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INTRODUCTION

Third World Cowntries such as Indonesia face extraordinary problems
in meeting the eneryy demands required fer development. They are also
confronted with high rates of unemployment, but have the mixed blessing
of low wage levels. Therefore, a renewable energy system that oould
engage many pecple in ite cperation would be an especially welcame pros-
pect. Since mecst Lesser Developed Countries lie in the tropics and
already have economies largely based on agriculture and foresfzy, the
potential for biamass as a renewsble energy scurce is especially great ;
particularly since it is very labar intensive. In Indonesia, 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 concentrated
at rice mills, and therefore a significant fraction is already available
conveniently as an energy sow-ce. Not only would the use of these residues
significantly reduce Indonesian naticnal fossil fuel demands, but it wouid
also strongly alleviate the pxessufe o the forests to provide firewood
for domestic and industrial purposes, and thereby cub the severe erosim,
flocding, and river poilution problems currently experienced in Java due

to these practises.

The main problem, however, with biarass as it is avaiiable now is
that: at an industrial scale, most current energy conversion equiﬁnent is
designed to operate an fossil fuels and, at a damestic scale, most if not
all stoves are for wood or charcoal use and will not Operate properly on
these residues. Thus there is a need for a means for oconverting residves

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



equipment. Pvrolysis, especially low temperature pyrolysis, which favors

char and oil producticn, offers a particularly promising means of conver-
sion, since the char and oil products are storable and easily 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, g_)l 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. But 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 autcmation and capital inten-
sity and are subject to envirormental canstraints totally inappropriate to
developing countries. However, recent studies ( 3,4 ,_El). of the application
of partial oxidation pyrolysis-in a suitably modified form-to Third World
countries have indicated the t.:::hr{ical-ecorx:mic potential of the process,
ard these studies have led to hardware developmment programs in Ghana,

Indonesia, Papua New Guinea and the Philippines.

This paper is concerned with one of these programs and represents a
progress report which describes efforts under a joint American-Indonesian
project to develop appropriate, economical pyrclysis technology and asso—
ciated equipment so thzt rice husks can be effectively converted and used
for rural/domestic energy purposes. The primary objective of the project

is the development of a naminal one ton/day pyrolytic convertor optimized

lNumbers in Parenthesis denote literature cited in the REFERENCE section.




for Indonesian operaticn with rice husks. A secondary goal is the design
of correspanding hardware wihich allows utilization of the char, oil and
gas products of the conversion process. The implementation strategy in-
volves locating the pyrolytic convertors at rice mills, of which there
are abcut fifteen thousand on the island of Java alane. The charcoal
would he used for damestic cocking, the oil utilized for domastic lighting
and the gas used for drying the padi at the rios mill and powering the
diesel engine that runs the mill.

The paper includes :

(1) a description of the basic design concept far the aonverter, 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 develcped and prablems encountered.
(3) an econamic analysis of the system.

(4) an evalustion 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 understamnding

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

{3) what the overall eccnamic poctential of the pyrolysis prooess is in

Indonesia

will be clear to the reader.



THE BASIC PYROLYTIC CONVERTOR DESIGN CONCEPT

Throuchout this program the desian of the pyrolytic convertor has
steadily evolved from a system initially suitable cnly for wood residues
to a truly Indmesian design applicable for rice husks, and a detailed
description of this development process is presented in a later section.
However, basic to appreciating what has been dome in the program is an
understanding of the overall 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 oxidaticp pro -
cess itself, the following discussian should provide an wnderstanding
of the basic principles involved. Thus, referring to Figure 1, it is seen

that the system operates ac follows :

Dry, pulverized feed, introduced at the top of the reactor, passes down-
ward due to the foroe of gravity, through a pyrolysis zwne. 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 exceptianally effective means to uniformly heat each downward flowing
feed particle which in turn gradually is converted into char; thus releas-
ing a quantity of pyrolysis gases and oil vapors. As the char descends
further into the bed, it reaches the combustion zare where a relatively
small amownt of air is introduced. This air reacts with a small fractien
of the char to produce hot carban manoxide gas which transmits the heat
generated tc 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 zme tends to grow upward keeps the char zame fixed in po-
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sition relative to the reactor. Upon leaving the hot zane, the char is re<
moved from the convertor and cocled. The hot pyrolysis gases, and oil
vapors (which exit from the reactor at a temperature greater than that
where significant oil condesnsation occurs), pass through a condenser which
removes the oily fractien with boiling points down to slightly above the
dewpoint of the otf-gas mixture which is typically 170-180°F. (This avoids
the production of weter which would dilute the oil and oould present a

serious disposal problem).

Dry feed is pr~ferred 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
counter to the objective of maximum char and oil production. On the other
hand, if external drying of the (romally wet) feed is acoamplished, the
chemical energy of the gas can be utilized with the result that, by
adjusting the gas production 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 feed d.rying, the gas can also be used to drive
an intemal carbustion engine to power the various mechanical camonents
necessary to operate the system (8) and to also provide power for external
requirements. Thus while the gas is not seen &s the principal product of
the process, it is a valuable by-produrt that can be used very oconveniently
at or near the producticn site. The amount of gas produced can be reqgulated
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. Neminally, the process produces about 0.25 1b. charcoal,
0.15 - 0.2 1b., oil, 0.3-0.35 lb., yas, and 3 - 35 lb. water per pound
of dry input feed.

