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Third \'k)rld Countrie!\ such as Indonesia face eXtraordinaty problems 

in rreeting tha eneJ:9Y canands required for ooveloprent. 'I'hej are also 

cmfronted with high rates of unernploynent, but' have the mixed blessing 

of ICMwage levels. ~erefore, a renewable energy system that cculd 

engage many people in its operation WOlld be an especially welo:ne pros

pect. Since lroSt lesser reveloped Cbuntries lie in the trcpics and 

all:eCkly have eccnomies largely based 00 agriculture and fomsti:y, t:b:! 

potential for bianass as a renewable energy sruroa is especially great; 

particularly since it is very labar intensive. In Indcnesia, a large 

supply of bianass is al:ready available in the fom of rioa husks and rioa 

strClW' that, to a very great extent, are aJr.t'eIltly wasted. '1bese , residues 

are not ooly scattered about in the fields, but they ate also a:namtrated 

at rioa mills, and then:fore a significant fractim is already available 

ccmveniently as an energy sarrce. Not ooly wc:uld the use of these :resid'lES 

significantly reduce Indalesian national fossil fuel demands, but it MJUld 

also strongly alleviate the pres sum 01 the fo:rests to pmvioo firewood 

for dorrestic and industrial pw:poses, and thexeby cuxb the seve:ce erosim, 

flocxting, and ri wr pollution prob1ens currently experienoad in Java due 

to these practises. 

'!be main problem, h~ver, with bianass as it is available l'lCM is 

that: at an industrial scale, most current energy cx:nversioo equipnent is 

designed to c:perate an fossil ftEls and, at a datestic scale, llIJSt if not 

all stoves are for wcod or dlarroal use and will not cperate properly Q'1 

these msidues. Thus there is a need for a neans for <XIlverting :residues 

into synthetic ooal, oil and gag mich a:mld be utilized in existing 
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equ!prent. Pyrolysis, especially low tatperature pyrolysis, web favors 

char am oil production, offers a particularly pranisinq means of cxmver

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

an especially attractive characteristic in developing countries. 

~rever, recent U.S. experience with the steady-flattl, ~ packed 

bed, partial oxidation pyrolysis process (l,~) 1 
has dan:mstratec1 that this 

technology, up::lated f!an its earli\~. fonus is a viable :aeans for oonversion 

of forestry and agricultural wastes into synthetic fuels. In a1dition, the 

basic sinplicity of the process makes it suitable for cq:plications in rural 

env:i.ronroonts because of its few rroving parts, low maintenance ~ts, 

and general ruggedness. &!t the steady-flow, vertical, packed bed, partial 

oxidation pyrolytic convertors produced thus far have been blilt primarily 

in developed oountries with a high level of autanation am capital inten

sity and are subject to enviromental constraints totally inappropriate to 

developing oountrjes. lkJwever, recent st\Xlies (1,!,2) of the awlication 

of partial oxidation pyrolysis-in a suitably mxlifiec1 fom-to ~lird a:>rld 

countries have irxlicated the technical-ecoronic potential of the Pl-"CCeSs, 

an:1 tllese studies have led to hardware. dcvelOptelt prograans in Qwla, 

lOOonesia, Pa~ New Guinea am the Philippines. 

'lhis paper is concerned with one of these programs am represents a 

prog:re'Js report wch describes efforts urXier a joint 1Werican-IndaleSlan 

project to develop appr~iate, eoonanical pyrolysis ~logy am asso

ciated equiflll9llt so that rice husks can he effectively.cxnverted and used 

for rural/datestic energy purfOses. '!be primar:y objective of the project 

is the developnant of a nani.nal one ton/day pyrolytic oonvertor ~.miZed 

IN\mtlers in . Parenthesis deoote literatut'e cited in the REFEREN::E section. 
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:for Indooesian operatiOl with riCE husks. A 5e<Dndaty goal is the design 

of correspcncling hardware which allCMs utilizaticn of the char, oil and 

gas products of the ronversion proCESS. The inpJ..eIoontaticn st't'at.egy in

volves locating the pyrolytic convertors at riCE mills, of which them 

are about fifteen thousand on the island of Java alene. The c:harroal 

,oJOUld be used for darestic cooking, the oil utilized for Cbnestic lighting 

and the gas used for drying the padi at the riCE mill and pa-lering tb3 

diesel engine that nms the mill. 

The paper includes : 

(1) a description of the basic &sign a::ncept for the convertor, which 

has l:ee.n rontinucusly updated as the program has progressed. 

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

sion of the equipment developed and proolerns encountered. 

(3) an econanic analysis 'of the system. 

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

experience to date. 

(5) a d:scription of future acti vi ties. 

Up:>n revie,., of this presentaticn, it is hoped that an understanding 

of: 

(1) where the pn .. ';Tam is tojay 

(2) where its future work \olill lie, and 

(3) what the overall econcmic pot2Iltial of the pyrolysis proCESS is in 

Indonesia 

\vill be clear to the reader. 
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THE BASIC PYROLYTIC CCNVERl'OR IESIGN COOCEPT 

ThrOl'ghout this prcqrarn the resign of the pyrolytic convertor has 

steadily evolved fran a system initially suitable cnly for wood residues 

to a truly Indcnesian resign applicable for rice husks, and a retailed 

rescription of this revelc:pm:mt process is presented in a later serum. 

~ver, bac;ic to appreciating what has been dane in the program is an 

understanding of the overall system resign ooncept, and therefore this 

sectim is presented at t.~ outset to provide the needed background in

fonnatim. 

First, regarding the vertical, packed bed, partial oxidaticn pro -

ooss itself, the follCMing discussicn should provire an uncerstanding 

of the basic principles involved. Thus, referring to Figm:e 1, it is seen 

that the system q;>erates as follc:ws : 

D.I:y, pulverized feed, intrcx:luced at the top of the reactor, passes da.m

ward due to the force of gravity, through a pyrolysis zcne. '!he pyrolysis 

gases produced are vented through the sims near the tcp of the reactor. 

'!hus the counter-fla'ling, hot gases, generated in the lC1tv'Cr bed, prmride 

an exoopticnally effective means to mifonnly heat each ch~7l'lWa~d flCMing 

feed particle wr..ich in turn gradually is oonmrted into chari thus :releas

ing a quantity of pyrolysis gases and oil vapors. As the char desCEnds 

further into the bed, it reRd1es the oorrbustion zme whe:re a relatively 

small anount of air is introduced. This air reacts with a snall fractioo 

of the char to produCE hot carbcn mcnoxicb gas which transmits the heat 

generated to the feed and .thus maintains the self-susbaining reacticn. A 

careful balance be~en the da...nward fleming feed rate and the rate at 

which the char zcne tends to gra-.r utMard keeps the char zcne fixed in po-

4 
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sitien relative to the reactor. Upon leaving the hot zme, the char is m" 

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

vapors (which exit fran the reactor ~t a temperatl.ll:e greater than that 

wrere significant oil oond=nsaticn CCL""UrS), pass through a ronrenser whim 

. removes ~ oily fractim with boiling poinw c:bNn to slightly above the 

dewp:>int of the off-gas mixture which is typically J.70-l80~. (This avoids 

the produc:..tion of water whim ,,,ould dilute the oil and oould pmsent 

serious disposal problem). 

DIy feed is preferred because, if d:hydration 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 generateci,a result 

counter to the objective of maxirr.t~n d.lar and oil production. On the other 

hand, if external (hying of the (no.rmally \vet) feed is acccrrplished, the 

chemical energy of the gw eJ1 be utilized with the result that, by 

adjusting the gas production to the drying requirerrents, no energy is lest 

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

Besides providing energy for f2(;C drying I the gas can also be used to dr:i. ve 

an internal canbusticn engine to :p<:J~r the various mechanical canponents 

neCESSary to cperate the system (8) and to also provide paYer for external 

requi:J:enents. Thus \vhile the gas is not seen as the principal product of 

the proCESS, it is a valuable by--product that can be used very cxmveniently 

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

by adjusting the air-to-!:eed ratio, which in tum centrols the char bed 

temperature. Ial02, because the 90s, char and oil yields can be reCKlily' 

varied, the proCESS flexibility is another particularly attractive featm:e 
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of this oosign. Nominally, the proCEss produces abcut 0.25 lb. dlarcoal., 

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

of dry input feed. 

