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Third World Councries such as Indonesia face extraordinay problems 

in - eting the energy demands required fcr develoriment. They are also 

ccnfronted with high rates of unemploynent, but have the mixed blessing 

of low wage levels. Therefore, a renewable energy system that could 

engage many people in its operation would be an especially welcure pros­

pect. Since most Lesser Developed Cbuntries lie in the txopics and 

already have economies largely based on agriculture and forestry, the 

potential for biamass as a renewable energy source is especially great;
 

particularly since it is very labor intensive. 
 In Indcnesia, a large 
supply of bianass is already available in the fcm of vice husks and rice 

stra that, to a very great extent, are currently wasted. These residues 

are not only scattered about in the fiel,3s, but tly are also ncentrated 

at rice mills, and therefore a significant fraction is already available 

conveniently as an energy sow-c. Not only would the use of these residues 

significantly reduce Indonesian national fossil fuel demands, but it would 

also strongly alleviate the pressure cn the forests to provide firewood 

for domstic and industrial purposes, and thereby curb the severe erosion, 

flocding, and river pollution problems currently experienced in Java due 

to these practises. 

The main problem, hcav-er, with bicmass as it is available now is 
that: at an industrial scale, most current energy ccnversion equipment is 
designed to operate an fossil fuels and, at a doestic scale, most if not 

all stoves axe for wood or charcoal use and will not cperate properly on 

these residues. Thus there is a need for a mans for converting residues 

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



equipment. Pyrolysis, especially low t jerature pyrolysis, which favors 

char and oil production, offers a particularly prcmising means of conver­

sion, since the char and oil products are storable and easily transportable; 

an especially attractive characteristic in developing countries. 

IMrever, recent U.S. experience with the steady-flow, vertical packed 

bed, partial oxidation pyrolysis process (1,2)1 has demonstrated that this 

technology, updated frcm its earlier .forms is a viable mans for conversion 

of forestry and agricultural wastes into synthetic fuels. In addition, the 

basic simplicity of the process akes it suitable for applications in rural 

environments because low maintenanceof its few moving parts, 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 autcaation and capital inten­

sity and are subject to environmental constraints totally inappropriate to 

developing countries. However, recent studies (3,4,5) of the application 

of partial oxidation pyrolysis-in a suitably modified form-to Third World 

countries have indicated the tcchnical-economic potential of the process, 

and these studies have led to hardare developrent 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 pyrolysis technology and asso­

ciated equipment so that rice husks can be effectively converted and used 

for rural/dcmestic energy purposes. The primary objective of the project 

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

Numbers in Parenthesis denote literature cited in the REEFCE section. 
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for 	Indonesian operaticn with rice husks. A secondary goal is the design 

of corresponding hardware which allows utilizaticn of the char, oil and 

gas products of the conversion process. The iTplementaticn strategy in­

volves locating the pyrolytic convertors at rice mills, of which there 

are about fifteen thousand on the island of Java alone. The charcoal 

would be used for dazestic cocking, 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 	p'aper includes : 

(1) 	 a descripticn of the basic design ccncept for the convertor, which 

has been continuously update1 as the program has progressed. 

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

sion of the equipmt developed and prcblnems encountered. 

(3) 	 an economic analysis of the system. 

(4) 	 an evaluation of program cbje--tives aid strategy in light of project 

exqerience 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 

k3) 	 what the overall eccncmic potential of the pyrolysis process is in 

Indonesia 

will be clear to the readier. 
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THE BASIC PYRJLYTIC CCNVERTOR CESIGN CCNCEPT 

Throughout this program the design of the pyrolytic convertor has 

steadily evolved fnn a system initially suitable cnly for wood residues 

to a truly Indonesian design applicable for rice husks, and a detailed 

description of this development process is presented in a later secticn. 

awver, basic to appreciating what has been done 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

formaticn. 

First, regarding the vertical, packed bed, partial oxidation pro ­

ess itself, the following discussicn should provide an understanding 

of the basic principles involved. Thus, referring to Figure 1, it is seen 

that the system cperates az follows : 

Dry, pulverized feed, introduced at the top of the reactor, passes down­

ward due to the force of gravity, through a pyrolysis zne. The pyrolysis 

gases produced are vented through the sides near the top of the reactor. 

Thus the counter-flowing, hot gases, generated in the lier bed, provide 

an exceptionally 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 cmbtLsticn zcre where a relatively 

small anount of air is introduced. This air reacts with a small fraction 

of the char to produce hot carbon monoxide gas which transmits the heat 

generated to the feed and thus maintains the self-sustaining reaction. A 

careful balance between the dcanward flowing feed rate and the rate at 

which the char zcne tends to grow upward keeps the char zone fixed in po­

4
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re­sition relative to the reactor. Upon leaving the hot zone, the char is 

moved from the convertor and cooled. The hot pyrolysis gases, and oil 

vapors (which exit fran the reactor at a temperature greater than that 

pass through a condenser whichwhere significant oil condnsaticn occr), 

the oily fraction with boiling points down to slightly above theremoves 

dewpoint of the of-gas mixture which is typically 170-180°F. (This avoids 

of water which would dilute the oil and could presentthe production a 

serious disposal problem). 

Dry feed is pr-ferred because, if dehydraticn of the feed occurs in -he 

so using the sensible heat of the gases produced,bed, it can only be done 

with the result that greater quantities of gs must be generateda resul1 

counter to the objective of maximum char and oil producticn. On the other 

hand, if external drying of the (normally wet) feed is acorplished, 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 drying, the gas can also h. 	 used to drive 

cackientsan internal combusticn eng:ie to power the various mechanical 

(8) and to also provide power for externalnecessary to operate the system 

requirements. Thus while the gas is not seen as the principal product of 

the process, it is a valuable by-produr't that can be used very conveniently 

at or near the production site. The amont of gas produced can be regulated 

by adjusting the air-to-feed ratio, which in turn controls the char bed 

temperature. [ence, because the gas, char and oil yields can be readily 

varied, the process flexibility is another particularly attractive feature 
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of this design. Nominally, the prooass produces about 0.25 lb. charcoal, 

0.15 - 0.2 lb., oil, 0.3-0.35 Lb., cjq, and 3 - 35 lb. water per pound 

of dry input feed. 

This process has been evaioed in the U.S. to an advanced state 

using a capital intensive &es.i%-n aTyproach. However to develop an Appro­

priate Technology pyrolytic conwrtor inevitably mans the cczproising 

of imany design features, parformance, and enviromental oonstraints to 

gain econcmy, simplicity, reliabi Lity and maintaindbiLty. Thus there is 

little doubt that existing, more capital inbnsive convertors can pro ­

vide 	higner performance than described here. But under the conditions
 

for 	which they were develcped, we believe the characteristia and per ­

formane of the designs discussed in this paper are sufficiently advanced 

to make them at least Lhe basis for a first generation of ecxncrically 

practical conversicn sys tems. 

To illustrate the problems of Oeveloping an Appropriate Technology 

design; ice the basic decision to use the partial oxidation pyrolysis 

process is made, several questions imnediately have to be dealt with: i.e. 

(1) 	How to make the process continrous so that oil and gas also can re ­

covered without the use of expensive controls and input-mtput equip­

ment? 

(2) How to avoid the difficulhies experiened in the U.S. with particu ­

lates in the off-gas wicd tend to foul the condenser? 

