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Table, 7—1—~1 LHEAYIREOREXSOME., B s RE
O &BEOEE

_ Thickness ‘ - maximun _ Minimum _ Average

Coal Seam coal interburden

: seam
Mangus (4 ) 12.1M 4.6M 9.2M

- . L 22.8M i0.3M 16,7
Mangus;(Az) 11.8M . 8,4M 10.4M !

o 15.3M 11.4M 13,

Suban (B} ' 13.7M 9.5M 12.5M o

: o 12.3M C1.3M
Suban - (B:) 5.8M 4.,2M -

o 43.5M 28.1M 36.3M

Petai (C) 12.4M 10.4M 11.5M ‘
Total 55.56M 91.9M 37.1M 51.1M 43.6M 73.2M

(iE1)  sShellBHIZ X 5,
(#2) K-OGREBTMEX: LT, KOBURFEREL TS,
B A - —

B B |A A [B. [B:[C, |Ca2

B E 7.3 9.812.7 4.5] 5.1¢ 6.2

@ FELAURNNCOFERENGRE - IERES

—_

coal reserves within the minale coal tonnage
planned pit i withln the planned pit
ultfmate N
- pit
slopse
coal
seam
and loter . . R R
fover burde - 15 29 15 20.
overburden ]
Mon®
Me § 147,37 126.78 147.37 126.78
Al 23.66 23:17 23.66 23.17
34.5% 33.22 34,55 33.22
A2 28.50 28,02 28.50 28.02
27.91 * 27. 49 27.91 27.189
Bi 39. 48 38.58 39.48 38.52
20,18 | 19.98 -4 20.18 19.98
B2 14.95] - 14.90 14,95 t4.90
107.53 05,77 51.37 51.40
C 41.45 5 40. 61 18.43 18.38
total 1448.04( 337.34 145,45 (313,04 |125.02 |281.38 123.05|258.57
stripping bank M3 ton
ratio 2.25 : 1 2,48 : 1

(13 Shellﬁﬂi:%‘\%o
[32] ERoRBRIECTEMHBROTTHREIN T S,

i) bk 128

i) CRBEOHRAES  E,s 104 -7 -
(i 3) EBPFIUVEBMREAL. OFLLBTHRULN TR RENLLKREL &

RLTY B,
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® DOC&K-0GCOlRELkiRE

1 Coal seem

Coal tonngage

Coal reserve
_ (mitlion M3) {million tons)
Al .50.64 63.81
A2 - 82.51 ) 103,96
Bl 120,86 - 152.28
B2 47,80 - T R0-34
TGl 63,31 . . | 79,11
c2 - 19.24 0 99,84
TOTAL - 445.45 - 560.00
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Table, 7-1-1 Shellic X B RE
coal.|analy] total moisture |sulphur Jash{d)[VM{daf)] CV Kcal/kg
seam |- sed o . . . : L
1 by calcu~.| analy-. |{d) % % - % {daf) (net)
o llated | sed . . . : - S
Aq i “29.00. 30.00.° 0.57 §.20 40.70 7.240 4,310
B 2 L= 28.50 0.54 .1 8.45 50.50 7.329 1 4,460
g 29.40 30.00 0.23 - 5:00 148,60 7.275 1 4,490
Ao 2. | - 29.00 " 0.25 6.90 49.40 17,304 | 4,485
T w2850 ] . : . :
1 29.00 30,00 0,27 5.90 48.40. 7,285 4,460
By 2 - 28.50 .27 5.85 48.60 7,323 4,580
1 - 30.00 1.09 6.50 47.90 7,310 4,590
By 2 - 28.00 1.18 7.60 49.390 7,319 4,440
1 2. 2U JU. 00 0.57 8. 0h 43,40 7,410 4. 430
C 2 - 27.50 1.13 8.85 49,50 7,457 4,585
(1) S EEHW 1L OL 0~ 7 IH1983F 1 S helly 207 0—F19T98 S
nell. 19804 P. T. Geoservicesii & - CiTHRA/IHHERETS 5,
(&2 ShellRES s LCCERBESGIOFRA 53~k d s HENSD .

WEEAERNAETH AT LY VAR DWTHRAL, QOL: SAS T R

i

m Eﬁ@%@@ﬂ+hHﬁA®%€mEﬁ&MWMﬁ§@ééﬁo

LTt de

(EHhoehnid 0 %s518%E0H)

) Rﬁ®¢&ﬁﬁ&ﬁﬁ¢@&ﬁfruahﬁﬁ§(%)®mmmﬁm

RS B,
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B) DOCEK-OGRXIHRHE

PN T OBERBLKNICRS & EHERBEC (BEBRICEY) 0lbe>

Coal Moisture | Sulphure | Ash | "W CV Keal/kg.
seam % % % % gross. .. . npet
A 25,4 0.58 9.5 }'-32.8 4,645 74,3207
LY 25.8 0,17 4.9 3377 4,993 1,655
- By 26,2 0,21 .0 13373 4,974 - 4,631
B - 26,1 ¢, 98 6.2 32T 4,898" 4,560
Kt 759 (S O U A O 1 SO Y- 10
Cy 24.3 0.8% X R 4,874 - . 4,660 1
Cy 24.56 0,60 6.0 33,5 5,089 4,736~
TA-Cy 5.5 0. 4% 6.3 3373 4,974 774,593

FIRTB2L0THO. KANL L (CEEEDE.IK . FEHOBESHEL (0.4

%) . FRBRAOHUSLPPIES (33%) . RILADDHEY. (26~26%)

(E1] ##. K—OCRZOWEFOHT, RACML T, KORUWEHRY

ML T B,

B EETHY (Hardgrove vnits JA~54) 4w Y S =1

(CVERIS~200)/ke). Bt b ) o= LRABESRT L5~ 6%TH

AH, BABKRYERIDFINS 5.
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Flg.7-1=1_ Idealized Mining System in Three Dimensions
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el

digged by shovel Jvaste loading bench

{note) working places will be developed horizontally and vertically
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Table, 7—1-3 B MYRMBHRONELY

A A

pre-production production | I
iten specification -3 | -2|-1 81 7] 8] 9]10]12]1z]1s[1a]a5] 1617|1820 20| 21 [ 22| 23] 24 | 25| 26 [ 27| 28 | 28] 50 FBERL_ 1,
w | electric shovels 1100 KH,_ 1108 230 tons 2 2 1 _ T - | 1§ 3
:E,&‘ wasts trucks 4600 HP, 238M?, rear dump 6 6 2 1 1 3 1 1 411 2 211 3 26192
E dozers 300 HP, track-type 2 2 -1 2
mobile drill rigs track-mounted 31 8 - 3
air compressors portabale, 25.5 »3/min, 270 HP 3| 8 -1 3
2 | core drilling wachines | 150m, 7.5HP | 2 2 - 2
# | wheel loader 550 HP, 9.6 M2 1| 1 2 1 1| 3
| coal trucks 460 HP, 44.5 M3, rear dump .
track-type 2 2| 4.1 1 1 1 1 6]10
dozer 330 HP, with ripper 3] 21 5 2 21 7
dozer 300 bp, track-type 2 2 -1 2
bucket hoe 2 2 -1 2
wheal loader 380 HP, 603 2 2 N
water carrier 6000 1 2 2| 2 2| 4
§ fuel oil carrier 6000 1 2| 2] 4 w1 4
g dusp truck 7 tons 31 2| 8 -1 5
8
© | mobile crane 80 tons 1 i -1 1
§ crushing plant truck-mounted 1 1 N
"% [ rock breaker hydraulic, truck-mounted 112138 -1 3
dewatering pusp 2| |2 1| 1| 1) 2] 1 1] 1] |2 18 | 20
substation 11 -1 1
pick up 3 7015 - |15
4-wheel drive car 31 41 3|10 -110
sotor grader 21 14 31 17 4

(i 2)

HHAHRERBRFEGATNEND,

(1) BEFORFRUAELLELBKBATAESARERLTIV S,

—91 ~92-—
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BIBbOE L. BL. WO 4 YRERHE. RENFERORBTRET 2,
AERREARORT TR A v F iy T OBEER S B0 ES THES i
YHMEE ML, LHORBE (MER) A3 EUk,
D BB K
RUERE. BHE. AEAT v As Y OLDOET, WO, MEK. PRkD

BB, Fibi. €27, HERBEAR., 722 - 2-F, H27 v b a— 1, KO
BORAIRE LTHAMTEE S~ EB - LBETFOI 2LV 2 YREOHBERD
%Ebto
BRSO HBT NSRS, RORRKOHTEZEBML TS b, (Table. T—1
~ A EBERE )
M WMEECHDEFOREBIHE - TV 2 MER S OBEH K2 Do
O RERRRBOBET BRCEG RS THS S MEREEOLRERBE
g 5B E R E ORED
@ BATHEEFBRBLLY. REMECENCHEEENDR0, RERMNASH
SEBLFBAMKIREAOHUBRLOBE D,
0, QORFRAKHLTHETELLERLUL,

Table, 7 — 1 —4 SO T S EEREE

senior junior A
foreigners staffs staffs labours total
: - ¥
dormitories 1 1 1 1 3
(persons) - 20 5 - 135 155
*1
houses - 48 38 164 250
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Resident General .