'!his pr~ss has been dev(~loped .:in the u.s. to an advanced state 

using a capital intensive design approach. Howe~r to devekp an Appro

priate Technology pyrolytic cx:mvertor inevitably ITEans the catpranising 

of many design features, perfonnanCE, and enviroIlI1'eI1tal oonstraints to 

gain econany, simplicity, reliabi li ty' and main tainabili ty. 'rhus there is 

little doubt that existing, more capital intensive oonvertors can pro -

vide higher perfODnal1CB than Cescribed here. But tmder the conditirns 

for whim they ~re develcped, we believe the characteristic::: and per -

fOIm3IlCE of the designs discussed in tills paper are sufficiently a::1vanood 

to make than at least the basis for a first generation of eexnanically 

practical convex-sien systems. 

To illustrate the problems of cl:!veJoping an Appropriate Technology 

cesign~ onCE the basic decision to use the partial oxidatim pyrolysis 

P:rocESS is made, several questims imrrediately have to be ooalt with: Le •. 

(1) HeM to make the proCESS continuous so that ail and gas also can .re -

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

nent? 

(2) How to avoid the difficulti2s E'.xperienced in the U.S. with particu -

lates in the off-gas which tend to foul the CCIlCEnser? 

(3) How to avoid corrosicn prob1en's using available materials? 

(4) How to add the proO?ss air without blocking the internal flcM and / 

or buming up the proCESS air cE livery system? 

(5) HeM to separate out the oil aerosol and / or CXJ11.dense the oil vapor 

fran the off-gas in a practical oondenser? 

7 



(6) Us:ing a manual tec:hniq\E, hCM to maintain proper materi2ls flow with

in tm a:nvertor and avoid the bridging prc:blems associatetJ with CDl

ventimal packed bed designs? 

(7) It:M to maintain Cl fixed bed repth to insum a m:n:e ll'lifcmn off-gas 

te.tqJe.rature; thus alladng p.mper CXl'lOOnser operatim? 

(8) Ibw to oovelcp a simple char ontput system that provides a unifonn 

flow over tm cx>nv~rtar cross sectial-as cg;x>sed to other systems 

that do not? 

The design that has evol''ed to this date to best ceal with these 

quastiau; is presented in Figt: re 2. '!he cx:nvertor ShCNl can be descr:ibed 

as a "batch rontinuous" system t·:hidl cperates externally in a batch mode, 

but inteznally in a cantinuo~lS moc13-so lcng as the feed level .is maintained 

above the sul:nerged off~as POlt. It bears a cefinite similarity. to its 

earliest pIedecessor built by Tatan and Stale (6), even tbrugh at least 

three A.T. &velopr:lel1t gE.1eraticn.:; have pre~ded it. 

'!he basic idea is t~ Gtora the feed within tOO ·react:ar itself and 

thus-so long as the system is periodically zefilled-to provide a am -

tinuous fla-l of feed throu:Jh the working secticn of the a:mvertor, mK1 

1:hemby produoo a practic..=i i ly OJ!lS~ .• ::.::1t . supply of off-gas to the a:ndenser 

at a nearly fixed 1:errq?erature, b'lt y...::t avoid the expensive material 

handling equipnent and controls nee(;ed for a oontinoous system. 'l1le sub -

meI9ed off~as port no~ c:1J.y al.l~13 &2 bz.·td, cx.m.tinUQlS qle%'aticn, but it 

guarantees a fixed bed depth and provides an effective mans for filterinq 

the gas through use of the bed itself, \\hlcb folItlS a filter cake aromd 

the aff-.gas port (hCMever them is a swstantial pressure drcp thmagh the 

bedusing tte techniqte). M:>reover, since them is no fxee surfaca thra:&gh 

which the gases must pass, a'1d no continual additial of feed, as 'ial CXD." 

ventiooal continuous systF'..InE, the f~.ne fracticn of the feed has little ~ 

8 
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port\mity to be carried CMay by the off-gas streC!l\ to subsequ;mtly clog 

the rondenser. 

Since the maintenance of a free-flCMing a::mdition within the feed / 

char insire the convertor is essential to successful system cperaticn, 

every effort has been made to facilitate the flON. 'rhus the manually cpe-

rated agitator, tcgether \'li th the conic shape of the convertor and the 

almcst a:rnplete absenCE of any obstructions to the flCM wi thin the reac-

tor effectively guarantee that the packed bed design will cperat.e proper-

ly. 

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

water jacketed convertor walls only. The resulting gases migrated to 

the entrance of the off-gas port \'lhich is located near the center of the 

convertor. 'Ihus the flo.·, \.,ras not vertical and hence the feed generally 

passed diagc:nally throL~h the gases. An advantage to this arrangerrent is 

that the oonvertor Halls are not exposed over a wire area to the hot off-

gases. A disadvantage 1s that the repth of the bed may be relatively small, 

the cEgree of carbonization is consiilirably less near the center than at 

the walls and thus occasional p2netrCltions of unmarred feed can occur, even 

at rel:rtively lCM proCEss rates and especially if sufficient agitation is 

not employed. 

An important improvement, recently added to the \lmll process air in-

troduction tedml.que involves the use of a centrally mOtmted, water 

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

IOOre even charring of the husks; a condition allONing a greater feed 

throughput,l A jarn-proof, slotted, movable tcp surface,rotary "star" grate-

as CH?Qsed to the olrer sliding, perforated grate with a roovab1e lower 

1 'llie basis of this inprovem:mt arise fran a COllOOnt (7) by Dr. John PCMell 
Kunasi, Chana, regarding a similar modificaHon he mare to the Glana ron-' 
vertor to increase throughput. 

10 



surface dasign (8) -has been cevelq:ed to rorrpleItEIlt the central air intro -

duction. canpared with the older fixed tc:p surface design, the novable tcp 

surface rotary grate stimulates a much more uniforrnm:tterial flOtl in the lcwer 

bed because of the laxge d..~ree of bed agitation created during grate opera

tion. This in tunl elimi.ni1tes t..l1e ne2d for the la...er bed agitator blade, 

whidl allCMS shortening the agitator shafti a mcd.ification that avoids over

heating problems. The blaer::: it3elf is cresCEnt shaped rather than flat and 

cuts rather than forces its way through the feed. All together these im-

proveIOOIlts, which are also indicated in Figure 2: 

(1) stbstantially increase feed process rates. 

(2) generate more mifol1nly carbonized charroal and increased oil yields. 

(3) significantly :reduce the t~ required to tum the agitator. 

'!heir ccrnbined effect is to over care the eal:'ly shortoomings of the origj.na1 

Inckmesian d:!sign (8) and to bring the feed throughputs t:p to the d:sign 

rate, and the char and oil yielC13 to near their naninal valoos. 

The exncenser/demister systel1 dlosen, and shCMIl in Figure 3, is 

basically a a:mpranise b;tween p2rforrnance and a:mplexi ty, since to effec -

ti vely remove all the fine aerosol oil mist in the off-gas leaving the con

vertor and to mnc1ens,: Ollt the re:nainCe~:- ~lithout collecting an excessive 

amount of water requil"es a much ITDre sophisticated system than belieVed 

practical for t.'1s: 2ppliCdt:i.cn in7.P"'.ded in Incbnesia. Thus the oond:!nser/de

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

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

tmit and expands throU';h C1. s~rL;~~ of holes in the insioo pipe. The result -

ing jets impinge on the insicb surface of the outer natural cxnvecticn 

c:x:>oled jacket, thus prodl1cir,g gcxx:J. local heat transfer and a high d:gree of 

turbulence and mixing as ti1e n:'sult.ing wall jets e..'q?and, CDllide, mIl q?, 

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

11 
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in its a:mplex path thrOl..Jjh tlK'! mncEnser, is effectivelly cooled and has 

many q?pOrtunities to collide with other particles to fom larger partides 

or c'iIq>lets and/or be collected en the outer ooncenser walls. '!he <Endster 

is of conventional design and uses available:! fiber to provide a matrix 

throUfji. which the a::md:mser off-gases pass. Vegetable fiber "ijuk" fran a 

species of palm tree has been sucCBssfully used for this pUIpOSe. The over

all system takes ma'Ci.nu.Jm benefit of the effectiveness of the subnerged off

gas filter tec:hniqt:e, and with \\eekly maintenance operates free of the 

clOJging problems that haVe plag'lEd other oond:mser CEsigns. 'Ihus while its 

perfonnance can no doubt be improved through further optimizatim, cun:ent 

oil recovery levels (lre acoeptab Ie 1 but not outstanding. 