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

(4) How to add the process air without blocking the internal flow and / 

or burning up the process air delivery system? 

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

from the off-gas in a practical condenser? 
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(6) Using a manual tec)raquy, low to maintain proper materials flm with­

in the convertcr and -'vciC the bridging problems associated with con­

venticnal packed had desig-ns? 

(7) How to maintain a fixed Lcd derti to insure a more uniform off-gas 

temperature; thus allcwin 9 p ctn&r-ncnsroperation? 

(8) How to devel- a simp-! W.ar ouocput system that provides a uniform 

flow over thl con-. --tar section-as oFosed to other systems 

that do not? 

The design tha.~i evoied to this date to best deal with these
 

questions is presented in Figure 2. onvertor
The shown can be described 

as a "batch cantinuouz" yL: ".iChcpe~Ztes externally in a batd mode, 
but internally in a cvztlr:.i mode-so long as the feed level is maintained 

aboxe the suhmerced off-l:as [..ort. It b s a definite similarity to its 

earliest prefe-a=ssor built iy, Tat-,, and Stcne (6), even though at least
 

three A.T. d-2velcg.ent coe.:zraticns have pre-eded it.
 

The basic idea is to store the feed within the reactor itself and
 
thus-so long as the system is 
 ocicc.i- refillea to provide a ci ­
tinUOus flow of feed through the v
%rking sucticn of the convertar, and
 

thereby produce a prac-ica.'y 
 -st- s .ply of off-gzs to the condenser 

at a nearly fixzd te.e.-act.re, but yetc avoid the expenive material 

handling equitn-nt and cor.tro_'s n..ed fr continuousa system. The sub ­
merged off-gas port .roc only allc :s 
the batch continuous operation, but it 

guarantees a fL-ed !3ei,-h-ed and provides an effective means for filtering
 

the gas through l'se of the bed itselF, 
which forms a filter cake around 

the off-gas port fncever tUere is a substantial pressure drop throuh the 

bedusing the technique). Zbreovmr, since there is no free surface thrcugh 

which the gases must pass, end no continual additicn of feed, as in cm.­

venticnal continuous sy :. . fine f-icn of the feed has little ­

8
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portunitty to be carwried away~ by the off -gas stream to subseently cl.og 

the cxondeser. 

Since the maintenance- of a free-flwing condition within the feed 

char inside the covertor is essential. to successful system qperatticn, 

every effort has been made to facilitate the flow. Thus the manually cPe­

rated agitator, together with the cmic shape of the onvertor and the 

a m almost lete absence of any obstructions tq the flow within the rea. 

to= effectively 9uarantee that the packed bed design will cperate proer­

lyO
 

In early Indonesian units, the process air was introduced through the 

water jacketed convertor wals cnly. The resulting gases migrated, to 

the entrance of the off-gas port which is located ear the center of the 

onvertor. Thus the flow was not vertical and hence the feed generally 

passed diagonally through the gases. An advantage to this arrangeM0nt is 

that the convertor walls are not exposed over a wide area to the hot off­

gases, A disadvantage is that the depth of the bed may be relatively small, 

the degree of carboiization is considerably less near the center than at 

eventhe walls and thus occasionalpenetrations of undiarred feed can occur, 

at relatively low process rates and especially if sufficient agitation is 

not employed. 

An important improvemt, recently added to the wall ptcess air in­

troduction tedmique involves the use of a centrally mounted, water 

cooled, process air port to provide a more uniform air distribution, with 

more even darring of the husks; a condition allowing a greater feed 
throughput. A jam-proof, slotted, movable t surface,rotary "star" grate­

as cpposed to the older sliding, perforated grate with a movable lower 

1 	The basis of this iprovement arise fram a cmmient (7) by Dr. John PaII, 

Kumasi, Ghana, regarding a similar modification he made to the Ghana cm­
vertor to increase throughput. 

10 



srface lesgn 8)-has been developned ftochente the cptr4 ar ntr, 

d1uti,ustnared with the 9dr f ced to urface design, th movable tcp 

surface rotarymtorelatesgrate l a mni more flow inaronmeterial the e 

bed because of the large dg e of bed agitation created dring grate goea 

ticn. This in t elitinaasn te lowr bed agitatothe need for lade 

rate allows shorterdng the agitator shaft; a modification that aids oer 

heating problams. The blade itself isore ant shaped rather than flat and 

cuts -rather than fors itsary through th feed. All tegether these im­

pmovntofa whaerid are a uhindicated in Figure 2; 

(1)'tsubstantially ipcrease feed process rates. 

(2) generate more nifnrly carbonized charcoal and incrased oil yields, 

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

Their ctiined effect is to oercaethe early shortomings of the original 

In&eesian design (8) and to bring the feed throufuts up to the design 

rates and the dar and oil yields to near their nominal values. 

The conenser/demister system chosen, and shown in Figure 3, is 

basically a ampromise between performance and curplexity, since to effec ­

tively remv all the fire aerosol oil mist in the off-gas leaving the oon­

vetor and to condense out the re.-ninder without collecting an excessive 

amount of water requir~es a much mnre sophisticated system than believed 

practical for the application intended in Indonesia. Thus the candenSer/ds­

mister design chosen involves no moving parts and is entirely cooled by na­

tural convectioni. The off-gas-oil. mixture from the convertor enters the 

unit and expands through a -series of holes in the inside pipe. The result 

ing jets impinge on the ~inside surface of the outer natural onrvection 

cooled jacket, thus producing good local heat transfer and a high degree of 

*turbulence and nixing as &e res~ulting wall jets expand, collide,, rol up$ 

and are reintrained into the i-pingig jet flows. Thus a single fuild particle 
(ii
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in its cranplex path through the con6enser, is effectivelly cooled and has 

many opportunities to collide ;;ith ethe- "icles to form larger particles 

or droplets and/or be collected cn the outr mndenser walls. The deinster 

is of conventicnal design and -:ses avaiiabla fiber to provide a matrix 

through whirch the condenser off--gases pass. Vegetable fiber "ijuk" from a 

species of palm tree has bel succussfully ued for this purpose. The over­

all system takes maxinuiir boneLit cf the effectiveness of the subnerged off­

gas filter tedcinique, and with Aekly maintenanc operates free of the 

clogging problems that have plaguedl other condenser designs. Thus while its 

performance can no doubt be improved through further optirnizaticn, current 

oil recovery levels are ac'--ptazbl, Lut not outstanding. 

Regarding corrosicn; while it is well known that the hot pyrolytic 

oils are acidic and thus could seriously threaten the condenser, it has been 

found that the tar in the oil in most cases tends to cover the exposed metal 

surfaces with an almost enairel-like coating that effectively protects them 

from excessive oxidation. Fcwever some problems with corrosicn of the outer 

condenser shell haw been encoltmtered duo to the scrulbing action of the irm­

pinging jets on its inner surfcer; a condition which tends to continuously 

expose the metal to the corrosive oil. ?rotevticn of this surface by use of 

locally available epoxy paint is currently being tried. 

Moreover, whiile a metal Z: in Ue deister such as from lathe turn­

ings is cestrcyed in a matter of days, th-e lifetime of ijuk appears beto 

indefinite. 

