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INTRODUCTION

Third World Cowntriea such as Indonesia face extraordinary problems
in meeting the energy demands required for development. They are also
confronted with high rates of wnemployment, but have the mixed blessing
of low wage levels. Therefore, a renewable energy system that oould
engage many people in its operation would be an especially welcame pros-
pect. Since most Iesser Developed Countries lie in the tropics and
already have economies largely based on agriculture and forestry, the
potential for bicmass as a renewable energy source is especially great ;
particularly sinoe it is very labor intensive. In Indmesia, a large
supply of biamass is already available in the form of rice husks and rice
straw that, to a very great extent, are currently wasted. These  residues
are not only scattered about in the fields, but they are also cmcentratéd
at rice mills, and therefore a significant fraction is already available
conveniently as an energy source. Not canly would the use of these residues
significantly reduce Indonesian naticnal fossil fuel demands, but it would
also strongly alleviate the pressure cn the forests to provide firewood
for domestic and industrial purposes, and thereby curb the severe erosim,
flooding, and river pollution problems currently experienced in Java due
to these practises.

The main problem, however, with biamass as it is available now is
that: at an industrial scale, most current energy cnversion equipment is
designed to operate an fossil fuels and, at a damestic scale, most if not
all stoves are for wood or charooal use and will not c¢perate properly on
these residues. Thus there is a need for a means for converting residues

into synthetic ooal, oil and gas which could be utilized in existing



equipment. Pyrolysis, especially low temperature pyrolysis, which favors
char ard oil production, offers a particularly pramising means of conver-
sion, since the char and oil products are storable and eagily transportable;

an especially attractive characteristic in developing countries.

Morever, recent U.S. experience with the steady-flow, vertical packed
bed, partial oxidation pyrolysis process (1,2)" has demonstrated that this
technology, updated from its earlier .forms is a viable means for conversion
of forestry and agricultural wastes into synthetic fuels. In .addition, the
basic simplicity of the process makes it suitable for applications in rural
environments because of its few moving parts, low maintenance requirements,
and general ruggedness. Bat the steady-flow, vertical, packed bed, partial
oxidation pyrolytic convertors produced thus far have been built primarily
in developed countries with a high level of automation and capital inten—
sity and are subject to environmental constraints totally inappropriate to
developing countries. However, recent studies Q,i,?_)‘ of the application
of partial oxidation pyrolysis-in a suitably modified form-to Third World
comtries have indicated the technical-economic potential of the process,
and these studies have led to hardware. dcvelopment prograas in C-hana,
Indonesia, Papua New Guinea and the Philippines.

'lhispaperisconcemedwithoneoftheseprcgrmandrepmesentsa
progress report which describes efforts under a joint American-Indonesian
project to develop appropriate, economical pyrolysis technology and asso~
ciated equipment so that rice husks can be effectively converted and used
for rural/damestic energy purposes. The primary objective of the project
is the development of a nominal one ton/day pyrolytic convertor optimized

lebers in Parenthesis denote literature cited in the REFERENCE section.



for Indonesian operation with rice husks. A secondary goal is the design
of correspanding hardware which allows utilization of the char, oil and
gas products of the conversion process. The inplementation strategy in-
volves locating the pyrolytic convertors at rice mills, of which there
are about fifteen thousand on the island of Java alme. The charooal
would be used for damestic ococking, the oil utilized for domestic lighting
and the gas used for drying the padi at the rice mill and powering the

diesel engine that runs the mill.

The paper includes :
(1) a description of the basic dasign concept for the convertor, which

has been continucusly updated as the program has progressed.

(2) an extensive review of previous and current work, including a discus-

sion of the equipment developed and prcblems encountered.
(3) an econamic analysis of the system.

(4) an evaluation of program cbjectives and strategy in light of project

experience to date.
(5) a description of future activities.

Upon review of this presentation, it is hoped that an understanding

of:
(1) where the program is today
(2) where its future work will lie, and

(3) what the overall econcmic potantial of the pyrolysis process is in

Indonesia

will be clear to the reader.



THE BASIC PYROLYTIC CCNVERTOR DESIGN CONCEPT

Throughout this program the design of the pyrolytic convertor has
steadily evolved fram a system initially suitable anly for wood residues
to a truly Indmesian design applicable for rice husks, and a detailed
description of this develcpment process is presented in a later section.
However, basic to appreciating what has been done in the program is an
understanding of the owerall system design concept, and therefore this
section is presented at the outset to provide the needed background in-
formation.

First, regarding the vertical, packed bed, partial oxidation pro -
cess itself, the following discussian should prouvide an wnderstanding
of the basic principles involved. Thus, referring to Figure 1, it is seen

that the system cperates as follows :

Dry, pulverized feed, introduced at the top of the reactor, passes down-
ward due to the force of gravity, through a pyrolysis zane. The pyrolysis
gases produced are vented through the sides near the top of the reactor.
Thus the counter-flowing, hot gases, generated in the lower bed, provide
an exceptionally effective means to wniformly heat each downward flowing
feed particle which in turn gradually is oconverted into char; thus releas-—
ing a quantity of pyrolysis gases and oil vapors. As the char descends
tfurther into the bed, it reaches the combustion zone where a relatively
small amount of air is introduced. This air reacts with a small fraction
of the char to produce hot carbo mooxide gas which transmits the heat
generated to the feed and thus maintains the self-sustaining reaction. A
careful balance between the downward flowing feed rate and the rate at

which the char zone tends to grow upward keeps the char zane fixed in po-
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sition relative to the reactor. Upanm leaving the hot zone, the char is re-
moved from the convertor and cooled. The hot pyrolysis gases, and oil
vapors (which e_xit fram the reactor ot a temperature greater than that
where significant oil ocondensation cccurs), pass through a condenser which
" removes the oily fractimm with boiling points down to slightly abowe the
dewpoint of the off-gas mixture which is typically 170-180°F. (This avoids
the production of water whicn would dilute the oil and could present

serious disposal problem).

Cxy feed is preferred because, if dehydration of the feed occurs in the
bed, it can only be done so using the sensible heat of the gases produced,
with the result that greater quantities of gas must be generated,a result
ocounter to the objective of maxirwun char and oil production. On the other
hand, if external drying of the (nommally wet) feed is accamplished, the
chemical energy of the yos can be utilized with the result that, by
adjusting the gas producticn to the drying requirements, no energy is lost

in the form of gas and maximum oil and char yields are realized.

Besides providing energy for focd drying, the gas can also be used to driwe
an internal cambustion engine to pcwer the various mechanical camponents
necessary to operate the system (8) and to also provide power for external
requirements. Thus while the gas is not seen as the principal product of
the process, it is a valuable by-product that can be used very conveniently
at or near the production site. The amount of gas produced can be regulated
by adjusting the air-to-feed ratio, which in turn controls the char bed
temperature. Hence, because the gas, char and oil yields can be readily

varied, the process flexibility is another particularly attractive feature



of this design. Nominally, the process produces ebout 0.25 1lb. charooal,
0.15 - 0.2 1b., oil, 0.3-0.35 lb., gas, and 3 -~ 35 1lb. water per pound
of dry input feed.