~~garding mrrosian; while it is well knCX,offi that the hot pyrolytic 

oils are acidic and thus roule seriously threaten the rondenser, it has been 

found that the tar in the oil in most rnses"tencls to cover the e~ed netal 

surfaa=s with an almost c.narrel-liJ:e roating that effectively protects them 

fran excessive oxidation. Hm~ver sanE! problems with a::irrosicn of the outer 

rondenser shell have b::..~~l enroU:ltered c1u.:.: to the scrubbing action of the im

pinging jets 01 its inner surfaa::; a condi lion \vhich tends to cnntinuously 

expose the metal to the oorrosive oil. Protection of this surface by use of 

locally available epoxy paint is currently beL'1g tried. 

ltbreCl\.ler, wilile a metal rr:3trix i:1 t.h': c:e..llister such as from lathe tllnl.

ings is destroyed in a matter of dr,ys, the lifet.irre of ijuk appears to be 

incEfini te. 

Another area \vnere oorrosic..; must be confronted is in the water roolirrJ 

S",tstem. HCMever by use of autanoti ve radiator rust inhibitors and / or by 

the introduction of W':lte:.~ soluble oils, oxidation of the exposed surfares 

can be practically eliminated. 
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PR:'GW1 DESCRIPTICN 

In the course of tLe P:COj2CC. to date, h'lO reactors have been cat-

structed. The first, called the Technology reveloprerit Unit (TOO) Wa9 re -

signed primarily for researd1 c:mc1 c1evelcprr2l1t and for crew training, andis 

am:ently located at the Iell-oang fac:i.li ty of the IEveloprrent Technology 

Center. The se<Dnd reactor was built to nm in an cperating rice mill and 

utilizes the best avai1abl£~ t2::::mc'Dgy, proven in long tem cperation. Pho

tcgraphs of these two tmits are sham.in Figures 4 and 5. It should be un

cerstood that the cbvelq.~'.e.11-!' of these oonvertors, especially the fotner, 

has been an evoluticni:ilY proCESS in \..ru.ch nunerous modificaticns to the 

design ha'Ve been mace. Th€r2fore, the oonfiguraticns have cnanged a::mtinlDUS

ly and it is not practical to describe all the tedmical varlaticns eva

lua.ted. HenCE only the more sisnificant studies are diSCllSSed here. 

Besices the reactor d~-velcp;:Ent work, a vigorous effort has also been 

made to devise rreans and ec:J.uir:m:mt for utilizing the products of pyrolysis. 

'1herefore, also presented h21"0 c. . .:e descriptions of: 

(1) the charcoal briqootin; sysb2Ii1 c1evelcped, t.cgether with PrqJerties of 

the briqtEts. 

(2) an off-gas burne~ fo!' cmp dlyinS applicaticns, and tests of diesel 

engine ~ration on thE' off-gas I including off-gas clean 'll? equipnent 

develcped, together ~'1itil prcperties of the off-gas. 

(3) tests directed to\l~"d fuvelcpIn9l1t of oil utilizaticn equl.ptent, tCX]e

ther with a disCllSsian of the prcperties of the oil. 

I:eveloprent Technology Uiut 

This conV'Brtor \Vas CX)n-~1Il.ssic.1ed in Hay 1979. 'Ihe reactor itself rost 

(5$ 776 (485,000 Rp.). 'I'he aC02SS pl<ltfom,s'torage shed, diesel engine, bl~rs 

and other associated equiFalent oost an estimated additcnal U3$ 2054 

(1,28 million Rp.) • 
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Figure 4 

Lembang Convertor 

Figure 5 

Ciranjang Convertor 
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While many tedmicll irnpr.o'-·2iTelT~.~:. havB been macE using this system, 

its original principal purpose ~vas to :investigate alternative rreans of prOCEss 

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

rostacles to the materials flo,v tVithin tre COllVt:!rtor as possible. Process 

air a:mfiguraticns ilwestj,gdted \';ere a pebbJe bed system used in the 

original convertor (6) and the Glana and Philippines (9) systerrs ..:md a flush 

mamted, water jacketed t.emnique, wherely the air is introduced di:rectly 

through the convertor walls. 'Ihe p:dmaxy cbjecticns to the pebble bed resign 

we:re the very large fractim of the ronv<:)rtor cross sectim blocked by this 

a:mtp:)nent and the tendency of tlIe c'~sign to cause the. fOlll1aticn of hot spots 

resul ting from cracks 0:;:' c1cllmels created in the shear layer between the 

amtral, ro:re fla" and thd~ 2:Xl\Te the peb'.Jle bed. In additim, a flush 

zrounted off-gas system hc1'ling four PO:'i:s, manifolc12d tcgether, and the sim

pler, internally rr;ountec1 prob.~ system used in the Gh.;ma design we:re tested. 

It was hq:'E!d that SUCCES using the four flush mounted ports would hllCM 

rennval of the internal probe whiC'.h <bes present sane d:>structicn to the 

flCM. Hov.~ver, from th:_: start it ',";&::' also recognized that the msulting in

temal gas flow pattell1s migU: leave a relatively tmcharred rore in the oon

vettor renter, sinCE the shortest pail: for the gases \-lould be alcng the 0011-

:Vertor ""alls. 

System Il3scripti.01. Th2 'JJ'w~:(to:: .:;t;mds 2.35 lTEt.ers tall, has a base dia

rreter of 0.84 rreters and a top diC1i:2ter of O. 70 rreters. It is built of mild 

steel, typically two to tl"tree n1illilT'eters thick. Instrumentatim incluces a 

proCEss air orifiCE, and dial tJleJ.-mcrret.ers for rreasuring bed, cx:m.vertor off 

gas and condenser off-gas ten1fcrature. In cperation the riCE husks are adced 

at the tq:> and charcoal remc'iJ'2d .::.t the bcttan tln'Ough the grate. Process air 

is introduood near the bottCll1 of the system and the resulting gases passes 

lpIard to exit through the off-ge:.3 systelO and then enter th:3 cona:mser/ 
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cEmi.ster which renoves the oil-tar fraction. 

System q>eraticn,. The system is started by first introducing charcoal 

fran the previous day I S <.peraticn up to the level of the top layer of air 

holes. Burning d1.arcoal briqu;tes are then put into the ronvertor and am 

subsequ:mtly smothered by the feed which fills up the storage sectim. '!be 

process air is then introduced at about 10 to 20 percent of the full stea:1y

state flCM rate and is sl&ly increased. After several hours the t.enqleratUIe 

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

ini tiated. Gradually the P.rc:025S air rate is increased and the rerooval of 

charcoal aCCElerated ultil the desired qJerating condition is leached. 

Perhaps the U'lO TIYJst irnr..ortant. inclia::=s of system perfonnance am the 

convertor and the rondenser off-g::ls teIll};eratu:res. If proper control of these 

two is maintained and correct interpretation of variaticns in these tenpera

tures is made, the system c:.:e::::ation czm be relatively rrutine. To illustrate: 

the average ronvertor off-gas 'Co2l;t:lerature is not 011y inportant so far as 

oil producticn is ccnc:;rned l but. L'2pid increuses in it may indicate the for

mation of cavities in t.h..e bed, \\7}liJ.e decreases may suggest that dtar is 

being removed too rapidly. LL~ew~se the. ameenser off-gas temperatw:e DnlSt 

be maintained above the 03·.'POjnt of the mixture to avoid water exm<Ensatim, 

but not so high u.s to reduce the oil yields. For rice husks with a npist\l!e 

content of about 14 perCE:1t, an ash rontent of 20 percent, and at a bed 

depth of abrut 0.30 me ters, ~'(" (;esi ted convertor off-gas temperature lies 

be~ 120°C and 140°C while the a:mc1enser off-gas t:enperature is around 

asoC. 

