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~=:e ?h..i.:..i;:ipines is ~asically ~":. agrarian and fo=est=y 

~ased count=y with abundance of Biomass. 3ut, it has t~e 

~cder~ o~tlook, eager to develop and adc?t new and appro-

?riate resource based technologies to raise the stand~rd 

of its growing pcpulacion especial:y in the rural and in 

t~e rencte ialands. 

Wit~ lL~ited resour=es of proven fossil fuels, the 

efficient management and proper utilization of biomass 

reso~rces, oath for commercial a~d noncommercial energy 

and fuels, can further play a signfficant role in the 

national economy. It is, t~erefore, ~est ~ppropriate that 

UNDP/UN!SO has sponsored four projects cut of thirteen 

I 1 ) 

biomass'- . 

the Philippines based on direct utilization 

Consideri~g that the Philippines is the world's ~rerniere 

producer and exporter of coconut products and ~y-products 

with 8.4 million MT of coconuts (a~out 7 x 10 4 nuts/year), 

able to meet 70 percent of world requirements( 2) and is 

also net expor~er of agricul~ural produces especially rice, 

the scope of developmental activities based on biomass 

resources could be enl~rged. This is not only useful for 

the Philippines, but also =or other developing count=ies, 

especially in Asia. To cite an P_xample, -:ine ~on of ri=e 

production is associated with 1.6 ton of :esi~ues in t~e 

form of rice hull and straw and 92~ of tr.e wcrld's rice is 
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;=own ar'.d cons~-::e~ in Asia. P~i.2.ipp i:i.es, -.... c:. .._ 

The country has er.or:ncus va=iety of ~iornass residues 

uut t?le major residues at present under consideration are 

cocon:1t sC.ells, caconut :rnsk, c0i= wastes, =ice h.usk, 

rice st=aw, sawdust, and ~illed cagasse. ~ccording to 
en Chatterjee _,, 3.18 million ~T of rice husk and 470 millicn 

kg. of sawdust are available. The data =or other residues 

is give."l in .~nexes II. 

Furt?ler, with the gcver: . .ment planning, to set up 

70 Dendro (woodj 3 megawatts ther:r,al pcwer ?lants, eac:i 

con~L~ing yearly 40,000 t=nnes of green wood, the harves~-

ing and processi..'1.g cf wh.1:-::i wil.!. generate additional a.-noi;::t 

of wood wastf.'5. This was~e co~l1 be t~e additional a.~d 

9ct.er1tial sou:::-ce of ::aw matezials for its utilization fa:: 

the tec:-..nologies being developed under project DP/?::.:::/78/022, 

entitled "Assistance to Energy ?reduction ==om Biomass 

Wastes". 

The project's aim is to develop new sources of anergy 

tX:-ough t:ie pyrolysis of ~iornass waste ~a~erials wit~ t~e 

main pur?ose to accelerate g=owth of ru:al ;_ncust:::ializa-

cion, without disturbing t~e ecological and the present 

domestic energy utilization pattern of the rural population. 

'!'::.is is the report :,:i:re?a::aC. by Professor P::em D. G.r-Jve:r, 

rTNIDO Technic;al ~ssistance F.xpert about his assigruner.t 

under this project witt the Energ~ Research and Development 
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Ji';is::..c~ a:: t:ie ?:iili?9ine ~iaticnal Oil Corr.?any (?NOC-:S?.SDi 

The SC:.Jpe 

extended to 16t:t ~1ay 1983 to i:icor?orate. j.Ssistance on c::.e 

design a= an integrated =ice hull gasifica~ion 5ystem for 

rice :nills. 

T~e original purpose of t~e assignment was to gi7e 

advise and a~sistance in developing a proper mechanism fer 

t=ans=:er cf ownership of various pyrolytic/gasification 

tec:...~ologies developed un~e.r this ?reject to t~e private 

sector. 

under the pres<?r..t ?rOject, a t:...O tcn/d~y a.J..l pUI"?CSe 

pyrolytic ccnvar~er has been set up at ERDC, Q~ezcn City, 

·..;hic!l, at prese!'.t, is undergoing trial .::-uns. While t~is system 

is bei:ig utilized as a tas~ facility for py=olysis of 

•1a=iaus !Jiomass, si.x :nore units cf ovrolvs~s/ga~i=icaticn - - . 
of •1arious capai:it.ies are envisaged to be set up :or field 

trials. 
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f'u=~~e~ ~~prove these tec~nolcgies. 

have been dealt wit.ll i:l details. Suggestion re~arding 

C.evelcpme!".t cf low-cc~ sto".res, labcrator:t :?yrolyser, 

u~!.ization of by-?rcducts, such. as tar, modified d.:."..lm 

c~arri.ng syste.~s with fabrication drawings have been 

i.."!corpc::::-a teC.. 

An L"!tegr~ted syste.~ incorporating steam gasification 

0£ rice husk to generate power and fuel fer the • . 1 • rice ::n.:. .... l.s 

and the recovery cf ar.iorphous silica usef~l for ~aking 

cement has been 9rcposed. ~~e detailed desi;n of a ?rota-

type 25 ~g/h.r. of rice husk. stea.11 gas if ie::- complete ·vi ':h 

fabrication c::aw::.r:.gs :i.as been carried cu<: a::id incluC.eC. ; _, --· 
t:iis report. Thi: concept has al~eady been patented by 

the expert in I..:1dia, but in view of i ':' s i..1m1ense pcte.ri tia.:. s 

for energy generation in developing countries, it is being 

suggested £or its C.evelo!_:lmen t and C.i sse.'nina ticn th= a ugh 

UNDP /l"JYIDO. 
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co!'l'J'e=ters and gasifie!'.'s, it. was ccnsi~ed essential to first 

icentify ~~e tec~nologies which are most appropriate for 

t!'.'ansfer 

. ... . 

•o ... ..,e -=i""-ld. .;n •'!.,e oi.. • 1 ;...,o;.,es '- '-•• - - ... \,...... -~·---1:'- --'· . 
tec:-.nclogies icentified are: 

Modified D~.nu Charring Units 

2. Low-cost Mobile Kiln 

3. Modified •1ersicn cf stationary kiln of R.R.M. 

Enterprises, Manila. 

4. 200 kg. per hour - coconut shell and ~usk pyrolysis 

unit being designed 'W.nCer t~e project. 

5. I. I. T Delhi Tec!:nology for partia.: pyrolysis a.1d 

brisuetting of sillall sized biomass wastes. 

6. !nte;ratec steam gas~fication units for rice . . , 
nu~ ... s 

fo~ generation of power and fuel for =ice ~ills 

and associa~ed rice hull ash cement plant. 

7. Delhi community level stationary u~it. 

The above mentioned technologies (1) , (2) , and (7) do 

~c~ have any ~oving ?a!'.'~s so ':..~ese can be located in remote 

areas ~asically for produci~g charcoal. l,,rnongst the ot~e~s, 

exce?t technology (5} (which is already coll'.mercialized in 

India) t..echnologies (3}, (4), and (6) have to be integrated 

with ot~er processing plants to utilize their by-prod~cts. 

Presently, tne potential raw materials being considered 

are coconut s~ell and husk, rice straw and rice hull, wood 



9 -

a!" .. C saWC'-lS-::, ~as~es and ~~lled bagasse, 

l2L (_3 l. , (_4} , =-ased er. ?ackeC:. beC. 

?artial ox:..:ia'=.i.cn py=olys:'..s a=e :nest suitable for =elati.vely 

lar;e sized materials sue~ as coconu~ shells, lU1~ped husk 

and wood c~ips. Rice hull can be py=olysed as demcns~~ated 

in t~e present facility at ERDC, but the ~ai!'l product, char 

because of it~ high ash conten~ has no potential market. 

Rice hull, :::,ec~use of its h:_c;h volatile cont t a.."lC. reacti7e 
• J 

char should be rather gasified by the technology \6). However, 

rice husk, coir waste, sawdust and ~illed bagasse can be 

easily ;yrolyzed by technolcgy (5) to give good quality c~ar 

which. then has to be briquet":ec for com.'!lercial uti.Ji:aticn. 

~edifications to tech!'lolcgies (~}, (2), (3), ar.d (4) 

have been suggested before these coul~ be transfer~ed to the 

:iel~. Ou~ of these technologies (1) and (7) should be 

installed and tested in the ?rem::.·- :s of ERDC, prio:- to ::~ei.:-

field demcnstration. 

The integrated steam gasi=ication ... _ .; ... ...... " .. ._ ileeds ce~1elopment . 

Its conce?t, designs and fabrication d=awin;s have been ?repa=ed. 

'I ' ..... • ... t 2 ~ ' /lo.. 
.M. prcco';;.ype uni.... o process :i .<g .• r. of r.i.ce hul] and ennvisaged 

to generate 10 kw. ,of ?Ower and 5 kg. cf amor?hous ash, suit-

able :or ~aking cement, should be installed at ERDC 2remises. 

Based on the technical and :inancial inputs involved in 

a specific technology, t..'-:e recommen.:!a.t.i.<.ms for the t=ansfe.?: of 

its ownership have been i:icorpcrated '.:or pert.!.nent tec:1nolcgy. 

The details of the recipients long t~r~ co~.:nit~er.t to ~he 
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?rojec": =e~a=~i~g its operation. ~aintenance, safe custoC.y 

releva!'lt ~a..:a. ::ave been includ.aC. in the :-ecorn.-nenda":ions. WJ:-.ile 

no financial cont:-ibutions a:-e :-equired to the prcject f:-orn 

the recipient,: say t· transfer t~e ownership of the a~p~y dru..~ 

cha~r ir.g lL~i t , ? token financial input by t~e recipients 

essential to ensure thsi:- continued i:i.volvment with t!'le 

develop~ent 0f other relatively high technology and capital 

i~tensive projects. 

Suggestions have zi.lso been incorporated about the smooth 

operation of J_ ton/day ?Y=Olytic conve:?:ter installed at ERDC. 