This process has been davalcrad in the U.S. to an advanced state
using a capital intensive design approach. However to develop an Appro-
priate Technology pyrolytic convertor inevitsbly means the compramising
of many design featwres, performance, and environmental constraints to
gain econany, simplicity, reliability and maintainability. Thus there is
little doubt that existing, more capital intensive convertors can pro -
vide higher performance than described here. But under the conditions
for which they were develcped, we believe the characteristics and per -
formance of the designs discussed in this paper are sufficiently advanced
to meke them at least the basis for a first generaticn of econamically
practical conversion systems.

To illustrate the problems of deaveloping an Appropriate Technology
design; once the basic decision to use the partial oxidatim pyrolysis

process is made, several questims inmediately have to be dealt with: i.e.

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

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

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

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

(5) How to separate out the oil aerosol and / or candense the oil vapor

fram the off~-gas in a practical condenser?



(6) Using a manual tecmique, hiow to maintain proper materials flow with-
in the convertcr and -vcid the bridving prcblems associated with on-
ventimnal packed kad designs?

(7} How to maintoin a fixed Led dectl to insure a maore wunifom off-gas
temperature; thus allcwing pruper condencer operation?

(8) How to develrp a simpls dar oucput system that provides a uniform

flow orer th? con rtar :r0s3 secticn-as orrosed to other temsg
Pt &

that do not?

The design that auas evoived to this date o best deal with these
questions is presentel in Figurc 2. The omvertor shown can be described
as a "batch continuous® sycuot v ich Cperates externally in a batch mode,
but intemally in a ccr.tinucws mode-so long as the feed level is maintained
above the submerced off—yas :.ort. It hears a definite similarity to its
earliest predacessor built by Tatai and Stcne (6), even though at least
three A.T. dovelcpment ¢resraticns have preceded it.

The basic idea is to store the feed within the reactor itself and
thus-so long as the system i3 poriodicoil ; refilled toprovidee a con -
tinuous flow of feed throwgh the wo‘rkmg secticn of the conwerter, end
thereby produce a rractically constanz suoply of off-giés to the ocondenser
at & nearly fixzd temmeracze, but vec avoid the expencive material
handling equipnent and controls m:e=ded for a continwus system. The sub -
merged off-gas port roc only allcws the batch continuous operatian, but it
guarantees a fixed bed denth end provides an effective means for filtering
the gas through vse of the bed itself, which fomms a filter cake arowmnd
the off-gas port (hcwever tliere is a sthstantial pressure drop through the
bedusing the techniqus). orecver, sinee there is no free surface through
which the gases must pass, and no continual addition of feed, as in.ccn'.-

ventional continuous Sy~ &w., .= fine ficclion of the feed has liﬁi:le o=
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Figure 3.Pyrolysis Oil
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in its complex path through tha oondenssr, is effectivelly oooled and has

J

many opportunities to collide with cthar narticles to form larger particles
or droplets and/or be collectsd an the outer ndenzer walls. The demister
is of conventicnal design and uses availsble fiber to provide a matrix
through which the condenser cfi-~gases pass. Vegetable fiber "ijuk" from a
species of palm tree has keen successfully used for this purpose. The over-
all system takes maximum beneiit cf the effectiveness of the submerged off-
gas filter technique, and with weekly maintenance cperates free of the
clogging problems that have plagued other condenser designs. Thus while its
performance can no doubt be improved thrcugh further optimization, current
0il recovery levels are accaptable, but not outstanding.

Regarding corrosio; while it is well known that the hot pyrolytic
oils are acidic and thus could sericusly threaten the condenser, it has been
found that the tar in the oil in mest 'cases tends to cover the exposed metal .
surfaces with an almest enamel-like coating that effectively protects them
from excessive cxidation. However scme problems with corrosian of the outer
condenser shell have been encowntered due to the scrusbing action of the im-
pPinging jets cn its inner surfzce; a condition whidh tends to continucusly
expose the metal to the corrusive oil. Frotaction of this surface by use of
locally available epoxy paint is currently being tried.

Moreover, while a metal riizir in the demister such as from lathe tum-~
ings is destroyed in a matter of davs, the lifetime of ijuk appears to be
indefinite.

Ancther area wiers corrcsion mist be confronted is in the water oling
System. However by use of autamotive radiatcr rust inhibitors and / or by
the introduction of water soluble cile, cxidation of the exposed surfaces

can be practically eliminated.
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PROGRAM DESCRIPTIN

In the course of the project te date, two reactors have been con=
structecd. The first, called the Technology Development Unit (TDU) was de -
signed primarily for research and develcopment and for crew training, andis
currently located at the lembang facility of the Development Technology
Center. The second reactcr was bullt to nin in an operating rice mill and
utilizes the best available tedinology, proven in long term cperation. Pho-
tographs cf these two aits are shown.in Fiqures 4 and 5. It should be un-
derstood that the develcpment of these convertors, especially the former,
has been a1 evolutiaiary process in which numerous modifications to the
design have been made. Therefore, the configurations have changed continuwous-
ly and it is not practical to describe all the technical variations eva-
luated. Hence only the mare significant studies are discussed here.

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

Therefore, also presented here are descriptions of:

(1) the charooal briqueting system developed, together with properties of
the briquets.

(2) an off-gas bummer for cxop drying applicaticns, and tests of diesel
engine operation on the off-gas, including off-gas clean wp equipment
developed, together with properties of the off-gas.

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

ther with a discussion of the properties of the oil.