<:nCE the c1esi:red cnndi tia..""1S helve been reached imd the planned process 

rate established, the system can be operated in a steady-state ltO<E. '!bis 

may take fcur or five hO .. :rn -Cran a c.::>lr.1 st&rt, or t!olQ to ti'..:ee in a nm 

where hot char froil the previous days ~ratiCl1 is in the convertor. 
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During the steady rnoc"e cperaticn, feed is adced about every 30 minutes, the 

char grate opened for a fe\o,T seoonds 30 to 40 tines each hour and the char 

dr\Jns eJll)tied every hour. 'Ib prevent burning, the char is ston!d in sealed 

barrels while it CXlO1s. '!he oil is pericxlica1ly gathered from the condenser 

and demi.ster. Typically the rond?..nscr rero'Vers about t:h.l:Ee quarters of the 

total oil while the demister .reoovers the remalnd=r. 

Exrept for a total of three or four minutes each hour when feed is 

aCkled and / or the char drurrs changed, the system q::erates amtinuoosly. 

D.u:ing these filling/errptying periods the air supply is shut off and q;Jera

tiens halt. HCMever, the thermal capacity of the system is sufficient to 

insure that cnly minor d1anges in t:enperature Oel::" t' during these .periods. 

'nle Iesult-so far as char producticn and oil prod\ ':ti.cn are concerned-is 

that the c:peratien is effecti\'ely oonstant. HCMever, because the off-gas 

flew too is interrupted, measurer, Iriust be taken either to store a short 

Sl.Wly of the gas or to restart the gas utilization system-using a single 

convertor. With several converto~, manifolced together such as in Glana, 

the operatioos can be staggered with no interrupticns in off-gas productioo. 

Since by its nature the system· involves a rnin.i.mt."'1l of instnmentatioo, 

it is vital that maxlmrm use of every other indicator be mare. For eXCIlple, 

abrupt changes in capstan torque can suggest cavity fonnatioo and indicate 

the need for more agitaticn. L.ikewise, the average to:r:qU3 is a neasure of 

bed depth and-during start up-of the degree that charring of the bed has 

oca.u:ed. The color of the char also is a Ineasure of convertor perfonnanre. 

Henm lD'lc:harmd material suggests too rapid a throughput, while gzeyish 

white char indicates the process rate is too lQol. Even the characteristics 

of the boiling in the water jacket can provide useful info:rmatiCl'l :regarding 

the intemal condi tioo of the reactor. Exoessi ve, or film boiling at spe

cific tx'ints indicates hot spots I m::st likely due to the presence of cavi-
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ties in the bed and suggests th'3 need for nom agi tatim of the bed. 

Initial ~ results. Since th(;:; carbinatim of direct introducticn of pro

cess air throUJh the conVt2:rtor ,,,,alls and the flush mcunted off-gas system 

is so attractive, in that it minimizes internal l:esistance to flcM, it was 

'i!:lvestigated first. Thus a series of tests \vere cx:nducted to see if this 

CXltbinatim would operate satisfactorily and with good perfoIlllance. While 

the water jacketed proCESS air system worked extrenely well, there was no 

ptd:>lem in materials handling, the ccnvertar off-·gas tenperature was in the 

desUed range, and good char jiicldc; were achieved, it was famd that gas 

pIOductioo was excessive. Wnile the oil ''las clean, the yields were lew, the 

maxinum throughput was less than half that for which the system is designed, 

the air-to-feed ratio ran well in exCESS of unity, the gas heating value 

was disappointing cmd exc:essi "'"8 h ... ,ating of the uncooled walls above the 

water jacket occun.:ed. It was thus concluded that the short circuiting of 

the off-gas flaY that had b2EJ1 J.:~::.r~d, did inceed occur, and while sane Pl. 

mlysis was present, a signi£ic:.1!~: cw.ount of gasificatim tcx::k place ncar 

the a:mvertor walls. 'Ihereforc since greater throughputs and oil yields were 

desiI'ed, it was decided to abandon this oonfiguraticn and to test the slb -

IOOrged off~as port in c:o.Tbinaticn with the water jacketed proooss air sys-

ten. 

This led to a .:lec:ond, more p:r:-.:mti.sing test series. At first, the bed 

depth was q;erated at 0.50 rretel:s, which in the Ghana program, Using five 

to seven percent moisture harcMcod feed, had been satisfactmy. But. it was 

found that while llrlproved process J:'ates ~re obtained, much l~ air-to

feed ratios weze achieved,. and gas productim was mcXierate, the exnvertar 

off-9as temperature was too 101] and oil :recovery was still disappointing. 

'!he kM oil yields were att~ibuted to the ION off-gas tenperatw:e obta:ined, 

with the p:resurptim that signiiicunt oil conrensatim OCCUIed in the bed. 
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Since the current philoscphy is to try to avoid the need for a nechanical 

drier and to use the husks as they are produCEd, the feed moisture a:nten~ 

typically runs at about 14 perrent of the wet ~ight.. '!hus this mlatively 

high msture fraction, together with the high silica cx::ntent (20 perC2llt) 

of the husks was believed responsi1-)}c for the lew off-gas tenperatm:e and 

oil yields, sinre in tests with wet feed reported in (~) similar disCI'POint" 

ing oil yields had occured. TLereEorc a series of tests at a bed repth of 

only 0.23 rnaters was conducted-in an effort to raise the off-gas tenperature 

The results of t.hese tests are presented in Table 1. Study of the :results 

reveals that the char yields are ~'B1l in exCESS of those exp:cted fran the 

data cnrrelaticns '~n . (~) end (2) at th2 air to-feed-raties med •. '!his is 

believed d\.l9 to oil COi.1&:nsaticn 1..'1 17m bea because of the high feed rnois-

ture conte.'1t. On the other hand, !i':..!cxrv'ered oil yields are ~ry lew. However, 

the table ShC"rIS that the trenas vi increasing oil yield and decreasing char 

yield with incl"ea:Jing air-to-fce::d 2l:'.J similcJ.!: to these reported in (1) and 

(2). The consistency of the dab, \';ith rn~ eXCEption, is encouraging. 

rrest 
No 

1. 

2. 

3. 

4. 

'l>--ir/Fe:::d 
(kg / kg, 
dIy ash 
free) 

0.633 

0.732 

0.596 

0.63 

Initiul Test Results 
T<.;bJ:a 1 

rscd 
PrQCES3 
rat.~ 

C~g/hr) 

64 

47 

50 

<:ge A'Jer 
Conver 
off-g 
rl'01p 

12 

16 

13 
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as 

• (OCj 

1 

0 

2 

':i I 13 ~ 

Averaqe 
Cbnd=nsor 
off-gas 
Temp. (oC) 

93 

93 

85 

82 

I-----L-_---I ____ ._L~ __ , _ _ ._-

')" ... v 

O1ar leco'Vemd 
yields oil yields 
(kg/kg, (kg / kg, 
cb:y ash ch:y ash 
free) free) 

0.247 .033 

0.218 .045 

0.255 .028 

0.251 .025 



Nlile the reoovemd oil yields \rete quite la./, it was chserved that 

significant quanti ties of oil ~re lest in the off-gas stream, aa>amntly 

due to inaOOquate a::ncenser/d:mi.ster perfonnance, and thus with prcper op

timizatim of this system it was ooncluood that oil yields at least equiva

,lent to these reIX>rted from Glana (~) oould be realized, if the feed mcsture 

exntent \Em brought d:Mn to the desired five to seven percent. 

