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INTRODUCTICON

-~

The Philippines is basically an agrarian ané Sorasstry
tased ccuntryv with abundance of Sicmass. 3ut, i1t has the
mcdern outlook, eager to develcr and adcpt new and appro-
oriate rescurce based technclcgies tc raise the standardé
of 1ts growing pcpulacion especially in the rural ané in
the rsmcte 1slandés.

Witih limited resources of proven fossil fuels, the
efficlent management ané proper utilization cf bicmass
resources, both for commercial and ncnccmmercial energy
and Zuels, can further playv a significant role in the

nationél economy. It is, therefore, mos:t epr
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UNDP/UNIZO has sponsored four proiects cut of thirteen

projects for the Phill

-+
e (L)
bicmass'™’.

Re]
‘o
l-l
e}
(0
(]
01
)]
n
®
[N
O
3
(o9
'.a
"
[{]
0
(t
[#]
t
.4
’.—n
.4
N
1]
rt
. 4
(8]
8]
(D]
[R1

Censidering that the Philippines is the werld's gremiers

-

croducer and expcrter of coconut products andé rv-preducts

-

+

. s - 4
with 8.4 million MT of coconuts (about 7 x 10 nuts/vear),

(2)

able tc meet 70 percent of world requirements and is

aiso net exporter of agriculzural produCes escecially rice,
the scope of de&elopmental activities based on bicmass
resources could be enlarged. This is not only useful for
the Philippines, but also for other developing cocuntries,
especially in Asia. Tc cite an example, 2ne ton ¢f rice
production 1s associated with 1.6 ton of residfues in %he

.

form of rice null and straw and 92% of the werld's rice is




grown anc consumec In Asia. In the Philippines, at
srasent, mest gf these residues are being wasted and dis-

ocsed ciI by open IZires I the countrvside.

o -

The country has encrmcous variety of tiomass resicdues
but the major resicdues at present under consideration are
cocenit snells, coconut nusk, coir wastes, rice nusk,
rice straw, sawdust, anéd milled ktagasse. According to

. oo B 1 e - .
Chatterijee , 3.18 millicn MT of rice husk and 470 milliicn
Xg. of sawdust are availlable. The data for other residues
is given in Annexes II.

Further, with the ccverrment vlanning, to set up
70 Dendro (wood) 3 megawatts thermal tcwer plants, each
coensuming vearlyv 40,000 tcnnes of green wcod, the harvesz-
ing anc processing of whizh will generate additicnal amount
cf wood wastes. This waste could be the addizional and
cortential source cf raw materials for its utilizaticn Zer
the technologiss being develorped under project DP/PKI/78/022,
entitled "Assistance to Energy Production £rom Bicmass
Wastes",

Thé project's aim is to develop new sources of energy
through the pyrolyvsis of biomass waste materials witi th
main purpose to,accelerate growth of rural ‘ndustrializa-
tion, without disturbing the ecological and the present
domestic energy utilizaticn pattern of the rural population.

This is the repor: prepareé v Professcr Prem D. Grover,
TNIDO Technical Assistance IZIxpert about nhis assignment

uncer this project with the Energy PResearch and Development




)

Divisicn of the Philipopine Naticnael Cil Companv (PNOC-EZRLD)

from the veriod 24%h March to 26%th April 19883, The score

extended &0 18th Mavy 1983 tc Iincorporate assistance on tle
design of an integrated rice hull gasificaticn system for
rice mills,

The original purpcse of the assignment was tC give
advise 2nd assistance in developing a proper mechanism fer
transfer cf cwnership of various pyrolvtic/gasificaticn

technoliogies developed uncer this project tc the private

Under the pressnt project, a two ton/day all purncse
oyrolvtic ccnvercter has been set up at ERDC, Cuezcn City,
which, g:pragmt,is undergeing trial runs. Whiie this systam
1s being utilized as a test facility for pvrolvsis of
various biomass, six more units cf pvrolys:is/gasiZicaticn
of various caracities are envisaged to ke set up Ior field

*rials.




of these technclogiss and their overation in the field
rave been dealt with in details. Suggesticn recarding
develcpmert cf low-cost stoves, labcratory oyrolyser,

utilization of by-prcdéucts, such as tar, modified drum

charring systems with fabricaticn drawings have been

An integrated system lncorporating steam gasification
of rice husk to generate power and fuel fcr the rice mills

3

and the recoveryv cof amorphous silica useful for making

oto-

t

cement has been proposed, The detailed design 0f a D

9]

tvoe 25 kxg/hr. of rice husk steam gasiiier compiete vit

-

fabrication drawings has been carried cuxz aand included i

L))

o

ais repcrt. This concept has already been patented by

)

ne e

o

‘a

for energy generation in developing countries, it is being
sugcested for its develorment ané disseminaticn throucgh

UNDP/UNIDO.

pert in Iadia, bdut in view of i%'s immense pctentials




3efcre taxing up “hs R2in assignment of developiug a
groper mecharism Ior transisr of ownership of the pyrolytic
converters ané gasifiers, it was ccnsiferad essential o firsge
icdentily the technologies which are most aporopriate for
transfer to the Zieid in the Philippines.

The technclcegies icdentified are:
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4. 200 kg. per nour - coccnut shell and husk pyrolysis

3. I.I.T Delhi Technolegy for partial Dyrolysis aad
briquetting cf small sized siomass wastes.
6. Integrated steam gasification units “or rice nuils

for generaticn of power and fuel for rice mills

fu

nd associzted rice hull ash cement plant.

7. I.I.T Delhi communitv level stationary unit.

The above mentioned technolegies (1), (2), and (7) Go
et have any moving zar<s so “hese can be located in remote
areas basically for producing charccal. amongst the others,
except technology (5) (which is already cormercialized in
India) technologies (3), (4), and (6) have to be integrated
witl other processing plants to utilize their by-products,

Presently, the potential raw materials being considered

are coconut shell and husk, rice straw and rice null, wood




and sawdust, coir wastes and milled bagasse.

83
o)

The =echnoiccies (1), (2}, 3, (4}, based cn sacked bec

"

vartial cxidaticn pyvrolysis are most suitadble Zor relatively

larce sized materials such as cscconut shells, lumped husk
and wood chips. Rice hull can be pyroluysed as cemcnstrated
in the prasent facility az EZRDC, but the main product, c¢har

because of its high ash conten% has no potential market.

Rice hull, because of its high veclatile cont. t andé reactive

3
{

I

l.l.

char should be rather gasified by the technclcgy 5). However,

"

rice husk, coir waste, sawcust and millsd bagasse can b=
easily pvrclvzed by technolcgy (3) to give good guality char

which then has tn be briguetted Zfor commercial utilizatic

e}
.

o~

Mcdifications to technolcgies (1), (2), (3), and (4)

b -

have been suggested before these coulsi be transferrad tc the

~.)

(o))

field. Out of these :echnologies (1) ané (7) shouléd ke
installed andé tasted In the premic<2s cf ERDC, vrior to :their
£ield cemcnstration.

The integrated steam gasification unit needs development.
ts concent, designs and £fabrication drawings have been prepared
A prectotyre unit to process 25 kg/hr. of rice hul! ané ennvisaged
to generate 10 xw.,of power and 5 kg. ¢f amorphous ashn, suit-
able Zor making cement, should be installed at ERDC premises.

Based on the technical and financial inputs involved in
a specific technolegy, the recommendations f£or the transfer of

its ownership have been incorpcrated €or pvertinent tecinolcgy.

The details of the recipients long f£2rm commitment to :the




orcject ragarding its cperaticn, maintenance, saie custody
£20 maXe availabls *schniczl, econcmic ancd ctrer

ralavant date nave peen includeé in the rscommencdations. Wnile

the recipient, say t- transfer the ownership of the empzy drum
charring unit, & tcoken Zinancial input v the recipients is
essential to ensure their continved involvment with the
édevelorment 2f other relatively high techneclogy and capital
intensive prcijects.