This process has been developed in the U,S. to an advanced state
using a capital intensive design approach. However to develop an Appro-
priate Technology pyrolytic convertor inevitably means the campramising
of many design features, performance, and environmental constraints to
gain econany, simplicity, reliability and maintainability. Thus there is
little douwbt that existing, more capital intensive convertors can pro -
vide higher performance than described here. But under the oconditions
for which they were develcped, we believe the characteristice and per -
fomance of‘the designs discussed in this paper are sufficiently advanced
tc make them at least the basis for a first generation of economically
practical conversion systems.

To illustrate the problems of developing an Appropriate Technology
design; once the basic dacision to use the partial oxidation pyrolysis

process is made, several questioms immediately have to be dealt with: i.e..

(1) How to make the process contirmous so that oil and gas also can re -
covered without the use of expensive controls and input-cutput equip-
ment?

(2) How to avoid the difficultias experienced in the U.S. with particu -
lates in the off-gas which tend to foul the condenser?

(3) How to avoid corrosiaon problems using available materials?

(4) How to add the process air without blocking the internal flow and /
or buming up the process air delivery system?

(5) How to separate out the oil azrosol and / or condense the oil vapor

fram the off—gas in a practical oondenser?



(6) Using a manual technique, how to maintain proper materials flow with-
in the ocnvertor and avoid the bridging problems associated with on-
ventional packed bed designs?

(7) How to maintain a fixed bed depth to insure a more uniform off-gas
temperature; thus allowing proper condenser gperation?

(8) How to develcp a simple char output system that provides a uniform
flow over the convartar cross section-as opposed to other systems
that do not?

The design that has evol™ed to this date to best deal with these
questions is presented in Figitre 2. The convertor shown can be described
as a "batch continuous" system vhich operates externally in a batch mode,
but intemally in a continuos moda-so long as the feed level is maintained
above the subnerged off-gas port. It bears a definite similarity to its
earliest predecessor built by Tatcm and Stone (6), even though at least
three A.T. develcprment ceneraticns have preceded it.

The basic idea is to stora the feed within the reactor itself and
thus-so long as the system is periodically refilled-to provide a oon -
tinuous flow of feed throwgh the working section of the convertor, and
thereby produce a practically coneiant supply of off-gas to the ocondenser
at a nearly fixed temperature, bat vot avoid the expensive mteriai
handling equipment and controls needed for a continuous system. The sub -
merged off-gas port no* cnly allows thz betch oontinuous operation, but it
guarantees a fixéd bed depth and provides an effective means for filtering
the gas through use of the bed itself, which forms a filter cake arownd
the off-gas port (however therv is a substantial pressure drop through the
bedusing the technique). Moreovwer, since there is no free surfaoa through
whidl‘the gases must pass, and no ocontinual addition of feed, as in omn. -
ventional continuous systems, the fine fraction of the feed has little ¢p~
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portunity to be carried away by the off-gas stream to subsequently clog
the condenser.

Since the maintenance of a free-flowing condition within the feed /
char inside the conwvertor is essential to successful system operation,
every effort has been made to facilitate the flow. Thus the manually ope-
rated agitator, together with the conic shape of the convertor and the
almost camplete absence of any obstructions to the flow within the reac-
tor effectively guarantee that the packed bed design will operate proper-—
ly.

In early Indonesian wunits, the process air was introduced through the
water jacketed convertor walls cnly. The resulting gases migrated to
the entrance of the off-gas port which is located near the center of the
convertor. Thus the flow was not vertical and hence the feed generally
passed diagonally through the gases. 2n advantage to this arrangement is
that the oconvertor walls are not exposed over a wide area to the hot off-
gases. A disadvantage is that the depth of the bed may be relatiwely small,
the degree of carbonization is considerably less near the center than at
the walls and thus occasicnalpenetrations of wncharred feed can occur, even
at relatively low process rates and especially if sufficient agitation is
not employed.

An important improvement, recently added to the wall process air in-
troduction technique involves the use of a ocentrally mounted, water
cooled, process air port to provide a more uniform air distribution, with
more even charring of the husks; a condition allowing a greater feed
thmughput.l A jam-proof, slotted, movable top surface,rotary "star" grate-
as opposed to the older sliding, perforated grate with a movable lower

1 The basis of this improvement arise fram a cament (7) by Dr. John Powell,

Kumasi, Ghana, regarding a similar modification he made to the Ghana oon-
vertor to increase throughput.
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surface design (8)-has been developed to complement the central air intro -
duction. Campared with the older fixed top surface design, the movable top
surface rotary grate stimulates a much more uniformmaterial flow in the lower
bed because of the large degree of bed agitation created during grate opera -~
tion. This in turn eliminates the ne2d for the lower bed agitator blade,
which allows shortening the agitator shaft; a modification that avoids over-
heating problems. The blad: itself is crescent shaped rather than flat and
cuts rather than forces its way through the feed. All together these im-

provements, which are also indicated in Fiqure 2:

(1) substantially increase feed process rates.
(2) generate more wuniformly carbonized charcoal and increased oil yields.

(3) significantly reduce the torque required to turn the agitator.

Their cawbined effect is to overcome the early shortoomings of the original
Indonesian design (8) and to bring the feed throughputs wp to the design

rate, and the char and oil vields to near their naminal values.

The condenser/demister system chosen, and shown in Figure 3, is
basically a compramise between performance and complexity, since to effec -
tively remove all the fine aercsel oil mist in the off-gas leaving the con-
vertor and to oondense out the rempinde:r without collecting an excessive
anount of water requires a much rore sophisticated system than  believed
practical for the epplicaticn intended in Indonesia. Thus the condenser/de-
mister design chesen involves no moving parts and is entirely cooled by na-
tural convectian. The off-gas—-oil mixture from the convertor enters the
unit and expands throush a gories of holes in the inside pipe. The resuit -
ing jets impinge on the insicde surface of the outer natural convection
ocooled jacket, thus producirg good local heat transfer and a high degree of
turbulence and mixing as the rusulting wall jets expand, collide, roll wp,

and are reintrained into the impinging jet flows. Thus a single fuild particle

11
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in its complex path through the omdenser, is effectivelly cooled and has
many opportunities to collide with other particles to form larger particles
or droplets and/cr be collected on the outer condenser walls. The demister
is of conventicnal design and uses available fiber to provide a matrix
through which the ocondenser off-gases pass. Vegetable fiber "ijuk" from a
species of palm tree has been successfully used for this purpose. The over—
all system takes maximum benefit of the effectiveness of the submerged off-
gas filter technique, and with weekly maintenance operates free of the
clogging problems that have plagued other condenser designs. Thus while its
performance can no doubt be inproved through further optimization, current
oil recovery levels are acceptable, but not outstanding.

™garding orrosicon; while it is well known that the hot pyrolytic
oils are acidic and thus oould sericusly threaten the ocondenser, it has been
found that the tar in the oil in most cases tends to cover the exposed metal
surfaces with an almost cnamel~lilke ooating that effectively protects them
from excessive oxidation. However sawe problems with oorrosion of the outer
condenser shell have bach encountered due to the scrubbing action of the im—
pinging jets a its inner surface; a condition which tends to continuocusly
expose the metal to the ocorrosive oil. Protection of this surface by use of
locally available epoxy paint is currently being tried.

Moreover, while a metal matrix in thz demister such as from lathe turm-~
ings is destroyed in a matter of dayvs, the lifetime of ijuk appears to be
indefinite.