Another area were ccrrcsicn m3st be ccnfronted is in the water coolirg 

system. However by use of autonotive radiatr rust inhibitors and / or by 

the introducticn of water soluble oiL, oxidation of the exposed surfaces 

can be practically eliminated. 
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PROGRAM EESCRIPICN 

In the course of the project to date, two reactors have been an­

structed. The first, called the Tec'noiogy Development Unit (TDU) was de ­

signed primarily for research aid cvelcpnnt and for crew training, andis 

currently located at the LE.Tbang facility of the Development Technology 

Center. The second reactor was built to run in an operating rie mill and 

utilizes the best available technology, proven in fong term cperation. Pho­

tographs of these two units are shcwn. in Figures 4 and 5. It should be un­

derstood that the develcpment of these convertors, especially the fonrer, 

has been ai evoluticr.aty p-ccess in vhich nunerous modificaticns to the 

design have been made. Therefore, the configuraticns have danged cnntinuous­

ly and it is not practical to describe all the tednical variaticns eva­

luated. Hence only the more significant studies are discussed here. 

Besides the reactor develcpment work, a vigorous effort has also been 

made to devise reans and equipment for utilizing the products of pyrolysis. 

Therefore, also presented here are descriptions of: 

(1) 	 the charcoal briqueting system developed, together with properties of 

the briquets. 

(2) 	 an off-gas burner for crop drying applicaticns, and tests of diesel 

engine operaticn on the off-gas, including off-gas clean up equipment 

developed, together with properties of the off-gas. 

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

ther with a discussion of the properties of the oil. 

Development Technology Lhit 

This onvertor was conmissicned in May 1979. 'he reactor itself cost 

US$ 776 (485,000 Pp.). The access platform, strage shed, diesel engine, blowers 

and other associated equiprenl cost an estimated additcnal us $ 2054 

(1,28 million Rp.). 
14 



Figure 4
 

Lembang Convertor
 

Figure 5
 

Ciranjang Convertor
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Mhile many technical imprcvaents have been made using this system, 

its original principal purpose was to investigate alternative means of process 

air introductic- and off-gas removal, with the object of avoiding as many 

obstacies to the materials flcw within the convertor as possible. Process 

air conficniraticns investigated were a pebble bed system used in the 

original cnvertcr (6) and the Ghana and Philippines (9) systems and a flush 

in>ted, water jacketed technique, wherely the air is introduced directly 

through the convertor walls. The primary cbjecticns to the pebble bed design 

were the .very large fracticn of the nnvertor cross secticn blocked by this 

component and the tendency of the design to cause the formaticn of hot spots 

resulting from cracks or d-arunels created in the shear layer between the 

central, core flow a-id that above the pebble bed. In additicn, a flush 

mounted off-gas system having fouz: ports, manifolded together, and the sim­

pler, internally mounted probe system used in the Ghana design were tested. 

It was hcped that succes using the four flush mounted ports would allow 

removal of the internal probe which does present sane cbstruction to the 

flow. However, frn the start it was also recognized that the resulting in­

ternal gas flcw patterns might leave a relatively undiarred core in the on­

vertor cerver, since the shortest path for the gases would be alcng the con­

vertor walls. 

System Descripticn. 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 miliireters thick. Instnmentaticn includes a 

process air orifice, and dial th=-rmcters for measuring bed, convertor off 

gas and condenser off-gas temperature. In operation the rice husks are added 

at h top and diarcoal removed at the bottan through the grate. Process air 

is introduced near the bottan of the system and the resulting gases passes 

upward to exit through the off-gas system and then enter the condenser/ 
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demister which removes the ct -tar.- fracticn. 

System Cperaticn. The system is started bY first introducing charcoal 

frCM th. previous day' s operati-c-qp tc t level of the top layer of air 

holes. Burning diarccal brimYtFs are thcn put into the convertor and are 

subseqixently sroxzIerad by th-.e feed ,'nich fills Lp the storage section. The 

process air is then introduced at about 10 to 20 percent of the full steady­

state flow rate and is slcwly increased. After several hours the temperature 

of the off-gas begins to rise rapidly and limited actuation of the grate is 

initiated. Gradually the process air rate is increased and the removal of 

charcoal accelerated titil the desired operating conditicn is reached. 

Perhaps the two most irportant indices of system performance are the 

convertor and the condanser off-gas temperatures. If proper control of these 

two is maintained and correct int=-rtretation of variations in these tempera­

tures is made, the system operation can be relatively routine. To illustratel 

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 ini the bed, while decreases may suggest that char is 

being remoed too rapidly. Likewise the condenser off-gas temperature nnst 

be maintained above the dewpoint cf the ixtire to avoid water condensation, 

but not so high as to reduce the oil yields. 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 convertor off-gas temperature lies 

betuen 120 C and 1400 C while the condenser off-gas temperature is around 

85°C. 

Once the desired ccnditicrs have been reached and the planned process 

rate established, the sstem can be operated in a steady-state mode. This 

may take fcur or five hc1urs frcm a cold start, oi two to three in a run 

where hot char from the previous days cperation is in the convertor. 
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During the steady fe~2 ic - = t every 30 minutes, the 

char grate opened for a iffi .on-- 30 C 40 timaes each hour and the char 

drums enptied evey hcir oo ent buni=ing, the char is stored in sealed 

barrels while it cools. Th-e oil is -icicul y gathered from the ondenser 

aid demister. Typically the cc. cicner racovers about three quarters of the 

total oil while the - ts 


Except for a total of u-.rae or four irinutes each hour when feed is
 

- thstc-rem-ainder. 

added and / or the d-ar drur'. cha-g- d, t:;- system operates continuously. 

During these fiilin/em~prmin ceicds the air supply is shut off and opera­

ticns halt. Hca;ever, the thenmal c acity :f the system is sufficient to 

insure that crkiy inor d.zes in te.Teraturc occur during these periods. 

The result-so far as cha:r rct. n i; cil prcductian are concerned-is
 

that the cperaticn i .ffectl.3-ly... .. nt. because
a . 'oever, the off-gas
 

flow too is interrupted, mTas'irs must be taken either to store 
a short
 

sqoply of the gs or to' ra ta:t -'e-e 
 ga utilizaticn system-using a single 

convertor. With several ccr rors, manifolded together such as in Mana, 

the operations can be sta ered iith no interrupticns in off-gas producticn. 

Since by its natuze -d-e sV--mteinvives a minimn of instruntaticn, 

it is vital that ma'dmL use o evr- oth i be made. For exaple, 

abrupt changes in car stan torgue can suggest cavity formnaticr, and indicate. 

the need for more .. ".. cl. LI~e'.i 2 i e xvarage tcrque is a neasure of 

bed depth and-chicni st-,--t d-,-c- gre-e- that chairing of the bed has 

occired. The color c- t.'2 _haL- also is a i-easure of convertor performance. 

Hence uncharred material cggz--Ls tc rapid a throughput, while greyish 

white char indicates the rocc rau_ is too low. Even the characteristics 

of the boilina in the ater cet can prcvic:e useful information regarding 

-fthe internal onditic- threactor. -"xcessive, or film boiling at spe­

cific points iica ca- n -S Cst - -Up- to tne presence of cavi­

].8
 



ties in the bed and sugcests tie need for rcre agitatian of the bed. 