Director

Mine Director

Mine Vice Director

Operatiions Director

|

|

Planning Director

]

Mine "Coal Handling Chief Planning Chief System Chief
Superintendent Superintendent Engineer Engineer Geologiest
Engineering Director Aceounting Director
Chief Mechanical Chief Electrical Chief Civil Accounting Chief
Engineer Engineer Engineer Manager - Storekeeper
Administration Dierector
Personnel Administration Chief Training Chief Medical Stafety & Security
Manager Manager Officer Officer Manager
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classification nining gther than mining

‘graduates including persons finished the | 22 31
course of junior college

highly experienced persons on heavy 373
earth moving machine operation

light truck drivers | | 105
seni~skilied workers 372

‘un-skilled workers N 128 | 289
persons finished the course of semior B 130

high school or same level

persons finished the course of junior _ 100
high school or same level '

total 1,000 550

grand total ) : : 1,550
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Summary of Estimated Investment Cost

Table 7-1-6 yss 1,000
Pre-production Production
- - - . Total
-3 | -z [ -1 |Subwtat| 1 | 2 3 4 5 ] 4 8 ] 10 i 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 23 29 30 | Sub-total
Stripping 1,720 7720| 13201 1320 - | 3960| o920{ 2640l 4s20| - | sos0] -~ | se40i zEa0| - 5280| 2840| 7260 sead| ~ | esto| - | sse0] s9s0| aveo{ ss80| - | 8580 90.280| 93.000
Mining 220 3920] 8,160 1300f 1500| — - | ageo} 2470| 1500] - - | sasof 2470 z290f - =~ | sa3s0] 2910] 1720 ad0| =~ | s3s0] zo10] zas0| sse| - | s790| 2910} 1540 52230 59,530
S::::;‘u‘:: so| 4878| 63731 11320 s000] - es] a78| 230 as0| - tog) 1238] 33| 1so| 330] 1448| 1s:8) 7| <00 sof 109| 1428| @3 188 140 6| &8 sva| 180 16580 28300
Sub total 280 | 165181 95231 26.3d0| 7.820[ 1320 69| 8798) 3913 4520 4820| 109] 12628 3008| 7.910| 2870| 1440|1248 6523] 9380| 6160( 109 13,378 9,823] 10950 4980 38291 14888] 3,289 10,710 159,490 183.830
Coal stack yard 3,887 S5.133 9,020 1,320 - 4,540 5.860) 14,880
::g&;:s“ 12,509 2160 ° 14,669 --381] 838 557|198 2.649| 1882 21 367| 2462] 198 2,649 1962 18] 764} 531 15201]  29.870
Building & . -
structies 2630] 5.280| 1,890 7,890
Townsite 1,260| 10,005 3,017 14,282 508 508 503 503 503 503 508 503 508 503 8,030 19012
Temparary
facilities and 8t 1418 912 2417 26,001 2,417
construction )
Sub totai 1347] a0.4e0) 16.482| 4827s| s03| s03] sos| sr0| sss| s03| Losof q01| 4da72| 20468 21 367 2462 198 1189|1962 181F 764 531 185581 74369
Total 1636] 46.987| 26,0051 74618 8az3| 1823| s72| oges| 4vawl so023| s8s0| siof 1700} sas8| 7o31| 2970] 1.449f 12515 soes| 9s78| 6.as0| 109f 20567 s578s| 109s0| 4980l apt0| 15652 3814 10970 260,159
Mining"! ae| 7818 14613 22907
Land acquisition 1000 750] 1,000 2,750%F (7801 (S00)
Project 421 6221]  16855] 8139 65.120] Base| 6130] a30] 08| G| Born( o7)] G078
management 2130 6221|6221 6551 (5139 (5, A34)| (5, S 0751 (3, (3, 3, /
Treining 825 5,066| 2,120 8,011
Total 6.514| 19.855] 23,954 50,323 | (5.884){ (5,634}] (5,134} (5,134)| (5,134)] (3.078)] (3,075}] (3.075)] (3.075}| {3,075 (42,296)] (42,298
Total 8,150) 66.822] 49.969) 124941] 8323| 1828 572| 9.668] 4,749] 5,023 5,880 810| 17.100| 5.468| 7931] 2970 1.449| 12515 8985| 9578 6,160 09| 20,567| s785) 10950 4980 amo| 15652{ 3.914] 10710 186,581 260,199
(5,884 5634 (5.138)] 5130 Ba3| G.075)] 8075 3,079 (2,075 2,075 ' 22| wzz0m
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. ' Table?-1-7 Summary of Estimated_QOperating Cost
: S ; I . Per ton
1 2 3 4 5 € 7 8 9 10 11 12 13 14 15 .1 18 17 18 1% 20 21 22 23 l 24 l 25 1 26 27 28 29 30 Total | g0

Labour expenses 3ss3| sco0] aeam] seesl sess| aseo| a7as| agss| ams| a7as amis| agss{ sass| $763] 3,780| 3.763) 3,835{ 3.835| 3BIO[ 3.835( 3.810) 3835[ 3.835| 3.810| 3,835 3810 3,685! 3685( 3.639| 3613] 12198 141
Supplies expenses ses2| s20) os11] ssos| 3s07] 8526 10.302] 10302 10.103( 10302( 10,108} 10879 10,879} 10.587| 10.797) 10,597) 11.873] 11,373 11,093] 11,373 11.093] 11,378 11,373} 11.083; 11,873 11,083| 9.807| 9,807| T.405{ T.272[ 307477 .87
Power cost 693 Tal  1a0] 728l a3 726 746! 748 a1l 7a6]  rart ezl ezl 7ss| 759 755F 755 75| qe8| 75| ves|l  7isl s 7684 7150 788{ 733 733 78]l ms| 22455 028
Construction cost so5| 468| 1507 454] 496] lads| 413 419 1245 447|406 ‘1258] 18] 06| 1,286 358 369 930| 858f 97| 919 368} 369 919 397{ 210| 318 250 Z50; 241 17.825] 0.23

Sub total 12.863| 14,046 15,176 14.458] 1a721] 15,357 15:200{ 16,200| 15,804| 15,228 14,865 16.657| 15.848| 15,521 | 16,622 15.473] 16.352| 16,913 16,029 16.380] 16.590| 16.352| 16,352 16,500] 16,350] 15981) 14,544] 14.475] 12,003| 11,845 159,356 579
Labour expenses §59 677|617 &7t 677 B17l 811 611 &1 §117  ®77 617 £77 $77 871 ertl 617 e717| 81 g7t 617 grzl &1t 877 ettt et 11 517 677| 677] 20292 0.26
Power cost 318 g1 sev| sev| 327 327 327 327 z27| a27| 3o 327 zo7| awT| 32t 327 327 zz1|  awr|  auv 327 321 327{ 327 as7| se7| ser| 27 7| s ss01| o2
Supplies expenses 1220f 1226 1226] 1228] 1226{ 1226 1226{ 1.226] 1226) 1226] 1.226 1276 1226 1226| 1.276| L226] 1.226| 1.228] 1226 1226| 1.226( 1226] 127s] 1.22s| 1.926] 1.226) 1.226{ 1226| 1,226] 1226 36774} 046
Sulr votal 2197) 2230| 2230| 2230| 2230) 2230{ 2.230] 22%0 2230l 2200] 2230] 2230] 2280| 2230[ 2z230| 2230| 2230] 2230{ 2230 2230| 2230 2730| 22300 2230 2200 2230{ 2236| 2230 2230 2230 §6.867] 0.94
Labour expenses 1rse] 1730 1730] n7se| 1se| i7a0| 130l amse| 1g3e| wose| 1use| nase) 173e] 10| 1730( L730) 1730| 1730|1730 1730 1730 1730} 1730f 1730| 1L730] 1730f 1.730] 1,730 1,730 1730 61,900§ 065
f:::::::“‘“‘“ orrl =7l me| a7l el ma| @t mrl mr| mr| me] ar| ar] 27| e mep ;7| wr| wme| e war] wm| eir] | arp ;7 e AT 1T A7 6510 008
Realestate tax 5141 LI41) L14) L141§ 104 Lid} 1,141 1141 “rpar| 1aar| 1a41] 1041 1a4t] 141|101 1041 1pdr| paan]| 1141 1,140) Li4l] n1d1| pu41| L141] 1,141} LM4L| L1411 LI41] 1141 1141 34,230 0.43
Account paid to ' 5 5 5 195  195] 9 195 195 5 19 0.08
sutside contraclors 195 195 195 195 195 195 195 185 195 193 195 195 195 195 195 195 195 195 95 195 195 195 195 19 195 5 195 5,850 .
Land acquisitien 1,2501 0.02
expenses 50 500
Project 410 0.62
management 5,134| 5134| 5.134] 5,134F 5134 3,075| 3,075] 3.075] 3.075| 3,075 045
expenses _ .

