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Th1: des•.:ri bes war~ 3ccomplished during th.::: 

po::ri:id October- 1·::;e4 to M2.rch 1°85 t: tr1e Consultar:t. The 

i"i": l = 5 i rJn 

gi .• ~n ir: Section ·-:· 

in Sect i Dre ~·. 
Fabric~t1~~ dr3wings and pr.otei-

graphs ~f the equipment are in.:ludeJ in the Appendices. 
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being d2velcped at PNOC-ERDC ta th€ 
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The 

After this was accomplished 

A method of furnace =~::ver-

3;:d 

·: :- ~- l c:r:. 

( iipp~·nd: 
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The arT::i.ngement of components ~'i thin the sy=t1:?1i; :nd the 

from these presented i~ the Consultant's previous report 

modi~~ i cat i i:::r:s 

s1~~lication of manufacture and installation of the g~sifier 

s
1

sten1, red1_1cing costs and fabricatior. time. 

The ri~e hull gasifier system is shown in Appe~jix 1. 

On eYiting the reactors, low-Btu gas is delivered to the 

following components of th~ gas conditioning train ir. turn: 

A t1ot cyclone to remove coarse (< 1orm> particulate 

matter carried o:er from the grate. 

- A p~cked filter to remove fine ash and carbon ~cot. 

An air-cooled heat exchanger in which heavy t?rs are 

condensed, collected and removed. 

A pa:ked filte~ to remove tar a?rosols, e~tr~~r.ed in 

The gas fan and flare are located rlownstream ~f the 

scrubber tower. Gas streams from each reactor combine as 

they enter the sc~ubber tower • The fan pulls g~s ou~ of the 

.. . ! ~···~r~iur;; ~·' ... •rr:;:::.~. 

acc:omp 1 i shed by two manu..t l y-c:ontrol led gate-valve~. The 



fl.:.'.-e is: L1:cd to dic:pose of 1..tm•1.:mted g.:os during start-L•p and 

a~ tt?r- sh~Jt·-down. 

~. de~.i gn dr~1r1i ng of the scn.•bber is gi verr in the. 

~r-:E- .. ·i·.:>us repor·t. ThE filters and heat-e~cha~ger a.re 

identic~l to these used on gasifier systems currently 

i~~t3Jled 3t the ERDC facility and at the Univer~it~ of the 

F·!-.1 l i pp i nes. 

1 ~ ~ggifi~~iiQDa ig E~~£iQ~ Qg§igQ 

Desig, drawings of th~ reactor are given in Appendix 1. 

M~;or modificatjons involve the use of a rotatinq grate and 

"wet" ash removal system. The grate is roteted by a 

pinion and bevel gear <detail in Appendix 1>. A stationary 

scraper bar is mounted immediately abovE the grate to import 

a "stirring" action to the fuel bed. The sub-grate section 

of the reactor wall is cylindrical and open at the botton 

er.d. This end i~ partially submerged in ~ water bath. Ash, 

f :- l ling thr OLtgh the grate, is collected in the w~ter bath, 

The two g•3ifier reactors have a combined output 

capability of 1300 MJ/hour, fer a rice hull fuel consumotion 

r~te ~f 185 ~g/hour. Each reactor has an internal di~~eter, 

~e~suraJ at gr~te levEl of 60 cm. Ott1er as.pect: of tl"1e 

s~ctior., dual-fire zone and ignition sy~tem ~re des=ri~ea in 

the previou5 report. Unlike in th~ first design, however, 



cf thcs~ two beams. 

r i -~ i r;·~ -; ~: :.:. ,- ,- 'I:_·· .• - .. ·- - ~ ... - ... 

It/ 

tht..' 

:-. - ~ - . ! .. ·: 

tht:::r pcint 0-f int~~-- :er_:t i er·,. 

::'.. l 

A design drawing 

ir.st.:..llc·j 

'· ::o:.::1e-n:i,,i;·,g tLtr:nel 

bur-r:~:- tc. 

A;:;.per:·:li .. 

r-s -:·. ,;;. 
~-'-

~re deliv~re~ ta the burGer und~r pressur2. 

·_. ;- ;·-.er-=-

lr.::.ti=-.l 

.f ._,. r I='~.:_.! (_ C:i .. c·r ~ i ·~r. 