In n\.1I'lerous subsequ:mt tests involving several thousand kilograms of 

husks, the basic system {:erfolJT\aIlce wac; verified, with avera9=! ash~fl:ee 

char yields of 24.1 percent and average oil yields of 3.7 percEnt malized

both en a dl.:( ash free input feed basis. lbwever, the average throughput 

was enly about 44 kg/hr of husks-although, on occasicn, process rates ~ 

to 65 kg/hr .were reoorded. Since the unit is designed to proCEss 100 kg/hr, 

this lat.er than expected average rate was of special concem, since the 

overall system econanics (as discussed later) are strongly inf1u:mced by 

system throughput. It was initially thoU3ht that with an inq>:roveCl prCX1:!SS 

air sUR?ly, the throughput would easily :reach the cesign vallE. However, 

experienCE taught othe.rwise, and it was found that even at veIy high air-to

feed ratios, above a certain process rate, unmarred hmks began to pe

netrate the char l,¥er-primarily near the oonvertor center-and pass into 

the char drum. This suggested that better distributiQ'l of the process air 

was necessm:y; in particular, a supply of air near the reactor center needed 

to be provided. 

Besides the lim! ted proooss rates, several minor prcblems wexe encam.

temd with the reactor operatiCll. These problems, together with their so-. 

lut:i.ms ate listed belCM: 

(1) OVer an extended test period, rusting of the exposed water jacket sur

faCES oca.u:ed. 'Ibis was resolved by additien of a water soluble oil 

additive. 
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(2) Buckleling of both the moving and fixed grate surfaCEs occurred after a 

nunber of tests. This prcbJ.ern was overcorre by the use of a heavier gage 

metal and a redesign of the grate itself. 

(3) The torque initially required to hun the agitator \Vas greater than a 

man oould generate. This situaticn was corrected by a more careful fu

sign of the agitator blaaes and a reductJ.on in the nunber-by judicious 

choiCE of their location en the shaft. 

Iecent Test Results. As rrenticned previously, in an effort to increase the 

feed process rate and to generally improve oonvertor operatim, a major modi

fication to the lcwer grate section of the TDU has been mad? reCEntly. '!he 

primary changes \\'ere the addi tiCAl of a centrally mOlll1ted, water cooled, pro

CESS airport, the introclucticn of a rota.ry "star ll grate with a movable tcp 

surfaCE,and the shortening of tho agitator. These adc1itirns are sham in 

Figure 6. FeCBnt tests of the irrprovecl system indicate that without doilit, 

these irrprovements have tc-;gether had n grec3.ter effect en a.:mvertor perfor

mance than any of the changes made so far. Ha-lever, sinCE these IrOdifica -

tiens have teen mac.e so rerently, there has been little tllre to cevelcp on 

extended set of test datel., and at this tine only the foHewing staterrents 

can be made i. e. 

* First and most important, the rice husks throughput has new been raiseC, 

in repeatible tests, up to 112 kg;11r, which is well above the cEsign vallE 

of 100 kg/hr. Of particular interest :i.s the fact that as this liIPit is 

reached, the c.harroal gradually changes from a .rich black color to a gene

ral brown, md1.arred ronditicn, as cpposed previously to an o~r charred, 

grey rolor of the char near the wal1s tcgether with an md1.arred rore when 

the rnaY.J.rmm: process rate was ream(;cJ. This clearly indicates that the d9sired 

conditim of a near uniform process alI' introooction has been ad1.ieved. At 

this process rate, tbe syst!?m eoonanics are very favorable, as the later 

analysis derronstrates. 
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Figure 6 

Star Grate, Central Process Air 8'jstem 



* Serond r the oil yields have nO>l been a..l.lrost tripled over previous results 

and are now nearly ten p::!rrent. This also represents a major perfonnan~ ire

proverrent that turns the oil from a by-product status back into cne of the 

major outputs of the mnvertor, although the yields are still 35 perrel1t 

belCM the hoped for VallES. This result has been acromplished through better 

operating tedmiqU2s and because of the lateral uniformity of the bed t m -

~rature field produ02d by the irrq;n,1'J""ed proCESS air introduction tedmiqt.e. 

* Third, the h,ater moled, CEntral process air introduction system has 

suffered absolutely no damage due to the increased heat release and high 

temperatures of the adjacent charcoal. 

* Fourth, the ner...,r grate has d2mom:trated significant cperational advantages 

over the earlier Cesign, has r.::::du02d bridging problems, and has suffe~"ed no 

damage or wurping whatsoever D1 its cperation, although minor problems 

wi th locking 1."'P of the linkC'.0c.:! ITDdlanism that rotates the grate have ineli -

cated that more care in its fabrication is necessary. 

* Fifth, the redu~d torqU2 reqwred to cperate the shortened, single bla:led 

agitator has substantially incl"Qased crew' acceptance and encnurages them to 

not abandon the neccesary stirring <v:ti.vities, \vhich previously represented 

a major physical exertion, and all to often weLe left unatten<.Ed. 

Ciranjang Con""ertor Syste.m 

'Ibis reactor is currently cperating at the Sukasari rire mill in Ciran-

jang whidl is a one Clncl one haJ.:f [:':.",13:" r.i(~::! from Bandung Cl1 the road to Ja -

karta and Serv2S a.s a field test Sj stem to romplenent the Lerrbang facility. 

This oonvertor W[IS instalkc in fJctcD2r 1979 at a mst of US $ 4084 (2.54 

million Rp.) including the ac('l'2SS platform briqueting plant, storage shed, 

eli 1 · bl -, "d' , ese engme, ~rs C<.'1Q ~)Ly::. XSOCli1'.:8L eqmr:rnent. It was orgmally de-

signed to take advantage of the 'rou experience and technical irrproverrents 
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develq:>ed to that date and has new been l"pgrac1ec1 to incluDe the im?roved 

proress air, grate and stirrer descrilied previously. ,Thus it has a heavy duty 

grate with a movable l.1p1'Jer surface, .:l better char removal system, an inter

nally mOlmted probe off-gas system, a, larger aCCESS plationn etc. The pri

mary purpose of its installation so early in the program was to get a maxi

mum amount of real world program exp=rience as quickly as possible even at 

the expense of sorre inefficiend es due to working in the field. '!his was 

because of the cpinion that many operational prcblerns, not rerognized in a 

ccntroled test situation, would probably arise and, in turn, result in the 

need for modifications in equipment and/or procedure that oould be errbarras

ing i£ recognized too Jate in the program. 'Ib date this unit hac; been well 

worth the extra e}:J:,:ense una \York ....ssociared "lith its ClJeration. 

So far I tl:e perforrranC2 aat:'1 from this l.1ni t indicates that the char and 

oil yields aJ:e w~ry clO!">e to those with tho TDU. Therefore since its cpera

tion and per£o:_TIlanc:; are so similar to that of the TOO, there is little 

reasen to fl.l.rthc;::.:.- d~scri..be this program exc.:;:)t to note that apparently since 

the feed moisture cxmtent is slightly lc\\rer in Ciranjang, the oil yields 

have been incren"Enta lly r.ettcr than thme in I.e!rbang. 

Charooal Briqueting 

SinCE the rim husk C:1urcr<':L, <:e, produced, is a coarse pcMder, it must 

be briqreted bef("'re it c.:.m be successfully used for rooking, because in its 

initial fonn it is nOl: suitCl.;)~c for ciar brc:zier or stove use. Therefore sane 

method for briq\"12ting it must b:~ devised. A sirrple approach is to use an 

agglcneration tecruliqu:"J, ::ath2r ·::.han l't'ed1~mical pressure, to fonn these 

briqrets. In so cbir:g, r.:O:-J1 ene:-~' an.d capital are minimized but at the rost 

of a reduCEd briquet c,:t.:C1Ji ty. 'The teCl.nique devised as part of the project 

is to: 

(1) lOal a rotary, 55 gallc.:1 oil CLr"'l..lIn ("ball millll) with the charooal and 
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several pipes or stones and then to rotate the mill until the charcoal 

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

(2) 	 Unload the pipes and/or stones, add a mixture of cocked stard, and 

water, to act as a binder, to the powdered charcoal and then turn the 

drums for 15 or 20 more minutes. The resulting tumbling action together 

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

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

and two inches, place them in the sun and allow them to dry for seve

ral days.
 