Another area where corrosic.: must be confronted is in the water cooling
system. However by use oi autamotive radiatar rust inhibitors and / or by
the introduction of wate:r soluble oils, oxidation of the exposed surfaces

can be practically eliminated.

13



PROGRAM DESCRIPTIGY

In the course of th:e project to date, two reactors have been ocon-
structed. The first, called the Technology Development Unit (TDU) was de -
signed primarily for research and develcpment and for crew training, andis
currently located at the lewcang facility of the Development Technology
Center. The seoond reactor was built to nmn in an operating rice mill and
utilizes the best available tachinc’ogy, proven in long term cperation. Pho-
tographs of these two units are shown.in Figures 4 and 5. It should be un-
derstood that the develonien* of these oconvertors, especially the formmer,
has been an evoluticaary process in which numerous modifications to the
design have been made. Therafore, the configurations have changed continuous-
ly and it is not practical to describe all the technical variations eva-
luated. Bence only the more sicnificant studies are discussed here.

Besides the reactor dzvelcpment work, a vigorous effort has also been
made to devise means and equipment for utilizing the products of pyrolysis.

Therefore, also presented hare ¢.e descriptions of:

(1) the charwal briqueting systam davelcped, together with properties of
the briquets.

(2) an off—-gas bumer for crop drying gpplications, and tests of diesel
engine operation on the off-gas, including off-gas clean up equipment
develcped; together with preperties of the off-gas.

(3) tests directed toward develcpment of oil utilization equipment, toge-

ther with a discussic of the properties of the oil.

Develomment Tedhnology Unit

This convertor was commissicied in May 1979. The reactor itself cost
US$ 776 (485,000 Rp.). The acwess platform,storage shed, diesel engine, blowers

and other associated equipiment cost an estimated additonal US § 2054

(1,28 million Rp.).
14
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While many technical improvements have besn made using this system,
its ariginal principal nurpose was to investigate alternative means of process
air introducticn and off-gas ramoval, with the object of avoiding as many
obstacles to the materials flow within the convertar as possible. Process
air configuraticans investigated were a pebble bed system used in the
original oomvertor (6) and the Ghana and Philippines (9) systems and a flush
mounted, water jacketed technique, wherely the air is introduced directly
through the convertor walls. The primary cbjectims to the pebble bed design
were the very large fraction of the oconvertor cross section blocked by this
component and the tendency of e Cesign to cause the.formation of hot spots
resulting from cracks or ciannels created in the shear layer between the
central, core flov and tha: ayove the pebble bed. In additiom, a flush
mounted off—gas system having four ports, manifolded toogether, and the sim-
pler, internally mountzd proko system used in the Gheana design were tested.
It was hoped that sucoes using the four flush mounted ports would allow
removal of the internal probe which does present same cbstruction to the
flow. However, from the start it wes alsc recognized that the resulting in-
ternal gas flow pattemns migli leave a relatively uncharred core in the oon-
vertar center, since the shortest pati: for the gases would be along the con-
vertor walls.

v

System Descripticn. The oonvertor stands 2.35 meters tall, has a base dia-

meter of 0.84 meters and a top diaczter of 0.70 meters. It is built of mild
steel, typically two to three millimeters thick. Instrumentation includes a
process air orifice, and dial thermicmeters for measuring bed, convertor off
gas and condenser off-gas tenperature. In operation the rioce husks are added
at the top and charooal remcved ot the bettan through the grate. Process air
is introduced near the bottam of the system and the resulting gases passes

wward to exit through the off-ges system and then enter ths condenser/

16



demister which removes the oil-tar fraction.

System Operatian. The system is started by first introducing charcoal
fram the previous day's qaerationvup to the level of the top layer of air
holes. Burmning charcoal bricnetes are then put into the convertor and are
subsequently smothered by the feed which fills up the storage section. The
process air is then introduced at sbout 10 to 20 percent of the full steady-
state flow rate and is slwwly increased. After several hours the temperature
of the off-gas begins to rise rapidly and limited actuation of the grate is
initiated. Gradually the prcoess air rate is increased and the removal of
charcoal acoelerated wntil the desired operating condition is reached.

Perhaps the two most important indioss of system performance are the
oconvertor and the condenser off-gas temperatures. If proper control of these
two is maintained and correct interpretation of variations in these tempera—
tures is made, the system cperation can be relatively routinev. To illustrate:
the average convertor off-gas teiperature is not mly important so far as
o0il production is concerned, but vrepid increases in it may indicate the for-
mation of cavities in the bed, while decreases may suggest that char is
being removed too repidly. Likewise the condenser off-gas temperature must
be maintained above the devpoint of the mixture to avoid water condensation,
but not so high as to reduce the oil yields. For rice husks with a moisture
ocontent of about 14 peroent, an ash content of 20 percent, and at a bed
depth of about 0.30 meters, the desirved convertor off-gas temperature lies
between 120°C and 140°C while the condenser off-gas temperature is around
85°C.

Onee the desired oconditions have been reached ind the planned process
rate established, the system can be operated in a steady-state mode. This
may take four or five hcurs iram a ¢o14d stact, or two to three ina nm

where hot char from the previous days cperation is in the convertor.

17



During the steady mode operation, feed is added about every 30 minutes, the
char grate opened for a few seconds 30 to 40 times each hour and the char
drums emptied every hour. To prevent buming, the char is stored in sealed
| barrels while it cools. The oil is periodically gathered from the condenser
and demister. Typically the condanser recovers about three quarters of the
total oil while the demister recovers the remainder.

Except for a total of three or four minutes each hour when feed is
added and / or the char drums changed, the system operates continuously.
During these filling/emptying periods the air supply is shut off and opera-
tions halt. However, the themmal capacity of the system is sufficient to
insure that cnly minor changes in temperature occ v during these periods.
The result-so far as char production and oil prod ~ticn are concerned-is
that the operation is effectiwely constant. However, because the off-gas
flow too is interrupted, measuros must be taken either to store é shart
supply of the gas or to restart the gas utilization system-using a single
convertor. With several convertors, manifolded together such as in Ghana,
the operations can be staggered with no interruptions in off-gas production.

Since by its nature the system involves a minimm of instrimentation,
it is vital that maximum use of every other indicator be made. For example,
abrupt changes in capstan torque can suggest cavity formation and indicate
the need for more agitation. Likewise, the average torgque is a measure of
bed depth and-during start up-of the degree that charring of the bed has
ocaired. The oolor of the char also is a measure of convertor performance.
Hence uncharred material suggests too rapid a throughput, while greyish
white char indicates the proocess rate is too low. Even the characteristics
of the bailing in the water jacket can provide useful information regarding
the internal conditian of the reactor. Excessive, or film boiling at spe-

cific points indicates hot spots, most likely due to the presence of cavi-

18



ties in the bed and suggests tha need for more agitation of the bed.

Initial Test Resulis. Since the ocobination of direct introduction of pro-

cess air through the oonvertor walls and the flush momnted off-gas system
is so attractive, in that it minimizes internal resistance to flow, it was
investigated first. Thus a series of tests were oconducted to see if this
oconbination would cperatz satisfactorily and with good performance. While
the water jacketed process air system worked extremely well, there was no
problem in materials handling, the convertor off-gas temperature was in the
desired range, and good char yields were achiewed, it was faund that gas
production was excessive. ¥hile the oil was clean, the yields were low, the
maximm throughput was less than half that for which the system is designed,
the air-to-fead ratio ran well in excsss of wnity, the gas heating value
was disappointing and excessive heating of the uncooled walls above  the
water jacket occurred. It was thus oconcluded that the short circuiting of
the off-gas flow that had Leen iecrad, did indeed occur, and while same py
rolysis was present, a significu.: amount of gasification tock place necar
the convertor walls. Therefore since greater throughputs and oil yieldswere
desired, it was decided to abandon this configuration and to test the sub -
merged off-gas port in coabinaticn with the water jacketed prooess air sys-
tem.