F~rther :<r..=w~~w and t~e fabricati~n drawings of rice husk 
I 

st=ve, laboratory scale pyrolyser, already working at Delhi 

and sugges~ian to utilize by-products such as tar to ~rotect 

t~e wcr~~ng life of the drums and kilns ~ave been ~ncludec 



C:!.e of the :najor req'..!irenents of an~· R & D organ.:.za-

t.:.cn is to accpt an appropriate ~echanism for the 

trar.s:er of a ':ec~nolo~J to the field for it's utilizat.:.cn. 

This aspect is, i.'"l fact, most e::;sential yet complicated a~ 

it involveE not only scientifi= ar.d c~velopment work bu~ 

also the economics, socio-political acceptability of the 

syste..~ and its end products. Before this aspect is 

disccss~d in t~e proceeding chapters, it is essential to 

c~==Y out ':he objective re~1ie~1 of the relevant technologies 

already developed and awaiting for field L~plementation. 

Only t~ose technologies considered suitable for the 

Philip~ines are discussed and r=commendations are also 

included for any modi.fications and future develcpmen1: ·,.;erk. 

3 .1 ~ec!".nologies Developed Under GNIDO Project P~H/78/022/-10 CHE.M. 

Tatom( 4) and Chatterjee()) carried out studies fer 

suitable size range of pyrolysis units and availability 

of raw materials such as coconut shell and husk, rice ~usks 

and sawdust. ~nder the direction of ERDC engineers and 

with considerable inputs by Tatom an ex=elle~~ facility 

has been established by putting up a 2 ton/day protot:rpe 

pyrolytic conver~vr. This unit is at ~resent undergoing 

testi~g of its various components. While short period 

test runs ha7e been successfull7 carried out1 orolonged . -
testing and cpe~aticnal data to get material and en~r;y 
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balances ~ave yet to be obtai~ed. 

During the periodical visits to the plant s!te and 

in consultation with Dr. Tatem and other engineers of 

ERDC,certain minor modifications have been suggested to 

have t=ouble free operati~n and also to take meaning=ul 

data. These a=e: 

1. Refractory lining cf the gas burner chamber which 

~as been carried out. 

2. Installation cf simple instruments such as 

manometers - pressure tappings, ther:nocouple at strategic 

locations ccupled to a te~perature recorder (already 

proc~rec). As of this tL~e, this work is being carried 

cut. 

3. Installation of water seals at tar recovery 

points. 

4. Replacement of s.s. screen at four gas out:et 

ports (which get bajly corroded) by a stainless steel 

punched hcle plate having 25 percent free opening area. 

Once the abovemecticned modi:ications are carried 

out and operational experience obtained, one can then 

comment on the reliability of this unit and if required, 

suggest major modifications. However, this unit offers 

excellent opportunities :or plant testing of pyrolytic 

converter on various raw materials, demonstration cf 

pyrolysis process and training of personnel. It can 
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genera~e considera~le data a~d give ope=ational experience, 

which will be then useful in designing future converters 

of t~is type. To enable this unit to be ~seful for ct~e= 

raw materials such as coconut shells, certain mouifications 

shall r:a.ve to be carried out by ERDC. 

As of this time, t~e unit is net yet ready to be 

transferred to the field especiall7 if it is to be used 

for the pyrolysis of u..~broken coconut shells. One could 

use this facility on disintegrated coconut shells, which 

will produce charcoal of expert quality. It may be 

mentioned tnat during t~e visit to a factort exporting 

charcoal (m/s Dilag Enter?rises, !~c.) in San Pablc City, 

Laguna, it was observed that the charcoal was being crushed 

and classified and only the size less than 4 mesh and 

greater than 32 mesh is considered suitable for e..xport. 

The finer size less than 32 mesh is being piled up in the 

factory preffiises. According to the plant official, this 

f~action amour.ts to 10% of the original feedstock amounting 

to about 1-2 tonnes per week depending upon production. 

3.2 200 kg/hr Coconut Shell Pyrolytic Unit 

Under the revised project proposal, the emphasis has 

been made on the pyrolysis of coconut ~hell and lumped 

husk =ather than on rice husk and sawdust to be integ=ated 

with copra and other process indust!"ies for utilization 

' 



- 14 -

of gases f~r 9rocess heat. T~is seens apprcpriats, as 

vertical oed, partial cxidaticn - pyrolysis approach is 

most suitable for large sized feeds and offers muc~ less 

operaticnal problems especially the bridging in the bed. 

Accordingly, the unit has been designed and adequately 

covered in Tatom's(S) trip report. The designs are being 

critically examined by E!mC engineers, along with the 

suggestions given during the present assignment. A dcuble 

cone airlock f eedi.~g sys~em similar to the one used in the 

blast furnaces feeding arrange.~ent has ~een suggested. Thi~ 

will avoid t~e use of combustible materials like rubber, 

incorporated in the proposed designs, which during mal-

operation ~ay get exposed to hot gases and ~ill have 

limited li=e. F~rther sha:-p edged material entering ~ith 

the :eed could also damage these ~aterials. 

observed that charcoal shel.ls disintegrate very rapidly 

during t~e partial oxidation pyrolysis. This is ~ue to 

the rapid decomposition of lignin acting as a binder in 

coconut shells. Therefore, the occasional breaki~g cf the 

coconut shell guring feedi~g is ~ot a critical pa=ameter. 

The size cf the charcoal produced can be cont=olled only 

by adjusting the operating parameters during carbonization. 

Slow rate of heating and g=eater residence time will tend 

to give comparatively large sized charcoal. aut this 

will have adverse effect on the rate of production in a 
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"l"h • .. .,.. .... ..; --~.e a.cov ene .• .__onec. after c..:itical 

of t~e designs by ERDC can be got fab~icated ane is a 

pote~tial unit for its applications in t~e field. 

3.3 Kilns ~anufactured by RP.M E..~terprises 

~- Rcmulo Mesias of P..RM enterprises, who has been 

frequently quoted ~efore in the earlier reports, has been 

ident::.fied as a.n experienced cr.arcoal and copra processor 

in Manila. He is also a fabricator and building processi~g 

plants in the Philippines. M/S RRM Enter?rises have been 

of=eri~g two type cf kilns: A ~obile unit and a stationary 

tY?e with recycling of gases. These are basically usec 

for coconut shell and husks. 

Mobil Kiln Unit 

This is a sLuple kiln with complete manual cperaticr 

and has been described in the earlier repor~. (J) 1'.ccord-

ing to ~- Mesias, this kiln has a capacity to produce 

500 kg. of charcoal in 16 hours with a yield of 20% basec 

on undried coconut shell. Since it does not require any 

electric power, this can be operated in the remote areas 

near the vicinity of coconut plantations. As I understand 

two such kilns are beil1g purc~"lased by ERDC to car-::y out 

tests on their perfor:nance and prolonged reliabi~ity of 

these equipment and for further modifications. !!'l this '"'"";"" W>••- _, 

1 
I 
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no =ecove=y cf =y-proC.ucts is ::.a~e a..'1.C. ~ne orccess 

heat ~s also ~ot utilized. 

Stationa=v Kiln Unit 

R:R!-t Enterprises h.? s also deYeloped a vertical kiln 

in which tI'.e gases are trapped from above a~d recycled 

into the combustion zone. The flue gases are then cirawn 

out and used as a process heat. DurL1g the visit to R.."Ct.~ 

factory, the operation of this kiln was demons~rated. 

The schematic sketch of this kiln is shown in Figure 3.1. 

According to ~. ~esias, this set-up, which requires 

minimu.~ two electric power criven blowers =or recyclir.g 

of gases and precess heat recovery can produce 500-800 kg. 

of charcoal in 16 hours with an improved yield of 25-30 

percent. A condenser can also be incorporated in the 

recycle gas line (sh.own as "C" Figure 3.1) to recover 

the tar products and also to prevent tar entering i."l.to 

t~e blower to avoid corrosion problems. The present set-

up seems to be an appropriate design worthy of field trials 

in an integrated charcoal cum copra ?recessing and/or 

charcoal cum other process industries, where process heat 

can be utilized for drying or steam ger.eration such as 

cattle feed preparation or pesticide formulation uni~s. 

Although, its operation has beer. demonstrated, it 

needs field testing and incorporation of ~any ~od1fications. 

T~e present problem is the h~g~ quantity of smoke emit~ed 
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In order to 

~edifications on the existing unit are ~uggasted: 

, .... To eli..~inate swoke er.titting from the feed hopper, 

t~e pressure should be slightly below at.~csphere near the 

feed. hopper opening. As t:ie amou.'"':.": of gases produced shall 

~ot be unifor:n during operation, a variable motor should 

be provided with the recycle gas blower "B". 

2. The mild steel sheet near the c:ombustion zone and 

ot~er areas where the te~perature is more than 2so~c, 

refractory alumina based cement sho~ld be provided to 

protect the material c)f const:r".:ction from excessive cxidativ·e 

high te.~perature corrosion. 

3. The area below thP- combustion zone snoulj be furt~er 

increased and air required for combustion should be passed 

ever t..~is zone to indirectly cool the charcoal. The red 

hot charcoal presently being removed gets burnt once taken 

out and not quenched wi':h water immediately. Alternati,1ely, 

the system used in ERDC pyrolyzer for char removal can be 

adopted with this kiln. 

4. This kiln will approximately need 200 kg. of raw 

material per hour. The feeding systen can be mechanized 

by i.iaving skip hoist bucket syste.~. 
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.... :: ·.riew of its 

=eco~e=y a~c heat economy syste.~, one sue~ u.~~t be 2urc~asec 

a~~ a=ter doing these mcdificaticns can be transferred 

to the field for its operation and pe=for~ance testing. 

3.4 Drum Charcoaling Units 

Accord~ng to Philippine Coconut Authoritv (?C.~l 

in l982 about 114,000 tonnes of charccal was produced 

in the country (.IUlnexes II) . Only four major c~arccal 

producing orgar.izations having total c~pacity of 30,000 MT 

are listed with PCA. Assu..~ing tr.at these compa..~ies are 

~sing k~ln met~cd, a substan~ial a.~ount cf charcoal, i.e. 

i4% 0f total production, is being made by pit ~ethcd and 

also ~y oil drum method. il.lthough the dru.•. :nethcd is 

widely ?racticed in the P~i~ippines, ye~ its popularity 

is rest=icted because of the relatively short life of the 

drums due to excessi~re oxidation corrosion on the outside 

exposed surface of the drum. Depending upon its operation, 

the :~fe cf the drum is e5ti.~ated between 3-12 months. 