I- . - : 
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this way, no structural alterations nee~ be made to the 

furn~ce and returning it to full .fuel oil operation is 

.::<.•:: :omi: 1 i sh Ed. 

.. ..... ·~· . 
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out5ide the furnace b~ilding. 

be d~l i vered to tt.E fw-r:a::.:e after- the c.n~ ci l 

t":.?!i: been ignitt::!d and th;:? furn'"1ce is hat. 

3. fJM SI TE MOM! TOF: I MS F'F:OGPPM 

f1r ~c y~Eifiers to prc~ide sn indigencu~. ~ltErnst~ +~~1 for 

1.1:e ir industri3l f1.1rnace~ a.nd boiler·::. the 

p~ ogr a:11 speaks tu t:t-:e ~r ac. ti cal ga:ifier 

o~eration rether than investig~tin~ gasif icaticn theory. 

p~ i 01 i ~- · .. 

Th~ extent to which ~he low-Btu ga~ c~ntains tars, 

3erosols and particulate contaminants ha~ not been 

;:i•.!:11t1-fi£.d • 

.. ~- . • • 1 .. 



6/ 

it 

t•::> inst-.'111 th~ com;Jlctt.:: g~1~ conditic1ninq tr.:tin 

de~cribed in Sec~ion 1. 1. One aspect of 

moritaring prograill involves the determination ~f whether er· 

not lhc .:.cmditioning train c;:-_r, t..e. sin:plifi.:d 

eli111inate·j 2'ltogct:her-. 

with the attendant l~s5 of s~nsi~l~ h~at 

and system efficiency. 

""!' ·-·. 
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Legend 

1. Fuel 1«t - 16 iDcb I.D. 10 Ga. 

2. Bead 28 in. L.D. 10 Ga. 

3. Roll-Up B.L. Plate 28 in. L.D. 10 Ga. 

4. Roll-Up Expuded Metal 3 iDcb dia. 

5. B. I. Pipe 3 iDcb Scbednle 40 

6. Roll-Up exp. Metals Cs. Stl. ) to cme 

7. SecoDdarY air inleu C 4) - lt 9) Sch. 40 B. I. 

8. lbll-tJp B.L. Plate 28 I .D. 10 Ga. 

9. Befactory li inch thick. ca.stable. 

10. Ignition port l" Sch. 40 B.I. Pipe with Qap 

11. . Scraper I inch thick x l inch x 27 iDd1 fiat bar 
5 

12. It>ll-Up B.L. Plate 27T inch L.D. 
13. 1-Bemn t inch thick x ll 1Ddl x 3 inch 

14. water &ml> 10 Ga. 

15. water &ml> Drain a.p 4 inch 9> 
16. Reactor lep footing t inch thick x 4 1Ddl x 5 iDcb 

17. AsbestoS Rope Packing t iDcb ' 

18. 

19. Angle Bar rolled into ring 

20. AsbestoS Gasket l/8th inch thick 

21. B.L. Plate 10 Ga. 

22. B.l. Pipe 4 iDcbe& 9) Sch. 40. 

23. B.L. Pipe 4 inch 9) Sch. 40. 

24. Flange 3/16th incb thick 

25. B.L. Plate 10 Ga. 

26 B.L. Plate 10 Ga. 

Z1. Flange 3/16th inch thick 

28. Flange 3/16tb inch thick 

29. B.I·. Plate 10 Ga. 

30. B.l. Pipe 4 iDcbe& 9) Scb. 40 

31. 
32. Air Intake Cap far 3" B.I. Pipe 

33. B.L. Plate 10 Ga. 

34. lbll-tJp B. I. Plate 10 Cia. 

35. Flat Bar I incb thick x 1 incb 

36. Bexapal Clip Scrar 5/8th inch' x lf inch. 

37. Roll-tJp B.L. Plate 10 Cia. 

38. Square Bir 1 iDch x 1 inch 

39. Flat Bar Rolled into Ring t incb thick x 1 incb 

40. R:i.veted Pin 7 /8th inch ~. 
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RICE JIJLL ~IFIER - <a\TE j.C)SIMVY IEI'AIL 

1. lbll-up, BI Plate, 3/16th iDcb tbl. 28 inch O.D. 

