e s i a .  Assuming a 

y i e l d  of 6% a c t i v a t e d  c a r b o n ,  t h i s  would p roduce  59 ,730  t o n s  o f  a c t i v a t e d  c a r -  

bon p e r  y e a r .  Assuming t h e  wor ld  p r i c e  o f  a c t i v a t e d  c a r b o n  i s  $500 p e r  t o n ,  

$29,965,000 w o r t h  o f  commodit ies  would b e  c r e a t e d  o u t  o f  t h e s e  s h e l l  wastes i n  

I n d o n e s i a .  

Rubber Wastes 

I n d o n e s i a  had 2 ,303,400 h e c t a r e s  i n  r u b b e r  p l a n t a t i o n s  i n  1974. Of t h e  

t o t a l  a c r e a g e ,  small h o l d e r s  c o n s t i t u t e d  81%, w h i l e  estates made up t h e  b a l a n c e .  

West J a v a  and North  Sumatra  are t h e  major  p r o v i n c e s  f o r  r u b b e r  p l a n t a t i o n s .  The 

d i s t r i b u t i o n  o f  estates o f  r u b b e r  p l a n t a t i o n s  is  g i v e n  i n  T a b l e  4. 

The p r o d u c t i v i t y  o f  a r u b b e r  t ree depends  g r e a t l y  on c u t t i n g  p r a c t i c e s .  

I n  g e n e r a l ,  a f t e r  25 t o  30 y e a r s '  c u t t i n g s ,  a p l a n t a t i o n  o f  r u b b e r  trees s h o u l d  

be  removed f o r  r e p l a n t i n g  because  o f  t h e  d e c l i n i n g  y i e l d s  o f  t h e  t r e e s .  It is  

e s t i m a t e d  t h a t  3% t o  5% o f  t h e  t o t a l  a c r e a g e  o f  r u b b e r  p l a n t a t i o n s  i n  I n d o n e s i a  

i s  b e i n g  r e p l a n t e d  e a c h  y e a r .  I n  1973,  1 2 , 6 2 8  h e c t a r e s  were r e p l a n t e d ;  e a c h  

h e c t a r e  had a n  a v e r a g e  o f  500 trees. However, 300 trees p e r  h e c t a r e  a r e  u s e d  

h e r e  f o r  waste-volume estimates b e c a u s e  o f  m o r t a l i t i e s  d u r i n g  t h e  y e a r s  a f t e r  

p l a n t i n g .  I t  is  f u r t h e r  e s t i m a t e d  t h a t  e a c h  cut-down tree weighs  a b o u t  one- 

h a l f  ton .  The q u a n t i t y  o f  o l d  r u b b e r  trees b e i n g  c u t  down f o r  r e p l a n t i n g  pur -  

p o s e s  i s  e s t i m a t e d  as g i v e n  below: 

1 2 , 6 2 8  h e c t a r e s  x  300 t r e e s  = 3 ,788 ,400  t r e e s  

3 ,788 ,400  t r e e s  x  % t o n  = 1 , 8 9 4 , 2 0 0  t o n s  

A t  p r e s e n t ,  t h e  p r i m a r y  u s e  f o r  o l d  cut-down trees is  as a f u e l  f o r  smok- 

i n g  r u b b e r .  Only a s m a l l  p o r t i o n  i s  c u r r e n t l y  b e i n g  s o l d  as f i r e w o o d  o r  b e i n g  



Table 4 

NUMBER OF RUBBER ESTATES BY PROVINCE, 1974 

Province 

Ace h 

North Sumatra 

Riau 

West Sumatra 

Jambi 

South Sumatra 

Rampung 

We s t  Java  

C e n t r a l  J ava  

Eas t  J ava  

B a l i  

West Kalimantan 

South Kalimantan 

North Sulawesi 

South Sulawesi 

Southeas t  Sulawesi 

T o t a l  

Number of  
E s t a t e s  

Source: S t a t i s t i c a l  Pocketbook, Indones ia ,  Cen t ra l  
Bureau of  S t a t i s t i c s ,  J a k a r t a ,  1975. 

conver ted  i n t o  cha rcoa l  f o r  expor t .  However, t h e  percentage  of t h e  t o t a l  a v a i l -  

a b l e  wood t h a t  i s  a c t u a l l y  wasted i s  u n c e r t a i n .  

Bagasse 

Indones ia  has  57 sugar  process ing  p l a n t s  ( i n  1976) .  F i f t y - f i v e  of them 

a r e  i n  Java .  Sugarcane c u l t i v a t i o n  and sugar  r e f i n i n g  a r e  l a r g e l y  done i n  

Eas t  Java and Cen t ra l  Java .  The d i s t r i b u t i o n  of sugar  p l a n t s  by p rov ince ,  cane 

processed  i n  1975, and bagasse gene ra t ed  a r e  p resen ted  i n  Table 5.  

Nearly a l l  t h e  bagasse is  o r  soon w i l l  be burned a s  b o i l e r  f u e l  i n  sugar  

r e f i n i n g .  Only an i n s i g n i f i c a n t  amount is  used i n  papermaking o r  a s  pressboard  

m a t e r i a l .  Because o f  t h e  h igh  mois ture  c o n t e n t  o f  bagasse ,  burning it d i r e c t l y  



Table 5 

THE DISTRIBUTION OF SUGAR PUNTS BY PROVINCE, 
CANE PROCESSED, SUGAR PRODUCED, AND BAGASSE GENERATED IN INDONESIA, 1975 

Number of Cane Processed Sugar Produced Bagasse 
Province Plants (in tons) (in tons ) Generated 

East Java 3 3 5,964,242 596,424 1,816,112 

Central Java 16 2,891,972 289,197 880,605 

West Java 6 1,084,876 108,488 330,345 

Outside Java 

Total 

Source: Indonesian Sugar Experiment Station, Pasuruan, Indonesia. 

as a boiler fuel entails a loss in thermal conversion efficiency of about 40%. 

Through pyrolytic conversion into a char and oil mixture, bagasse would become 

a higher-quality fuel with a much smaller loss in thermal conversion efficiency 

when it is used in a properly designed, lower-cost boiler. The replacement of 

an old boiler with a new one requires the consideration of capital costs. How- 

ever, when a worn-out boiler in a sugar plant needs a replacement, it would be 

appropriate to consider pyrolytic conversion of bagasse because of the substan- 

tial savings in the boiler cost and significant improvements in conversion 

efficiency that could be realized. 



MARKETS FOR PRODUCTS OF PYROLYTIC CONVERSION 
I N  INDONESIA AND THEIR COMPETING PRODUCTS 

Charcoa l ,  o i l ,  and g a s  a r e  t h e  t h r e e  end p roduc t s  from p y r o l y t i c  conver- 

s i o n .  The g a s  is  most p r a c t i c a l l y  used on s i t e  f o r  such purposes  a s  d r y i n g ;  

however, t h e  o t h e r  two end p r o d u c t s ,  c h a r c o a l  and o i l ,  must compete i n  t h e  

market w i th  cheaply  a v a i l a b l e  kerosene ,  d i e s e l  and f u e l  o i l s ,  and wi th  f i r e -  

wood. I n  o r d e r  t o  unders tand  t h e  s i t u a t i o n  i n  which t h e  c h a r c o a l  and p y r o l y t i c  

o i l  have t o  compete, t h e  c u r r e n t  market  f o r  t h e  major domest ic  f u e l s  is  

d e s c r i b e d  s e p a r a t e l y .  

Kerosene 

Kerosene is a petroleum-based d e r i v a t i v e .  I t  has  c l e a n  burn ing  c h a r a c t e r -  

i s t i c s  and is e a s i l y  handled. I n  Indones ia ,  t h e  p roces s ing  o f  kerosene is  

h e a v i l y  s u b s i d i z e d  by t h e  government i n  o r d e r  t o  p rov ide  a cheap f u e l  f o r  dornes- 

t i c  u s e s  and t o  r e l i e v e  t h e  burden on t h e  f o r e s t s  r e s u l t i n g  from f irewood c u t -  

t i n g .  The p roduc t ion  c o s t  o f  a l i t e r  o f  kerosene is  e s t i m a t e d  a t  about  26 

r u p i a h s  and t h e  n e t  s a l e  p r i c e  ( f . 0 . b . )  o f  a l i t e r  of  kerosene is  16  r u p i a h s ;  

t h e  r e s u l t  i s  a l o s s  t o  t h e  government of  approximately 10  rup iahs .  The con- 

sumption of  kerosene i n  Indones ia  was r e p o r t e d  a t  4,868,663,000 l i t e r s  i n  1975, 

which meant t h a t  t h e  government s u b s i d i e s  were a t  48,686,630,000 r u p i a h s  f o r  

t h e  kerosene product ion  i n  t h a t  yea r .  By 1977, t h e  domest ic  consumption o f  

kerosene is  p r o j e c t e d  t o  r each  6,150,000,000 l i t e r s .  I f  t h e  p roduc t ion  c o s t s  

remain t h e  same, t h e  government w i l l  have t o  pay 61,500,000,000 r u p i a h s  f o r  

s u b s i d i e s .  