Sub total Bi67) BR1T| 8417 a.-a_l'} 5417) 5368 6358) eass| easei eass| 2283) 32s3] 32s3l 3283y 3283l 32s3l a2e3] 32ep| 3.283| 3283} 8283 3203 32983 3.283| 3283 3283 3283 3283 3,283 3.283| 40.785] LI8

Total 24,227 25,193] 25.323' 25,105 25.353I 23.945l zs.ﬂasl 23,‘788' 24392 23,816 20.4‘78[ 22,200( 21.361 21.034.] 22,135 20,935’ 21.865’ 22.425P1.542 21,893] 22,108 21,865[ 21.865| 22,103 21,893[ 21,494 20.0571 19,933' 17.516] 17,358 ss-r.sm' Bﬂ]
Costperton $/ton 11.01 9.33[ 9.55] 9.66! 9.40| o921 881] 88t 9.33] s.sz] 7.88]. 8§22] 791] 8.09 s.zol 3.07' 3_1o| 8.1 a.zel 811| 8.50f 810f 810 8.50} .13 s.wl 743] 9.4D] ©.49 s.ssi 2.41
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Table7-1-8 . Influence of Increase of Waste Siripping Ratio on the Operating Cost

Cose 1 .. Cose 2 Cosed
Period | Year I"":& f;[?i[l :;asle C.ostil.u‘r!?ﬂse .]llét:;:ﬁ;?iiILQSLu Costincrensa lncr::: ?:::ir!:;nsw Cost increnss
Volume Ratio Armuunt per ton Vd!uma Ratie Amopnl per ton: | Volume Ratio . | Ainount | per 'Lon
%1932 { Bank M3 ton X109 | ‘$iton

1 12,061 o111} 205| 0,09 630 029:1 614| o028 1,050  1d8:1 1,023{ 047
2 Case] oaost | wes| eoe | 780(  0.29:1 50| 6.28 1300} 0.48:1 1,266] 0.47
¥ so]  oto:1 "~ ze3l oo mio| o301 89| 0.29 1350  0.50:1 1316| 049
] a0 o1 2 32| od2 960}  0.37:1 | 135 038 12600)  0.82:1 1.658] 0.60
5 Cas0| ez . 30z| ‘oaz 930 ©.46:1 906| 035 1550  ©0.60:1 1610] 058
8 e oaz:t 302] 0.2 " ga0|  0.36:1 906| 035 |. 1550| 06011 1,510 058
7 390| 0.1d:y 38e| 0.14 1170] 0431 Lido| 0.4z 1950 o1 18581 070
8 sso| 0141 as0] o014 1170  043:1 1140|042 1950 01zt 1,899 070
9 30|  0.I5:1 are] oas | 1,i40 0.44:1 10| 043 1900 073:1 1,851] o071
1 as0| 01411 aso| etd |- onave] vasi Liso} D42 1,950 o721 1,808 070
11 380  0.5:1 310| o4 Lido]  044:1 1,510} 043 L9e0]  exan 1,851 071
12 60|  017:1 448 017 | 1p3se] o0s51:1 1344] 050 2300  o0.8s5:1 2240| 0.83
3| 4e0|  0a7: 48| 017 ago|  es1:1 1.344] 050 24900| 085:1 z240] 083
14 “as0|  oamit- 429 017 | 1320 0811 1,286 o4y 2.200] 085:% 2,143 082
15 (450{ 0.47:1 4381 0.16 1350 05011 1816| o4e | 2280 0831 2,192 081
16 ato] ot al orr 1320 051:1 1286| 0.49 2200  0.35:1 2,143| 082
Y] 520 0.19:1 506| e.is 1560] 0.58:1 1,518| o056 2600] 086:1 2592] 094
18 s0|  01s:1 505| 0.9 1660] 06801 1,518] 056 24800| 096:1 2532| 094
19 500| o191 487{ 0.9 1,500 0.58:1 1461 056 2500)  0.96:1 2435] 094
20 620 0.49:1 60G| 0.9 1560]  0.68:1 1,519 056 2,600] 0.96:1 253z| 094
i 500| ©0.19:1 487| 019 1,600 5811 1.461] 066 2,600] 0961 2,435 o094
22 530  0.19:1 5061 0.19 1560 068:1 1519] 056 2,600  0.96:1 2532) 094
2 520 0.9:1 5060 0.9 1560 058:1 1519) 056 2,600 0961 z6uz| 08
24 500 0.8:1 487| oa9 1500] 0.68:1 1461 056 2.500|  0.96:1 2,436 0.94
25 520f  6a9:1 506| o.1g 1560f  058:1 1619] 0.56 2600 096:1 2532( 0.94
26 500|  wam: 87| eag 1,500 0.58:1 1461| 056 2,600  0.96:1 2435| 0094
27 aso|  eaz: 321] 9.2 890| 0.37:1 964| 0.6 1650 0s61:1 1,607 0.0
8 336| o.a2:1 azt] 0.2 g90] 0av:1 964| 0.36 1,650 0.61:1 1,607| 0.60
29 | . 20| oa0: 253] 090 80| 0.20:1 768| 0.28 1,300 0.48:1 1,266 0.47
3 20| 001 284] 090 | sel o2 131 028 12801 0as:1 128l o4t
Total | 12,470 0.16:1 1.851] 015 26510] 04621 35,660| 045 | 60850 0.77:1 59309} 0.75

(Note) Whaste stripping volune incresse during pre-production period isnot included in the abeve mentioned figures.
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Table 7-1-9 Influence of Coal lfmdiaciton Increase on the Opet_'éting Cost

e,

— . .
Case 1 Case 2 Cas_e 3
Period Yet__x_r. Production cosi Pr‘oductioncbst‘ Production cost
Production | Amount Person | Production | Amount - Pérso_n:'.' Prbauéti'on' . Amount Pe}'so_n
103 Lons S 103§ $iton 167 Lons 108y  $hon i3 tons 1035} Sflon
1 2420 24490 10.12 2B60 - 25016 8.5 - 3300 26542 .14
i 2 2970 | 26516 8.59 ssto | 26161 745 | . 4050 26806 6.62
3 2870 26146 | . 90.68 3510 26791 7.63 4050° | 27436 6.77
4 2860 25416 8.89 3380 26037 170 3900 26659, ' 6.84
5 2970 25619 8.65 3510 26336 7.60 .4050. . 269'31_ . 8.67
6 2860 24256 9.33 3380 24877 7.36 3900 25499° 6.54
7 2970 24111 8.12 3510 24756 " 1.05 4050 25401 6.27
8 . 2070 -24111 8.12 3510 24756 7.05 49507 25401 6.27
9 - 2860 24703 8.64 3380 25324 7.49 3900 . 25946 6.65
10 2670 24139 8.13 3510 24784 7.66 4050 25429, 6.28
1 2860 2078% 727 3380 21410 " 6.33 3990 22032 _5.85
12 2ot0 | 22523 7.58 3510 23168 6.60° 4050 23813 5.88
13 2970 21684 730 3510 22329 £.36 4050 22974 567
14 2860 21345 7.46 3380 21956 650 3900 22588 5,79
15 2970 22458 7.56 3510 23103 6.58 40_56 23148 “5.86
16 2860 21297 7.45 3380 21918 6.48 3900 22540j | 5.98
17 2970 22188 7.47 3510 22833 6.51 4|_jsd | 23478 L 5.80
18 2970 22749 7.66 3510 23394 6.66 4050, 24039 5.94
19 2860 21853 7.64 3380 22474 6.65 3900 ' 23095 5.92
20 2970 22216 7.48 3510 22861 6.51 4050 23506 5.80
21 2860 22414 .84 3380 23035 6.82 4900 23657 6.07
22 2970 22188 7.47 3510 22833 8.51 4050 23478 5580
23’ 2970 22188 747 © 3510 22833 6.51 4050 23478 : 5.80
24 2860 22416 7.84 3380 23035 6.82 3200 23657 607
25 2070 - 22216 7.48 3510 22861 6.51 4050 23506 5.80 -
2% 2860 ‘21807 762 3380 22426 6.63 3900 23048 591
27 2970 20380 6.86 3510 21025 5.99 ' 4bs_u 21670 5.35
28 2970 20311 6.84 3510 20956 5.97 4'0'50 21601: '5.33
29 2070 17838 6.01 3510 18484 527 4050 19128 472,
30 2860 17671 6.18 3380 18290 5.41 3800 18912 4.85
Total 87340 677111 7.15 103220 686072 6.74 119100 715050 6.00
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1)

2)

3)

4)

5)

6)

Table 7-2-1 Plant Configuration

Belt Conveyor System

Primary Crusher/Feeder
Overland Coal Conveyor

Coal Gasification

Coal Storage and Handling

Coal Pretreatment
Coal Gasification

Gas Cooling/Dedusting
Calcination

Methanol Plant
Gas Compression

Gas Treating
Methanol Synthesis

7

8)

ED

Pollution Control/Safety System

Waste Water Treatment
Solid Waste Disposal
Flare/Blowdown
Fire Fighting

Storage

Product Tank
Chemicals Tank

LPG Tank

Fuel (il Tank
Lubricating 0Gil Tank

Service Facilities

Administration Office

Methanol Distrillation Laboratory
Warchouse

Ammonia/Urea Accommodation
Canteen

Gas Compression Cafeteria

Gas Treating Leisure Center

Ammonia Synthesis Mosque

Urea Synthesis
Urea Prilling
Refrigeration System

Air Separation Plant

Air Separation
Liquid Oxygen Tank
Liquid Nitrogen Tank

Urility System

Power Generation
Power Distribution
Stream Boiler
Water Cooling

Communication System
Maintenance Shop
Portable Water Supply

Raw Water Intake/Pretreatment
Instrument/Plant/Air Supply









Fig. 7-9—-1 OVERALL BLOCK FLOW DIAGRAM

METHANOL,UREA CO—-PRODUCTION)