Development Technology Unit

This convertor was ccnmissicned in May 1979. The reactor itself cost
US$ 776 (485,000 Rp.). The access platform,stcrage shed, diesel engirie, blowers
and other associated equipment cost an estimated additenal US § 2054

(1,28 million Rp.).
14



Figure 5

Ciranjang Convertor
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While many technical imprcovements have been made using this system,
its ariginal principal purpose was tC investigate altemative means of process
alr introducticn and off-gas removal, with the cbject of avaiding as many
cbstacies to the materials flow within the convertar as possible. Process
air configuratians investigated were a pecble bed system used in the
original cmverter (6) end 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 convertor cross section blocked by this
component and the tendency of the dasign to cause the formation of hot spots
resulting from cracks or channels created in the shear layer between the
central, core flow aud that above the pebble bed. In addition, a flush
mounted off—gas system having four ports, manifolded together, and the sim=
pler, internally mounted probe system used in the Ghana design were tested.
It was hoped that succes 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 was alsc recognized that the resulting in-
ternal gas flcw pattems might leawe a relatively wuncharred core in the ocon-
wrtar cenver, since the shortest path for the gases would be alaig the con-
vertor walls.

System Description. The convertor stands 2.35 meters tall, has a base dia~-

meter of 0.84 meters and a top diameter of 0.70 meters. It is built of mild
steel, typically two to three millimeters thick. Instrumentation includes a
process air orifice, and dial thermareters for measuring bed, convertor off
gas and condenser off-gas temperature. In operation the rice husks are added
at the tcp and charcoal removed at the bottan throwgh the grate. Process air
is introduced near the bottcm of the system and the resulting gases passes

upward to exit through the off-gas system and then enter the ocondenser/

16



demistar which removes the ol l-tar fracticon.

System Cperation. The system is started by first introducing charcoal

from the previcus day's coercticn up to thz level of the top layer of air
holes. Buming charcozl brimuetes are then put intc the convertor and are
subsequently smotherzd by the feed vhich fills up the storage section. The
process air is then intrcduced at sbout 10 to 20 percent of the full steady-
state flow rate and is slowly increased. After several hours the temperature
of the off-gas begins ic rise rapidly and limited actuation of the grate is
initiated. Gradually the process air rate is increased and the removal of
charcoal accelerated wntil the desired operating condition is reached.

Perhaps the two most important indices of system performance are the
convertor and the condenser cff-gas temreratures. If proper control of these
two is maintained and correct interpretation of variations in these tempera~
tures is made, the system cperaticn can be relatively routine. To illustrate:
the average convertor off-gas temperature is not anly important so far as
oil production is concerned, but rapid increases in it may indicate the for-
mation of cavities in the bed, while decreases may suggest that char is
being remcved too rapidly. Likewise the condencer off-gas temperature nust
be maintained above the dewpoint of the mixture to avaid water condensation,
but not so high as to reduce the oil vields. For rice husks with a moisture
content of about 14 percent, an ash content of 20 percent, and at a bed
depth of about 0.30 meters, the desired anvertor off-gas temperature lies .
between 120°C and 140°C while the condanser off-gas temperature is aromnd
85°c.,

Once the desired acnditions have been reached and the planned process
rate established, the system can be cperated in a steady-state mode. This
may take fcur or five hcurs fram a oold start, or two to three in a nm

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



During the steady mode cveraticn. feed is 23%:8 zbout every 30 minutes, the
char grate cpened for z few <eocnuz 30 tv 40 times each hour and the char
drums emptied every hcur. To prevent buming, the char is stored in sealed
barrels while it cocols. The 0il is pericdicully gathered from the condenser
aid demister. Typically the cc.idenser re=<overs abcut three quarters of the
total oil while the éruister reaovers tha remainder.

Except for a total of wirce or four minutes each hour when feed is
added and / or the char drurs cheigad, the system operates continuously.
During these filling/enprying pericds the air supply is shut off and opera-
tions halt. However, the thewmmal cepacity of the system is sufficient to
insure that cnly minor dhages in temperature occur curing these periods.
The result-so far as char product' .n and cil producticn are concemed-is
that the operaticn ic 2ffectively wonztent. flowaver, because the off-gas
flow too is interrupted, measurcs must be taken either to store a shart
swply of the gas or Lo rastart e gsa utilization system-using a single
convertor. With several corviartors, manifolded together such as in Ghana,
the operatians can be stacmered with no interruptions in off-gas producticn.

Since by its natwie ihe syscem involves a minimum of instrumentation,
it is vital that manimen use o svery other iadicator be made. For example,
abrupt changes in censtan torgue can suggest cavity formatian and indicate.
the need for more cyitaticn. Lin.end: 2. D1e average torgque is a measure of
bed depth and-during stuert -7 lie de gree that charring of the bed has
ocaured. The cclor cif the <has alsc is a reasure of convertar performance.
Hence uncharred material sugg=sts tos rapid a throughput, while greyish
white char indicates the Pro7ess race 1s toc low. Even the characteristics
of the bailing in thz warer taccet can provide useful information regarding
the intemal conditic: ~F thz reacto:-. txcessive, or film boiling at spe-

cific points mdicacs noi ... .3, st —Hs.y e Tto the presence of cavi-

18



ties in the bed and sugcasts thz necd for rore agitation of the bed.

Tnitial Test Fasults. Since the =orbinaticn cf direct introductian of pro-

cess air throuch the oonvertor walls and the flush momted off-gas system
is so attractive, in that it rinimizes interal resistance to flow, it was
investigated fiist. Thus a cries of tescs were omducted to see if this
conbination weuld cperate satisfactorily and with good performance. While
the water jac:atzd prrcess fir system worked extremely well, there was no
problem in materials uandling, the convertor off-gas temperature was in the
desired range, and gocd char yields were achieved, it was fomnd that gas
production was excassive. thile th2 oil was clean, the yields were low, the
maximm throuchput was less then h.1f thet for which the system is designed,
the air-to~-feed ratio rar well in excess of vnity, the gas heating value
was disgppointing end siczssive hetting of the wnoooled walls above  the
water jacket occawred. It wa: tius concluded that the short circuiting of
the off-gas flow that had been faared, d.d indeed occur, and while same py-
rolysis was preczac, a significent amcuat of gasification tock place near
the convertor walls. Therefors since greater throughputs and oil yieldswere
desired, it was decided to a-mndon this configuration and to test the suwb -
merged off-gas port in oomiinaticn with the water jacketed process air sys-
tem.