Kerosene i s  used l a r g e l y  by c i t y  d w e l l e r s  f o r  cooking and l i g h t i n g  pur-  

poses .  However, i n  r u r a l  a r e a s ,  kerosene is used more f o r  l i g h t i n g .  R e t a i l  
\ .I 

p r i c e s  of  kerosene may be 25 t o  30 r u p i a h s  p e r  l i t e r  because o f  markups i n  t h e  

v a r i o u s  middleman t r a n s a c t i o n s .  

Indones ia  i s  one of  a few o i l  e x p o r t i n g  c o u n t r i e s  i n  t h e  world.- 'I However, 

t h e  known proven o i l  r e s e r v e s  may be exhausted i n  20 y e a r s  i f  no new d i s c o v e r i e s  

1/ Indones ia  i s  impor t ing  lower-value Arab o i l s  ( h i g h e r  su lphur  c o n t e n t )  
f o r  domest ic  consumption. On t h e  o t h e r  hand, it is e x p o r t i n g  h igher -va lue  do- 
m e s t i c  o i l s  t o  Japan and t h e  U.S.A. P y r o l y t i c  convers ion  o f  a g r i c u l t u r a l  was tes  
i n t o  c h a r c o a l  and o i l  t o  r e p l a c e  some p o r t i o n  of  kerosene consumption would s a v e  
t h e  n a t i o n  a cons ide rab le  amount o f  f o r e i g n  exchange from impor t ing  Arab o i l .  



are made. Further exploration for new oil is likely to depend upon the world 

price of oil and the costs of exploration. 

Diesel Oil and Fuel Oil 

Diesel oil and fuel oil are both industrial fuels which would compete 

directly with the charcoal and the pyrolytic oil. The processing of both oils 

is subsidized by the government for the same reason as kerosene. The domestic 

consumption of the oils and government subsidies are given in Table 6. 

Table 6 

DOMESTIC CONSUMPTION OF DIESEL AND FUEL OILS IN 1975 
AND PROJECTED CONSUMPTION IN 1977, WITH GOVERNMENT SUBSIDIES, INDONESIA 

1975 Projected 1977 
Government Government 

Consumption Subsidies Consumption Subsidies 
Kind (kiloliters) (rupiahs) (kiloliters) (rupiahs 

Diesel Oil 708,758 4,252,548,000 1,130,000 6,780,000,000 

Fuel Oil 1,085,360 6,512,160,000 1,660,000 9,960,000,000 

Total 1,794,118 10,764,708,000 2,790,000 16,740,000,000 

Source: Directorate General of Oil and Gas, Department of Mining, Jakarta. 

The consumption of diesel and fuel oils was reported at 1,794,118 kilo- 

liters in 1975 and was projected to reach 2,790,000 kiloliters by 1977. The 

government subsidies for the production of these two fuels would increase from 

10,764,708,000 rupiahs in 1975 to 16,740,000,000 rupiahs by 1977. The enormous 

costs to the government to maintain cheap fuels for domestic consumption are 

obvious. 

Firewood 

Firewood of various kinds and species is the dominant fuel for domestic 

cooking despite the low cost of kerosene. The sources of firewood come largely 

from the forests, mangrove trees on the beaches, cut-down rubber trees, coconut 

trees, oil palms, logging wastes, sawmill wastes, etc. No reliable statistics 

are available on the production and consumption of firewood. However, it is 

estimated that the uses of firewood are equal to twice the commercial energy 



consumption in 1ndonesia.l' The rapid disappearance of trees and forests as 

a result of the demand for firewood has alarmed many authorities in the world. 

A recent article in the Indonesia Times aptly described the situation. 

A century ago tropical forests provided an inexhaustible sup- 
ply of energy in the form of firewood for the poor of the world. 
Today the forests are disappearing at the rate of 15 hectares a 
minute. In the developing world the shortage of firewood is becom- 
ing critical. The increasing rate of destruction of trees in the 
developing world shows no sign of abating, as between one and two 
thirds of the rural population burn up these forest products. . . . 
Exhortation not to chop down bushes or trees can have little effect, 
if people have no other means of cooking. The third world's energy 
crisis could become much worse unless some alternative to firewood 
as fuel becomes available . /  

To find alternatives to firewood is one of the major objectives in conduct- 

ing this field study in Indonesia. Pyrolytic conversion of agricultural and 

forestry wastes into charcoal and oils may make them important alternative 

sources of fuel energy to the population in the years to come because these 

wastes are self-generating as long as fanning and forestry activities are con- 

ducted in Indonesia. 

Firewood is sold at about 1,500 rupiahs per cubic meter in rural areas 

and about 3,000 rupiahs in cities. A large percentage of the firewood consumed 

in the nation is obtained simply by foraging into nearby forests by the rural 

population. The loss of trees and bushes causes erosion and depletion of the 

fertility. How to stop the practice of chopping down trees and bushes in rural 

areas is a delicate problem. Firewood is used not only for domestic cooking, 

but also as industrial fuel for drying roof tiles, bricks, etc. 

Potential Market Outlets for Pyrolytic Oil 

The weight of oils produced by pyrolytic conversion is equal approximately 

to 75% to 80% of the weight of charcoal produced. Although the oils presently 

cannot be used directly as fuels for combustion engines, they could be used as 

fuels for cooking, drying, steam and electrical power generation, and for 

1/ Filino Harahap, "The Prospect of Solar Utilization, the Indonesian - 
Case," paper presented to the Symposium on Energy, Resources and the Environ- 
ment, February 25 to 28, 1975, Jakarta. 

2/ Alastair Matheson, "Third World Faces a Firewood Crisis," Indonesia - 
Times, November 3, 1976. 



lamps. P y r o l y t i c  o i l s  could  be used a s  f u e l  i n  t h e  p l a c e  of  firewood i n  thou- 

sands  o f  k i l n s  throughout  Indones ia  used f o r  making roof  t i l e .  They a l s o  cou ld  

be used i n  t h e  same way i n  making b r i c k s ,  which is ano the r  l a r g e  i n d u s t r y  w i t h i n  

Indones ia .  A mix ture  of p y r o l y t i c  o i l s  and c h a r c o a l  could  be used a s  b o i l e r  

f u e l  i n  f a c t o r i e s ,  i n  s teamships ,  i n  t r a i n s ,  and i n  power s t a t i o n s .  

P y r o l y t i c  o i l ,  because of  i t s  convenient  form, should be a s u i t a b l e  f u e l  

f o r  domest ic  cooking purposes .  I t  would appear  t h a t  a s imple  cooking s t o v e  

based on t h e  o i l  could  be des igned  and manufactured i n  Indones ia .  The domest ic  

cooking and h e a t i n g  market may we l l  be a good p o t e n t i a l  o u t l e t  f o r  t h e  o i l  

because of  i t s  i n s t a n t  g e n e r a t i o n  of  h e a t ,  because o f  t h e  c l e a n l i n e s s  of  i ts  

burn ing ,  and because of  t h e  e a s e  o f  c o n t r o l  i n  u s ing  it. A good cooking s t o v e  

des ign  i s  e s s e n t i a l  t o  t h e  s u c c e s s  o f  promoting t h e  o i l  f o r  domest ic  cooking 

purposes .  I n  a d d i t i o n ,  t h e  s t o v e  i t s e l f  would become a manufactur ing opportun-  

i t y  i n  Indones ia .  I f  it i s  accepted  i n  t h e  marke t ,  it could  become an  e x p o r t  

i tem t o g e t h e r  w i t h  t h e  o i l .  

P y r o l y t i c  o i l  a l s o  can be used f o r  lamplight . -  Kerosene-type lamps a r e  

a l r e a d y  commonly used i n  Indones ia .  With some mod i f i ca t ion  of  t h e  lamp, pyro- 

l y t i c  o i l  could r e p l a c e  kerosene i f  it were produced i n  l a r g e  q u a n t i t i e s .  

Modified kerosene lamps could  become ano the r  manufactur ing o p p o r t u n i t y  i n  

Indones ia .  

The h e a t i n g  va lue  of p y r o l y t i c  o i l  i s  approximately e q u a l  t o  two t h i r d s  

t h a t  o f  kerosene.  A s  a  r e s u l t ,  t h e  market va lue  of  p y r o l y t i c  o i l  is  g iven  a t  

two t h i r d s  of  t h e  c u r r e n t  market p r i c e  o f  kerosene ,  which i s  s o l d  a t  16  r u p i a h s  

p e r  ki logram ( n e t  s a l e  p r i c e  f .0 .b.  r e f i n e r y ) .  P y r o l y t i c  o i l  should be valued 

a t  10.56 r u p i a h s  p e r  ki logram o r  10,560 r u p i a h s  p e r  t on .  