00$
CONVERSTON
o | _ @
—4 COMPRESSION }— -———! ACID GAS COMPRESSION
P REMOVAL
C0 SHIFT
£ <>
oy .
B
N g HETHANOL HETHANOL = METHANOL
3, 070, 0001/Y 2 SYNTHESIS DISTILLATION 1, 300, 000T/Y
NETROGEN
AR S|
SEPARATION 45,000 Nni/h
BANKO OXYGEN
COAL
. _ r. <1> I
BELT COAL PRE- | | GASIFI- | | GAS | | DBDUST- | |FINAL - N. N
= 77| CONVEYOR PARATION - [ CATION COOLING |7 ING - I”'| DEDUSTING { S0ka/cds COMPRESSION COMPRESSION
_ . -
4,120, 0007/Y <§ |
1,050,000 1/Y . <5 ¥ <G> -
- 8 COMPRESSION €0 SHIFT ACID GAS Nz COMPRESS-
o REMOVAL WASHING TON
_ _ 50°C
- SUPPORT FACILITIES €0, 02
RAW WATER =——— (UTILITY, TANK, etc.) COMPRESSION
from Lematang River
140kg/cd
<> NHs  [<B> |URBA EVAPORATION
SYNTHESIS SYNTHESIS /PRILLING = lrea
560, 0001/Y
OVERALL MATERIAL BALANCE
Stream <> <@ <3 <> & <> <T> ®
Flow Rate 103Nm*/h 5(9.2 353.8 540.3 410.6 147.8 83.2 110.3 Flow Rate, ton/h 41.7
Composition : : Composition
€0, wvol.% 60.2 1.2 21.5 8.4 -3.0 5.0 <]ppn NHs, wt.? =99.8
fz, ” 3.1 00.1 51.5 61.7 58.2 94.0 15.0 H0, " =10.2
0z, 7 4.3 38.4 6.7 3.5 38.5 <1{ppm -
Nz, e 0.4 0.3 0.3 0.4 0.3 0.4 25.0
H2S/C0S, vol.ppm 65/22 55/ - 85/- /- 55/- -/- -/-
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Fig. 7-2-2 SIMPLIFIED PROCESS FLOW DIAGRAM
~ COAL PRETREATMENT GASIFICATION -

COAL PRETREATMENT : : : COAL GASIFICATION

‘BFW

Steam
COAL DISTRIBUTER to Coleining J——g
' " Plant ' N

Feed <> COAL BUNKER

" COoAL DRYER : COoAL PULVERIZER

Co0: 6.2 Ton/h {from Caleining Planr}

o Ly ' f 4
W (G -

g———r—"T
. ) .
: C.w.
e w"‘_‘:! -——;::# e -—c" X..__. W
- *—q: *.....;: j— BAG FILTER .
1 11— {17 N 7 ] <:> ]
M 2 2t Synthesis Gas
éﬂs COOLER 2500
. x 2
Steom : 32 Tonh i -1 Yy 3.0 kg/em26
3,3 2%
;104 0N/ h
Oxygen e [ CW.
Slag: 52Ton/h
MATERIAL BALANCE ~ COAL GASIFIER
Coal Rate, Ton/h "398 305 285 . Gas Rate (Dry), 10%Nm3/n 509.2 509.%
Moisture, % ) 35 15 10 Comp. CO, vol%s 60.2 §0.2
Siza, mm <40, <3 =14 (>70%) Hy, " 35.1 35.1
T COg " . 4.3 4.3
Ng, " 0.4 0.4
Hy8/COS, ppm 65/22 65/22
T.5, " at a7
Dust, g/Nm3 25.0 0.01 - 0.05
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Synthesis Gas

from
Gasifier

Flg 7-2-3 S[MPLIFIED PROCESS

-GAS PRETREATMENT METHANOL PRODUCTION ~

DUST REMOVAL / GAS COMPRESSION

O

250°C

30k9/cm26

Sr'm

o]

Z}

e

ACID GASyREMOVAL

@

METHANOL SYNTHESIS

L.

cOS

| 20kg/em?G

CONVERSION

Acid

iy

-

@

Goas

Cond.

I

St'm

U

METHANOIL DISTILLATION

Ottt Gas

e
5

MATERIAL. BALANCE

B
BT

D,

Candensate

@ Product

&

| @

Flow Rate (Dry), 1038 m3/h

Comp. CQ, ,vel%
3 Hy ) "
CQgq s "
NZ' . i
HqS8/COS, ppm
Dust, g/Nm3

414, 2
60.2
35.1

4.3
0.4
65/22
0.01

353, 8

1.2
60.1

38.4

0.3
55/-

540, 3

4i0. 8 Flow Rate, Ton/h
21.4 28.4 Comp. CH3OH, wt%| 2 99.9
51.5 867.7 Inerts, " -
26.7 3.5 HqOQ, " 2 0.1
0.3 0.4 '
66/- T

1638, 4

fMethonol

L.35°C I
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Table 7-2-2 - Major Equipment
(Methanol Production Section)

Desecription Q'ty Speeification

Dedusting (3 trains) Capacity ; 139,000 Nm3/h/train
o Dust Washer 3+18 _ Dust, Infout ; 50/5 mg‘/Nm3
CO Shift (2 trains) Capacity ; 114,000 Nm3/m/train
o High Temp. Converter 2 CO, In/Out ; 95%.6/1.2 vol.%
o Low Temp. Converter 2 Type :+ VYertical, Cylindrical with
catalyst
COS Hydrolysis (2 trains) Capacity ;95,000 Nm3/h/train
COS Converter 2 COS, In/Out; 50/0.1 ppm
Acid Gas Removal (2 trains) | Cepacity 3 275,000 Nm3/h/train
o Absorber 2 CO9, In/Out; 26.1/3.5 vol.%
o Regenerator 2 H2S8, In/Out ; 200/0.1 ppm
Methanol Synthesis (2 trains} | Capacity ; 206,000 Nm3/h/train
o Methanol Reactor 2 Type ; Vertical, Cylindrical with
Catalyst
Methanol Distillation (2 trains) Capacity ; 2,100ton/h-Methanol/Train
o Pre-run Column 2 Type s Yertical, Cylindrical with Tray
0 Pressure Column 2 '
o Pressureless Column 2

—119-—









SYNTHESIS GAS

2

COMPRESSOR

Fig,

- AMMONIA PRODUCTION -

By
NH, SYNTHESIS SECTION
SYNTHESIS PURGE
 GAS - GAS
CHILLER

LET DOWN -

GAS

CHILLER

—

cw

NH,
CONVERTER

{7> PURGE GAS

REFRIGERATION
COMPRESSOR

NH,
CHILLER
&

Flow Rate, 103Nm3/H 110.3
Cdmpqsition

o, Vol % <lppm

B, * 1.0
_iNz, " | 25.0

NH, LET DOWN
SEPARATOR

VESSEL

%
Fiow Rate, Ton/H 41.7
Composition
Nils, wt % 2 99.8
He, s 0.2
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Fig., 7-2-5 SIMPLIFIED PRQCESS FLOW DIAGRAM
' -~ UREA PRODUCTION -~

; SYNTHESIS SECTION ~ RECTIFYING SECTION :  EVAPORATION & PRILLING SECTION
. S e -
- ABSORBER
! i, HPSCRUBBER — ! - _
Ccw L . o
! LP STEAM
. | SCRUBBER
\ _
. \ _
; = DE
; : 3 LP CONDENSER
r oo I
‘ REACTOR | t { W (_:} é
: . "\ STEAM
: [ .
L { | lwp DESORBER 2ND STAGE
A EVAPORATOR
: CONDENSER . PRILLING
o CARBAMATE 1ST STAGE . TOWER
PUMP EVAPORATOR
RECTIFYING
COLUMN AR
1
. —n__ &
~——=5TEAM STEAM —— @ UREA
HP HEAT Q
EXCHANGER NH,WATER)
I _} ¥TANK
\_ -, .
. CO, COMPRESSOR _ , 3
Flow Rate, Ton/H 41.7 55.0 >
' L Flow Rate, Ton/H 72.9
Cozposition
Compositic
NHs, wi% Z 99.8 P n
5 ' NH2)280, wt% .
CO2, >99.9 (NHz)2 Z 99.7
” ) HZO 1 * 4
0, £ 02 | s oa s 0.3
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BREEIPHERYOD — 2 —~ AR TARINE, REROBRXERKH{LLTE
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RER kg edt FTHEXN, BIEBBEIRICAONS, £ O CHRER LK
RLTCVARERBESDREN IR, H— 22 v P RIBHIEBR RS 58—~
_l%f—fin&o
vii) & AL
BEIFKLSCORBERBELZOSHTMNTLY (HFH) Thi, CORKE2E
ME%%%TW%%E%&%&T%%éﬁéOEﬁ%dﬁ&%%%%H\fUU
YIBTEREINS,
3) EEHE
Table 7—2— 3 &R
(M HEWMEHE

Table 7~ 2 — 4 &8

Table T—2—4 Utility Requirement

Coal 137 T/ h (external supply)
Raw Water 3.200 T h (ditto)
Electricity 121,-600 kw {internal supply)
Cooing Water 82,000 T h (ditto)
BEW 1,937 T/ h (ditto)
HP Steam 693 T h {(ditta)

® 73 vrBiE
ERASRRE, COBBTRATET I EMNTELN, UL, EERE L LK
TSV IEEARETAC LRBLABRBORNEO-HELS D, TOBMT, bXE

OBBEALbLOMN, Fig. T-2-0Th b,
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Table 7-2-3 Major Equipment

(Ammonia/Urea Production Section)

Description Q'ty
Dedusting
o Dust Washer 1
CO Shift
¢ High Temp Converter 1
¢ Low Temp Converter 1
Acid Gas Removal
o Acid Gas Absorben 1
o CO2 Flash Column 1
o HZS Flash Column 1
Q Methanol Rectifier 1
Nitrogen Washing
o Washing Column 1
1
NHq-Synthesié
S0 NH3 Converter :
. L
Urea Synthesis
o Reactor 1

Specification

Capacity

-
L

Dust, In/Out;

Capacity.
€0, In/Out

Type

Capacity
COZ,In/Out

HZS,In/Out

Capacity

CO,In/Out

Capacity

Type

Capacity

Type

—129—

b

-
1

.
L]