Sy far, -=...~e most popular system of charcoaling will 

be drum ~ethod, because of its low initial invest.~ent. 

An empty drum or barrel costs about P120.00 ($12) 

and 20-25 kilos of charcoal can be produced in 3-4 hours. 

One person can handle 4-10 such drum provided these are 

properly designed. According to Medrano et al(
6
), t~e 

-
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c~arc=al~~g operation in ci=~s is generally cond~c~ed i~ 

<J. bat-:ery cf .50-.!.50 dru..<L ki.l:is. Wi~:t one drum per bu!:':l 

~~ a day, a =armer ca..~ earn any~h.ing from P15.00 (Fi=tee~ 

Pesos) to ~30.00 (Thi.rtv Pesosl a day. 

Consideri~g the importanc~ of this cottage level, 

low technical input employment potential tedL"'lolo<;y, it 

is recommended tha~ at least ~lI'ee models of these dru.~s 

should be scientifically investigated and the best and 

easily operational system should also be transf er=ed to 

field to t.~e progressive =a~ers wit..~ small landholdings. 

The5e designs are shown in Figures 3.2, 3.3, and ·3.4, 

suggested by ~edranoC6l, GroverC7 l, and ~esias, of a.~~ 

Enterprises, resoectivelv. .. -
Another L~portant aspect to be considered duri.:ig its 

developmeat is to recover a small quantity of T.Aa du=ing 

the charcoali~g operation. ~his tar after simple process-

ing can be painted on th.e outside surface of the drum to 

significantly prolong its physical life. The drum system 

designed by Mesias can be, therefore, more appropriate 

fo= modifications as suggested L~ Figure 3.5. 

The tar collected will be mixed with particulates 

(ash etc.) and being acidic in nature should be processed 

by t~e following method. 

The collected tar should be washed with hot wa~er 

(70-80°C) ancl the wnter should be physically separated 
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t_....;---~FIXED CHIMNEY 

DRUMl 
------· 

. ---- TRI PCO ·ST} .. ND 

& WATER CONTAINER 

FIG. 3.4. MODIFIED DROM UNI~ 
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==cm ta= by decan~aticn. T°NO to fa~= washings ~ay ~e ~secec 

to rc~u~c t~e acidity of t~e tar. This tar can the~ be 

slowly heated to remove entrained water and brought to a 

proper consistency that it ca.~ be applied on t~e d=um with 

a paint brush. Fi.1.t=atic;i t~~oug~ ordinary cloth may be 

necessary in case ash car.ten~ is high. After this appli-

cation, the drum should be .L-uuediately used for charcoaling 

operation. Due to the heat produced during this operation, 

the tar will ther!nally crack leaving a coating of cracked 

carbon. This process may have to be repeated 4-3 t~~es 

initially till the deposition of carbon is rather unifor~. 

The coating of this carbon shall protect the outside surf ace 

of the drum, from corrosion. The application of tar ~ay 

be re9eateQ now at longer intervals as and when signs of 

corrosion appear on the drum surface. Over prolonged use, 

the carbon may turn graphitic in nature. 

3.5 Indian Institute of Technology, New Delhi, (IITD) 
Mechanized Technology 

Before thfs technology is discussed, it is appropriate 

to describe the proper utilization pattern of various =aw 

materials by diff~rent pyrolysis-gasification technologies: 

Coconut shell and husk can be pyrolyzed in a partially 

oxidized vertical shaft ~iln while there are ~any operational 

problems to utilize the same system for finer n.aterials 
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l~~e sawdust, coi= waste. ~ice ~usk ca~ ~~ t=~ed i~ s~a:~ 

ki:~ wi~~ scme modif ica~ions as ~arried out and/or contem-

?lated for the kiln of t::e ~Y?e new !~stalled at ER.DC. 

But as proposed i~ the revised programme of work, rice 

husk should be gasified rather than converte~ i~to char 

and then be briquetted. Durir.g t~e ?resent t=ip, a steam 

gasifier syste.~ is being desigr~ed for installat~on. 

In case, rice husk, sawd~st, coir waste, bagasse, has 

to be converted into charcoal, an indirectly heated horizon-

tal auger type retort pyrolysis system sL~ilar to one 

developed ~y Grover(?) (S) ha$ to be adopted. T~is system 

~s already com.~ercialized i~ India, ~ore than ten plants 

are operar~ng, m<L~y more are beinq instailed. The tech.no-

logy and economics of t~e plant along with concept of par~ial 

pyrolysi5 was presented to the staff L~ a semi~ar on April 

22, 1983 at ERDC. This system produces 4 tons of brique~ted 

fuels based en rice husk in 24 hours and consists of conti-

nuous pyrolysis system wit~ recycling ot gases, ble.~der, 

extruder, and drier. !.I.T. Delhi shall be willing to 

t=ansfe:- this technology to other count=ies. However, be.:::re 

the technology is considered for for:nal t=ansfer to E.RDC 
• 

and/or o~!'l.er agency in the Philippines, it is recotnit'l.ended 

that a senior official from ERL1C should visit India and carry 

out the as5essment of these plants before its transfer to 

the ?hilippines is considered. 
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Coconut Plantation in Region IV Southern Tagalog Philippines 

Rice hull being burnt in tt1e Field in Region TV 
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Drum Charcoaling units (R~M Enterprises Manila) 
(Charcoal from Green Coconut Husk) 

Drum with Cover 
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Conventional Drum Charcoaling in the Field 

9. 

Small Scale Charcoal Gasifiers being produced by 
Gasifier and Equipment Manufacturing Corp. 

Manila,l'hilippines 
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3. 6 I. I.'!' Delhi 0...!!l!.!.!J!';ty Le·vel t°f!iH: 

Based en Laboratory test, a multitray cupola type 

unit has been designed by Grover( 9) at I.I.T Delhi. 

Thi3 is a stationary type of masonary cupola cum tray 

pyrolysis unit which can be used in remote areas for 

pyrolysis of rela~ively irregular and smaller sized 

materials such as small branches, twigs, leaves, sawdust, 

coir dust, bagasse, and rice husk. This requires no 

electricity and so none of the by-products are recovered. 

It has the advantage that ashes of the fuel used to 

provide heat for pyrolysis do not get mixed with the 

main product, i.e. powdered charcoal. This product can 

then be mixed with binders and briquetted with a hand 

operated briquetting machines and dried in sun. 

The design of a bench scale tray pyrolytic ccnvertor, 

similar to one used at I.I.T Delhi has been prepared and 

transferred to ERDC. The working drawings are given in 

Am:ex VI. 

The design for a commercial community-type prototype 

units are being prepared and transferred to ERDC. The 

schematic drawing is shown in Figure 3.5. 

3.7 Stearn Gasifier for Rice Husk 

Because of the two inherent properties of rice husk, 

that is, high volatile content and reactive char, it is 

most desirable to gasify these into pyro-gas which has 

normally 2-3 times higher calorific value than that of 
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producer gas~ The pyro-gas af~er proper cleanin~ can 

~e used as good quality £~el and as gas for rur..ning 

stationary Internal Co~.bustion E.~gines to produce 

mec~anical and/or elec~ical power. At this t•~e of 

writing this report, it is decided to prepare the 

working drawir.qs of t~is unit. rn addition to procuct

icn of gas, the reactive silica present in the rice 

husks is also recovered which is a useful material for 

making pozzuolana cement. Thi.s cement can be cast into 

hollow blocks being extensively used in the Philippines 

for the construction of houses. 
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4 • T?.A.i..'lSFE~ OF PYRCLY~!C CCNVE.RTERS .:l~TD GASIFIZRS 

L4 the previous chapter, t.~e 7arious apprcpria~e 

py=olytic converters and gasifiers developed and/or t:..~cer 

development have been desc=ibed. The ~echanism fer transfer 

of these technologies shall be different for different 

units, depending upon the e..xtent of technical ar.d fi~ancial 

inputs involved and the socio-economic cost benefits of 

each of these syste.~s. 

4.1 Modified Drum Charring Units 

This cottage level appropriate technology has 

been described in Sectio~1 3. 4. Although, th.is 

technology wit.~ least tech..4ical and f"nancial inputs 

have not be specifically i~cl~ded in ~he project 

document (PH!/i8i022/A/0.l/37) , ~ut it :neets the !:lasic 

purpose of the project, i.e., L~provi~g the quali~y 

of :ural life, and t~e developraen~ of r~ral i.~dus~=ies. 

Being simple, t~..is is li~ely to ~e adopted L-:o..~eciatel7 

and shall be widespread in its utilization. T~e.=efore, 

it needs special consicera~ions in t~e Philippi~es 

and ot~er C.a•;elcpi:ig count=ies. 

T~ee such uni~s as cesc~ibee Section 3.~ 

should be const.:'.lcted, tested and the i.~pro•1ed anc 

mcst appropriate units should t.~en be t=ansf er=ed to 

the !ield. 

About 8-lQ drums should be =abricated a~d handed 

out of t.~e ?regressive far.tiers wr.o a~e already making 
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cha=coal zy ~it methods i~ various =eg~ons of ~~e 

ccuntry. At least 5 such. units should be installed 

in Re~iar-s IV (Souther~ Tagalog} and V (Bicol) =:e..-_ause 

of their proximity, and abundant availability of ra~ 

materials. 

Field demonstration and also cpen house demons

tration at ERDC should be arranged and technology 

popularized through publications and by the use of 

mass media communication syste:n. 

This tec~~~ology should also be transferred 

to various government and private agencies involved 

with rural development and promotion of small scale 

industries, such as, Institute for Small Scale :ndust=ies, 

Unive~sity of the Philippi~es. The latter, during 

discussions, has shewn keen interest in promoti~g 

the i.!Ilproved version of ~his technology. 