This led to =z scccnd, rmoie oranising test saries. At first, tae bed
depth was operated at 0.50 meters, which in tho Ghana program, using five
to scven parcent maistize hLadeoct fead,; hod reen satisfactory. But it was
found that wi.ile improved process cetes were obtained, much lower air-to-
feed ratics were achicved, and ces producticn was moderate, the convertor
off-gas temperzture was too Jow and ¢il reocovery was still disappointing.
The low oil yields w=re zttributed to the 1nv off-gas tenmgarature obtained,

with the presumptim thet significeit cil condensatian occwed in the bed.
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Since the current philosophy is to try to avoid the need for a mechanical
drier and to use *he husks as they are produced, the feed moisture omtent
typically rins a* about 14 percent cf the wet =ight. Thus this relatively

| high moisture fraction, together with the high silica content (20 percent)

of the husks was believed respcnsible {or the low off-gas temperature and
0il yields, since in tests with wet feed reported in (2) similar disappoint-
ing oil yields had occured. Therefore a series of tests at a bed depth of
only 0.23 maters was conducted-in an effort to raise the off-gas temperature.
The results of thesze tests ares presented in Table 1. Study of the results
reveals that the char yields are well in excess of those expected from the
data oorrelations in (1) and (2) at the air to-feed-ratios used. This is
believed dwe to cil condensaticn in the 2d kecause of the high feed mois-
ture content. On the other hand, recovered oil yields are very low. Howewver,

the table shows that the trends of increasing cil yield and decreasing char

yield with increasing air-to~foed are similar to those reported in (1) and

(2). The ccnsistency of the data, with e exception, is enocouraging.
Initial Test Results
Table 1
[ ) r
Test | Air/Feed Feed Average Average Char Recovered
No (kg / kg, | Process| Convertor Condensor yields | cil yields
dry ash rate off-gas off-gas (kg/kg,| (kg / kg,
free) (kg/hr) | Temp. (°C) Temp. (°C) dry ash| dry ash
free) free)
1. 0.633 64 121 93 0.247 .033
2. 0.732 47 150 93 0.218 045
3. 0.596 50 132 85 0.255 .028
4. 0.63 47 135 82 0.251 .025




While the recoverad <il visldz werc culle 27, 1t was dbserved that
significant quendiides o oil rem 1cst in the off-gas stream, apparently
due to inadequate ccndenser/demister verformence, and thus with proper op-
timization of this systam it was concludad chace oil yields at least equiva-
lent to those reported from Chana (8) oould be realized,if the feed mesture
ocontent were broucht dowm +c the Jesired five to seven percent.,

In numercus sitboaquent toscs invelving several thousand kilograms of
nusks, the kasic system perfomsrce was verified, with average  ash-free -
char yields of 24.1 percent and eaverage ©il yields of 3.7 percent realized-
both cn a dry ash free input fezxd basis. However, the average throughput
was anly about 44 kg /hy of busks-ol houch, on occasicn, process rates wp
to 65 kg/hr were recordad. Since tne vnit is dasigned to process 100 kg/hr,
this lower than expocted average rate was of special concern, since the
overall system econanics (as discus.cd latzr) ave strengly influenced by
system throughput. It was iritially thought that with an imprecwved process
air supply, the *hiouciput vcuid easily reach the dssign value. However,
experience taught othuorvisc,and it was ound that ewen at very high air-to-
feed ratios, abowe a certain process rate, mcharred husks.began to pe -
netrate the char luayer-primeacily near tho convertor center—and pass  into
the char drum. This suggecced cha: betisr distributian of the proocess air
was necessary; in rarticular, a supnlv of air near the reactor center neeled
to be provided.

Besides tihe limic:d process uies, several minor prcblems were encoun-—
tered with thie reactor cperatic. these problams, together with their so-
lutions are listecd kbeloo:

(1) Over an extendsd tesv p-sic. Lasting o tha exposed water jacket sur-
faces cccurzd. This was resclved by addition of a water soluble oil

additiva.
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(2) Bucklelinc of becth the meving and fived arate surfaces cccurred after a
number of tests. This oroilem was cvercore by the use of a heavier gage
metal and a recdesicn of the grete itself.

(3) The torque initially required =o tum the agitator was greater than a
man could generate. This situation was corrected by a more careful de-
sign cf the agitatcr klades and a recduction in the nurber-by judicious

choice of their lccation cn the shaft.

Recer” Test Pesults. As menticned previcusly, ir an effort to increase the

feed prricess rate and to cenerally imprcve convertcr operation, a major modi-
fication to the lrwer grate section cof the TDU has been mace recently. The
primary chenges were the additicn of a centrally mounted, wate~ moled, pro-
cess air port, the introcducticn of a rotary "star" grate with a movable top
surface,and the shortening of the agitatcr. These additions are shown in
Figure 6. Fecent tests of the irproved system indicate that without doubt,
these improvements have together had a greater effect an converter perfor-
mance than any of the changes made sc far. However, since these modifica -
tims have been made sc recently, there has been little time tc develop on
extended set of test data, and at this tire cnly the following statements
can be made 1i.e.