Initial Test Festuts. Sina te ctbinatic. of direct introductiai of pro­
cess air thraxh the cnvertor walls and Lhe flush mounted off-gas system 

is so attractive, in that it rinimizes internal resistance to flcw, it was 

investigated fil-st. Thus a -_cr_,c of tests were conducted to see if this 

ombinaticn would cperatz satisfactorily and with good perfonnance. While 

the water jacatzd s :ir systm worked extrerrely well, there was no 

problem in materials hi~mdlig, the ccnvertor off-gas teiperature was in the 

desired range, and good dar yields were acnieved, it was found that gas 

production was exc2ssive. Twnilo the oil was clean, the yields were lcw, the 

maximum throughput was less thn 1-1-f that for whidh thie system is designed, 

the air-to-feed ratio ra v.il in excess of unity, the gas heating value 

was disappointing -nd exc::siva ha-ting of the noooled walls above the 

water jacket occu.rred. It ,Ta: La3 concludcd thnat the short circuiting of 

the off-gas flow that had bEan feared, did indeed occur, and while same p­

rolysis was prec, a sigiificont r',umt of gasificaticn took place near 

the convertor walls. Therefore since greater throughputs and oil yieldswere 

desired, it was decided to a]>-don this oonfiguraticn and to test the sub ­

merged off-gas port in oow1inaticn with the water jacketed process air sys­

tem. 

This led to & seonC, rrr:a Drsin9 test series. At first, tne bed 

depth was operated at 0.50 meteis, c-idiin tho ghana program, using five 

to seven p-2rme-t moist lz .2 l' -dcci feed, had neen satisfactory. But it was 

found that wiile impromed process -ares were obtained, much lower air-to­

feed ratios weare ad-ieved, and c&7 producticn was moderate, the ccnvertcr 

off-gas temperature was too !u;w and dl! recovery was still disappointing. 

The low oil yielCs w-re attributd to tae iLw off-gas tenqerature obtained, 

with the presupticn that sign.-Jificant oil condensatiai occui_ in the bed. 
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Since the oarrent phi2oscphy is to t;y to avoid the need for a rrechanical 

drier and to use 4-le husks as they are produed, the feed moisture content 

typically rizis at about 14 percnt cf the .ef night. Thus this relatively 

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

of the husks was believed respcnsible for the low off-gas tenperature and 

oil 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 tenmrature. 

The results of these tests ara presented in Table 1. Study of the results 

reveals that the char yields are well in exoess of those expcted fran the 

data correlations in (1) and (2) at the air to-feed-ratios used. his is 

believed due to oil ccnd-satici L, -di ihe d Lecauce of the high feed mois­

ture ontomt. On the other hand, recovered oil yields are very low. However, 

the table shows that zhe trends of inaeasing oil yield and decreasing char 

yield with increasing air-to-f.ied are similar to those reported in (1) and 

(2). The consistency of the data, with cne exception, is encouraging. 

Initial Test Results 
Table 1 

Test Air/Feed Feed Average Average Ciar Reovered 
No (kg / kg, Process Ccnvertor Condensor yields oil yields

dry ash rate off-gas off-gas (kg/kg, (kg / kg, 
free) (kg/rhr) Temp. (°C) Tlemrp. (°C) dry ash dry ash 

free) free) 

1. 0.633 64 121 93 0.247 .033 

2. 0.732 47 1.0 93 0.218 .045
 

3. 0.596 50 132 85 0.255 .028 

4. 0.63 47 135 82 0.251 .025 
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While the recor.~c c yz. . . . ,t was cbserved that 

significant quan- ilJies of oil icSt t he off-gas stream, aMarently 

due 	to inadequate ccndnse /dmS er rerforance, and thus with proper cp­

timizatian of this systam- it ,%as ccncluted -ia- oil yields at least equiva­

lent 	to those reported frcm Ch:aa (8) culd be realized, if the feed mostuxe 

omtent were brought dawn to the 7esired fitv to seven percent. 

In numercus subss-q,,znt 2s s involving several thousand kilogram of 

husks, the basic system wa verforaverified, with average ash-- freew 

char 	yields of 24.1 percent and average oil yields of 3.7 percent realized­

both 	cn a dry ash free input feecd basis. Howver, the average throughput 

was 	anly about 44 kg/m' of husks-dlIou h, on occasin, process rates up 

to 65 kg/hr were -iecrcdc. Since the uit is designed to process 100 kg/hr, 

this oiLr than exqpcted average rate was of special concern, since the 

overa-l systemi econoaics (as discussed lat-r) are strongly influenced by 

system throughput. it w- iJidially thDught that with an improved process 

air supply, the thiourl-.put -.zuld easily reach the design value. However, 

experience taught ot-lrisc, an' it was Zound that even at very high air-to­

feed ratios, abc. a crtain rproces ratc-, -ucharred husks began to pe ­

netrate the char 1Lyer-primal'ily near hc convortor center-and pass into 

the char drum. This suggested cha: bettar discributim- of the process air 

was necessary; in -articalar, a 3siy.> cf air near the reactor center needed 

to be provided. 

Besides the UIrou d p-iocess -res, several minor prcblems were enoyn­

tered with the r-cor operatic. lhese probleuLis, together with their so­

luticns are liste -, 

(1) 	 Over an extendad tes-c :4, :. tic of the exosed wate jacket sur­

faces ccaa.ned. This was rbsc-ed by additicai of a water soluble oil 

additi-,e. 
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(2) 	 Bucklelinq of both the mcing and fLxed grate surfaces cccurred after a 

nuiber of tests. This r rl w,-s o-:crca':e by the use of a heavier gage 

metal and a reresic of the rate itself. 

(3) 	 The torque initi odly re....rcdo trn the agitator was greater than a 

man could genera+te. This siLuaticn was corrected by a more careful de­

sign cf the agitatc r blades and a reducticn in thc nunber-by judicious 

choice of their lccation on the shaft. 

Pecent TEst Pesults. As irenticned preVicusly, ir an effort to increase the 

feed prrcjess rate and tc cenerally inrrcve convertor operation, a major modi­

has been made recently. Thefication to the :tver grate section of the TDU 

primary changes were the addition of a centrally mounted, watc - cooled, pro­

cess airport, the introducticn of a rotary "star" grate with a movable top 

surface, and the shortening of the agitatcr. These additions are shown in 

Figure 6. Peaont tests of the irproved system indicate that without doubt, 

these improvements have tEciether had a greater effect cn convertor perfor­

mance than any of the d-ianges made so far. Ho(aever, since these modifica ­

ticns haw been made so recently, there has been little time to develop on 

extended set of test data, and at this tim only the following statements 

can be made i.e. 

* First and most impottant, the rice husks throughput has now been raised, 

in repeatible tests,up to 1.L kg/hr, which is well above the design value 

of 100 kg/hr. Of particular interest is the fact that as this limit is 

reached, the charcoal gra ua l.. changes from a rich black color to a gene­

ral brcn., uncharred conditicn, as opposed previously to an over charred, 

grey color of the char near tne wa-ls tcgether with an tmncharred core when 

the may,-jrum process rate was reached. This clearly indicates that the desired 

conditicn of a near urvicr.r. process air i ntroduotion has been achieved. At 

this process rate, the system ancia are very favcrable, as the later 

analysis den-nstrates. 
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Figure 6 

Star Grate, Central Process Air System 
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*Seond, the oil yields have ncw been almost trpled over prevtious results 

and are now nearly ten percnt. This also represents a major perfo man ±m. 
provemnt that turns the oil from a by-product status back into ne of the
 
major outputs of the convertor,although the yields are stil 
35 percent 

below the hoped for valves. This result has been acaumilished through better 
operating tedmiqes and because of the lateral uniformityof the bed tem ­
perature field produqpd by thein- redg pocessair-, int ,hctioni ed niq .. 