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

Initially, cooked waste cassava pulp from a local starch mill, in a 

ratio of 2.5 parts charcoal, one part cooked waste cassava pulp, and 3.5 

parts water, was used successfully as a binder, and the briquets formed 

burned cleanly and without ocdor or smcke. lowever, since the waste cassa

va pulp is not available every:here, a binder using cocked, pure starch 

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

parts charcoal, one 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 producticn of the fireballs has been accomplished by means of an 

electric motor driven laboratory prototype shown in Figure 11 and by a ma

nually operated system shown in Figure 12. To date, the laboratory prototype 

has generated sustained prcducticn rates of 21 kg/hr of briquets, which is 

less than half that required to match charcoal production from a reactor 

operating at its dsign capacity. Hoever, improvements in the laboratory 

operating procedure, using a single unit already demostrated should increase 

producticn to the point that tw7o r&ills of the size shown will easily keep 

pace with a single reactor. Production of briquets from the manually operated 
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Figure 11 

Mechanized Briquet Mill
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Figure 12
 

Hand Operated Briquet Mill 
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unit has not lived up to in-Ltil-' octations because the large torque re
quired to turn the lo:!&d s-ste-m make it difficult for a single man to 
operate it. Fiance, rrcsiqn and dcwn-scaling of this conponent is currently 

being mach. 

Wilc the ee::'l proc.t utilizaticn strategy involves distributing 
the firebal13 o1' ii th:- n,,4 7'brThcoc off t. rice mi'll production site and 
thus exposing them to mLnimal V:mdiing, there is still some question as to 
the general s'ruajt rudgecnoss t1hat the briquets must possess. Therefore, 
in a series of tests w'id represent an ctre cyndition to which they
 
would be expcsed, the briquets "wia-re droped two wr-ters 
 on solid concrete to 
invest.gale- t: L strergth w.hich wans felt to be the property of pri
mary concern. As p-1c't oc tlh ttsts t' ,7 of Oz.ing was also varied to 

see if there is ai cptu'Lum c'rying ti.e_ so far as handling properties are
 
cncrned. '. r ": ls of thcse 
tests are tafi,]ated in Table 2 and presented 
graphically in LlVrc .2. the +ovs, it appears that after 4 days
 
drying, the nxu:,"-(.- br,.cr J,:i~ 
 -t is mimidnl a-d the drying is esential
ly ccrplete. Th-i.ofoue, fou± cys itdafter appears that the briquets can be
 
most easilyo.. 
 a brekae. However, it should be
 
noted that after the briclD-Us have c fi:ci
for several months, they become 
very brittle a,'d -. a,.,. -:,acL. Thcrefore,every effort must be 
mag - ic-ts int th2to get:tW :Jr:ci of the ultimate user as quickly as 
possible after they have Leen FrouCud. This should not represent a serious 
problem,' he,;evr, since the distribution of the briquets would normally be 
only omer a few :ilc sc2r hut it 6C-,s Ioudly procliaim that the briquets 
themselves should rot be stan.kni~e ard if storage is necessary it should 

be do.._ usi-ig the bulk char:.:oa -l.ly. 
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Table 2 

Fire Ball Weight loss and Drop Test Survival 

Time Total Number of Balls Percent Peroent 
(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 oomposition = 20 parts darcoal, 1 part starch 

20 parts water 

(3) The drop distance was 2 	meters cn a concrete slab 
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Therefore it appears that with reascnable care, there should 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 concentraticn 
of this element in the charcoal, only about
 

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

respondingly reduoed. Calorimeter 
tests of the briquets indicate an average
 

heating value of about 6770 
 Btu/Ib (3762 cal/gm) as opposed to a heating value
 

of 5697 Btu/]b (3165 cal/gm) for the 14 percent moisture husks. Thus the clivr
coal has cnly about a 19 p2rcent higher heating value than the husks. 
 However,
 

it must be re'xfrbered that the briqueted charcoal is a much, 
 mud more conven

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

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

20 lb/ft 3 . Therefore compared with the husks, 
which have a bulk density of only
 

about 8 ib/ft 3 
 (0.13 gm/cm3),3 the are much more convenient to transport. On a 
volume basis, the briquets have a bulk "energy density" of about 135,000 Btu/ft 3 

(1204 cal/cm 3 ) as compaied with rice husks with a bulk energy density of only 
3


46,000 Btu/ft (411 cal/cm3). Therefore, overall they are a muh,more desirable 
fuel than the husks alcne. M-breover, the cpportunity to utilize the oil and gas 

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

burned directly. 

Vnile thucm is 1i ttle cubt that higher density briquets-produced for 

example, by a high pre:7sure nechm-ical press-would be desirable, there is some 

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

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

is unclear, not only aro efforts continuing to improve the agglomeration technique, 

but the o:plicaLicn of A rodificd Cinva ram is also being studied, with the idea 

of producing larger, stove size briquets, if possible. 

Because the heat of combus'licn from the fireballs is only half that from 

charcoal, a question has been raised whether the cXnbustion temperature 
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of the fireballs would be high enough to properly oook food. It can be theo

retically argued, assuning radiation to be Lie cbminant beat transfer mecha

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

is equal to that of the charcoal (T9 divided by the fourth root of two, 

i.e. T c 
.25 

- In that case, since thekncxn corbusticn 

[2] 1.19 

temperature of the charcoal is approximately 950K ( 675 0C ), one would 

expect the fireballs to produe an average surface temperature of about 

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

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

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

ing charcoal and the burning fireballs were made as a functicri of tire. In 

the testscne half kg samples were a standardburned in "Anglo" clay stove 

or brazier and the temperature measured using a thermocotple. The results 

of these tests are presented in Figure 14. It might be noted that in the 

figure time zero has been taken as that point when the briquets actually 

started burning, and thus the data does not include the period when the 

kerosene starter was still ignited. While the data shows some fluctuations 

in the temperature history, in both cases, a characteristic similarity 

between the two sets of data is present in that both show a rapid rise to 

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

the two curves results in values of : 

T = 9620 K (or 6890 C)
C 

and 

Tfb = 7890 K(or 5160 C) 

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

per ognt above that expected. Considering the roughness of the test, this is 

believed to be a surprisingly good onfirmation 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 crmpcsition, shape, aid the asence of any 

oornrs or crevices, are often diffiailt to ignite. 7'hs is true of most 

briquets and is nothing unique to these. It has been found, haver that if 
the fire balls are laid on tcp of a few ordinary pieces of charcoal, vwhidl 

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

the ndweless properties of burning charcoal. 

Finally, it might be noted that when romplately iplanuntsdpthe abo
 
dprcoal Production system, on the island of Java alone, 
 has the cepilty 
of producing about 1.5 million tms of diarooal briquets eadh year. Th"& 

would entirely satisfy the codcing needs of at least ton million pVeple, or 

moe thaneleven percent of the island's population. 7hereftre it should be 
areaBnt that the potential Omtrbuticn of the rice husk dharoal as a do
m8stic energy source is quite substantial. In cmbination with the devlop

lmit of inproved stoves, this crtributicn could be several times greater. 