95,000 Nm>/h

50/5 mg/Nm3

95,000 Nm>/h
60.2/3.0 vol.%

Vertial, Cylindrical
with Catalyst

148,000 Nm>/h
38,5 vol.%/<10 vol.ppm

55 vol. ppm/ ~

89,200 Nm/h

5.0 vol.%/<1 vol.ppm

41,7 ton/h as
Product NH3

Vertical, Radisl Flow
with Catalyst
72.9 ton/h as Product

Urea

Vertical, Cylindrical
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25 —n: 1,300,000F ¥ (72 AATL—F)
R #: 560.000F ¥ (AL
i) TEEZ N 1990 - 19935 (4 %MD
fe AL 19908 % 30%5R
19914 % 60% ~
19924 & 80% ~
189343 100% ~
i) 70 Y7 bR : 1994 20234 (304M)
272Uy 109U EREE  T0%
1995 BB R 85%
19965 H TR BN 100%
iv) FEMEHOK: 3200
D & B
AE ) NEEDT -V ) T 4 B8 (1985FE) K3 EEROBEELE
U (b BEE L (1985) . P 2l4-215B8) .
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r—zl-1: 24— 194y, ke (35H. kg)
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R UL ET kg (200 kgy 1008 A/ k)
F=RU-2 28— 19N ET kg (35/./kg)
| 74 % O166r T ke (35N k. 100K A/ b )
e RU-3 x5 = 19N ET ke (35FD/kg)
| ] % 2200 ET Ske (A0F kg 200K A/ b Y)
W Ay - OBRFAMHEIEI98E R ER L 2 s ) —AEREOR— R —
AEBEE LTHE LT, |
REOHKICML TR, HEOHBRMMMS S 37 — 2 2RE Ui,
i) TR

2) FEREREE:
HENMET ( Bpl )
BB 24 369. 500 (66,700
BB 43, 200 (  7.800)
A I -k 162, 900 (29,400
RFE WS 154, 000 (27,800
14 2 0 354, 600 ¢ 64,000
E1 RN LT 63, 700 (11,500
SIS - 57, 600 (10, 400)
& & 1, 205, 500 (217, 600)

by BERES
56, 925 {10,275

Bt EERAHTOEGREORKERCNF SN S,
) B E B 7,003 (1260
) EEENEE 3,213 ( 530)
Bt EETEZAETable T -2 - HKRd,

Table T -2 — 58 I avestment S chedule

1990 1991 1992 1993
Fixed Capital ©30% 30% - 20% 20%
Working Capital - - - . 100%
Start-up Expense - - - 100%
Operator Training - _ - . - 100%




i) A

B B E % |
ommer  _mm & ¥
& _HBmET/ R (7M. %)
EPENE T N BERTY | ( 3,633)
AN, HE o
o 0 108968 ( 18,669)
O & 28, 463 O s )
OR B *ﬁ. 11, 385 ' (  2,055)
o 8 e o |
O *?
Okt d & CHEEH
-ﬂ/\zy;7
B A 3, 346 ¢ s
OMBEH & O % 1 3, 324 C 800)
6 BN 12, 997 O a6)
1) KRB | 6. 499 (117 )
R BRI OB RS LU SHEED R
 RBRAEELCRET A,
2 1B EOBMMEECURRET 13,8854/ b v e Rt
ABECIR. EHEETREMAT LB5E A/ b v EBELTH
B s 5, o
S 3 IAARS 9 THTE T«  ORBEBLTRARERS T,

Table 7-2-6  Costs for Foreign Staffs

1st ond ~ 3d  dth  5th  6th-30th

Op. Year
Year 1994 1995 1996 1997 1998  1999-2023
% on 1st year 100 70 50 30 10 0
Cost, 106 T
fomtah/year 9,651 6,756 4,825 2,895 965 0
(Cost, 108 _
o) (1,742) (1,219) (871) - (523) (1?5) (0)
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bo
Table 7-2-7 Results of Financial Analysis
_ . . (Reference)
Casg U-1 v-2 U—3&- Base Case

Sales Price of Methanol . Methanol Methanol Methanol
Products 194 Rp/kg | 194 Rp/kg | 194 Rp/kg | 194 Rp/ke

Urea . Urea Urea = :

111 Rp/kg | 166 Rp/k 222 Rp/kg
(100 $/T) (150 $/1) {200 $/7)

IRR on Tota} 10.6% 12.3% 13.8% 13.5%
Investment .
First Year to
Have Profit before _
Tax (Year from Gth 3rd 3r_d 3rd
Operation Starts)
Clear off of
Accumulated Loss 12th 7th 4th 5th
(Year from
Operation Starts)
Pay off of All the
Debts (Year from 14th 12th 12th 12th
Loan Raised)
Minimum Sales Price Methanol 194 Rp/kg 143 Rp/kg
(IRR=Interest Rate) Urea 33.4 Rp/kg (30.2 $,'T)







Table T-2-8 Profit and Loss Sjgiggﬁf of Caga H-3

(Unit: 10% Rupiah)

op _ " REVENUE : EXPENDITURE PROFIT Retained

Year Year : Variable | - Fized General | Intersst Total Before {Tax) Net Profit Earning
Cost Cost B Paid Tax
1984 -1 263.3 - B2.7 .. 168.9 19.5 84.86 335.8 - 72.5 ] - 72.5 - 72.5
1395 2 319.8 70.5 _ 77.9 336.8 - 17.1 0 - 171 - 89.6
1996 3 376.2 79.2 : 66.6 |- 334.3 41.9 0 41.9 - 47.7
1997 4 77.3 ' 52.4 318.2 58.0 4.7 53.2 5.6
1998 5 75.4 . 38.9 | 302.7 13.5 ©33.8 39.7 45,3
1999 b 74.4 27.2 290.0 86.2 - 39.6 46.5 91.8
2600 7 ' ' 16.3 278.1 97.0 44,6 82.4 144.2
2001 8 5.4 268.3 107.9 49.6 58,3 202.5
2002 9 ¢ | 262.8 113.3 52.1 81.2 263.17
2003 10 168.9 262.8 113.3 52.1 61.2 324.9
2004 11 6¢.0 153.9 222.3 102.3 120.0 444.9
2005 12 - -153.9 222.3 102.3 120.0 564.9
2006 13 153.9 222.3 102.3 120.0 £85.0
2007 14 -153.9 222.3 102.3 120.0 805.0
2608 15 50,0 153.9 222.3 102.3 120.0 925.1
2009 16 39.8 133.7 242.4 111.5 130.8 1,056.0
2010 17 1,186.9
2011 18 1,317.8
2012 19 1,448.17
2013 20 1,579.6
2014 21 1,710.5
2015 22 1,841.5
2016 23 1,972.4
2017 24 2,103.3
2018 25 2,234.2
2019 26 2,365.1
2020 27 2,496.0
2021 28 2,626.9
2022 29 ' 2,787.8
2023 30 376.2 : 74.4 35.8 - 19,5 0 133.7 242.4 111.5 13¢.8 2,888.7
Total 11,116.0 | 2,225.2 2,587.0 584.9 369.3 5,766.5 5,349.5 2,460.8 | 2,888.7
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Table 7-2-9

Cash Fiow Statement of Case U-3°

(Unit: 10% Rupiah)

Profit

OP -} INVESTNENT Bopreciaiton/ Interest CASH FLOW DCF
Yoar Year Before TAX | Amortization Paid - | {Base; 1985)
1889 - 361,71 - - - - 351.7 ~ 188.3
1581 - 361.7 - - - - 361.7 - 166.3
1992 - 241,1 - - = - M1.1 ~ 97,4
1983 - 308.2 - - - - 308.2 - 109.4
1594 1 - - 72.5 128.1 84.6 141.2 44,1
1595 2 - - 1t1 77.9 189.9 52.0
1986 3 - 41.9 66.6 2.6 57.2
1887 4 - 58.0 52.4 239.5 50.7
1948 5 - 73.5 36.% 241.5 44.9
1398 6 - -86.2 2.2 242.4 39.8
2000 T - 87.0 16.3 4.8
2001 8 - 107.9 5.4 30.6
2002 9 - 113.3 0 26.9
2003 10 - 113.3 129.1 23.56
2004 i1 - - 222.3 20.1 20.7
2005 1z - 222.3 { 18.2
- 2006 13 - 222.3 : ‘ 16.0
2007 i - 222.3 ; 14.1
2008 15 - 222.3 20.1 12.4
2009 15 - 242.4 G I 10.9
2010 17 - 9.5
2011 18 - 8.4
2012 19 - e 7.4
2813 20 - ! 6.5
2014 21 - 5.7
2015 22 - 5.0
2016 23 - ; 4.4
2017 24 - } 3.9
2018 25 - ; 3.4
2019 26 - 3.0
2020 21 - 2.6
2021 28 - 2.3
2022 29 - 242.4 2.0
2023 30 - 242.4 0 0 295.4 2.2
Total - 1,292,% 5,349.5 1,391.6 369.3 5,894.7 0
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1)

2)

3}

4)

5)

6)

Table 7-3~1

Belt Conveyor System

Primary Crusher/Feeder
Overiand Coal Conveyor

Coal Gasification

Coal Storage and Handling
Coal Pretreatment

Coal Gasification

Gas Cooling/Dedusting
Calcination

Air Separation Plant
Air Separation
Liguid Oxygen Tank
Liquid Nitrogen Tank

Power Plant & Utility System

Gas Turbine/Generator

Steam Turbine/Generator

Heat Recovery Steam Generator
HP & LP Steam Circuit

Power Distribution

Water Cooling

Raw Water Intake/Pretreatment
Instrument/Plant Air Supply

Plant Configuration

(HRSG)

Pollution Control/Safety System

Waste Water Treatment
Solid Waste Disposal
Flare/Blowdown
Fire Fighting

Service Facilities

Administration Office
Laboratory

Warehouse
Accommodation

Canteen

Cafeteria

Leisure Center

Mosque _
Communication System
Maintenance Shop
Portable Water Supply
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Fig. 7-32 SIMPLIFIED PROCESS FLOW_DIAGRAM
7 "< COAL PRETREATMENT GASIFICATION -

COAL PRETREATMENT , o COAL GASIFICATION
. . 8 FW - Sleam

COoAL DISTRIBUTER fo Calcining
T Plont

Feed®com- BUNKER COAL DRYER COAL PULVERIZER
Coal : s @ .

