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SUMMARY

1. OUTLINE

The aim of this project, through cooperation with the Philippine government, to 
develop a gasification power generation system for five years, from 1990 to 1994, 
utilizing currently unused woodwaste/agri-waste. The system involves the 
gasification of these wastes, and, through combination with a gas engine, the 
generation of electricity.

1993 is the 4th year of the project. Element technology development testing was 
conducted as in 1992 and detailed design, fabrication, and procurement of the 
equipment used in the facilities comprising the pilot plant were implemented. All 
the items assigned for FY 1993 were accomplished.

Furthermore, all the equipment constituting the pilot plant fabricated and procured 
from 1991 to 1993 were transported to ITDI (Industrial Technology Development 
Institute) and the construction, adjustment, and commissioning of the pilot plant 
were conducted onsite.

In conjunction with this, field surveys were conducted and researchers from ITDI 
were invited to Japan to discuss details of the construction work and to conduct 
joint research on element technology development testing.

Moreover, an advisory committee consisting of experts, specialists, and researchers 
has met to discuss the project from a comprehensive aspect.

On the Philippine side, they started Phase II construction after the completion of 
Phase I. Thus, the project has to this point proceeded according to the original 
schedule prepared to complete the construction and commissioning of the pilot 
plant.

2. RESULTS ACHIEVED IN FISCAL YEAR 1993

(1) Field surveys

During fiscal year 1993, field surveys were conducted twice (July 1993 and

- 1 -



These discussion were more practical than before and played a considerably 

important role in smooth implementation of this year’s major task, to 

implement construction, adjustment, and commissioning of the pilot plant in 

the Philippines.

January 1994). Element technology development testing, design, fabrication, 
and other items on construction were discussed during the first field survey.

Discussions regarding implementation of adjustment and commissioning of 
the pilot plant and test operation scheduled for 1994 were held during the 
second survey.

a) Achievements noted in the first survey

1) Mutual confirmation of the progress status of the project 
implementation for both the Japanese and Philippine side.

2) Mutual coordination and arrangements on marine transport, customs 
clearance, equipment custody, cargo opening inspection, etc.

3) Confirmation, coordination, and major schedule determination on 
onsite construction.

b) Achievements noted in the second survey

1) Confirmation of the completion of the pilot plant construction.

2) Confirmation of the completion of civil engineering and 
construction work.

3) Discussions, coordination, and major schedule determination on 
adjustment and commissioning of the pilot plant.

4) Discussions and coordination on the 1994 test operation.

(2) Equipment design and fabrication

Design, fabrication, and procurement of the equipment constituting the pilot 
plant assigned for 1993 were implemented as well as the design of the



construction.

For the gasification process, design for fabrication as well as construction of 
buffer tank and fabrication and procurement of filter equipment, buffer tank, 
wastewater treatment equipment, electrical instrumentations, and thimble filter 
equipment were implemented.

For the gas engine power generation process, design, fabrication, and 
procurement of auxiliary equipment for the gas engine, piping, and wire 
material were implemented together with the design for construction work.

(3) Packing and marine transport

All equipment constituting the pilot plant was packed, transported by sea in 
six vessels to Manila Port, and delivered on board to ITDI during the period 
from June 1993 to February 1994. The first shipment to the fifth were timed 
to meet the progress of the construction, while the sixth shipment made in 
time for adjustment and commissioning of the plant.

ITDI conducted unloading, customs clearance, and inland transport in the 
Philippines.

ITDI and ENAA jointly checked all equipment against the packing lists, 
inspected the condition and quantities, and confirmed onsite delivery by 
signing the packing lists.

All the equipment was transported, accepted at the jobsite, and stored without 
any equipment damage, failure or any other problems.

(4) Field construction instructions

The construction commenced on August 24, 1993 and completed on 
November 26, 1993. During this period, Japanese supervisors stayed at the 
jobsite and provided instructions in their assigned power.

The construction was implemented by a contractor under contract with DOST 
(Department of Science and Technology). The contractor conducted its own 
construction management and implementation methods.

3



No accidents nor disasters involving equipment and workers occurred and the 

construction work was completed on schedule.

(5) Adjustment and commissioning

Upon the completion of the pilot plant construction, adjustment and 
commissioning were jointly conducted with ITDI.

For electrical instrumentations, sequence checks were conducted, which was 
followed by numerical setting of alarm and control systems and activation 
check of operation terminals and loads. Cold operation involving individual 
equipment that constitutes the plant and systems used in the plant operation 
was conducted to confirm integrity of performance.

(6) Element technology development testing

Element technology development testing was also conducted this year related 
to the gasification and gas engine power generation processes. An outline of 
the achievements of this year is as follows.

a) Gasification process

1) Readiness in coping with diversification of raw materials

2) Gas purification by the packed column

For the first point, selected wood chips and rice husk were used in 
gasification testing to obtain information for technological consideration 
of raw material diversification. The results showed that the use of wood 
chips and rice husk caused difficulties as for bridging and material sealing 
and that actual use of these materials would require special alteration to 
the raw material feeding system to cope with the nature of the materials.

For the second point, two types of fillers were used. Consequently, the 
use of mesh ring was confirmed to be capable of further reducing the 
residual tar mist.

- 4 -



b) Gas engine power generation process

Several kinds of selected ignition plugs were used with the test engine 
and various kinds of testing were conducted to obtain basic data on an 
optimal ignition system for wood-based gas.

Eventually, two newly-developed ignition plugs were confirmed to have 
more promising results in combustion stability and durability than 
conventional ones.

(7) Acceptance of researchers

From October 17 to October 30, 1993, three ITDI researchers, except one 
who joined on October 23, were invited to Japan to discuss progress status of 
project implementation, participate in joint research on the element 
technology development testing, and study at an equipment-related research 
institute.

Dr. Felipe D. Vinluan, Jr., chief of Fuels and Energy Division (FED) who is 
responsible for the project implementation on the Philippine soil, visited Japan 
as a member of the group. The mutual understanding of both sides was 
further promoted and enhanced.

(8) The committee

A total of 2 committee meetings were held during the fiscal year 1993. 
Technical and managerial aspects were discussed for smooth implementation 
of the project.

The meetings were held on:

[1st] : Wednesday, June 30, 1993 

[2nd] : Thursday, March 24, 1994

- 5 -



(9) Conclusions

Project plans for fiscal year 1993 have proceeded according to schedule. All 
the equipment constituting the pilot plant fabricated and procured in Japan 
was transported to the Philippines. Construction as well as adjustment and 
commissioning of the plant were implemented and the pilot plant was finally 
completed.

The element technology development testing was conducted according to 
schedule and promising results were obtained.

The achievements of this year completed all preparations for test operation 
scheduled for the next fiscal year. The results achieved this year paved the 
way for the smooth implementation of the project in final fiscal year.
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27 B (*)
JETRO (f^SP/TM) EtfcSF=l fas-

JL742 MNL 14:45 — NRT 19 : 40
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(3) (##^#2 MINUTES OF THE MEETING#^)
a)
iTDiz^

K, 2^1 %#E7°7 V ^
C-OV'T,

b) #^E7°7 v b €)## »
(D ENAAZb##'#mWt@^m^L, ENAAmc&^#1^31Bj:bM^f%- 

t ’Xf&Ml'tZo

:, A, ^ U -T #
ITDI%r##f 6 ^ 6^%Smmu/c.

(D ITDIZb, O^<f20bv^fTKmmum#U'T:^%C6^#S^^fc.

ENAA#^### - 1 o^ITDI ^ %
ITDI^^mUfc.

® iTDizb,
c)

® ###§m, m#'^a^m^^^ENAAom#cj:biTDi^#gf%^6%:^m 

Lfc0
® (Nz, He, Oz^) ENAAOM^ft^^ITDI^mm-e^^^^^mmU 

fee

d)
® ENAAzb^6^mm^m^Ft@^m^L, mmu/c.

^ - /HiENAA^C&^^mf 5 C 6 Lfc. 3

oiTDmawmm#B
oiTout, zL-Tx u-r,f c@m, 7K#) C(o^<f, mm, N^#)

ENAAK^mf^).
0 3^7 ^ ^ -7/
oDosT^Ffm^o^^m^mm^^Qmii^^cov^, iTDntf#m#K,

e)
ENAA Z b W; 6 /r 7 L/C.

f) AA:K^;
ITDI6ENAA^, f^6#:5^24B#m^B#KmATm#L 3H 

WiSB &" &%> ZL h. h L7c0

—19 —



(4)

41HloiME'm, SIIE7'5 y JtsciMBSfcct*, 19#

£fc„
ffc. *V*i$ltHS D KIEDIKii#LXfc !), 4*fiBitS4©#(B)ff*4igxt: < 4 

»>, 4HUi^‘0,'S^il*4fc*S4H$4fi-5 ckfAX’itz,

2.2 m#m:t -

2.2. 1

(1) memmwmm
a)

X^y^-^y^ (BT-91% zK#f^ (WSP-92)

^vc; g69cmmf

%#386Nni/hr (#*#),

- a ^vs; y ^ ua# ^

v y tLic0

(15%) UT"%:' ±" X zc. y ^ y ^ @ ##ihf 6^6 %.

< i^.fco

- ^ #)WCf yf Z ^KL
tc o

M'Z'&mfe'tho
. Xy7 y-^y^ajo^2KW^^#^, TM"%:'OM%A#Wz:f vf 

Q&btiZ) £ 5 fc L7t0
(2) me###
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a) ^##oG
H-71 y% y x - c (9^2-2-!-!#^)

i) #mn#

7 7-7 77^-01^^,

2) ^900XH705
3) #@ S S

1
5)##^ ###%#Axl

ST-72 ^yX-C###

1) SK b"/>5S
2) ##X7^ 7 I'# ^900X L700
3) #<D#t 3
4) ## 7^7 1 ^ M <k t S S

5) m#gG
6) mm 11?
7) mm AC220V, 60Hz

RL-73 p - 7 V -X;^y 2 CM2-2-l-l#m)

i)
2) 200kg/hr

3) #m i 7 -< 7 - $ ^ 7° 7 7 z;' A , 7-777" F C

1 £
s) mm AC220V, 60Hz

F-74 7^;^7- (^^2-2-l-2#m)

i) ms «n#
2) ±3W 1,000, T^(^L400XH1,200

3) #!E S S

1 zS
s)#ma m##xi

D-76 7 % ,>7 (^%2-2-l-2#m)
1 ) #zS 2 #7 7 U ^ - 7 % - 7"

2) 200kg/hr

3) 7 7 V ^ - S U S 304, 7-777" S S

4) m#s%

1 o'

6) mm AC220V, 60Hz

RL-77 p - 7 V -_X^7'3 CM2-2-l-2#m)

i) 7 — /v§y

-21-



— 22 —

## cz
x x ^ - n x ^ (l

ZOl-d

#1 (^
OS9'lHXOZ9l(6 ^ CE

PS ## CZ
C#14##) Xxx^^xx^-^ri^ Cl

cm#oi-i-z-z^±) soi-i 
3f I W$1 (V
8 8 g# CE

OOS'lHxOOSxOOE'l ^ CZ

cgm^xxggT ci
cm#6-i-z-z^^) a#9#m loi-i

8 8

\r

Ca#8-I-Z-Z~E-I-Z-Z%A

^l x

^1 
8 8

byininosi

pool

'II^Z-l-E-ZIl!) X x X

l x ->z

ZH09 'AOZZOV

^ I

m# cs 
## cz 

ci
^4#^ 26-dSM 

%"M# C9 
CS

M# C fr 
CE

w# cz 
ci

x x * >z 16-19
cq

cz
mm cs 
m# cs

0 a .X X X - ^ ' Y f X X .X 4: t

tOESflS MM A - = * (p
m 9 x m g $mx#gg*)|z (g

^/%OZ xrnigw cz
a xx.^ X ¥E (I

OXy/.c SI
ZH09 'AOZZOV ass 0

ei
^ ^ — 6 >^x 1 MM (S

jq/3%oos ccm&m cz



3) 130 l /min*1.0kgf/cri

4) m# 1&
5) mm AC220V, 60Hz

p-104

1 ) Ay V -tfv7

2) Mgl
3) Wm 1301 /min*l.Okgf/cd

4) m# li?
5) mm AC220V, 60Hz

i) ^ ^ ^ ^ - y —

2) f ##50^
3)
4)
5) AC220V, 60Hz

P-111
1) $56 y 7 7 , 1 -+: - 7
2)

3) ## 11 & /min

4) m# 1&

5) mm AC220V, 60Hz
B-112 ISf^ypv

i) rn^: V I \3 %

2)

3) ## 0.6rr?/m i n*4, OOOmmAq

4) m# 1 £

5) mm AC220V, 60Hz

6 ) #Mpp "f'l' Iy'7-^—x 2

BR-113 (^*2-2-1-11#®

1) ShS mmpm,
2) ±^^ 1,700, T^^ 1,400XH3,605

3) WM. 8 8
4) m* 1*

T-114 »a*(t (9*2-2-l-12SE)
DUS; zt-y x ^ (####)
2) M 3 rrf

3) ±gB<H,620xH2,340
4)

-23-



P-115 jamzWvy
1) ms u
2) ##
3) ## 1301 /min*1.0kgf/cd

4) m# If!
5) mm AC220V, 60Hz

T-116 OS%-2-l-13#M)
1) A#
2) #a 12ni
3) E& 4,000X2,000X52,600
4) 8 8
5) m# 1 g
6) #ma, ##sx 1

a)
cp-i52 (^%2-2-i-i4#m)

1) -c/y=

2) 3,000X (1,700, 1,300) XH2.200
3) 8 8
4) i^ c-E^m#^)

LP-153 (^%2-2-l-15#M)
1)#^:
2) 560X580X51,330
3) 8 8
4) m# im

LP-154 (^^2-2-1-16#,%)

1)#^:
2) 400X220X51,400
3) 8 8
4) m# im

LP-155 cM2-2-i-i6#m)
1) V ^ a V^g^#

2) 450X250X51,550
3) un 8 8
4) 1 E

lp-156 (^*2-2-1-17#!®

1)
2) 700X550X51,850
3) 8 8
4) 1 E

— 24 —



DP-158, 159 lOOV^m#

1) ms
2) 450X140XH500
3) ## 8 8

4) m# 2@

MB-157 (^%2-2-l-18#m)
i) Mzsmmm
2)

3)

1,100X300XH2,000 

8 8 (#@7 ^ V /^#%)
1@

1)
2)
3)

vv a

8 8
iom

m#

V-</>

± U 7 x 2 6 (^2-2-1-19#^)
7 n - b ?S x 3 A

CA##^j-xi7A (^^2-2-l-20#M)
CC#%#X5 6 (^2-2-1-21##)

x 8 A 
2^

#:bS^/>;x<yf-x8^ (^%2-2-l-22#m)
7 p — b 5S V -Xi /V X /f 'y if" X 3 ,^K

vf-x 3,^ 
x 1

i) ms&m#
css) xi-^ 

(40A) x 1 ^
(40A) x i e

U25A) x i^

SF-136

i) ms o:: < f 3^%^:
2) (6 300XH300

3) 7 ^ V />,

2^
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TFU-137 *

1)
2) ##
3)

4) frj IPP

DP-142 x

1)
2) m#

3)

4) #J ipp

AC100V, 60Hz

8U8

K9A##5^) 
%§|^vy°x 1-^ (#^,#50^/min)

/ — h giy< y zr y

1&
AC100V, 60Hz
7° V V 7 — X 1

HC-143 A-'f 7 h 7 7— v

2) W&
3) mm
4) #fp

f) m##

^nIp 7 9 V 3L —

#

i&
AC100V, 60Hz 

±T#fl4

1 ^ 

1 5$

y a l ^
l ^

m##

izMM l £,
i^:

i^ 
i ^

o) %$m#t
TEOTfK'Ci'!:, {^^Lfc|2|[gU^l'^^2-2-l-lC^f.

® ##, @a#z$
® #tmz$
® Xy7y-^V7 @.3^%#

mm(D#?^^^2-2-i-23-26K^f.

(4)
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iMBit • im 8, 0, y * h

82-2-1-1 ISB1+EB y * 1

02-2-1-1 SfP¥$IX»0 
02-2-1-2
02-2-1-3 s'* y y y — y y y ^ 'J j- y 7 — y b. y 

02-2-1-4 X ^ 7 7 - ^ ^
02-2-1-5 s\ y y 7 ~ y y y 

02-2-1-6 s'* *y y y ~ y y y yj y 

02-2-1-7 s<* *y y 7 — y y y #####]

02-2-1-8
02-2-1-9 s-\ v ~y y — y y y 

02-2-1-10 X y 7 7 - ^ ^ ^
02-2-1-11 s'* v ~y y — y y y # -f k p — ^ — |^j|E

02-2-1-12
02-2-1-13 Xy^T-fxf 

02-2-1-14 y 7 7 - ^ x ^ / X/i#0 

02-2-1-15 Xy^7-^x^
02-2-1-16 X ,, 7 7 - f v f

02-2-1-17 y 7 7-^x7

^m-2-i-i ^ v x - c ^
%%2-2-i-2 7 ^ ^
^%2-2-l-3 s'' **j y y — y y y

^^2-2-l-4 X y 7 7 - f x f

^^2-2-l-5 y "7 7 — ^ ^ ^

^%2-2-l-6 ^ 7 7 — ^ V 7

^^2-2-l-7 x y y y — y y y

^K2-2-l-8 y 7 7 - V ^

^^2-2-l-9

1/2
m^2/2
A#, *"x###l/2 
A#, #x##l#2/2

^^2-2-1-10 
^^2-2-1-11 
^^2-2-1-12 mmA#
^^2-2-1-13
^#2-2-1-14
^*2-2-1-15
^2-2-1-16 x-f- O&X (^)
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1-1-18 y — & ‘‘fc- ^
:-l-19 * V 7 
1-1-20 C A^##
:-i-2i
1-1-22 $kWj^< ^
:-i-23 mm#&i/4 

:-l-24 {^m^2/4 
:-l-25 {Km#g3/4

1-1-26 {&m#&4/4

i. as# 
i) as#m (7^

m#)
FG3-KS00100 PIPING

FG3-KS00101 PIPING

FG3-KS00102 PIPING

FG3-KS00103 PIPING

FG3-KS00104 PIPING

FG3-KS00105 PIPING

FG3-KS00106 PIPING

FG3-KS00107 PIPING

FG3-KS00108 PIPING

FG3-KS00109 PIPING

FG3-KS00110 PIPING

FG3-KS00111 PIPING

FG3-KS00112 PIPING

FG3-KS00113 PIPING

FG-GS-PP-30929

DIAGRAM 1 (KEROSENE & LPG) 

DIAGRAM 2 (WATER I)

DIAGRAM 3 (WATER 2)

DIAGRAM 4 (WATER 3)

DIAGRAM 5 (WATER 4)

DIAGRAM 6 (AIR 1)

DIAGRAM 7 (WATER TREATMENT 1) 

DIAGRAM 8 (WATER TREATMENT 2) 

DIAGRAM 9 (WATER TREATMENT 3) 

DIAGRAM 10 (WATER TREATMENT 4) 

DIAGRAM 11 (PRODUCT GAS) 

DIAGRAM 12 (AIR 2)

DIAGRAM 12 (AIR 3)

DIAGRAM 12 (AIR 4)

IS INSPECTION PROCEDURES OF GASIFICATION PLANT 

CONSTRUCTION WORK

3)

FG-GS-PP-30929-1S INSPECTION PROCEDURES OF GASIFICATION PLANT 

CONSTRUCTION WORK

-28-



FG3-KB02030-1

FG3-KB02044

FG3-KB02045

FG3-KB02046

FG3-KB02047

FG3-KB02048

2 ) 7° ^ v l' 7° 7 V
FG3-KB02040A-2

FG3-KB02040B-2

FG3-KB0204IA-2

FG3-KB02041B-2

FG3-KB02043A-2

FG3-KB02043B-2

FG3-KB02042-1

FG3-KB02031

3) 7-7.
FG3-KB02070-1

FG3-KB02072

FG3-KB02071-1

4)
FG3-KBH0002

FG3-KBH0003

FG3-KBH0004

FG3-KBH0005

FG3-KBH0006

FG3-KBH0007

FG3-KBH0008

FG3-KBH0009

FG3-KBH0010

FG3-KBH0011

FG3-KBH0012

FG3-KBH0013

FG3-KBH0014

FG3-KBH0015

CABLE RACK/DUCT LAYOUT 1 

CABLE RACK/DUCT LAYOUT 2 

CABLE RACK/DUCT 

CABLE RACK & RACK SUPPORT 

CABLE RACK & CONDUIT PIPE LAYOUT 

CONDUIT PIPE SUPPORT

ELECTRICAL PLOT PLAN 1 

ELECTRICAL PLOT PLAN 2 

INSTRUMENT PLOT PLAN I 

INSTRUMENT PLOT PLAN 2 

INSTRUMENT PLOT PLAN 3 

INSTRUMENT PLOT PLAN 4

ELECTRICAL/INSTRUMENT PLOT PLAN (WATER TREAT

MENT YARD

MONITORING ROOM ELECTRICAL/INSTRUMENT PLOT 

PLAN

INSTALLING PLAN OF LIGHTNING CONDUCTOR 1 

INSTALLING PLAN OF LIGHTNING CONDUCTOR 2 

GROUNDING PLAN

MOTOR WIRING

MOTOR & LOCAL SWITCH BOX WIRING

B-45, B-46, C-122

WATER TREATMENT

BURNER & GAS COMBUSTOR

DISTRIBUTION PANEL

WEIGHING EQUIPMENT PANEL

GENERATOR CONTROL PANEL

DP TRANSMITTER

LEVEL SWITCH

THERMOCOUPLE

WATER TREATMENT

CONTROL VALVE

GAS SAMPLING



FG3-KBH0016 FIQCA-41 

FG3-KBH0017 FRQ-83 

FG3-KBH0018 PRA-31 

FG3-KBH0019 PIA-41

5)
FG-GS-PP-30929-2S ELECTRIC WORK CONSTRUCTION PROCEDURE

6)
FG-GS-PP-30928-1F ELECTRIC WORK INSPECTION PROCEDURE

3. y 7 7 — ^ V ^

i)
FG-GS-PP-30825-IS BUFFER TANK ASSEMBLING PROCEDURE

4 . 7° v v 

i)
FG-GS-PP-31105-1S PROCEDURE FOR TRIAL OPERATION

-30-



■ST-72
RL-73

VC-4 8

ST-75

C- 78

H-2!
Fttl lintr BC-00

R-3 1F- I 5
S-6 1 CC-81ST-22 H- 52BU-4 I

! tiM-ei liriff

F-l 7

P-62 P-82
C-02 (LPG)

P-65P-43 Va-107

Va-66
BR-I 13

fait tx!k I (/MAW--2-7,)f<-$$$)

P-105WE-0 1 T- I I 6
lic'rvifk litrr Tilt

! \%4h- /f ? i&k] |^. T-103 P-IP-102T- 10 I

B- I I 2
1 7 $ti’» ' 1 ( )$Z<*.tr% ) ,

H3 : ftkJZA&fp.&HL'l 
Z/i :
l ilupfn m&n ->\-za. ?%</$/& .