* Third, the water central processcooled, air introduction system has
 

suffered absolutely no da'age due to the increased heat release and 
 high
 

temperatures of the adjacent charcoal.
 

* Fourth, the new grate has demstrated significant operational advantages
 

over the earlier design, 
 has reduced bridging problems, and has suffered no 

damage or warping whatsoever in its oaaration, although minor problems 

'with locking up of the linkage irzranism that rotates the grate have indi ­

cated that more care i ,.its fabrication is necessary.
 

* 
 Fifth, the reduced torque required to operate the shortened, single bladed 

agitator has substantially increased crew acceptance and (ncourages them to
 

not abandon the neccasary 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 one nd one half hour ride from Bandung on the road to Ja -
karta and servms as a field test sycmtem to omplement the Ienbang facility. 

This Wonvertor was installed in October 1979 at a cost of US $ 4084 (2.54
 
million Rp.) including the acce ss platform briqueting plant, storage shed, 

diesel engine, blers: and .. acSodat,:, equigr.ent. It was orginally de­

signed to take advantage of the TU experience and technical improwents 
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develcped to that date and has ncw been upgraded to include the inproved 

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 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 scne inefficiencies due to working in the field. This was 

because of the opinion that many operational prcblems, not recognized in a 

ccntroled 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 expnse and work associated with it- cperatior. 

So far, the performance data from this unit indicates that the char and 

oil yields are very close to thcse with the IVU. Therefore since its opera­

tion and performance are so similar to that of the TDJ, there is little 

reason to further describe this prograrn except to note that apparently since 

the feed moisture oontent is slightly lower in Ciranjang, the oil yields 

have been incremntally better than those in Iembang. 

Charcoal Briqueting 

Since the rice husk charcoal, as produced, is a coarse powder, it must 

be briqueted before it can be successfully used for cooking, 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 sirple approach is to use an 

agglcreraticn tednique, rather than mechanical pressure, to form these 

briquets. In so doing, both energy and capital are minimized but at the cost 

of a reduced briquet quality. The technique 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 anmd ther. to rotate the mill until the charcoal 

is finely pcwderedi. This takes apprc.imately 15 to 20 minutes. 

(2) 	 Unload the pipes aid/cr stones, add a rnixture of cocked starch, and 

water, to act as a binctr, to the ov.:dered charcoal and then turn the 

drums for 15 or 20 mcre rin utes. The resulting tLnbling acticn together 

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

(3) 	 Unload the resulting "fireballs", which range in diameter between ane 

and two inches, place them in tha sim and allow them to dry for seve­

ral days. 

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

Initially, cocked waste cassava pulp from a local starch .iill, in a 

ratio of 2.5 parts charcoal, 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 odor or smcke. Havcaver, since the waste cassa­

va pulp is not available evexywhere, a binder using cocked, pure starch 

(which is for sale in almost every market) and mixed in the ratio of 20 

parts charcoal, cne 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 cf the fireballs has been accomplished by means of an 

electric -motor driven laboratory protctye shown in Figre 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 than half that rcrnired to match charcioal producticn from a reactor 

operating at its design capocity. However, imroverents in the laboratory 

operating procedure, using a single unit already demostrated should increase 

producticn to th, roint that t.:o mills cf the sice shcwn will easily keep 

pace with a single reactc-:. EL za, cn of briquets from the manually cperated 

26 



Figure 8 Figure 7
 

Fire Balls forned in the Mill Loading the Briqueting Mill
 



Figure 10Figure 9 

Unloading the Fire Balls Sun Drying the Fire Balls 
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Hand Operated Briquet Mill
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uiit has nct lined up to initial expectations because the large torque re­
quired to turn the loaded system makes it difficuit for a single man to 
operate it. Hence, redesign and down-caling of this omrponent is currently 

being made. 

hile the overall product utilization strategy involves distributing 

the fireballs cnry in the neicjborhood of the rice mill production site and 
thus eqxosig the.m to miLnimal haiizng, t;ere is still scme as toquestin 


the general structural r2gaecness 
 that the briquets must possess. Therefore, 
in a series of tests whirl represent an extrerre cendition to which they 

would be exposed, the briquets re drpoed tvo reters cn solid concrete to 
investigate their iripact strength,ihich was felt to be the property of pri­
mary concern. As part of the tests the -d.gree of drying was also varied to 

see if there is an cptimurn drying tie so far as handling properties are 
concErned. The results of these tests are tabulated in Table 2 and presented 

graphically in Figure 13. Frem the tests, it anears that after 4 days 

drying, the nunber of brden briquets is minimal and the drying is esential­
ly cxmplete. Therefore, after four d'ays it appears that the briquets can be 

most easily transported and with a minimal breakage. However, it should be 
noted that after the bricruets h7ve cCied for seveisi months, they becr'ue 
very brittle and suffer badly from impact. Therefore,every effort must be 

mde to get the bricuets into the hands of the ultimate user as quickly as 
possible after they have beern produced. This should not represent a serious 
problem, hFAever, since the distribution of the briqets would normally be 
only omer a few kilareters. Pit it does loudly proclaim that the br.quets 
themselves should not be stco-,led and i f storage is necessary it should 

be done using the bulk charcoal cnly. 
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Table 3 

Dry Py7olysis Cas Cmsziticn 

Sample Per _nt VoliTa Ccosticn 
Number 

Hj 2 4 2 

1 9.74 59.91 18.55 3.06 8.74 
2 10.42 56.40 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 r:ecx ized th t typicLl1y there am one half pound of 
water per poured of dry gas pirodumrd. Therefore the above results do 

not F.-oly to the gas leaving the cundenoer, but only to the dry gas. 
Perliinary testing indicates that the engine operates smoothly on the 

off-gas, the use of which reduces the Ciesel fuel ccnstmption by more than 
60 percent. Th'2 new coler-filter svtem wcrks much better than the original, 
reduces the gas to nearly amrbient temperatuj, ,and removes practically all 
the water. Hcwver, theme still is a residual amonrt of tar, in an aerosol 
form, that is suspended in the gas must be removed to avoid Jxnglodnwgich 
term engine damage. Currently' a second paded bed filter using a mixture of 
charcoal and lime as the filter m.dia is being evaluated for this purpose. 
It is hoped that the lime will chemicalJIy neutralize the oil with the result 
that the orresponding liquid-to-solid phase change will make the filtration 

easier. Then working together, the charomal and the fine silica particles 
present in the new filter in cZ-10ination vith the se,-ond stage rim 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 Nuber 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
 

Notes : (1) Drying time was 5 hours/day 

(2) 	 Fire Ball conpcsition = 20 parts charcoal, 1 part starch 

20 parts water 

(3) The drop distance was 2 	 reters cn a concrete slab 
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Therefore it that wvithappears reascnable care, there shculd be little, if
 

any ?rcbem, in the transport of these briquets 
for moderate distances. 