Scrap : 7.8Tonsh .

N[

Co0:7,7 Tonh tirom Calcining Plant) : : ] _ %

o ° o
) ] ] n . >< C.w
cwH 8] —H~1 . s
| )*—.c - BAG FILTER
o 1 i 17—t <>
A 2P 20t v Synthesis Gas

|

250°C
3.0 kg/em?G

_

Iz

*
Steom : 40 Ton,h ! '}
) ®»
Oxygen : 129" 10° N/ h 2 cw
Siag: 64Tory’h
MATERIAL BALANCE COAL GASIFIER
Coal Rate, Ton/h | 495 | 378 353 Gas Rate (Dry), 1038m3/n | e3o0 830
Moisture, % 35 15 10 - Comp. CO, vol% 60.2 60.2
Size, mm <40, <3 -4 (>70%) Hy, " 35,1 35.1
Cog- " - 4.3 4.3
Ng, " 0.4 0.4
Hy8/COS, ppm - 85/22 65/22
T.5, " -1 8t
. Dust, g/Nm3 . 25.0 6,01 - 0.05
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Table 7-3-2 Major Equipment
(Coal Gasification)

Description Qity Capacity Specification
1. Coal Handling Section
1.1 Primary Crusher 5 120 T/H Dimension: 3,560W x 2,690L x 1,890H
Weight: 30 T/unit
1.2 Dewatering Drum 5 100 T/H Dimension: 4,800 ¢ x 29,000L
Weight: 540 T/unit
1.3 Coal Pulverizer 5 80 T/H Dimension: 5,300 ¢ x 8,300H
“Weight: 280-T/unit
2. Qasification Process Section _
2.1 Gasifier 441 100 T/H Shell dimension: 5,400¢ x 17,700H
coal Weight: 670 T/unit
2.2 Ladle 4 290 Tonnes Dimension: 4,8004 x 6,700 H
. Weight: 83 T/unit
2.3 Ladle Crane 1 450 Tonnes Span: 14,000 mm

3. Gas Treatment Section
3.1 Radiation Cooler 4+1 170 KNm3/H

3.2 Convection 441 170 KNm3/H
Cooler
3.3 Heat Exchanger  4+1 170 KNm3/H

Weight: 670 T/unit
Dimension: 4,100g x 30,600H
Weight: 450 T/unit

Demension: 4,1004 x 17,300H
Weight: 450 T/Aunit

Dimension: 4,1004 x 20,400H
Weight: 540 T/unit
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NTs, BEAZO—BR e 2 H (BRASXH) SLTHEINLN, £
OWIEAF 49— Y ORBAF SN S, MEKS (A0ke/cdG, 250T)
HRF—bp—ErohiiRicftsns,
9 HERR
Table, 7T~ 3 —38M
6 MHHEg
Table, 7 — 3 — 4% X FFig. 7 — 3 ~ 6 5K

Tabte, T -3 —4 Utility Requirement

Coal 465 T,/ h {external supply)
Raw Water 2P960 T h (ditto)
Electricity 835,000 kw  (outside supply)
ditio 20,000 kw  (internal supply)
Cooling Water 119,166 T h (ditto)
BFW 1,703 T/ h (ditto)
HP Steanm 18 T/ h ({ditto)
LP Stean 213 T/ h (ditto)

M 73 rRE
ERBEER. COBBTRBET A LH8TER0, LHL., HEERLELGK
FIVIREBABRETACLUBRBERORHEO—BELES, COBET. L%
OEBZ LI bOMFiE T—3 - THLORg T3 -8Ch b, '

7-3-3 MBHH
R70v 27 b ORBESSAEBOMS L CREARBR AT 2 BHL" &
L RABINE®R (1 RR) CHEET -%.
CFRESHES
FRAEGHS
TR R
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Table 7~3-3 Méjor Equipment

Specification

Description Q'ty

Gas turbine/generator package 6 IOO:MH _ ‘

Heat recovery steam generator 6 HP: 65 kg/ész X
T480°C Xy 168t/h

LP: 3.5kg/em”G x -
156°C 46t/h

Steam tufbine/generétor unit 3 100 MW

Steam condenser 3 390 t/h x 722 mmHgV

Vacuum pump 3 722 mmHgV

Condensate pump 9 215 m3/h x 100m

(3 standby)

Feedwater tank . 3

HP feedwater pump g
(3 standby)

LP feedwater pump 9
: {3 standby)

Cooling tower 1

Fuel gas compressor unit o

Demineralized water plant 1

Raw water pump 3

(1 standby)

Feed water pump for gasification 2
(1 standby)

10 m3

200 m>/h x 750 m
3
250 m~/h x 75m

100,000 t/h
115,000 Nm°/h x 17 kg/cm®
100 t/h

1,630 t/h x 30m

640 t/h x 550m
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" Table 7-3-5 Forecast of Supply and Demand for Electricity

1983/84 1984/85 1985/86  1986/87 1987/88 1988/89  1989/90 1990/91 1991/92 1992/93 1993/94

Demand.(GWH)

for Household Use 4,525 5,449 6,041 6,932 - 8,436 9,874 11,683 13,613 15,282 17,19 19,404
for Commercial & Service Use 2,653 3,217 3,774 4,458 5,285 6,278 7,315 8,525 9,935 11,581 15,502
for Industrial Use 3,223 3,842 5,730 7,361 9,974 10,528 12,363 14,393 16,649 19,166 21,986
Total Demand (GWH) 10,404 12,508 15,545 18,751 22,59 26,690 31,361 36,531 41,866 47,942 54,893
Growth Rate (%) 14 20 24 21 - 20 18 18 16 15 15 14
Transmission Loss (Z) : 21 20 20 19 18 17 16 15 15 15 15
Supply (GWH) 13,162 15, 704 19,442 23,161 27,709 32,154 37,335 42,978 49,254 56,402 64,580
Av, Load Factor (%) -~ 65 65 65 66 66 66 66 66 65 65 65
Max. Generating Power (MW) 2,311 2,744 3,391 4,036 4,819 5,596 6,492 7,467 8,642 9,930 11,424

1994/95 1995/96  1996/97 1997/98 1998/99  1999/00  2000/01  2001/02  2002/03  2003/04

Demand (GWH)

for Household Use 20,674 22,542 24,689 26,582 28,716 31,457 34,516 37,929 41,746 46,029
for Commercial & Service Use - 16,383 18,762 21,499 24,650 28,281 31,618 35, 364 39,571 44,296 49,608
for Industrial Use ' 25,941 29,608 33,796 38,582 44,056 49,201 54,964 61,421 68,659 76,779
Total Demand (GWH) ' 62,997 70,192 79,984 89,815 101,052 112,227 124,844 138,920 154,701 172,415
Growth Rate (%) 15 13 13 12 13 11 11 11 11 12
Transmission Loss (%) 16 16 16 16 16 16 16 16 15 15
Supply (GWH) : 74,896 84,315 94,929 106,504 119,845 133,080 147,908 164,460 182,794 203,742
Av. Load Factor (%) 66 66 ' 66 66 66 66 66 66 66 66
Max. Generating Power(MW) 13,036 14,677 16,502 18,505 20,825 23,112 25,626 28,496 31}679 35,320
Source: PLN
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3) miﬁVMVBV
S mRAL-vavitl,
4) BRlEd Lzt
i)%ﬁ%%%%ﬁﬁ
R PP ENOY T
H—A E-h: Prarrv KWH ( 7.T6M/KWH)
4R E-6: WBMrer /7KWH ( 9.5TMKWH)
B 1 1 I~ D K
=% E—4: bireT /KWH (11558 KWH)
-2 E—-1: MWET/KWH(JL%H/KWH)
B  REREEEERIMELABRGEOA Y P A vy THAMER (Table,
T—3—-6) BbIXUTHERABELEZEL L, &85y —XO/EMB
%Table, T — 3 — TIKRT,

i) BTEA
a) BEEREE
BANMET (A H)

5 R OF¥ 2 461, 500 ( 83.300)
F B B % 41,000 (7,400
SEH D X O BRE 304, 200 ( 54,900)
R - BRRM e R 89, 200 (16, 100)
¥ i % 44, 309 (8,000)
& : 940, 200 ( 169, 700)
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Table 7-3~6 Rate Table of Electricity