•5f0>£A ’
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPANMain ipment List

WE-0 i C-02 R-3 IVS-03 CS-5 I
GASIFICATION UNITT;wit>M Semi

iOiVttix 31S0bUi iilii in 5l9HiJ/V
mtcltr 19-3001#

1200—1600O. <1501
ST-22 Stirftr

H- 52 S-6 1 GC-B I BT-9 | GC-03 T- I O I BR-I I 3

inut'UilAi i FG2-KB00030-/1.8.‘/.i.x30Q.>i,
I OM X 3000X7000 0

ST-75 Mi



-2
00

X
10

0X
5.

5X
8

A B C D E F G H I j

o

Alb °N OMQ

REVISIONS

,xv<iiibJitL

O

5

7 w

A B C D E

M-l| 1
5004 - - - Iff SiSv^t-ji

POOF MANHOL-

N-iq i
!Oa| ~

-

- | -
7) J"D
GAS SAMPLING

N—91 2 25a!sGP
JIS5K

u-j
fi'Xtii A Dr"0>

DRAIN FOR GAS IN/OUT

;.-8 1
80a' 1 sol FfS

SPARE

N-7 1 4CA
jSCR'oj A Tb - 7 A A

SPRAY NOZZLE
N-6 , 4CA JIS5K

r
5CPT>

>S * D
WATER SUPPLY

N-5 1 40A IIS10K so
ZTZ-Xxh
GAS VENT

N-4 1 5CA IIS10K
Iff * O

DRAIN

N-3 1 50A J1S5K
;t-v\-oa- 
OVER FLOW

N-2 1 ISO A t O
GAS OUTLET

N- 1 1 125A SGP JIS5K so FF
A3 A a
GAS INI = 7

NO ItCOD SIZE RATING now DESIGNATION FROM C

NOZZLE LIST

DESIGN DATA
0006 JIS
FLUID
DESIGN PRESS !50±20TnAa
OCSON TEMP, 40
operatwo press. 150±20fnmAa
OPEAATNO TEMP 40
POSTWELO HEAT TREATMENT
AAOCCPAPH
CORROSION ALLOWANCE 1.0

SC/ 50 *
HYOROSTATC TEST PRESS FULL WATER
PNEUMATC TEST PRESS

BY S? EC.

EMPTY WEIGHT 14000 M'
OPERATING WEIGHT
full water wexxt 14 8000 C9

DESCRIPTION | MAT' L | QT’y| REMARK?

EI2-2-1-2

FINAL

A' X -ft U£ ^ -f a v I- 7 5 ^ I-

fttSOysfexV xc. V- 7- v ^
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

BBS*
BT-91 BUFFER TANK

ft s5 iL @

G ENERAL A SSEUSLING DWG.

HR 1 50
1 BN ’95

- 5 - 6

*9! Hi 3, "F63-M D0)?o 1 <3>

4

5

6

F G H J



A 8 C D E

o

GO 4 
CO

<£>

o

T P * f ± S3 tf t-

fgj is n i a
OUTSIDE VIEW OF SHELL PLATE

-a 12.

-90"

l.V:V£RTICAL WELDING SEAM OF 1ST SHELL PLATE.

No. DESCRIPTION MAT' L QT'Y REMARKS

15. ffi

BOTTOM PLATE
sat
RAFTER

H ^ ^ H
BtBQtiLA. a: ^ •>> — -7- IJ ^ ;y$@9SKZt£? 
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

BT-91 BUFFER TANK

ORIENT AT ION DRAWING
MR 1 10 3tt ’93 - 5

f*W 5.

*a ^ %

B$6S
F6J - MD C o >o 1 ^



A B C D E

CO
►c*

o

(770";

■SECTION W - 'A' DETAIL *6" DETAIL *C

1212-2-1-4

e'1 e

7438

I

-

3
U3h7'0-/9
PEST BLOCK 55400 12 -

2
* A &
BACKING PLATE

l
12 FB-38X6

1
15 IS
BOTTOM PLATE SS40C 1 PL6

Ho. DESCRIPTION MAT' L QT' Y R EMARK S

FINAL

7-r 19A ita ^ -r

MEQtiiv'v ai-y-7' L> ^ rS-'iSSRitgXtS? 
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

amg*
BT-91 BUFFER TANK

15. t/S l¥ &3 . . . . .  . . . . . . . . . . . . . . . .
BOTTOiV PLATE OF WATER TANK

■ ft 1 : 40. IQ. 2 Btt ’93 - 5

■a ft &

»a a

H$8S
7- Cr3 - M-0 co f 0 3



12
°L
.■
Jt
'S
Q

VO0 7. 4 f.i 60/(.,4

Ooo? 60/S

0 ©

191 te. & m
COUT'SIGE V/fW )

gI2-2-l-5

FINAL

F T?' ? ^ F

BtfH3-££:.A. — -7- V ^
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

scsbsw

BT-91 BUFFER TANK

IZOIM^JLIZZI™.
SHELL PLATE OF WATER TANK

MR 1 : 40. '0. 5 BN '93 - 5-6

»g & tL
*a ? #r

K«S1
f G 3 - MO co Xou.

. 3

6 GUIDE RAIL SS400 . 6

5
h-/r7>7A
TOP ANGLE 4

4
1*1 (fi
SHELL PLATE 1

3 3

2 1

1 in «»
SHELL PLATE 5S400 3

Mo. DESCRIPTION MAT' L qr y REMARKS



o REVISIONS

"N 0M0 O t< i- H, B.N.Jf iO

J ;\_JT /-Xvf « <5if» & <$> 9J5.6 ®@*e T * 5 -

(JJ O') 1770') 17/0') USO')

■K^T-gf
/ VERTICAL 6TAX

kjdy <o’> <jjo')

lu£L , lp , lP V!p 7P 2P , ^ , ^ Tp 7P IV 7 p, ;2f i' r jp

r <
i

4 p

/ 4p 74 ’4 p
JP

&4.*

*3.2

*4.6

i-sso «vro « &

B1 a f
HORIZONTAL $£AM

at 01 t
VERTICAL 6EAH!

COCT. 4

’a' S? n em
oa TAIL "A‘

10 M6X2QB.N. HEX. HEAD S5400 116 TTX13 :
FOR ASSEMBLY

9 1C Jf-
VEPTICAL STAY 12 -

8
H-/T7>-7n,
TOP ANGLE 4

7 TS5 7'sCTil 
lower ANGLE 4

6 ffl (5
SHELL PLATE 1

5 3

4 1 -

3 3

2 1

1 m (6
SHELL PLATE SS400 3

Ha DESCRIPTION MAT' L or y REMARKS

g2-2-l-6

FINAL

h -5- ^ h
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

ESS»

BT-91 BUFFER TANK

SHELL PLATE OF GAS CHAMBER
HR 1 : 40. 4 BH '93 - 5 - 6

MB & C

B®**»
FG-J - ltd oofc/tr



CO-c

—HCJ \
----------- 1 1

TT » SO* /v5O

___ , m

-

14 U16X358.N. SS400 48 HEX.HEAD

13 MI2X308.N. 228 FLAT HEAD

12 (EiS^ET PLATE 1 2 PL6

11 6

10 1 2

9 6

8 6

7 (FusBt PLATE
6

6 CENTER plate 1 PL 6

5
SrSfi .
RAFTER 1 2 1-50X50X6

4 1 1 2

3 1
1 2

2
1

1 2 L-50X50X6

1 S5400 1 2 1-65X65X6
Wo. DESCRIPTION MAT- L or r REMARKS

4 « J-
JO °K'LL/r~~^

M«--gteg-@a

8M*tg tfiia.mtftr^m(/2y)<7?ct:.
note

RAFTERS AND GUSSET PLATES SHALL BE 
_ WELDED Vm AT FIELD. f INAL

F > F
MEB'/EfeA. x V ^ ;X*@S*tKStS5
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

a$8#
BT-91 BUFFER TANK

RAFTER

%9.......

HR 1 : 20. 10. 5 | Bfl "93 -5-6

NR BIB #9 ■
OH At i- T <3-J ~ M D 0-0 $ 0 6

»K ^ K
H 1 u



CO
OO 4

o

(z?o">

(0‘>

\__

——

<?o-)

(.27 0‘)

080’)

. 3

+ V
t=

-

3 f?OOF PLATE 55400 1 -
2 1 1 18 -

I a ts
ROOF PI ATE SS40C 9

No. DESCRIPTION MAT' L Q'r Y REMARKS

TT7"
*=

OSTAH OF V£ LG ill <5 OO/NT

12-2-1-8

FINAL

# *

yr ^ Tk^BTa; ^ -r d f y ? v f

MHJtirA. — ~T '} V- ^^gRJ-KS^S
ENGINEERING ADVANCEMENT
ASSOCIATION OF JAPAN

KSf,»

BT-91 BUFFER TANK

@ fa 1= e

ROOP PL ATE
HR 1 : 30. 2 j BM '93 -5-6

CSS 8 9

a h tt- £. pffjJ - MOOOFO 7

*a ^ ^



„

11 MI6X353.N. 53400 168 HEX.HEAD

10 J£AO<£I 18 -
s (FlsS.T PLATF . 6 -

8 6
7 | 6
6 6

5
§ ts
GUSSET PLATE 6

4 SU3FLAME 6

3 "A/-T
BRACING 6

2
7V-7
BRACING 24

1
* «
GU.DE COLUMN 53400 6

So. | DESCRIPTION MAT' L or Y REMARKS

ft *

-f 15% v < -f a .v h ty ? ^ f

fcfEQisfe A. =*■ -ap — t- u ^
ENGINEERING ADVANCEMENT
ASSOCIATION OF J APAN

m-2-i-9

FINAL

RcBSft
BT-91 BUFFER TANK

GUIDE COLUMN
HR 1 : 30. 10 ’93 - 5 - fi

»a g ft?

K$S«?
FG3 ~ M£> oo ?os?

F G H J



§

- 3

-

7 M12X25S8.N. 5S400 72 FLAT HEAD

6 M12X308.N. 45 HEX.HEAD

5 safety CAGE 1

4
T Sll fJ -f- 
lower ladder 1

3
-M8U
handrail 6

2
yrf-h
SUPPORT 23

1
* flRRT
PLATFORM SS400 6

fa. DESCRIPTION MAT' L QT' Y REMARKS

ft *

pa -fb5%ea -'■* -f t=r -v F y 9 V F

MEB-tiS-A. ^ t— -ap — 7- v ^
ENGINEERING ADVANCEMENT
ASSOCIATION OF JAPAN

BBS*
BT-91 BUFFER TANK

* ^ m # M

PLATFORM
WR 1 : 30. 10 | 0(1 ’93 - 5 - 6

ftH
MB & *■ F6 3- Mboogc't



A B C D E F G H J

«iO

~~ Y~\

i—■

r.a. A l oo

lower roller shaft

■LOWER POLLER_______
T E30-7-7L-L, 
LOWER ROLLER FRAME 6Sels£5400

PLAIN WASHER

SS400ROLLER ADJUSTOR
Till a—r-'y
CROWN ROLLER SHAFT

55400CROWN ROLLER FRAME
DESCR I PTION MAT' L QT'Y REMARKSHUT •ZHALL B£ ttet-DfD

A£T£R ASS£HBIT AT
t.O. & / OO

^ T b 3^6 -ea
1*B-JJL£2<2- 'J

ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

20.

BT-91 BUFFER TANK

t)'ft'a —-y
GUIDE ROLLER

Btt '93 - 5-6

R<SJ -MbOCS/O(EI2-2-1 FINAL



A3H

A B
j-J____

C D E F G

REVISIONS 

O ^ *T5 V % T to M
S ggxaiUL J* <^t: -

UPPER LADDER

f SS') *- 7 -J V a /
STANCH ION

'■€>. 6 LOO(JJCO

ARC 'JO 90

'S/'S ... a/03Q

IfiO-7 - 7 k 'A
CROW ROLLER ERA ME

m-z-i-12
- t - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,- - - - - - - - - - - - - - - - - - - - - - - - - - - —i- - - - - - - - - - - - - - - - - - - -
A B C D E F

. 0
L-EO.'SOn 4 — IOO

- ^ 3
‘UPPER LADDER

4
± 83 ff -F
UPPER LADDER SS400 1 -

3
V-tf-h
SUPPORT

l 4 •

2 WALK WAY 55400 1

1
Trans u
ROOF HANDRAIL

SS400
SGP 6

Ka DESCR1 PT ION MAT' L QT'Y REMARKS

ft £

FINAL

^ y — -7- V y/*snts& 
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

BBS*
BT-91 BUFFER TANK ______

UPPER LADDER and ROOF HANDRAIL
KR 1 : 40, 30. 20 I BH’93 - 6 - 5

EBB*
«H it L FGj ->/D oq8/j <3>
*a "C7

6

G H J



A B C D h

REVISIONS

o 5S-® arr irx «A- ~Jrr -

0 ^ ' -ss® arTJrito

CjO

o
_ _ _ /OOP_ _ _ _ _

400 400 . 400 ^

'of
| z I

£ 11-J. J .2±2*

3J

W##K,

i | -

1 | -

|
!

1
«-a 1 t? if— h
U 1 SUPPORT 55400 1
. o I £ S; rf
V 1 GLOVE VALVE FCO 2 25A SCR'D

11 M!6*30B.N. 55400 8 -

10 SUPPORT PI ATF t 2 -
o j 'if— h
9 SUPPORT • 1 2
8 RIB PLATE SS400 4

7
f*&9 (N-^21 
connection pipecn- 2)

55400
SGP 1 I50A JIS5K SOFF

6
>u 8(N-2)

CHANNEL PIPE(N-P) 55400 1

5
Sl'jgTN-2)
STAND PlPEtN-2)

53400
Sj£ 1 150A

4 drain pipe SGP 2 25A

3
»J*8(N-1)
CONNECTION PIPECN-1)

55400
SGP 1 I25A JIS5K SOFF

2
f f>?A.g(N-l)
CHANNEL PIPE(N-I) 55400 1

1 % ±U9
STAND PIPPIN-1)

SHOO"
SGP 1 12 5 A

Mo. DESCRIPTION MAT' L QT'Y REMARKS

EI2-2-1-13

FB-tO.6 Ffl - 40 « 4

w ~ w %.n.
v/fw "A"~'A'

•a‘~"a'gta
SECTION S'

'c'~'c"rrB
Of 0 HON "c"~ c" FINAL

ft «

^ -fh^e-Ea ^ ^ c y H Z-- Y~

R*EB*£j.A. x y 'J ^
ENGINEERING ADVANCEMENT
ASSOCIATION OF JAPAN

BT-91 BUFFER TANK

GAS INLET and OUTLET PIPE

KR 1 10 I aft ’93 - 5 - 5

sigiss

*8 .it 1 f&j ~ M fc OC?/I &

*a



ri.
 /Jo

i

o

40 a a B N

SPARE

,£t
TOP ANGLE

fLW1- 7D-LAVU
OVER FLOW LEVEL

WATER SUPPLY

4--<P/
DRILL

M/L xGGL8N

REVISIONS"-4J A 4 ^^
^ 'OrZ. VL <T, -rh- 

L oO .GO. 6
5l® JIS.SK-I0K oUrRr '(ii)

-

27 Tver
PLUG 10 A F0M8 1 SOR'D

26 SOCKET 10 A SOP ; SOR'D -

25 « 55 W
REINFORCING PLATE SS400 1 PL4.5 -

24 GASKET 80A V/1500 1 JIS5K 1.51 -

23 V1SX50B.N. SS400 4 HEX. HEAD

22 JL/VIT"
SfLLVALVE 50A FC 0 1 JISI0K

21 GASKET 50A V/1500 1 J1SI0K 1.51

20 G A z: K - T 40A V/ 500 2 JIS10X !.5t , .

19 40A U.3.N. SS400 2 M10 -

18 M12X303.N. t- 4 HEX.HEAD -

17 1 — -

16 M1SX558.N. ! 12 HEX.HEAD

15
ininT

OVER FLOW BUCKET ! 1 PL4.5

14
7-T-h
SUPPORT 1 1-50X50X6

13
?* 56 ’5
REINFORCING PLATE 1 PL4.5 _

12
<S 56 ffi
REINFORCING PLATE 1 1 PL4.5 -

11
f#si»
REINFORCING PLATE SS400 1 PL4.5 -

10 BIRD SCREEN SUS304! 1 20 MESH -

9 FLANGE SS400 1 PL4.5

8
/T»-^y\yU7
BALL VAL VF 40A FCD 1 JIS10K

7 BLIND FLANGE 8CA 55400 T J1S5K FF

6 NOZZLE 50A 55400
so? 1 JIS5K S0FF

5 vX) L
NOZZLE 50A 5G^°° 1 JIS10K S0FF -

4
vXjv
nozzle 40A 1 JIS5KFF -

3 yX/i
NOZZLE 40A 1 JIS10K S0FF -

2 NOZZLE 40A l 1 JIS10K S0FF -

1 N0771 F 80A
■“55T3T3

SOP 1 JIS5K SOFF

No. DESCRIPTION MAT' L QT'Y REMARKS

FINAL

w ^ -ftseta;. h :z" ? ^ H

^ — 7- u ^ 
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

BT-91 BUFFER TANK 
........—..........................................-

NOZZLE
Bfl '93 -5-6

wen /%
mass

FG 3 ~M0 QoS / J



Q c%®~
»Lr±- -

PT.I/2SCR 0 BOSS

VINYLMLE,x4QL B.N VINYL TUBE

HOSE NIPPLE

pt/; t;x # <0
DETAIL SCR'D &OSS

DETAIL *5' -SHQRUllEELE.

SCR'O

V/1500 J1S5K 1.51

HEX. HEAD

53400 JIS5K FF\ JIS5K SOFFNOZZLE
V/1500

S5400 HEX. HEAD

15) /ROOF PLATE
REINFORCING PLATEto\n
N'ANHQL F NECK

JIS5K SCR'O

JIS5K SOFFCONNECTING PIPE
V/1500 JIS5K 1.51GASKET

M16 > 6 OS .N. SS400 HEX. HEAD

PlB PLATE/.a 500 7>Y)-T;>l/F
ANCHOR B.N. MI2XI50L L TYPE

53400RIB PLATE

NOZZLE

55400 JIS5K SOFFNOZZLE

V
DETAIL "A''

ROOF MANHOLE

A SO P

DESCR I PT ION MAT' L REMARKSor Y

DRILL

y j=.-r ^
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

BT-91 BUFFER TANK
DRILL

___
WATER SEAL POT and ROOF MANHOLE

m-?»A51 b.a/.
an, iso* a.b u.

..CONNECTING PIPE BN ’93 - 502-2-1-15
WATER. SEAL POT

F& J - MQ oo p / <AFENAL



IS/

A 1

CD
40* FF (JCX'D)

* 4 0

% f "(JL Q &La'5./A<< . w_

DRILL 
tit? x 40l 5./V

^¥>ra

v -tv- h 
SUPPQRT L50X50X6.PL6

o j v nf— h
0 ! SUPPORT 55400 1 150X50X6.PL6
7 1
‘ 1 SPRAY NOZZLE

SU53I6 | 1 1 1/2 FBBXP180

6 ' WATER HOSE 40AX3m RU2BEB 1 JIS5KFF
5 1 GASKET 40A V/1500 3 JIS5K 1.51
4 j MI2X408.N. 55400 12 -
, 1 ^ 52 B ,n,
3 1 WATER PIPE 40A

^P-W
, JIS5KFF IA*U"'*-

zl l l t 1 t 1 "
1 I WA^R%IPE 40A 55400

SGP-W 1 JIS5KFF .#AMy",4=~

No. | DESCRIPTION MAT' L QT'Y REMARKS

g|2-2-l-16

FINAL

I- 7" 5 y h

^ v- •>> — rr <j :/ 
ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN

BT-91 BUFFER TANK

WATER SPRAY PIPING
HR 1 : 40. 20. 10 BN 93- 5

t*H /& £
t5I*t

FC,3-Mr)oo?/ r

i

2

3

4

5

6
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82-2-2-1 Effan V A 1 Rtfffistt#®

82-2-2-2 lSKrt0® y X 1

02-2-2-1 «7»7- 1/2
02-2-2-1 * x y 3 V - 2/2
02-2-2-2 igft#*!-:-// 1/2 
02-2-2-2 2/2 
02-2-2-3 yy-y--
02-2-2-4 (LPGffl) 1/2
02-2-2-4 (LPGffi 2/2
02-2-2-5 Sf/v-lB 
02-2-2-6 3 PTt yA feT- A
02-2-2-7 i
02-2-2-8 amamse 1/3 

02-2-2-8 mmrmm 2/3 
02-2-2-8 ffirtSMffi® 3/3

02-2-2-9 EH0
02-2-2-10 *sste
02-2-2-11 *g7f-0 1/4 
02-2-2-11 »»-|2/4
02-2-2-11 afeyp-0 3/4
02-2-2-11 167 0-11/4 

9X2-2-2-1

9X2-2-2-2 #a%#*4<yy'
9X2-2-2-3 a^tlpyt- 
9X2-2-2-4 m (LPGffl)
9X2-2-2-5 1/2
9X2-2-2-5 ffifiSlWSd® 2/2 
9X2-2-2-6 Jgfl\ KffflK#
3X2-2-2-7 IS, f+SliSM

-58-



S2-2-2-1 y * y

# 33 # :% y n 9 i

f± #

TBF500-8^ ^ ^
@ A E X OmmAq
tt Et E X
$ e

2 3 00mmAq
460Nm3/h

x # a w # <!r-yyy :
y y ^ 7 - :
y t y ^ :ycrA^-!;yfy$R

m 33 & # « » ft » * > y m i

f± #

^ % i6 ^ ^
o± m m 70m3/h

2 Om
% # # 3<!,xAC220Vx60Hz

5.5kW

± w as & ft - y y y = F c
^ % : B C
E # : S U S

# 33 ^ # # ^ y f y y y i -

f± #

3^ ^
m ? « # #J 1 m T 85dB(A) ^ f
E * # A 2 5 OmmAq
iiatts ^ : S S

7 7 y y : S S
% ^ #: a 7 y ^7 — ;P

# 33 # » fi M # ( L P G ffl ) i

f± #

0: /<yn^ k y
^ E ^7 2kg/cm2

y y / y K AC200Vx60Hzx0.2A
x e a # # # : F C

^ :SUS-T7ny
^ A : S U S

« & « » m m ^ # gz # m i

t± #

» x ® w sh m

M ■£■ 5S X ffi ffi »

# % m *
ill iS S W. E
E ^ ^ m 33

E 77 7 y 7 f"
& g 7 y 7 f-

-59-



352-2-2-1 m ftWtm V a J.