I t  should be noted  t h a t  t h e  p y r o l y t i c  o i l s ,  i n  t h e i r  i n i t i a l l y  produced 

form, have a  pungent odor ,  a r e  mi ld ly  c o r r o s i v e  a t  room t empera tu re ,  and upon 

exposure t o  a i r  do tend  t o  polymerize.  Thus f u r t h e r  work t o  s t a b i l i z e  t h e  o i l s  

needs t o  be done be fo re  t h e  a p p l i c a t i o n s  o f  l i g h t i n g  and cooking a r e  inunediately 

pursued.  There is  no reason  t o  e x p e c t ,  however, t h a t  t h e  neces sa ry  

1/ Very p re l imina ry  t e s t s  o f  t h e  burning c h a r a c t e r i s t i c s  of p y r o l y t i c  o i l  
i n  a Ztandard kerosene lamp have i n d i c a t e d  t h a t  wh i l e  t h e  o i l  burns  c l e a n l y ,  
w i th  no odor w i t h  a  s t anda rd  c o t t o n  wick, t h e r e  i s  i n s u f f i c i e n t  wicking a c t i o n  
because o f  i t s  r e l a t i v e l y  h igh  v i s c o s i t y .  Thus a m o d i f i c a t i o n  t o  t h e  s t a n d a r d  
kerosene lamp des ign  o r  a  d i f f e r e n t  wick w i l l  be r e q u i r e d .  



modi f i ca t ions  t o  t h e  o i l  c h a r a c t e r i s t i c s  cannot  be made. Experience wi th  t h e s e  

o i l s  a t  Georgia Tech ' s  Engineering Experiment S t a t i o n  i n d i c a t e s  t h a t  t h e  co r -  

r o s i o n  problem, even wi th  u n t r e a t e d  o i l s ,  i s  n o t  e x c e s s i v e ,  55-gal lon s t e e l  

drums of  t h e s e  o i l s  having been s t o r e d  r o u t i n e l y  f o r  two o r  more y e a r s  wi thout  

leakage .  Furthermore,  i n  LDCs such a s  Indones ia ,  wood o r  ceramic s t o r a g e  con- .' 

t a i n e r s  might be more r e a d i l y  a v a i l a b l e  t han  meta l  ones  and would have essen-  

t i a l l y  no c o r r o s i o n  problems. 

P o t e n t i a l  Market O u t l e t s  f o r  Charcoal  

Because cheap kerosene and firewood a r e  a v a i l a b l e  a s  domest ic  f u e l s ,  t h e  

cha rcoa l  product ion  i n  Indones ia  is  d e c l i n i n g .  Unfo r tuna te ly  t h e r e  a r e  no 

r e l i a b l e  s t a t i s t i c s  concerning t h e  p roduc t ion  and consumption o f  c h a r c o a l .  Th i s  

is  because a  l a r g e  amount of  cha rcoa l  i s  produced and s o l d  wi thou t  be ing  r e -  

p o r t e d  by sma l l  h o l d e r s  u s ing  wood ob ta ined  from t h e  f o r e s t s .  Foraging f o r e s t s  

f o r  c h a r c o a l  making is i l l e g a l ;  however, t h e  p r a c t i c e  goes  on.  

F o r e s t  S e r v i c e  pub l i shed  d a t a  on cha rcoa l  p roduc t ion  and e x p o r t s  a r e  

g iven  i n  Table 7.  According t o  t h e  t a b l e ,  e x p o r t s  a r e  i n c r e a s i n g  and produc- 

t i o n  i s  d e c l i n i n g .  However, a  c o n t r a d i c t i o n  e x i s t s  because t h e  e x p o r t  volume 

exceeds t h e  product ion  volume. I t  is  b e l i e v e d  t h a t  t h e  p roduc t ion  r e f e r s  t o  

domest ic  consumption exc luding  t h e  e x p o r t  volume. Genera l ly  t h e r e  is  some ques- 

t i o n  about  t h e  v a l i d i t y  of t h e  d a t a  f o r  t h e  r ea sons  p r e v i o u s l y  c i t e d ;  however, 

it is t h e  on ly  publ i shed  source  o f  i n fo rma t ion  a v a i l a b l e . .  

Table  7 

CHARCOAL PRODUCTION AND EXPORTS I N  INDONESIA, 1968 TO 1975 
( i n  t o n s )  

Year - 
1968 
1969 
197 0 
1971 
1972 
197 3 
1974 
1975 

Product ion  

646,000 
120,000 

6,517 
15,436 
30,992 
38,702 

- 
30,566 

Expor ts  

Sources:  Product ion  - S t a t i s t i c a l  Pocketbook, Indones i a ,  
1974/1975, C e n t r a l  Bureau of S t a t i s t i c s ,  J a k a r t a ,  
Indones ia ;  Expor ts  - Indones ia  F o r e s t s ,  1975, D i -  
r e c t o r a t e  General  of  F o r e s t r y ,  J a k a r t a ,  Indones ia .  



There are three kinds of charcoal producers in Java -- Forest Service 
(government), estates (semigovernment), and small holders (privates). Based 

on one estimate, the government supplies about 70s of the charcoal market in 

Java, estates 20%, and privates 10%. The total volume of charcoal consumed in 

Java is insignificant compared with the total energy needs for domestic cooking. 

The charcoal export business in Indonesia appears to be a growing enter- 

prise. According to one report, a number of charcoal producers in Sumatra 

export about 1,000 tons of charcoal to Singapore, Hongkong, and Japan daily. 

(Clearly such amounts of charcoal production are totally inconsistent with the 

data presented in Table 7 and caution must be advised in the use of these 

results. ) 

Charcoal production in Java is accomplished by earth mounds. Mound char- 

coal is produced by piling pieces of timber or wood together in mounds and set- 

ting the pile afire. Then the pile is covered with earth and allowed to smolder 

for a week or so. After the fire goes out, the charcoal is removed. The method 

is primitive and wasteful, producing barely half the quantity of charcoal which 

might be obtained from the same amount of wood by a more efficient method such 

as pyrolytic conversion. 

The charcoal produced by the Forest Service in legal operations is sold at 

14,000 rupiahs per ton to wholesalers. Labor costs constitute the largest 

single outlay in production, about 9,500 rupiahs per ton. Wholesalers pay 

about 3.5 rupiahs per kilogram for the charcoal to be shipped to a city about 

60 kilometers away. Wholesalers' prices are 45 to 50 rupiahs per kilogram on 

chunk charcoal and about 33 rupiahs per kilogram for loose charcoal. The re- 

tail value of charcoal may reach as high as 75 rupiahs per kilogram, depending 

upon the quality and distance from the sources of supply. 

A wholesaler in Bandung sells only about 200 kilograms of charcoal a day 

with a profit margin of 15 to 16 rupiahs per kilogram. The sales of a retailer 

average only about 30 to 50 kilograms a day. 

Because of the declining use of charcoal, it appears that the market for 

pyrolytic-conversion charcoal in Java may be limited. However, successful 

pilot plants could be introduced to sell a moderate amount of charcoal for 

domestic uses. If pyrolytic conversion is to be introduced in Indonesia on a 

large scale, exports to Singapore, Hongkong, and Japan should be explored 

thoroughly. 



I t  s h o u l d  be  n o t e d  t h a t  c h a r c o a l  p roduced  by p y r o l y t i c  c o n v e r s i o n  may be  

i n  a loose and  p u l v e r i z e d  c o n d i t i o n ,  w h i l e  mound and k i l n  c h a r c o a l  a r e  i n  lump 

form. Lump c h a r c o a l  is more s u i t a b l e  f o r  d o m e s t i c  c o o k i n g  and  h e a t i n g  p u r p o s e s ,  

w h i l e  loose c h a r c o a l ,  u n t i l  it i s  b r i q u e t t e d ,  i s  more s u i t a b l e  f o r  i n d u s t r i a l  

a p p l i c a t i o n s  s u c h  as b o i l e r  f u e l s .  A s  a n  i n d u s t r i a l  f u e l ,  loose c h a r c o a l  h a s  

t o  compete w i t h  coal and raw-grade o i l s  such  as Bunker C. Coa l  p r o d u c t i o n  i n  

I n d o n e s i a  h a s  s u f f e r e d  t h e  same f a t e  as c h a r c o a l ,  a d e c l i n i n g  t r e n d ,  b e c a u s e  it 

c a n n o t  compete w i t h  t h e  g o v e r n m e n t ' s  s u b s i d i z e d  f u e l  o i l s .  



PRELIMINARY DESIGN OF A PYROLYTIC CONVERSION SYSTEM 

General 

This section presents a preliminary description of a pyrolytic conversion 

System appropriate to the Indonesian situation. The rationale for the selec- 

tion of the waste to be processed and the size of the plant are discussed, and 

the design philosophy is described. In addition, a brief description of the 

selected design(s), together with comments regarding its working operation, is 

offered. 

Waste Selection 

While a variety of agricultural wastes are produced in Indonesia, the sur- 

vey demonstrates the overwhelming preponderance of rice residues, especially 

rice hulls, compared with any other. Thus rice hulls appear to provide the 

greatest opportunity for waste conversion at present, although wood residues in 

some outlying areas of Indonesia, but not in Java, offer an attractive alter- 

native. 