Off-Gas Buzz-er System 

Since the gas represents a vahnabls energy source for drying of the 
padi, and because mechanical drying is beming inoremaingly attractive ancV 

or necessary in many areas of Indonesia where multiple yearly crep p=&C

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

a imple burner operating on this fuel has been built and tasted. This 

system closely resenbles that originally devised by Tatam and W1lbom for 
wood waste drying in support of the Ghma pyrolysis program (8) and is uhxm 

in Figure 15. Itil- the burner is occasionally hard to light, once it gts 
hot, it operates anoothly and prodxzs a continuous source of clean uMer 

fre of any pollutants. ttether this burner system is used as a dimot heat 
sme or in combination with a heat exdanger, it provids a sigple, progm, 

ipsive "Bans for drying padi or any other agricultural product, It is 
estimated that its use could typically reduce the current padi msehanml 

drying costs by roe than 600 rp./ton. 
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Preliminary Diesel Engine Tests cn Pyro.lysis Off-as 

While the original program cbjeclives did not include the use of the 
off-gas to operate an engine, in the course of the project it has become 
increasingly apparent that the gas could be used to fuel a small engine, such 
as that powering the rice mill. It is also evident that the heat rejected 
from the engine could be utilized, together with the unused gas padifor 

drying. 
 Since the total diesel fuel consumpticn of the almost 30,000 rice 
mills in Indonesia represents of the order of 40 millicn gallcns annually, 
which at current world oil priaes has a value of about US $ 35 millian 
(21.8 billion rupiah), the resultant potential savings are impressive, in 
terms of increased national foreign exchange earnings. At a local scale, the 
savings are not so significant Lbccause of the current, very heavy government 
subsidy on diesel prices. Hoevr, avrage annual fuel savings of about
 
US $ 450 (281.000 Rp.) 
 per mill could still be expected at even today's ex
tremely liw price of US $ 0.353/gal (60 Rp./liter). Since 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 engine fuel source should be 

persued vigorously.
 

It so happens that there is 
 a great body of tednical experience in the 
operation of diesel and/or spark ignition engines on "producer type" gases.
 
However, most successfu! 
wcrld fueled producer gas generators for engine ap
plications have involved "dcndraft" rather than "updraft" designs, since
 
they tend to produce much less tar zwd oil in 
 the off-gas. Thus the off -
gases utilized i most previous studies have been much cleaner than thoe_. 
available fram our pyrolytic convertor which o.re closely resemble an up
draft gasifier. The result i that there is an urgent need to carefully clean 
up the off-gases and to rtmove the water vapor present prior to its entxy 
into the engine carburetor in orc~er to prevent power loss and/or fouling of 
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Th 
exposed metal surfaces with tar droplets that ma remain in the strea. 

then is the real tecnical challeange of this phase 	of the project and work to 

In addition, onsiderable 
clean up techniques is continuing.

improve the gas 

and typical elemntal gas 
study of the dry off-gas composition ha-i been made 


should be
 
in Table 3. The heating value of the dry gas 

ae sharbreakdoWns 
with tle compostions indicated. 

to 180 Btu/ft 3 , 
in the range of 170 

6 hp Yanmar diesel engine, driving a 3 kw 
In an early series of tests, a 

clean-UP system, 
a veryf, simple carbureticn and gas

and utilizinggenerator 
combinafuel reduction, when operated in 

demostrated a sustained 30 percent 

far short of the 
ertor off-gases. While this is 

tion with the pyrolytic con , 

hoped for 85 percent reaucu-11 rcrtcd in the literature, it still represente 

great quantity of waterclearly a 
good start, especially since there was 

a 

vapor present in the gas. 

whL,ich improved gas caiburetion and gas 
In a current series of tests in 

clean up/drier systms are used, furttlr efforts to reduce diesel fuel Con

are being made. The ne.' : system includes a natural onvecticn Xooled, 
sumpticn 


onvenien access to the tus
 
two pass, fin tube condenser designed with 

rice husks 
for easy cleaning. The system, tcrgether with a packed bed using the 

all the aqueous ma 
as the filter media, is desicned to essentially remove 

-any sumicron particles remaining.
and to filter outoff-ga9sterial in the 

carburetor/fuel con
newTo cnipleirent the clean-up s. stm -n upgraded engine 


by Mr. C.V Pederick of Western
 
trol systemr based cn suggesticns (10) 

a pioneer in producer gas engine operation, is also being 
Australia, who is 

in Figure 16 and
hm during early tests--cThis overall system is

evaluated. 

shown schematically in Figure 17. 
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TabIe 3 

Dry Pyrolysis Gas Cbnmositicn 

Sample Percent Volure Compostion 
Number
 

1 9.74 59.91 18.55 3.06 8.74 
2 10.42 56.46 23.61 3.04 6.47 
3 10.78 59.92 21.72 2.4 5.16 
4 10.7 56.01 22.54 3.33 7.39 

Note: It should be recognized that typically there are one half pound of
 
water per poumd of dxy gas produced. Therefore the above results do 
not apply to the gas leaving the condenser, but only to the dry gas. 

Perliminary testing indicates that the engine operates smoothly on the 
off-gas,the use of which reduces the diesel fuel ccnsmpticn by more than 
60 percent. The new cooler-filter system works much better than the original, 
reduces the gas to nearly ambient temperature ,and removes practically all 
the water. However, there still is a residual amount of tar, in an aerosol 
form, that is suspended in the gas and whid must be removed to avoid long 
term engine damage. Currently a second padzed bed filter using a mixture of 
charcoal and lime as the filter media is being evaluated for this purpose. 
It is hoped that the line will chenically neutralize the oil with the result 
that the corresponding liquid-to-solid phase change will make the filtration 
easier. Then wcrking together, the charcoal and the fine silica particles 
present in the new filter in ccabinatin with the second stage rice husk fil
ter will remove the resulting solid particles. 
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Off-Gas Cooler Filter Schematic for Diesel Engine Cperation 
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Figure 17
 

Yanirar Diesel Operating on Pyrolysis Off-Gas.
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Therefore, while not. xletely successful, the latest tests represent 

a significant stop forward and with improve(d procedure and filltraticn, it is 

believed that continuous, safe replacement of 80 to 90 percent of the diesel 

consumption is within sight. 

Finally, it might be noted that the experiemce with the gas around the 

eventest facility has demonstrated its clean burning, convenient operation in 

the simplest burners. his suggests that not only could it be used for engine 

operation and for drying, but also as an indstrial fuel for firing brick or 

pottery kilns or boilers and to sane extent for dcrestic uses, at least in 

and around the rice mill. Therefore, further study of these alternative ap 

plications should be made in future work. 

Oil Utilization Studies 

Since oil represents one of the important products of pyrolytic conver

sicn, which in ptevicus programs using a packed bed reactor with wood waste 

and peanut shells (1 , 2) has been sha-ai to be an excelent industrial fuel 

and to be produced in quantiti es of up to 15 percent of the dry, ash-free 

weight of the feed, it is natural to lok to this liquid as a major reason 

for pyrolysis. This is especially true because the tednical literature (11) 

is filled with accounts of laboratory rice husk pyrolysis experirents that 

have yielded very substantial oil fractions. Consequently, based on the 

assuTpticn that the oil yields would be very substantial, considerable study 

of the properties of the pyrolytic oils has been made in several laboratory 

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

water content, and viscosity,have been determined in several experiments, the 

results of which are surmerized in Table 4. To serve as a reference, the 

corresponding properties of more familiar liquids such as diesel oil and kero

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

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

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

able quantity of water its distillation properties,wich are shcm in Figure 

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

and diesel are basically neutral, the pyrolytic oils are mildly acidic, eve-n 

at room temprature. 

Table 4
 

Properties of Various Liquids Compared itith Pyrolytic Oil
 

Kerosene Diesel Pyrolysis 

Oil Oil 

Surfae tension (dne/n) 37.60 42.04 38.55 

Dynamic viscosity (centipoise) 3.3 . 4 15.3 

Kinematic viscosity (cetistoke) 2.52 2.96 13.73 

Flash point ( 0 C ) 46.3 64.5 56.5 

Pour point ( 0 C ) < - 4 < - 4 5.3 

Water content ( % ) -- 0 - 20 

Density (26.6 0 C) (gm/cc) - 0.75 - 0.75 1.11 

pH 7 7 - 5 

Distillaticn Properties
 

Initial boiling point (°C) 108 140 98
 

10 percent distilled (°C) 160 230 98
 

50 percent distilled (0 C) 220 294 236
 

End point (0C) 278 358 252
 

Heating value (Kcal/gm) - 10 - 10 - 6 
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The presence of considerable quantities of creosols in the oil 

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

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

preservative; a fact wlich is of special interest in Indonesia since termites 

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

ry feasibility study, treated wood specimens were placed in a termite hill to 

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

ground for 10 months and upon removal -it was observed that no damage to the 

treated specimens had occurred. 