2. ltl.Dg, CB.I. Plate) t iDch tblt. 251 1Dc::b O.D. 

3. Scrapers, fiat bar t inch tblt x U x 14 1Dcb radius. 

4. 5/8th 1Dch sq. bar at 3/Sth iDcb spacing. 

5. RiDg gear 26 1Dch O.D. 

6. Pi.Dion 

7. 3 iDcb I-beam. 

8. Scraper support, I indl sq. bar. 

9. Grate/gear support C.R. Shaft 5 inch O.D. 

10. Stms, . 4 x I inch ciia. 

11. Brass bnsbing, f x 2~ x 5 1ncb O.D. 

9 12 • Sbaft • 2m x 9t tnm length. 



I . 

I I 

:· i 

I :~ 
< I ·11· <. . I I 

•• 
'J." . 

! .·, 

I •• 
SS ... 
I 

I 
. I 

I 

, . 
_, ___ ; 

r 

··.~~-·-·-:· . . . ;·. 

. . 

.. 

., .. 
j ....... • • ..... • !.:... . : " ; . 
·-------.··-·-~-........ ,. .... , .. ,If" .............. j' 

I 

I 

I 
l 

G I 

-.-J"---1--.. 

' .. \ ... -

.J 
I __ , __ 

' ' I 
. i 

·- ~! " UJ • 
5'ie 

12/ 



2. Pinion Slaft 

3. Bearing a.,.-t plate 

4. Pill.aw blal:k beariDll 

5. B>lkbewt Sel,J. (f"*1• pand) 

6. Bearing support structure 

7. 'l\JrniDg. bar 

8. Pinion 

9. IeJw&Y Cl/8th incb) 
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1. 4 inch 150 lb standard Screwed Tee 

2. 4 iDcb plug 

3. U inch dia. sched. 40 pipe 

4. 4 inch scbed. 40 short nipple 

5. 4 inch sched. 40 nipple, cut to length 

6. 4 inch/2 inch coocentric reducer 

7. 1 pitch of helix ( ! inch x l/Sth inch flat bar 

8. 1 inch length of 2 inch sched. 40 stainless pipe 

9. aimer Register Plate 

10. Furnace Wall 

11. Tile 

12. Tunnel 

13. Concentric Reducer, 4 inch/11 inch 

14. 4 inch dia. flexible ha;e 

15. Ba;e Claq>S 

16. Pipe fran gasifier suctioa fan 

17. Existing Union 

18 
and 1 inch short pipe and gate valve 
19 
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APPENDIX 4. 
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Aqraemcnt, made and enter~d 
1°8·1. t:-., -.'l.nd bc·t\·:cer:: 

The F'HILIFT'INE M?;TI•Jt·.lf:.~ OIL COM-=-·t:1r1·~ 
throug~ its ENERGY RESEARCH AN[ 
[

1
E 1.'E.LC1r·MEr!T DT'.'1~ICJM. hsrt:·1~:3·fts-r-· 1·-c·-'c~-;-c:' 

t_:J ~ .. = c:.r:Ll' 7 1.~J1t.i. ~=·r"-1r·:·_ip=1 of-~1·_·_· 
M:~ L::r1r.J t·12t·c·:::~ ~:::-i-?'.:u.e:·, [.\ilif;::.r ... 
Cit·-,, P!nlipp11-1cs, r-.::pn2s~r.tt::·:J in t1-,1s 

T Bl1F·i:::·;:::: E. 
p,qr-ei::.·rr:t.:·nl by· it= M;,.;·:~g,2r .. £:1f"·. 