Because of the high (20 percent) silica content ovenof the dry husks
 

and the resulting ocnoentraticn of this element in the charcoal, only about
 

50 percent of the char is actually carbcn. Therefore the heating value is cor­

respondingly reduced. Calorimeter tests of the briquets indicate averagean 


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 cnly about a 19 percent higher heating value than the husks. However, 

it must be remembered that the briqueted charcoal is a much, much more cmnven­

iently useable, smckefree, socially acceptable fuel than husks alone. Moreover, 

the fireballs have a bulk specific gravity of 0.32 or a bulk density of about
 

20 lb/ft 3 . Therefore compared with the husks, which a bulk
have density of only 
about 8 lb/ft 3 (0.13 gm/c 3 ), they are much more ,onvenient to transport. On a 

volume basis, the briquets have a hulk "energy density" of about 135,000 Btu/ft 3 

(1204 cal/cm3 ) as compared with rice husks -with a bulk energy density of cnly 

46,000 Btu/ft 3 (411 cal/an 3 ). Therefore, overall they are a much desirablemore 


fuel than the husks alcne. Nbreover, the cpportuixity to utilize the oil and gas
 

associated with the charcoal producticn would not be present if 
 the husks were 

burned directly. 

While there is little doubt that higher density briquets-produced for 

example, by a high pressure mechanical press-would be desirable, there is s-m 

question as to the practicality of so doing, both in terms of the energy required, 

and the production levels attainable. However, since the answer to this question 

is unclear, not only are efforts continuing to improve the agglcmeraticn technique, 

but the application of a modified Cina ram is also being studied, with the idea 

of producing larger, stove size briquets, if possible. 

Because the heat of combusticn fra the fireballs is only half that frcn 

charcoal, a question has been raised whether the ouxbustion temperature 
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of the fireballs would be high encugh to oroperly cook food. It am be theoc 

retically argued, astning radiation to !e the chrinant beat transfer rdecha­

nisr,that the average radiating dbsolute temrerature of the fireballs (T)fb 

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

i.e. T = - In that case, since thekncn corbusti( 
.25 1.19[2].1 

temperature of the charcoal is proximately 9500 K ( 66750 C ), one would 

expect the fireballs to produce an average surface temperature of about 

-8000 K ( 525 0 C ) which is more than sufficient tc cook any Indonesian 

food (or any food anywhere else, for that matter). 

To verify this conclusicn simple tests of the temperature of the burn­

ing charcoal and the burning fireballs were made as a functicn of time. In 

the tests,cne half kg samples were burned in a standard, "Anglo" clay stov
 

or brazier and the temperature measured using a therrocotple. 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 soe fluctuaticns
 

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 maximum and then a gradual 
 fall off with time. Graphical integration of 

the two curves results in valuas of 

F = 9629K (or 6890 C)c 

and 

=Tfb 7890 K(or 516 C) 

The ratio of the masured absolute temperatures is 1.22 or about 3.5 

per c-nt above that expected. CcnsiderLncg the roughmess of the test, this is 

believed to be a surprisingly good confirmaticn 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 mnpcositian, shape, and the absence of any 

oorners or crevices, are often difficult to icnite. This is true of mst 

briquets and is nothing uriqye to thase. It has been found, hcwever that if 

the fire balls are laid on top of a few oru,. iry pieces of harcoal, which 

can be ignited easily, the mixture quickly is afire and denstrates all 

the smokeless properties of burning charcoal. 

Finally, it might he noted that when crpletely izpleented,the abov 

charcoal production system, on thie island of Java alone, has the capability 

of producing about 1.5 millicn tons of charcoal briquets each year. This 

would entirely satisfy the cocking needs of at least ten million pecple, or 

more thaneleven percent of the island's population. Therefore it shcid be 

apparent that the potential contribution of the rice husk diar-oal as a do­

restic energy source is quite substantial. In orbination with the dev1cp-

Trent of improved stoves, this contribution could be several tirres greater. 

Off-Gas Burner System 

Since the gas represents a valuable energy source for drying of the 

padi, and because medanical drying is beoming increasingly attractive and/ 

or necessary in many areas of Indonesia where multiple yearly crop product­

icnespecially using miracle rice,requires milling during the rainy season, 

a siple burner operating on this fuel has been built and tested. This 

system closely resenbles that originally devised by Tatan and Wllborr for 

wood waste drying in support of the GThana pyrolysis progran (8) and is shown 

in Figure 15. While the bui )ris occasionally hard to light, aice it gets 

hot, it operates smoothly and produces a oontinur)us source of clean energy 

free of any pollutants. WNether this burner system is used as a direct heat 

source or in cxnbination with a heat exchanger, it provides a simple, proren, 

inexpensive means for drying padi or any other agricultural product. It is 

estimated that its use could typically reduce the current padi Teghanim . 

drying cost.- by more than 600 Pp./ton. 
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(A) (B) 

Figure 15 
Front and Back View of Off-Gas Burner for Crop Drying Applications 
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Prelii*ar 

Cj ectives did not incluc4 the use pf theWhile the original progrz7n 

off-gas to cperate an engine, L the course of the project it has becrme 

engine, suchincreasingly apparent that the gas could be used to fuel a sall 

as that paering the ricm mill. it is also evident that the heat rejecbed 

from the engine could be utilized, together with the unused gas for padi 

drying. Since the total diesel f'el consumpticn of the almost 30,000 rice 

of the order of 40 millicn gallons annually,mills in Indonesia represents 

which at current wcrld oil prices hzs a value of about US $ 35 milli. i 

(21.8 billicn rupiah), the resultant potential savings are impressive, in 

terms of increased national foreign exchange earnings. At a local scale, the
 

very heavy governmmtsavings are not so significant because of the current, 

subsidy on diesel prices. However, average annual fuel savings of about 

today's ex-US $ 450 (281.000 rp.) per mill czuld still be e.pected at even 

treirely low price of US $ 0.36/gal (60 S./!it'r). Sinca the future likeli­

hood for increased fuel costs in Indonesia is great, it is evident that a 

program to develcp the off-gas as a diesel e,.gie P;31 source should be 

persued vigorously.
 

" It so happens that there is 7,grear b'.yvof tenical eperience in the 

gases.operation of diesel ancaor spark icnition engines on "producer type" 

However, most successful wood fueled producer gas generators for engine ap­

plicaticins have involved "domndraft" rather than "up raft" designs, since 

they tend to produce much less tar .:,nd oil in the off-gas. Thus the off ­

gases utilized in rrst pru-dous studies haen been much cleaner than those 

available frcm our pyrolytic con-k.=tor whid i-ore closely reseibles ari up­

draft gasifier. The result is that there is an urgant beed to carefully clean 

up the off-gases and to z-r-.xve th- watzar v r ?rsent prior to its entry 

into t!e engne caiuretor in -_ to z-vvt pcx'er loss end/or fuling of 



Ilv.*-

Figure 17
 

Yan Diesel Operating on Pyrolysis Off-Gas.
 