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

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

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

Originally, the pyrolytic oils were primarily conceived as potential 

kerosene substitutes for dcmestic uses, with the implicit assuRption tha'.. the 

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

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

utilized easily. 

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

ments, that: 

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

very poor and the oil will rise-due to capilarity-cnly a few milli 

meters; far less than necessary in practical lamp designs. 

(2) 	even though dilute mixtures of the oil-with, for example ethanol -do 

have a weak widing acticn that will cperate a basic lamp (using a 

very thick cotton wick) for a fge minutes, eventually the wick becomes 

clogged and coated with carbonized tar and carbon particles which re 

sult 	from both the break dam of the oil due to the flame heat and the 

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

event, the flame eventually goes out. 
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lighting applications originally intended for the
Thus clearly, the domestic 

noted
oils are simply inappropriate to its physical properties. 	 It might be 

(4), but it was 
that the possibility of this occurrence was recognized in 

found to overcome the prcblems mentioned.could beassumed that sore means 

Besides this disappointment, the oil production-as previously discussed

due to the lack of a 
has been lower than expected; primarily, we believe, 

- 15 percentfive percent moisture, as cpposed to the 13 
really dry feed, i.e. 

at a rice mill. Clearly the husks could 
moisture husks typically available 

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

alone. Moreover the 
requirement for an extra, expensive drier for the husks 

to this percentage moisture,
padi itself could theoretically be dehydrated down 

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

storage and handling problems (it becmres brittle and breaks) and 
increased 

of difficulties in cooking. 

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

rather than continuing down 
another,more practical oil utilization strategy, 

nom appears of doubtful wisdom. Two possibilities
the original path which 

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

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

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

which is not so attractive since bunker
(2) as a bunker oil replacement, 

Rp./liter and therefore the oil would have
oil currently retails for 45 

Rp./liter.a correspcnding value of only about 25 
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ECCVCIGC ANALYSIS 

There are many factors which make a camplete econcmic analysis diffi

cult, especially in Indonesia where fossil fuels are heavily subsidized. 

Thus the question of whether to use the fair value of the products or their 

current market pric? must be answered. tvbreover, it should be recognized that 

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

perience, many of the numrbers in the analysis ocntain opproximations to 

some degree. However, since tw.,o prototype system have now been built and 

operated, the required capital investment and manpower requireirments are 

fairly well known. In addition, the value of the charcoal has now been es

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

maticn of the oil and gas value where scmre uncertainties are present. 

Therefore in Lhe following two brief analyses, widi attempt to bracket 

the economic performance of the system, pessinistic and optimistic scenarics 

are assumed and the economic retturis computed. 

Pessimistic outlook 

Rice mill cperate; 150 days/year; unit processes one ton husks per day; 

oil (dry, ash-free) yields Faxe 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,6s produced (including ash), are worth 30 RP.Ag 

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

at 60 P./liter) used to run 12 lp (20 percent efficient) rice mill engine 

but has no other value; starchcosts 100 Rp.Ag wholesale;four r:en 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 money is availa-ble at 12 percent interest with 10 years payback; annual 

maintenance runs at 10 percent of system cost; .unnual overhead runs at 

20 percent of labor cost. Therefore the following is cbtained: 
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Income millions of Rupiah US. Dollars 

Charcoal briquets 1.786 2871 

Oil .181 291 

Gas .245 393 

3555Total 2.212 

Operating Costs millions 	of Rpiah US. Dollars 

Capital &Depreciatin 	 .442 711 

965
.600
Labor 

402.250Maintenance 

Overhead 	 .120 193 

.258 415Starch 

Total. 1.670 	 2686 

Net Profit .542 	 871
 

-21.7 %ROI 

Cptimistic Outlock 

200 days per year, oilSame assuraptions as above, except mill operates 

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

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

ton padi. 
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Incime Millicns of Rupiah U.S. Dollars 

Charcoal briquets 2.381 3828 

Oil .772 1241 

Gas diesel .327 526 

drying .360 579 

3.840 6174 

92erating Costs Millions of Liah U.S. Dollars 

Capital and Depreciation .442 711 

Labo- .800 1286 

Maintenance .250 402 

Overhead .160 257 

Starch .344 553 

1.996 3209 

Net Profit = 1.844 2965 

R01 = 73.8 % 

Therefore, regardless of the assumpticns,the return on investent is 

attractive, and hence the installaticn of a pyrolytic conversion system 

is a highly viable eoncuiic propositicn. 

A final point cncerns the inportance to the whole crncept of a saure 

of capital available at the assumed interest rates: while money is official

ly available through goverrment loans under the conditions assumed, there 

frequently is difficulty in actually obtaining the funds. Therefore of 
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critical importance to the success of this program is the increased availa

bility of loan money to finance those installations. 7his will necessarily 

involve the active participation of the Indonesian goernrent to insure 

that the mney is properly and fairly distributed. It should be emphasized 

that if these funds are not made availabler there is little likelihood that 

the pyrolysis system can have the imediate needed inpact on the Indonesian 

fossil energy demnand envisaged at the project outset. 
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INTERIM CCNCWUSIONS 

After a careful review of the original objectives of the program, of
 
the tedmical progress to date, 
 and 	of the ecnnanics of alternative ap -
proaches, it appears that a revision in the original products utilizaticn
 
strategy should be made. 
 Thus 	 it seems far more practical at this point to: 
(1) 	 focus primarily cn the char util.zaticn for domestic purposes and the 

gas utilization at the rice mill as a fuel to power the desel engines 
and/or, where appropriate, as a heat source to dry the paii, but only 

down to 14 percent. 
(2) 	 irnsider the oil as of secondaxy importance and not expend further 

efforts in trying to upgrade oil production through drying of the husk, 
although iftprOvements in ondenser/dmiister performance should be 
souht. Emphasis should be given to use of the oils as wood preserva
tives or as industrial bunker fuels. 

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

In addition, because of this revised strategy and due to other factors, 
it now appears that the level of mechanization of the overall pyrolysis sys
tem should perhaps be ultimately raised above the present basic,nnually 
cperated level. This arises for several reasons, i.e.: 

(1) 	 Once emphasis is placed on rice mill diesel engine operation, the need 
for a (near) continuous gas suply is evident. 7his suggests that sane 
means to reduce the frequency of interruption of the gas-due to filling 
and emptying cperaticms-be develcped. This 	could be acccmplished by 
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using manually cperated screw feeders comected to large air tight husk 

and dar storage containers, perhaps sufficient for two to four hours 

operation and similar to that used in the Philippines (9). 

(2) 	 The availability of mechanical power on site also offers the tempting 

cpportunity for autanating the agitator drive, which in turn-because 

of recent technical developments (2) - further suggests that an inte 

gration of the agitator and the process air introducticn system be made. 

Mhe resulting "AIMITATOR" (2) would completely replace the present watei 

jacketed process air introducticn system and at the same time, because 

of the its stirring action, guarantee a smooth materials flow-free of 

bridges or cavities-in the reactor. Because of the effort demanded in 

turning it, cperating the agitator represents the only truly difficult 

job cn the pyrolytic onverter and moreover does not really represent 

good utilization of human energy. Due to the work required, the agitator 

is frequently unattended or improperly operated with the result that 

cavities in the bed arise. Therefore, while the action considered oMAld 

replace at least cne man, the jcb eliminated is very unattractive, and 

the econanic advantage in reduced labor costs, even with the expense of 

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

(3) 	 To maintain briquet production levels carpatible with the reactor, there 

may be a need to automate the drive system, since the effort required to 

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

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

ly, because there is still much to learn about the basic pyrolysis tednology 

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

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

lar 	tedinical inproverents will be waranted, because the advantages -they offei 

will 	greatly off set the extra costs involved. 
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FUrURE WORK 

ac-Considering the ideas and facts presented previously the following 

current program:tivities will be vigorously persi-ed to the end of the 

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

throughput. 

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

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

(3) Ihe program to perfect diesel and spark igniticn engine operation cn 

the pyrolysis off-gases will continued. 

(4) Alternative uses for the oils will be investigated. 

(5) Preliminary Oesign work to further mechanize the system will be begun, 

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