April, 1984

US.S 1 = Rp.998,-
we Coda o Pamand. " Enezgy Projected
No. - of Contracted Power Charge Charge Average
Tapiff : Rp/kVA Rp/kWh Revanus
) Ro/kWh+
1. 5y to 200 wva +)
2, 53 250 VA to 200 ' kva 2,100 43,50 60,57
kIR Ry 250 VA ta 500 wA 2,100 30,50 85.19
4. R2 501 VA te 2200 VA 2,100 - 84,50 98,41
5. R3 2201 VA to 6600 VA 3,080 126,50  156.42
6. Ry 6501 VA to over 4 . 3.580 1sa,00  184.10
7. uy 250 VA to 2200 VA 3,680 134 160.10
8. Uy 2200 VA ta 200 kVA 3,680 150 185.73
9. Ua/Mv 201 kXVvA & avar 2,300 P = 158 123.17
OF = 99
10. u, - - 107 307
11. 1n to 93 kva 2,300 P = 108 93.97
op = 66
12, 9} 100 KVA  to 200 kVA 2,300 P = 100 85.51
op = 62,50
13, Iy/15v 201 kYA & Over 2,100 P'w. 96,50 75.88
op ~ 66,50
4. X4/HY 5000 kVA & Over 1,970 F o= 81,50 ¢) 11
op w52
is. Gy 250 YA to 200 kva 3,680 96  120.86
16- G2/Mv 201 XVR. & Over 1,970 P 99 84,92
op = 65
17. J - 76,50 76.30
Averagae ) 98.315

- .
) Tarkff 51

100 VA = Rp.2.510,~/month
150 VA = np.).765,«/month
200 VA = Ap.5,025,-/month

Hoka 3 P = pack lovra (,10.00 - 22.00)
0P = Qff Peak Hours (22,00 - 18.00}

Jakarta, Marchl, 1984.
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to 200 VA
WOYR o 200 XM
50 VA to 500 A

TS0L VA to 2200 VA

2201 VA " bo 66007vA
660L VA & Over

T 250 VA to 2200 VA
200 to 200

201 xva to Over

ta 99 WA

1000 XA .t 200 WA
T20L XA B Omr -

Taciff 5, for dall Ginsunet (10w Folbage)

Taclff 5, for welal Institutions (lov voltsge)
Tariff ¥, for simple Residmtial servies {los woltage)
Tarifs P? far smll Residantial smxvice_ {low woltage)

U777 rmacief Ry for mediam ‘Rasidantial servics (low volkaga)-

Tarlfd ‘I for big Residmtlal. service {low voltags)
Tacift l:ll for anall Commerclal ssrvica.(lew voltaga)
Tarlff U, for medium Coomeccial servica (Iow volbaga)
Tacies UYNU’ for big Commercial ssrvics {(madium vultage]

- Tapiff o, for Temporacy .-.u.-v!.ce {low wolbage) ~ '
Taviff Il for Industrial & fotel service (low voltage)
Tarlff L, for- Industrial £ toil service (lou voltaqe)
Taciff I, AR for Ihdustrial & Hotal service (medium voltag

5000 WA & Ower. ——— — .- Tacdff r M for Industrial servics {high wltage) -

250 VA o 200 XVA.

. 201 kVA, & Over | ...

Tariff Gl tor_of{ici: servios (low voltage)
TactfE o, AW for officn serviea (medlum voltzga)
Tariff J for Streat Lighting secvice (low voltage)

|

~167~



Sales Price and Cost Estimation of Electrieity

Table 7-3-7
{Unit: Rp/kwH)
Case Case E-5 | Case E-6 Cas'e'E-é Case E-1
Average Sales Price of '9 8
PLN .
‘Administration and _ o
Distribution Cost of 30% 20% 20% 20%
PLN . .
Transmission Loss*1 15% 15% 15% 0%
. '4’5% 35% | 35% 20%
Sub-total @ 44 34 34 20
Transmission Cost '
to Java*2 1 11 - -
Total @+@ =@ 55 45 34 20
Ex-Power Plant Pr'_ice 43 53 64 78

(note *1)

Refer to Table 7-3-5

{note *2} As for power transmission line system between Banko
area and West Java (550 km) including a submarine
power cable section in Sunda strait (30 km), HVDC
system is advantageous from technical and economical
point of view compared with AC power transmission
line system and also in case of the existance of
submarine power cable bring more advantage (Fig. 7-.
3-9). And its cost is estimated about 11 Rp/kwH (Fig.

7-3-10).



Fig., 7-3-9 HVDC Power Transmission

Palembang

O
SUMATRA
Banko Mine

L

s oy . ,
Bukit Asam Mine HVDC P Transmission Line

-
B

HVDC Power Transmission Line

Overhead line : 520 km
Submarine power cable : 30 km
Sea depth at
the submarine cable
crossing route : 30 m

Source;  Electric Power Development Co,
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Fl'g. 7-3-1¢ South Sumatra-Java HVDC

Transmission

Overhead transmiésion line 520 knm
{USmil/khh :
mil/ | Z \ : Submarine Cable © 30 km
10.0 : -

\4 | Electrode line 150 kn

9.0 s I ! . — i

8.0

7.0 - N

.6.0,'_—

Powertiransmission Cost

5.0 —

0 400 &00 800 1000 1200 1400
’ (M)
————— Transmission Power

Source: Electric Power Development Co.
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b) & & & &

BANMET A

39, 100

( 7.058)

Bt EEESHTHERRRORREEICAE NS,

(Al %)

c) BB ¥ B 4,300 ¢ 7D
d) EEBlEEE 2.400 (0 430)
mr O REFAERETable T -3 -8 WRT,
~ Table 7-3-8 - Investment Schedule
~ Yen 1990 1991 1992 1993
Fixed Capital 30% 30% 20% 20%
Working Capital - - 100%
Start-up Expense - - 100%
Operator Training - - 100%
i) FHER
a) W & '
O e
i Hi & B
N EHAET S (E7H/ %)
- KA 5 . REM 15 18, 986 ( 3,427
wHE, BE
- E ) ftn 10 79,900 (14, 422)
O & B 21, 163 ( 3,820
Of & X 8, 465 (1,928
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b) % B &

Ok E (AB?)

OEMb LU EERA
cHAEARSY v T
- Bl A

& W

*3

O% i H

c) BEHRE
d) Xags

WHENET A (HANSE)
11, 285 (7, 454)
2, 476 (M0
404 SRR U £}
9,934 ( 1.793)
4, 970 (0 89M

1 HEMBOERE LR E S TSR R TR

Hd 5,

2 NBEFORBRRETHRRES 13.8F /My ERE S

LeARETR, ERRTBEMAT L8P/ EJELTIH

MRZT

5o

*t Y AARY TR R Y POEBNBLTRELYHST,

Table 7-3-8 Costs for Foreign Staffs

Op. Year 1st 2nd 3rd 4th 5th 6th-30th
Year 1994 1895 1996 1997 1998 1999-2023
% on 1st year 100 70 50 30 10 0
Cost, 106 '
rupiah/year 7,457 5,220 3,729 2,237 746 0
(Cost, 106
yen/year) (1,346) (942) - (873)  (404) (135) (0)
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5) AP A

i) MR
A R A E
b) %MK
¢ R

i) mEim 1RR

(GHER oM TR S BT (1985) . P218-219% 1)
@ REH LU
R
Table, 7 — 3 —lﬁ#iff‘%ﬂ%%%?ﬁ’\l LicbDTH b,

CIRRKDWVTHBE, 5 —2E— A R1BHFICEE LA A &/~ NEED~N—

25— ARERTEL0TH B,
y—AE - ARBRRHRESLOBSBRETabI T3 11 LET — 3 —12

R

2 # M
i)ﬂ&/—w&EQ&—z#sz%bwlRﬁBﬁ%%%%t&KH%%ﬁ%
BB ERE6AL €T KWH (L 55M /KWH) 19 5 %Ehsb s (Fip T-
3 1BR) . REFOBERE~OBHRAREROWEEALN, b, v
Ty AN ~OEBY X THHE-HBIUE—-GFDOIRRIEEhZN 6.9%d
FT10.3%ThH -,

i) AYFAY7TORARBRECEEKSE SV TTTHONTH D RiE T~ 2
8 Thhd &S K AFOEAME & FNEE QM HARBEBRAS . —H .
AAROBIRBERABS . KAY %, B, 9729 LGOMAT 5 A F —I
KELTO 30T, BANERINBMEELELVIETFLTY 5,

i) A F2YyTOBHOEMEERBLETable. T3 -50B0 T, FEOH
SR ADECBATRERAEIRT 5 LENE S, TRK. AHEORR
WS TR ARG T A DI, FHAREDMLEEIHEIEb8DT, AV F
Ay TORBHORAMBIEEFMCBES S BERES D,
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Table 7-3-10  Results of Financial A.na"Iy"s:is