1 . SB'S : y w>ygt, ###-A

£ # fif fix 1= 7"7- h mm i

^7v 7 ;\7"^ v
f± W: SS400.SGP

o 0 7 k g

£ * y T 7 7 7 k' — A mm 1 xt

m#7 7/\7'.mv.%(
{± W. S S 4 0 0 . S G P

#a 3 9 9 kg

£ h n V --, 7 % Y 7 7' a v 7 ^ jg 1 7

IF ^ M # . 5 0 0 kg
{± W- 2 . 5 m

It fe 2£ # 2 6 0 mm

£ 7 A 7- 1 XV

6mm ( S S 4 0 0 )
<± # 4mm (SS400)

2mm ( S 8 4 0 0 ) .
1mm ( S S 4 0 0 )

& 7 — m# 1 JV

1 5 0 A ( F C )
<± w. O fg 1 0 0 A (FC 

# m 2 5 A (FC)

£ # 7 7 7 Y # mm 1 jV

{± o m l 0 0 A ( F C )
# m 8 0 A ( F C )

& # is# mm 1 7

<± m ns. hi 6 5 A ( F C )

£ # Stitt mm 1 TV

i?' !h -IP 1 0 0 A . 6 5 A ( F C )
i± # Y - 7 h ly - 7 80 A (FC/SUS)

7 v 7 25 A, PT1/4, PT3/8

£ # ##%#### mm 1 7C

1± ts 0 fg 2 0 0 A ( S S 4 00/SUS304)
# K 125A(SS400/SUS 3 0 4)

£ {$ 0 mm 1 jt

i± -tH o g 80 A (SS400/SUS 3 0 4)
# m 25A(SS400/SUS 3 0 4)

# mm 1 5t

200Ax5.5m ( 8 G P )
1 r> 0 A x n . 5 m ( S G P )
1 0 0 A x 5 . n m ( S G P )

<± # o g 8 0 A x d . 5m ( S G P )
# @ 6 o A x 3 . om ( S G P )

5 0 A x 5 . 5 m ( S G P )
2 n A x r> . 5 m ( S G P )
2 0 A x 5 . 5m ( S G P )

-60



82-2-2-1 «fF«$ V x 1 StfSSfta*

1 . BE'f : /w^/Ef, #*#-8 (Rt)

5 7 7 7 7 mm 1 it

f± #
o #
# @

- 2 0 0 A X 5 k (SS400)
1 5 0 A x 1 0 k ( S S 4 0 0 )
1 0 0 A x 1 0 k (SS 4 0 0)
1 2 5 A x 1 0 k ( S S 4 0 0 )

8 0 A x 1 0 k ( S S 4 0 0 )
6 5 A x 1 0 k (SS400)
5 0 A x 1 0 k S S 4 0 0 )
2 5 A x 1 0 k ( S S 4 0 0 )

1 5 0 A x 5 k ( S S 4 0 0 )
8 0 A x 5 k ( S S 4 0 0 )

g s x. )l / — mm 1 it

f± # o m 
# #

2..0.0 A(SGP)
1 .5 Q A (SOP 
1 5 0 A S G P )

8 0 A ( S G P i
6 5 A (SGP
50A (SGP1
2 5 A S G P )
2 0 A (SGP)

g s TSf mm 1 it

f± # # A 1 0 0 A ( S G P )
8 0 A (SGP):

g s. 77^—7— mm 1 it

f± #
tt K

1 2 5 / 1 0 0 ISGPI
80/65 ( S G P 

200/125 (SGP
80/100 (SGP)

g s 7 ;i/ h mm i 7:
ft # SI it

# m
M20x70L-46S ( S S 4 0 0 )
M20x70L-46S S U S 4 1 0 )
M16x60L-38S (SS400)

g S'. ®s mm i 7:

f± # m 5t  M 1 6¥l$#
M 1 2

7 7 7c/ h 1 it

f± m Si it

.. 2 0 0 A
......1.5 0 A

1 2 5 A
1 0 0 A

8 0. A
0 5 A
5 0 A
2 5 A
8 0 A

#T' 77- h mm# mm 1 it

ft # a 8 7 7 / ;i/ # L 5 0
7 v > t m t - i o o

— 61 —



#E2-2-2-l u ^

1.

<3 $p U — Ffc* J\y h mm i

f± # s;

. 2 0 0 A ............

1 5 0 A
1 0 0 A

8 0 A
B 5 A
BOA

2 8 A
2 0 A

g % mmxzwv-.t:- h mm 3

f± m
5U ^ msw&R v 3;

4- W- tt *4 S3400.3GP
A m 10 0kg

g % mm 1 A

{± #
Ff h ff
§ f% s"
EtWzTVT

& # iSI@# (ff5ipti»a*ffl) mm 1 7^

{± #
su %r. 9 v ^ ^

n ^ 1 0 k - 1 0 0 A
fiV IF im ^ 3 2 d e g C
# M F C 2 0 0

g ft mm 1 %c

{± #

# # a "/ "> ^7 — ;i%
75tx500x3000xl 0

-ecDiiii 0. 05xl000x20M
g ft ?### mm 1

{± # %

m m
B - 1 7 ( 3 . 2 )

2 5 0 kg

-62-



82-2-2-1 fif'FfStff V 1

2 . K# :

^ $T' Tkffifii teais, i ^

f± m gu
t-7f^/77'nv7 . . .

 ### 1 0 A. 1 5 A . 2 0 A
V ^ v h X T v f-

« # i

{± #

6 K V CV 14sq-lcl5m
2PNCT 2 0 0 s q - 1 c 120m
TV 3 8 s q 10 0m
C V 3. 5 s q - 4 c 200m
C V 8 s g — 4 c loQm.
CVV 2 s g — 2 c 150m
CVV 2 s q - 1 0 c 250m
MV VS 1. 2 5 5^ q - 3 c 300m
KIV 1.25sq200m
CV60sq-3c50m
J X — G 1. 2 o s q — 1 p 100m

« # i

f± # FEPD5050m ...
7" V ^ f % — 7" 10 0m
/X71/77X D50

7" — 7' 71/ ^ ^ 7 H i ^

(± # gg
SR — 20 2 0 OmmxSm
SR-30300mmx3m
SRT-30300mm

i

f± # S S 4 0 0
fi m 5 0kg

i ^
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E2-2-2-2 ^ 1 (1/2)

a e

i.

(i)
X Gas Engine Generator Unit Rolling in Plan 

© Enginator Set Transportation

X Installation of Electric Panel

GER-259G0003

GER-259G0016
GER-259G0004

(2) 7 T V 7

X Exhaust Gas Piping

X Fuel Gas Piping

X LPG Piping 

@ Cooling Water Piping 
© Cooling Tower Piping

GER-259G0006
GER-259G0007

GER-259G0008

GER-259G0009
GER-259G0010

(3)

X Exhaust Gas Pipe Prefab 

© Fuel Gas Pipe Prefab 

© LPG Piping Prefab 
@ Cooling Water Piping Prefab 
© Cooling Tower Piping Prefab

GER-259G0017

GER-259G0018

GER-259G0020
GER-259G0022
GER-259G0024

(4)

© Pipe Support for Fuel Gas Piping 

© Pipe Support for LPG Piping 

© Pipe Support for Cooling Water Piping 
© Pipe Support for Cooling Tower

GER-259G0019
GER-259G0021

GER-259G0023
GER-259G0025

(5)
X Heat Insulation for Gas Engine Exhaust

Pipe
GER-259G0015

— 64 —



2—2-2—2 XWEItHB V x h (2/2)

a #

2. mK

(l)

X Cable Connect Instruction 

(2) Wiring Diagram

X Fabrication of Battery Storage

GER-259G0013

GER-259M0013
GER-259G0014

(2) f, -

CD Cable Route 
® Support for Chemical Feeder 
(3) Cable Support for 6600V Cable

GER-259G0011
GER-259G0027

GER-259G0026

(3) #%###

(D Electric Equipment Check Instruction GER-259G0012

( 4 ) illiiSffS®*

©Generator & A u x. Control & GER-259L0029

Switchgear Panel Operation

Manual

©Generator Control Panel GER-259H0003

-65
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CT>
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,8:18013

SCALE

CHIEF

g|2-2-2-l

CHECKED
BY

1/2
ORAKN
BY

JIS 10K 150 JYJv

X QUANTITY \

MATERIAL , TBF50 0 BEES
S/Sst DD-

B im
HEAT TREATMENT

HARDNESS METHOD

C 1 1 73-0104 -02^ram ANGLE SYSTEM



sections 00

SCALE QUANTITY \ © TOKINA INDUSTRIAL CO., LTD.

CHIEF ---------------
MATERIAL -----------------

HEAT TREATMENT
TBF500-8S

E ffi @
CHECKED
BY

HARDNESS METHOD

DRAWN C1172-0201-01^BY THIRD ANGLE SYSTEM



fsi wmmry?

^ c El
DIMENSIONS

^mode? 80X65FS2F65.5 fIUjency 60 h.z outpu? 5.5 kw

PRIMING funnEL
1/2B

co» DISCHARGE 
PRESSURE GAUGE

EOS SUCTION 
PRESSURE GAUGE

6-M12
mgf/i/h

anchor BOL

1/6B

DRAIN hole

3/8B

185
126

1 80 ,rri
i

- 0 1 175
F'L'JK^ 
CENTER OFF

150 7

1 16
65

6 -* 19
CENTER OFF

g|2-2-2-2
1/2

£)
NOTE

KO 7

= EfsmasDa
MOTOR SPEC. THREE phase Induction MOTOR.
B % : ±MB:7B

TYPE T.E.F.C.

DIMENSIONS MARRED * INDICATE ROUGH VALUE.

7 7 75/
sue:ion flange

4ttiU77yy
DISCHARGE Flange

1 I
WEIGHT ~1 12 kg

m $

STANDARD accessories

# ^ m ^

SPECIAL accessories

HE

MOTOR

4? It #

SPECIAL SPEC.
1 1 common" MA<r 6 I 1 lETJlt <t> 7 5 $255* hz 6 0 Hz
2 1/7 o:'
u I poimi Up ruNN/ri 9 1 2|E^I+ ^7 5 S E V 220 v Ky7WVW&
3|S777y\ CpMPiwlON FI XNpF io| 3 1 £ y] kw 5. 5kwi#amm:iBC6

1 ll L | ri 5; type1 ^HaF T rf)i !Pt |Np
c, I »-,7'isC7l~ K
H 1 CO'JPl INC GUARD 121 51 t-ti maker

A 1 fi*-T-,Vf 
u 1 AN~urp *ry T 13| 6 1

71 h! 71

a E X 2
CUSTOMER
a g /jj rt ■

& S * ^
ITEM NO.

a a € %
0002

E JI y 5 SER.NO. | a § MODEL LfCAPACITY if§?I total KAolli)^.^ SPEED £ 7} output Si o-TY

PN767293
I80X65FS2F65. 5 1 ra3/H

1 70
m

20 3600
kW

5. 5 1
IS SDwg.no,1D80X65F52h 65.5Z lOOO

MFS-D031
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!3ARA END SUCTION VOLUTE PUMPS

SECTIONAL VIEW

i® 3 i q g] 80X65FS2F
APPLICATION 2#

POLE

-2-2-2
2/2

Mechanical seai(Ootion)

w ? 
PART 
NO

ofi DO -O

par: name

# K

material

111-1
® s. ') > 7 -fc y i ■/ 7

FLOATING RING CERamic

111-2
0 '! > n - /K y

SEAL RING CARSON GRAPHITE

111-3
X 7" V > y SUS304

SPRING 304 STAINLESS

111-4
/ S- -y H- > rr A(NBR)

PACKING RUS8ERINBR)

205 01 7^ tt PRIMING valve 5aSFD2 : BRASS rciso
SUS304

CAST IRON /
304 STAINLESS / BsBFD2 : BRASS 1

205 a 9 a' priming funnel S6X\*i : plastic •g-itinis PLASTIC / PLASTIC 1
136 33<Rii:fc- v S-Si washer C2801P\i H : BRASS SS41 STEEL / C2801P-','iH : BRASS 1
124 7" 7 y K X ,v !• gland bolt C3KUB0 \ : BRASS SUS42CU. 420 sta/TLess C3604BD • BRASS 2
119 7 y H ^ y PACKING .-'NLP - 5 ASBESTOS 'y/l n- F 1134 ASB^OS /'■/if) - 11134 : ASBESTOS 4

115 "O - v y r ‘O' RING SAVN6R : fyBBER/NBR CTXyNBR Ry^BER/NBR 7/VNBR : RU8BER/N3R i

107 7 -f x - v y ; CASING RING BC6 FC150 /ast IRON BC6 TDT ERCNZE 2
095 X tr( 2 15) STAY(2 POLE) SS400 : STEEl\ SS400 / steel SS400 steel 1
093 V) ') v y 7 DEFLECTOR rx-EPOM : ruBBER/^Dm criv-EPDf/ RUBBER/EPDM 7AVEPDM RUBBER/EPDM 1
09! / ■■J =f V :e V GLAND CT77IBD : BRASS fcisq/ Cast iron C37718D brass i
085 LKE& »C BuSH^C BC5 : Tin BRONZE rcyft CAST IRON 8C6 : tin BRONZE 1

056 5 *1 ~ *9 X BALL SEARING | : .-------------- ------ - \jC"

053 ♦e 5: 9 / v - BEARING COVER FC150 : CAST IRON /\:i5o CAST IRON FC150 CAST IRON i
05) *e BEARING HOUSING FC 150 : CAST IRON / rcXo cast iron FC150 CAST IRON 1
048 33 'R it jo r !- impellER nut C36CPBD : BRASS / SUS3<\ 304 stainless C360480 BRASS 1

039-2 Ar - KEY S45C : CARBON sy S«5C CARBON STEEL S45C CARBON STEEL 1
039-1 - *E i SUBARU, • 420 STAI^ESS SUS420J i \ J2C STAINLESS SUS420J, 420 STAINLESS 1

031 ks SHAFT BUS 403 : 403 SKINLESS SUS403 \03 STAINLESS S US 403 403 STAINLESS 1

021
33 »& *;fszf.:g; 'MPElLER FC150 : CA^f IRON FC150 Ca\t IRON BC6 TIN BRONZE 1
33 IR $(FS2r.:j) IMPELLER BCi : /n bronze FC040 GRaPyK^ CAST rcn BC6 TIN BRONZE 1

011 r - Tj /< - CASING COVER FC200 / CAST IRON FC200 CAST lR\v FC200 CAST IRON 1
001 r CASING FC200 / : CAST IRON FC200 CAST iROnX FC200 CAST IRON 1

3P s
* 1± 15.

STANDARD

± )A !± 15 \
ALL IRON \

33 1R
BRONZE

* 3C
IMPELLER !ES

PART
NO

/ U X
MATERIAL

NO FOR
! UNIT

p '= X =
FOR MESSRS

7?
1 7

£«*f M'MnzkiX"/7°
is w ^ mf-3 ,\c i 5 MOD el 9: “ ^CAPACITY i| totalhEad 3 fr rz SPEED 1 -• T) OL T=UT i 5 71 QUANTITY

PK76?291 ' 80752965-5

i m3 / H 

70 20

min"1

3600 5-5
kW j
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MSS-250SSNB ifi

: 5 A--A
: #JLOO_(l,L

^ ^ Z/mY- 8 5 d
(>£*- pa j c-2dx (A')r£ —

s # tfl5fc : zSu'^ii'^ W#: sz:/y*^i*7; \39^°^r

& m: T^x^> • % iHttji'y
itit % n 4mn° c A£)

Pf.j m a: ^ ^

yj^r

BI2-2-2-3

^6#^;(^ O'?v'X^ 4\.
/g

%#//#
ftj#yy(9 6£73-2^"?C^)3/
ft£^§L too_s6t_oJiL

&# : /297^/h ( SSor/rfr/t) 
39^'c

i
l
JO ____ <S.o*?.ol

' 9 i TX a -rfz-JXy

: 7lZ-4./&^
j%-4^ .%^3o<c

5ZT(%Od)
yS/x 'to y/oC

^Usl
32 t
9CX ?<? <6 C

, -5 ! R'UY/r^R p.oA DarJ'^
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(5?)
Q

EI2-2-2-4
1/2

NO NAME MATERIAL 0 TY IREMARK
1 BODY FC 20 1
2 SEAT SUS304 1
3 PISTON RING TEFRON 2
4 LINER SUS304 1
5 STEM SUS420JZ 1
6 PACKING ASBESTOS SHEET 1
7 CONNECTING NUT SUS420J2 1
8 CONNECTOR FC 20 1
9 MOVING IRON CORE K-M31 1

10 COIL HOUSING FC 20 1
11 GUIDE PIPE SUS304 1
12 FIXED IRON CORE K-M31 1
1 3 COIL BOBBIN PHENOL RESIN 1
14 PACKING ASBESTOS SHEET 1
15 CAP Y3sC2 1
16 COIL HOUSING FC 20 1
17 SPRING SUS304 1
18 STOPPER SUS304 1
19 COIL POLYESTER WIRE 1
20 NUT SUS420J2 1
21 PACKING ASBESTOS SHEET 1
22 BONNET FC 20 1
23 SETTING NUT SUS420J2 1
24 SETTING NUT SUS420J2 1
25 NEEDLE VALVE SUS630 1
26 PISTON VALVE SUS304 1
27 SEAT TEFRON 1
28 SUPPORT RING SUS420J2 1
29 NUT SUS420J2 1
30 TERMINAL BOX AC2B-F 1
31 TERMINAL BOX COVER AC2B-F 1
32 RECTIFIER 1 set at AC SOURCE
33 WIRING PLATE A1050P 1 at AC SOURCE
34 TERMINAL C2801P 4
35 TERMINAL SET PLATE PHENOL RESIN 1
36 PACKING ASBESTOS SHEET 1
37 SILISTOR 1 at AC SOURCE
38 PACKING ASBESTOS SHEET 1
39 PACKING NBR 1

« ^title CLF5SU
VB-2323F 25-40A SOLENOID VALVE

m 3 m to R a: m&B;
3RD ANG.PPOJ. scale; DATE :

& n DESIGNED

H. 4 5E
y 0 DRAWN

** 0 CHECKED

J.,SUZUKI
* 15 APPROVED

//
BBS-f.OWG Nqt_ _r_ ......... ..
V:sis;3lo:oi2i7i-i5i8



SIZE d D C L T n h S K E H
>25A 25 125 90 150 18 4 19 100 96 72 276

32A 32 135 100 170 20 4 19 100 96 72 294
40A 40 140 1051200 20 4 19 100 96 72 308

FLANGE CODE JIS 10 K%f/C# FF

1212-2-2-4
2/2

£ ft TITLE

VB-2323F SOLENOID VALVE

tx ft DESIGNED

H. ■

m El CHECKED

m m DRAWN ik 15 APPROVED
m 3 n r si wtB;

3RD ANG. PPOJ. SCALE: DATE;

* & a % & n ss fE bt
TOKO- SE1SAKUSHO CO, LTD.

(3S]#-§- DWG No.
V|SjLi4;0h!0l4i-;6l6

-72-
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CHEMICAL »NCHOO

X CO*C?£~; 5l’9Sl»3

am^EA r > y A 7 U > 7 1,5 ISHA e 
ENGINEERING ADVANCEMENT ASSOCIATION 
OF JAPAN.

-.Q*S.ENG[NE.POWER.PLANT, 

______ PIPING.ARRANGEMENT_____

HR 150 I 3Ni3 [aiaT
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1 1

a. can

J.hOO 
L

J *70
H

FvE3 STEEL CHAU Hits 'CO ‘ 50

l

1 b *

J-

EXHAUST Ci A 5 PIPE

i^QJjX A - lS 0*<l l Jfpl fJ>_

Mi

JrffL [ B£4m^ icq , 75

■S rgf.L tn**uri s

• rj DRILL

?-H OP'LL HQ(,(S I

Q

VIEW 8-B
SUPPORT FOR 

CXHA'JST GAS PIPE

'UP

PL. AN

Z-'JCS/U HOLES

VIEW A-A

\\

Tb ^J^tx

cargos sreti p/rp. 10a a

<L OF EmiHATQR

Z1
VIEW C-C

IEI2-2-2-6

it-J.

fMYlG)

DETAIL OF STOPPERS
«:L Uili DETAILE OF BRACE
. .1 (iGlUeT S : t to

X f -A

W- Q PRILL HCL f -S_ _ _ _
(*ii?KazvcAr/i3u j;

DETAIL of base

6‘ tape.? WASH:*:
— — -

TJLL —
AfFAGOW IJUT3

zV

—
4 4 0* f

13 MIZ f JS1 >ICJ. BOLTS 20 C.04i> C-/UV/H.'i£dO
P'PL SUPPORT f ? lL

T ■4 4 070\ ?10
/l c Di 3 7*
4 4 £7 7 U

z / fiA

.5.1
BRACKETS 715
BASE PlATfi n.*- 1' iso-no
STOP F E % S 'V

<5 1 BRACES nn ISO'SO’l'LOCC
3 \C0MhlCaiON BEAMS C-ICO<$0-}*10
2 I7TANCMI0NS/Jum:i;r3
1 1 LIFTING BEAM 1 48* :.isn-?S-A«x>

i co«»o<*r<»s i

DETAIL of

°U-?L-ca—L

NIGINEERING ADVANCE
MENT ASSOCIATION OF JAPAN

maintenance beam

FOR CAS ENGINE

-NKK__ GER-259 MOOII



1 1
I

1

STAY FITTING DETAILS

PLAN

M------

12)0^

section a - a

0 0©

21/23)
DETAIL OF GASSETS

[2Q)/3]

I JT££t AU6LC1 L-10'JO

SLZ1ML-A
SEAT FOR SILENCER

6) (l4)

VIEW B-

oetail of stanchions

=NH" /t^-h
A.-L ZlOOinOfJ'U 5MY 11 , ,U,

NI2 1 «l t* f it
.Mrt HEXAC-0*J T.S All A

_30 i?! 1 tz IfluxsL 1 I 6 1 c.o*-t 0 2XA
19 MIL'3$ WM. BOLTS AT | | /I IflfM (5 M $*IVANIZ£D
1 8 8 1 la In "2 0 f-M 1
1 7 1 1 4 i i 4 losiS i—

- 1 1 4 j oin
isIg/isscts 1 2 I2J8 4 74
1 A | BRACKET A ... ! 1 4 I / 'I 4 <4 4t #t

1 1A 1 4 U*7hf.s|
1 ? Ij.TS 1 '?$!

11 1 1 1 loA
11 III 1 HA
12 1 2 17°'114 Z

a stays 1 ~2 I 1 2 i 7.15 tf.i l'SO*SO*k
SCAT Of siltHCf g | TT 1 I 1 I kllSHOO I 2 I I 2 I >■?.» Iji.O

I 2 I I 2 1 ;.7jj j.'l
III I 1
III I I

ispjsvd -
I2 I I 2 l-ui |»:

■ICO "CO-ICO

I 4 us.1 \ i$o\/cqa/u.u Jt
|o»N*rrrv » f xfi

^‘"“ENGINEERING ADVANCE - 
I WENT ASSOCIATION OF JAPAN

EXHAUST GAS SILENCER 

& PIPE SUPPORTS

C-ER-25SM0012 1Z



1 PAGE OF

£K2£_jmX££
#10 AWC WIRE. P275O06 
#2/0 AWC WIRE. P273045 

ALL UNUARXED WWC #M AWC. P275007

continuously.
A. VrtRE THRU A FUSED DISCONNECT SWTCCH. CONNECT TO A 12GVAC 1P 

POWER SOURCE. WIRE UARKEO tL2 SHOULD BE COUUGN OR 
CRCUNO SIDE Of POWER SOURCE iF POSSIBLE.