* First and most important, the rice husks throughput has now been raisec,
in repeatible tests,up to 1.0 ko/nr, which is well above the design value

nf 100 kg/hr. Cf particular interest is the fact that as this limit is
reached, the charcoal gradually changes from a rich bladk mlor to a gene-
ral brown, uncharre¢ condition, as cpposed previcusly to an over charred,
grey oolor of the char near the walls tcgether with an wncharred core when
the mavimum process rate was reached. This clearly indicates that the desirec
conditian of a near \miferm nrocess air introduction has been achieved. At
this process rate, the svstem coonamics are very faverable, as the later

analysis demcnstrates.



Figure 6
Star Grate, Central Process Air System
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develgped to that cdate and has now been upgraded to include the improved
process air, grate and stirrer described oreviously. Thus it has a heavy duty
grate with a movable upper surface, a better char removal system, an inter-
nally mounted 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 sume inefficiencies due to working in the field. This was
because of the ¢pinion that many operational prablems, not recognized in a
controled test situation, would probably arise and, in turn, result in the
need for modifications in equipment and/or procedure that could be embarras-
ing if recognized too late in the program. To date this unit has been well
worth the extra expense and work associated with its operation.

So far, the performance data frcm this unit indicates that the char and
0il yields are very close to thcse with the 1DU. Therefore since its opera-
tion and perfomance are so similar to that of the TDU, there is little
reasan to further describe this program except to note that apparently since
the feed moisture omtent is slichtly lower in Ciranjang, the oil yields

have been incrementally better than thcse in Iembang.

Charooal Briqueting

Since the rice husk charcoal, as produced, is a coarse powder, it must
be briqueted before it can be successfully used for cocking, because in its
initial form it is not suitable for char brazier or stove use. Therefore same
method for Lriqueting it must be devised. A simple approach is to use an
agglameration technique, rather than mechanical pressure, to form these
briquets. In so doing, both energy and capital are minimized but at the ocost
of a reduced briquet quality. The technique devised as part of the project
is to:

(1) load a rotary, 55 gallen oil drum ("ball mill") with the charooal and
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several pipes or stones and then tc rotate the mill until the charooal

is finely pcwdered. This takes approvimately 15 to 20 minutes.

(2) Unlcad the pipes axd/cr stones, add a mixture of cocked starch, and
water, to act as a binder, to the podered charccal and then tum the
drums for 15 or 20 mere rninutes. The resulting turbling action together

with the binder tends tc cause the charccal to form into balls.

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

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

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

The production cf the fireballs has been acoamplished by means of an
electric motor driven laboratory protctype shawn in Figure 11 and by a ma-
nually cperated system shown in Figure 12. To date, the laboratory prototype
has generated sustained production rates of 21 kg/hr of briquets, which is
less tnan half thet roaquired to match charceal production from a reactor
operating at its design capacity. However, improvements in the laboratory

operating procedurc, using a single unit alrzady demostrated should increase

pace with a single reactcy. Tioduccien of briguets from the manually operated
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Figure 8
Fire Balls formmed in the Mill

Figure 7
Loading the Briqueting Mill
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Figure 10
Sun Drying the Fire Balls

Figure 9

Unloading the Fire Balls



Figure 11
Mechanized Briquet Mill
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Figure 12

Hand Operated Bricquet Mill
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wmit has not lived up to initial expectaticons hecause the large tarque re-
quired to turn the lcaded system makes it difficult for a single man to
operate it. Hence, redesign and down-scaling of this component is axrently
being made.

thile the overall product utilizaticn strategy involves distributing
the fireballs enly in the reighborhicod of the rice mill production site and
thus exposing them to mirimal naciing, tivere is still same question as to
the general structural ruggaedness tha‘_c the briquets must possess. Therefore,
in a series of tests which represent an extreme condition to which they
would be expcsed, the briguets were dreped two meters an solid concrete to
investigate their impact strength,which was felt teo be the property of pri-
mary oconcern. As part of the tests the degree of drying was also varied to
see if there is an cptimm drying time so far as handling properties are
ooncerned. The results cof these ‘osts are tabulated in Table 2 and presented
graphically in Figqure 13. From the tests, it appears that after 4 days
drying, the number of brcken briquats is minimal and the drying is esential-
ly complete. Therefore, after four days it sppears that the briquets can be
most easily transported and with a minimal breakage. However, it should be
noted that after the bricuats have riad for several menths, they become
very brittle and suffer badly from impact. Therefors,every effort must be
made to get the briguets into +ks hands of the ultimate user as quickly as
possible after they have been produced. This should not represent a serious
problem, however, since the distribution of the briquets would normally be
only over a few kilameters. But it does loudly proclaim that the briquets
themselves should nct be stckpiled and if storage is necessary it should

be done using the bulk charcoal anly.
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exposed metal surfaces with tar Jropiets that may remain in the stream. This
then is the real rechnical challen ~ of this phase of the project and work to
improve the ges clean up tedniques ig comtinuing. In addition, oconsiderable
study of the dry off-gas crcmoe ~iticn has kbeen made and typical elemental gas
breakdowns are shawn in Table 2. The hezting value of the dry gas shculd .e
in the range of 170 to 180 Bt‘*/ft3. with the camposticns indicated.

In an early series cf fosts, 2 6 hp Yanmar diesel engine, driving a 3 kw
generator and utilizing a very s:rple carburetion and gas clean-up system,
demostrated a sustained 3U percent ftel reductian, when operated in conbina-
ticn with the pyrolytic cnvertor cff-gases. While this is far shart of the
hoped for 85 percent reduc-iqn reported in the literature, it still represented
a good start, especially since rhore was Clearly a great gquantity of water
vapor present in the gas.,

In a curreni series cf tests in which improved gas carburetion and gas
clean up/drier systems are uscd, further efforts to reduce diesel fuel con-
sumption are being madc. The ncw system includes a natural oonvectian oooled,
two pass, fin tube condenser designed with convenient access to the tubes
for easy cleaning. The system, together with a pacdied bed using the rice husks
as the filter mediz, is esicncd to essentially remove all the aqueous ma -
terial in the cff-gas and to fi1lter cut any submicren particles remaining.