During the routine tours of the prcvi~ces, ~~e 

ERDC technical staff should visit these recipients to 

~uide them and also get the feed back a~out their 

operations and worki~g life of these cr"..!Ir.s incorporating 

p=eventi1e corrosion ~easures as recc~.me~ded in 

Section 3.4. 

Detailed manuals in sL~ple and local language 

should be prepared and got distributed t~ the inter

ested farmers and ether en~reprenures. 
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4 • 2 :!cbile :<i ln 

As decribed in Section 3.3, this kil:l. has no 

movi:l.g parts and has a capacity to ~ake 500 ~g. of 

char~oal in 16 hours. Unlike ~edified drum charring 

units which gives sufficient quantity of tar, to be 

used as protective coating on d~ums, this unit dces 

not have this provision. However, tar obtained from 

drum or other pyrolytic converters can be used to 

coat these kilns to i.~crease t~eir operating life. 

A. · Mechanism· for Transfer 

Two such units can be got fabricated and 

installed at two different locations i.~ the remote 

areas near the coconut plantations, whica have 

already dehusking and copra drying activi~ies sue~ 

that coconut shells are easily avai:able. To 

produce 500 kg. of c~arcoal, the cocor.~t shell 

=~sci s!:all be 2. 5 ~1 · ~ens 9er day, so the 

suitable location sh.all be ,.:l. Souttern Tagalog 

region as far as ocssible near the =lose nrox~~itv - - -
of ~1anila so t?lat the product can be ':.ranspc:-ted 

at relatively che~er cost, either :or local 

consumption and/or fer ex?ort. 

At least 20% share of the capital cost of 

the equipment should be ?aid by the recipien~s. 

The main objective 

is not to get any finances, but to ensure thei= 

direct and continued involvement in the development 
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of the ~roject. A nominal =i!:lancial COilh~i':..~ent 

shall make the recipients more conscious O .;: .._!.~o-!,... . \..•----
respcnsi.bilities towards the project. 

B. Qualiftcations for the Recioients 

1. The recipients of these kilns could be either 

an i:_..iividual or a corporate body. 

2. The re~ipients should have experience in 

trading and/or manufacturing of charcoal from 

coconut shells a..~d/or ether weedy biomass. 

This will ensure that th..e reci;ients can ?r~cure 

the raw materials and a!so able to sell the 

products, so that the unit is we.ll tested 

over a prolonged ?eriod of ti:ne. 

3. The recipie.~ts should have broad outlook and 

quality conscious and evi~e.~ce cf sincer~ty 

to the develcpme.~t of the projec~ by thei= ?ast 

recor~s should be established by them to the 

•· - t" ~ ~ucc;-~nc ·~ ·•· sa~iszac ion o. -~ ~-~ au~-~ri~ies. 

-
4. T~e recipients should have the fi~ances ~o t~e 

5. 

extent of worki!:lg capital ar..d the evider..ce 

of that should be established. 

The recipients should submit a ~rciec't reoor"':. - .. -
giving in details the facilities and infra-

structure already available and 

labor inputs with economic and profitability 

analysis. Th.e authorities should ~ake sure 

t~at the recipients shall be drawing reasonable 
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?refits which in turn will ensure the cpera~~cn 

of the kiln and generation of rele~rant data. 

c. ~oC.e of Ooeration 

The recipients shall have their long-term 

commit:nent to the development of the unit fer a 

period to be decided by ERDC a~thorities. The 

period should be long enough to test the operational 

reliability of the unit. For this 1 • , ;ci.-.n, a period 

of li months, from the start of the actual 

operation, should be sufficient. This will enabie 

the ERDC engineers to take data during all ~eather 

conditions including the corrosion rate da~a duri~g 

the rainy season, when the ki.!..~ may not be operated. 

After all possible ccmmit~ents are honoured by 

the recipients and sufficient data have c~en obtained, 

the government should have the discretion tc transfer 

the ownership of t~e kil~s to the recipients. 

Till such ti~e, the ~ilns belong to ERDC, and 

the recipients shall be responsible for its safe 

custody 3.lld any will:ul damage and/or to :oss of 

the equipment shall be compensated by ~~e recipients. 

In addition, t~e recipients shall have the 

following commi~~ents to the projects: 

1. Operation of the Plant 

(a) The unit shall be operated by the recipie!lts fo: 

a suf"f :l.cient period of: ti:ne to be mutually decided by 

the recipients and ERDC so that meaningful 
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ooera~ior.al data could be obtained. 

(b)_ The .::ecipients shall ~ai:itain an ope.::a

ticnal log book recording t~erein t~e 

time and duration of operation, actual 

consumption of raw materials and 

yield obtained, ~easurement of operating 

data such as temperature, etc., and any 

operational problems or breakdown expe

rienced. A sample of blank log ~co~ for:n 

should be provided by ERDC engineers. 

(c} The operational data shall be made avail

able to E?.DC. Further, ERDC engineers 

shall have a free access to the ?lant to 

study its operation and take any technical 

data suitable for the :ie,;elopment cf the 

unit. Samples of raw ~aterial, by-prcc~cts, 

and f i.nished p.=oducts shall be :nad.e a~rail-

able to ERtC engineers as and when requi~ed 

for analys!s in ERDC laboratories. !t 

is recorn.'!lenC.ed <:!1.at proxi.-nate analysis cf 

t~ese ~aterials should be periodically 

carried cut. 

2. Maintenance -

(a) The recipients shall be responsible for 

the preventive and break-dcwn maintenance 

of the unit. However, if the breakdown 

occurs due to faulty design ar.d/or 
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manufacturing de:ects, it shall fall ~~cer 

the preview of zncdif ica ti.ans. .:\ ?reve:t ti-.-e 

maintenance SC:-..edule shculd !Je ?re ~rided by ER.CC. T!:e 

plant should be operated #ithin the capa-

city limits ~nvisaged by ERDC to avoid 

frequent breakdowns. 

3. Modifications -

(a) Any modifications to improve the yield, 

~apacity and quality of the products should 

be carried out with the prior consent of 

ERDC engineers incharge of the unit. 

Minor modifications costing up to 2.5% 

of the cost of unit li..'llited to the :naxi.:nu."!l 

of ~500 should be car=ied out by "t..~e 

recipients. 

(b) Any major ~edifications suggestec and/o= 

approved by ~RDC ccsting ~ore t~an ~~e 

above li."!lits should be car=ied out ~Y 

ERDC. Hcwever, ERDC at their disc=eticn 

may claim 20~ of tee capital cost of ~~e 

expenditure f=cm recipient· T~is is 

appLicable o~ly du~i~q the ~e~iod, u.~t!l 

the ownership of the unit has been fully 

transferred to the recipients. 

4. Inst::ume~tations -

Any instruments i~stalled for ~~e purpose 

of testi~q a~d ;eneratfcn of data, whic~ do 
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not specifically =equired for i~s operation 

shall be the ?roperty of ERDC. T~ese 

instruments shall be removed before the 

ownership is t=ansferred. The recipie~ts 

shall have no claim on these instruments and/ 

or other pheripheral equipment installed for 

the purpose of testing. 

S. Economic Data -

The recipients are required to furnish 

every type of cost data, as and when required 

by ERDC to enable them to carry out socio-

economic cost/benefit analysis. These s!1all 

L"'lclude: 

i) ?atter~ cf collection of raw ~aterials. 

ii) Cost of raw ~aterial paid ~o ~~e ?reducers. 

iii) Cost collection. 

iv) In-plant raw mater~al cost. 

v) Cost of auxiliaries. In this case, water, 

power, if a~y, a~d fuel =a= lighting, etc. 

vi) La!:::or ~er.e=i~s and other payroll expenses. 

vii) Finance c!':.arges. 

viii) Cost of both di=ect and indirect labor 

involved in precessing. 

"ix) Finance charges. 

x) Pat~ern cf sale o~ products and by-products. 

xi) Sale promotion l~xp1mses. 
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X .;.;' 
~•1 Sale price of ~he ?roduc~s. 

xiiil Ove~head e.~pe.~ses net al~eady L4cluced. 

6. Rights to Manufacture Plants -

The recipients, after complete testing 

and modifications of the plant, shall have 

the first right to fabricate thes~ plants and 

sell these to other entrepreneurs as per 

specifications recommended by ERDC engineers. 

However, scch rights shall not be en exclusive 

basis as the information obtained under ~his 

project is for general dissemination. ERDC 

has the rights to pass on the information to 

other fabricators in the Philippines, ?rcvided 

the de.~and of such u..~its is significant. This 

will also ?remote healt~y ccmpeti~ion. 

7. Financial ~ar.agement -

The financial ~anagement of ~~e plant 

shall =e the sole =espcnsibility of t~a =eci-

pients. On no account, t~e ERDC a~d ot~e= 

agencies invo2.·;ed in -the de~reloprnent of ':~is 

tec!':.nology including :,;'"}t!JO shall ?::e ~eld 

responsible for any financial losses, inc~uding 

losses by fire and other calamities. rtcwe•re.:-, 

ERDC may recommend to the fi~ancial institu-

tions to provide soft loans f~nds, etc., on 

priority basi5 with the sole purpose to 

accelerate the development of this ap~ropriate 
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~echnol~gy. ~he =epa:r.:tent ter.ns a~d ~~e 

required back-up gua=antees solely =est wi~~ 

the recipients. 

g_ Technical Inputs -

While all possible efforts should be made 

by ERDC to provide technical inputs on conti

nued basis t~ the units and modifications carried 

out as and when requir~d, but being a develop

ment projects: at ~o stage ERDC can be held 

responsible for partial or total failure of 

the unit to· meet the rated capacity, quality 

envisaged and yields cf the products and 

by-products. 
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9. Auxiliarv ~cuioment 

I~ addition to the basic i~frastructure, all 

types of auxiliary equipment such as storage bi~s -

buckets or sacks, weighing scales, etc. , other ccnsu-

mable and non-consumable hardwares, and tools, 

chemicals, etc. shall be ?rovided by the recipients. 