This led to a second, more promising test series. At first, the bed
depth was operated at 0.50 metexs, which in the Ghana program, using fiwe
to seven percent moisture hardwood feed, had been satisfactory. But it was
found that while inproved process rates were cbtained, much lower air-to-
feed ratios were achieved,. and gas production was moderate, the convertar
off-gas temperature was too low and oil recovery was still disappointing.
The low oil yields were attributed to the low off-gas temperature obtained,

with the presumption that signiricant oil condensation occured in the bed.
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Since the current philoscohy is to try to avoid the need for a mechanical
drier and to use the husks as they are produced, the feed moisture content
typically runs at cbout 14 percent of the wet weight. Thus this relatively
high moisture fraction, together with the high silica ocontent (20 percent)
of the husks was believed responsivle for the low off-gas temperature and
oil yields, since in tests with wet feed reported in (2) simi lar disappoint-
ing 0il yields had occured. Tr.ererfore a series of tests at a bed depth of
only 0.23 maters was conducted-in an effort to raise the off-gas tenperatm;
The resu1£s of these tests are presented in Table 1. Study of the results
reveals that the char yields are well in excess of those expected fram the
data correlaticns in (L) end (2) at the air to-feed-ratios used. This is
believed dwe to oil ocondansation in tha bed because of the high feed mois-
ture content. On the other hand, rmcowverad oil yields are very low. However,
the table shcws that the trends of increasing oil yield and decreasing char
yield with increasing air~-to~fced are similor to those reported in (1) and

(2). The consistency of the datn, wiih cne exception, is encouraging.

Initial Test Results

Tebla 1
r _
Test | Air/TFezd Tsed Avercge | Averaga thar Recovered
No (kg / kg, ! Process | Convertor Condensor yiel 0il vields
dry ash rata off-gas off-gas (ka/kg, | (kg / kg,
free) (kg/hr) | Tenp. (°C) Temp. (°C) dry ash| dry ash
free) free)
1. 0.633 64 121 93 0.247 .033
2, 0.732 47 160 93 0.218 .045
3. 0.596 50 132 85 0.255 .028
4. | 0.63 a1 82 0.251 .025




While the recovered oil yields were quite low, it was cbserwed that
significant quantities of oil were lost in the off-gas stream, aoparently
Gue to inadequate omdenser/demister performance, and thus with proper op-
timization of this system it was concluded that oil yields at least equiva~
lent to those reported from Ghana (8) could be realized,if the feed mosture
ontent were brought down to the desired five to seven percent.

In numerous subsequent tests involving several thousand kilograms of
husks, the basic system performance was verified, with awerage ash-free .
char yields of 24.1 percent and average oil yields of 3.7 percent realized-
both on a dry ash free input feed basis. However, the average throughput -
was anly about 44 kg/hr of husks-although, on occasion, process rates up
to 65 kg/hr were recorded. Since the unit is designed to process 100 kg/hr,
this lower than expected average rate was of special ooncern, since the
overall system eoconanics (as discussed later) are strongly influenced by
system throughput. It was initially‘ thought that with an improved process
air supply, the throughput would easily reach the design value. However,
experience taught otherwise,and it was found that even at very hich air-to-
feed ratios, above a certain process rate, uncharred husks began to pe -
netrate the char layer-primarily near the oconvertor center-and pass into
the char drum. This suggested tiiat better distribution of the process air
was necessary; in particular, a supply of air near the reactor center needed
to be provided.

Besides the limited process rates, several minor problems were enocoun-
tered with the reactor cperation. These problems, together with their so-
lutions are listed below:

(1) Over an extended test period, rusting of the exposed water jacket sur-
faces occured. This was resolved by addition of a water soluble oil
additive.
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(2) Buckleling of beoth the moving and fixed grate surfaces occurred after a
number of tests. This probhlem was cvercome by the use of a heavier gage
metal and a redesign of the grate itself.

(3) The torque initially required to twumn the agitator was greater than a
man could generate. This situaticn was corrected by a more careful de~
sign of the agitator blades and a reduction in the nunber-by judicious

choie of their lccation cn the shaft.

Recent Test Results. As menticned previously, in an effort to increase the

feed process rate and to generally imprcove convertor operation, a major modi-
fication to the lower grate section of the TDU has been made recently. The
primary changes were the addition of a centrally mounted, water cooled, pro-
cess air port, the introduction of a rotary "star" grate with a movable top
surface,and the shortening of the agitatcr. These additions are shown in
Figure 6. Recent tests of the improved system indicate that without doubt,
these improvements have together had a greater effect an convertor perfor-
mance than any of the dchanges made sc far. Howewer, since these modifica -
tions have keen made so recently, there has been little time tc develop on
extended set of test data, and at this time only the following statements
can be made i.e.

* First and most important, the rice husks throughput has now been raised,
in repeatible tests,up to 112 kg/hr, which is well above the desi¢gn value

of 100 kg/hr. Of particular interest is the fact that as this limit is
reached, the charcoal gradually changes from a rich black color to a gene-
ral brown, uncharred condition, as cpposed previously to an over charred,
grey color of the char near the walls tcgether with an wncharred ocore when
the maximm process rate was reached. This clearly indicates that the desired
condition of a near uwniform process air introduction has been achieved. At
this prooess rate, the system econamics are very favorable, as the later

analysis demonstrates.
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Figure 6
Star Grate, Central Process Air System



* Second, the oil yields have now been almost tripled over previous results
and are now nearly ten percent. This also represents a major performance im-
provement that turns the oil from a by-product status back into one of the
major outputs of the convertor,although the yields are still 35 perceunt
below the hoped for valuves. This result has been accomplished through better
operating techniques and because of the lateral uniformity of the bed t m -

perature field produced by the improved process air introduction technique.

* Third, the water cooled, central process air introduction system has
suffered absolutely no damage due to the increased heat release and high

temperatures of the adjacent charcoal.

* Fourth, the new grate has damonstrated significant operational advantages
over the earlier design, has reducad bridging problems, and has suffered no
damage or warping whatscever in its cperation, although minor problems

with locking up of the lirkeos mechanism that rotates the grate have indi -

cated that more care in its fabrication is necessary.

* Fifth, the reduced torque required to cperate the shortened, single bladed
agitator has substantially increoased crew acceptance and enocourages them to
not abandon the neccesary stirring activities, which previously represented

a major physical exertion, and all to often were left unattended.