To ccmplement the new clean—p systam &n upgraded engine carburetor/fuel con=
trol system, hased cn suggestias (10) by Mr. C.V Pederick of Western
Australia, who is a picneer in producer gas engine operation, is also being
evaluated. This cverall systen is zhown cduring early tests in Figure 16 and

shown schematically in Figure 17.



Table 3

Dry Pyrolysis Cas Compesition

Sample Farcoat Velute Cxmposticn
Number [ i . ¢
H, ’ N, f o™ cx, @,
1 9.74 59.91 18.55 3.06 8. 74
2 10.4z 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 7.9
| .

Note: It should be rmcccmized thot typically there are one half pound of
water per pound of dry gas produad. Therefore the above results do

not &.oly to the gas leaving the condenzer, but only to the dry gas.

Perliminary testing indicates that “he engine operates smocthly on the
off-gas, the use of which reduces the cdiesel fuel cansumption by more than
60 percent. Th= new colar~filter s;.%tem warks much better than the original,
reduces the gas to nearly ambient temperature,and removes practically all
the water. chever, there still is a resicdual amount of tar, in an aerosol
form, that is suspended in the gas and which must be removed to avoid long
term engine damage. Currentlv a sacond madied bed filter using a mixture of
charcoal and lime as the filter media is being evaluated for this purpcse.
It is hoped that the lime will chemically neutralize the oil with the result
that the correspending liquid~-to-solid phase change will make the filtratiqy
easier. Then warking together, the charmal and the fine silica particles
present in the new filter in ~crbinatim with the sexcnd stage rice husk fil-

ter will remove the resulting solid particles.
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Table 2

Fire Ball Weight Loss and Drop Test Survival

Time ] Total Nurber 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 i 302.5 0 20 100 54.7
Notes : (1) Drying time was 5 hours/day

(3)

Fire Ball oompositicn‘= 20 parts charooal, 1 part starch

The drop distance was 2 meters on a oconcrete slab

20 parts water
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Figure 13
Fire BAll Weight loss and Drop Test Survival



Therefore it appears that with reascable care, ther2 shculd be little, if
any problem, in the transport of these briquets for moderate distances.

Because of the high (20 percent) silica content of the oven dry husks
and the resulting concentration of this element in the charcoal, only about
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 cpposed to a heating value
of 5697 Btu‘lb (3165 cal/gm) for the 14 percent moisture husks. Thus the char-
coal has anly 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, smakefree, socially acceptable fuel than husks alcne. Moreover,
the fireballs have a bulk specific gravity of 0.32 or a bulk density of about
20 lb/ft3. Therefore compared with the husks, which have a bulk density of enly
dbout 8 1b/ft> (0.13 gm/am’), they are much more onvenient to transport. On a
volume basis, the briquets have a bulk "energy density" of about 135,000 Btu/ft3
(1204 cal/dn3) as compared with rice husks with a bulk energy density of anly
46,000 Btu/ft3 (411 cal/’cm3) . Therefore, overall they are a much more desirable
fuel than the husks alone. Moreover, the cpportinity to utilize the oil and gas
associated with the charccal production would not be present if the husks were
burned diractly.

While there is little doubt that higher density briquets-produced for
example, by a high pressure mechanical press-would be desirable, there is sxme
question as to the practicality cf so doing, both in termsof the energy required,
and the production levels attainable. However, since the answer to this question
is wclear, not only are efforts continuing to improve the agglomeraticn technique,
but the applicaticn of a modifiedCinva 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 from

charcoal, a question has been raisad whether the cambustion temperature
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of the fireballs would be hich encuch to nroperly cock food. Tt cin be theo

retically argued, assuming radiation to be the dminant beat transfer mecha-

nism,that the average radiating absclute temperature of the fireballs (Tﬁb)
is equal to that of the charoocal TJ) divided by the fourth root of two,

T. T
i.e. be = < = < . In that case, since theknown combustic

[21' 1.19

terperature of the charooal is proximately 9509K ( ~ 675°C ), one weuld
expect the fireballs to produce an average surface temperature of about
800%k ( -~ 525°% ) which is more than sufficient tc cock any Indonesian
food (or any food anywhere else, for that matter).

To verify this conclusion simple tests of the temperature of the burm-
ing charooal and the burning fireballs were made as a function of time. In
the tests,me half kg samples were bummed in a standard "Anglo" clay stowe
or brazier and the temperature measured using a thermocouple. The results
of these tests are presented in Fiqure 14. Tt 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 dces not include the period when the
kerosene starter was still ignited. While the data shows scme fluctuations
in the temperature history, in both cases, a charactsristic 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 values of :

962°K (or 689° ¢)

it

T
c

and

m 7 Q , @]
be 7897 K(or 516° C)

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

believed tc be a surprisingly good confirmation of the expected results.
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A final remark regarding the start up prooess; it has been found that
the fire balls, because cf 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 thece. It %as been found, however that if

can be ignited easily, the mixture quickly is afire and demonstrates all
the smokeless pmperfies of burning charooal.