SEE P0CO7A FOR COMPONENT aSBRCAABONS
CUSTOM ENCiNE CONTROL
IGNITION POSE
ic.NmoN module
JCNmoN pickup

02-2-2-8 J,3 JwNKK
ENAA WOOD CAS project

REV.



PAGE OF

—a-a

izw

• 5 3 K-'t_ /O-M-i^cU)
* ^ t*h+ Fvuj. J&ZuA

02-2-2-8 jm ENAA wood GAS PF.OJECJ
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oo

PAGE OF

wire thru a cflcurr brc*xer
70 A 220/127 VCIT LOO 

size c.-RCjrr breaker and wire 
PCR LOCAL ELECTRICAL CCCEL 
PHASE flCTAT-CH P1 -P2-P3X

PREUBE SCHEMATIC

0 0 us

DC SCHEMATIC

l— -

BE.I0W ool FowJER Xth* 
f VRPT kY

220V IIP/ r *
Ov-HO-----

i vn L_

fV.I-Eo)*-

# VAR

Vol)-
I
L kh<zo*hi.-f

generator
KW — 150 VOLTS — 120/127 
KVA — 150 AMPS — 3»A 
HZ — 60 PF —- 1.0
PM — 3 RP%    1200

(KCfl 360)

V»H*yA-

Fldf

EACH 'C CONTACT UUST HAVE 
A 3 AUP RATING AT 24 VDC. 
THE TOTAL CONTACT PLUS WIRE 
RESISTANCE UUST NOT EXCEED 
2 OHMS AT *OT.

2)0 O (2 CD 0 0 0 CD 0

y y y

-----------------------------"V-

CENERATOR WINDING
THERMOCOUPLES TYPE J IRON-CONSTANTAN 

WHITE (+) IRON / RED (-) CONSTATAN

’ ♦ ’ - %,+ ,S|- 3 - rA " 6 + 6-

i i t 1 1 |
ji

i \ C
m) 1 I

:>ZL

Y
ENGINE CYUNCLR EXHAUST 

THERMOCOUPLES PIPE X CHROUEL-ALUUEL 
YELLOW (+) CHROua / RED (-) ALUUEL

=• ADO® PYU. SHY 1 W DC SCHEMATIC
CHC PYU T/C TYPE X WAS J. REVS® /VRPT 
REUCNED /CCCT

OPERATION NOTES
70 PRELU8E:

CLOSE CONTACT Cl TO RUN PRELUBE PUUP.
PRaUBE THE DICINE FOR 15 TO 30 SECONDS BETORE CRANKJHC. CR 

FOR 5 UINUTES EACH HOUR WHEN ENGINE IS NOT RUNNING.

TO CRANK: .
CLOSE CONTACT C2. 0?EW

USE SPSC TO CAUSE C2 .T0 OPEN WHDJ ENGINE STARTS.
AFTER ENGINE STARTS.* USE SPSZ TO KEEP C2 OPEN UNTIL D'CINE 

STOPS ROTATING.

CLOSE CONTACT C3.
CONTROL ENGINE SPEED AND LOAD WITH THE GOVERNOR SYSTEM.

OPEN CONTACT C3,

12-2-2-8
3/3 NKK

ENAA WOOD PROJECT

REV.



—-3
CD

GENERATOR 
’ toiv/a 394* 
50*Z 225/1 27

exc. fld. (exc

gene winding 

THERMOCOUPLES

gene bearing ( J

OVER SPEED (OSs)- 

LO PS (Lo) (OPs)-

JCw T5 (H,)

JCW HEATER /Cc*\ 

CONT

NOT 233° -

13 !

GENE JB

(T3-3)

C V 3 5- 4 c
/

JX-G l 251-
K 6

y-

2° -10'

10 TS (HI)

cvv 2° - 0C (CGN* )
CVV 2° - 0C (CONT)
C V V 2° - 2 = (STARTER)
C V V 2° - 2C (GAS 5 V)
c v v 2° - 2C (PRO SV)

cvv 2° - 2C ( IGNITI ON)

CVV ■f - 2° ( | M MO AC 1 23 Y )
cvv 2° - 2C (C V MO DC 2 4 v )

2:0//5

GENERATOR
CONTROL

SWITCH
GEAR
PANEL

S - E P V ;
TRANS.

DUMMY

LOAD

c V v 2 1 3C

C V V 2 13c

MVV5 1 23= - T ( W Mr , E p ) 4 — 2 9 ri A

I M V V 5 1 25° - T ( V mC T E 3 ) 4 — 2 0 rn A

M V V 5 1 2^ - y ! F METER] 4-?0mA

C V V 2 °- 1 0 = (PC NOANT s W)

AUX.CONT.

PANEL

CENTRAL
MONITO

RING
CONTROL

PANEL

CV _G0°_- 
IV 38 °- 1'

C V 3.5° - 4 =

C V 8 - 4 c

C V 3 5° - 4 c

CV 0 ° - 4 c

CV 3 5° - 4 °

C V 0 ° - 4 c

CV 3.5°

CVV 2 ° 1 a'

CV 3 5° - d

-( (PREPARED BY CUSTOMER) 
(AC220V)

JCW P UM P ic 7 5KW)

H ] J.C.W HEATER (1 BKWI 

M ) L .0 PUMP (0 56KW)

M (COOL I NG TOWER

CHEMICAL 
injection 
EOUI PME NT

(220v 3«l

ff S

ENGINEER ING
OF JAPAN

ADVANCEMENT ASSOCIATION

a® set

W I R I NG DIAGRAM

5%R | B(1

fra
A 259M0913A
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SECTION

'[TAIL

DETAIL

COtOSO(MTo)atc.Hpioa chain Bice*

:CTiQM WEB Sl.t»LT PIPF

ENGINEERING ADVANCE -

Water Resistance

DETAIL CF ELECTRCCE OF INSULATOR DETAIL Dummy Loader )
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.1

DC SUPPLY

SUPPER TANK V_/Xf'L
LEVEL LOW / LyVJ

heavy failure >—[><(]------------

liqht failure /—{]><(]-

ENGINE STOP

(
STOP ORDER

RESET

SIRAT
Sw|TCH STOP

AUX COOL
water pump

©

IH
AMO AND

JACKET COOL 
WATER PUMP

FUEL GAS VALVE

IGNITION EARTH

©

©

LPG
CONTROL
SWITCH

CLOSE

L PQ VALV£ IPO VALVE

-U-

LPG valvE

-< SPEED RELAY 
^ 1 4 ON /

200 rpm

OPEN
CLOSE

IPG valvE

SPEED
TRIM OE-

:^E45Eu
- 3- — CON Tag I OR

AND

FREQUENCY
CONTROL
0 Y MANUAL

LOAD 
CONTROL 
By MANUAL

FREOUENCr 
CONTROL 
BY manual

VOLTAGE 
CONTROL 
BY MANUAL

VOLT AGE
con trol
0Y MANUAL

A/F
CONTROL

JACKET COOL 
WATER PUMP 
ST OP

2-2-2-11
1/4

3rd angle
PROJECT ION

UN 1 T SCALE y/

:
DATE

TITLE

BLOCK DIAGRAM

DRAW NO.

L 3 - 7 1 5 2 - F 1

SHE E I
F 1 NO



ooro

0
STRAT RUN
Sw|TCH

STOP

PRELUBE
PUMP
RUN

JACKET COOL 
WATER PUMP 
RUN

D-
AND

CONTACTOR
OPEN

SPEED
1 N-
CREASE

> TR 1 H 0E-
iRMSE

0

MAI N
CONTACTOR
OPEN

e PRELUBE
PUMP
STOP

JACKET COOL 
WATER PUMP 
STOP

-B- STOP
INTERLOCK 
RESE T

-2-2-11
2/4

SPEED 3-
FUEL OaS ValVE

-B-

IGNITION
Earth
OFF

GOvEHnOR 
DC 2<v 
OFF

>UX COOL 
WATER PUMP

3RD ANG.L E
PROJECT 1 ON

un I r SCALE /

:
CHIEF

CHECK

0(510*

DATE

TITLE

HLOCK DIAGRAM

DRAW NO.

1. 3-7152 -F 2

F 2 SHEET

NO



oo
CO

JACKET COOL I NO WATER PUMP

JACKET COOL 
WATER PUMP JACK ET COOL I NO JACKET COOL I NO 

HEATER OFF

FOR JACKET COOL I NO WATER PUMP. OAS BLOWER. PRELUBE PUMP

ORDER

LINKEO wITH 
ENGINE SEQUENCE

ORDER

L I NKED Wl Til 
ENGINE SEQUENCE

3RDAHGLE UN I T SCALE TITLE DRAW. NO.

TROUBLE BLOCK DIAGRAM L3-7152-F3

02-2-2-11

JACKET



STARTER CUT ( 2 OOl pm )
rated speed ( I I 70, pm)
VOLTAGE BUILD UP (65%)

RPM1 2 0 0 r p m

VOLTAGE220 V

GENERATOR
OUTPUT

READY TOREADY TO
STARTSTART

STDPPINGELECTRIC POWERENGINE RUNNINGSTART INC,STATUS
SUPPLY

STOPSTOP

b s t b

GOVERNOR (DC 24V

IGNITION EARTH OFF

PRELUBE PUMP RUN

FUEL GAS VALVE OPEN

STARTING MO I OR

SI OP LOCK

CAL E HUTUN I T DRAW NO

L3-YI52 IN

SHE E T



2. 3 • ;5±8iiS

2.3. 1
MOU®»»dcit, ifeXOBgs&ffgESit, ^--5ffiX'ITDIK5ISSh., Sift

an, retest.
*¥$it, 6®ffica-(t'C||a-Lfc»\ mt^y-i y €vx-comuikU^M^

INVOICE E PACKING LIST 7 - 9@31*10 B ml W TfK ITDIC

Sf-f-f2»E*C. ®#ES (B/L) t*tti@18ET.KITDIKjS#Lfc„ H®-*Ofg^RS

c**f 4 4f$s 2 @$i6h*R(T'¥-b8 5 ¥ss i mmm&'emmtcfflimtm
64-frV'. BJtHEtcSISIc t C5*A:i,'T 5 itoSIWKf

it, 7 .f V b-yflHO-¥KC$TO;ijE»s*-ofcife®®, HB'7. 9-9^ -Ag 0 KS16KII3S 

tl, ««, BE#® I 97At—

2.3.2 ISiijS
¥* 5 @6 n6«a%MteL, wT0B@-c#±#a%*mt*0

*"7.{(:y n * A®#

m # B ^ — y 8 ct lc fp Sf PP

1
¥J$5@

7 H26B

¥l$5 4T

8 41 5 B
A*'7{b#mms

2
10^27 8 11^ 8 8

3
2^9 8 2 4121B

# y. ^ y

15 7 t3 -9 9. n§$fj

»is m # 8 --fe IE $□ Si m

1
¥JK5@ T-$ 5 f

^ - u y y 7 -
7^288 8 43 10B - ###§#

9
E6K5 4F mass

L
9^178 9^278 nm/mm

o fms# fmsf (Eft)
o

10H22B nn 4 8 %$## #

— 88



2.3.3 3SJfeS*LilS

ZtzibK, ITDI t ENAAXS®S*l-$$30|i5H#ir-6-K J: %MWe^SKLfz. 

KWieti^ y y X h iSERffa^Sir.EiB' LfflStt.lx 
^ v 2 Lfc0

AT0#m&a'Rl'C#LTe*T&cf:, 
tfc$ES£ LT, ¥)S 5 ¥$SI 1 @S16lltt<y®gi»lcS-j 0 

'< y * V >f <) X (■ Lfc„ teiSttTlS 5 ^ 7 »>ib W 6 ^ 2 fl Ckfc T

•cjyes^tfcis, ±x<Dfc@KSlbia >) j:matis^seissh, mm
-C'OgSL^ST Lfc„
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4%
1 4̂

^m-3-l KMI-l 
^%2-3-2 KAN-13 BE### 
^2-3-3 NWV-1 X 7 7 - /> v ^ 

^^2-3-4 KMI-4 
^2-3-5 KMI-15 Xy *-

:-3-6
:-3-7
:-3-8

MWV-1 x 7 7 ^ f y X^## 
NKK-001-1 X^znyy: y^^g 

NKK-001-1 ^ y X y ^
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2.4. i m#

5 ¥ 8 TI 24H L, 11J426B K:S7 Lfc„ r OANgmx$%#m4t

S*C.lt4L, @#lcAiAc A.

t tc m m X # It , DOST (##&## I DEPARTMENT OF SCIENCE AND 

TECHNOLOGY) ffif’Sj Ita/DM -Ci^TIIJhfciS5, * -OtSXt6

stt exx-swiixo h*xe@rf-?> toei*^^mt-?x at* d, goa®. 

»6UfcXW8#Srfrv-, StH3') MX*%$S-S-tirfc„ gc, AHUt

4: < #L#m%IL#g^Xg-&T, :W>Ttfc.

2.4.2 X*}g*M*it

xgffilg** Jl It, m*X$ £ > X o ^ y X v 161 y B -t ^ ® ® XV

DW«Tf-A«-iti., m*x#<om#%%K**t, *sn*Mii*ee*vtssc
XX-:.X.

#R5Sffll8)l*Vdi 5 g 8 J]24H26Q * X085El Ht, %*mA*K## 3 ~ 5 A
XSHijicKtt 1.410A • ti Etc ofcc

2.4. 3 X#*#

m%X#ox@*#&WTMgi-.

8^ 9 E 10E UR
X* 0 20

I
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i i
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i i
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L#4t#*"Ofbo' p tx]
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^zn ^ C/ 7 P 4z ./k j
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2.4.4

0 v' < ttt&© t©©*^ -t
©e ^ © ss s © ?!i e ttsijg-t- s r , aittiiif^^/ELfcijtsrtc^T u »>©®$©# 
*> a*. < 5g.'fe5-8r^va:*e$Ef#fcE © i:M
©t/© atfe-C'li, ITDIffiSM yx-oy 5 y I- BRXStctt-ffcVllh.. ZK. 3'/h7i> 

-©KEy©.-© eME5>M'©fiVl:, SXMfOi'ftit0*H0i
A# < *&-, Tvfc^, SEttR EVEScin©© © ©a > © 6^x##8©g
SAd-;x y h ©•*-,*:„ UTCfftKl ©ZELASAEE-r.
(1) 6ERd:t.S

a) ITDIfiS^ y © - i ENAA S8* © #(S ©S 0 ESi 3 © 5 - T 4 © R^fr©.

a*&&f©©©^-©©# 
aE84-G-,z„

b) SB© ft mu-7 IS l© ITDIS S y 'A-t7Vt7« #-©SHOI*fI^t^*It 
5> i5®8Lfc„

c) 6E©ff*M66B#lc. © y h © © © - g#© • -t ^ y ©>gg;$6S-tt ITDIfiS y y,<- 

^©iicSirt-5 x 5Mlt,
(2) - @;,a#©#a

a*i>e.»stt«s • $ s t? © $ * © © 1? s ft a e gg« c -f- ?> fc © cig t a ^ ^ si #
l. • &%#©#«©-0ERE©#* • mmMLxmmnei'i:itdiksl

a, 4r. ^irswaickA-,©. • $s,^-©#«r»)z^i»sl. 
fj 5 A»t© ITDI cSftaclt5,Mifti t-fc:
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^2-4-2
^mz-4-3
^^2-4-4
^^2-4-5
^*2-4-6 ^ f b^P##
^*2-4-7
^^2-4-8 v 7 % /> v ^ zK##^@.]7:
^W2-4-9 y< >y "7 y ^ y ^

^%2-4-10
^%2-4-n
^2-4-12 ^
^^2-4-13
^^2-4-14 yN y T & -7 2 yo^C

^J|2-4-15 i y i/ y^1®-2- - y h i$x,A
^^2-4-16 zc y ^
^2-4-17 ±\x ^ v c>
^^2-4-18 ^
^^2-4-19
^^2-4-20
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2. 5

2.5. i m#
gutkiw^gitstt. HE7*? y i- ©me • Rge^¥i$6¥ l fl3ia^6MJ¥3 fliiec

ITD16#Rlf**L. yto7)ItBaOS:XS7 Lfc,
coat • stated lTDitftll-r-ilM-f 5 :tiao, ilto'jy og6#(7S.t>®$ 

0®ScM-f%ITDIS^y 2^-0 h y-->Oi)*fc5:i«^fc. ITDI li 7* 9 y I'* 

eKHLtofc-coEB^'c-^ofczit. coat• it. ¥)#6^ffi©afeK
^oSeciRlltfclTDI £ ENAA FeloSESKM-ffieji S 

4/-C. #g©#@#©#&^A%tt6 < . &#m6 • KIK^STJ-ftScast
tfc„

2.5. 2 i'x1t7‘n-tzx

V n»ti5E\

6
a)

CM2-5-2-1#!#)

(^%2-5-2-2#m)
/ y C^#2-5-2-3#M)

(3%-5-2-4#m)

b)
(^%2-5-2-5#M)

c ) #t#N#

7 v ^zc _ ^ ^ y ^

(^%2-5-2-6#m)
c^%2-5-2-7#m)

7 (D## (^^2-5-2-8#BB)
$E$J^ 1/ yV 7 yf 'y ^CtpHI

d)
*''7 ? V -7 F ^'7 7 O##, ##

Oz/COt-f-, #^m-izv h, ## C#^2-5-2-9#m)

m#
(2) =r — yV FlSts
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a) IgJffSSx* h
TEO/V- iC J; 0,

dSScisgs, Uto-y-'r y*©«R, $&9^frofc„ BfitHiBEB- l, b-zk

ov-tit, *SO(S#68*164rSISLfc, (9*2-5-10-19*1®)

Storage Shed —j ^ V# -

^ MC z D KgBTo

))^"C L±

10sec/l[m& (B#0 2) KT1.9A C^%3.2A)

B#%1KT:1.9A (^%3.2A)

< f #30^1'%:#), 7 ^ -oA#^± 5 ^ v ^ ^ ^20^ v 2M^rt#

Lfz0
lo, oc<f

(P = 94)

mLfc#-a\ 2sec/lE^Cl:#iB#:297kg/hr, 1.8A (^%3.2A) %#fc. 

99#K%D#X./c#^,
b hfcfr o tz0

'M##^#B-2ZD, 2sec/l[E]^Ci:0.8A C^%2.0A)

b) C^gT)

9^^LT5OO^lOOOmmAq0 2aD<DEt^^x{b|PK^[i^.

*i0
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c) ^

6fz&C^:T^^#mL/c (^*2-5-2-20-21#M).
(3) *P#%#

(^*2-5-2-22-26#^)
^■'htfz.tb^-^m.io — y' ^02-5-2-1., 02-5-2-2^7jN''i"o *' fbiFyb — 7 > 'Z^St/lll 7

^^/)^7c%#j9TKia^TR-34 
KL TR-32AZ^^Z^60G*<, '7V-^-KT^^TR-38^TR-32AZ060r{S^c 
7c. 788#^%!# 7
Ltz0

w, (^*2-5-2-27-29#%%).
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2.5. 3 -feX

(1) m#, ##

~fe 2_5_3_ 1 Kl tj^ ~lt o

(D IKISc^" x y P

(2) ^ ^7 — ^ x y 9
(3) ^»;T'J “f •t'-v'
(4) ■=& — ^ x. y ?

©

© zK@K###, = V f

© i/ ^ y }• ^^PtK'zE^^1'

©
(2)

3-;> C0 3-;i/ K^(DM#<k^^:^^2-5-3-2K^fo

(T) X & — h v' — ^ ^ f" i v 9

0 35 S' t“f-i 'y ^

© =? — /i" K'iiSSs
© ^r€»#
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pb• stage 0, 9* y * i

02-5-2-1 #6A-y 

02-5-2-2 (jfigg)

^^2-5-2-! $5]iijy y V — y LB □ v- ri. - h

^2-5-2-2
3r%2-5-2-3 < y T' -ky- ^ -xO ^ y y ^ i; y
^%2-5-2-4
^2-5-2-5
^%2-5-2-6 z: v ^
^%2-5-2-7 y - f y y. ##
^J|2-5-2-8 <Q
^^2-s-2-9 m
^S2-5-2-10

^%2-5-2-ll

^*2-5-2-12

^^2-5-2-13

^#2-5-2-14

^^2-5-2-15
^*2-5-2-16

^S2-5-2-17

^K2-5-2-18

^S2-5-2-19

¥S2-5-2-20

^*2-5-2-21

^2-5-2-22
^^2-5-2-23
^*2-5-2-24

^*2-5-2-25
^2-5-2-26
^%2-5-2-27

^<y ^ - 3 y-<7 A^o^#^LB L
3 y-<7 A^^^#y y u -
jESjy J7 V — y htD^L^K^rj ( 9 mm^h — —)

* y — A"^OM##$n
* y ^ - AP^OM#^E#

* y s< - C

u - y<D#^#
y xf /i/ y — ib c>
3 y-<7C^6^ y A^(Djg##t^

KA#

L P G ^ y-<^#fF#

9X2-5-2-28
9X2-5-2-29 KMoSggTaiiiSlt
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2.6. i

7c. WTK,
(1) B89

7) ^ < -f v 7° 6 t
±7:, (D^<f^m^7cy9-^

7-7 % ;^7 -Oft#6 L"C, %o
(2) P%

a) 3^f4=
m#

15kg/hr

800-850T:
U k:' v#

b) g

® ^;#f- ^ y, % 10 y 7fb^# $ ##Q##
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2-6-1-1

Analyses of raw material

14-raw material
fJ^ilgitem wood chip rice husk

proximate analysis

water

fixed carbon

volatile matter

elemental analysis

0.004 0.014
0.002

[kcal/kg]2) 
higher heating value

& DESS, 2)&S m
notes wet base dry base
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[2-6-1-2

Analyses of fluidizing sand

item Olivine sand No.4

mean particle diameter
0.646

bulk specific gravity

true specific gravity

chemical composition

ignition loss
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2.6.2
(1)

(2)

a) T^hzcy^y^^^

VHP-F3521GL
tFT x t h ^ — T 238 x 216mm

'TUv^'# g^ij^vvy
1200rpm

MB : ^#HVHP F2895^v^vT&^^\ ±E^v^vE^^|W|#tb#T&^,
(F7 x t h p — T 216 x 216mm)

b)

XXUM. CEC Ignition Module

6^3 T/t- 591061

r#gy-T;t^, ^.^^TT'Tay
,^^T°9 y (2. 3^c^f)

TgB^7J\"f 4##(DAl&T°7y^#^^L^o 
%%, T8134E&^'T8134F^,

® CHAMPION RM77N ( 4 @ : #$) 

d NGK T8134D (IMA) 

d NGKT8134E(3@6A) 

d NGKT8134F(l#Ir-6A)

(3)

a) #^Af4=
d v v 
d
d T°Tf"=F'-VyT°
(4)

0, 50, 100%^
A=1.8, 2.0
0.35 —0.75mm (0.1mm E” -y T) 
# = 12.5deg. BTDC—

d 9;'% 13A

b)
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© (Na3 +v y7)
©

® (O2, NOx)

© ^.y^ymU,
® g©

(4)

© ^ y° y 7lc^-(t 6 7° 7 7'4r ^ v 7° 6
pp

) mmm^ZOPrni (|g^f###jEE±)^#t#L, ^(D + +7+^#$(20^+7+)

-A 6#^TL-CI^

a ) 7° 7 7" 4r y 7°^ 3EBW
^2-6-2-L 2K100%#^, A =1.8,

(D $Too 7° 7 7%^34^ -t v 7°[HIIWO. 35mm (&# : 0.4+ 0/ —0.05mm) frCjfel'X, RM77N <D 

#^<, A=l.81:^15.5kv&7tcoi: + %. T8134Fy^l0.0kv65.5kv@

2fc, T8134Eyi4:, 13kV(k±E2#7°7 7'€)^ 

RM77N6!t#f^^\ T8134F^#m

6 T^c o T ^ ^ 3 c

© T8134F<D#^, ^#0.7mmC^l^

%, mm^20kV(b#^y^ + K^^±^.