CF:fJ~: 

~.r:d -

The MILLMORE PRODUCTS'lMPACT 
hs-t t::::.nafter r-eferr~d tc 2s the RECIP!EtlT. 
with pcstal addres~ at 121 P1n2t~bc 
St~eet, Mandaluyong, M2trc Manila. ~r~ h=~ 
~u-, alL•mini•-•m plant in GLtimb=.. t-Juc:v:·. E=1 j.: _ 

represented in this Agrecmc~t b it~ 
President, MP. RICARDO rE LEON. 
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l•iHEF·Ei:·;:::;, 
" :o s ::: i :;:: t .=- r·: .:: •:::· 

1_•r.J:;o:-t2I i r:q 
F-r-oduct ion 

a. pr·cjeci:. 
fr·- ·:J:'H E~ j O:T;:: : ~ 

en t it_ 1 ed 
\·j~. = t ~-

tc· 
i-· ~ +- ·= ,- 1 ? l = " ~ 

l·iHEF'E (~·:: , t:•n.:. 
l !-, U-1E· f i ·~l ;j, 

E;~'.:r·g-, 

c·-i= ths objE:ct.1\E:~ c: tr:c pr-·:.:..::°":'. _s; 

~ RICE HU~L GA31FIER SYSlE~: 

__ ,'! ,-; t ;. ' t_ 

Le.: 

;:. :: :-- :" ·-=·- ,;, t !- ·: -~ v '-- 1 ? = =:•::: =::: __ t '-' t -;: .. .:; \•i ~ t ~-- l. l_ -~ r·. d 7 ·-· ~- +: 
1 

• •:.:. 
t:·J.:,: ,. ::?- ! . 1'_ .::. 

~ i~- !.·= .. ::j.::-t:1t-~ =r.:.- cp~··-;;.t~r:•; -t_~.~ ·_.lr:~t~ 

WHEREAS, the RECIPIENT fe~ls that they c~n benefit from 

·- r1 ~ 1..1 n i t ; 

;::·,-z.~·.j 5(.; :;_n,j Lh•::?i•· rnr_1t1_1~·l 



1' Th.:it the unit s~-,~,11 b:? opi.:-ra.ted bi the' F'EC!C'IEJ!T few ::1 

t:.·c~-ioJ cd OME •. 1 ! YEAF· s:ei th:ot ITH?i:•ningf•_\l opera.tie:~:=:-! dat0. 
covld be obt21neJ. 

Th.:: F:ECif'IEMT sot.ell preo·:idt:: =· Lu·-er ;;:hed f~·r ~_t-1•.: g2.s-
1fi21 s1stem wher~ basi~ infra~tructure such as electricity 
ar.d t·i:?tF.r :0·re 2vciil<:rblt:. ?Hso, provision Gf a ca.·er-ed area 
fo:-- -::tct-ay'"' of rice hLtll:: sh::i.11 bt~ µravided. 

~, The RECIF'IENT ~hall provide labor and materials re
the ga~ifier 

the: ·=on·.-ers1or: 
quir~d for th~ installation/setting up of 
=:-.-st·:::111 insi·j,:::_ tht::ir- ic·:)mpound) pla .. t and fot-

t ypt.· y25 bLwnet
buYncr- p:wt;;;'. 

tc; 10~1-B1~1_1 go:<;;; oper·:.•i:ion ~prO\'iSi•.:.- of 
to be ir;stalled in one o+ the e::i:-r:ir:g 

gun
oi 1-

ot

shou 

The F'.ECIF'IEMT shall be able to organi::e a s;stem that 
involve the people in the area, either in the operation 

other activities associated with ~ .e unit and in the end 
that the people are benefited from the unit. 

5) The RECIPIENT shall be maintain ~n operational log book 
recording therein the time and duration of operation, actual 
consumption of raw materials, and any operational problems 
or breal::do~m e::per-ien·=ed. A sample of blank lo•; br~ok form 
would be provided by ERDD engi~eers. 

~> The operational data shall be made available tc ERDD. 
Further, ERDD sh2ll have a free access to the plant to 
demonstrate and study its operation and take any technical 
d.?ta suitable for the development of the unit. Samples of 
r~w materials, by-products, and finished products shall be 
m~do 2vailable to ERDD engineers ~s and when required for 
:O'lnal;·s1::: in EF:DD L:<.bora.tories. 

7) The RECIPIENT :h2ll be respon! 
2nd bre~!down m~int9nance of the u1 

for the preventive 
Howe~er, if the 

t!~ ·.:~Ldci::r: cJ':.·= 1._ir= dL1 t: +_c· f~·1_1lty· de:~l'=-, .:r·1d 'Cit- rn~.r; 1_ 1 f?.·::t1_tr-.; ny 
defects. it shall '311 under th~ preview cf mojificatiwns 
where EPDD will be held responsible. A preventive 
mainten~nce schEdule shall be provided by ERDD. The plant 
shall be operated within the capacity limits envisaged by 
ERDD to avoid frequent breakdowns. 