Ciranjang Convertor System

This reactor is currently cperating at the Sukasari rice mill in Ciran-
jang which is a cne and ore half howr ride from Bandung an the road to Ja -
karta and servas as a field test s;stem to complement the ILembang facility.
This convertor was installed in Nctaber 1979 at a cost of US $ 4084 (2.54
million Rp.) including the acaoss platform briqueting plant, storage shed,
diesel engine, blowers and othel associated equipment. It was orginally de~

signed to take advantage of the TDU experience and technical improvements
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developed to that date and has now been upgraded to include the improved
process air, grate and stirrer described previously. Thus it has a heavy duty
grate with a movable upper surface, a better char removal system, an inter-
nally momnted probe off-gas system, a larger access platform etc. The pri-
mary purpose of its installation so early in the program was to get a maxi-
mum amount of real world program experience as quickly as possible even at
the expense of some inefficiencies due to working in the field. This was
because of the opinion that many operaticnal problems, not recognized in a
controled test situation, would probably arise and, in turn, result in the
need for modifications in equipment anc/or procedure that oould be embarras-—
ing if recognized too late in the program. To date this unit has been well
worth the extra ewpense and work ussociated with its operation.

So far, the perforrance data from this unit indicates that the char and
oil yields are very close to those with the TDU. Therefore since its opera-
tion and perio:mancs are so similar to that of the TDU, there is little
reascn to further describe this program except to note that apparently since
the feed moisture content is slightly lcwer in Ciranjang, the oil yields

have been incrementally hetter than those in lernbang.

Charooal Briqueting

Since the rice husk charor»l, ¢ produced, is a coarse powder, it must
be briqueted hefere it cun be successfully used for cooking, because in its
initial form it is not suital:le for chiar brazier or stove use. Therefore same
methed for briqueting it must be devised. A simple approach is to use an
agglareration techniqua, rathar than mechanical pressure, to form these
briquets. In so doing, hoth energy and capital are minimized but at the cost
of a reduced briquet cuality. The tecwique devised as part of the project
is to:

(1) load a rotary, 55 gallcn oil drum ("ball mill") with the charcoal and
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several pipes or stones and then to rotate the mill wntil the charooal

is finely powdered. This takes approximately 15 to 20 minutes.

(2) Unload the pipes and/or stones, add a mixture of cocked starch, and
water, to act as a binder, to the powdered charcoal and then tum the
drums for 15 or 20 more minutes. The resulting turbling action together

with the binder tends to cause the charcoal to form into balls.

(3) Unload the resulting "fireballs", which range in diameter between me
and two inches, place them in the sun and allow them to dry for seve-
ral days.

Figures 7 through 10 illustrate part of the sequence described above.

Initially, cocked waste cassava pulp from a local starch mill, in a
ratio of 2.5 parts charcocal, one part cooked waste cassava pulp, and 3.5
parts water, was used successfully as a binder, and the briquets formed
burned cleanly and without ocor or smcke. However, since the waste cassa-
va pulp is not available ewveryvhere, a binder using cocked, pure starch
(which is for sale in almost every market) and mixed in the ratio of 20
parts charcoal, cone part starch, and 20 parts water has also been success
fully tested. The results are again good quality charcoal briquets, although
in both cases their density is not quite as great as would be desired.

The production of the fireballs has been accamplished by means of an
electric motor driven lsboratory prototype shown in Figure 11 and by a ma-
nually operated system shown in Figure 12. To date, the laboratory prototype
has generated sustained prcduction rates of 21 kg/hr of briquets, which is
less than half that required to match charccal production from a reaétor
operating at its dasign capacity. However, improvements in the laboratory |
operating procedure, using a single unit already demostrated should increase
production to the point that two nills of the size shown will easily keep

pace with a single reactor. Production of briquets from the manually operated
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Figure
Fire Balls formed

Figure 7
the Briqueting Mill
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Figure 9
Unloading the Fire Balls

Figure 10
Sun Drying the Fire Balls



Figure 11
Mechanized Briquet Mill

Figure 12
Hand Operated Briquet Mill
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wmit has not lived up to initi-l exn.ctations because the large tarque re-
quired to turn the loaded svstem makes it difficult for a single man to
operate it. Hence, redesion and dowm-scaling of this component is currently
being mace.

Vhile the cverall product utllizaticn strategy involves distributing
the firekalls cnlv in the nei~n wrhood of tha rice mill production site and
thus exposing them to minimal zndiing, there is still some question as to
the general structw ruygecness thai_“_ the briquets must possess. Therefore,
in a series o tesis wiich fepresent an extreme condition to which they
would be expcsed, the brigquets were droped two maters en solid concrete to
investigata € i I Pl o strength.wiidch was felt to be the property of pri-
mary concern. As pevi of the tesis & - “agre of drving was also varied to
see if there is an cptimum drying time so far as handling properties are
concerned. “he 1 vults of these tists arve tahulated in Table 2 and presented
graphically in I cur~ 12, I.oom the tucts, it copears that after 4 days
drying, the nvi»r of briken brigasts is minimal and the drying is esential~
ly oowplete. Th-iavoie, sfter four Jdays it appears that the briquets can be
most easily treasported ard vith a rdnimal breckace, However, it should be
noted that after the briguris have diisd for several months, they become
very brittle and suffer badly fiom irmact - Therefere,every effort must be
mada to get th:» Lriguots it the | onds of the ultimate user as quickly as
possible after they have esn Frucucad. This should not represent a serious
problem, however, since the distribution of the briquets would normally be
only over a few izilavators. Lut it doss loudly proclaim  that the briquets
themselves shculd rot be sto-j ipiled end if storage is necessary it should

be dore using the bulr charical only,
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Table 2

Fire Ball Weight Ioss and Drop Test Survival

Time Total Nunber of Balls Percent Percent
(Days) Ball Weight Survival Initial
(grams) Broken Survive Weight
0 553.1 20 0 0 100
1 424.9 20 0 0 76.8
2 377.8 13 7 35 68.3
3. 337.9 2 18 90 61.1
4 318.5 0 20 100 57.6
5 315.8 0 20 100 57.1
6 311.6 0 20 100 56.3
7 302.5 0 20 100 54.7
i
Notes : (1) Drying time was 5 hours/day

(2)

Fire Ball composition = 20 parts charooal, 1 part starch

20 parts water

(3) The drop distance was 2 meters on a concrete slab
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Fire BAll Weight Ioss and Drop Test Survival
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Therefore it appears that with reasmable care, there should be little, if
any problem, in the transport of these briquets for moderate distances.

Because of the high (20 percent) silica oontent of the oven dry husks
and the resulting concentration of this element in the charaocal, only abhout
50 percent of the char is actually carban. Therefore the heating value is cor-
respondingly reduced. Calorimeter tests of the briquets indicate an average
heating value of about 6770 Btu/lb (3762 cal/gm) as opposed to a heating value
of 5697 Btu/lb (3165 cal/gm) for the 14 percent moisture husks. Thus the char-
coal has enly about a 19 percent higher heating value than the husks. However,
it must be remembered that the briqueted charcoal is a much, much more conven-
iently useable, smckefree, socially acceptable fuel than husks alme. Moreover,
the fireballs have a bulk specific gravity of 0.32 or a bulk density of about
20 Ib/£t>. Therefore compared with the husks, which have a bulk density of enly
about 8 lb/ft3 (0.13 gm/cm3) ¢ they are much more convenient to transport. On a
volume basis, the briquets have a bulk "energy density" of about 135,000 Btu/ft3
(1204 cal/cm3) as oonpared with iice husks with a bulk energy density of only
46,000 Btu/ft3 (411 cal/cmg') . Therefore, overall they are a much more desirable
fuel than the husks alane. Moreover, the orportinity to utilize the oil and gas
associated with the charcoal production would not be present if the husks were
burned directly.