Suggesticns have 2iso been incorporated about the smooth

Q
ial

peration of 1 ton/day ovroiviic converter installed at ERCC.

ther xrow-now and the fabricaticn drawings of rice husk

-

"y
o
3]

(1]

tcve, laboratorv scale pvrolvser, already working at Delhi
and sugges+tion to utilize pyv-products such as tar to rrcotect
the werking life of the drums and xilns have been rancluded

in this revcrt.,
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Relevant Pyrolvsis Technologies - Comparison

Cne of the major reguirements o any R & D crganiza-

ticn is to adcpt an appropriate mechanism for

Ser of a =schnology :o the £ield Zor

tran

fact, mocst essential yet complicated as

h
(R

37

c ané &zvelopment work Bbut

cnly scienti

of the

‘\

also the economics, socio-political acceptabiiit
Befcre this aspect is

discusseé in the proceeding chapters, it is essential to

carry out zhe objective review of the relevant technclogies

[\

ireadv cevelored and awaiting for field implementation.

Cnly those technologies considered suitable for the

Philiprines are discussed and rscommen édaticns are alsc

included for any modifications andé future develcrment wecrk.

mechnologies Develoveé Under UNIDO Project PYI/73/022/-1i0

4 : : - . -
Tatcm( ) anc Chatter]ee(B) carried out studiss Zcr

suitable size range of rolysis units and availability
of raw materials such as coconut shell and husk, rice nusks
Under %the direct

and sawdust. ion of ERCEC engineers

Wwith considerable inputs by Tatom an ex
has been established by putting up a 2 tcn/day protcotype
pvrolytic convertor. This unit is at present unéergoing
testing of its various components. While short pericd

test runs have been successfully carried out, prolonged

testing and cperaticnal data to get material and enexgy




balances hava yet to be ¢cbtained.

During the periodical visits to the plant site and
in consultaticn with Dr. Tatcm and other engineers of
ERDC,certain minor modificaticns have been suggested to
have trouble free cperatisn and alsc to take meaningiul
cdata. These are:

1. Refractorvy lining cf the gas burner chamber which
has been carried out.

2. Instaliation ¢f simple instruments such as
manometers - pressure tappings, thermocouple at strategic

locations ccupled to a temperature recorder {already

procured). As cf +his time, this werk is being carried
cut.

3. Installation of watsr seals at tar recovery
points.

4. Replacement of s.s. screen at four gas outlet
ports (which get badly corrcéed) by a stainless steel
punched hcle plate having 25 percent free opening area.

Once the abovementicned modifications are carried
out and cperational experience obtained, one can then
comment on the reliability of this unit and if required,
suggest major modifications. However, this unit offers
excellent opportunities for plant testing of pyvrolytic
convertor on various raw materials, demonstration cf

pyrolysis process and training of personnel. £ can




ive operational exgperience,

‘then useful In designing Zuture converters

To enable £his unit to be useful for cther

raw materials such as coconut shells, certain mouifications

shall have to be carried out by ERDC.
As of this time, the unit is nct yet ready to bpe

transferreé to the field especially if it is to be used

-

or the pvrolysis o

h

unbrcken coconu: shells. Cne could

(2]

use this facilitv on disintegrated coconut shells, which

....a

will procduce charcoal of expert quality. It may be

entioned tnat during the visit to a factory exporting

charcoal (m/s Dilag Enterprises, Inc.)

-

n San Paplc City,
Laguna, it was cbserved that the charcoal was being crushed
and classified and cnly the size less than 4 mesh and

greate

H

than 32 mesh is considered suitable Zfor export.
The finer size less than 32 mesh is being piled up in the
factory premises. According to the plant official, this
fraction amounts to 10% of the original feedstcck amounting
to about 1-2 tonnes per week depencing upon »roduction.
s

200 kg/hr Coconut Shell Pyrolytic Unit

Under the revised project proposal, the emphasis has
been made on the pyrolysis of coconut zhell and lumped
husk rather than on rice husk and sawdust to be integrated

with copra and otiier process industries for utilizaticn




of gases £or process heat. This seers approoriats, as
vertical hed, partial cxidaticn - pvrolvsis appreach is
most suitable for large sized feeds and offers much less

oceraticnal problems especialily the bridging in the bed.

-

D) -

Accerdincly, the unit has been designed anc acdeguately

coverad in Tatom's(S)

trip report. The designs are being
critically examined by ERDC engineers, along with the
suggcestions given during the present assigament. A dcuble
coene airlock feeding system similar to the one used in the
blast furnaces feeding arrangemen* has bheen suggested. This
will avoid the use of ccmbustible materials like rukber,
incorperated in the proocsed cesigns, wnich during mel-

operation may get exposed to hcot cases anéd will have

r

limited life. Further sharp ecged material e

. . e
ering with

the feed could alsc damage these materials. It has keen

n

cbserved that charccal shells disintegrate very rapidly

‘o

during the partial oxidaticn pvrolysis. This I1s due to
the rapid decomposition of lignin acting as a binder in
coconut shells. Thereiore, the cccasional breaking cf the
cccenut shell during feeding is not a critical parameter,
The size cf the charcoal produced can be controlled cnly
by adjusting the operating parameters during carbonization.
Slow rate of heating and greater residence time will tend

to give comparatively large sized charcocal. But this

will have adverse effect on the rate of procduction in a




3.3

mhe abovementioned uais, afier coitical examinaticn

of the designs by ERDC can be got fabcicated ané¢ is a

cotential uniz for its applications in the field,

Kilns Manufac=ureé by RRM Enterprises

M>. Romule Mesias of RRM enterprises, who has been

1

frequentlv guoted before in the earlier reports, has been
identified as &n experienced charcoal and copra prcocesscr
in Manila. He is also a fabricator and building processing
plants in the Philipéines. M/S RRM Enterprises have been
offering twc tvpe of kilns: A mobile unit and a staticnary
tyoe with recvcling of gases. These are basicallv used

for coconut shell ané husks.

Mobil Xiln Unit

This is a simple kxiln with complete manual cperaticr

3} pccerd-

and has been described in the earlier repor=:.
ing to Mr. Mesias, this kiln has a capacity tc preduce

500 k. of charcoal in 16 hours with a vield of 20% based
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 plantaticns. As I understand
two such kilns are being purcaased by ERDC to carry out

tests on their performance and prolonged reliazcility of

~hese aquigment ané for further modifications. In this unik,




no racoverwy ci the zZv-preducts is made and the nrocess
heat _s also not utilized.

Stationarv RXiln Unit

RRM Enterprises hes alsc developed a vertical kiln
in which the gases are traprped £from above ané recvcled
intc the combustion zone. The flue gases are then drawn
out z2né used as a process heat. During the visit to RRM
factory, the operation of this kiln was demonstrated.

The schematic sketch cf this kiln is shown in Figure 3.1.
2ccerding to Mr, Mesias, this set-up, which requires

minimun twWwo electric pcower <Sriven blowers for recveling

(o}
"

gases ancé process heat recovery can precuce 330-820 xg.

O
h

charcoal in 16 hcurs with an improveé yield of 25-30

ercent. A condenser can also be inccrporated in the

Q

recycle gas line (shcwn as "C" Figure 3.l1) to recover

the tar products and also to prevent tar entering into

the blower tc avoid corrosion problems. The present set-

up seems to be an appropriate design worthy of field tria'ls

in an integrated charcoal cum copra prccessing and/or

charcoal cum other process industries, where process heat

can be utilized for érving or steam gereration such as

cattle feed preparation or pesticiq? formulation units.
Although, its operation has beer. demcnstrated, it

needs field testing and iIncorporaticn of many modifications.

The present problem is the huge quantitv cf smoke emitted
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rh

woprer whici could cnlv be eliminated bv

fh
ry

as

|

(1]}

crooer balancing ¢ the blcower speeds. In créer to incor-
sorzte the use ¢I this xiln uncder tihe project, the Zcllowin
mcéifications on the existing uni:t are suggested:

1. To eliminate smoke emitting £rem the Zeed hopper,
the prassure should te slichtly below atmcsphere near the
£2ed hoprer cpening. Aas the amount of gases producadé shall
not ke uniZorm during cperation, a variable motor should
be previded wiéh the recycle gas blower "B".