10. ;'.1ovement of the Units 

Under no circumstances the units should be 

removed from the selec~ed site to any other ?remises 

without the prior consent of ERDC. Exception can be 

made in the case of mobile kiln. In case of its move-

ment to a new site its new location should be immediately 

communicated to ERDC engineers. 

11. Ter:nination of Asscciation 

At any stage during develo~ment of t~e tec~nolcgy 

under the field conditions if the reci?ients ;et 

disinterested and are una~le to operate the ~lan~ 

due to any unforeseen reasons, ERDC shculd ~ave ~~e 

right to take back the plant/~nit and transfer it to 

anothe!" party . .. . . .. ~ er i.nai •1.i.cua.!.. T~is ter:nination shal: 

be equally applicable i~ case ~he reci?ients ic ~ct 

honour their cornmit:nents to t~e ?r~ject including 

·noncocperaticn ar.d their i~ability or ref~sal to 

give technical, ~concrn~c and other relevant data vital 

to the de,1elopment of t:iis ?roj ect. 

I:i the event of ter:!1.ination of association on ~he 

above grounds, the capital share of the re~i?ient 

should not be ?aid back. 
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~-3 P?rolvtic C~nver~ers and Rice 3ull Gasifiers 

This section deals with the 200 ~g/hr coconut shell 

py=olytic unit (Section 3.2}, stationary kiln unit (Sec~ion 

3.3) and gasifier of rice hulls (Chapter 4) .. 

All the above units are under different stages of deve

lopment except the stationary kiln unit ~hich is operational 

at the ?remises of m/s R.."qM Enterprises but needs modificati~r.s 

as mentioned in Section 3.3. All these units have a commor. 

feature.that these are comparatively more capital-intensive 

than that desc=ibed in Section ~.2. Further, these units 

shall have to be integrated with other processing ?lants to 

utilize their ccrnbustible gases either for heat or generation 

of electricity. The ado9taticn of these technologies in the 

field requires additional quali=ications.of the reci?ients 

and their dee?er i~volvement and ~on~er term ccmmit~e~~ to 

the projects than those outli~ed i~ Section ~.2. 

A. ~echanisrn ~or Transfer 

One unit ~ach of above..~enticned ?Yrolytic converter 

and one rice hull ~asif ier should ~e transferred fer 

field operation. 'flh.ile the ?Yroiytic ccrwer~ers !:laseC. on 

coconut shell ar.d husk cou:~ be l8caced in Sou~~e=~ 

Tagalog aegion IV, as far as ?OSsible within the c:ose 

proximity cf Manila, t~e gasifier based on rice ~ull 

could be installed either i~ Central Luzon Region III or 

Region IV as both these ?rcvinces ~ave large concentra

tion of rice mills as given in annexure II-a. 
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~escribed in Section ~-2-A. ~owever, beca~se of =reater 

deg=ee cf i~vol?ement, envisaged on the ~a=~ cf the 

reci?ients, the financial share of t~e reci9ients shculd 

be 30% of the installed cost of the plant. ERDC 

meet 70% of the cost of the ?yrolytic converters a~d bv-

product recovery system. However, the =ost of ~cwnst=ea~ 

equipment for the utilisation of gas .: - . -.or aryi~g or ccpra, 

agricultural products and its use as a ?recess heat for 

pl~cess industries shall be ~orne by the reci?ients. 
except 

In the case of a rice hull gasifier,hthe storage of 

gas and its utilisation as a source of ?recess :ieat and/er 
c-~ -=f 

power generation, ~:...e itsAdist=ibution system shall also be 

bor~e by the =eci=ie~t~. 3ecause t~is tec~nolcgy shall =e 

as a developed technol=gy. 

,..., ,.- .... . ... ua ... i.: ~ca -..tens =~= t~e =ecioie~ts 

3.I For Pvrolvtic converters 

( 1 . 
. -I The terMs i, 3, 4, and 5 alreacy recom.~ended 

. . 
ac.c.i. :.:.en, :ia7e ::::.e 

followi~g qualifications. 

C2) The recipie~ts should be techr.ically cruali=ied 

having a degree in Mechanica!/Chemical/Agri-

cultural Engi~ee=ing or equivalent. A techical 

personnel with e.:<tensiiTe experience in ?r-Jcess 

engi~eeri~g i~dust=ies may be considered as an 
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=ecipients shou:d :ia":Je enough fi:ia::.cia!. 

resources to hire at least one senior a::d 

experienced person havi~g the above qualifications. 

(3) The recipients should have experience in c~a=coal 

tradi~g and ~anuf acturing and/or in the t=ading 

and processing of agricult~ral products and 

residues, either for feed or fuel or fodder. 

This will en5ure tbat the recipients are capable 

of procuring raw materials and ;:iror-er sale of 

the finished products. Experier.ce in fabrica

tion of process equipment and =unni~g a ~recess 

industries dealL~g Nith agricultura: and forest=y 

pre.ducts or ?rcducts ~eeded as agrici..:.ltu~al 

inputs S"~ch as =ertilizers, ?esti=ides, etc. 

should be considered as an equivalent ex;e=ience. 

(4) The recipients shculd ~e able to ?rcvide an 

i~dustrial shed i~ an easily accessi~le area 

duly approved ~y the local authori~ies =er t~e 

setti~g up cf the ~rocess i~dustries. I~ 

addi':ion to the i.::di..:.s-cri;l shed, t~a si-=e sl°'_cl.!li 

have basic i~frastruct~=e such as a7a!lability 

o= continuous sup9ly cf electricity, Nater and 

clcse proximity to a provincial town or city 

for easy availaoili~y of engi~eeri~g goods ar.d 

with an enclosed open area with ?roper secu:ity 

arrangements. 
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(l) I~ acdi~ion ~c the terms desc=i~eci ~4 5~c~i:~ 

should ~ave long a~~ =eputed experie~c~ i~ t~e 

rice shelli~g i~custries and t~ey are in a 

position to ?rocure rice . , , nu..:...- from t~ei.r and 

other surrounding mills up to the extent of 

5 tons per day. 

C. ~cde of Ooeraticn 

The terms and conditions for the transfer of tech-

nclogy should be ~asically the same as given in Section 
including 

4.2.C~items 1 to 1.1. 

Hcwever, the commitment of the recipients shall be 

for a longer ?eriod. It is e~visaged t~at a close ccc?e-

ration ~f at least tNo years is desirabl:. 

Further the ai:isclute sha!:'e of c.3.pi~al a..rncc:lt. to =e 

paid by the r9cipient bei~g rela~ively large, ~his rr:a:r 

be =eccvered, en ~he disc=etion cf the gover~me~t, .; ... ....... 

three equal instalL~ents. The first installment ?a~able 

at the cime cf cc~cract, the sec=nc a:~er 5 =.ont~s fr=m 

the ac~ua: start of cperaticn and the fi~a: a:~er :2 

charged. Hcwever, if the installments are ce:aulted, 

and ?aid beyond ~~e stipulated 9ericd, nor!nal rate of 

interest as a9plicable i:l ~he case cf commercia.!. ~a~ks 

in the Philippi:les may oe charged. 



~ut to er.sur-e that the conti.::ued i.n~tol·7e!:1ent 

a~d c~o~eration af t~e reci?ie~~s is ensured.. 
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~- Desi~n o= ~ice ~ull Gasifier 

The period of ~he present assign.~e~t ~as extended in order 

to design a small prototype: gasi!ier for :::-ice hull, in whic::. 

in addition to gasification under controlled.operating 

conditions, the amorphous silica could al5o be recovered. 

5.1 Basis for Selection 

Rice husk has two basic inherent properties of 

reactive char and high perce.~tage of volatiles. During 

pyrolysis of rice hull, all the volatiles can be re.~oved 

and the fixP.d carbon and carbon formed du=ing pyrolysis 

remain as char i.'11.Ceded with silica. In normal gasificaticn 

process, to ha~1e water-gas shift react.ica witll carbon, 

the silica acts as a physical barrier. In t~e ==ta=y 

gasifier, tll.e char on~e =o=:ned ca~ be ?hysically disi~~eg-

rated, thereby, liberati~; t~s carbon which can t..~en be 

gasified. 

The other ~ain objective is to carry out ;asi=icaticn 

at relatively lower te.~perature, definitely, below t.~e 

critical temF~~ature of rice ~ul: ash. In ~or.r.al gasi:i-

cation and combustion pr~cesses, ~he ~~~pera~ure is ~c::::a::y 

far abovP- critical tempera~ure 

of 650-760°C, when the react::'1e-amor?hous silica changes 

to crystalline structure thereby loosing its importance. 

~o carry out gasi!ication belo·v 10a~c, an a~~ospr.ere of 

steam is essential. This ?recess known as steam gasi=i=a
a 

tion can be easily carried out inhrotary type gasifier. 
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3y this process, ~ot only pyro-gas, having hea~i~g va:~es 

· t~ - ~sag -.i-s 7 i· 3 (3?5-~ao BTT'/-~ ... _3 ) in .,_e range ol: ,... -:> :> •• ca /:;:n • ... _, ..i 

compared to that of producer gas (120-180 3TU/cu.£~} is 

generated, but the amorphous silica is also reccve=ed. 

5.2 Reactive Silica 

Rice h'\!ll contains 20% amorphous silica which is used 

for ma.~L"lg acid resistant hydraulic ce.~ent and reL~forcing 

fill er for rubber i..."ldustry. It can also be useC. as 

such or mixed with portland ceme.'lt. In the ?hilippi...-ies, 

t.~is cement can be used for maki..'lg hollow blocks used 

extensively in construction of builtlings. Some of the 
en tice hull cement c 10} 

t t · b · d +- • u •· • o·.a..a. es s,, nave een carrie ou_ oy -~enta ana _ i. ...... !n 

India, a number ~f rice hull cement plants were established 

but due to i.:nproper recovery of amo=pco~s grade si:ica 

t~~e quality of the product suffered and could not compe-t.e 

wi t:1 Portla~d cement. So it is essential t~at ~~=ing 

pyrolysis - gasif icaticn, 
must ~e keot below 

~:..e ... .,._oera.._,,,..e .. , 00 ~ .... - ~;.,e -·· _ _..,._ _...,._ I\ "-', --

provision for which has been i..~corporated in ~!le present 

design. 