Finally, it might ke noted that when capletely implemented, the above
charooal productin system, on the island of Java alme, has the capability
of producing about 1.5 million tons of charcoal briquets each year. This
would entirely satisfy the codking needs of at least ten million people, or
mere than eleven percent of the island's population. Therefore it shauld be
apparent that the potential ocontribution of the rice husk charmal as a do-
mestic energy source is quite substantial. In corbination with the develop-

ment of improved stoves, this contributicn could be several times greater.

Off-Gas Burner System

Since the gas represents a valuable energy source for drying of the
padi, and because mechanical drying is becoming increasingiy attractive and/
or necessary in many areas of Indonesia where multiple yearly crop product-
ion,especially using miracle rice,requires milling during the rainy seasm,
a simple burner operating on this fuel has been built and tested. This
system closely resenbles that originally devised by Tatam and Wellbom for
wood waste drying in support of the Ghana pyrolysis program (8) and is shown
in Figure 15. While the bu. r is occasionally hard to light, cnce it gets
hot, it operates smoothly and produces a continuous scurce of clean energy
free of any pollutants. Wiether this bumer system is used as a direct heat
source or in cawbinaticn with & heat exchanger, it provides a simple, proven,
inexpensive means for drying padi or any other agricultural product. It is
estimated that its use could typically reduce the current padi mechanical

drying costs by more than 600 Rp./ton.
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Figure 15

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






Figure 17
Yanmar Diesel Operating on Pyrolysis Off-Gas.
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Trerefore, while not crpletely succossiul, the latest tests represent
a significont stop forear? and with lrproved proce mdure and filltration, it is
pelieved that continuous, safe renlacesont of 82 to 90 neraent of the diesel
consurpticn is within cizhr.

Finally, it miaht be noted that the expzrience with the gas around the
test facility has dervnstrated 1ts clean burming, omvenient cperation in even
the simplest burm-rs. This zuscasts 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 Loilers and to sase extent for darestic uses, at least in
and arcund the rice mill. Thercfcre, rfurther study of these alternative ap -

plications should be mads in future work.

0il Utilizaticn Studies

Since oil 'upiesen's one of the important products of pyrolytic conver-
sian, which in previcus pregrams using a padked bed reacter with wood waste
and peanut shells (1 , 2) has been sheun to ke an excelent incdustrial fuel
and to be produced in quantities of up to 15 percent of the dry, ash-free
weight of the feed, it is matwral to o7k to this lquid as a major reason
for pyrolvsis. This is =2specially =ruc because the technical literature (11)
is filled with acoounts of lehoratory rice husk pyrolysis experirments that
havz vielded very substontial cil fractions. Consequently, based an the
assurption that the cil vields would ke wery substantial, considerable study
of the preperties of th= pyrolytic ¢ils has been made in several laboratory
investigations. Characteristics such as density, heating value, flash paint
water content, and viscosityv,have been datennined in several experiments, the
results of which are sumrarized in Table 4. To serve as a reference, the

correspaiding proparties of meore familiar liquids such as diesel oil and ker~

sene arc also kebulated. Study of the table indicates that the oil has several
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Thus clearly, the damestic lighting gpolications criginally intended for the
oils are simply inspprogriate Lo ‘rs physical properties. It might be noted
that the pcossibility of this ccourrente Was recognized in (4), but it was
assuned that same means cculd &2 fond to overcame the prablems mentioned.

Besides this disarpcintment, the oil productin-as previously discussed-
has been lower than expected; primarily, we pelieve, due to the lack of a
really dry feed, i.e. five peroent mcisture, as oeposed 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 involwe the
requirement for an extra, expensive drier for the husks alcne. Moreover the
padi itself ocould theors tically be dehydrated dawn to this percentage moisture
but anly at the expense of greatly diminished value of the rice together with
increased storage and handling prcblens (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 oontinuing down
the ariginal path which now appears of doubtful wisdom. Two possibilities

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

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

support, it is believed, 2 price of at least 80 Rp./liter.

(2) as a bunker oil replacerent, which is nct so attractive since bunker
0il currently retails for 45 Rp./liter and therefore the il would have

a mrresponding value of ocnly adout 25 Rp./liter.
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BECONOMIC ANALYGIS

There are meny factors which make a complete econamic analysis diffi-
cult, especially in Indonesia where fcssil fuels are heavily subsidized.
Thus the questian of whether to use the fair value of the products or their
current market price must oe answered. Moreowver, it should be recognized that
because the complete system still has anly limited real world operating ex-
perience, many cf the nurbers in the analysis contain opproximaticans to
same degree. licwever, since two prototype system have now been built and
operated, the required capital investment and manpower requirements are
fairly well known. In additicn, the value of the charcoal has now been es-
tablished in oontacts with retailers in Ciranjang. It is only in the esti -
mation of the oil and gas value where scre wnoertainties are present.

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

are assumed and the econcmic returns computed.

Pessimistic outlocok

Rice mill cperates 150 ciays/yeai'; unit processes cne 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.5.%0.04/
liter), char briquets,as procuced {including ash), are worth 30 Ro./kg

(U.S. $ 43.85/tcn), gas replaces 80 percent of diesel oil (currently valued
at 60 Rp./liter) used toc run 12 hp (20 percent efficient) rice mill engine
but has no other value; starchansts 100 Ro./kg wholesale;four men run system
and are each paid 1,000 Rp./day (U.S. $ 1.61); total system cost is 2.5 mil-
lion Rp. {U.S. $ 4019) and depreciates completely in 10 years; government
loan mney is availdsblie at 12 percent interest with 10 years payback; annual
maintenance rns at 10 percent of system cost; annual overhead runs at

20 percent of labcr cost. Therefore the following is dbtained :
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Income . millions of Rupiah Us. Dollars

Charcoal briguets 1.786 : 2871
Oil .12l 291
Gas .245 393
Total 2.212 3555
Operating Costs millions of Rupizh US. Dellars

Capital & Depreciation . 442 711
Labcr .600 965
Maintenance .250 402
Overhead . 120 193
Starch .258 415
Total 1.670 2686

Net Profit .542 871

ROI 21.7 % -

Optimistic Outlock

Same assumptions as above, except mill cperates 200 days per year, oil
is used as ooal oil substitute worth 80 Rp./liter (U.S. $ .129), gas is
also used to dry padi down from 20% to 14% moisture at a savings of 600 Rp./

tn padi.