2. The milé steel sheet near the combustion zcne andé
cther areas where the temperature is more than 250°C,

refractery alumina based cement should ke provided o

protect thne material of construction from excessive cxidative

o

ich temperature corrosion.

3. The area below the combusticn zcone saould ke Zurther
increased ané air reguired for combustion should be passed
cver this zone tc indirectly cool the charccal. The red
hot charcoal presently being removed gets burnt once taken
out anéd not quenched with water immediately. Alternatively,
the system used in ERDC pyrolyzer for char remcval can be
adopteé with tais kiln.

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

material per hour. The feeding systen can be mechanized

by naving skip hoist bucket system.




i

I~ view of 1is inkerzsnt advantages of by-nroduct

recovery and heat eccnomy systen, one such unit be purchase
ard aster doing these modificaticns can be “ransierred

o the field for its coeration ané performance testing.

Drum Charccaling Units

According to Philippine Coconut Authority (eCa}

(]}

in 1982 about 114,000 tonnes ¢f charccal was orcduced

in the countrv (Annexes II). Only £fcur major charccal
producing organizations having total capacity of 30,0CC MT
are listed with PCA. Assuming that these companies are
using kiIln methed, a substantial amount cf charcoal, i.e.
74% of total production, is being macde by pit methed and
also bv oil érum method. Although the drum methcd is

widelv practiced in the Philigpines, vet its popularity

4e)

is restricted because of the relatively short life oI the
drums due to excessive oxidation corrosion on the outside
exposed surface of the drum. Cepending upon its ogeration,
the 1ifs of the drum is estimated tetween 3-12 montils.

Bv far, the most popular system of charcocaling will
pe drum method, because of its low initial investment.
An empty drum or barrel costs about 8120.00 ($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

\ . . 5 .
prcperly Zesigned. According to Medrano et al( ), th




a batzery cf 30-150 drum %ilas. Witk one drum per burn

.00 (Fifieen

wy

in a day, a Zarmer can earn anything from Bl
Pesos) to 230.00 (Thirty Pescs] a day.

Consicdering the importance of this cottage level,
low technical input employment potential technolocy, it
is recommended that at least three models of these drums
should be scientifically investigated and the hest and
easily operaticnal system should alsc be transferrec to
field to the progressive farmers with small lancholdings.
These designs are shown In Figures 3.2, 3.3, and ‘3.4,
suggested by Medrano(al, Grover(7l, ané Mesias, of RRM
Enterprises, raspectively.

Anothner important aspect to ke considered during iis
development Is to recover a small gquantity of TAR cduring
the charconaling operation. This tar after simple process-
ing can be painted on the outside surface of the drum %o
significantly prolong its physical life. The drum system
designed by Mesias can be, therefore, mcre appropriate
for modificatipns as suggested in Figure 3.5.

The tar collected will be mixed with particulactes
(ash etc.) and being acidic in nature should be processed
by the following method.

The collected tar snould be washed with hot water

(70-80°C) ané the water should be physically sevarated
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3.5

frem tar by decantation. Two tc four washings may be neeced
to remuve the acidity of the tar. This tar can then ke
slowls heated to remove entrained water and brought to a

proper consistency that it can be appliec on the dxum with

o)

e

)

“t
f-a

0

a paint brush. Filtratica through ordinary cl nay
necessary in case ash content is nigh. After this appli-
caticn, the drum should be immediately used £or charcsaling
overation. Due to the heat produced during this operation,
the tar will thermallv crack leaving a coating of cracked
carbon. This process mav have to be repeated 4-5 times
initially till the cdepositicn of carbon is rather uniforaz.
The coating of this carbon shall protect the cutside surface

o the drum, from ccrrosicn. The applicaticn of tar may

[a))

be repeatea now at longer intervals as and when signs o
corrosion appear cn the drum surface. Over prolongeé use,

the carbon may turn graphitic in nature.

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

Before this technology is discussed, it is appropriate
to describe the proper utilization pattern of various raw
materials by different pyrolysis-gasification technologies:
Coconut snell and husk can e pyrolyzed in a par+tially
oxidized vertical shaZt xiln while there are many operational

problems to utilize the same system for finer materials




likxe sawdust, coir waste. Rice husk caa be tried in shaiz
Xiln wizh scme modificatisons as carrisd cut and/cr contem-—
2lated for the kiln of the :zype ncw Installed at ERLC.
But as proposeé in the revised programme of work, rice
nusk should be gasified rather than converted intc char
anéd then be briguetied. Durirng the orasent trip, & stazam
gasifier system is being designed Ior installatioen.

In case, rice husk, sawdust, coir waste, bagasse, has
0 be converted into charcoal, an indirectly heated horizon-
tal auger type retort pyrolysis system similar to one

(7) (8)

developed by Grover has to be adcpted. This system

is alreadv commercialized irn India, more than ten plants
are cperatring, many more are being instailed. The techne-
lcgy ané economics of the plant along with concept of partial

v

rolvsis was presented to the staff in a seminar on 3pril

e
'S

22, 1983 at ERDC. This system produces 4 tons of briguetted

th

fuels based cn rice husk in 24 hours and consists of conti-
nuous pyvrolysis system with recycling of gases, blender,
extruder, and drier. I.I.T. Delhi shall be willing to
transfer this technologyv to other countries. However, beicrs
the technology is considered for formal transfer to ERDC
and/or other agency in the Philippines, it is recommended
that a senior official from ERLC should visit India and carry

cut the assessment of these plants before its tfransfer to

the Philippines is considered.




Coconut Plantation in Region IV Southern Tagalog Philippines

Rice hull being burnt in the Field im Region IV




Drum Charcoaling units (RMM Enterprises Manila)
(Charcoal from Green Coconut Husk)

Drum with Cover



Conventional Drum Charcoaling in the Field

Small Scale Charccal Gasifiers being produced by
Gasifier and Equipment Manufacturing Corp.
Manila,Philippines
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I.I.T Delhi Cormmity Towel II
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Based cn Labcratorv test, a multitray cupocla type

) at I.I.T Delhi.

unit has been designed bv Grover
This is a stationary type of masonary cupola cum tray
pvrelysis unit which can be used in remote areas for
pyrolysis cf relatively irregular and smaller sized
materials such as small branches, twigs, leaves, sawdust,
coir dust, bagasse, and rice husk. This requires no
electricitv 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 bricuetted with a hand
operated briquetting machines and dried in sun.

The design of a bencn scale tray pyrolytic cocnvertor,
similar to cne used at I.I.T Delhi has been prepared and
transferred to ERDC. The working drawings are given in
aAnnex VI.

The design for a commercial community-type prototvve
units are being prepared and transferred to ERDC. The

schematic drawing is shown in Figure 3.5.

Steam 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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prcducer gas. The pyro-cas aiier proper cleaning can
Se used as good gquality fuel anc as gas for running
stationary Internal Combusticn Engines t3 prccuce

mechanical and/or electrical pcwer. At this time of

writine this revort, it is deciced to prepare the
working drawings of tihis unit. In additicn to procduct-

icn of gas, the reactive silica present in the rice
husks is also recovered which is a useful material for
making pozzuolana cement. This cement can be cast into
nollow blccks being extensively used in the Philippines

for the construction of houses.
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TDANSFER OF PYRCLYTIC CCNVEIRTERS AND GaSIFIZRS

In the previcus chapter, the varicus aprrecoriate
pyrolytic converters and gasifiers developed ané/or uncer
develooment have been described. The mechanism fcor traansisr
of these techrnologies shall be different for different
units, depending upon the extent of technical and financial
inputs involved and the sccio-econcrmic cost benefits of

each of these systems.