RM77N€)#^, 0.7mm%:'^30kv^^x.,

(4^y7##G) ^y^y-yayf^toi:' 

^^LZDT8134F^, %^^RM77NClt#L, ^

©
0.35-

T8i34F^^m L-c D

b)
g|2-6-2-3C100%#^(+  ̂+ -C, A =1.8-2.0±%:#MLfz^^m^L&f.

© A=l.8/5^2.0C^MLf:#fr, ^1.0kv@^%:^b, CO@^(D^
7=+7"^i%m9:6/b<b\

© A±#K#l\ Pm i 3%^M|K^$^c"%:

c)
im2-6-2-4cA =i.8c^kt%,

© A#±#K#V% m^Mg^^^Pcornp±#0^#t\ ^#%FEQ±#^6f!;5,

opfb^##^# 60
+ Pmi^#$4:b^#f6^, 4@7°+7'6%C^©v7-fM

0.75mm$5@(C^l-l:, 3%m^^*D^±c,T^b,
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tcoti'S.
d) R]^q%gE

y9 y^y%%K-c,
j- y v- y [al^Ei^ 1200rpm ■ 34kv

(6)

ML, #K$rmM^^^^^T8134E, T8134FC^V'Tm^^#6^/c. 4^#, -0 2# 
79

U 9, ^

32-6-2-1 y 9 y y ^ „ y^mm 
[32-6-2-2 y9y^'^ v y
32-6-2-3 ^^^en^<4.

32-6-2-4 :
32-6-2-5 
32-6-2-6 ^y<-7y9yT8134E
32-6-2-7 9,/<- 9 y 9 y'T8134F

-6-2-1 T9, h vy v
>-6-2-2 
>-6-2-3 

^^2-6-2-4 
>-6-2-5

#tmmm

:;t#

^%2-6-2-6
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A

DISC WITH 
MAGNETS

24 VDC NOMINAL 
POWER SOURCE 
MIN. WIRE SIZE 
14 AWG

IGNITION SWITCH

A J JL E c F B D G

hA
j c : i cT : !j c d

hr
+ : —

COILS

H- . —■ A 4-Lt-

#1 CYL X2 CYL S3 CYL #4 CYL #5 CYL #6 CYL -1 ^ 4- 4, 4, u
v "G" Lead MUST Remain

open. (Isolate from ground)

NOTE:
1. CEC FIRING ORDER A-B-C-D-E-F
2. ENGINE FIRING ORDER 1-5-3-6-2-4

PLUG BI2-6-2-5

ITEM DESCRIPTION MATERIAL
WKG SPARE TOTAL UNIT TOTAL

QUANTITY OF MASS (kg)
REMARKS

mark DESCRIPTION SIGN DATE

REVISIONS

Th'S drawing s re orcoenv of NKK CORPORATION (NKK). The information contained herein shall 
not be 'ecrocuced. cooied. ent or otherwise discosed of without written consent of NKK. nor 
used tor any curoose other than that 'or which :t is ‘un-ished.

APVD

CHKD

CHKD

REQUIRED
QUANTmr

SCALE

JOB NO. CUSTOMER

PROJECT

DSGND ANGLE PRO

drawn DESIGN SECTION

jgL 6 CYLINDER WIRING DIAGRAM
NKK
NKK CGRPCRATCN

STD DWG NO. DWG NO. 'A
-141



22.2-0.3

l813AE JAPAN
e#%@ ()±3)

8SX1.5 
(JIS B8031)

MARK DESCRIPTION SIGN DATE

REVISIONS

o

NGK

mTt

A

/-R
r i

V

|g2-6-2-6

This drawing is the property of NKK CORPORATION (NKK). The information contained herein shall 
not be reproduced, copied- lent or otherwise disposed of without written consent of NKK, nor
used for any purpose other than that for which it is furnished.

APVD

CHKD

CHKD

REQUIRED
QUANTITY
SCALE

JOB NO CUSTOMER

PROJECT

DSGND ANGLE PRO. TITLE
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MINUTES OF THE MEETING

SUBJECT: WOOD-WASTE/AGRI-WASTE GASIFICATION FOR POWER GENERATION
PROJECT

MEETING TIME/PLACE:

The Opening Ceremonies of National Science and Techno logy Week

July 19, 1993 - 9:00 A.M. -10:30 A.M. at PTTC, Manila

Meet ing July 19, 1993 - 12:30 P.M. - 4:30 P.M. at ITDI, Bicutan

Meet ing July 20, 1993 - 8 : 30 A.M. - 4:30 P.M. at ITDI, Bicutan

Meet ing July 21, 1993 - 9:00 A.M. - 4:30 P.M. at ITDI, Bicutan

Meet ing July 22, 1993 - 10:30 A.M. - 4:30 P.M. at ITDI, Bicutan

Meet ing July 23, 1993 - 9:00 A.M. -12:00 A.M. at ITDI, Bicutan

Sign ing July 23, 1993 - 1: 30 P.M. - 3:00 P.M. at ITDI, Bicutan

PARTICIPANTS:

Mr . Hiroyuk i Otsuku ITDI/FED STAFF:
Dr . Felipe D. Vinluan, Jr

Mr . Akira Shimizu Dr . Nuna E. Almanzor
Mr . Delfin L. Pugal

Mr . Hideo S ek ino Mr . Teres it o A. Quilao
Ms . Alice B . Herrera

Mr . Shosaku Fujinami Ms . Hermeli na H. Bion
Ms. Imelda M. Got is

Mr . Yasuhir o Todorobaru Mr . Joseph Herrera
Mr . Wilfred o Balais
Mr . Rolando Monteros
Mr. Alexander Carandang
Mr . Apollo Victor Bavagan
Ms . Ma. Gina Manaligod
Ms . Rebecca Santiago

DOST INFRASTRUCTURE TECHNICAL
SUB-COMMITTEE:

Mr. Arnaldo Reyes 
Mr. Norman G. Lopez 
Ms. Lydia Ablana
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The Engineering Advancement Association of Japan (ENAA) Mission 

Team on the Wood-waste/Agri-waste Gasification for Power Generation 

Project visited the Industrial Technology Development Institute 

(ITDI) to discuss detailed technical items of the project and 

attend the Opening Ceremonies of National Science and Technology 

Week .

This is the fi 

fiscal year of

Main activity 

site for plant

rst visit of the mission during the 

the 5-year project.

of this FY 1993 is to complete the 

operation of pilot plant in FY 1994

fourth

pilot

Japanese

plant at

ITDI and ENAA discussed and made clear some prospected technical 

matter for completion of pilot plant construction.

1. ITDI and ENAA held meeting and discussed the items listed 

below:

(a) Review of the project implementation assigned for FY 

1992 (ITDI, ENAA)

(b) Project implementation plan for FY 1993 (ITDI, ENAA)

(c) Scheduling and clearing potential problems

c.l Sea transportation

c.2 Customs clearance and inland transportation, 
unpacking inspection

c.3 Technical items for construction of the pilot plant 

c.4 Building closure 

c.5 Trial operation
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2

(d) Safety measures during building closure

(e) Construction schedule

(f) Construction supervising schedule

(g) Researchers' invitation program in FY 1993

(h) Plant operation plan in FY 1994 

(i ) Free discussion

(Appendix 1)

THE ORGANIZATION FOR CONSTRUCTION OF THE PILOT PLANT

ITDI and ENAA discussed about the organization of

construction and confirmed the following:

(a) The organization of ITDI (Appendix 2-1, 2-2)

(b) Supervisor of ENAA should supervise technical matter of 

construction through project coordinator of ITDI (See 

Appendix 2-1, 2-2), and should not directly advise or 

supervise to the contractor.

3. JAPANESE ACTIVITIES IN FY 1992

ENAA submitted the project annual report for FY 1992 to ITDI 

and recapitulated Japanese activities conducted in FY 1992. 

(Appendix 3-1)

(a) ENAA explained the results of elemental technology 

development test to ITDI.

(Appendix 3-2, 3-3)

(b) ENAA explained the design and fabrication/procurement

assigned for FY 1992 to ITDI.

(Appendix 3-4, 3-5)
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4. PROJECT IMPLEMENTATION ASSIGNED FOR FY 1993

(a) ENAA presented the elemental technology test plan

assigned in FY 1993, and both parties discussed mainly 

about technical aspects. (Appendix 4-1, 4-2)

(b) ENAA explained the outline of the design and

fabrication/procurement of the equipment assigned for FY 

1993 .

(Appendix 3-4, 3-5)

(c) ITDI explained to ENAA the construction schedule of the

building Phase II and the construction schedule of the

pilot plant (Phase III).

(Appendix 4-5)

ITDI explained to ENAA that completion of foundation works is 

about three (3) weeks behind schedule agreed by both parties 

at last meeting.

ENAA and ITDI agreed that Phase III should be finished until 

the end of November although it starts on August 23, 1993.

5. TRIAL OPERATION PLAN IN FY 1993

(a) ENAA proposed and explained the tr ial operation plan

wh i ch should be executed after construction of the pilot

plant,

ITDI and ENAA agreed that the tr ial operation plan

should be considered in detail by each party and settled 

until next meeting. (Appendix 5-1, 5-2)
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(b) ITDI shall prepare 20 tons of sawdust in the storage 

building by the end of January 1994.

(c) ITDI shall prepare the required amounts of kerosene (for 

start-up burner), LPG (for gas combustor and gas 

engine), N2 and He (for gas chromatograph) and 02 (for 

calorimeter) by the end of January 1994.

6. PLANT OPERATION PLAN IN FY 1994

ENAA proposed and explained the plant operation plan in FY 

1994 .

ITDI and ENAA agreed that the plant operation plan should be 

considered in detail by each party, and settled next meeting. 

(Appendix 6-1, 6-2)

7. RESEARCHERS' INVITATION PROGRAM IN FY 1993

ITDI and ENAA agreed that researchers’ invitation program to 

Japan will be from October 18 to 29, 1993. Number of

researchers visiting Japan is three (3). ITDI and ENAA 

discuss about contents of the cooperative research work 

during researchers stay in Japan.

(Appendix 7)

8. SEA TRANSPORTATION (Appendix 8)
ENAA explained equipment shipping schedule to ITDI and ITDI

agreed to this.
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(a) Equipment will be shipped by four shipments:

1st shipment major portion of gas engine

2nd shipment major portion of gasification

3rd shipment rest of gas engine

4th shipment rest of gasification

(b) Scheduled arrival date of the vessel at Manila port:

1st shipment August 05, 1993

2nd shipment August 02, 1993

3rd shipment Middle of September 1993

4th shipment End of October 1993

9. CUSTOMS CLEARANCE/INLAND TRANSPORTATION

(a) ITDI and ENAA reconfirmed that Invoice, Packing List and 

Bill of Lading are necessary for customs clearance 

procedure.

(b) ENAA submitted Invoice and Packing List of the 1st and 

2nd shipment to ITDI. ENAA will submit Bill of Lading 

immediately after the issuance of the Bill of Lading.

(c) The equipment are delivered to the plant site in about 

three (3) days after unloading of the equipment.

10. PACKAGE STORAGE (Appendix 10-1, 10-2, 10-3)

ENAA proposed Package Storage Plan to ITDI.

(a) For unpacking and inspection convenience, package should 

not be piled up.
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(b) ITDI allocated major road and parking space in front of 

the FED building for additional storage area.

(c) Major road will be temporarily closed for this purpose 

during construction period.

(d) ITDI should finalize the storage plan taking account of

site development status and abovementioned aspects: (a)

to (c).

11 UNPACKING INSPECTION

Unpacking inspection procedures are as follows:

(a) ITDI will open the cases at right timing in 

with Appendix 8, and Inspector of ITDI and 

check the contents based on packing list at 

time.

accordance 

ENAA will 

the same

(b) ITDI and ENAA will sign on the packing list at the same

time of the results of contents check (Unpacking

Inspection).

(c) ITDI will close the packing again after inspection, and

keep the case until the actual unpacking timing for

installation works.

NOTE: ENAA will dispatch supervisor for inspection on 

every unpacking timing as a general rule.
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12. INSTALLATION AND ASSEMBLING WORK
(a) Common

ITDI shall require the contractor to provide a generator 
set for electric welding machines. ENAA proposed that 
at least 4 welding machines are needed for buffer tank 
assembling work and required welding machines for other 
works are to be prepared.
ITDI accepted this.

(b) Individual test on the Electric Equipment and wiring 
ENAA submitted electric equipment check instruction 
(provisional) as Appendix 12-1. (Appendix 12-1)
b.l Visual inspection of installation work
b.2 Individual test on the electric equipment 

(including insulation test)
Generator
Step-up transformer 
Motor
Neutral grounding resister 
Motor control center, generator control 

and switch gear panel 
- Cable (6.6 KV)

b. 3 ITDI shall conduct individual electric equipment
and wiring test on its own responsibility based 
on the test procedures which will be submitted by 
ENAA.

(c) Gasification

c. l ITDI shall make the trenches between the
gasification yard and the water treatment yard as 
shown in Appendix 12-2. (Appendix 12-2)

-158-



9

c.2 ITDI shall make a gutter (size: 200 W x 200 D) 
adjacent to the water treatment yard as shown in 
Appendix 12-2.

c.3 ITDI shall make the level of water treatment yard 
to be 500 mm lower than that of minor road as 
shown in Appendix 12-2.

c.4 ITDI shall construct the foundation of water seal 
pot adjacent to the foundation of buffer tank as 
shown in Appendix 12-3. (Appendix 12-3) 

c.5 ITDI shall alternate one of the battery limit 
conditions for water supply near the buffer tank 
as shown in Appendix 12-4. The size of the 
pipeline shall be changed to 40A. (Appendix 12-4) 

c.6 ITDI shall dig the pit (size: 2m x 2m x lm D) for 
drying sludge adjacent to the water treatment 
yard as shown in Appendix 12-5. (Appendix 12-5)

c. 7 ITDI proposed the safety measures for the equipment
installed in the gasification yard while building 
closure is conducted (Appendix 12-6) and ENAA 
approved.

(d) Gas Engine Generator
d. l ENAA submitted and explained main equipment

assembly drawings # and revised drawings for
construction as listed Appendix 12-7.

(Appendix 12-7)
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d.2 ENAA checked ITDI drawings sheet No. S10S11, P1P4,
and revised the following items:

Cooling tower foundation elevation (S10S11) 
Cooling tower drain hole (S10S11)
Location of some foundation (S10S11)
Water supply line dia. for cooling tower 

(P1P4)
Water supply line dia. and location in gas 

engine/generator room (P1P4)
d.3 ENAA proposed ITDI to construct foundations for 

support of fuel gas pipe from buffer tank to gas 
engine/generator room based on dwg. No. GER- 
259M0015 (3 sets ) .

ITDI will design and construct them.
ITDI and ENAA confirmed that type of anchor bolt is 
hole-in anchor, and thickness of foundation is 
over 100 mm.

d.4 ENAA confirmed that all of the foundation surface 
will be finished smooth and tolerance of

-h

flatness will be - 5 mm (10 mm total).
d.5 Piping will be done by using standard length non

cut pipe supplied by ENAA, and ITDI will cut 
under fabricating.

d.6 ENAA recommended to install water resistance before 
rolling in gas engine generator unit.

160-



11

13. SUPERVISOR FROM ENAA
(a) Working Visa

If the supervisor stays at ITDI over 21 days, working 
visa is necessary before dispatch. The procedures are 
as follows:
a.1 ENAA will inform ITDI of the name of supervisor by 

the letter and its attention for the Director,
a.2 ITDI will send invitation letter to ENAA under the 

above information.
a.3 ENAA will arrange working visa for supervisor with 

the invitation.

(b) Working condition
ITDI will arrange room and desk for supervisors during 
the supervising period.

14. MAJOR SCHEDULE OF CONSTRUCTION FROM JULY 1993 TO MARCH 1994 
ITDI and ENAA discussed and agreed the schedule of Phase III 
construction (Appendix 14-1, 14-2), and major schedule as 
follows:
(a) Shipping 

REFER TO ITEM 8

(b) Customs clearance, inland transportation and storage in 
site
REFER TO ITEMS 9, 10
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(c) Preparation works for construction of the pilot plant 
(Phase III)

c.l Works finished until Aug. 15: Building, foundation 
(including curing term) of waste water treat

ment, minor road, 
storage yard, parking 
area

c.2 Works finished until Aug. 23: Foundation of buffer
tank

Foundation of gasi
fication yard and 
gas engine yard, 
trench

c.3 Fabrication of water resistance should be finished 
until August 23.

c.4 Aug. 19 - 9:00 AM -12:00 AM : Kick off meeting for
construction of 
Phase III (ITDI,
DOST, Contractor, 
ENAA)

ITDI should prepare and explain to Supervisor 
detail construction schedule of Phase III at Kick 
Off Meeting.

c. 5 Aug. 19 - 1:00 PM - 5:00 PM : Marking and marking 
inspection

c.6 Aug. 20 : Drilling hole of
anchor bolts and 
inspection

(d) Construction of the

d.l Aug. 23, 1993
d . 2 Nov. 30, 1993

(e ) Building Closure

e . 1 Dec . 01, 1993
e . 2 Jan. 31, 1994

Pilot Plant (Phase III)

: Start of construction
: Finish of construction

: Start of closure
: Finish of closure
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(f) Trial Operation

f. l Feb. 01, 1994 : Start of trial operation
£.2 Mar. 15, 1994 : Finish of trial operation

(g) Inauguration

g. l Mar. 16, 1994 : Ceremony for the completion of
the Pilot Plant

15. INAUGURATION CEREMONY
ITDI and ENAA agreed to hold an inauguration ceremony on 
March 16, 1994.

16. ASSIGNMENT 
ITDI:

(a) ITDI shall examine the package storage and unpacking
plan which ENAA proposed and shall submit to ENAA its 
final plan by 19th of August 1993.

(b) ITDI shall examine the construction schedule which ENAA 
proposed, and shall submit to ENAA its detail schedule 
by 19th of August 1993.

ENAA:

(a) ENAA shall submit to ITDI the required amounts of
kerosene, LPG, N2, He and 02 for the trial operation by 
the end of September 1993.

(b) ENAA shall submit to ITDI electric equipment chck
instruction by the end of September 1993.
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Both ITDI and ENAA lo 
measures to cope with 
plant operation schedu 
discussed during researc 
any occasion both par 
hereafter .

ok further into the po 
power failure during tria 
le in 1994. This item wi 
hers’ invitation program a 
ties are at the same

ssible
I and
II be 
nd on 
table,
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SIGNING OF AGREEMENT

For the ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN (ENAA)

fc* V' w*

HIROYUKI OTSUKU 
Project Manager of ENAA

For the INDUSTRIAL TECHNOLOGY 
DEVELOPMENT INSTITUTE (ITDI)

/FELIPE D. VINLUAN, Jr. 
Chief, Fuels and Energy 

Division

X A % X
HIDEO SEKINO

WITNESS
4

n /%
YASUHIRO TODOROBARU

DELFIN L PUGAL

July 23, 1993 
Date
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Appendix 1

July 18 (Sunday)

July 19 (Monday) AM 1.

2.

3.

PM 4.

July 20 (Tuesday)

l

<

July 21 (Wednesday) 5.

6. 

I 7.

July 22 (Thursday) AM 8. 

( 9.
PMr 10.

July 23 (Friday) \
Ml.

July 24 (Saturday)

FIELD STUDY SCHEDULE
(July 19-23, 1993)

Tokyo (JL741) -► MANILA

Discussion of Meeting Schedule and Item

Review of The Project Implementation Assigned for FY

1992 (ITDI, ENAA)

Project Implementation Plan for FY 1993 (ITDI,ENAA) 

Scheduling and Clearing Potential Problems

1) Sea Transpotation

2) Customs Clearance and Inland Transportation, 

Unpacking Inspection

3) Installation and Piping/Wiring, Buffer Tank 

Assembly Works

4) Building Closure

5) Trial Operation

Safety Measures During Building Closure 

Construction Schedule 

Construction Supervising Schedule

Resercher’s Invitation Program in FY 1993 

Plant Operation Plan in FY 1994 

Free Discussion

Make up MOM Through Discussion, and Sign

MANILA (JL 742) -» Tokyo

—166 —



Appendix 2-1

Republic of the Philippines 
Department of Science ana Technology 

INDUSTRIAL TECHNOLOGY DEVELOPMENT INSTITUTE
(Formerly National Institute of Sciatica and Tochnology)

P. Gil, Taft Ave., Manlla/Bicutan, Taguig, M.M.

Cable Address: NISTECHTELEX: ITT40404 f'Uhjl s *nca hinbroy division

FAX NO.: (632) C3-22-75)

TEL NO.: 90-30-41 P.O. BOX 774

May 13, 1993

Special Order No. 
Series of 1993

SUBJECT: Designation of FED Staff Construction Committee
fWood-vaste/Aari-waste Gasification for Power 
Generation Project)

In the interest of the service and in order to closely supervise 
the construction of the woodwaste gasification pilot plant (Phase 
II) and the installation of the pilot plant equipment in 
accordance with the installation procedures of ENAA (Phase III), 
the following FED staff are hereby assigned as inspectors/monitor 
of the construction and installation works:

Overall Project Coordinator: Dr. Felipe D. Vinluan, Jr. 
Assistant Project Coordinator: Mr. Delfin L. Pugal
Gasificat ion/Storage Yard: Mr. Delfin L. Pugal

Mr . Eugenio M . Ramirez
Mr . Wi 1 fredo A. Bala is
Mr. Rolando A . Monteros

Engine/Power Generation/
Cooling Tower: Mr . Teresito A. Quilao

Mr . Apollo Victor O. Bawagan
Mr . Lorencito M. Pacatang
Mr. Rufilino P. Campo

Wastewater/Laboratory
Equipment : Mr . Joseph L. Herrera

Mr . Angelo S. Baleta

This order takes effect on May 01, 1993.