Since rice is collected at mills for processing, the logical location for 

a pyrolytic conversion system is there. Because the new "miracle rice" allows 

the harvesting in many locales of three crops each year -- two occurring durinq 
the monsoon season -- the need for a mechanical drying system at the mills to 

1/ augment or perhaps replace sun dryinq is indicated.- (Conveniently, with the 

new rice, significantly more hulls are produced than with conventional rice, 

thus making the potential enerqy recovered from rice hulls much greater than in 

the past.) A fortunate occurrence is the fact that in using the low-temperature 

pyrolysis system previously discussed, drying of the feed material also is re- 

quired. Consequently, the opportunity for integrating the pyrolytic conver- 

I sion system into the milling operation by drying the "paddy" with energy supplied 

from the convertor itself is provided. This would be a happy marriage, since a 

portion of the production costs of milled rice (the dryinq costs) thereby could 

1/ Even though sun drying is usually less expensive than mechanical dry- - 
ing, the production of an extra crop durinq the monsoon may force the rice 
miller to convert to mechanical drying. Thus, unless some auxiliary heat source 
is available, this may further increase the energy required in the production 
and cultivation of "miracle rice" -- an ironic circumstance in these days of 
enerqy shortages. 



be substituted for the costs of producing an additional product, the result 

being a considerable profit increase to the miller and a reduced demand on 

Indonesia's fossil fuel reserves. Since a number of personnel would be required 

to operate the conversion system, there need not be any loss of jobs from the 

cessation of sun drying; indeed there likely would be a substantial increase in .: 

the employment requirements. If a charcoal briquetting plant were operated in 

conjunction with the conversion system, a further advantage could be gained 

since the briquetting could be done during the slack season, thus providing a 

stabilizing influence on mill employment. 

The above considerations provide a convincing argument to design the con- 

version system for use at a rice mill. While the conversion of wood residues 

does offer an attractive alternative, the selection of a system design pri- 

marily applicable to rice hulls is believed to be more appropriate at present 

in Indonesia, especially since an intermediate technology system for wood wastes 

is described in (3). Thus, in the sections to follow, a system primarily suit- 

able for rice hull conversion and located at a rice mill is discussed and a 

design philosophy appropriate to Indonesia is developed. 

System Capacity 

Examination of the data concerning rice production indicates that the over- 

whelming majority of the rice in Indonesia is processed in mills having capaci- 

ties in the range of two to four tons of rice per day. Thus a mill producing 

about three tons per day appears to be representative. Such a mill would typi- 

cally produce about one ton of hulls (14% moisture) and about one-third ton of 

bran each day, additionally. Therefore, a one-ton-per-day pyrolytic conversion 

system would be an appropriate size. This is a convenient choice since it 

allows for the use of' a single International Rice Research Institute (IRRI) 

drier (18) operating on a three-shift basis to dry the paddy. Additionally a 

one-ton-per-day conversion system, if need be, could be readily disassembled 

and transported to another site during the slack season. 

Design Philosophy 

The crucial element in the design philosophy is the requirement that the 

system be appropriate to the needs of Indonesia. The technology utilized and 

the level of labor intensity must be chosen to best suit the local Indonesian 

situation. Ideally, the system should be designed as simply as possible, 



possess reliable, rugged operating features, have only a few moving parts, re- 

quire negligible maintenance, have a minimum number of imported components and/ 

or materials, and operate as flexibly as possible. In addition, comonality of 

motors, bearings, etc., as much as practicable, should be sought. Moreover, 

while labor-intensive methods generally should be applied, care must be taken 

not to compromise system performance by replacing critical components by manual 

operators who can occasionally be distracted from their duties. Additionally, 

the system design should allow for operator inattention and be designed, where 

possible, to be fail safe. Finally, the system components should be readily 

available in Indonesia, insofar as possible, and be off-the-shelf, where 

practical. 

The results of a survey of a number of large, medium-size, and small metal 

fabrication shops in Bandung, Surabaya, and Jakarta indicate that in Indonesia 

the general availability of materials -- including iron, aluminum, copper, steel, 
stainless steel, sheet metal, and tubing -- is adequate and that the people's 
ability to work with these materials is excellent. Even in the smallest shops, 

surprising but simple techniques allow fabrication of relatively complex com- 

ponents. Indonesian ingenuity and the relatively low labor cost make techniques 

practical that would be out of the question elsewhere; but these methods are 

effective and economical. Thus there appears to be no difficulty in fabricat- 

ing and assembling components for any practical pyrolytic conversion system. 

Moreover, the availability of components such as electric motors, gasoline 

engines, blowers, and other manufactured items is quite adequate for the needs 

of any conversion system contemplated. 

Alternative Designs 

While mechanical drying of the paddy, using heat available from combustion 

of the pyrolytic gases, is an attractive approach for many rice mills, there 

likely will be numerous situations where sun drying is still preferred. More- 

over, although it is desirable to reduce initial capital requirements and maxi- 

mize labor needs by full utilization of the conversion system, the difficulty 

of obtaining crews for three-shift operation and the convenience of processing 

only during the times when the mill itself is running make necessary the con- 

sideration of systems operating on both a single shift and on three shifts. In 

all cases, because the convertor is assumed to be located at a rice mill, where 

either electrical or mechanical power is available, there seems to be no need 



t o  c o n s i d e r  comp le t e ly  manual ly  o p e r a t e d  sys tems  ( a l t h o u g h  i n  unusua l  circurn- 

s t a n c e s  such  sy s t ems  may be r e q u i r e d  and c o u l d  r e a d i l y  be  d e v i s e d ) .  Thus t h e r e  

appea r  t o  be t h r e e  g e n e r a l  c l a s s e s  o f  p y r o l y t i c  c o n v e r t o r s  a p p l i c a b l e  t o  Indo- 

n e s i a n  needs :  

(1) A r e l a t i v e l y  mechanized sys tem,  o p e r a t i n g  on t h r e e  s h i f t s  w i t h  one- ton-  

per-day c a p a c i t y  and i n c l u d i n g  a  d r i e r .  The sys tem p r o b a b l y  would be 

a t  a  rice m i l l  i n  a  l o c a l e  where t h r e e  c r o p s  o f  r i c e  a r e  h a r v e s t e d  each  

y e a r .  

( 2 )  A Rare s i m p l i f i e d  sys tem,  w i t h o u t  a d r i e r , l l  and o p e r a t i n g  on t h r e e  

s h i f t s  w i t h  one-ton-per-day c a p a c i t y  which would p r o b a b l y  be l o c a t e d  

at a r i c e  m i l l  i n  an area where o n l y  two a n n u a l  c r o p s  a r e  h a r v e s t e d  
2/ and where sun  d r y i n g  i s  p r a c t i c a l . -  

( 3 )  A more c a p i t a l - i n t e n s i v e  sys tem,  w i t h  one-ton-per-day c a p a c i t y  b u t  r e -  

q u i r i n g  o n l y  a s i n g l e - s h i f t  o p e r a t i o n .  

Obvious ly  a mix tu r e  o f  t h e s e  cases i s  p o s s i b l e .  However, i n  a l l  sy s t ems ,  

t h e  d e s i g n  o f  t h e  b a s i c  p y r o l y t i c  c o n v e r s i o n  u n i t  o r  k i l n  would be t h e  same. 

The t e c h n i c a l  approach  t o  t h e  development  o f  t h e s e  sy s t ems  is  a l s o  a n  i m -  

p o r t a n t  c o n s i d e r a t i o n .  One approach  might  be t o  use  e x i s t i n g  p r a c t i c e s ;  a n o t h e r  

might  i n v o l v e  t h e  development  o f  more advanced,  i n e x p e n s i v e ,  and maintenance-  

f r e e  components. The f i r s t  d e s i g n s  cou ld  b e m a d e  w i t h  r e l a t i v e  con f idence  

immedia te ly ;  t h e  l a t t e r  would r e q u i r e  some development .  Both app roaches  have 

m e r i t  and t o g e t h e r  would p r o v i d e  f o r  b o t h  t o d a y ' s  and tomorrow's  needs .  The 

p r e sence  a t  t h e  I n s t i t u t e  o f  Technology Bandung (ITB) o f  t h e  Development Tech- 

no logy  Cen t e r  (DTC), t o g e t h e r  w i t h  i ts  s k i l l e d  and expe r i enced  p e r s o n n e l ,  o f f e r s  

an  e s p e c i a l l y  p romis ing  o p p o r t u n i t y  t o  p u r s u e  b o t h  p a t h s .  