4.1 Modified Drum Charring Units

This cottage level apprcpriate technology has
been described in Section 3.4. Although, this
technology witih least technical and financial inputs
have not be spvecifically included in the oroject
document (PETI/73/022/A/31/37), 5ut it mesets +he basic
ourcose of the project, i.e., improviag the guality
of rural life, and the develcprent of raral incdustries.
Reing simple, tais is likely to se adopted immecdiately

ané shall be widespread in its utilizaticn. Therefore,

'J

i+ needs special considerations in the Philipoines
and other ZJavelcring countries.

Three such uni:zs as cescribed in Zecticn 3.4
should be constructed, testsd 2anad the improved and
mcst appropriate units should then be transferred £
the field.

Abcu: 3-11 drums should be fapricated and hancded

ocut of the progressive farmers wro are already making




charccal oy pit methcds in varicus regions of the

ccuntry. At least 5 such units should pe installed

in Regicns IV (Southern Tagalcg} and V (Bicol) because

of their proximity, and abundant availability of raw .
materials.

Field cdemonstration and also cpen house demons-—
tration at ERDC should be arranged anrd technology
povularized through publications and by the use of
mass media communication system.

This technology shcuid alsc be transferred
to various government and private agencies involyed
with rural develcpment and prcmotion of small scale
industries, such as, Institute for Small Scale Industries,
University of the Philipoines. 7The latter, during
discussions, has shcewn keen intersest in promoting
the improved versicn of :his technologv.

During the routine tours of the precvinces, tae
ERDC technical staff shculd visit these racipients Lo
guide them and also get the £feed back about their
overaticns and werking life of these <drums incorzorating

preventive corrosion measures as reccmmencded I

¥

Section 3.4.
Detailed manuals in simple and local language
should be prepared and got cistributed £o the inter-

ested farmers and cther entreprenures.
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Mcbile Xiln

As decribed in Secticn 3.3, =his kila has no
moving parts and has a cavacity to make 530 xg. of
charcocal in 16 hours. Unlike mcdified drum charring
units which gives sufficient quantity of tar, to be
used as protective ccating on diums, this unit dces
not have this provision. However, tar obtained from
drum or other pvrolytic converters can be used %o
coat these kilns to increase their operating life.

A.  Mechanism for Transfer

Two such units can be got fabricated and
installed at two different lccations in the remote
areas near the coconut plantations, which have
already dehusking and ccpra drying activities suca
that coconut shells are easily available. To
produce 300 xg. of charcoal, the coccrut shell
raguire¢ skall be 2.3 M =cns per day, so th
suitable locaticn shall be in Scuthern Tagalcg
region as far as cossible near the zlose proximity

vanila so that =he product can be “ranspcried

th

Q

'

at relatively cheaper cost, either Ior local
consumption and/or f£cr exoport.
A+ least 20% share of the capital cost of
the equipment should be caid by the recipilents,
The main objective
i3 not to get any £inances, but to ensure their

direct and continued involvement in the development
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of the oroject. A ncminal Zinancial cocmmitment

shall make the recipients more conscicus of thelr
respcnsibilities towards the project.

Qualifications for the Recipients

1. The recipients of these kilns cculd be either
an i:Jividual or a corporate body.

2. The rezipients should have experience in
trading and/or manufacturing of charccal Ircm
coconut shells and/or cther wcedy bicmass.

This will ensure that the recirients can prgcure
the raw materials and also able to sell the
products, so that the unit is well tested

over a prolonged pericd of time.

3. The recipieats should have broad cutlook and
quality consciocus and evidence cf sincerIty
to the develcprment ¢ the project by thelr past
records shculd be established by them to tie
satisfaction of PNCC/ZRDC authorities.

4. The recipients should have the finances %o the

extent of working capital and the evidernce

Hy

of +hat should ze established.

5. The recipients should submit a prcject report
giving in details the facilities and infra-
structure already availacle - and
labor inputs with econcmic and profitability
analysis. The authorities should maka sure

that the recipients shall be drawing reasonaple




orcfits which in turn will ensure the cperaz.cn
of the kiln and generation of relevant cata.

C. Mocde of Cperation

The recipients shall have their long-term
commitment to the develooment of the unit Icr a
period to be decided by ERDC authorities. The

period should be long encugh to test the cperaticral

reliability of the unit. For this kila, a period
of 12 months, from the start of the actual
operation, should be sufficient. This will enadie
the ERDC engineers to take data during all weather
conditions including the corrosion rate data during
the rainy season, when the kila mav not ke operated.
After all possible commitments are hcncured by
the recipients and sufficient data have z2en citained,
the government should have the discraticn o transfer
the cwnership of the kilns to the recipients.
Till such -ime, the xXilns belcng to ERDC, and
the recipients shall be respcnsible for its safle
custody and any willful damage ané/or to loss of
the ecuipment shall te compensated Sy the recipiants.

In addition, the recipients shall have zhe
following commitments to the projects:
1. Cperaticn of the Plant

(a) The unit shall be cperated by the recipients fo:

a sufficient period of time to be mutually decided by

the recipients and ZRDC so that meaningful
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overatioral data could be obtained.

The recipients shall maintain an opera-

-~
(o
—~—

ticnal log book reccrding therein the
time and duraticn of cperation, actual .
consumption of raw materials and
yield obtained, measurement of cperating
data such as temperature, etc., ancé any
operaticnal problems or breakdown expe-
rienced. A sample of blank log bcox fcfm
should be provided by ERDC engineers.
(¢) The operational data shall be made avail-
able to EPDC. Further, ERDC engineers

shall have a free access to the dlant to

—

studv its cperaticn and take any %fachnica
data suizable for the <eveiopment cf the

unit. Samples of raw material,

able to EZRCC engineers as and wnen recguirad

I=
-~

for analvsis in ZRDC laboratories.

th

is recommended that proximate analysis ¢

L2

these materials shoulé be periocdicall
carried cut.
2. Maintenance -
(a) The recipients shall be responsible fcr
the preventive and treak-dcwn maintenance
of the unit. However, 1if the breakdcwn

occurs due to faulty <design and/or
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manufacturing defects, 1t shall fall uncder

the praview of mcdifications.

A praventiv

maintenance schedule shculd be prcvided by ZRCC. Th

plant should te operated within the capa-
city limits envisaged by ERDC to avoid

frequent breakdowns.

3. Mcdifications -

(a)

Any modifications to improve the vield,
capacity and quality of the prcducts shculd
be carried out with the prior consent of
ERDC engineers incharge of the unit.

Minor modifications costing up to 2.3%

of the cost of wnit limited to the maximum
of 2S00 should ze carried out by the
recipients.

Any major mcdificaticns suggested and/cr
approved by ZIRDC ccsting more tian the
above limits should be carried out BV
ERDC.

Hdcewever, ZRDC at thelr discraticn

may claim 20% o the capital cost cf the

expenditure frcm <he recipienz. This Is
applicable cnly during the peried, until

the ownership of the unit has been fully

transferred tc tnre racipients.

4., Instrumentations -

Any instruments installed for the purpose

of testing and generaticn of data, which do




not form the integral part of the unit and
not specificallyvy rsquired for itis cperation
shall be the prcperty of ERDC. These

instruments shall be removed before th
ownership is transferred. The recipients
shall have no claim on these instruments and/

or other pheripheral eguipment installed for

the purpose of testing.

S. Economic Data -

The recipients are regquired to furanish
every type of cost data, as and when required
by ERDC to enable them to carry out socio-
economic cost/benefit analysis. These suall
incluce:

i) Pattern cf ccllecticn of raw matarials,
ii) Cost of raw material zaid Zo the producers.
1ii) Cost cf ccllecticn.
iv) 1In-plant raw material cost.
v) Cecst of auxiliaries. 1In this case, water,
power, if any, ané £fuel Zor lighting, etc.
vi) Labkor senefizs and cther pavroll expenses.
71i) Finance charges.
viii) Cost of both direct and indirect labor ’
involved in srocessing.
‘ix) Finance charges.
x) Pattern cf sale of products and by-products.
xi) Sale promotion expenses.
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xii) Sale price of the products.

xiii) Overhead expenses nct already incluced.

5.