Dr./ROGELIO A^j^ANLASIGUI 

Of f/Lcer-in-Charge Office of the /Director
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Appendix 2-2

ORGANIZATION CHART

KOOD-KASiE/AGRKASTE GASIFICATION FOR PCBER GENERATION PROJECT

AB0M5TRATIVE SERVICES
Rersellna Bios 
Iselda Coils 

Eialla Zalaaoda 
Lalsa David

TECHNICIANS POOL
Rodolfo Padna Ealogio Eamevo
Eraeste Sangabea Elvii Alccfca
Jaanlto Aqsino Leonardo Nabeti
Raeoa Esperma Salvador Baslllo

Lcr-dcr: Tcresito Qallao

GROUP LEADER/ASST. m. CONTROL

GENERAL CONTROL

Leader: DelfIb Figal
GASIFICATION AHALTSIS/IASTE WATER TREATMENT

Leader: Alice Herrera

Jianry 08, 1893
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Appendix 3-2

PHI-02
Results of Elemental Technology T e st in F Y1992 (G a sification)

1/4

1. Objective
To conduct and confirm in bench-scale study of the ele

mental technologies required for the design and operation of 
the pilot plant.

2. Operational Conditions
The following are the operational conditions of the 

reactor and bioreactor for:
a) gasification:

raw materials.... sawdust
feed rate of raw material.... 15 - 25kg/hr
reaction temperature....  800 - 900°C
fluidizing bed materials.... Olivine & silica sand

b) wastewater treatment:
feed rate of diluted wastewater.... 3.5 1/hr
feed rate of aeration air.... 99 - 110 1/min
Inlet BOD factor....  150 - 600 mg/1
temperature....  30 - 40°C

3. Plant Site
r a) gasification: Government industrial Development Labo
ratory, Hokkaido

b) wastewater treatment: Fujisawa factory of Ebara Corpo
ration (Kanagawa Pref.)

4. Experimental Apparatus 
a) Gasification

Fig.2-4-1-1 shows the schematic flow diagram of gasifica
tion. The sizing of raw material is done by a vibrating 
screen and the oversize materials such as wood chips and barks 
are removed. Raw materials conveyed by a hoist crane is 
supplied to the upper hopper, and is fed to the lower hopper 
by a screw feeder. (If drying of the raw material is neces
sary, the product gas from the cyclone separator comes in con
tact with the raw materials in the lower hopper. The product 
gas from the lower hopper is supplied to a scrubber.) The raw 
materials in the lower hopper is fed to the gasifier by screw 
feeders in series. Inner diameter of the gasifier is 200 mm 
at the fluidizing zone and 300 mm at the free board. Process 
air as gasifying agent and fluidizing gas flows into the 
gasifier after preheated to 200° C by the air heater.

The product gas generated in the gasifier goes to the 
cyclone separator where carry-over char is separated. When 
drying of the raw materials is not necessary, the product gas 
from the cyclone separator flows into the scrubber followed by 
the filter where remaining dust and tar are trapped by the 
sawdust bed. Sawdust used in the filter is supplied from the 
feed hopper via double slide gate valves and discharged by a 
screw feeder and a rotary lock. Sawdust from the filter is 
used as raw materials to the gasifier. The product gas puri
fied in the filter goes to the gas cooler and cooled down to 
room temperature. After going through a mist separator consi-
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sts of a fan and a cyclone separator, the product gas is dis
charged to atmosphere through a stack.
b) Wastewater treatment

Wastewater from the scrubber and the gas cooler was 
placed in 20-liter plastic containers and transported to 
Fujisawa by truck. As shown by the schematic diagram in 
Fig.2-4-1-2, wastewater is supplied to the 500-liter dilution 
tank where required amount of phosphoric acid is added. This 
diluted wastewater is constantly fed to the top of the biore
actor. Air for aeration flows into the bottom of the bioreac
tor where biological degradation of organic compounds takes 
place. The bioreactor is a fixed-bed type with a diameter of 
100 mm and a height of 2,500 mm. The packed material is 
urethane foam cubes (size: 25*25*10) and the height of packed 
bed in the bioreactor is 1,500 mm. The stirrer in the dilu
tion tank is not operated on account of suppressing biological 
degradation.

6. Examining Items
1) Drying of raw materials at the lower hopper

- To determine the extent of moisture content reduction at 
the lower hopper and its effect on the calorific value of 
the product gas

- To confirm the raw material level detection at elevated 
temperature

- To determine the amount of raw materials carried out with 
product gas

2) Gas purification by the use of sawdust bed filter
- To establish the operating procedures for the filter and 

its auxiliary facilities
- To obtain'design data on pressure drop, sawdust feed rate 

and gasification temperature
3) Long-term operation

- To conduct endurance tests on individual facilities and 
to find out possible problems

4) Wastewater treatment using the bioreactor
- To establish the operating procedures on back washing of 

the bioreactor
- To conduct performance testing by quantitative analyses
- To obtain maximum allowable BOD concentration in wastewa 

ter supply
6. Observation
1) Drying raw material in the lower hopper

The moisture content of raw materials in the lower 
hopper was reduced to 10 % as compared to that obtained 
with no pre-drying operations, and the calorific value of 
the product gas was increased by 240 kcal/Nm3. This was 
also shown in Fig.2-4-1-12 illustrating the trend of CO 
concentration in the product gas. CO concentration was 
gradually increased as the time passed, and was 2 % 
higher than that obtained in no-drying operation at 
steady state condition.
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The temperature of the product gas entering the 
hopper before drying was 500°C and the temperature of the 
product gas from the hopper was 150°C.

In normal operations, it was observed that only a 
small amount of raw materials were carried over in the 
scrubber and the quality of wastewater was the same as 
that in no pre-drying operation. However, in overload 
operation, there was slight amount of the carry over at 
scrubber water tank.

The level control was detected by means of a thermo
couple. There was a release of raw materials from the 
upper hopper when the temperature went over the pre-set 
value.

2) Gas purification using the sawdust bed filter
In FY1991, gas purification was done by the scrub

ber, gas cooler and mist separator and the residual 
tar/dust in the product gas from the mist separator was 
measured 310 - 360 mg/Nm3.

The filter was installed between the scrubber and 
the gas cooler this year. And the target residual tar- 
/dust concentration was set at 100 mg/Nm3.

Figure 2-4-1-13 shows the trend of residual tar/dust 
concentration in the product gas. In this operation, 
the reaction temperature was 850°C and sawdust in the 
filter was completely changed every 6 hours. The residu
al concentration in the product gas from the gas cooler 
was 2-60 mg/Nm3 which satisfied the target.

The temperature of the product gas to the filter was 
lowered by cooling the circulating water of the scrubber, 
thereby the amount of the condensed water in the filter 
was reduced. As a result, the performance of the filter 
was enhanced. But, as shown in Fig.2-4-1-14, the residu
al concentration was gradually increased when the reac
tion temperature was 800°C.

The following points were also taken into consider
ation in the pilot plant design.
(a) Heat exchanger is employed for the scrubber circulat
ing water.
(b) The design of the filter and the stirrer are modified 
based on the result of the bench-scale plant test.
(c) The packed bed mist separator was attached to the 
tail end of gas purification system for safety.

3) Long-term operation s
Continuous 24-hour operation^were conducted twice 

and above mentioned observations were obtained.
The sawdust from the filter could also be used as

raw material to the gasifier. Problems on material 
handling such as bridging were not observed.

4) Wastewater treatment using the bioreactor
The performances of the bioreactor were exaluated by 

using 5 factors; BOD, COD, SS, phenol and cyanide. The 
target reduction rate of BOD was set at 90 % and that of 
phenol at 95 %, when BOD concentration in the supplied 
wastewater was 300 ppm and phenol cone, was 100 ppm. The 
performances of the bioreactor were examined until 200 % 
load of the design capacity. Backwash of the bioreactor
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was done every 2 days when the load was under the design 
capacity, and done everyday when the load was over the 
design capacity.

Biological degradation was remarkably advanced after 
3 weeks from the startup of operation. As shown in 
Fig.2-4-1-6, 96 % of BOD and 99.7 % of phenol were re
moved at the design capacity, which satisfied the target. 
The treated water from the bioreactor had no smell but 
had a little yellow colour. The performances at 200 % 
loads of design capacities were almost the same as those 
obtained at the design capacity. Therefore, the design 
conditions were alternated. BOD cone. in the wastewater 
was to be 450 ppm and phenol cone. 150 ppm.

5) Others
To improve gas sealing performance, screw pitch at 

first stage screw feeder was reduced at the discharge 
end. It was proved during practical operation that 20 % 
reduction in screw pitch improved gas sealing character
istic effectively.

Silica sand whose diameter 0.52 mm was used as 
fluidizing bed materials. It was found out that it could 
only be used below 800°p but not advisable beyond 850°C. 
Even if sintering occur^d, the sintered material can 
easily broken when the temperature in the fluidized bed 
was reduced under 800°C.
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Appendix 3-3

Page 1

Elementary Technology Test
(Gas engine generation)

Triple carburator system aye confirmed by Elementary 
Technology Test by using test equipment.

1. Triple carburator test equipment
(1) Test equipment

See flow diagram
(2) Main component

• Air compressor X 1
• Air reserve X 1
• Pressure reducing valve X 2
• Pressure reducing valve X 1
• Flow meter X 2
• Carburator X 3
• Air flow adjusting ball valve X 2
• Silencer X 4
• Buffer tank X 2
• Gauge X lset

(3) Equipment outline
° As fluid for this test, compressed air will be used for Air 

equivalent line and Gas equivalent line by reducing to be certain 
pressure.

° Mixing ratio at this system will be confirmed by measuring both 
equivalent line.

2. Test procedure
(1) Out line

° Compressed air is reduced to be 0.1~0.9 kgf/cm2 by reducing valve 
(A) (B), and air equivalen line pressure will be adjusted slightly by 
reducing valve (C).

0 Air flow is adjusted by pressure reducing valves and ball valves.
° The pressure of Gas equivalent line is adjusted to be constant 

pressure difference against air equivalent line by pressure 
regulation valve (A).
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° Flow rate of gas equivalent line (Carburator inlet) is adjusted by 
carburator set screw.

° Flow rate of air and gas equivalent line are measured by flow
meter (A) and (B) respectively.

° In order to reduce fluctuation of air pressure and flow rate, buffer 
tanks are installed.
Air is discharged through silencer to atmosphere.

(2) Measuring item
° Flow rate of air equivalent line 
° Flow rate of gar equivalent line 
° Pressure difference Air - Gas 
° Carburator set screw 
° Line pressure 
° Air temperature

: Flow meter (A)
: Flow meter (B)
: Wate column manometer (A) 
: Set screw (A), (B), (C)
: Pressure gauge (C), (D), (E)
: Thermometer (A)

(3) Parameter
0 Air equivalent line pressure 
° Pressure difference Air - Gas line 
° Caburator set screw

0.05 — 0.15kgf/cm2 
100 — OOOmmAq 
0 position ~ full open

Flow characteristic will be examined by combined above parameters.

3. Test Result
(1) Flow characteristics

Gas equivalent line flow rate, and mixing ratio against Air 
equivalent line is shown in fig. 2.
Mixing ratio against Air-Gas pressure difference is shown in fig. 3.
In case of normal carburetor with carburetor set position full open, 
A/F = 1.6 is possible on the condition Air-Gas pressure difference = 
440 mmAq.
In case of modified carburetor, with carburetor set position full open, 
A/FCl.O can be realized on the condition AP>800mmAq.

(2) Evaluation
A/F measured data vs. Air - Gas pressure difference are plotted on the 
simulation curve in Fig. 4. Actuat data almost meet to the calculated 
curve, and with triple carburetor, target A/F can be realized.
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Appendix 4-1

Elemental Technology Development Test in FY1993 (Gasification)

1. Gasification of wastes other than sawdust

To extract potential problems associated with diversification of raw 
materials, gasification of rice husks and wood chips (wastes available 
in the Philippines) is going to be conducted.

2. Gas purification by packed column

To eliminate small amount of remaining impurities in the product 
gas, new packed column mist separator is installed for evaluation.

3. Schedule

Preparation! April - June,1993 
Test ! July,1993
Evaluation & Report! August,1993 - March,1994

4. Set-up for testing

Attached Drawing
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Appendix 4-2

Elementary Technology Test

( gas engine generation)

In FY1993. in order to establish optimum ignition system for wood-waste gas 
use gas engine, we will develop special spark plugs and execute some elementary 
technology test with test gas engine.

We will select one or two spark plug by this test, and final ignition system 
will be decided on the actual running test with wood-waste gas at ITDI.

1. Test equipment and ignition system outline

Test engine
Type : VHP F3521 gas engine
Bore x Stroke : 238 x 216 mm
Cylinder No. : 6 cylinde (line)
Engine speed : 1200 rpm

Note: Actual gas engine for wood-waste gas project is VHP F2895, 
and above engine has almost same spec.

(2) Ignition system
Please refer attached drawing.

- CEC Ignition Module
- Ignition coil 591061
- High tension cable. Extension rod
- Spark plug

(3) Spark plug ( for test : 4 cases ) 
T8134D : 1 electrode Pt gap
T8134F : 1 electrode Ir-Pt gap
T8134E : 3 electrode Pt gap
RM77N : 4 electrode

2. Test outline

(1) Parameter changing test
a) Engine load : 0%.50%,100%
b) Air excess ratio : Lambda 1.0 -2.0
c) Plug gap : 0.35 - 0.75 mm

(2) Measuring item
a) Spark plug required voltage
b) Cylinder pressure
c) Exhaust gas temperature
d) Mixture pressure ( Intake manifold pressure )
e) Other necessary item

3. Evaluation

(1) Spark plug required voltage
To realize long durability, low voltage plug will be selected.

(2) Combustion Stability-
Cylinder pressure will be analyzed to calculate IMEP( Indicated 
mean effective pressure) and Ratio of Pmax/Pcomp.
We evaluate combustion stability by IMEP fluctuation and Pmax/Pcomp 
fluctuation. ( 20 cycle )
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PROPOSED ITDI FUELS DIVISION AGRI/WOOD - WASTE GASIFICATION BUILDING CONSTRUCTION SCHEDULE
MARCH, 1993 TO FEBRUARY, 1994

MAIN ACTIVITIES
CONSTRUCTION STAGE

A. BUILDING & SITE DEVT ( Phase II Contractor)
1. Construction/Completion of Gasification Building
2. Construction of Storage Building
3.1 Construction of Minor Roads
3.2 Site Development Works
3.2 Waste Water Treatment Yard

B. FABRICATION & INSTALLATION (Phase III Contractor)
1 Fabrication/lnstaliation of Gasifier/Waste Water Treatment
2 Installation Gas Engine/Generator
3 Installation Piping System/Other Appurtenances
4 Electrical Installation

C. TRIAL RUN (by ITDI Staff & Japanese Experts)

NOTE: PHASE II CONTRACTOR
- Activities during the first 4 months doesnot include the enclosure of the Gasification Area.

-Finishing activities may be allowed in the Storage Bldg, and Site Development 
during the Fabrication & Installation Phase.

-All Minor Roads should be ready for use before Fabrication & Installation Phase starts. 

PHASE III CONTRACTOR
—All activities must be completed before December,1993

FEB

DOST IN - HOUSE DESIGN TEAM

A
ppendix 4-5



Trial Operation Outline in FY1993 (Gasification)

STEP Week Operation Objective

I 1st Cold Test
- Raw material feed test ( Raw material Supply, Filter)
- Water,air feed test (Gasifier, Gas Purification, Gas 

Storage, Water Treatment)
- Firing test ( Burner, Gas Combustor)

- To confirm feeding/discharging capacities
- To check motor loads
- To check instruments (flow rate, level)
- To check sequence control system

n 2nd Castable Drying Operation 
- Gasifier, Stack

- To check instruments (temperature)

m 2nd Hot Test of Gasifier
- Filling bed material and heating up to 500°C by Burner 
* Heating up to 850°C by raw material feeding
- Product gas is introduced to Combustor.

- To check instruments (temperature, pressure)
- To adjust product gas monitors (CO, 02)
- To adjust Feeder B
- To adjust Gas Combustor
- To master heating-up operations

IV 3rd Gasification Operation 1
- Short-term operations by changing fluidized-bed height.
- Raw material drying/Filter will not be employed.
- Product gas is introduced to Gas Combustor.

- To select fluidized bed height
- To adjust Gas Combustor
- To adjust Gas Chromatograph
- To master gasification operations

V 4th Gasification Operation 2
- Short-term operations using selected fluidized-bed 

height.
- Raw material drying/Filter will be employed.
- Product gas is introduced to Buffer Tank.

- To master Buffer Tank operations
- To measure residual impurity concentration in product gas
- To master raw material drying operations
- To master gas purification operation by using Filter A
ppendix 5-1



Appendix 5-2

Trial Operation outline In FY 1993

( Gas engine generation )

1. Before gas feed to gas engine

- Final check of Control System sequence before running
- Moter individual operation test
- Water resistance system operation test
- Cooling water filling up
- LO filling up
- Aux. water filling up
- Others

2. After Wood-waste gas could be fed to gas engine side

< Condition of Gasification side >
(a) Wood-waste gas LCV over 1110 Kcal/Nm3
(b) Buffer tank could be filled up over 65% volume with fuel gas
(c) Establishing other necessary condition

2.1 Before start
- Gas line leak check
- Solenoid vale operation check
- Manual engine turning check
- Valve timing check
- Others

2.2 Starting test
- Starting motor operation check
- Spark check
- Start sequence check
- LPG back up timing and feed rate adjust
- Others

2.3 No-load operation
- Main gas pressure reguration
- Carbureter pre-adjust
- Spark timing pre-adjust
- Engine speed adjust
- Govenor adjust
- Generator adjust
- Aux. system check
- Alarm check
- Control panel check & adjust
- No-load data sample
- Others

2.4 Load operation
- Carbureter adjust
- Air fuel ratio control system adjust
- Spark timing adjust
- Temp. & pressure check
- Water resistance system adjust
- Load test data sample
- Control panel adjust
- Others

Note: Trial test item will be changed according to gasification condition.
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Plant Operation Outline in FY1994 (Gasification)

Step Operation

Phase I Confirmation of basic performances
- 6hr operations by changing gasification para-

5B-6E meters (temperature, feed rate/moisture con
tent of raw material, wood species etc.)

- Low load operation of water treatment equip- 
for acclimating microorganisms

Phase II 

8B-9E

Confirmation of matching characteristics
- 12-24hr operations under selected conditions 

in Phase I
- Product gas is always supplied to Gas Engine.

Phaselll Confirmation of stability/durability
- Long-term operations under optimum conditions 

11B-2M obtained in PhaseII
- Product gas is always supplied to Gas Engine.
- Water treatment is operated at design capa

city.

Objective

- To obtain gasification performances and to 
select operational conditions

- To obtain water treatment performances
- To examine possible machanical problems and 

to take measures to them if necessary
- To master plant operations and data process

ing/analyzing
- To confirm practical use of local sand

- To obtain gasification performances and mate
rial/heat balance at steady state conditions

- To obtain maximum operational conditions
- To obtain raw material drying and gas purifi

cation performances
- To confirm turn-down ratio and maximum feed 

capacity
- To confirm stability of water treatment eq.
- To establish 3 shift working system

- To confirm stability of operation and durabi
lity of equipments

- To confirm flexibility to load changes
- To simplify gas purification process
- To confirm preventing enviromental pollutions

Maintenance/Overhaul

Raw material supply: H-21, F-17

Gas purification: HE-63,64, F-74, 
GC-81, product gas pipeline

Raw material supply: H-21, F-17
Gasifier: HE-47
Gas purification: HE-63,64, F-74, 

GC-81, product gas pipeline, circu
lating water pipeline, wastewater 
pipeline

Electric & instrumentation: local ins
truments

Equipments listed under are added to 
those of Phase II
Raw material supply: VS-03,C-11,RL-14 
Gasifier: castable lining,CS-51,H-52 
Gas purification: RL-73,77,D-76,F-83, 

P-62,65,82,84 
Gas storage: GC-93
Water treatment: T-101,BR-113,waste

water/treated water pipeline,pumps

A
ppendix 
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Appendix 6-2

Plant Operation Plan in FY 1994

( Gas engine generation )

1. Phase I
< Performance test >

Before Phase II x III durability test, some parameter changing performance 
test will be done as follows.

(1) Air excess ratio changing test
(2) Ignition system matching test

- Spark plug changing test
- Ignition timing changing test

(3) Gas composition changing test
- Confirmation LCV low limit for stable combustion
- Characteristic test

(4) Starting ability test
- FW heating
- LPG back up

(5) Load performance test
(6) Load on/off test
(7) Parts & utility check

2. Phase II
< Stability confirmation test >

Before Phase II durability test, 6-24 hr continuous running test 
will be done some times and confirmed engine stability.

(1) Continuous running on rated power ( constant load )
(2) Load changing test
(3) Parts & utility check

Note: Engine load and running hour should be chenged according to 
Engine and Gasification condition.

3. Phase III
< Durability test >

After finishing Phase I , II test, under optimum condition, over 100 hr 
( target running hour ) continuous running test will be done to confirm 
stability and durability.

(1) Continuous running on rated power ( constant )
(2) Parts & utility check

Note: a) Engine load and running hour should be chenged according to 
Engine and Gasification condition, 

b) Running hour should be evaluated with total summing up hour 
under no-maintenance.

[ Check Items on Phase I > II N HI are as follows. ]
Main purpose of engine parts and utility check is to confirm the 

affect of tar and particulate matter in fuel gas to engine component 
and reserch optimum maintenance interval.

(1) LO analysis ( for reserch deterioration ) at right point
(2) Combustion chamber condition investigation at right point

- Spark plug
- Exhaust and Intake valve
- Exhaust and Intake seat ring
- Cylinder liner
- Piston, piston ring
- Others

(3) Charge air,exhaust, fuel system investigation at right point
- Carbreter
- Gas reguration valve
- Filter ( fuel gas, air )
- Lambda control system ( including 02 senser )
- Others
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Appendix 7

Candidate Activity Plan 
During the Invitation Program of 
ITDI Researchers to Japan (FY1993)

A) Schedule, Number of Researchers
(1) Schedulej Oct.,1993

(2) Duration; Two(2) weeks

(3) Number of Researchers; three(3)

B) Gasfication
(1) Trial Operation

• Items to be tested

• Test method

• Miscellaneous ( workforce, utilities, schedule etc.)

(2) Plant Operation

• Items to be tested

• Test method

• Miscellaneous ( workforce, utilities, schedule etc.)