Thus t h e  sys tem f o r  p y r o l y t i c  conve r s ion  of  waste i n  I n d o n e s i a  t o  be de-  

s c r i b e d  i n  t h e  n e x t  s e c t i o n  i n v o l v e s  f o u r  d i f f e r e n t  d e s i g n  app roaches :  

1/ Thus f l a r i n g  o f  t h e  o f f - g a s  would be  n e c e s s a r y .  While t h i s  would i n i -  
t ial ly be a w a s t e f u l  p r a c t i c e ,  it is l i k e l y  t h a t  t h i s  g a s  would be q u i c k l y  u t i l -  
i z e d  once i ts  p o t e n t i a l  and p r e s e n c e  were r ecogn i zed  s i n c e  it r e p r e s e n t s  an  
i d e a l  s o u r c e  of  c l e a n  ene rgy  f o r  o t h e r  commercial  a p p l i c a t i o n s .  

2/ It  a p p e a r s  t h a t  t h e  need f o r  d r y i n g  t h e  f i r s t  r i c e  c r o p  is reduced  
because t h e  s u p p l i e s  o f  s t o r e d  r i c e  from t h e  p r e v i o u s  s ea son  have been d e p l e t e d  
by t h e  t i m e  t h i s  r i c e  h a s  been h a r v e s t e d  and t h e  r i c e  produced can be  q u i c k l y  
s o l d .  Thus o n l y  t h e  second c r o p  must be d r i e d  f o r  s t o r a g e ;  however, t h i s  can  
be done a f t e r  t h e  monsoon s ea son  h a s  ended and t h e  d r y  s ea son  r e t u r n s .  



(1) A mechanized sys tem,  w i th  a  d r i e r ,  u s i n g  e x i s t i n g  p r a c t i c e s ,  and based  

on a t h r e e - s h i f t  o p e r a t i o n .  

( 2 )  A more l a b o r - i n t e n s i v e  sy s t em,  w i t h o u t  a  d r i e r ,  u s i n g  e x i s t i n g  p r a c -  

t i c e s ,  and based  on a t h r e e - s h i f t  o p e r a t i o n .  

( 3 )  A mechanized sys tem,  w i thou t  a d r i e r ,  u s i n g  e x i s t i n g  p r a c t i c e s ,  and 

based  on a o n e - s h i f t  o p e r a t i o n .  

( 4 )  A mechanized sys tem,  w i t h  a  d r i e r ,  u s i n g  more a d v a n c e d . p r a c t i c e s .  

I n  a  la ter  c h a p t e r ,  a n  economic a n a l y s i s  o f  t h e  f i r s t  t h r e e  sys tems  is 

p r e s e n t e d .  The economics o f  t h e  l a t t e r  sys tem,  s i n c e  i t  r e p r e s e n t s  a f u t u r e  

d e s i g n ,  h a s  n o t  been i n v e s t i g a t e d .  

Svstem D e s c r l ~ t i o n  

The f i r s t  t h r e e  s e l e c t e d  system d e s i g n s  are shown s c h e m a t i c a l l y  i n  F i g u r e s  

1, 2 ,  and 3 .  I n  t h e  f i g u r e s ,  t h e  v a r i o u s  components f o r  e ach  sys tem a r e  num- 

be r ed  and a b r i e f  d e s c r i p t i o n  o f  e ach  i s  p r e s e n t e d  i n  a  t a b l e  i n s e r t .  I n  t h e  

f o u r t h  d e s i g n  ( n o t  shown),  t y p i c a l  improvements such  as t h e  i n t e g r a t i o n  o f  t h e  

cyc lone  ( s c r u b b e r )  and t h e  condenserL/ and t h e  u s e  o f  a  pumping e j e c t o r  ( r a t h e r  

t h a n  a  mechanica l  b lower )  would be i n v e s t i g a t e d .  I t  i s  l i k e l y  t h a t  o t h e r  com- 

ponent  s i m p l i f i c a t i o n s  a l s o  can  be found;  however,  t h e s e  two appea r  p r e s e n t l y  

t o  o f f e r  t h e  most p romise  s i n c e  t h e y  shou ld  r e s u l t  i n  c o n s i d e r a b l y  reduced  c o s t  

and lower  main tenance .  

I n  a l l  t h e  d e s i g n s  p r e s e n t e d ,  a  b a s i c  c h a r a c t e r i s t i c  i s  t h e  u s e  o f  t h e  

same k i l n  o r  p y r o l y t i c  conve r s ion  u n i t  d e s i g n .  The d i f f e r e n c e s  a l l  l i e  i n  t h e  

o f f - g a s  sys tems  and i n  t h e  p r e s e n c e  o r  ab sence  o f  a  d r i e r .  For example,  d e s i g n s  

1 and 3 a r e  b a s i c a l l y  t h e  same e x c e p t  t h a t  t h e  c o n v e r t o r  i n  d e s i g n  3 is l a r g e r  

and no drier i s  used .  

1/ Using a  c o n v e n t i o n a l  condenser  d e s i g n  approach ,  a  r e c u r r i n g  problem i s  
b lockaqe  o f  t h e  condenser  t u b e s  by p a r t i c u l a t e s  n o t  removed by t h e  s c r u b b e r .  
I n  t h e  p roposed  approach ,  t h e  condensa t i on  p r o c e s s  would n o t  i n v o l v e  a  s o l i d  
boundary,  and t h u s  c l o g g i n g  would be much less o f  a  problem. A d d i t i o n a l l y  t h e  
p a r t i c u l a t e s  cou ld  be removed from t h e  o i l  u s i n g  a d i s p o s a b l e  o i l  f i l t e r ,  p e r -  
haps  composed o f  t h e  r i c e  h u l l s  themse lves .  I t  would n o t  be  expec t ed  t h a t  t h e  
f i n e  f r a c t i o n  o f  t h e  f e e d  would be a problem s i n c e  mic ro scop i c  examina t ion  of  
t h e  h u l l s  i n d i c a t e s  o n l y  a v e r y  minor p o r t i o n  of  t h e  was te  t o  be i n  t h e  f i n e  
p a r t i c l e  r ange .  



F i g u r e  1 

ONE-TON-PER-DAY PYROLYTIC CONVERTOR FOR INDONESIA - MODEL 1 

P -- -- - -- --- -- - 
Componen t 

I t e m  Name Component D e s c r i p t i o n  

C o n s t r u c t e d  o f  2 0 0 - l i t e r  o i l  drums 1 . _Kilns- - ----- 
2  1 Duct ing  S h e e t  metal, i n s u l a t e d  
3 Cyclone  Sheet  metal, i n s u l a t e d  -- 
4 c o n d e n s e r  S i n g l e  p a s s ,  f o r c e d  c o n v e c t i o n  

c o o l e d  
- -- -. - --- -- 

5 D r a f t F a n  - .- -- C e n t r i f u g a l  , a p p r o x i m a t e l y  20 cfm 
6 Modif ied  IRRI Ba tch  t y p e ,  wood c o n s t r u c t i o n  

Drier 

Removable 

-- 

S t o r a g e  



Figure 2 

ONE-TON-PER-DAY PYROLYTIC CONVERTOR FOR INDONESIA - MODEL 2 

Item 

1 
2 

Component 
Name 

- 

3 
4 
5 
6 

Component Description 

Kilns 
Ducting 

Constructed of 200-liter drums 
Sheet metal, insulated 

- 

Cyclone 
Condenser 
Draft Fan 
Burner 

- 

sheet metal, insulated 
3 pass, natural convection cooled 
Centrifuqal, approximately 30 c f m ,  
Diffusion 



Figure 3 

ONE-TON-PER-DAY PYROLYTIC CONVERTOR FOR I N D O N E S I A  - MODEL 3 



While a l l  t h e  sys tems  a r e  c a p a b l e  t o  some d e g r e e  o f  r e c o v e r i n g  o i l  w h i l e  

p r o c e s s i n g  l a r g e  p i e c e s  o f  wood was te  u s i n g  a  b a t c h  mode and t h e  sequenced 

f i r i n g  t e c h n i q u e  d e s c r i b e d  i n  ( 3 ) ,  t h e  p r e f e r r e d  o p e r a t i n g  p r a c t i c e  i s  a  ba t ch -  

con t i nuous  mode w i t h  rice h u l l s  a s  t h e  f e e d .  T h i s  is because  t h e  number o f  

conve r s ion  u n i t s  i s  o n l y  two ( a s  opposed t o  f o u r  i n  ( 3 )  ) ,  and it i s  uncertain 

i f  t r u l y  s i g n i f i c a n t  amounts o f  o i l  c o u l d  be  r ecove red  i n  t h e  p u r e  b a t c h  mode, 

sequenced o p e r a t i o n .  T h e r e f o r e ,  o n l y  t h e  ba t ch -con t i nuous  mode w i t h  r ice h u l l s  

w i l l  be d i s c u s s e d  f u r t h e r .  Moreover, o n l y  a  d e s c r i p t i o n  o f  t h e  more mechanized 

sys tem,  No. 1, w i l l  be p r e s e n t e d  i n  d e t a i l ,  s i n c c  an  u n d e r s t a n d i n g  o f  t h e  o t h e r  

sys tems  shou ld  f o l l o w  from t h i s  d i s c u s s i o n .  