Rights to Manufacture Plants -

The recipients, after complate testing
and modifications of the plant, shall have
the first right to fabricate threse piants and
sell these to other entrepreneurs as per
specifications recommended by ERDC engineers.
However, such rights shall not ke on exclusive
basis as the information cbtaired uncder tiils
project is for general dissemination. ERDC
has the rights to pass on the information to
other fabricatcrs in the Philippines, prcvided

icant. Thi

[}
w

+he demand of such units is signi
will also promote healthy ccmpetizion.
Tinancial Maragement -

The financial management of the plant
shall ke the sole respcnsibility of the reci-
pients. Cn no accctnt, the EZRDC arné other
agencies involved in the develorment oI this
technolegy including TMIZO shall ze held

responsible for any financial iosses, incluéing

losses by fire and other calamities. Hcwever,

o

ERDC may recormend to the financial institu-
ticns to »rovide scf% loans funds, etc., on
priority basis with the sole purpose to

accelerate the develorment of this apcropriate




technolagy. The rspayment terms and tle
required back-up guarantees solely rest with

he recipients.

cr

Technical Inputs -

While all possible efforts should be made
by ERDC to prcvide technical inputs on conti-
nued basis t> %the units and modificaticns carried
out as and when raguired, but being a develop-
ment projects.,at no 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.




10.

Auxiliarv ZScuicment

Tn aédition to the hasic ianfrastructure, 2i

types of auxiliary equipment such as storage bins -

buckets or sacks, weighing scales, etc., other ccnsu-
mable and non-consumable hardwares, and tcols,
chemicals, etc. shall be provided bv the racipients.

Movement of the Units

Under no circumstances the units should ke

removed £rom the selected site to any other premises

without the prior ccnsent of ERDC. Exception can Dde

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

ment to a new site its new location should be immediately

communicated to ERDC engineers.

Terminaticn of Asscciation

At any stace during devels

(3
=
1y
> ]
ot
(0]
th
r
8
r
(13
a
3
(o]
11—
0)
e}
<

under the £i=ld ceonditions iZ the recipients gat

due to any unioreseen reasons, £ERDC shculd have the
right to take back the plant/unit andéd transisr it {0

another party cor individual. This termination snall

noncur their commitments to the droject including
‘noncocperaticn and their inability or refusal to
give technical, =concmic and other relevant data vital
to the develooment of thls project.
In the event of termination of asscciaticn on the

above grounds, the capital share of the renipient

sficuld not be paid back.
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Prrolvtic Converters and Rice Hull Gasifiers

This secticn deals with the 200 kg /hr ccccnut shell
pyrolytic unit (Section 3.2), staticrarv Xxiln unit (Secticn
3.3) and gasifier of rice hulls {Chacter 4)..

All the above units are uncder dififerent stages of deve-
lopment except the stationary kiln unit which is operational
at the premises of m/s RRM Enterprises but needs mcdificaticns
as mentioned in Section 3.3. All these units have a common
feature that these are comparatively more capital-intensive
than that described in Section 4.2. Further, these units
shall have to be integrated with other processing clants to
utilize their ccmbustible gases either for neat or generaticn

of electricity. The adoptaticn cf these technologies in the
field reguires additional qualifications of the recipiants
and their deeper invclvement and longer term ccommiiment “c

the projects than those outlined in Secticn 4.2.

A. Mechanism Zor Transfer

One unit =2ach of abovementicned oyrolytic converter

and one rice hull gasifier shculd be transferred fc

H

ccconut sinell and husk could te lzcataed in Southern
Tagalcg Region IV, as far as possible within the close
proximity cf Manila, +the gasifier based on rice xull
could be installed either in Central Luzon Region III cr

Region IV as both these prcvinces have large ccncentra-

tion of rice mills as given in annexure II-3.




The mechanism or transier shall he The same =3
described in Section 4.2-A. However, because oI creater
degree c¢i invclvement, envisagec on the start ¢ the

recipients, the financial shars cf the recipients snculd
ze 30% of the installed cost of the piant. ERDC shall
meet 70% of the ccst of the pyrolvtic converters zand dv-
prcduct recovery system. However, the cost of dcwnstreanm

equirment for the utilisation of gas fcr dryving orf ccpra,

agricultural products and its use as a prccess heat for

process industries shall be beorne by the rscipients.
excestT
In the case of a rice hull gasiiier,,the stcrage o:

gas and its utilisation as a source of prccess leat ané,/cr
- cest =t

power generation, the itspdistribution svstem shall alsc de

torne by the recicients. 3Because this technolicgy shall Ze

first tested in ZIRDCC cremises ané transfarred o the Iizld

as a developed technclccy.

KD

ualificaticns Zor the recipiants

8.1 For Pvrolviic converiars

addisicn, the rscisients shculd nhave tie
following gualificaticns.

(2) The recipients should be technically gualifiad
having a degree in Mechanical/Chemical/Agri-
cultural Zngineering or ecuivalent. A techical
perscnnel with extensive experience in process

engineering industries may se ccnsidered as an




rescurces to aire at least one senior zand

experienced person having the abcve gualificaticns.
(3) The recipients shculd have experience in charcoal

trading and manufacturing and/or in the trading

and processing of agricultural products and

residues, either fcr £cod or fuel or Zcdder
This will ensure that the recipients are cagable
of procuring raw materials and orover sale oI
the finished products. Experience in fabrica-
tion of process equipment and running a srocess
industries dealing with agricultural and Icrestry
prcducts or prcducts naecded as agricultuval
inputs such as Zertilizers, pesticides, =stc.
shculé be considerad as an squivalant axgceriance.
(4) The rzcipients shculd ze able to zrcvide an
industrial shed in an easily accessidble area
duly apprcved bv the local authcrities Ior the

incdustries. In

]-‘
1M]

(0]
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equivalent gualificaticn. Alternataly, ths2

recipients should have encugh financizal

setting up ¢ the zrocss
addizion Lo the industrial shed, zhe sics2 shcull

nave basic infrastructure such as availability
of continucus supecly cf electricity, water and

1
clcse preximity t£o a provincial tewn or city \

for easy availapilizy of glneerz gocds and

with an enclcsed ccen area with prover security

arrangements.




Rice Hull Gaesifier

riée shelling industries and they are in a
positicn to preocure rice aull IZrom their and
other surrounding mills up *to the extent of
5 tons per day.

Mcée sf Operaticn

The terms and conditions for the transfer of tz2ch-

nclogy should be basically the
including
4.2.C,items 1 to 11.

same as given 1in Secticn

Hcwever, the commitment 2f the recipients
for a loncer cericé. It is envisaged that a clcse cccoe-

raticn o at least &two

three equal installments. The first iInstallment pavable

=Icm

montias

charged. Hcwever, if the installments
and paid bevond <he stipulated zericd,
interest as apolicable in the case c¢cf ccmmercial

in the Philippines may be charged.




Drolits But to ensura that the continued Involvenent




Desicn ¢f Rice hull Gasifisr

The pericé of the oresent assignment was =xtended In crier

to design a small orototvpe gasifier for rice aull, in wnica

In additicn to gasificaticn under controlled cperating

conditions, the amorphous silica could also be recoverad.

Basis for Selection

Rice husk has twe basic inherent properties of
reactive char and high percentage of yolatiles. During
pyrolysis of rice hull, all the volatiles can be removed
and the fixed carbon and carbon formed during cyrolysis
remain as char impeded with silica. 1In normal gasificaticn
process, to have water-gas shif: reacticn wikth carbon,
the silica acts as a physical barrier. In the rctaxy

ca

gasifier, the char once Zormed n te zhysically disinteg-

rated, thereby, liberating %the carben which can then be

The other main objective is to carrv out gasificaticn

at relatively lower temrerat
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critical tempevature of rice Zull ash. In ncrmal gasifi-
cation and ccmbustion processes, the Lemperaturz is ncrmally
far above 300 °C to 1000°C bevcnd the critical temperatura
of 650-760°C, when the reactie-amorshous silica changes

to crystalline structure :thereby loosing its impcrtance.