(3) Visit to Research Institutes

• Gasification

• Waste Water Treatment

(4) Visit to an Existing Plant

• Incineration Plant employing Fluidized Bed

C) Gas Engine Power Generation
(1) Gas Engine Operation

• Operation Procedure

• Adjustment of Running Condition

• Maintenance

(2) Measurement
• Measuring Points of Running Data

(3) Evaluation
• Efficiency of Power generation

(4) Visit to a Existing Plant

• Digestion Gas Engine Plant in Waste Water Treatment Plant
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Package Storage & Unpacking Plan at Construction Site Appendix 10-1

Package Storage
Area

Unpacking
S cVtdidjLNo C/No. Gross Weight

(ton)
Dimension
Lx W x ll(cm)

Main
Contents

1 KM I - 1 9.58 585 x 239 x 266 R-31 8E
2 KMI- 2 3. 0 525 x 211 x 121 CSS-18 ■ 8E
3 KMI- 3 4. 31 505 x 211 x 143 CSS-18 8E
4 KM I- 4 5. 2 621 x217x 150 CSS-18 8E
5 KM I- 5 3. 02 450 x 211 x 165 Piping Material ^ 0 9B
6 KMI-6 7. 64 580 x 21 1 x 150 CSS-18 ' # J 8E
7 KM I- 7 1. 2 238 x 153 x 215 F-17,GC-81,F-15,D-76 # )< 9B
8 KMI- 8 1. 73 208 x 193 x 276 11-21 2 K 9B
9 KMi-9 2.8 317x 191x 196 IIE-63.I1E-64 f K 9B

10 KMI-10 1. 2 298 x l?0x 116 S-61.GC-81 f K 9B
11 KM I -11 1. 27 208 x 208 x 291 F- 74 f K 9B
12 KMI-12 0. 9 237x 153 x 188 S-61 9B
13 KM I-13 1. 18 300 x 183 x 221 11-12,11-71 f K 9B
14 KMI-14 0.95 200x 178 x 243 11-52 --F H 9B
15 KM 1-15 0. 83 351 x 133 x 182 BU-04 HE
16 KMI-16 1.3 311x153x181 Piping Material • f-C 9B
17 KM I-17 4. 32 591x121x129 CSS-18 • Trj 8E
18 KM I-18 2. 1 384 x 203 x 232 BR-113 A 9M
19 KM I-19 1. 2 462 x 228 x 120 T-116 A 9M
20 KMI-20 3. 3 457 x 245 x 299 T-116 A 9M

21 KAN- 1 1.9 420 x 194 x 164 C-ll -GF 8E
22 UN- 2 1. 75 348 x 138 x 159 RL-14, 73,77, F-83 £ A 9B
23 UN- 3 1. 5 348 x 158 x 159 B-45, 46, WE-01.T-44 8E
24 KAN- 4 1.7 248 x 198 x 173 ST-95 # A 9B
25 KAN- 5 0. 95 521 x 113x 114 C-00, 02. WE-01 #F 8E
26 UN- 6 1. 3 398 x 198 x 283 CS-51.T-103, 114 A 9B
27 KAN- 7 3. 56 258 x 193 x 207 GC-93,ST-95 '& A 9B
28 UN- 8 1.4 252 x 141 x 221 YS-03.C-78 #P 8E
29 UN- 9 1. 55 283 x 163 x 144 P-62,65,82,84,B-112 ^ A 9B
30 KAN-10 1. 55 353 x 228 x 180 Piping Material . ^6 9E
31 KAN-11 3. 95 323 x 198 x 198 Piping Material 9E
32 UN-12 1.52 268 xl60x 94 Installing Material 5 B 9B
33 KAN-13 3. 45 618x 138x 154 Piping Material c 9E
34 KAN-14 4.2 618x 138x 154 Piping Material c 9E

35 DSC- 1 1.25 195 x 173 x 256 CP-152 G 8E
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Package Storage

Area

Unpacking

No C/No. Gross Weight

(Lon)

Dimension

Lx W x 11 (cm)

Main

Con Lents

36 DSE-2 1. 25 195 x 173 x 256 CP-152 G 8E
37 DSC- 3 0.8 200 x 153 x 237 LP- 153, 154, 155, 156 G 10M

38 DSC- 4 1.3 288 x 128 x 157 Wiring M.,Valve • G 9E
39 DSE- 5 4. 3 588 x 198 x 211 Wiring M.,Instrument G 9E

40 MW V - 1 6. 2 582 x 242 x 157 BT-91 E 9E
41 MWV- 2 6. 25 767x 175 x 119 BT-91 • E 9E
42 MWV - 3 4. 1 493x 182x 156 BT-91 - E 9E
43 MWV - 4 0. 029 48 x 45 x 39 Paint(BT-91) G 9E
44 MWV- 5 0.029 48 x 45 x 39 Paint(BT-91) G 9E
45 MWV- 6 0.029 48 x 45 x 39 Paint(BT-91) G 9E
46 MWV- 7 0. 029 48 x 45 x 39 Paint(BT-91) G 9E
47 MWV- 8 0. 021 48 x 45 x 39 Paint(BT-91) G 9E
48 MWV- 9 0. 021 48 x 45 x 39 Paint(BT-91) G 9E
49 MWV-10 0. 021 48 x 45 x 39 Paint(DT-91) G 9E
50 MWV-11 0. 021 48 x 45 x 39 Paint(BT-91) G 9E
51 MWV-12 0. 021 48 x 45 x 39 Painl(BT-91) G 9E
52 MWV -13 0. 021 48 x 45 x 39 Paint(BT-91) G 9E
53 MWV-14 0. 021 48 x 45 x 39 Paint(BT-91) G 9E
54 MWV-15 0. 021 48 x 45 x 39 Paint(BT-91) G 9E
55 MWV-16 0.018 48 x 45 x 39 Paint(BT-91) G 9E
56 MWV-17 0. 018 48 x 45 x 39 Paint(BT-91) G 9E
57 MWV-18 0. 024 48 x 45 x 39 PaintCBT-91) G 9E
58 MWV-19 0. 024 48 x 45 x 39 Paint(BT-91) G 9E
59 MWV-20 0. 024 48 x 45 x 39 Paint(BT-91) G 9E
60 MWV-21 0.024 48 x 45 x 39 Paint(BT-91) G 9E
61 MWV-22 0.024 48 x 45 x 39 Paint(BT-91) G 9E
62 MWV-23 0. 024 48 x 45 x 39 Paint(DT-91) G 9E
63 MWV-24 0.024 48 x 45 x 39 Pain t(BT-91) G 9E
64 MWV-25 0. 024 48 x 45 x 39 Paint(BT-91) G 9E
65 MWV-26 0. 024 48 x 45 x 39 PainL(BT-91) G 9E
66 MWV-27 0. 024 48 x 45 x 39 Paint(BT-91) G 9E
67 MWV-28 0. 024 48 x 45 x 39 Paint(BT-91) G 9E
68 MWY-29 0. 020 48 x 45 x 39 Paint(Elcctric & I. ) G 1 IB

69 MWV-30 0.021 48 X 45 X 39 PaintCElcctric & 1,) G 1 IB
70 MWV-31 0.078 93 X 45 x 47 PaintCPiping & Eq.) G 11B
71 MWV-32 0.015 48 X 45 X 39 PaintCPiping & Eq.) G 1 IB

72 MWV-33 0. 009 48 x 45 x 39 PainKElectric & I. ) G 1 IB
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Note; 8
13

E

August, 9;September, 10;October 

Biginning of the month 

Middle of the month 

End of the month

11; November
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Appendix 10-2

The €t/4S Engine /(Generator Plant

PacPACE Storage

Area

UNPACK
ING)

/Vo VNo. lA/ElCHl
CTOS)

-P'HENI' °N
(CM )

L_ x vV ^ H
Main Contents

13 Ukk-ool II.3 561 K 147 '234 (5AS Engine Generator

unit
H 8M

74 NKk-oo2 1.34 |?0 < 155 x 276, Generator Control.

PANEL
H

8M

75 Nkk- 003 I,22 267 * 2o2 x |6? 3-1 SpRiNQ Isolator

(9s«JU)

3-2 Anchor Bolt

HI2 x u>0 X 80 ^ 
Ml lb / 2.0 0 < f>CS

3-3 Resin Cp^psuu

For m\ 12 x ^0
FOR M lb X £0 ^

3"T Golin^ Tower Part

CrT ( except 
MUe Packing, )

3-3 CdoliNGj Tower 
Chemical

3-6 Cooling Tower 
Control Panel

H

5T0RA&C .

in En^.Koom

APer
ON PACKING)

13 M

to- 004 0.33 237xiQ2 x l!TO Coolng, Iower.Element

C Mite Packing, )
1

8H

^ - AtA^usi B - !}(Gi(nnop The Honjm

M - Mi^l& of The Month 
f - EfT-E) of Thp Month
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Storage Area

^e Storage Area
Storage Area@:

': ( ? R.<3< .4

Space for crane work/aboveground assembly

Storage Area©;

Storage Area%t

Storage AreaCS)

P a c k a g e S t o r age Area Site

A
ppendix 10-3



Appendix 12-1

< phov« si o ha l Z>

El 0cfhi c E^w^po p^4- cXexk. JV*S+Iru-c-hcnn CGruuJU U h* J 

C I'vic&ulcLvv\3- <pg.e h- 4"es+ J)

1. Visual inspection of installation work.

After completion of Installation work, perform the inspection visually 

to find following defects.

1-1 Damaged or stained parts or equipment.

1-2 Inferior workmanship.

Clearance, tightness of bolts, neatness the cable, sealing cable 

entry etc.

1-3 Filling lubricant or insulation oil etc.

1-4 Correct location of equipment or accessories.

1-5 Tools left behind in equipment.
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2. Individual test on the equipment.

2-1 Generator,

1) Measurement of insulation resistance.

100QV megger for stater winding.

500V megger for others.

2) Measurement of Polalization Index

inject DC voltage to the stater by lOOOv megger, measure the ins- 

lation resistanse at 1 minute and 10 minutes after injection.

R.i. shall be calculated using the above figures.

Generator

2-2 Step-up Transformer.

1) Measurement of insulation resistance.

1000V megger for Primary winding and secondary winding.

5QQv megger for control circuit.

2) Ratio Test,

inject 220v 3 phases source to primary terminal, measure the sec- 

ndary voltage and calculate the ratio.

iu

o—oTxr-o-Power tiourco 
3fi, 60HH

220V

201-



3) Vector group test

Confirm the vector group by the same method of the ratio test 

with connecting the terminal ”iu” and "zu" befor injection.

4) Dielectric test of oil

Draw the oil from the transformer into a clean bottle, send it 

to the place where be able to carry out dielectric test and subm* 

it the test record,

5) Operation test of Buchholtz relay

Confirm the relay operation by breathing an air into the relay.

In case of the relay which has not an inlet and outlet shut off 

valves and/or can not be operated by breathing air into it, oper

ation shall be confirmed by closing relay contacts manually.

2-3 Motor.

1) Measurement of insulation resistance by 500V megger.

2) Rotating direction check.

Disconnect the pump from the motor as far as possible.confirm 

correct rotation.

2-5 Neutral Grounding Resister

1) Measure the Insulation resistance by lOOOv megger for main circu

it and 500v megger for control source circuit.

2) Operation test of disconnecting switches.

3) Continuty test of NCR

Check the continuty of NCR by means of Multi tester.
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&

NGR

□
Multi testr

2-6 6KV HV Panel C. 6*6l^v Hv Pa*v<X- /t*> s** C&rh**I pct^x-C)

1) Measurement of insulation resistance by 1000V megger for main 

circuit and 500V megger for control circuit,

2) Test of VT and CT

These test shall be done as same as 20KV HV Panel

2-7 Battery & Charger C ck is ArrJUJ^tI am p«*hel J

1) Measurement of insulation resistance by 500V megger.

2) Check the operation of charger such as manual charging, float ch

arging, equalizing charging and protection system.

3) Test of battery.

Measure the terminal voltage, specific gravity, temperature and 

water level of each cell before/after the initial charge.

2'S Motor control center. con-t-nl ist**.f*o| Mheij

1) Measurement of insulation resistance by 500V megger.

2) Interlock and sequence test.

Confirm the interlock and sequence in accordance with applicable 

schematic diagram.

2-9 Control panel C M^0,r c<r^4-v-0i yxeur p
1) Measurement of insulation resistance by 500v megger on control

source circuit.
2) Interlock and sequence test
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After install all equipment and cables, confirm the interlock, 

sequence and annunciators in accordance with applicable drawings.

2-10 AVR Panel. ( AVR aa

1) Measurement of insulation resistance by 500V megger.

(Except electronic circuit.)

2) Interlock and sequence test

After install all equipment and cables, confirm the interlock, 

sequence and alarm si stem in accordance with applicable drawing,

|\)o*U ' I+en 2-6, 2-n. 2-£, 2-1 z 2- «o yCns+«l)*4

Mo'to h C»VIItA'itZh, QfJbYVl K«4-bK Ctnofl^ol <f su>‘-+ck ,:*< >• pcv*vi£

2-ll Cable < 6>kV) 4 G,6k/

1) Measure the insulation resistanse before/after the HV test.

2) High voltage test

When the installation of the cable and its accessories has been 

completed, HV test shall be carried out.

6kV cable ; AC 6kV applied between conductor and screen.

Duration ; 5 minutes.

o o

Water. 
Resistor
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Appendix 12-2
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F. FENESTRATION WORKS
-All doors and windows will be fabricated and 
supplied by accredited manufacturers.

G. ARCHITECTURAL AND SPECIALTY WORKS
- All architectural finishes and specialty works 

to be installed/ applied will be subject for 
approval of the Owners representative/Architect

- Work performance and quality will be accordance 
with plans and specification.

II. MECHANICAL AND ELECTRICAL WORKS
-Electrical roughing installation of embedded 
pipes for cold water and waste lines will be 
accordance with plans and specifications.

-Before concreting works starts, all embedded 
pipes as specified in ’the plans shall be 
installed accordingly.

-All plumbing and electrical fixtures will be 
installed after painting works.

Appendix 12-6

After the gassification equipment is installed, a 
temporary fence with corresponding roof will be constructed

the gassification equipment area and proposed—water
-reg-is-tanc-e -.. =• =ta#k.....rfence to temporarily enclose the
gassification equiment giving enough space to work for the 
construction of

The temporary fence is made of plywood with sufficient 
height nailed on wood framed securely fastened on floors and 
walls, fabricated around the equipment area. Roofing if made 
of Galvanized Corrugated sheets nailed on wood frames. The 
temporary fence will prevent horizontal and vertical forces 
made by working activities at the area from damaging the 
equipment. Small entry going to the equipment area will be 
provided for others working in the equipment but safety 
measures being undertaken.

Temporary safety signs will be provided at strategic 
places around the area and safety measures will be given to 
all personnel working at the gassification area regarding 
the equipment safety.
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Appendix 12-7

Submitted Drawing List 
( Gas engine generation )

1. Drawings for plant

GER-259M0012 : Exhaust gas silencer & pipe supports

GER-259M0011 : Maintenance Beam
GER-259M0004E : Piping arrangement
GER-259M0002C : Foundation
GER-259M0003F : Floor plan
GER-259M0010C : Air fuel and exhaust gas flow sheet
GER-259M0005D : Piping diagram
GER-259M0013B : Wiring diagram
GER-259M0015 : Fuel gas pipe support
GER-259M0 0 16 A : Water Resistance
GER-259M0017A : Water Resistance parts list

- : Cable route (provisiona 1)

2. Main equipment assembly drawings

- Gas engine generator unit

- Jacket water heat exchanger

- Jacket heater

- Jacket cooling water pump

- Generator control panel (With switchgear and moter control)

- Exhaust gas silencer

- Gas blower

- Aux. cooling water pump

- Solenoid valve (LPG)

- Battery

- Step up trans

- Gas flow meter(LPG)

- Gas flow meter(Wood gas)

- Cooling tower

• Assembly

• Chemical feeder

• Chemical feeder control panel

• Assembly instruction
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SCHEDULE OF PILOT PLANT CONSTRUCTION IN FY 1 9 9 3 (GAS I FI CAT ION)

Temporary assembling

Inland transportation & packing

Customs clearance

Marine transportation (to Manila port) 

•Customs clearance in the Philippines 

■ Inland transportation (to ITDI)

Installation in gasification yard and storage room 

Installation in water treatment yard 

•Buffer tank assembling 

(Crane 25t X1)

•Piping & leak test

• Electrical & instrumentation

• Insulation & painting 

■Building completion

•Trial operation

1 0 1 1 1 2

A
ppendix 14-1



Detailed Schedule of Installation and Piping

60 days

1.Installation of facilities in storage room 
and delivery of central control panel

2.Assembling of common steel structure

3.Handrail and flooring of common steel struc
ture

4.Installation of facilities on first floor of 
common steel structure

5.Installation of facilities in second floor

6.Installation of facilities in third floor

7.Installation of facilities in water treatment 
yard

8.Piping

9.Leak test

10.Insulation

11.Painting



Detailed Schedule of Buffer Tank Assembling

1. Arrangement / Cleaning (

2.Assembling and welding of bottom plate

3. Assembling and welding of shell plate of 
water tank

4. Assembling of guide columns 
Attachment of a platform to water tank

5. Assembling and welding of shell plate of 
gas chamber

6. Assembling and mounting of rafters

7. Assembling and welding of roof plates 
Assembling of blaces and gardens

8. Attachment of nozzles and a manhole

9. Attachment of rollers and accessaries such as 
spray nozzles

10. Filling with water /^Discharging water

11.Painting

12.Inspection / Adjustment of rollers

Crane: 25t X1



Detailed Schedule of Electrical and Instrumentation Work"" ^ •'

5# days

1.Meeting / Temporary power source

2.Installation of central control panel

3.Installation of local panels and apparatus

4.Processing and laying of cable ducts/racks

5.Laying of conduit pipes

6.Wiring of electrical/instrument cables

7.Connection of flexible fittings

8.Piping for instrumentation air

9.Laying of lead and gas-sampling pipes

10.Terminal treatment of cables and check

11.Leak test of lead pipes

12.Work for lightning conductor

13.Grounding

14.Check on wiring

15.Check on direction of rotation
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m2 mom (m2

MINUTES OF THE MEETING

SUBJECT: WOOD-WASTE/AGRI-WASTE GASIFICATION FOR POWER GENERATION
PROJECT

MEETING TIME/PLACE:

Meeting : J anuary 24, 1994 - 3:00 P.M. - 5:00 P.M. at ITDI, Bi cut an

Meeting : J anuary 25, 1994 - 10:00 A.M. - 4:30 P.M. at ITDI, Bi cut an

Meeting : J anuary 26, 1994 - 9:00 AM. - 4:30 P.M. at ITDI, Bi cut an

Meeting : J anuary 27, 1994 - 2:30 P.M. - 4:30 P.M. at ITDI, Bicut an

Meeting and 
Signing : J anuary 28, 1994 - 9:00 A.M. -12:00 A.M. at ITDI, Bi cut an

PARTICIPANTS:

ENAA: ITDI/FED STAFF:
Mr . Hiroyuki Otsuku Dr . Felipe D. Vinluan, Jr.

Dr . Nuna E. Almanzor
Mr . Hideo Sekino Mr . Delfin L. Pugal

Mr . Teresito A. Quilao
Mr . Yasuhiro Tod or obar u Mr . Wi 1fredo Balais

Mr . Apollo Victor Bawagan
Mr . Rolando Monteros

DOST INFRASTRUCTURE TECHNICAL
SUB-COMMITTEE:

Mr. Arnaldo Reyes 
Mr. Peter Paul Glanan
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The Engineering Advancement Association of Japan (ENAA) Mission Team 
on the Wood-waste/Agri-waste Gasification for Power Generation 

Project visited the Industrial Technology Development Institute 
(ITDI) to discuss detailed technical items of the project. This is 
the second field visit of the mission during the fourth Japanese 
fiscal year of the 5-year project.

1. ITDI and ENAA held meetings and discussed the items listed 
below:

(a) Trial Operation Plan
(b) Plant Operation Test Plan in FY 1994
(c) Inauguration Ceremony

(d) Diffusion Plan in the Republic of the Philippines

2. TRIAL OPERATION

2.1 Gas i f i cat i on

a. Trial Operation Plan

al) ENAA proposed the trial operation plan to ITDI.
ITDI agreed to the ENAA's plan. (Appendix 
2-1-1)

a-2) Trial operation starts on January 31.

b. Schedule Adjustment (Appendix 2-1-2)
b-1) Both ITDI and ENAA checked the present status of 

Phase II and Phase III construction work and 
made up the following schedule. Both parties

agreed to make best effort to carry out the 

trial operation on schedule.
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(i) Items finished by Jan. 27
Power supply to the Gasification Control 

Panel (CP). Lay the power cable 
between power distribution panel and 

gasification CP and connection.

(ii) Items to be finished by Jan. 29
All remaining construction work inside 

the monitoring room.
A1 1 remaini ng work inside the 1aborat ory

r oom.
Li ghting work in the st or age s hed,

st or age room, common s truct ure,

monitoring ro om and labor at ory.

Pr oviding over head protect! on shield

between mon i t oring room and gas
combust or to give personne 1 the safe

access to t he gas combust or panel for

final check from January 31 thr ough
February 05.

ems to be fi nished by Feb. 05
Bu tiding enc losure work i n t he

Gas i f i cat i on Yard has to be stopped to

give way to start cold test from
Febuar y 07. Scaffoldings are also

removed away to allow free access t 0

the gas i f i cat ion plant.
Cover for t he Hopper A h as to be

installed by February 05.
Completion of storage shed and saw dust 

currently stored in the bag 
transferred inside the shed.

Completion of storage room (roll-up 
door ) .
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(iv) Items to be finished by Feb. 07
Electric power source has to be switched 

from current temporary cubicle to the 
CMD cubicle. Power source switching 
is necessary to cover the required 
electricity capacity for the trial 
operation from Feb. 14.

(v) Items to be finished by Feb. 10
Initial fill up of the kerosene tank.

c. Saw Dust Utility
cl) ITDI prepared required amount of saw dust (20 

tons) consumed during trial operation. 
c-2) ITDI prepared LPG tanks.

d. Personnel
TDI agreed to al 1 ocat e r equired number of

per sonnel accor ding t o t he proposed trial

ope ration plan.
TDI and ENAA con firmed that one purpose of t he

t r i al operation is gain ing mastery of t he plant

and plant operating pr ocedure. So all

res earchers who bee ome involved i n t he

gas ification ope ration will participate i n t he

tr i al operation.

e. Weekend

el) ITDI and ENAA agreed that Saturdays are reserved 

as supplemental working day to catch up the 
implementation schedule, if necessary. (Plant 
operation and maintenance work is carried out 
by ITDI and ENAA members, if needed).
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f. Analytical Equipment

f-1) Analytical equipment are installed as a part of 
Phase III work during trial operation under 
supervision of ENAA.

f-2) Equipment to be installed are Gas Chromatograph, 
Calorimeter, Drying Oven, Analytical Balance, 
Gas Monitors, Saw Dust Filters and other 

associated items.
f-3) ITDI supplies nitrogen, helium and oxygen to the 

Gas Chromatograph and Calorimeter.
f-4) Nitrogen and helium supply conditions are as 

follows:
supply pressure - 7 kgt/cm*
connection - x/a B PT female port is

provided at GC.

f-5) Nitrogen and helium tubings should be oil -free

grade.
f-6) GC adjustment will be done by t he expert from

Japan in May 1994 During trial oper ation,

ITDI will analyse one or t wo pr oduct gas
samples to give calculation base of calorific 

value (C s H 4, CH4, CO, CO s).

g. Water Supply to the Gasification Plant

g-1) ITDI and ENAA looked into the water demand of the 
plant and discussed potential measures to 

reduce the amount of water consumed.