R e f e r r i n g  t o  F i g u r e  1, it is  seen  t h a t  t h e  b a s i c  sys tem i n v o l v e s  s e v e r a l  

components: 

(1) The c y l i n d r i c a l  k i l n s ,  i n c l u d i n g  a  f e e d  s t o r a g e  plenum a t  t h e  t o p ,  a  

manua l ly  o p e r a t e d  s h a k e r - g r a t e  c h a r  o u t p u t  sys tem,  s e v e r a l  a d j u s t a b l e  

a i r  t u y e r e s ,  and a c h a r  ho ld ing  c o n t a i n e r  a t  t h e  bottom. 

(2) The o f f - g a s  d u c t i n g  system.  

( 3 )  The cyc lone  s c r u b b e r  f o r  removing p a r t i c u l a t e s  from t h e  o f f - g a s .  

( 4 )  The s i n g l e - p a s s  condenser  t o  s e p a r a t e  t h e  h igh - t empe ra tu r e  o i l y  f r a c -  

t i o n  from t h e  o f f - g a s  s t ream.  

(5) The d r a f t  f a n .  

( 6 )  The mod i f i ed  I R R I  d r i e r  f o r  d r y i n g  t h e  paddy.  

I n  p r a c t i c e ,  t h e  paddy i s  i n t r o d u c e d  i n t o  t h e  d r i e r ,  t h e  d r y  g r a i n  l a t e r  

m i l l e d  and t h e  d r y  h u l l s  s e p a r a t e d  from t h e  remainder .  Then, p e r i o d i c a l l y  t h e  

h u l l s  a r e  i n t r o d u c e d  i n t o  t h e  k i l n .  A f t e r  e n t e r i n g  t h e  k i l n ,  t h e  h u l l s  p a s s  

down i n t o  a h o t  zone and are t h e r e  c o n v e r t e d  t o  c h a r c o a l .  The c h a r  i s  removed 

from t h e  ho ld ing  c o n t a i n e r  i n t o  s teel  drums f o r  c o o l i n g  and s t o r a g e .  The a i r  

induced  by t h e  d r a f t  f a n  i n t o  t h e  k i l n  p a s s e s  t h r o u g h  t h e  t u y e r e s  and combusts  

a small f r a c t i o n  o f  t h e  c h a r c o a l  t o  p roduce  ho t  upward-flowing g a s e s  which,  i n  

t u r n ,  supp ly  h e a t  t o  c a r b o n i z e  t h e  downward-moving f eed .  The r e s u l t i n g  smoke 

or  p y r o l y t i c  g a s  from t h e  f e e d  l e a v e s  t h e  k i l n ,  p a s s e s  t h r o u g h  t h e  c y c l o n e  t o  

remove t h e  p a r t i c u l a t e s ,  p a s s e s  t h rough  t h e  condenser  where t h e  o i l y  f r a c t i o n  

i s  r ecove red ,  and t h e n  i s  i n c i n e r a t e d  i n  t h e  d r i e r .  



The system o p e r a t e s  a t  s e v e r a l  i n c h e s  o f  wa t e r  n e g a t i v e  p r e s s u r e .  The 

p r e s s u r e  i s  c o n t r o l l e d  by t h e  speed o f  t h e  d r a f t  f a n ,  t h e  p r o c e s s  r a t e ,  and t h e  

t u y e r e  open ing .  The combustion a i r  f o r  t h e  mod i f i ed  I R R I  d r i e r  p a s s e s  a c r o s s  

t h e  condenser  t u b e s  t o  p r o v i d e  t h e  r e q u i r e d  c o o l i n g  o f  t h e  o f f - g a s .  To a l l o w  

ease o f  main tenance ,  t h e  o f f - g a s  p a s s e s  t h rough  t h e  t u b e s  r a t h e r  t h a n  a c r o s s  

t h e  t u b e  bank,  as i s  normal condenser  d e s i g n  p r a c t i c e .  E a s i l y  removable a c c e s s  

p l a t e s  a l l o w  t h e  t u b e s  t o  be c l eaned  w i t h  a  minimum o f  d i s r u p t i o n  t o  o p e r a t i o n .  

During t h i s  c l e a n i n g ,  t h e  condenser  would be bypassed.  

I n s u l a t i o n  o f  t h e  k i l n  w a l l s  i n  t h e  h o t  zone above t h e  t u y e r e s  may be pro-  

v ided  by means o f  " c h a r  s h e l v e s "  as d e s c r i b e d  i n  ( 9 ) ,  which would u se  t h e  f eed /  

c h a r  i t s e l f  as a l i g h t w e i g h t ,  expendable  i n s u l a t o r . L /  The k i l n s  a r e  b a s i c a l l y  

c y l i n d r i c a l  and c o n s t r u c t e d  o f  two welded 2 0 0 - l i t e r  o i l  drums w i t h  a s i n g l e  

1 0 0 - l i t e r  drum i n s i d e  a t  t h e  t o p  f o r  f e e d  s t o r a g e .  The k i l n  would s t a n d  a b o u t  

1 0  t o  11 f e e t  above t h e  ground and be app rox ima te ly  two f e e t  i n  d i a m e t e r .  Be-  

c a u s e  o f  t h e  danger  o f  c o r r o s i o n ,  e s p e c i a l l y  i n  t h e  upper  volume, t h e  1 0 0 - l i t e r  

drum should  be c o n s t r u c t e d  s o  t h a t  it can be e a s i l y  removed from t h e  o v e r a l l  

k i l n .  

Blowout p o r t s  would be l o c a t e d  on  t h e  k i l n s ,  t h e  c y c l o n e ,  and t h e  con- 

d e n s e r  t o  i n s u r e  t h a t  any  o v e r - p r e s s u r e  would be e a s i l y  v e n t e d .  The e n t i r e  

sys tem would be l o c a t e d  unde rnea th  a  shed t o  p r o t e c t  it from t h e  r a i n  and 

d i r e c t  sunsh ine .  

The o v e r a l l  sys tem would p r o c e s s ,  on  a t h r e e - s h i f t r  24-hour b a s i s ,  one  t o n  

of d r y  h u l l s  p e r  day.  It i s  e s t i m a t e d  t h a t  t h e  sys tem would produce  abou t  250 

k i l og rams  o f  c h a r c o a l  and abou t  150 k i l og rams  o f  o i l  e a c h  day .  

I t  should  be r ecogn i zed  t h a t  t h e  sys tem d e s c r i b e d  i s  o n l y  p r e l i m i n a r y .  

The l i m i t a t i o n s  o f  t i m e  and budget  have a l lowed  o n l y  a b r i e f  span  i n  which t o  

a c t u a l l y  c o n s i d e r  t h e  d e s i g n  w i t h i n  t h e  c o n s t r a i n t s  p r e v i o u s l y  no t ed .  Thus 

some o v e r s i g h t s  have l i k e l y  o c c u r r e d  and some o v e r s i m p l i f i c a t i o n s  have no doub t  

been made. No a t t e m p t  h a s  been made t o  o p t i m i z e  t h e  d e s i g n .  However, t h e  

sys tem d e s i g n  p r e s e n t e d  shou ld  be u s e f u l  i n  making c o s t  estimates. Hope fu l l y ,  

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

o f  t h e  system. 

1/ The u s e  o f  t h e  f e e d  as an  i n s u l a t o r  i s  a w e l l - e s t a b l i s h e d  p r a c t i c e  i n  
p roducer  g a s  t echnology .  



System Ope ra t i on  

To s ta r t  up t h e  sys tem,  a  f i r e  would be b u i l t  i n  e a c h  k i l n  a t  a l e v e l  

s l i g h t l y  below t h e  t u y e r e s .  A f t e r  t h e  f i r e  h a s  r e ached  a s t a b l e  c o n d i t i o n  and 

t h e  u n i t  h e a t e d  up ,  a d d i t i o n a l  f e e d  would be added t o  c o v e r  t h e  combust ion zone 

u n t i l  t h e  h u l l s  f i l l  t h e  k i l n .  Then, a f t e r  a pause  t o  a l l o w  a t h e r m a l l y  s t a b l e  

c o n d i t i o n  t o  be r eached ,  t h e  shake r  g r a t e s  would b e  manua l ly  a c t i v a t e d  and t h e  

sys tem s lowly  b rough t  up t o  t h e  o p e r a t i n g  mode. Depending on t h e  p r o c e s s  rate 

d e s i r e d  and t h e  f e e d  m o i s t u r e  c h a r a c t e r i s t i c s ,  t h e  t u y e r e s  c o u l d  be  c o m p l e t e l y  

c l o s e d  o r  p a r t i a l l y  open. 

To check t h e  c h a r  q u a l i t y ,  a sample cou ld  be  t a k e n  t h rough  one o f  t h e  

t u y e r e s .  I f  t h e  c h a r  c o n t a i n s  brown, uncha r r ed  m a t e r i a l ,  t h e  p r o c e s s  r a t e  i s  

t o o  h igh ;  i f  t h e  c h a r  c o n t a i n s  much a s h ,  t h e  p r o c e s s  ra te  i s  t o o  low; i f  t h e  

c h a r  i s  d a r k  b l a c k ,  t h e  p r o c e s s  r a t e  i s  j u s t  r i g h t .  