42
 



Therefore, ,.,;hile n,-t c:m 1otiry succrssful, the latest tests represent
 
a siinfin st.....~nvit r p-c.un and fiItra-icn, it is
 

9 ,0 nercnt of the dieselbeliev.e.dt t.h.t.._,. r.aa:Cr2nt of 83 to 

cecnsu.ption Lis- witdnin :[ 

n,Finally, it r Ixt d te-at the e:r en with the gas around the 

test facility has deFor--str tr;' i s clean burning, ctwvenient cmeration in even 

cnly for engineburn2rs... Usi.nc be 

operaticn and for dryi i:, buoal.3 as an indutstrial fuel for firing brick or 

pottery kilns or L ilfrs and to :;,eae e.xtent fcr Jc]resTic uses, at least in 

and around the r-i., rl Th. .=cr, further study of these alternative ap ­

the simplest i ui that not could it used 

plications should be made in future work. 

Oil Utilization Studies 

Since oil "omsenr one of the is poCrtnt products of pyrolytic onver­

sicn, utich in previos pro-rrs using a packded bd reactor with wood waste 

and peanut shells (1. , 2) ha! been shc..n to be an excellent industrial fuel 

and to be produced in quantities of up -c 15 Forcent of the dry, ash-free 

weight of the f.ed, it is no.ura] to . to ns liquid as a major reason 

for pyrolysis. This is especLal 1y ':a'-e because the tedinical literat-re (11) 

is filled with ac:,omnts of haI~ratov rice husk pyrolysis experirents that 

havza yielded very substntisi oiL fractions. Ccnsequently, based cn the 
assimptimn that tIde oil ,,'ics ' cu1d be "er_ substantial, considerable study 

of the prrperties of tll- pyrcl.tic ois has ben made in several laboratory 

investigations. Characteristics sua as density, heating value, flash point 

water ccntent, and viamsity,have LItenmLned exPeriments, thebean in se%'eral 

results of .,iich are sum'rarized in Table 4. To serve as a reference, the 

correspciiding properties of mor1 ibm*iliar liquids such as diesel oil and kero­

sene are also tabulated. Stud%, :f the table indicates that the oil has several 
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similar to those of kerosene. However, its
physical prcperties that are 

visccs'cy and desity are considerably higher, yet its heating value ker 

than diesel and kerosene. Also largely because of the presence of a cvnsider 

able quantity of water its distillatin proparties,which are shcwn in Figure 

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

and diesel are basically neutralI the-pyrolytc isarmldycdcen 

at rocm temperature. 

T:.ble 4
 

Properties of Various Liquids Cmpared with Pyrolytic Oil 

Kerosene Diesel Pyrolysis 
Oil Oil 

Surface tension (&-neicr-) 37.60 42.04 38.55
 

Dynamic viscosity (centipoine) - 3.3 4 15.3
 

Kinematic viscosity (centistake) 2.52 2.96 13.73
 

Flash point ( 0C ) 46.3 64.5 56.5 

Pour point ( °C ) < - 4 < - 4 5.3 

Water content ( % )10 - 20 

Density (26.6 °C) (C-V'CC) 0.75 ' 0.75 1.11 

pH 


Distillaticn Properties 

Initial boiling point 

10 percent distilled 

50 percent distilled 

End point 


Heating value (Kcal/gm) 


7 7 .5
 

C) 108 140 98 

(°C) 160 230 98 

(°C) 220 294 236 

(°C) 278 358 252
 

6110 1010 
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be presence of cnsiderable quantities of creosols in the oil 

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

their value as a A=_, they may have an important application as a wood 

preservative; a fact whiich is of special interest in Indonesia since tennites 

regularly do terrible damage to homes and buildings. Therefore in a prelimina­

..... .ry treated placed in a termite hiU. tofeasibility sty cod specimens were 

see the reaction of these insects to the oils. The specimens were left in the 

groumd for 10 mcnths and upon removal -it was observed that no damage to the 

treated specimens had occurred. 

Mhile it is recognized that these tests are in no way ozuprehensive, 

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

area is warranted.wood preservative and that further work in this 

Originally, the pyrolytic oils were primarily conceived as potential 

kerosene substitutes for dcmestic uses, with the implicit assunption that the 

as produced oil would ick similarly to kerosene and/or that modificaticns to 

existing kerosene lamps and stoves cculd be made so that the oil could be 

utilized easily. 

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

ments, that: 

(1) 	 the wicking actin cf the oils with a variety of porous materials is
 

very poor and the oil ,wil rise-due to czpilarity-cnly a few milli ­

meters; far less than necessary in practical lanp designs.
 

(2) 	 even thcugh dilute mixtu;-s of the oil-with, for euxarple ethanol -do
 

a basic laip (using a
have a weak wi-ding acia-cn that will cperate 

very thick cott.n wick) for a few minutes, eventually the wick becmes 

reclogged and coated with ca-rbcnized tar and carbcn particles which ­

sult frcm both the bre ackn of the oil due to the flame heat and the 

presence of carbon particles suspended in the unfiltered oil. In any 

event, the flame evpantualy gces out.
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Thus clearly, the durcstic i- 'iing cicatiCT5 intended for theoriginally 

to ts physical properties. It might be noted 
oils are sirply incpprcpriate 

e ,,as recognized in (4), but it was 
cczuxren.that the pcssibiity of this 

the Lrcblems rentioned.foi-zd to overccimemeans could beassumed that sere 

the oil producticn-as previously discussed-
Besides this disappcilntr7ort, 

due to the lack of a 
lower than expected; pr=marily, we believe,

has been 
13 - 15 peroent

five percent moisture, as opposed to the 
really dry feed, i.e. 

at a' rice mill. Clearly the husks could 
typically availablemoisture husks 

but that would involve the 
be dried, using the off-gas, to the desired value, 

alone. Mbreover the 
an extra, expensive drier for the husks

requirement for 

to this percentage moisture 
paW1i itself could theoretically be dehydrated dan 

but only at the expense of greatly diminished value of the rice together with 

and 
storage and handling prcblemrs (it becomes brittle and breaks) 

increased 

of difficulties in cocking. 

arises as to the possibility of developing
Thus clearly, a question 

rather than atinuing dcwn 
another, more practical oil urilizaticn strategy, 


appears of doubtful wisdom. Two possibilities
nowthe original path w.hici 


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

and would
the market is very large
(1) 	 a coal tar replacerent, for which 


Pp./liter.

support, it is believed, a price of at least 80 

so attracti-.-e since bunker 
(2) 	 as a bunker oil replace=rznt, which is not 

the oil would havefor 45 Rp./liter and thereforeoil currently retails 


about 25 Pp./liter.
a aorrespcnding value of only 
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EC(C1OMCEcc~1cM~ ANAYSTSPV M_ 

There ar many fac-ors wii ake a =rplete eccrcmic analysis diffi­

cult, especially in Indonesia where fcsqi1 fu!els are heavily subsidized. 

Thus the questiai cf whether to _,se the fair value of the products or their 

current marke-t price must be anred. l, reowr, it should be recognized that 

because the ccuplete system still has cnly limited real world operating ex­

perience, many of the n -bers in the amalysis contain opproximaticns to 

same degree. Hcwa\r, since two prototype system have now been built and 

operated, tha required capital investment and manpow.er requirements are 

fairly well knam. In addition, the vTalu of the charcoal has now been es­

tablished in cntacts with retailers in Ciranjang. It is only in the esti ­

maticn of the oil and gas value wnare scre uncertainties are present. 

Terefore in the follong Lwo brief analyses, which atbtept to bracket 

the econcmic performance of the system, pessimistic and optimistic scenarios 

are assumed and the economic returns Ccmputed. 