5.3 Integrated System 

Once this process becomes operational and t~e scale-up 

data has been obtained on the prototype uni~s. This unit 

should be integrated wit~ =ice sheller so t~at ene~gy 

produced can be fed back to the sheller and the ceme~t 

mixing plant. This approach is shown in Fig. 5.1. 
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3.4 3asis ::er ?:-ocess Desicn 

T!le ~ai~-reactor is a= conventional design, but ~as 

novel ~edifications. It is therefore desirable ~o ~ave 

a capacity which is manageable in ERDC and yet large 

enough to give meaningful data suitable for the design 

of future commercial unit. Taking these considerations, 
r 

a capacity to process 25 kg. of rice husk per hour has 

been selected. Bei.-ig th.e first of its kind, certai."'l. 

assumptions have to be made. But the prototype u..~it 

has inbuilt flexibilities to vary the operating paramaters 

such as temperature, rotational speed cf th.e gasifi~, 

feed rate, and the amou..~t of steam to be injected duri.~g 

pyrolysis. Further, a similar equipment is available · 

in the C..~emical E..~gineering Depa..-t:nent of University of 
so 

the Philippines,~many of t~e ~echanical components could 

be duplicated. T1is equipment is however bei~g used for 

roasting cf ores. The flcw-she~t of t~e gasifier sys~e.~ 

is given i."1 Fiq. 5.2. 

5.5 Process Desiqn Pa=a.~eters 

A. The raw ~aterial 

typical ccmpositic~: 

!-ioisture 

Volati~e Matter 

Fixed Car~on 

Ash 

rice ~~ll has ~~e follcwi~g 

10% 

65% 

15% 

20\ 

Heating ~Talue = 30"00 Kcal/kg. or 5,400 a:iu;1:,. 
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"'"""'o --·- gas ~r:Jduced :.ri.11 vary .:.n 

ing ~pan t~e operating parameters, but t~e typical 

composi~ion assumed is not Lltpracticable to ach~eve. 

In zac~ gases with higher heating values than ':-~at 

given below can be produced. 

B. Gas Comoosition (bv volume!. 

co = 35% Mol. Wt. = 26.5 
co2 = 30% Density = 0.001.18 kg/1 i~e,... . --- -
C!I4 = 20% or 

H2 = 15% Specific = a.s- liters/kg - ::> 
Volume (at N.T.P.} 

Higher Heati."l·J Value = 3,859. KCal/Cu . .::neter 

= 433 BTU/ Cu.ft. 
= 3,262 !<Cal/kg. 

It is possi~le to a~hiev~ the following mata=ial 

balance which has been calculated on the basis of t~e 

eleme~tal analysis of rice ~ull. Yields better ~ha~ 

those sho•..m below can • • • a • 

~e oc~a.:..=.e~. 

c. l !<;. cf Rice Ht:.l!. olus 
s 

a· , ·- k-. 4. of Steam Sh.culd v; o~..: 
----~ 

Gases = 0.65 ~g. 
Liquid = 0.20 ~g. 
(wa ::er) 

Tar, etc. = 0.05 ~g. 
Ash = o·. 20 k-. i' • 

Toi:al = l • .!.O k;. 

The total amo~~ts to i.~o kg. and additional 

amount is due to t~e water gas s~ift reaction. 

CO + H2 

- 31, 590 KCal/kg .::icle. 

- -- - - _____________ ___._ __________________ _ 
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While a.!.l ':.~e gases could be :=eccve:=ad, one 

~ould expect some lossas of other products. 

Based on 1 kg. of ~ice husk, having a ~eati~g 

value of 3000 ~Cal/.<g., t.~e energy balance obtai:i.ed 

is: 

D • Energy L"lput = 3000 K.Cal. 

Energy output = (I<.Cal ~ 1 

PRODUCT YIELD ENERGY LOS~ ~ERGY ~.VAILASLE 

Gas 0.65 193* 2145 

Water 0.20 11s•• 
(steam) 

Tar 0.05 447*** 

Ash 0.20 50* 

E ~ne-gy ~e~"irec.· :~- ~~s~:i~a-~r" . ... - ;\ -;;,,-.- ·-- ~- ---- __ ..., __ 

Once the precess ~as been brought to steady 

state and the ec:r~ip:nent, ~~at is, gasi!ier bcdy and 

furnace have been heated up, t~e heat will be 

pyrolysis, gasi:ica~icn, ~eating ~~e s~ea.~, and 

wat9r-gas shift reaction. 

---------------------
* 

** ..... 
Sensible hea: 

Latent and sensi=le ~eat 

Also includes t~e ;,.eat.1:i.g value of ta.:- as 
8330 KCal/kg. 

_.,._ 
->J-
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Brea~-~p o= the ~eat required =or gasi=icaticn 

(Basis: .1 !<g. •":" ...... , ., ' 1 

ClU..L-; • 

1. Sensible heat 
for heating t!l.e raw .-.~aterial = 248 !<Cal. 

2. Drying of rice nulls 

3. Encother:nic steam[car!::ion 
reaction 

4. Sensible heat req-~i=ed to 
superheat 0.5 kg. of steam 
from 200-650°C 

= 60 ~Cal. 

= 200 :t<Cal. 

= l.02 !\Cal. 

6.10 KCal. 

Taking heat losses in the furnace, mainly with 

the flue gases, 65% combustion efficiency can be 

obtained with proper design of t.~e furnace. 

Taking 65% Efficiency 

Heat Required =or Gasi=icaticn = 938 ~Cal. 

In the above ar.alysis, the heat of py=olysis 

which in fact is exc":he~i= anc par~ial combus~ic;. 

that might take placa cue to small i..~fl:.i..~ ~f air 

are neglected. 

F. ~.mount of Gas Available 

For one kg. of rice :"!.:.!.!.l gasified, (.Cl = 3a.::o ?:Ca2../ 

kg.) 2145 KCaJ ~f energy is available in 0.55 ~g. of 

gat produced. Out of this C.284 kg. cf gas having 

heat content of 938 KCal ~as ~o be used for gasifica-

tion lea~1i.::lq a net quantity of gas of i:.:ie or::e= of 

0.336 kg. having a heat content of 1207 KCal. 
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Th.is ~~cunts to t~t ~he present system is 40~ 

energy efficient. Alt~ough the e=:iciency is not 

that high, it has t-..ro ~ajor compensat:_~g facto=s 

.1J The calo~if ic value of the gas is about t.:...ree 

times higher than that produced by partial oxida-

tion and 

2} the most L~portant is that, it generates about 

o.2 kg. of amorphous reactive silica which can 

be converted fnto value added products ~~c~ as 

silicates as building materia:s and as fillers 

in rubber and plastic moulding indust=ies. T~e 

ash obtained is considered to be relatively free 

of unburnt carbon such -=..~t it will not i:npare 

t11e colour and quality cf ?lastic and =--.!b.ber goods. 

Other uses can also be found =er this L~por~a~~ 

reactive mate=ials havi~g ~ ,· ,.~ ·-:=·- st:.r:face area. 

One important =actor tr.at will ir.fluence t~e 

production and quality o! gas t.h.e a.~ount c:: ste.az 

injected during pyrolysis. This i:npor~ar.~ cpe=ati~g 

parameter has ~een kept very flexi~le i:! 
. . . . -=ne cesi;:! 

so that the ~et produc~i~n cf gas a~d 

silica obtained can be opt!.~ized. 

Ae the capaci~y envisaged fo= t~e ?rctctype , ..... ; -
~·--

of 25 kg. of rice hull per hour, i~ could ?rccuce 

about 10.S kw. of elect:ica: power (l~ 3HP} taki~g. 

30% overall ef=iciency of I. C. engine. 
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Chatterjee()) has identified at ~~ast .16 Tep 

2 MT/cay ranging from 2. 4 ·=o .16. 6 MT ?er day. 

Rice Millers producing about .10 tons/day are 

very common in some of the LDC countries i...~~luding ~he 

Philippines and India. Such a unit can produce 2 MT 

of ash and .175 kw. of electrical power (235 3HPl which 

is more than sufficient for running a rice mill and 

ce.~ent grinding integrated plant as shown in Fig. 5.1. 

S.6 Mechanical Design of the Gasifier 

A. Based on the capacity of 25 kg/hr., t~e overall speci-

fications of ~he rota=y gasifier are: 

Internal di~ueter ::: 

Recommended thickness == 

Length = 
Thickness of the ~aterial 
at the i."'lret = 

Width of the ~aterial 
at the inlet = 

8" (200 :nm} 

1/2 II (12 .5 m!Il) 

.10 ::t. (3048 :nm) 

. . ~ . . . -. 
~nsice ~ne gas~=~er 

:nax. 3" (75 :mm) 

7. i 4 '' (.!.96 rr.m) 

Based on the flow rate of rice hull, the reside~ce 

ti.~e of t~e ~aterial = 21. 2 :tti!'l.U'=eS 

At the inlet, ~he cross-sectional area occupied 

by ric~ hulls is 17.95 sq. incn (li6 sq. c:n.) compared 

to cross-sectional area of the qasif ier equal to 

50.26 sq. inch (325 sq. c:n.} leavi~g an ope.~ araa of 

64%. This loadi~q is appropriate fo= rotary tY?e of 

calciner or gasifier. 
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~aterial of ~onstruction 

T~e =ecornme~ded material for gas!f ier is stai:i.less 

steel A!.Sl 310 containing 25% chromi'..lltl and 20% :i.ickle. 

This is recommended because of nigh chromiu..~ content 

to avoid excessi~re oxidative cor=osion or.. the outside 

surface of the gasifier. 