To carry out gasification below 700°C, an atmosphers of

steam i1s essential. This process known as steam gasifica-
a
tion can be easily carried out in, rotary tvpe gasifier.




n
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3v this process, not only pyro-gas, havin heating valzes
. - = 3 ne_= 03

in the range of 2889-3136 ZXcal/m (325-380 BTU/I:7)
compared to that of producer gas {(120-18Q 3TU/cu.Zx) is

generated, but the amorphous silica is also reccvered.

Reactive Silica

Rice hull contains 20% amorphous silica which is used
for making acid resistant hydraulic cement and reinforcing
filler for rubber industry. It can also be used as
such or mixed with portlané cement. In the Philippines,
this cement can be used for making hollow blocks used
extensively in construction of buildings. Some of the

cn rice hull cement (10)
tests, have been carried cut by Menta and 2itt

In
India, a number 2% rice hull cement plants were established
but due to improoer recovery oI amorphous grade silica
ti:e quality of the product suifsred ané coculd not compete
witly Portland cement. Sc it is essen:zial that during
pyrolysis - gasificaticn, the temperature
provision for which has been incorporated in the present

design.

Integrated Svstem

Once this process teccmes operaticnal ané tle scale-up
data has been obtained cn the prototype unic This unit
should se integrated with rice sheller so that energy
produced can be fed back to the sheller and the cement

mixing plant. This approach is shown in Fig. 5.1.
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lasis Zcr Process Desicn

The main-reacter is o conventional design, but has
novel medifications. It is therefore desirable <o have
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,

- .
a capacity to process 25 kg. of rice husk per hour aas
been selected. Being the first of its kind, certain
assumptions have to be made. But the prototype unit
has inbuilt flexibilities to vary the operating paramaters
such as temperature, rotaticnal speed ci the gasifiier,
feed rate, and the amount of steam to be injected Zuring
pvrolysis. Further, a similar equipment is available
in the Chemical Engineering Department of University of
so '

the Philippines,,many of the mechanical compcnents couid

be duplicated. Thils equirment is however being useé for

rh

roasting cf ores. The flew-sheeat of the gasifier systenm

i1s given in Fig. 5.2,

Process Design Parameters

A. The raw material - rice aull has the Zcllcwing

tyepical cempeositicon:

Moisture 10%
Volatile Matter 53% .
Fixed Carbon 15%
Ash 20%

Heating Value = 30300 Xcal/kg. or 5,400 37TU/is.
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The gas oroduced will vary in compesizicn deszan

Y
n
f

[ aad

ing vpon the cperating parameters, but th tyrica
compesition assumed is not impraciicable to achieve.
In lact gases with higher heating valtes than %hat
given below can Ee produced.

Gas Composition (bv volumel]

Co = 35% Mol. W&, = 26.5

CO2 = 30% Density = 0.00118 xg/liter

CH4 = 20% or

B, = 15% Specific = 845 liters/xg
Velume (at N.T.P.]

Higher Beatins Value = 3,839 XCal/Cu.meter
= 433 BTU/ Cu.f:.
= 3,262 XCal/kg.
It is possible to achieve the following material
balance which has been caicula=sé on the basis o0f the

r th

elemental analysis of rice hull, Vields bez:

(b

-

those shown below can te obtained.

1 Xg. cf Rice Hull plus 0.1 kxg. of Steam Shculd Vield
Gases = 3.83 xg.
g
Liquid = 0.29 xg.
(wazer
Tar, etc. = .05 kg.
Ash = 0.20 xg5.
Total = 1.20 g,

The total amounts to 1.10 kg. and addizicnal
amount 1s due to the water gas shift reacticn.

C + E.,0 (stean] ——> (0 =+ Hz

2

- 31,690 XCal/kz.nmcle.
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While all zhe gases cculd be raccvy

arad, cne

would expect some losses of other preducts.

Based on 1 kxg. of rice husk, having a zZeating

value of 3000 XCal/kg., the energy balance cbtained

is:

3000 XCal,

Energy Input

(Kcal.,)

Energy Cutput

PRCDCCT YIELD ENERGY LOST ENERGY AVAILABLE

Gas 0.65 133
Water 0.20 175%*
(steam)

Tar 0.0S 44T R**
Ash 0.20 50*

Enexrgy Recuired for Gasificasicn

v

Once the prccess nhas been brought

state anc the equipment, that Is, gasii

2145

£0 steadv

izr beéy andé

furnace have ceen heateé up, the heat will Zze

"

ecuired for zeating the raw material,

pyrolysis, gasificaticn, heating the st

water-gas snift reaction.

.

** Latent and sensizla heas

*** Also includes the 2eating value of
8330 KCal/xg.

éryiang,

sam, ané Zcr

tar as
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p & & : ; v § - = ; S N
Breakx-up <f the heat reguired Ior gasificaticn

~ T
- N

o

A fo v - 1 ¥ & DV =m~~ T--1 7
C. {(Basis: 1 Xg. of Rice dull}

o~

-
(=3

[N

Sensible heat
for heating the raw waterial = 2:

18
ad
o
0
v

'—d

2. Drying of rice nulls = 60 XCal.

3. Endothermic steam/carbon
reaction = 200 ZXCal.

4. Sensible heat reguired tc "
superheat 0,5 kxg. of steam
from 200-850°C = 102 XCal.
610 XCal.
Taking heat losses in the furnace, mainly with

the flue gases, 65% ccmbusticn efficiency can be

cbtained with proper design of the furnace.

Taking €5% Efficiency

Heat Regquired fcr Gasificatien = 538 XCzl.
In the above analysis, the heat cf pyrzclwsis

which in fact is excthermic ancé par<ial combusticn

that might take placa due fto small influx »f air

are neglected.

Amount of Gas Available

kg.) 2145 KCal of energv is available in 0.585 2g. of
gas produced. Out of this C.28% Xg. ¢I gas haviag
heat content of 938 XCal has o be used for gasifica-

tion leaving a net guantityv of gas of <he order of

0.336 kg. having a heat content of 1207 XCal.




This amcunts to that the cresent svstam is 40%
energy efficient, Alithough the efiiciency Is not
that high, it has two major compensating factors
1} The calorific value of the gas is about three
times higher than that»produced by partial oxida-
ticn and

2) the most important is that, it generates abcut
0.2 kg. of amorrhous reactive silica which can

to value added vroducts such as

[

be converted

silicates as building materials andé as Zillers

in rubber and plastic moulding industries. Th

ash obtained is considered to be relatively free

of unburnt carbon such that it will not impaze

the colcur and cualitv cf slastic ané rukker geeds.

Other uses can also be fcund Zcr £his iImpor=cancz

reactive materials naving high suriace araa.

Cne important Zactor that will imiluence tre
production and gualiitv of gas is the amocunt c stean
injected during pvrolvsis. This important cperating
parameter has been kept very flexizls in the design
so that the net producticn cf gas and the gqualzcy oI
silica obtained can be ortimized.

At the capacity envisaged for the prcictvrpe unic

per hour, 1t could prccduce

‘-l

of 25 kg. of rice nul

about 10.5 kw. cf elactrical power (14 3B#?) taking.

30% overall efficiencv cf I. C. encgine.




(3)

Chatterjee nas icdentified at lsast 15 Tcp
Rice Millers which ars orcducing rice aulls mcre chan

-~

MT/éay ranging from 2.4 o 16.5 MT ger day.

N
4

Rice Millers producing about 19 tons/day are
very common in some of the LDC countries including the
bphilippines and India. Such a unit can produce 2 MT .
of ash and 175 kw. of electrical pcwer (235 3HP) which
is more than sufficient for running a rice mill and

-

cement grinding integrated plant as shown in Fig.

w
.
| g
.