Pessimistic outlook 

Rie mill oerates 150 days/year; unit processes one tcn 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,az produced (including ash), are worth 30 p.Ag 

(U.S. $ 43.85/ton), gas replaces 80 percent of diesel oil (currently valued 

at 60 Pp./liter) used to run 12 hp (20 percent efficient) rime mill engine 

but has no other valuie; starchcosts 100 Rp.Ag wholesale;four: mi 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 avdlcie at 12 percent interest with 10 years payback; annual 

maintenance runs at 10 percent of system cost; annual overhead runs at 

20 percent of labcr cost. Therefore the following is obtained : 
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of Rupiah US. DollarsmillionsIncoTe 

Charcoal briquets 1.786 2871 

Oil .181 291 

Gas .245 393 

3555
Total 2.212 

US. DollarsCperating Costs millicns of Rupiah 

Capital & Depreciaticn .442 711 

965
.600
Labor 


402.250Maintenance 

193.120Overhead 

415.258Starch 

2686Total 1.670 

871
.542
Net Profit 


-21.7 %
ROI 


Cptimistic Outlock 

Sam assumpticns as above, except mill operates 200 days per year, oil 

is used as coal oil substitute woyth 80 Rp./liter (U.S. $ .129), gas is 

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

tan padi. 
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Inccre L!Li-cnxs of RuiFh U.S. Dollars 

3828Charcoal b.-iquzts 2. 38i 

Oil .772 1241 

Gas diesel .327 526 

579drying .360 

3.840 6174 

Crora~th:L- C..-.t:,oss ILK of i-h U.S. Dollars 

Ca-itai. and Dapr iT.-_l .442 711 

L.bor .800 1286 

402Maintenence .250 

Overhead .160 257 

Starch .344 553 

1.996 3209 

2965Net Profit = 1.844 

RDI = 73.8 % 

Thcrefcr- , cra- - - of -o assunpt-aens,the return on investnent is 

attractive, and henc- t7C ln7I llaticn of a pvrolytic conversion system 

highly vi- .- c iciorl. 

A final cc--: tcihhe irportanae to the whole concept of a source 

of c~ital availabL .. d asszrid interest rates: while mcney is official­

ly available through gcv'iniTent icans under the c nCiticns assu-xd, thexe 

frequently is diffi-'!_-- in ... ai Y cbtaining the fimcs. Therefore of 

=0
 



critical irportance 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 governzrent to insure 

that the nrey is propexly and fairly distributed. It should be emiphasized 

that if these funds are not made available, there is little likelihood that 

the pyrolysis system can have the inmediate needed irpact cn the Indnesian 

fossil energy demand envisaged at the project outset. 



INTEIM CIMIUSIONS 

After a carefu review of the original objectives of the program, of 
the technical progress to date, and of the econanics of alternative ap ­
proaches, it apears that a .2Vision in the original products utilizaticn 
strategy shculd be ma.ae. Thcs it seerms far more practical at this point to: 

(1) focus primarily cn he cnar utilization for dorestic purposes and the 
gas utilization at the rice mail as a fuel to power the diesel engines 
and/or, where ejLprcpriate, as a heat source to dry the padi, but cnly 

Cmn to 14 percent.
 

(2) consider the oil as of secxn-dary iportance and not expand further 

efforts in trying to upgrade oil producticn through drying of the husk,
 
although iprorveants in condenser/demister performance should be 
sought. Emrphasis should be given to use of the oils as wood preserva­

tives or as indust.ial burjker fuels. 

Mien all things are acnsidered therefore, it is believed that this revised 
strategy will have equally as positive an impact cn fossil and wood enery 
consumption in Indonesia as the original plan, be ecnamically attractive 
and yet will be much more raadily achievable and certainly more realistic in 

terns of the technology dar-anded. 

In addition, because of this revised strategy and due to other factors, 
it now appears that the level cf n.ecd:nizaticn of the overall pyrolysis sys­
tem should perhaps be ultimately raised above the present basic,ranually
 

operated level. This arises for several reasons, i.e.:
 

(1) Cnce eirphasis is placed on rice mill diesel engine operation, the need 
for a (near) continuous gas supply is evident. This suggests that sare 
reans to reduce the frecuency of titerrupticn of the gas-due to filling 

and emptying cperations-he eveloped. This could be acamrplished by 
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using rianually cea c 2?rcO"7nn-ztad to large air tight husk 

and char strar mn-,CtaL--ers, e'' s icient for two to four hours 

operation and siTr1 t. hat uid in the '-rln's (9). 

(2) 	 The availzhili-t- cf re.-hanicl rc- on site also offers the tempting 

oportunitit! for utcaojn< thec agitator drive, which in turn-because 

of recent tedobnical davcl'Lcrrents (2) - further suggests that an inte ­

gration of the cq-it,--tcr ancd the process air introducticn system be made. 

The resulting "JI-DIL-'TOR' (2) would ccmpletely replace the present water 

jacketed process zdr Lrtr dCctin system and at the sare time, because 

of the its stirring acaioz,, z.:arn-ec a smooth materials flow-free of 

bridges or cavities-in .'le reactor. Racause of the effort demanded in 

turning it, qIer-tg-.'L :.sitatr -rosents tW only truly difficult 

jdb on the pyTelytic J9.1vCrtJc and mcreover cfes nct really represent 

good utilization of hr enmrgy. Due to the wcrk rec uired, the agitator 

is frequently unattended or .i'properly operated with the iesult that 

cavities in the bed arie. heraforo, ,.hile the actin c nsidered ciould 

replace at least cne man, the j.ob eliminated is very unattractive, and 

the eecnnic dvantage Ln reduc-d iabor (rsts, even w.ith the exlpense of 

the med.anical cOxive and adiiticnal hardware, appear to be significant. 

(3) 	 To maintain '---iquet rcd. .cn a atible with the reactor, there 

Toy be a need to autct ate tL .. v system, since the effort required to 

cperate it manually may o, .. tar than one man can provide. 

It Must be _-,.-.2rstc',_ ttthef bcv idces should nct be inplenented too quick­

ly, because there is still 3r,=! to learn about the basic pyrolysis technology 

and the resources for is aro be spreadhi, wrk limited and cannot too thin. 

Hcwver, it .. in the not too distant future that these or simi­woul...e excte 

lar tednical inprovoTents -i.l oe warantd, c--use the advantages they offer 

will greatly cff set the extra ,-sts invclved..­
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the following ac­
th i - _thj ....-, f-rd of..tt.hk ---- program:Ccnslc~~er!:%t-

- " i the end of the current prgram:tivities will be 

convertor 
- wic 1:m-iav C c-ntinue tc gra{e the 

(1) Intensi' 

thoughTut. 

to better matd charcoal 
cve briqUat Fro1ucticn te&uniques(2) Work to ...

aLity briquet will be sought.
ar er f '71ar-.generaticn ilhe-

s-a -i engi'ne operatimcn 
° ,C 

as _s will continred. 

(3) The pz< fl to perfect 	(i1a spar iiti n 

the p O.-s,3 ... 


he nvestigatod.

(4) 	 AltorLnative u--s for the oils 

to f,rthvr rrecr-anize the system will be begun,
(5) Preli.-inary d-icn wo-rk 

and &cha rem.va. - an i2:-,-owd feed input-nitiaewith 1 
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