8> Any modifications to improve the yield, capacity and 
quality of the products shall be carried out with the prior 
~onsent of ERDD engineers in charge of the unit. Minor 
modif1c~tion costing up to 2.5 per c~n~ of th~ c~st of unit 
limited to the mi:1>'.imL1 ill of HJO THOUSAMD FI'.IE HUr!DPED PESOS 
ri::·:;:,51:1.-_._,)t"• ~h:;ll b<.::" c:-•·;-1e·1 o•.•t t·,· th~? PEC!F'!Et-ff. 
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Q\ Th~ PECIPIEN1 i~ required lo furnish &v~r: t;pe cf coet 
d3t~, ~s and when r~quired by EPDD to enatl~ them tc carr~ 
01..•'l soc10-ecor101T11c cost/benefit .anal1sis. Th~se shall 
include: 

a) pattern ~f collection of raw materials 
bJ cost of raw materials paid to the producers, if 

cpplicable 
c) cost of collection 
d> in-plant raw material cost 
e> cost of au:: i 1 i aries - in this case, water, power, 

if any, and fuel lighting, etc. 
f > 1 abor benefits and other payroll e:·:penses 
g> finance charges 
h> cost of both direct and indirect labor involved in 

pr-oc:essing 
i> pattern of sale of products and by-products 
j) sale promotion e::penses 
k> in addition to the basic infrastructure, all types 

of auxiliary equipment such as storage bins 
buckets or sacks, weighing scales, etc., other 
consumable and non-consumable hardwares and tools 

10' Under no circumstances, the unit should be removed from 
the selected site to any other premises without thE prior 
consent of EF<DD. E::cept~ on can be made in the case of 
mobile kiln. In case of its movement to a new site, its new 
location should be ifumediately communicated to ERDD engineers. 

11> Any stage during the development of the technology 
under- the field conditions if the F'.ECIPIENT gets 
disinterested and is unable to operate t~e plant due to any 
unforeseen reasons, ERDD should have the right to take back 
the plant/unit and transfer it to another party or 
individual. This termination shall be equally applicable in 
c3ac thE RECIPIENT do not honor their commitment to the 
project including non-cooperation and their inability or 
refusal to give technical, economic and other relevant data 
vital lo the development of this project. 

In the event of termination of association on the above 
grounds, the capital share of the RECIPIENT should not be 
paid back. 

12> ERDD shall be responsible for the transfer of equipment 
to site. However, the RECIPIENT shall extend their assist
ance whenever necessary. 

13> EF'.DO shall supervise the in~tallaticn of the unit. 

14> ERDD shall train personnel in the 3rea 1n th~ op~ration 
cf ltrc 5: ~t~nr. 
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151 EPDD sh~ll tr~in personnel in the area in the oper~t1c~ 
of the s,stem. 

16> ERDD shall provide technical assistance whenever 
necessary in the operation of the sytem. 

17> Any m~jor modifications suggested and/or approved bt 
EP.DD costing more than the above limits shall be carried out 
by EPDD. However, ERDD at their discretion may claim twenty 
per cent <20%> of the capital cost of the expenditure from 
the recipient. This is e<pplic:able or:ly during the period, 
1 . .tnti l the o.-mer:hip of the 1 .. mi t has been ful 1 )t transferred 
ta the recipient. 

18> An; instruments installed for the purpose of testing 
and generation of data which do not form the integral part 
of the unit and not specificall; requir~d for it~ operation 
shall be the property of ERDD. 

PECIPIENT shall have no claim on these instruments 
and/or other peripher·al equipment installed few the purpose 

of testing. 

PNOC-ENERGY RESEAF:CH AND 
DEVELOPMENT DIVISION 

DR. IBARRA E. CRUZ 
Manager 

MILLMORE PRODUCTS/ 
IMPACT CORPORATION 

MR. RICARDO DE LEON 
Pt-esi dent 

SIGNED IN THE PRESENCE OF: 

-------------------------------------------------

AF'F'ROVEfi P ·, : 

WENCESLAO P.. DE LA PAZ 
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