5.6 Mechanical Design of the Casifier

A. Based on the capacity of 25 kxg/hr., the overall speci-
fications of the rotary gasifier are:

8" (200 =m)

Internal diameter

Recommended thickness 1/2" (2.5 mm)
Length = 10 Zt. (3048 mm)

Thickness of the material inside tae
at the :inlst = max. 3" (

Width of the material
at the inlet = 7.74" (126 mm)

Based on the f£flow rate ¢f zrice rull, the residence
time ¢f the material = 21.2 minuces

At the inle:, the cross-secticrnal area occupied
by rice hulls is 17.95 sg. inch (116 sg. cm.) compared
to cross-sectional area of the gasifier equal to
56.26 sq. inch (325 sq. cm.) leaving an open area of

64%. This lcading is appropriate for rotary type of

calciner or gasifier,




Material of Construction

The recommended “a‘erzal for gasifier is stainless
steel AlS1l 210 containing 25% chromium and 20% nickle.
This is recommended because of high chromium content
to avoid excessive oxidative corrosicn on the outside
surface of the gasifier.

Normally, no corrosicn is expected within the
gasifier. This gasifier as shown in Drawing 5.3, 1is
further mechanically reinforced with compensatin
rings and longitudinal strips, the latter will alsc

increase the surface area for heat transfer.

H\
.4.

Internal Details of the Gasi

The gasifier is divided into Zour zcnes. Starcin
from feed inlet side, the Zirst zcrne is mainly for
drying the material, the seccnd zcne Is Zor ovrolvsis -
cum gasification, thirzd zone Is Zer chysically breakin
the structure of the char to liberate carieca Ircm the
cellular carbon-ash structure and the fourti zone,
which is the act=tesz is desicned 0 crack the zich
molecular gases and tars ané alsc for gasiZicaticn.
Txcept in the drying secticn, superheated stean is
injected in the reactor.

Except in the zone three, lifter are provided
inside the reactor tc have thorough mixing o matercial

and also offer mcre surface arsa f£or reaction -

Gasification. The velocity of gas and unreacted steam




wnm

~1
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leaving the reactcr is calcuiatad as J.35 m/sec.

wnich is not large encugh to pneumaticalliv carry the
rice husk or solids througn the exit. Hcewever, a
cyclone separator is provided to remove the sclids
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 incorpcrated in the zone-~
three of the reactor.

The reactor has been provided with two mecha-
nical seals, two bellow joints to take care ci expan-
sion and twc independent motor variable cdrive Zfor

~gasifier body and also for the screw fzeder. This
complete structure is hinged on the discharge side
and the lifting screw con the other sicde to chance tle

inclination of the casifier from 5-18 mm per Zcct

(300 mm) of the gasifier length have heen provided.

The rotaticnal speed cI the gasifier can e varied
from 3.5 to 35 rpm. 3Both the gasifier and Zeed scrsw
are driven by chain drives wi=h idlers £cr adjust-

ment.

Heat Transfer Characteristics and Furnace Sesicn

Normally, Zor indirsct fireé rotarv drvers/Xiln
gasifier, the major ccnsicderations are con the strength and
the corrosion characteristics o the material. However,
to have effective heat transfer and prcper thermal 2Zfi-
ciency of the furnace, sufficient area for heat-transier

and proper flow path Zcr Flue Gases rescectively must Dbe

provided. Normally ZIor gas fired backmixed type burner




with 2
furnace,, 2,460 3TY/hr.Zt" rating shculd be sufficient.
A

But in *he present case a ratiang of 1,525 3TU/hr.-sc. =I=.
has been provided v having a neat transfer area of acout
37.2 sq. ft..(3.45 m?).

The furnace has been divided into five zones Witk
bafifles to have five passes for the flue gases to have
sufficient residence time f£or the flu; gases to transrier
heat and also to imprcve the heat transfer coefficients.
The furnace is well lagged tc avcid excessive heat losses.
The exit flue gas temperature is expected to be arounc

300°C.

Auxiliary Eguipment

A. Feed Hcpoer

r—4

The feed@ hcrper made of M.S. is having a capacity
of abecut 25 kg of rice husk so that osnce in an heur
the feed can be manualliy adcded. The screw feecder is

. so designed that it will feed the material ané a2lsc
act as an 2irleck feeder. The £z2eder can be run by
a variable drive of 1/2 HP motor. The sgeed should
be varied frcm I rpm to 20 rom with an independent

drive.

B. Drv Gas Cleaning Svstem

At the outlet of the gasifier, two cpenings have
been provided. At bottom, Zfor the ash to be removed
through 75 mm pipe by gravity and at the top a2 2-1/2"
(62.5 mm) M.S. pipe. The pipe leads the gases tc a
hot dry gas cyclone separator. The velocity in the

pipe has been xept at about 35 £t/sec. (11 m/sec.).

’

.
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A 13 cm diameter cvcione with stancdard cdimensicns
and inlet velocityv of 45 ££/sec. has been provided i2
remove the entrained solids. 2!l the outlet gas lines
from gasifier tc the cooler - gas cleaning anéd waste
heat boiler includéing the cyclone body should be pro-
perly insulatec tc aveid any con@ensation of tar and
moistura. During the s‘a t up ;Hese units should be
heated by passing fiue gases to heat it up to 300°C

ané cases being produced shouldé be bv-passed. Once

w

tar nondenses the efficiencyv of separation will ‘be
considerablyv reduced. The cases leaving the cyclone
are expected tc be at the temperature cf 500°C. These

consists ¢ 0.65 kg of gases and 0.5 kg of steam per

' '-
\ﬂ

kg. cf rice hull gasified dur the steacdy state
cperaticn cf the gasiiier at 650°C.

Wet-Gas Cleaninc ané Waste deat Soiler Svstem

After cycione separatcr, the hct cases and steam
are passed throuch gas cooler-scrubbing and condenser

ts. A&bout 3 times mcre than theoretically calicu-

l""

un
lated heat transfer arez has been provided tc take
care ci extra cagac:ity that might 2 cbtained during
the operation. The gases are passed tarough 14 tubes
of 2.5¢cm. I.D. cover which hct water is circulated.

The gases are cooled to 20C-i30°C in the £irst cooler
and then scrubbed irn a spray tower of 22.5 cm diameter

and 130 cm high. The steam so procuceé is condensed

in the secondary ccndenser. All the water/gas con-
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densed are taken to a water seal which also acts as safety device
during any mishap. This 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

The function of rhe blower is to remove the gases from the gasifier
and the gas cleaning system and store these in a gas holder. The
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 f._ taking the gases to the
gasifier furmace, the gases in the gas holder should be stored at 3 ft.

(100 cm) of water gauge.

The production of gas under steady state is about 11.0 cu. ft./min
or 18.7 m3/hr. at about 60°C.

Taking into consideration the increased production that may be
expected, it is recommended that a blower of the following specificatioms

may be incorporated.

Capacity: 55-60 cu.ft./min at 30°C
(90 - 100 M3/1r.)

Pressure: 5 1b/inZ gauge (0.33 kg/cm2)

For this purpose, a positive displacement rotary roots type

blower with extermal lubrication will be most suitable.




the discharge rate and the recuirsd

r

ine so tha

.—l

grassure can de regulated tnrough by-pass vaive.

E. Gas Holéder

A capacity of 1,300 cu.ft. (28 M3) is envisaged

for the gas holder which will hold about 24 kg of
gas. The gas can be filled by cperating the gasifier .
for 2.5 hours (gas generation rate of 0.37 kg/%g cf
rice hull gasified) at the rated capacity cf 25 kg oZ
rice hull per nour. The overall dimension of the

floating head of gas holider are 16 £t (4.87-m) dia-
meter and 12 £t (3.65 m) overall height with a water

seal of 7 ft (2.13 m). The shell mace of 4 mm M.S.

sheet will produce a pressure oI 9.19 lb/in2 cr 6.3 ft.