Vhile tham is little deubt that higher density briquets-produced for
exanmple, by a high pressure mechanical press-would be desirable, there is same
question as to the practicality of so doing, both in termsof the energy required,
and the production levels attainable. However, since the answer to this question
is wnclear, not only arc efforts oontinuing to improve the agglomeraticn technique,
but the epplication of & modified Cinva ram is also being studied, with the idea
of producing larger, stove size briquets, if possible.

Because the heat of combustion fram the fireballs is only half that fram

charcoal, a question has been raised whether the cambustion temperature
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of the fireballs would be high encuch to properly ocook food. It can be theo-
retically argued, assuming radiation to be tue dominant beat transfer mecha-

nism,that the average radiating absolute temperature of the fireballs (Tﬂ))

is equal to that of the charcoal (T divided by the fourth root of two,

= TC TC

i.e. be = =

.25
[2] 1.19

In that case, since theknown conbustim

temperature of the charooal is approximately 950% ( ~ 675°C ), one would
expect the fireballs to produce an average surface temperature of about
800°% ( ~ 525°C ) which is more than sufficient tc cock any Indonesian
food (or any food anywhere else, for that matter).

To verify this conclusicn simple tests of the temperature of the bum-
ing charcoal and the burning fireballs were made as a function of time. In
the tests,mne half kg samples were burned in a standard "Anglo" clay stowe
or brazier and the temperature measured using a thermocowple. The results
of these tests are presented in Figure 14. It might be noted that in the
figure time zero has been taken as that point when the briquets actually
started burning, and thus the data does not include the period when the
kerosene starter was still ignited. While the data shows some fluctuations
in the temperature history, in both cases, a characteristic similarity
between the two sets of data is present in that both show a rapid rise to
a maximm and then a gradual fall off with time. Graphical integration of

the two curves results in valwes of :

962K (or 689° C )

T

c

and

789° K(or 516° C)

=}
{

The ratio of the measured absolute temperatures is 1.22 or about 3.5
per eent above that expected. Considering the roughness of the test, this is

believed to be a surprisingly good confirmation of the expected results.
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A final remark regarding the start up process; it has been found that
the fire balls, because of their composition, shape, and the absence of any
comers or crevices, are often difficult to ignite. This is true of most
briquets and is nothing unique to these. It has been found, however that if
the fire balls are laid on top of a few ordinary pieces of charcoal, vhich
can be ignited easily, the mixture quickly is afire and demnstrates all
the smokeless properties of buming charcoal.

Finally, it might be noted that when completely implemented,the above
charcoal production system, on the island of Java alme, has the capabi lity
of producing about 1.5 millicn tons of charooal briquets each year. This
would entirely satisfy the coocking needs of at least ten million pecple, or
more thaneleven percent of the island's population. Therefore it should be
apparent that the potential omtribution of the rice husk charcal as a do-
mestic energy source is quite substantial. In combination with the davelop~
ment of improved stoves, this contribution ocould be several times greater.

Off-Gas Bumer System

Since the gas represents a valuable energy source for drying of the
padl, and because mechanical drying is heocoming increasingly attractive and/
or necessary in mamy areas of Indonesia where multiple yearly cxop product-
ion,especially using miracle rice,requires milling dumring the rainy season,
a sirple burner cperating on this fuel has been built and tested. This
system closely resenbles that originally devised by Tatan and Wellbom for
wood waste drying in support of the Ghana pyrolysis program (8) and is Iham
in Figure 15. While the bumer is occasianally hard to light, oncs it gats
hot, it operates smocthly and produces a continuous sowrce of clean energy
free of any pollutants. Uhether this bumer system is used as a divsct heat
source or in oombination with a heat exchanger, it provides a simple, proven,
inexpensive —aans for drying padi or any other agricultural product, It is
estimated that its use ocould typically reduce the current padi mechanigal
drying ocosts by mare than 600 Rp./ton.
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Figure 15

Front and Back View of Off-Gas Burner for Crop Drying Applications



Preliminary Diesel Engine Tests on Pyrolysis Off-gas

While the original program djectives did not include the use of the
off-gas to operate an engine, in the course of the project it has become
increasingly arparent that the gas could ke used to fuel a small engine , such
as that powering the rice mill. It is also evident that the heat rejected |
from the engine could he utilized, together with the unused gas for padi
drying. Since the total diesel fuel consumpticn of the almost 30,000 rice
mills in Indonesia represents of the order of 40 millien gallons annually,
which at current world oil prices has a value of about US $ 35 million
(21.8 billion rupiah), the resultan: potential savings are impressive, in
terms of increased national foreign exchange eamings. At a local scale, the
savings are not so significant Lacause of the current, very heavy government
subsidy on diesel prices. However, awrage annual fuel savings of about
Us $ 450 (281.000 Ro.) per mill could still be expected at even today's ex-
tremely law price of US $ 0.35/gal (60 Rp./liter). Since the future likeli-
hood for increased fuel costs in Indonesia is great, it is evident that a
program to davelcp the off-gas as a diesel engine fuel source should be
persuved vigorously.

It so happens that there is a great body of tedhnical experience in the
operation of diesel and/or spark ignition engines on "producer type" gases.
However, most successful woed fuzled producer gas generatars for engine ap-
Plications have involved "downdraft" rather than "wpdraft" designs, since
they tend to produce much less tar @d oil in the off-gas. Thus the off -
gases utilized in most pmﬁous studies have been much cleaner than thos»
available fram our pyrolytic convertor which more closely 1esenble an up-
draft gasifier. The result ic that there is an urgent need to carefully clean
Up the off-gases and to remowe the water vapor present prior to its entry

into the engine carburetor in ordar to prevent power less and/or fouling of
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exposed metal surfaces with tar droplets that may remain in the stream. This
then is the real tedmical challenge of this phase of the project. and work to
improve the gas clean up techniques is continuing. In additiom, considerable
study of the dry off-gas composition has beoen made and typical elemental gas
breakdowns are shown in Table 3. The heating value of the dry gas should be
in the range of 170 to 180 Btu/ft3. with the compostions indicated.

Tn an early series of tests, & 6 hp Yanmar diesel engine, driving a 3 kw
generator and utilizing a very simple carburetion and gas clean-up system,
demostrated a sustained 30 percent fuel reduction, when operated in combina~
tion with the pyrulytic conwexrtor off-gases. ¢hile this is far short of the
hoped for 85 peroent reducticn reported in the literature, it still represented
a good start, especially since there was clearly a great quantity of water
vapor present in the gas.

In a current series of tests in which improved gas carburetion and gas
clean up/drier systems are used, further efforts to reduce diesel fuel o~
sumption are being made. The new system includes a natural convectian cooléd,
two pass, fin tube condenser designed with convenienc access to the tubes
for easy cleaning. The system, together with a packed bed using the rice husks
as the filter media, is desicned to essentially remove all the agqueous ma =
terial in the off-gas and to filter cut any submicron particles remaining.