Incana Miliiens of fapian J.S. Dollars

Charcoal briguets 2.581 3828
0il , 772 1241
Gas diesel .327 526

drying . 360 579

3.840 6174

Coexating Costs i licas of Rupich U.S. Dollars
Capital and Dopreic 3 .442 711

I=bar . 800 1286
Maintenence .250 402
Overhead .160 257

Starch .344 553

1.996 3209

Net Profit = 1.844 2965

ROL = 73.8 %

Therelcra, weqrvns~ of “he assunpticns,the return on investment is
attroctive, and henc2 theo ins:iallation of a pyrolytic conversion system
i3 = highly vic = ¢ wopic proposition.

A finzl rpoint cor s the inportance to the whole conoept of a scurce
of comital svailanls o .z assumed interest rates: while money is official-
ly available through government lcans wnder the conditicns assumed, there

frequently iz A fficult- in astually cbteining the funds. Therefore of
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critical importance to the success of this program is the increased availa-
bility of loan maney to finance those installations. This will necessarily
involve the active participation of the Indonesian government to insure

that the money is properly and fairly distributed. It should be emphasized
that if these finds are not made available, there is little likelihood that
the pyrolysis system can have the immediate needed impact on the Indonesian

fossil energy demand envisaged at the project cutset.



INTERIM CONCLUSICNMS

After a careful review of the original cbjectives of the program, of
the technical progress to data, and of the econanics of altemative ap -
pProaches, it appears that a 1ovisicn in the original products utilization

strategy shculd be male. Thus it seems far more practical at this point to:

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

(2) consider the oil as of secondary importance and not expend  further
efforts in trying to upgrade oil production 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 industzial burier fuels.

When all things are considered therefore, it is believed that this revised
strategy will have equally as pesitive an impact on fossil and wood enexrgy
consurption in Indonesia as +he original plan, be econamical ly attractive
and yet will be much more r2adily achievable and certainly more realistic in
terms of the technology demanded.

In addition, kecause of this revised strategy and due to other factors,
it now appears that the lewel of machanizaticn of the overall pyrolysis sys-
tem should perhaps be ultimately raised above the present basic,manually

oerated level. This arises for several reasms, i.e.:

(1) Onece emphasis is placed on rice mill diesel engine operation, the need
for a (near) continwcus gas supply is evident. This sugyests that some
Teans to reduce the frequency of Luterruption of the gas-due to filling

and emptying cperaticns-te developed. This could be accomplished by
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(3)

-
1

using manually coerannd sorey dzedars conniciad to large air ticht husk

fh

and char stcrzge contairers, mernans sufficient for two to four hours

operaticn ard similar to that used in the Thiliprinss (9).

The availehilit:- of rechanical vy on site also offers the tempting
opportunity for autcuetine the agitator drive, which in turn-because

of recent tz=chnical dzvelomments (2) -~ further suggests that an inte -
gration cf the agitatcr and the process air introeduction system be made.
The resultirg "ATRCGITATCR" (2) woul” aapletely replace the present water
jacketed process alr irtroducticn svstem and at the same time, becawse
of the its stirring actic, cuarentec a smooth materials flow-free of
bridges or cavities-in the reactcr. Bzcause of the effort demanded in
tuming it, mperating o .gitator prasents tie only truly difficult
job on the pyrelytic convertor and mereover does nct really represent
good utilizalicn of humen erergoyv. Due to the wark required, the agitator
is frequently wmattended cr irproperly cperated with the 1esult that
cavities in the bed ariss. Therafere, while the actian considered could
replace at least cne man, the jcb eliminated is very unattractive, and

the econcmic udventage in reduced lebor costs, even with the expense of
the mechanical drive and additicnal hardware, arpear to be significant.
To maintain zrigquet preducticon levels coamatiblie with the reactor, there
may be a need tc autorate the dvive system, since the effort required to

cperate it manually ray Le groater than ane man can provide.

It must be understoce that the socv: idsss should net be irplemented too quidk-

ly,

because there is a’flll ruch to leam abcut the basic pyrolysis technology

and the resources for this wori are limited and cannot bs spread too thin.

Howe

lar

ver, it would ke expected In the not tco distant future that these or simi-
technical inproverents will s warantzd, baciuss the advantages they offer

will greatly cif set the exira msts invclves.
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[PV



FUTURE WORK

Ccnsidering the idzas and 7rris presented previcusly the following ac-

- Y o —— n=?

tivities will be vijorous voerd b0 the end of the current program:
(1) Intensive ofilrss i1 12 made te oomtinue to upgrade the convertor

throughrut.

———
[\%)
~—

Work to improve briquet producticn techniques +o better match charcoal

generaticn will ba dcne, and a nicher (uality briguet will be sought.
(3) The procvan to perfect Ciszei zod sperk ignition engine operatim on
the py-olysis oif—gasis will continued.
(4) Altsmative uszs for the oils vill he investicated.
(5) Prelirminary drsicn work €0 capther mechanize the system will be begun,

-

with initiel exphasis placii Cn irproved feed input and char removal.

in
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