1.98 m) of water gauge. The capacily cf this gas

holder can be increased sy having councer weizhts o<

1ifting the dome. Altermate.y if zhe cest of This
nolder is rather hich, the capacity can ne raduced Y
5C%. 1

Gas 3urner

"y

A backmix tvce gas burner cf capabls ¢ zurnin
0.24 kg/min. of gas (twice tie ratz2d cagacicy; 2aving

a specific vclume of 0.845 m° per xg ané a ca_coriiic

- - - 3 - - . - 3
value of 3506-400 BTU/f:” or 3,115 - 21,380 x=cal/m” is .
recommended. The gas is available at a gfressure of

abcut 1 meter water gauge. A suitaple blcwer =2

give 1.2 - 1.5 excess air than that theoretically reguired 1

=n =he Zurner. The thecret

'J
O
[ ]
=
'4‘
[N

should te prcovided aleng
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nirad iz abcut 3.73 kg of air cer kg of zas

(Y9]
"3y

surnt. The gas burner should be so lccated that the
flame should rnct impinge cn the outside surZace ol the
metal shell of the gasifier. Further it is recommen-
ded that the discharge sicde outer surface of che
gasifier should be covered with 2 cm layer of heat
transfer cement to prevent its overheating and alsc to
protect it from excessive high temperature oxidative
corrosion.

Gas Flare Unit and Purging’

During the start up, i1t is recommencded that the
gases produced should nct be passed thrcugn the cas
cleaning system and the gas holder. These shoulé be
by-cassed and flared in a stancdard Zlare dipe t
system. At the same time the gas cl=aning svstem shculd
be warmed up to 250-300°C bv passing tze flue cases
throuch the gas cleaning system. The line should then
be purged with superheated steam availadle before

allowing the combustible gases into the gas hclier

system.
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6. XIECCHMMENDATICNS

(B

After incorporating minor modifications and instrument-
ing the two ton ver day converter installed at ERDC,
extended period trial runs should be undertaken :o

test its reliability and obtain suktable data for
calculating material and energy balances and rate of

preducticn.

Without carrving out any major modifications, trial
runs should also be performed cn the above ccnverter
with materials other than rice hull such as geanut

shells, sawdust and broken coconut shell.

After studving the performance of the above uniz,

major modifications may e incorpcratsé to have trial
runs with ccconut shell ané lumpeé coconu:s husk. In
its present form, the unit is not suitable Zor pyro-

lyzing unbroken coconut shell.

Sefore a new raw material is &tried in :he above pyro=
lyzer, it is reccmmended that the same material should
be Zirst pyrolvzed in bench scale pvrolvzer. Th
bench scale pyrolyzer shculd be fasricated as per

drawings proviced in this report. The bench scale

operaticn will give data about the yields and physical

characteristics of £he char.

’




-

The char procuced Ircm iow asih material cculid se
briguetted and its ccmbustion characteristics analyzed
and relatively compared with coceonut shell charcoal.
The brigquetted fuel cculd also be a rotential raw

material for gasification in a conventional gasifier

being manufactured in the Philipvines.

The tar obtaineé should be modified and tested for
its potential use as praventive coatings and as wcod
preservative, Also, its combustion characteristics

should be tested in the boiler available at SRDC.

Three designs of mocdi<ied drum charring units ze

analytically tested. 8-19 drums cf mest suitabia

to proguce

[¢])

size should be installed in =he fFiel

o]
[

charcoal Irom coconut sheil ané lumped ccecnut husk.
Feedback be obtained about their cperatzing life after
these have been given preventive ccatings of washed

tar. This low technoclogy unit has great potentials

of its usage by small farmers.

Two mobile kilns should be purchased moéified -y giving
protective coatings and steps taken to get these
installed in the field according to the mechanism

proposed in this resor:. Since this unit has no

moving parts and producticn rate is adeguate, it will i
|




10.

ll.
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find widesoread application Isr commercial DIrIdUStis

of charcoal.

One reverse flow stationary kxiln should be purchased,
modified as per suggesticns given in the report and

be installed in the field integrated with a preocessing
industries. The mechanism of transfer and the special
qualifications of the recipients have been incorporated

in the report.

Based on the operaticnal experience gained on 2 ton/day

converter installed at ERDC, the design drawings of

1

4 ton per day pyrolvtic converter should be thoroughly

examined. This unit can then be Zfzabricated and ve

)

installed in <he field as per reccmmencdations conitzinec

in this repcrt.

Steps can be taken immediately to procure hardwares,

fabricate and install one 25 kXg. per =zour protctyoe

rice husk gasilfier system at ZRCC.




12. To procduce charcoal Zrom small sized hismass materials
suchr as Ticenusk, snhredded rice straw, sawdust, coir
waste and bagasse, I.I.T Delihi Technology seems most
appropriate. Before this technology is recommended, it
is suggested that a senior engineer from the Philiprines
should visit India and study the perférmance of such
units already commercialized. After studying its perform-

ance, the steps may be taken to procure this technology.

13. The Director Genral of International Rice Research
Institute has shown keen interest: in setting up a
converter based oh rice hull and straw. teps may be
taken to set one such approcriate unit either converter

or gasifier ian the field demcnstra=ion zrea of IRRI.

14. I.I.T Delhi communitv tvpe %Xiln can re installed a= =IDC
oremises for testing, £or which I.I.T Selhi shall se

pleased to supply the fabrication &rawings.

)
[V}

Rice husk-gas stcve should be Zabrica+ted and tes:ted Zor

its periormance at ERDC. Cesign and érawings for suck a

(=3

unit has been incorpcratsd.
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=
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PHILIPPINE COCQNUT SHELL SUPPLY UTILIZATION .
AND AYALJABILIVIES
Afp OCu <bell pajrs)
LESS ECOHOIIC UTILIZATION - “Implied

Fuel & Other Availa- Cottagae Shell " .shells
Period Shell Productionl/ Uses2/ bilitiesl/ Charcoali/ shell rlour3’ yroductsg/ Exportsl/ Total ng&gﬂg/
1973 8,423,680 5,865,217 2,558, 463 553,605 20,594 21,120 603,319, 1,955,1“
1974 6,411,180 4,741,656 1,669,524 820,770 39,20) 39,228 099,201 770,24,
L35 9,896,160 6,440,732 3,455,448 . 595,110 3g,700 79,707 513,597 2,941,84
1iie 12,347,330 7,987,692 4,359,638 675,480 3g, 120 43,279 757,079 13,601,75
1977 10,983,450 7,728,519 3,254,911 672,420 39,574 19,0879 731,673 2,523,055
197¢ 11,200,270 7,435,531 3,764,739 982,770 $0,640 70,837 1,100,247 2,660,49
1973 9,767,450 4,727,205 4,990,245 1,511,940 ‘51,4208 11,679, 121,575,119 3,415,1$
1088 10,135,652 6,923,749 3,211,903 2,305,290 "57,94) 16,472 4,796 2,384,501 027,4@
1921 13,249,248 9,544,059 3,705,189 2,070,900 65,111 . 23,061 2,159,072 1,546,1d
1912 13,982,236* 8,501,330 5,400,906 1,712,750 72,000 25,713 1,810,463 3,670,44
. ' : )
TGTAL 106,326,818 62,243,829 26,439,288 11,301,933 492,323 331,933 1,888 12,323,231 22,211,807
treliminary . '|
L poedhell Production = nuts gathered
" Shells used as fuel in copra drying and in desiccated coconut processing + shells of nuts used for domastic nut
./ consumption + shells of exported nyts, ..-
N Coi 1 - Col 2 = shells avalilable ' :
Y, Shells used in charcoal production (includes activated carbon & briquettes) converted at 15,000 shell pajrs/uT charcoal
- Total shell flour production converted at 6,000 shell pairs/M7 shell. Shells to shell flour is placed at 70V recovery,,
6 .
7; Estimated shells used for cottage - handicraft products
8/ Shell exports converted at 6,000 shell pairs/MT shells.

Shells unaccounted for.

Some of these shells can not-'be availed of as they are as far as 20 kms., away from
passable trails. '

Prepared by:

ESTHRER B. PADALLA

Market Econowmist

Philippine Coconut Authority
Dil(nan._Quczcn Clcy
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FASRICATICN DRAWINGS

OF

STEAM CGASIFIZER
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ANNEXURE V

FPABRICATICN DRAWINGS
OF

BENCHE SCALZ PYROLYSER
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ANNEXURE VI

SKETCH AND FABRICATION DRAWINGS
OF

RICE HUS¥ GAS STOVE
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