To complement the new clean-up system &n upgraded engine carburetor/fuel ocon-
trol system, based cn suggestians (10) by Mr. C.V Pederick of Western
Australia, who is a picneer in producer gas engine cperation, is also being
evaluated. This overall system is shown during early tests in Figure 16 and .

shown schematically in Figure 17.
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Table 3

Dry Pyrolysis Gas Camposition

Sample - Peroent Volume Compostion
Number '
% % @ | o, D,
1 9.74 59.91 18.55 3.06 8.4
2 10.42 56.46 23.61 3.04 6.47
3 10.78 59.92 21.72 2.4 5.16
4 10.7 56.01 22.54 3.33 7.39

Note: It should be recognized that typically there are one half pound of
water per pound of dry gas produced. Therefore the above results do

not apply to the gas leaving the condenser, but only to the dry gas.

Perliminary testing indicates that the engine operates smoothly on the
off-gas, the use of which reduces the diesel fuel consumption by mare than
60 percent. The new oler-filter system warks much better than the original,
reduces the gas to nearly ambient temperature,and removes practically all
the water. However, there still is g residual amount of tar, in an aerosol
fom, that is suspended in the gas and vhich must be removed to avoid long
term engine damage. Currently a second padked bed filter using a mixture of
charooal and lime as the filter media is being evaluated for thigs purpcse.
It is hoped that the lime will chemically neutralize the oil with the result
that the ocorresponding liquid-to-solid phase change will make the filtration
easier. Then working together, the charaal and the fine silica particles
present in the new filter in corbinatian with the second stage rice husk fil-

ter will remove the resulting solid particles.
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Figure 17
Yanmar Diesel Operating on Pyrolysis Off-Gas.
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Therefore, while not copletely successful, the latest tests represent
a significant stop forward and with improwed procedure and filltration, it is
believed that continuous, safe replacement of 80 to 90 percent of the diesel
oconsumption is within sight.

Finally, it might be noted that the experience with the gas around the
test facility has demonstrated its clean burning, convenient operation in even
the simplest bumers. This suggests that not only could it be used for engine
operation and for drying, but also as an industrial fuel for firing brick or
pottery kilns or boilers and to same extent for darestic uses, at least in
and around the rice mill, Therefore, further study of these altemative ap -

plications should be made in future work.

0il Utilization Studies

Since oil represents cne of the inportant products of pyrolytic conver-
sicn,which in previcus programs using a packed bed reactor with wood waste
and peanut shells (1 , 2) has been sham to be an excelent industrial fuel
and to be produced in quantities of up te 15 percent of the dry, ash-free
weight of the feed, it is natural to lock to this liquid as a major reason
for pyrolysis. This is especially true because the tediical literature (11)
is filled with acoounts of laboratory rice husk pyrolysis experiments that
have yielded very substantial oil fractions. Consequently, based on the
assumption that the oil yields would be very substantial, considerable study
of the properties of the pyrolytic oils has been made in several laboratory
investigations. Characteristics such as density, heating value, flash point
water content, and viscosity,have been determined in several experiments, the
results of which are sumarized in Table 4. To serve as a reference, the
ocorresponding properties of mere familiar liquids such as diesel oil and kero-

sene are also tabulated. Study of the table indicates that the oil has several
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physical properties that are similar to those of kerosene. Howewer, its

viscosity and density are considerably higher, yet its heating value lower

than diesel and kerosene. Also largely because of thepresence of a consider

able quantity of water its distillaticn properties,which are shown in Figqure

18, are also quite different. Finally, it is cbserved that while kerosene

and diesel are basically neutral, the pyrolytic oils are mildly acidic, even

at roan temperature.

Proporties of Various Liquids Compared vdth Pyrolytic Oil

Diesel [ Pyrolysis

Kerosene
0il 0il

Surface tension (&yme/am) 37.60 42.04 38.55
Dynamic visocosity (centipoise) ~ 3.3 ~ 4 15.3
Kinematic visocosity (centistcke) 2.52 2.96 13.73
Flash point ( °C ) 46.3 64.5 56.5
pour point ( °c) <-4 <-4 5.3
Water content ( % ) - - 10 - 20
Density (26.6 °C) (am/cc) ~ 0.75 ~0.75 1.11
pH 7 7 ~5
Distillaticon Properties

Initial boiling point (°C) 108 140 98

10 percent distilled (°C) 160 230 98

50 percent distilled  (°C) 220 294 236

End point ©c) 278 358 252
Heating value (Kcal/am) ~ 10 ~ 10 ~6




PER CENT LIQUD EVAPORATED

20

85

80

70

65

60

55

50

45

40

35

30

25

20

1/

y4

o Pyrolytic OIL

x Kereseqe
A Diesel oil

200

TEMPERATURE

Figure 1. Distiilziion Curves for Pyrolysis Oil, Kerosene

ard Diasel

45

300
(°C)




The presence of oonsiderable quantities of creosols in the oil

has been reported in the literature elsewhere (8). This suggests that besides

their value as a fuel, they may have an important application as a wood

preservative; a fact which is of special interest in Indonesia since termmites
regularly do terrible damage to hames and buildings. Therefore in a prelimins-
ry feasibility study, treated wood specimens were placed in a termite hill to
see the reactim of these insects to the oils. The specimens were left in the
gromnd for 10 months and upon removal it was cbserved that no damage to the
treated specimens had occurred.

While it is recognized that these tests are in no way camprehensive,

they do strongly suggest that the oils may have a valuable potential as a

wood preservative and that further work in this area is warranted.
Originally, the pyrolytic oils were primarily conceived as potential

kerosene substitutes for damestic uses, with the implicit assumption tha. the
as produced oil would wick similarly to kerosene and/or that modificatims to
existing kercsene lamps and stovas could be made so that the oil oould be
utilized easily.

In practise, however, it has been found, in a series of unsatisfying experi-

ments, that:

(1) the wicking actiar of the oils with a variety of porous materials is
very poor and the 0il will rise-due to capilarity-omly a few milli -
meters; far less than neoessary in practical lamp designs.

(2) even though dilute mixtures of the oil-with, for example ethanol -do
have a weak wicking actien that will cperate a basic lamp (using a
vexry thick ocotton wick) for a few minutes, eventually the widk hbecames
clogged and coated with carbaized tar and carbon particles which re -
sult from both the breskdom of the oil due to the flame heat and the
presence of carben particles suspended in the unfiltered ocil. In any

event, the flame eventually goas out.
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Thus clearly, the damestic lighting applications originally intended for the
oils are simply inappropriate to its physical properties. It might be noted
that the possibility of this occurrence was recognized in (4), but it was
assuned that same means oould be found to overcame the prcblems mentioned.

Besides this disappointmwent, the oil producticn-as previously discussed-
has been lower than expected; primarily, we believe, due to the lack of a
really dry feed, i.e. five percent moisture, as opposeld to the 13 - 15 percent
moisture husks typically available at a rice mill. Clearly the husks could
be dried, using the off-gas, to the desired value, but that would involve the
requirement for an extra, expensive drier for the husks alme. Moreover the
padi itself oould theore tically be dehydrated down to this peroentage moisture,
but cnly at the expense of greatly diminished value of the rice together with
increased storage and handling problems (it becomes brittle and breaks) and
of difficulties in cocking.

Thus clearly, a question arises as to the possibility of developing
another, more practical oil utilization strategy, rather than continuing down
the ariginal path which now appears of doubtful wisdom. Two possibilities

are apparent; i.e. either use of the oil as:

(1) a ooal tar replacement, for which the market is very large and would

support, it is believed, a price of at least 80 Rp./liter.