P e r i o d i c a l l y  t h e  c h a r  h o l d i n g  c o n t a i n e r  would need t o  be empt ied .  The 

,i 
L - c h a r  l e v e l  cou ld  be moni to red  by s t r i k i n g  t h e  s i d e s  o f  t h i s  c o n t a i n e r  a t  d i f -  

f e r e n t  h e i g h t s  w i t h  a  s t i c k  and l i s t e n i n g  f o r  t h e  d i f f e r e n c e  i n  t h e  sound below 

and above t h e  c h a r  zone.  T y p i c a l l y  t h e  c h a r c o a l  h a s  abou t  50% o f  t h e  volume o f  

t h e  h u l l s ;  t h u s ,  by d e s i g n i n g  t h e  c h a r  s t o r a g e  t o  be  one h a l f  t h e  h u l l  s t o r a g e  

volume, t h e  need t o  f i l l  t h e  k i l n  w i t h  h u l l s  would o c c u r  a t  t h e  same t i m e  t h e  

c h a r  s t o r a g e  needs  t o  be emptied.  

Also,  t h e  o i l  s t o r a g e  c o n t a i n e r  would need t o  be empt ied  p e r i o d i c a l l y  and 
. . 

t h e  cyc lone  checked t o  be c e r t a i n  t h a t  t h e  o f f - g a s  p a r t i c u l a t e s  were n o t  b lock-  

i n g  t h e  f low.  F i n a l l y ,  d a i l y  i n s p e c t i o n  o f  t h e  condense r  would need t o  be made 

t o  i n s u r e  t h a t  p a r t i c u l a t e s  p a s s i n g  t h rough  t h e  cyc lone  do  n o t  f o u l  t h e  t u b e s .  

While t h e  above d i s c u s s i o n s  are n o t  comp le t e ,  t h e y  shou ld  p r o v i d e  a reason-  

a b l e  p i c t u r e  o f  t h e  b a s i c  system d e s i g n  and o p e r a t i o n .  I n  t h e  n e x t  s e c t i o n  a  

d i s c u s s i o n  o f  t h e  economics o f  t h e  f i r s t  t h r e e  sy s t ems  i s  p r e s e n t e d .  



PROJECTED COSTS AND RETURNS 

The a n a l y s i s  o f  c o s t s  and r e t u r n s ,  based  on t h e  d e s i g n  shown i n  t h e  p r e v i -  

o u s  c h a p t e r ,  r c q u i r e s  t h e  assumption o f  s e v e r a l  e s s e n t i a l  working c o n d i t i o n s  i n  

o r d e r  t o  a r r i v e  a t  q u a n t i t a t i v e  r e s u l t s .  These c o n d i t i o n s ,  based  on p a s t  e x p e r i -  .. 

ence  and t h e  b e s t  knowledge of  t h e  l o c a l  s i t u a t i o n ,  were used a s  t h e  b a s i s  f o r  

t h e  c o s t  and r e t u r n  e s t i m a t e s :  

a.  P l a n t  l o c a t i o n :  Adjacen t  t o  t h e  sourck  o f  w a s t e  m a t e r i a l  supp ly ;  i . e . ,  

a r i c e  m i l l ,  i n  t h i s  case. 

b. P l a n t  s i z e s  and models:  Three  models a r e  g i v e n .  

(1) One t o n  of  d r y  f eed  m a t e r i a l  p e r  day  w i t h  t h r e e  s h i f t s  and  w i t h  a 

d r i e r  

( 2 )  One t o n  of  d r y  f eed  m a t e r i a l  p e r  day  w i t h  t h r e e  s h i f t s  and w i thou t  

a d r i e r  

( 3 )  One t o n  of  d r y  f e e d  m a t e r i a l  p e r  day  w i t h  one s h i f t  and w i t h o u t  a 

d r i e r  

c .  The system would be i n  a f i x e d  p o s i t i o n ,  b u t  it i s  des igned  t o  be 

e a s i l y  d i s m a n t l e d  f o r  moving pu rpose s .  

d .  The system i s  des igned  f o r  l a b o r - i n t e n s i v e  pu rpose s .  A l l  major  com- 

ponen t s  would be manufactured l o c a l l y .  

e. For  t h e  f i r s t  two models,  t h e  p l a n t s  would be o p e r a t e d  on a t h r e e -  

s h i f t  b a s i s  (24  hou r s  p e r  d a y ) .  For  t h e  t h i r d  model,  t h e  p l a n t  would 

be o p e r a t e d  on a o n e - s h i f t  b a s i s  ( e i g h t  hou r s  p e r  d a y ) .  There  would 

be 150 working days  a y e a r  to  a l l o w  f o r  a six-month s ea son  o f  r i c e  m i l l  

o p e r a t i o n  i n  J ava .  

f .  I n  a l l  t h e  a n a l y s e s ,  t h e  assumption i s  made t h a t  t h e  rice h u l l s  are 

f r e e .  (More t h a n  l i k e l y  t h i s  w i l l  r e q u i r e  p a r t i c i p a t i o n  o f  t h e  rice 

m i l l  owner i n  any commercial  e n t e r p r i s e  i n v o l v i n g  p y r o l y t i c  conve r s ion  

of  t h e s e  m a t e r i a l s . )  

Es t ima t ed  C a p i t a l  C o s t s  

The t h r e e  p l a n t  models r e q u i r e  d i f f e r e n t  c a p i t a l  i n p u t s .  The e s t i m a t e d  

c a p i t a l  c o s t s  f o r  e ach  model a r e  p r e s e n t e d  i n  Tab l e  8. 



Table 8 

ESTIMATED CAPITAL COST REQUIREMENTS FOR DIFFERENT MODELS 
( i n  r u p i a h s )  

Model 1 Model 2 Model 3 

Product ion Components 800,000 510,000 760,000 

Bui ld ing  and Hull  S to rage  250,000 250,000 250,000 

Contingency 100,000 40,000 40,000 

T o t a l  1 ,150,000 800,000 1 ,050 ,000 

Working C a p i t a l  250,000 200,000 200,000 

T o t a l  C a p i t a l  Requirements 1,400,000 1 ,000 ,000 1 ,250 ,000 

Note: 1 = One t o n  pe r  day wi th  an IRRI d r i e r  ( t h r e e  s h i f t s )  
2 = One t o n  p e r  day wi thout  a  d r i e r  ( t h r e e  s h i f t s )  
3 = One t o n  p e r  day wi thout  a  d r i e r  (one s h i f t )  

Opera t ing  Cos t s  

Seve ra l  e lements  i n  t h e  o p e r a t i n g  c o s t  e s t i m a t e s  have t o  be predetermined.  

Labor r e p r e s e n t s  t h e  l a r g e s t  c o s t  o u t l a y  i n  t h e  o p e r a t i o n .  The assumed number 

of workers needed p e r  s h i f t  and c o s t s  involved  a r e  g iven  i n  Table  9. 

Table 9 

ESTIMATED LABOR REQUIREMENTS AND COSTS PER DAY 

Model 1 Model 2 Model 3 
S h i f t  No. of  Wages No. of  Wages No. of  Wages 
Number Workers ( r u p i a h s )  Workers ( r u p i a h s )  Workers ( r u p i a h s )  

3 2 - 1,000 - 1 6 00 

T o t a l  6  2,800 3 1 ,600  

T o t a l  o p e r a t i n g  c o s t s  based on a  150-day o p e r a t i o n  p e r  yea r  a r e  g iven  i n  

Table 10. Operat ing c o s t s  i nc lude  l a b o r ,  management overhead and maintenance,  

and d e b t  s e r v i c e  on borrowed c a p i t a l .  The d e b t  s e r v i c e  i n c l u d e s  both  i n t e r e s t  

and p r i n c i p a l  f o r  t h e  t o t a l  c a p i t a l  requi rements ,  based on a  10-year l oan  a t  

12.5% annual  i n t e r e s t  r a t e .  



Table 1 0  

ESTIMATED OPERATING COSTS PER YEAR 
( i n  r u p i a h s )  

Model l *  Model 2* Model 3** 

Labor 420,000 240,000 120,000 

Management Overhead 
and Maintenance 150,000 110,000 110,000 

Debt S e r v i c e  

T o t a l  

Based on t h r e e - s h i f t  o p e r a t i o n  p e r  day ,  150 d a y s  a y e a r .  

**  Based on o n e - s h i f t  o p e r a t i o n  p e r  day ,  150 days  a yea r .  

P r o j e c t e d  Returns  

Returns  would va ry  acco rd ing  t o  t h e  q u a n t i t y  o f  p r o d u c t s  produced,  s e r v i c e  

performed,  and t h e  number o f  s h i f t s  ope ra t ed  p e r  day.  Models 1 and 2 a r e  based 

on t h r e e  s h i f t s  p e r  day and 150 days  a y e a r ,  whi le  Model 3 i s  based on one s h i f t  

p e r  day and 150 days  a yea r .  Bes ides  t h e  p roduc t s  p roduced ,  Model 1, which i s  

equipped wi th  an IRRI d r i e r ,  would d r y  t h e  wet paddy brought  i n  by t h e  fa rmers .  