Normally, no corrosion is expected within the 

gasifier. This gasifier as shown in Drawing 5.3, is 

further mechanically reinforced with. compensati..~g 

rings and longitudinal strips. the latter will also 

increase the surface area for heat t=ansfer. 

c. Internal Details of t.."ie Gasifier 

The gasifier is diviced into four zones. Star~i~g 

from feed inlet side, the :irst zcr.e is ::ta.:..:i...:. 7 

drying the ~aterial, t~ second zcr.e is for ?Y=O~ysis -

cum gasification, thi=~ zone is 

the str-~cture of the c~ar to liberate ca==c~ from t..~e 

cellular carbon-ash st=uct-.ire and the fourt~ zone, 

which is the ~cttest is desi;ned to c=ack t~e ~i;h 

molecular gases and tars and also for gasificaticn. 

Except 

injected in the reactor. 

Except in the zone three, lifter are ?rovided 

inside the reactor to ri.a~1e t!:orou~h. :nixi.:i.g o:: :nate=ial 

and also of fer mere surface ar~a for =eaction 

Gasification. The velocity of gas and unreacted steam 
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leavi~g the reactor i3 calculaced as 0.35 ~/3ec. 

which is ~ot large enough to pneumatically carry ~he 

rice husk or solids t-~rough the exit. Hcwever, a 

cyclone s~parator is ?rovided to remove the solids 

before these enter the heat exchanger (waste heat 

boiler}. For grinding of char 8, 12.5 mm diameter 

and 60 mm long rods have been incorporated in the zone

three of the reactor. 

The reactor has been provided with two :necha-

nical-seals, two bellow joints to take care cf expan

sion and two independent motor variable drive for 

gasifier body and also for the screw feeder. This 

complete structure is hinged on the discharge side 

and the lifting screw en the other siC.e to change t:'!e 

inclination of the gasifier from 6-18 mm per feet 

(300 :ran) of the gasifier len;th have ~ee..~ ?rcvicec. 

The rotational speed cf the gasifier ca.~ ~e varied 

from 3.5 co 35 rpm. Both the gasifier and feed screw 

are driven by chain drives ;Ji~c 

ment. 

idlers fer adjust-

5.7 Heat Transfer Char~cterist!cs ~nd F~=~ace Desi=n 

Normall7, for i~direct fired rotarf cryers/kiln/ 

gasifi~r, the major considerations are on the strer.gth and 

the corrosion characteristics of the material. However, 

to have ef :ective heat t=ansfer and ?rcper thermal a:f i

ciency of the furnace, su=f icient area for heat-t=ansfer 

and proper flow path for Flue Gases respectively must be 

provided. Nqrmally :~r gas fired back..~i.xed type bur~er 



- 59 -

vi~h 

furnace,A2,460 3~/hr.=t2 rating should be sufficient. 

But in ~he present case a rating of 1,525 3TW/hr.-sq. =~. 

has ~een provided by having a heat transfer area of about 

3 7 • 2 sq. ft . - ( 3 . 4 5 m 2) . 

The furnace has been divided into five zones ·-· wi. ._;i 

baffles to have five passes for the flue gases to have 

sufficient residence time for the flue gases to transfer 

heat and also to improve the heat transfer coefficients. 

The furnace is well lagged to avoid exce~sive heat losses. 

The exit flue gas temperature is expected to be around 

300°C. 

5.8 Auxiliary Equipment 

A. Feed Hoooer 

The feed hepper made of ~.s. is having a capacity 

of about 25 kg of rice husk so that once i~ an he~= 

the feed can be ma~ual:y added. The screw feeder is 

so designed that it #ill feed the ma~erial a~c else 

act as an airlock feeder. The feeder can be run by 

a variable drive of 1/2 HP motor. The speed should 

be varied frcm i rpm to 20 rpm wit.~ an independent 

drive. 

B. Orv Gas Cleaning Svste.'l\ 

At the outlet of the gasifier,~wo ope~ings have 

been provided. At bottom, for the ash to be removed 

through 75 :mn ?ipe by g:cavity and at the top a 2-1/2" 

(62.5 mm) M.S. pipe. The pipe leacs the gases to a 

hot dry gas cyclone separator. The velocity in the 

pipe has been kept at about 35 ft/sec. (ll m/sec.). 
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A 15 cm d~ameter cyclone widl standarc ci..~ensions 

and inlet velocity of 45 f~/sec. has been provided to 

remove the e~t=ained solids. All ~he outlet gas lines 

from gasifier to the cooler - gas cleaning and waste 

heat !:>oiler including 'die cyclone body should be pro-

perly insulatec to avoid any condensation of tar and . 
moistura. During the start up tbese units should be 

heated by passing flue gases to heat it up to 300°C 

and gases haing produced should be by-passed. Once 

~tar ~ondenses the efficiency of separation will.be 

considerably reduced. The gases leaving tile cyclone 

are e~-pectec to be at the ten:perat-:i=-e c= 500°C. These 

consis~s cf 0.65 kg of gases and 0.5 kg of steam per 

kg. of rice h~ll gas~fied durin~ the steady state 

operation cf ~he gasifier at 650°C. 

Wet-Gas Cls~~in~ and Waste neat Boiler Svstem 

After =yclone separator, the hct ~ases and s~eam 

are passed through gas cooler-scrubbing anc condenser 

units. ~.bout 3 ti!:les ::iore than ·theoretically calcu-

lated heat transfer area has been ?rovided tc take 

care cf extra ca~acity chat ~ight ~2 obtained duri~g 

the operation. The gases a -A .... _ 

of 2.Scm. !.D. over which hot water is circulated. 

The gases are cooled to 2oc-iso 0 c in the first cooler 

and then scr'.!.bbec i~ a spray ~ower of 22.5 c:n diameter 

and 130 cm high. T~e stea..~ so produced is condensed 

in the seconda::~l condenser. ;..l.l t!le water/gas con-



- 61 -

den~ed are taken to a water seal w+.ich also acts as safety device 

during any mishap. Til.is arrangement is given in the fabrication drawing 

as shown in Fig. 5.4. The gas is finally passed through an ordinary 

ss wirewoven demister before going to the blower. 

D. Gas Blower 

!he function of ~he blower is to remove the gases from the gasifier 

and the gas cleaning system and store these in a gas holder. nie 

gasifier is expected to function at slightly above atmospheric pressure 

and the pressure drop through the gas cleaning system is expected to 

be of the order of 8-10 inches (20-25 cm) of water gauge. But to 

avoid the need to have another blower fa. _. taking the gases to the 

gasifier furnace, the gases in the gas holder should be stored at 3 ft. 

(100 cm) of water gauge. 

nie production of gas under steady state is about 11.0 cu. ft./min 

or 18.7 m3/hr. at about 6ooc. 

Taking into consideration the increased production that may be 

expected, it is recommended that a blower of the following specifications 

may be inCOt1>0rated. 

Capacity: 55-60 cu.ft./min at J0°c 

(90 - 100 M3/hr.) 

Pressure: S lb/in2 gauge (0.33 kg/cm2) 

For this put1>ose, a positive displacement rotary roots type 

blower with external lubrication will be most suitable. 
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pr:ss"..lre ca:i ~e regulated through !:::>y-pass valve. 

E. Gas Solde= 

A capacity of i,~OQ cu.ft. l28 M3) is er.visaged 

for the gas holder which will hold about 24 kg of 

gas. The gas can be filled by operating t.~e gasifier 

for 2.5 hou=s (gas generation rate of 0.37 kg/kg cf 

rice hull gasifiedl at the rated capacity cf 25 kg a= 

rice hull per hour. The overall dimension of the 

floating head of gas holder are 16 ft t..t.87·m) dia-

meter and 12 ft (3.65 ml overall height with a water 

seal of 7 ft l2.i3 m). The shell made of 4 mm M.S. 

h - ·11 r · r r ~ O 19 ·b;· 2 or 6 - ~-s ee~ wi_ p oauce a p essu e o~ · -- L in -~ -~-

(l.98 m) of Nater gauge. ~he capacity cf t.~is gas 

holder can be increased ~Y r...a7ing =cur.ter Nei;hcs.f== 

lifting t~e dome. Alternate:y if t~e ccst of ~his 

holder is rather high, ~~e capacity can ~e recuced ~y 

SO\. 

F. Gas Surner 

0.2..t kg/:ni:t. of gas (.twice the rated. capaci~y:. ~a•.r::!.:lg 

a speci.:ic ~1clume 0£ O. 345 :<g and a 

value of 350-400 STU/ft3 or 3,115 - 3,560 ~-cal/~3 
is 

recommended. The gas is available at a ?rsssure o= 

about 1 me~er water ga~ge. A suitable blcwe: ~~ 

· 1 2 l - · · · t t• t · , · =ec .. ui:ed give . - .~ excess air tn~n tna neore ica-~y 
• , · .... .... e 1"'u,....,e,.. 

should be ?rov.::.dea a_cng wi. ... :l ... :l - --· - • 
T~e t~ec=e~ically 



- 63 -

abcu"t 3.73 kg of ;as 

~urnt. The gas bur~er should ~e so located that t~e 

flame should r.ct impinge on the octside su.r:.:ace a= ~he 

metal shell of the gasi=ier. Further it is recommen-

ded that tbe discharge side outer sur=ace of t.~e 

gasifier should be covered with 2 cm layer of heat 

transfer cement to prevent its overheating and also to 

protect it from excessive high temperature oxidative 

corrosion. 

G. Gas Flare Unit and Purainc· 

During the start up, it is recommended ~~at t~e 

gases produced should not be passed through the gas 

cleaning system and the gas holder. ~hese should be 

by-passed and flared i~ a s~andard =iare ?i?e type 

system. At the same ti~e the gas clea~i~g system should 

be warmed up to 250-300°C by ?assi~g t~e fl~e gases 

through the gas cleani~g system. T~e line should t~e~ 

be purged with superheated s~eam available before 

allowing the combustible gases into the gas ~clcer 

system. 
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6. RECC~!ENDA~IONS 

1. After incorporating mi...~or modifications and instrllil'ent

ing the two ton per day converter installed at ERDC, 

extended period trial runs should be undertaken to 

test its reliability and obtai.~ suitable data for 

calculating material and energy balances and rate of 

production. 

2. Without carry;ng out any major modifications, trial 

runs should also be p~rformed on the above converter 

with materials other than rice hull sucn as peanut 

shells, sawdust a~d broken coconut shell. 