(2) as a bunker oil replacement, which is not so attractive since bunker
0il currently retails for 45 Rp./liter and therefore the oil would have

a correspanding value of only about 25 Rp./liter.
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ECONCGMIC ANALYSIS

There are many factors which make a complete econamic analysis diffi-
cult, especially in Indonesia where fossil fuels are heavily subsidized.
Thus the question of whether to use the fair value of the products or their
current market price must be answercd. Moreover, it should be recognized that
because the camplete system still has anly limited real wofld operating ex-
perience, many of the numbers in the analysis contain opproximations to
same degree. However, since two prototype system have now been built and
operated, the required capital investment and manpower requirements are
fairly well known. In addition, the value of the charcoal has now been es-
tablished in contacts with retailers in Ciranjang. It is only in the esti -
mation of the o0il and gas valus where same uncertainties are present.

Therefore in the following two brief analyses, which attempt to bracket
the econamic performance of the system, pessimistic and optimistic scenarics

are assumed and the eoonomic returms computed.

Pessimistic outlock

Rice mill cperates 150 days/year; unit processes one ton husks per day;
oil (dry, ash~free) yields are 9 percent; char (dry, ash~free) yields are
20 percent; oil used as bunker oil substitute at 25 Rp./liter, (U.S.$0.04/
liter), char briquets,as produced (including ash), are worth 30 Rp./kg
(U.S. $ 43.85/ton), gas replaces 80 percent of diesel oil (currentlyvalued
at 60 Rp./liter) used to mm 12 hp (20 peroent efficient) rice mill engine
but has no other value; starchoosts 100 Rp./kg wholesale;four. men run system
and are each paid 1,000 Rp./day (U.S. $ 1.61); total system ocost is 2.5 mil-
lion Rp. {(U.S. $ 4019) and depreciates completely in 10 years; government
loan maney is available at 12 percent interest with 10 years paybadk; annual
maintenance runs at 10 percent of system cost; ammual overhead runs at

20 percent of labor cost. Therefore the following is cbtained :
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http:U.S.$0.04

Inocome millions of Rupiah US. ‘Dollars
Charooal briquets 1.786 2871
0il .181 291
Gas .245 393
Total 2.212 3555
Operating Costs millicns of Rupiah US. Dollars
Capital & Depreciation . 442 711
labar .600 965
Maintenance .250 402
Overhead . 120 193
Starch .258 415
Total 1.670 2686
Net Profit .542 871
ROT 21.7 % -

Optimistic Outlock

Same assumpticons as above, except mill operates 200 days per year, oil

is used as ooal oil substitute worth 80 Rp./liter (U.S5. § .129), gas is

also used to dry padi down from 20% to 14% moisture at a savings of 600 Rp./

ton padi.
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Income Millions of Rupiah U.S. Dollars

Charcoal briquets 2.381 3828
0il .772 1241
Gas diesel . 327 526
drying .360 579
3.840 6174
Uperating Costs Millions of Rupish U.S. Dollars
Capital and Depreciatim .442 711
Labar | . 800 1286
Maintenance .250 402
Overhead .160 257
Starch .344 553
1.996 3209
Net Profit = 1.844 2965
ROI = 73.8 %

Therefore, regardless of the assumptims,the return on investment is
attractive, and hence the installation of a pyrolytic conversion system
is a highly viable eoccnamic proposition.

A final point ocomcerns the importance to the whole conoept of a source
of capital available at the assumed interest rates: while mmey is official-
ly available through govermment loans under the conditions assumed, there

frequently is difficulty in actually dbtaining the funds. Therefore of

50



critical importance to the success of this program is the increased availa-
bility of loan money to finance those installations. This will necessarily
involve the active participation of the Indonesian government to insure
that the mmey is properly and fairly distributed. It should be emphasized
that if these funds are not made available, there is little likelihood that
the pyrolysis system can have the inmediate needed impact on the Indonesian

fossil energy demand envisaged at the project cutset.
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INTERIM CONCLUSIONS

After a careful review of the original cbjectives of the program, of
the technical progress to date, and of the econamics of alternative ap -
proaches, it appears that a revision in the original products utilization
strategy should be made. Thus it seems far more practical at this point to:

(1) focus primarily on the char utilization for domestic purposes and the
gas utilization at the rice mill as a fuel to power the diesel engines
and/or, where appropriate, as a heat source to dry the paii, but only
down to 14 percent.

(2) consider the oil as of secondary importance and not expend further
efforts in trying to wqgrade oil productién through drying of the husk,
although improvements in condenser/demister performance should be
sought. Emphasis should be given to use of the oils as wood preserva-
tives ar as industrial bunker fuels.

When all things are considered therefore, it is believed that this revised
strategy will have equally as positive an impact on fossil and wood enerqgy
consumption in Indonesia as the original plan, be econamically attractive
and yet will be much more readily achievable and certainly more realistic in
terms of the technology demanded.

In addition, because of this revised strategy and due to other factars,
it now appears that the level of mechanization of the overall pyrolysis sys-
tem should perhaps be ultimately raised above the present basic,manually

operatea level. This arises for several reasms, i.e.:
(1) once emphasis is placed on rice mill diesel engine operation, the need
for a (near) continwus 9as supply is evident. This suggests that scme

means to reduce the frequency of interruption.of the gas-due to filling
and emptying operations-be developed. This could be acoaplished by
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(2)

(3)

using manually cperated acrew feeders comnected to large air tight husk
and char storage containers, perhaps sufficient for two to four hours

operation and similar to that used in the Philippines (3).

The availability of mechanical power on site also offers the tempting
opportunity for autamating the agitator driwve, which in turn~because

of recent technical developments (2) - further suggests that an inte -
gration of the agitator and the process air introduction system be made.
The resulting "ATRGITATOR" (2) would canpletely replace the present watel
jacketed process air introduction system and at the same time, because
of the its stirring action, guarantee a smooth materials flow-free of
bridges or cavities-in the reactor. Because of the effort demanded in
tuming it, operating the agitator represents the only truly difficult
job on the pyrolytic convertar and moreover do=s not really represent
good utilization of human energy. Dwe to the work required, the agitator
is frequently unattended or improperly operated with the result that
cavities in the bed arise. Therefore, while the action considered ocould
replace at least cne man, the jcb eliminated is very unattractive, and
the econamic advantage in reduced labor costs, even with the expense of

the mechanical drive and additional hardware, appear to be significant.

To maintain briquet production levels compatible with the reactor, there
may be a need to autcmate the drive system, since the effort required to

operate it manually may be greater than one man can provide.

It must be understood that the above ideas should not be implemented too quid

ly, because there is still much to learn sbout the basic pyrolysis technology

and the resources for this work are limited and cannot be spread too thin.

However, it would be expected in the not too distant future that these or simi

lar technical improvements will be waranted, because the advantages they offe:

will greatly off set the extra costs involved.
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FUTURE WORK
Considering the ideas and facts presented previcusly the following ac-
tivities will be vigorously persued to the end of the current program:

(1) Intensive efforts will be made to oontinue to upgrade the convertor

throughput.

(2) Work to improve briquat producticn techniques to better match charcoal

generation will be done, and a higher quality briquet will be sought.

(3) The program to perfect diesel and spark ignition engine operation on

the pyrolysis off-gases will continued.
(4) Alternative uses for the cils will be investigated.

(5) Preliminary design work to further mechanize the gystem will be begun,

with initial emphasis placed cn improved feed input and char removal.
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