For t h i s  d r y i n g  s e r v i c e ,  a c r e d i t  o f  600 r u p i a h s  p e r  t on  o f  g r a i n  i s  assumed t o  

be r ece ived  from t h e  m i l l .  The d r i e r  would d r y  f o u r  t o n s  of  g r a i n  p e r  24 hou r s  

and would be ope ra t ed  150 days  a y e a r .  The t o t a l  income from t h e  d r y i n g  ser- 

v i c e  would be 360,000 r u p i a h s  p e r  y e a r .  

For a l l  t h r e e  models,  t h e  c h a r c o a l  y i e l d  would be 0.25 t o n  p e r  day  and t h e  

o i l  y i e l d  would be 0.15 t o n  pe r  day. Loose c h a r c o a l  i s  p r i c e d  a t  12 ,000  r u p i a h s  

p e r  t o n ,  whi le  o i l  i s  p r i c e d  a t  10,500 r u p i a h s  p e r  t o n .  

P r o j e c t e d  r e t u r n s  f o r  t h e  t h r e e  models a r e  p r e s e n t e d  i n  Table  11. The 

p r o f i t  margins  vary  acco rd ing  t o  t h e  model. The r e t u r n  on inves tment  i s  16 .0% 

f o r  Model 1, 15.7% f o r  Model 2 ,  and 18 .5% f o r  Model 3 .  Payout t i m e  would be 

6.25 y e a r s  f o r  Model 1, 6 .4  y e a r s  f o r  Model 2 ,  and 5.4 y e a r s  f o r  Model 3.  

In p a s s i n g ,  it i s  o f  i n t e r e s t  t o  n o t e  t h a t  even though Model 3 r e q u i r e s  

more c a p i t a l  and does  n o t  use  a d r i e r ,  i t s  r e t u r n  on inves tment  i s  h i g h e r  t han  

f o r  Models 1 and 2. T h i s  i s  l a r g e l y  due t o  major r e d u c t i o n s  i n  l a b o r  c o s t s  

which o v e r r i d e  t h e  i n c r e a s e d  c a p i t a l .  Cons ider ing  t h e  added convenience of  



Table  11 

PROJECTED RETURNS PER Y E A R  

( i n  r u p i a h s )  

Charcoa l  

O i l s  

Drying S e r v i c e  

T o t a l  

Model 1 Model 2 Model 3  

Ope ra t i nq  C o s t s  823,400 531,000 456,250 

P r o f i t  b e f o r e  Taxes 224,200 156 ,600  231,350 

o n e - s h i f t  o p e r a t i o n ,  Model 3 a p p e a r s  t o  o f f e r  t h e  most a t t r a c t i v e  o p t i o n  o f  

t h e  t h r e e  c o n s i d e r e d .  

I n  a d d i t i o n ,  it might  be no ted  t h a t  t h e  income from m i l l i n g  o p e r a t i o n s  

a l o n e  f o r  rice m i l l s  i n  t h e  s i z e  c a t e g o r y  chosen is t y p i c a l l y  i n  t h e  range  of  

400,000 t o  600,000 r u p i a h s  p e r  y e a r  and t h e  r e t u r n  on i nves tmen t  is app rox i -  

mate ly  15% t o  20%. Thus t h e  income d e r i v a b l e  from p y r o l y t i c  conve r s ion  of  t h e  

was t e s  cou ld  s u b s t a n t i a l l y  augment t h e  p r e s e n t  m i l l  r evenues  and t h e  c a p i t a l  

r e q u i r e d  would be i n v e s t e d  a t  a  r a t e  o f  r e t u r n  compa t ib l e  w i t h  t h e  m i l l  ope r a -  

t i o n  i t s e l f .  T h e r e f o r e ,  such  a  system shou ld  be o f  c o n s i d e r a b l e  i n t e r e s t  t o  

t h e  m i l l  o p e r a t o r s  a s  a  means of i n c r e a s i n g  t h e i r  income. 

F i n a l l y ,  i t  must be observed  t h a t  t h e  above economic a n a l y s i s  i s  based on 

p r o t o t y p e  models. F u r t h e r  improvements made t o  t h e  models and a l a r g e r  s c a l e  

o f  o p e r a t i o n  would n a t u r a l l y  l e a d  t o  t h e  r e d u c t i o n  o f  p r o d u c t i o n  c o s t  p e r  u n i t  

o f  p roduc t  o u t p u t .  



DEMONSTRATION PROJECT 

Background 

During a part of the time this feasibility study was being conducted, 

efforts were made at the Development Technology Center (DTC), in consultation 

with EES personnel, to develop a laboratory-scale pyrolytic conversion system 

not unlike that shown in Figure 2. The system has a small capacity and should 

be able to produce no more than two to three kilograms of char per hour. At 

the time of the project's end, the convertor, filter, and condenser had all 

been fabricated and successful tests of the system were conducted, producing 

char, oil, and gas. Extensive further testing of this unit is planned by DTC. 

In addition, charcoal from the rice hulls was produced in an oven, and simple 

briquettes were made with it using cassava starch as a binder to establish the 

feasibility of larger-scale briquetting equipment. This work was done to 

familiarize personnel at DTC with the technology involved and to provide a pre- 

liminary understanding of the processes at work. 

While the results of this effort are incomplete at this writing, there is 

little doubt that the initiative shown at DTC will provide a powerful push to 

overcome any problems in the system operation and prepare EES and DTC to develop 

the larger-scale field demonstration system as described in previous sections. 

All the principals in this undertaking are enthusiastic about the need for a 

hardware development program and in numerous discussions have formulated a plan 

to develop the necessary system. This plan is described in the next paragraphs. 

Project Definition 

A program to further investigate the practicality of pyrolytic conversion 

of agricultural and forestry wastes in Indonesia not only would involve the 

construction and field test of several conversion systems, but it would also 

include the development of various household components, such as a stove and 

lamp, to burn the pyrolytic oils. A small briquetting machine to convert the 

char into briquettes also should be devised. Moreover, since the ultimate aim 

of this effort would be widespread replication and utilization of pyrolytic 

convertors for agricultural wastes, this will require a massive educational and 

demonstration program, the development of promotional materials, and a push by 

the government and numerous manufacturers. 



Additionally, a development program to improve and simplify this present- 

day pyrolysis technology should be pursued with the goal of making the system 

less expensive, more reliable, and more maintenance free. Hence a demonstra- 

tion project would include two major phases. 

System Demonstration. This phase itself would include a number of steps: 

o Identification of several specific locales where field surveys of the 

available wastes and the market for the fuels produced indicate that the 

concept shows promise. 

o Detailed design of a system appropriate to the needs of the specific 

locales selected, using currently available technology. 

o Manufacture and assembly of the system. 

o Check-out testing. 

o Long-term operation to investigate the operating characteristics and 

economics of the system. 

o Training of staff and technicians to operate the system. 

o Development, testing, and fabrication of various items, such as a cook- 

ing stove, a lamp, and a charcoal briquetting machine suitable for use 

with the char and pyrolytic oil. 

o A major effort to disseminate information forthcoming from the study, 

including participation by the Indonesian Government itself. 

Technology Development. In this phase, improvements in the system, such 

as the combination scrubber/condenser described previously, would be made. 

Simplications in system operation and in maintenance requirements would be 

sought. The potential for alternate energy conversion techniques would be 

considered and the feasibility, for example, of combining a low-temperature 

pyrolytic convertor with a producer-gas generator would be studied. Addition- 

ally, a program for upgrading the present-day technology systems would be pur- 

sued with the goal of improving their operating performance. 

Conclusion 

When the potential impact of the use of wastes and the concurrent reduc- 

tion in the firewood crisis in Java are considered, when the resultant in- 

creased employment is recognized, and when the quality of life of future 



I n d o n e s i a n  g e n e r a t i o n s  is r e g a r d e d ,  t h e r e  can  be no c o n c l u s i o n  b u t  t h a t  a n  

u r g e n t  program t o  d e v e l o p  e n e r g y  from w a s t e s  s h o u l d  be p u r s u e d .  The a p p r o a c h  

o f f e r e d  i n  t h i s  document i s  b e l i e v e d  t o  be p r a c t i c a l l y  r e a l i z a b l e  and i s  

d i r e c t e d  toward a g o a l  which w i l l  b e n e f i t  t h e  p e o p l e  o f  I n d o n e s i a  -- n o t  j u s t  

t h e  wea l thy .  The t e c h n i c a l  and  economic q u e s t i o n s  a p p e a r  t o  be answered .  What : 

r e m a i n s  i s  t h e  w i l l  t o  p roceed .  
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