3. After studying the perfor.na!'lce ::>f t~e aoo~1e unit, 

major modifications may ~e incorporated to ~ave trial 

runs ~ith coconut shell and lumped coconut husk. I~ 

its present form, the unit is not suitable for pyro

lyzing u..~broken coconut shell. 

4. Before a new raw ~a~erial is tried in the above py=o

lyzer, it is recommended that the sa~e material ~hould 

be =irst pyrolyzed in bench scale ;yrolyzer. Tr.e 

bench scale pyrolyzer should be fabricated as per 

drawings provided in this report. ~he bench scale 

operation will give data about t~e yield~ and ?hysical 

characteristics of the char. 
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bricuetted and its combustion characteristics analyzec 

and relatively compared wi~~ coconu~ shell charcoal. 

The briquetted fuel could also be a potential raw 

material for gasification in a conventional gasi=ier 

being manufactured in the Philippines. 

6. The tar obtainec should be modified a..~d tested fer 

its potential use as preventive coatings and as wood 

preservative. Also, its combustion characteristics 

should be tested in the boiler available at ERDC. 

7. Three designs of modi-:ied drum charri.."lg U.."li~s :::ie 

analytically tested. 8-10 drums of most suitable 

size should be installed in -~o -·--- field to produce 

charcoal :rom coconut shell and lu.~ped =oco~~~ ~~sk. 

Feedback be obtained about t~eir cpera~ing life a£~er 

these have been given preventive coatings of washed 

tar. This low technology 'l!.~it has great potentials 

of its usage by s~all £a.::ners. 

8. Two ~obile kilns should be ?Urchased modified =y giving 

protective coati.~gs and steps taken to get these 

installed in ~~e field accordi~g to t~e ~ec~anism 

proposed in this =epor~. Since t~is unit has ~o 

moving parts and ?reduction rate is adequate, it will 

. 

I i 
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of charcoal. 

9. One reverse flow stationary kiln should be purchased, 

modified as per suggestions given in the report and 

be installed in the field integrated with a processing 

industries. The mechanism of transfer and the special 

qualifications of the recipien~s ~ave been incorporated 

in the report. 

10. Based on the operational experience gained on 2 ton/day 

converter ins~alled at E?.DC, t~e design drawings of 

4 ton per day pyroly~ic converter should be thoroug~ly 

examined. This unit can then be fab?:icatec and be 

installed in ~he field as ?e= reccmme~cations containec 

i!l tbis repcr":. 

11. Steps can be taken .i!m:ediately to procu?:e harcwares, 

fabricate and install one 25 kg. ?er ~our protot~-pe 

rice ~usk gasi!ier system at E?.CC. 
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To ~~~a~i~~~ 

-~--~---~ 

such as =icenusk, shredded =ice straw, ~awdust, coir 

waste and bagasse, I.I.T Delhi Technology see.~s most 

appropriate. Before this technology is recommended, 

is suggested that a senior engineer from the Philippines 

should visit India and stucy 4=..~e perfor.nance of such 

units already commercialized. After studying its per=orm-

ance, the steps m~y be taken to procure this technology.: 

13. The Director Genral of International Rice Research 

Institute has shown keen L~terest.:· in setting up a 

converter based oh rice hull and st~aw. Steps may be 

taken t9 set one such appro?riate unit ei~~er converte= 

or gasifier in the field demcnstra~ion area of IRR!. 

14. I.I.T Celhi community type kiln can be installed at ~RDC 

premises for testing, for #hie~ I.!.T Delhi shall be 

pleased to supply the fabrication ~rawings. 

15. Rice husk-gas s~cve should be fabricated and tested for 

its performance at ERDC. Cesi~n and drawings for sue~ a 

unit has been incorporated. 
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C~mparison of availabil icy of different wastes ~y regicn. 

!Region 
18agasse ~ice Ceco- i Sanana I ~ood waste f :-orn I 

hull nut pseudo- Logging IFor. ind1 

I 
husl< !stems I 

I 

1 :;co dry tons I 
I 
I 

j 

t ~ 
I 

1. I iocos Hl 7 2 ') !oo .. , I . .., ; .:; ! 

2. Caaavan Va i 1 e'.t lj ' .. 1:: 5 ;i 370 ~ :.;o i 
I - ' I' •) ·J 

I , I 
I 3. Cenc:-a1 Luzon I; ! -,~o 3 

. ... 
'.J ' I I I 

--, . , 

!+ • Sou:hern Tagaiog I ...... .. "'I;-- ~= -... 
i i 

.. , 
I • .. I ,· • .J- ~ .J 

' I ! s. 3icol I 78 I ... ~ 2. i 3 ;on 
I I : ",J / I --I I 

6. '.Jes tern \Ji sayas I :4~ 
I 2·J5 

I 
01 .. .. :3 ' ! --I I 
,;; -, 

' 7. Central Vi sayas I 246 I ' . ' I "'(\., 
I ., ' ~\I/ 
I I t 

8. Easter'."l -· I I 

Vi sayas . 57 I 237 l '"'\"" i2 ' ,-1 
l I ' ..... .J I 

I I 

l Q '.Jes tern Mindai1ao i\ I : ' I 'l: .~ c; ..... -· ! .. - ;• ., . ! 1 
.. ' I 

... '- .. .. .. 
110. Nor:~e:-n lo(. ,J .. :J I - - I Z!i7 :+ 5 !.: ... --

, , 1 n ... ar.ao 

I 
..... . . -.. 

I Ii' .; 
.. .J i ,.,.., 

It ! . Sou the r:i :~ i l'1 car.ao I' ~ ~, l 'l: ·' , . , ........ 

~ 
..... ; f ,.,0 010 ;v; 

I ! ri iE7 
t 2. Central .'1 i ndanao 1 2"' .1 . ,.., , ... 

. -· I,_, , .,: I 

I 5~4 i 3:; I ·~ ... c,. .. , 
"""~"' 920 ! ) > ... ' 

jO :. '- • r 



Period Shell Prodl\ction!/ ---·-
197) 8,421,600 

197<1 6,411,180 

~"-'.s 9,896,180 

l ·~ i.., l 2 • 3 1 7 • ll 9_ 

1977 10,983,,50 

l97f 11,200,270 

l9H 9,767,450 

198• 10,135,652 

l 91!l 13,249,248 

l 91;2 ll, 982. 236• 

LP.SS 

~·ll~Lll'P1NE COCQNU'f ~ll~J,J, ~:tH•pl•¥ UTU.IZ/\TJQN 
/\ND AVl\l~l\UJLITJ~S 

. C..l'fl OC'u 'ibt\ll p<11·,:~l 

f.CONOll tC U'fILI Zl\'l'IOH --·---... ---------··-·-

.A 1WJ e A () II Ii - Jl:. 

Fuel " Other l\v11Jla- 31 Charcotil,1/ Shell l"lour.~/ 
Cot;t11g1t 

6 Uses2/ bil.i ties- E.!:...o ti u <;.!.!_-/ ----
Shell 7 
EY.ports-/ !.'!..~-~ 

5,865,217 2 , 5 5 B , ~ t\.l . 553,605 20,594 21,120 603 ,.119' 

4,741,656 l,669,524 020,770 39,203 3 9, 2 :>.B 099,201 

6,440,732 l,455,448 595,110 30, ·100 79,707 Sll,597 

7,907,692 4,359,630 6"/5,480 39,120 43,279 757,079 

7,728,519 3,254,931 672,420 39,574 19,079 731 ,073 

7,435,531 3,764,739 98 2 I 7 7 0 50,640 70,837 1,1011,21\7 
.. 

~· . 
4,777,205 4,990,245 1,511,940 ·s1,42a· 11,.6"/9. .. 7.2 .. 1I575 I q_~ •• 
6,923,749 J,211,90] 2,305,290 57,943 16,472 4,796 2,lOll,!101 

9,544,059 3,705.,189 2,070,900 65,111. 23,061 2,1S9,077. 

8,501;110 5,480,906 1,712,750 72,000 25,7131 l, 810," 6.J 
' 

· lml'l icd 
·Shell r.r. 
Ila 1.i t(!Ci·~/ --·-·- .. -·~ 

I 

l,!>55,14'. 

770,24. 
I 

2,941,BSf 

J,C,Ol,75 

2,S;;?J,05 

2,660,491 

3,415,12' 
i 

0 2 7, 4 ''! 
1,5116,11! 

J,670,44j 

1'Cf1'!. !2~d2~,H! 22"2H1.!22 Hd~2.i.2!~ H,2n,2H ~~a ... ~u H!,2~~ 1.c.!~! Hi1.H2.i.!H ~!1.!!!,~~1 1 

•;r~liminary • 

~.}:}hell Production .. nuts gatheretl 
· Shells used as fuel in copra i-'ryinq and in desiccated coconut proces1d.ng + 1hells of nuts ueed for domestic 1111t 
·/ t:on!-u111ption • shells· of expoi::tcd nQts .. 
·
1 

Col l - Col 2 • shells avallc"\ble 
~/Shells used in charcoal production Cincludes activated carbon ' briquettes) converted at lS,000 1hell pairs/llT ch11rroal 
~ Total shell flour production converted at.6,000 shell pair1/HT shell. Shella to ehell flour i1 placed at 70\ recov~ry .. 
6/ 
1; 
!1 

Estimated shells used for cottage - handicraft products 
Sh~ll e~ports converted at ~.ooo shell pairs/HT ahella. 
Shells unaccounted for. Some of these shells can not·be 

passable trails. 

?repared by1 
ESTHE~ 8. PADALLA 
Har ket Ec:onomi·a. t 
Philippine Coconut ~l\thority 
Dill111~n •. QUl&Cn City 

availed o.f as they are a1 far a1 20 kms. aw11y fro1n 

,...., 
...... 
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ANNEX~RE IV 

FABRICATION DRAW!NGS 

OF 

STE:.~~ GASIFIER 
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FABR!C..~T!ON DRAWINGS 

OF 

BF.NC~ sc..a;~ PYROLYSER 
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SKETCS: AND ::'ABRICATION DRAWINGS 

OF 

R!CE ~"US!l: ~..S STOVE 
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