-220-



6

g-2) Water Demand
Reactor Heat Exchanger

Q = 60 Vh x 24 V* 
Scrubber Make-Up Water

Q = 107 Vh x 24 Vc* 
Waste Water Dilution (6 times/d) 

Q = 3 m3/time x 6 
Backwashing (once a day)

Q = 5 m3

1.5 m3/d

1.5 m3/d

18.0 m3/d

5.0 m3/d

Sub-Total Approx. 27.0 m3/d

Buffer Tank Cooling (on the sunny day, daytime 
only)

Q = 11.5 m3/h x 10 V* 115.0 m3/d

g-3) Both ITDI and ENAA pay best effort to reduce the 
water consumption especially buffer tank 

cooling water.

g-4) ITDI and ENAA confirmed that water is supplied 
immediately to the pilot plant whenever it is 
needed during the trial and plant operation.

2.2 Gas Engine Generation Plant
ITDI and ENAA discussed and agreed the trial operation plan 
of gas engine generation, which should be executed from 
Feb. 14 to Feb. 18, 1994. (Appendix 2-2). ITDI should 
complete the following works until start of trial

operation.

a. Power Supply
Schedule of power supply works is as same as
gasification plant. (Refer to Item 2.1 bl iv)
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b. Works below should be finished until Feb. 07, 1994 

(Appendix 2-1-2)
b-1) Installation of roll-up doors for gas engine 

yard .
b-2) Complete removal of all scaffoldings in gas 

engine yard.
b-3) Cleaning inside of gas engine yard. 
b-4) Installation of wall which is beside a stairway 

to researchers' room.

c. Soundproof Works of Gas Engine Yard

ITDI and ENAA agreed that soundproof works should be 
temporarily stopped when the works may not be finished 
until Feb. 07, 1994, and be started again after 
the trial operation of gas engine generation plant.

3. PLANT OPERATION PLAN IN FY 1994

3.1 Gasification

a. Plant Operation Plan

a-1) ENAA proposed plant operation plan to ITDI. Both 
parties discussed and agreed that plant 
operation in FY 1994 will be implemented based 
on the proposed plan by ENAA. (Appendix 3-1-1)

a~2) ITDI and ENAA confirmed the target value of the 

plant operation. (Appendix 3-1-2)

222-



8

3.2 Gas Engine Generation Plant

a. ITDI and ENAA discussed and agreed the plant operation
test plan of gas engine generation plant.
(Appendix 3-2-1 V4 ~ "/*, Appendix 3-2-2)

b. Evaluation Criteria

ITDI and ENAA discussed and agreed the evaluation 
criteria of the plant operation test for gas engine 
generation plant. (Appendix 3-2-3 */» - z/=)

Preparation for Plant Oper at ion Test in FY 1994

ITDI and ENAA discussed and agreed the preparation for
planit oper at i on test in FY 1994 as fo 11 ows ;

a. ITDI should finish all constructi on works before start
of plant operation t est (May 11 , 1994). ITDI shall
submit to ENAA the schedule of t he remaining
construction works by the end of Febru ary 1 994.

b. Supply Plan of Utility Material

ITDI shall submit to ENAA the suppiy pi an of utility
material f or plant oper ation test by the end of
February 1994.
b-1) Utili ty material means saw dust ” , "electric

power", "water ”, ”LPG\ ” ker os ene”, "NB", "02",
"He ".

b-2) The supply plan should show int erval/amounts of

supply of each mater i al .
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c. Meeting

ITDI and ENAA agreed to hold meeting in preparation for 
the plant operation test on March 07 to 10, 1994.

d. Countermeasure to cope with brownout
ITDI conveyed to ENAA that installation of one 
emergency generator has been approved by DOST. The 
generator supplies electricity for research activities 
having high priority in ITDI and current project is 
recognized one of them.

In case of brownout, power will be supplied to the 
pilot plant to promote the plant operation program.

3.4 Implementation Schedule in FY 1994
ENAA explained implementation schedule in FY 1994 and ITDI 
reviewed it. (Appendix 3-4)

4. INAUGURATION CEREMONY OF THE PILOT PLANT
ITDI and ENAA discussed and agreed the inauguration ceremony of 
the Pilot Plant as follows:

a. Date of Ceremony: May 24, 1994, 9:00 AM.

b. Arrangement of Ceremony
ITDI should prepare some pamphlet of the project’s 
explanation and arrange ceremony as a host.

ITDI should send to ENAA the program of ceremony by the 
middle of March 1994.
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c. Japanese Attendance and Invitation Letter
ENAA and ITDI should submit to each other the list of each 
attendance by the end of February 1994.

ITDI should prepare and send to ENAA all invitation letters 
of Japanese attendance by the middle of March 1994 and ENAA 
will distribute the invitation letters to each Japanese who 
will attend.

d. Speaker of Ceremony
ITDI and ENAA arrange each three (3) speakers. ENAA and 
ITDI should submit to each other the list of each Speakers 
by the middle of March 1994.

e. Party, Technical Meeting
ITDI and ENAA agreed to make a plan for holding party, 
technical meeting.

Details of the plan will be continuosly discussed between 
ITDI and ENAA.

5. DIFFUSION PLAN IN THE PHILIPPINES
ITDI and ENAA agreed that ITDI will submit to ENAA by the end of 
April 1994 a document on the diffusion plan for the pilot plant. 
ITDI will submit a preliminary draft by the end of March 1994.

6. WATER SUPPLY
ITDI should supply water having sufficient pressure by Feb. 07. 
Minimum water flow rate required for the trial operation is 
continuous 0.2 m3/h.
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SIGNING OF AGREEMENT

For the ENGINEERING ADVANCEMENT 
ASSOCIATION OF JAPAN (ENAA)

i -f i rf1

HIROYUKI OTSUKU 
Project Manager of ENAA

For the INDUSTRIAL TECHNOLOGY 
DEVELOPMENT INSTITUTE (ITDI)

FELIPE D. VINLUA1

Division

9
HI DEO SEKINO

7
DELFIN L. PI GAL

WITNESS:

YASUHIRO TODOROBARU TERESITO A. QUILAO

January 28, 1994 
Dat e
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Plant Operation Test in FY1994 (Gasification)

No Item Operation Test Period Personnel Remarks
Operation Major Check Item ITDI ENAA

1 Gas-engine
adjustment

Gasification at the fixed 
condition

Final performance check for 
following test series

5/11-5/23 same as No. 2 Researcher:1 start up of the waste water treatment facility 
raw material consumption; about 15 tons

2 Parametric
test

Confirmation of max. /min. 
throughput

gasification temperature

gasification with char 
recycling

- raw material throughput

- gas calorific value
- waste water pollutant level
- impurity level in the produc 

t gas

- waste water pollutant level
- impurity level in the produc 

t gas

5/25-6/10
operation; 2 
surveillance 

:2
raw material 
feed : 2
leader : 1
analysis! 
water treatm 
ent :2
data collect 
ion ; 1

Researcher:1 raw material consumption: about 20 tons

3 Operation at 
steady state

heat & mass balance

raw material drying

effect of raw material wat 
er content to gasification 
characteristics

- flow, mass flow rate
- temperature
- moisture content of raw 

material

- gas calorific value
- moisture content of raw 

material

- gas calorific value

6/14-7/13
operation; 2 
surveillance 

:2
raw material 
feed ; 2
leader : 1
analysis! 
water treatm 
ent :2
data collect 
ion :2

Researcher:1 raw material consumption; about 40 tons
3 shift (ITDI)

maintenance maintenance check - inside of hoppers
- feeder condition
- sand level
- distributor
- start-up burner
- cyclon separator
- spray nozzle
- heat exchanger

Maintenance:
4

Researcher: 1
in principle maintenance is conducted after each 

operation

A
ppendix 3-1-1



Plant Operation Test in FY1994 (Gasification)

No Item Operation Test Period Personnel Remarks
Operation Major Check Item ITDI ENAA

maintenance maintenance check - inside of water tank

raw material consumption; about 190 tons

4 Durability-1 without raw material Same as No. 3 9/20-9/22 operation; 2 Researcher:1 3 shift!ITDI)
drying ( 50 hours ) surveillance

*2

5 Durability-2 with raw material drying Same as No. 3 9/27-9/29 raw material
( 50 hours ) feed : 2

leader :1
6 Durability-3 without raw material Same as No. 3 10/10-10/14 analysis!

drying ( 100 hours ) water treatm 
ent :2

7 Durability-4 with raw material drying Same as No. 3 10/24-10/28 data collect
( 100 hours ) ion :2

8 Durability-5 without raw material 
drying/filter

Same as No.3 11/7-11/11

( 100 hours )

9 Durability-6 without filter Same as No.3 11/21-11/25
( 100 hours )

maintenance maintenance check - inside of hoppers Maintenance; Researcher:1 After each durability test operation
- feeder condition
- sand level
- distributor
- start-up burner
- cyclon separator
- spray nozzle
- heat exchanger
- inside of water tank

4



Operational Schedule in FY' 94 (Gasification) (94.1.17)

Step Date
Test Item / Purpose 1

Sawdust Air Flow 
Rate

[Nm3/h]

Tempera
ture

rci

Sand R.M.
Drying

Filter Produ
ct Gas

Char
Recyc
le

Gasifi- 
ation 
Period 

[hr]

R.M.
Consump
tion

[t]
F. Rate 
[kg/h]

Moist.
[*]

Kind Height
[mm]

1st
5.11 •Gas Enjine Adjustment (850°C) 270 40 260 850 Oliv. (700) X O BT X 4 1.1
5.12 Gaining mastery of operational art 4 4 4 4 4 4 4 4 4 4 1.1
5.13 4 4 4 4 4 4 4 4 4 4 4 1.1
5.14 4 4 4 4 4 4 4 4 4 4 4 1.1
5.17 4 4 4 4 4 4 4 4 4 4 4 1.1
5.18 4 4 4 4 4 4 4 4 4 4 4 1.1
5.19 4 4 4 4 4 4 4 4 4 4 4 1.1
5.20 4 4 4 4 4 4 4 4 4 4 4 1.1
5.23 4 4 4 4 4 4 4 4 4 4 4 1.1

5.24 •Inaugration

5.25 •Max./min. throughput (850°C) 160-350 40 | 150-340! 850 Oliv. (700) X O BT X 6 1.6
5.26 4 4 4 4 4 4 4 4 4 4 6 1.6

5.31 •Gasification characteristics (750~950°C) 270 40 260 750 Oliv. (700) X O BT X 4 1.1
6.1 Optimum temperature 4 4 4 800 4 4 4 4 4 4 4 1.1
6.2 Residual impurity level 4 4 4 850 4 4 4 4 4 4 4 1.1
6.7 Wastewater pollutant level 4 4 4 900 4 4 4 4 4 4 4 1.1
6.8 4 4 4 950 4 4 4 4 4 4 4 1.1

6.9 •Char recycle (850°C~950°C) 270 40 260 850 Oliv. (700) X O BT LQJ 6 1.6
6.10 4 4 4 [~950~1 4 4 4 4 4 4 6 1.6

6.14-15 •Heat and material balance (850°C) 270 40 260 fW] Oliv. (700) X O BT X cm 6.5

6.21-22 4 4 4 4 4 4 4 4 4 4 4 6.5

6.28-29 •Raw material drying (850°O 270 40 260 850 Oliv. (700) LQJ O BT X 24 6.5
7.5-6 4 4 4 4 4 4 4 4 4 4 24 6.5

Remark; Deration period shows net duration of gasification, additional time is needed for start -up operation ( max. 6 hours from cold start )



Operational Schedule in F Y ’ 94 (Gasification)

Step Date Test Item / Purpose Sawdust Air Flow 
Rate

[Nm3/h]

Tempera-
ture

rci

Sand R.M.
Drying

Filter Produ
ct Gas

Char
Recyc
le

Gasifi-
ation
Period

[hr]

R.M.
Consump
tion

[t]
F. Rate 
[kg/h]

Moist.
m

Kind Height
[mm]

7.12-13 •Effect of moisture content to gasification 
characteristics (750~950°C)

238 m 218 750-950 Oliv. (700) X O BT X 24 5.7

2nd
9.20-22 •Stability and durability (50hr)

Flexibility to load changes
270 40 260 800-850 Oliv. (700) X O BT A ran 13.6

9.27-29 •Stability and durability (50hr)
Flexibility to load changes

270 40 260 800-850 Oliv. (700) ™ O BT A 50 13.6

10.10-14 •Stability and durability (lOOhr)
Flexibility to load changes

270 40 260 800-850 Oliv. (700) X O BT A [Tool 27.1

10.24-28 •Stability and durability (lOOhr)
Flexibility to load changes

270 40 260 800-850 Oliv. (700) 1 o 1 O BT A 100 27.1

11.7-11 •Stability and durability (lOOhr)
Simplifying of gas purification

270 40 260 800-850 Oliv. (700) X m BT A 100 27.1

11.21-25 •Stability and durability (lOOhr)
Simplifying of gas purification

270 40 260 800-850 Oliv. (700) LQJ BT A 100 27.1

Remark; Deration period shows net duration of gasification, additional time is needed for start -up operation ( max. 6 hours from cold start )



Plant Operation Test FY 1994 (Gas Engine Generation) (1/4)

No. Item
Operation

Test Period
Personnel

Evaluation

Operation Main Measuring Item ITDI ENA A

11 Starting test

1. Basic 0) Starling motor operation check - Engine speed Middl of - Measurement: 2 • Engineer for

Characteristic Test - Start motor cut rev. May - Engine, Gen. electric : 1

U) Spark check - Timing light 1 Aux. system - Wiring check

GD Start sequence check - Sequencer check End of May measuring - Support operation

(?) FW heating - FW temp. - Arrange data - Support sequence

© LPG back up - Timing, feed rate check

- Fuel gas calorie <Plan datc> • Operation : 2 - Adjust control

© Others May 11 - Engine panel

1-2 No - Load test 1 - Generator

(0 Main gas pressure reguration - Gas pressure May 25 - Auxiliaries • Engineer for

CD Carbureter pre-adjust - Screw set position control panel : 1

CD Spark timing pre adjust - Ignition timing • Maintenance : 1 - Sequence check

CD Engine speed adjust - Engine speed - Maintenance - Adjust control

© Governor adjust - Frequency - Adjust panel

© Generator adjust - Voltage, frequency - Watch

(?) Aux. system check - Operation condition ■ Rcscrcher for

- Temp., pressure gas engine : 1

© Alarm check - Alarm switch - S/V of operation

© Control panel check & adjust - Operation condition - Some adjustment

- Panel meter - Data sample

No-load data sampling - Engine data - Data evaluation

- Generation data

- Aux. system data

£j) Others - Fuel gas calorie

- Engine sound

A
ppendix 3-2-1 \/
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Plant Operation Test I*'Y 1994 (Gas Engine Generation) (2/4)

No. Item
Operation

1 est Period
Personnel

Evaluation

Operation Main Measuring Item 1TDI ENAA

1. Basic

Characteristic Test

1-3 Load test

0) Carbureter adjust

GO Air fuel ratio control system adjust

(3) Spark timing adjust

® Governor adjust

© Temp. & pressure adjust of Engine and

Auxiliary system

© Water resistance system adjust

CD Control panel adjust

© Load test data sampling

© Others

- Screw set position

- O2 sensor

- O2 cone, in exh. gas

- Timing light

- Frequency

- Temperature

- Pressure

- Electrode position

- Limit switch position

- Max. & Min. Load

- Water flow condition

- Operation condition

- Panel meter

- Engine data

Temperature

Pressure

Flow rate

Exhaust gas

Engine speed

- Generator

Output

Voltage

Frequency

Currency

- Aux. system data

- Fuel gas calorie

- Engine sound

Middlof

May

1

End of May

<Plan date>

May 11

t

May 25

• Measurement: 2

- Engine, Gen.

Aux. system

measuring

- Arrange data

• Operation : 2

- Engine

- Generator

- Auxiliaries

- Water resistance

• Maintenance : 2

- Maintenance

- Adjust

- Watch

- Support operation

• Engineer for

electric : 1

- Wiring check

- Support operation

- Support sequence

- Adjust control panel

• Engineer for

control panel : 1

- Sequence check

- Adjust control panel

• Rcsercher for

gas engine : 1

- S/V of operation

- Some adjustment

- Data sample

- Data evaluation

A
ppendix 3-2-1 
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Plant Operation Test FY 1994 (Gas Engine Generation) (3/4)

No. Item
Operation

Test Period
Personnel

Evaluation
Operation Main Measuring Item 1TD1 ENAA

2-1 Ignition System Matching Test

2. Parameter © Spark plug changing test - Spark • Operation : 2 • Rescrcher for 1. Antipollution

Changing Test - Frequency stability. Early in - Engine gas engine : 1 © Emission

2-2 Characteristic Test - Generator - Test plan manage Exh gas : NOx, CO

On the three cases main fuel gas composition - Fuel gas composition - Auxiliaries - Data sample GO Noise

(low, middle, high calorie), following test to be - Fuel gas calorie - Water resistance - Data evaluation Boundary condition

done. <Plan date>

(D Starting ability test - Speed increase rate. June 7 • Measurement: 2 ■ Engineer for 2. Electric stability

- FW temperature. 1 - Data sample gas engine : 1 © Frequency

- LPG feed rate, timing June 10 - Data evaluation - Data sample © Voltage

® Air excess ratio & Ignition timing changing test - Engine data - Data evaluation

Temperature • Maintenance : 1 - Some adjustment 3. Engine stability

• Air excess ratio (A/P) : 4 cases Pressure - Some adjustment © Response to fuel gas

• Ingition timing 4 cases Flow rate • Maintenance composition fluctuation

Combined A/F and L/T at rated speed Exhaust gas - Watch

and rated output, characteristic test to be done. Engine speed 3. Engine stability

- Generator data © Response to fuel gas

- Stability calorie fluctuation

0/ Load performance test - Engine data GO Stable starting

On the right engine setting according to A/F and - Generator data

I/T changing test result, load test to be done. - Aux. system data

• 0%, 25%, 50%, 75%, 100%, 110%, Load

9) load on/off test - Frequency

- Voltage

- Speed recovery time

S> Others - Noise level

A
ppendix 3-2-1 

3/4



Plant Operation Test FY 1994 (Gas Engine Generation) (4/4)

No. Item
Operation

3 cst Period
Personnel

Evaluation

Operation Main Measuring Item ITDI ENAA

3-1 Stability confirmation

3. Durability Test (1) Air fuel ratio control performance - Fuel gas calorie Middlof • Operation : 2 ■ Engineer for 1. Engine Stability

GO Plant stable operation (some composition) - Engine Gas engine : 1 'D Response to fuel gas

- Engine data 1 - Generator - Data evaluation gas calorie fluctuation

- Generator data Middle of - Auxiliaries - Some adjustment O) Stable starting

- Aux. system data July -Water resistance - S/V of operation

- Exhaust gas 2. Durability

above data should be sampled < Plant date> • Measurement: 1 ■ Resercher for U) LO life

regulary June 14 - Data sample Gas engine : 1 (2) Combustion chamber

1 - Data evaluation - Data evaluation component

3-2 Durability test - Same as Item 3-1 July 13 - Check 0) Fuel line component

- LO sampling (1.) Spark plug

(every 100 Hr.) - Maintenance : 2 Above 2 persons

- Combustion chamber - Some adjust arc not full time 2. Easy operation

parts check (1 time) - Maintenance

- Fuel system parts check - Parts check

(2 times) (not full time)

- Spark plug check

(2 times) Per one shift

3-3 Durability test - Same os Item 3-1 Middle of (total 3 shift)

- LO sampling Sep.

(every 100 Hr) 1

- Combustion chamber End of

parts & Fuel system Nov.

parts check (1 time) < Plant date>

- Spark plug check Sep. 20

(at right timing) 1

Nov. 25

A
ppendix 3-2-1 
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Appendix 3-1-2

Target (Gasification) Z2.

I tern Target

1. Product gas

1 )Quality H C V; More than 1,200 Kcal/Nn?

(dry-base)

Impurities ( tar & dust content );

less than 100 ppm

2 )Condition Temp; 40 °C

Pressure; 150 mmAq

( at Buffer Tank outlet )

Energy ( Heat of combustion );

423 x (exp)3 Kcal/hr

2. Antipol1u tion

1)Exhaust Gas CO ; below 500 mg/scm*

2)Treated Water NOx; below 2 g/scm as N02*

^provided with gas combustion

COD; less than 300 mg/1**

BOD; less than 150 mg/1**

phenol ; less than 5 mg/1**

** at steady condition
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Target (Gasification) 4^2

I tern Target

3)Noise below 75dB (day time)

below 70dB (morning/evening)

below 65dB (at night)

( at the nearest boundary )

3.Operation

1)Start up less than 6 hours from cold start to

gasification temperature

2)Turn down around 2

3)Flexibi1ity to load easy ( accomplished by air flow rate

change control )

4)Maintenance inter- more than 100 hours for main equipment

val
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Trial, Plant Operation Schedule (Plan)

(Gas Engine Generation)
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Appendix 3-2-3 1/2

Evaluation for Gas Engine Generation (1/2)

Item
Pilot Plant 
(lOOkW class)
Evaluation Criteria

REMARK

1. Antipollution

1) Emission NOx : below 2g/scm* 
as NO2
(below 1200ppm)

* any source
CO : below 500mg/scm** 

(below 400ppm)
** Rules of any 

industrial source

2) Noise Nearest boundary:
below 65dB (A)

2. Electric Quality

1) Frequency Within ±5% fluctuation

2) Voltage Within ± 5% fluctuation

3. Engine Stability

1) Response to fuel 
gas composition 
fluctuation

Stable running under these 
LCV range 
1100~-1500kcal/Nm3

2) Starting Stable starting
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Appendix 3-2-3 2/2

Evaluation for Gas Engine Generation (2/2)

Item
Pilot Plant 
(lOOkW class)
Evaluation Criteria

REMARK

4. Durability

1) Lub.Oil life 500 Hr

2) Combustion (D Exh. & Int. valve life
chamber : 4000Hr
component

© Cleaning interval 
: 500Hr

3) Fuel line Cleaning interval
component : 500Hr

4) Spark plug Cleaning interval
: 500Hr
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Implementation schedule for PY 1994

'94
4 5 6 7 8 9 10 11 12

'95
1 2 3 Remarks

1. Field survey

2. Inauguration
cc remony

3. Plant operation 
tes t

4. Analysis

5. Report

A
ppendix 3
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