Supply to Jakarta | Supply to Adjacent
Case . Area {Reference)
E-5 E-6 E-4 B-1 Base Case
Ex-plant Price of 43 Rp/ | 53 Rp/ 64 Rp/ 78 Rp/ Methanol
Electricity kwH kwH - kwH kwH 194 Rp/kg
. (7.76 ¥ | (9.57¥ | (1155 ¥ | (14.08 ¥ | (35 ¥/kg)
/kwH /kwH) /kwH) kwH)
IRR on total Investment G.8 % 10.3 % 13.5 % 17.0 % 13.5%
First Year tc Have Profit | |
before Tax (Year from 1ith 7th - 3rd 2nd 3rd
Operation Starts)
Clear off of Accumulated
Loss (Year from 28th 13th 5th | 2nd 5th
Operation Starts) ;
Pay off of ARl the Debts
(Year from Loan Raised) 28th 15th 12th ; 12th 12th
Minimum Sales Price 46 Rp/kwH 143 Rp/kg
(IRR = Interest Rate) (8.31 ¥ /kwH) (25.9 ¥ /kg)
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Table 7—3-11 Profit and Loss Statement of Case E-4
(Unit: 108 Rupiah)

op REVENUE - EXPENDITURE PROFIT Retained

Year Year Variable Fized General Interest Total Before (Tax) Net Profit Earning
Cost Cost ' Paid Tax
1994 1 189.6 39.1 128.5 14.9 65.8 248.3. - 58.7 0 - 58.7 - 38.7
1985 2 230.3 43.1 0.9 247.4 - 11.2 L - 17.2 - 75.8
1996 3 270.8 47.9 52.6 243.9 27.0 0 21.0 - 48.8
1987 4 46.4 42.0 231.8 39.1 0 35.1 - 8.7
1998 5 44.9 31.3 219.6 51,3 15.1 32.2. 22.5
1999 6 44.2 21.4 209.0 61.9 28.5 33.4 55.9
2000 7 12.6 200.,2 70.7 32.5 38.2 94.1
2001 8 4,2 191.8 78.1 36.4 42.1 136.8
2002 9 0 187.6 83.3 38.3 45.0 181.8
2003 10 187.6 83.3 38.3 45.0 226.8
2004 11 128.5 107.7 163.2 758.1 88.1 314.9
2005 12 48.8 107.7 163.2 75.1 88.1 403.1
2006 13 - 107.7 163.2 75.1 83.1 491.2
2007 14 107.7 163.2 75.1 88.1 579.3
2008 15 48.5 107.7 153.2 75.1 88.1 667.5
2009 16 - 29.6 88.7 182.2 83.8 98.4 765.9
2010 17 864.3
2011 18 862.7 -
2012 18 1,061.1
2013 20 1,159.5
2014 21 1,257.8
2015 22 1,356.3
2016 23 1,454.6
2017 24 1,853.0
2018 25 1,651.4
2018 26 1,748.8
2020 27 1,848.2
2021 28 1,946.6
2022 29 : 2,045,0
2023 30 270.9 44,2 29.6 14.9 0 88.7 182.2 33.8 98.4 2,143.4
. Total 8,005.5 1,325.6 1,872.7 447.1 290.8 4,036.2 3,969.3 | 1,825.8 2,143.4
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Table 7-3-12 _Cash Floy Statewont of Case E-4
(Unit: 109 Rupiah)
op INVESTHENT Profit Depreciaiten/ Interest CASH FLOW DCF
Year Year Defore TAX Amortization Paid {Base; 1985)
19990 ~ 2821 - - - - 282.1 - 150.0
1991 - 282.1 - - - - 282.1 - 132.2
1992 - 188.0 - - - -~ 188,90 - 7.7
1993 - 233.8 - . - - - 233.8 -~ B85.2
1994 1 - - 58.7 98.9 B5.8 106.90 34.6
1995 2 - - 17.2 60.9 142.6 40.4
1998 3 - 27.0 52.6 178.5 44,5
1997 4 - . 39.1 42.0 180.0 5.5
1998 5 - 51.3 3.3 181.5 35.2
1599 ] - 51.9 21.4 182.2 31.1
2000 7 - 70.7 12.5 27.4
2001 8 - 79.1 4.2 24.2
2002 9 - 83.3 0 21.3
2003 10 - 83.1 98.9 - 18.8
2004 i1 - 163. 19.0 16.6
2005 12 - 163.2 14.5
2006 13 - 163.2 (; 12.9
2007 14 - 163.2 ! 11.3
2008 15 - 163.2 19.0 10.0
2009 16 - 182.2 0 8.8
2010 17 - 7.8
2011 18 - 6.8
2012 19 - ) 5.0
2013 20 - 5.3
2014 21 - 4.7
2015 22 - 4.1
2016 23 - 3.6
2017 24 ~ \ ) 3.2
2018 25 - ] 2.8
2019 26 - 2.5
2020 27 - 2.2
2021 28 - 1.9
2022 29 - 182.2 1.7
2023 30 - 182.2 H 0 221.3 1.8
Total - 986.0 3,969.3 1,083.8 280.8 4,397.0 0
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Table 8-2-1 Physical Properties of Oxygen-—contaihing
Compounds [42] '

10% 10% 7%
casoline|Metha | Etha MTHE mehtanol| ethanol | MTBE Light
’ nol nol blending{blending| blending oil
Chemical formula Ce~Cua CH; OH |G Hs Ol Ci B O
- A Ce~Cy
mixEure
Holecular weight 100 ~ 105 32.¢ 46.1 841 =
Composition Carbon 85 ~ R§ 31.5 521 681
. Hydrogen 12~ 15 126 | %1 13.7
Oxygen ~ 0| 4.8 347 18.2
C/H ratio| 56~ 74 =4 40 | &0 _
Specific gravityls/4TC |070~078] 0.793 0.T83 | 0.747 9,830
Reid VapOr puows 1p/int| T~ 15| 46 25 .8 —
pressure - 30% N
- i
Boiling point < ~22T | 604 785 55.2 F:(ozﬁsnd
Dissolvihg quantity 240 ppem 2 00 oo 69% -
to water’ - R )
bissolving guantity o 2s00 —
of moisture &2 ppm Le%
Kinetic STBC cSt| 0.7 0.47 6.85 | ~e381
viscosity ) . -
Lower _ Kexl /Ty | ™= 10,500 4,770 6. 889 8380 1 9.8% 10,060 10,040 19.300
calorific value .
Exl/2] = 1120 [Mat | soe | szte | T30 7,450 .62 | 8§54
Carburetion Eeul slg ] = 83 B0 v ] w R} 98 83 Abt. 60
latent heat
Eesl/ 2} = &0 s ] i3 T 15 K 62
Theoretical — (ip4) |148~148] &4 2.0 1LY 1.7 140 14.4 14:8
air/fue) ratio X
afr/fuel mixtureKeal /by | 660~ 690 645 538 60 €52
lower calorific value Abt. 3.8
Air/fuel _mixtureEcsl /lp; = 44 37.8 2.0 [ - 3
carburetion latent heay] .
Ooctane number Re:earch 9 ~ 92 10T =~ 103107 ~ 109 u7 = 95S5| = 95 ] == s -
me .
Hotor g2~ B 83 96 02 | = 851 B4.5~85 | BL5~85 —
method -
Cetane value 12 3 8 - - 45~50
Ignition point —d5 i 12.8 - .8 >50
Automatic firing
temperature = ™ 67 “ 40 .
Combustion limit 14~ 16 |6.7 ~ 360 43~ 194 16 ~ 84 [9~b0
{in fir: gfl- %)
Laminar-flow ——
combustion speed @ n) > 38 52

Note: Gasoline mixed in reqular gasoline; specific gravity: 0.736;

MON: 82 to 84; lower calorific value: 7,729 kcal/i.
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RON: 90¢ to 92;
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Fig. 8-2-1 Layer Separation of Alcohol Fuel
due to Moisture [45]
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Table 8-2-2 Developing Condition of Gasoline Alternative
Utilization Technologies '

[ftad and T

Basic Study

peveloping Study

Concept of T For industrial
Utilizationcombus“'or{ -:’;2::?“9 Lo For cars . use
: g others et o - .
Techaologyt . nod method MEY  fEneine systemvehicle system pleet test Engine/vehicle Fleat
- ‘ ‘ A5 - ; system 1_test |
L
. FORD.
w
MW
1 e |
* PORSHE
b.Benz
Gasoline i
alternation
. ] R
Heat/near .
-neat use i NISSAN
. TOYOTA
HATSUDA
Homogenization HITSUBISHL
method ~ : {
. RICARDO
Santa
Clara : - | gl
Univ.” A
JaR1
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isconsin
niv..
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instituteof
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above- Univ. ?ARI
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Table 8-2-3 Developing Condit'i'on of Diesel Fuel
Alternative Utilization Technologies
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Developing Study

Kind {Concept] Basic Studyv -

of %t%lizatm" Combus E::ichaust For cars
Technigque Lion C leaning ; g 3

’ e JVehicle Jcat running Engine/ |Fleet .

method|method éﬁgﬁém _Isystem test vehicle Jtest |

system

Hokkaido _ | vorvo yskem

univ. l - : | Aachen T.T.

.Dual-fuel aac
injection MITSUBISHI h w

. method ) :
MuM
' (Methanol}

For industrial
use

.
SWRI/EPA

Hokkzido
Univ. .
Santa
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Univ,
Indian:
0il I
Research
Institute
MITSUBISHI‘
SWRI/EPA

[
JART FOWMﬁq

Intra-cylinder
direct’injection

method

SWRTL
(AFFMSDE} -

Japan
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Engine §
Ltd..
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Forced figing

Gasification
and H .

premixing ) D.Benz \
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oy ] iney HETSUBISHI .
|direct:] Aachen I.T.
injection KHD
method | )
Laminar
lajir~intake :
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2-cycle GM GM/DDA
lauto . '
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i JART
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Table 8-2-5 Regulation on Contents of Alcohol, etc. (EPA) {47)

(1)

equivalent 'is mixed,

(2)

For methanol,

General Rules
For oxygenates other than methanol, oxygen
concentration in mixed gasoline shall be 2 wt% max.
it shall be 0.3 vols% max.

When the compatible agent of more than C4 or its

it shall be 3.5 vol% max.

In other  -cases BEPA makes individual examination and

grants a walver.

condition of waiver granting by EPA to oxygenates

Allowsbla ang

unt
in gasoline.

pate of

+ Compeitihle agent (2.5

agent {DCOI-100)

O-containing anﬁl:ble R T, Contents valver Remarks
fuel concentracion amount
748 12. 1% |EPA waiver was obtalned _
Ethanol 100asx 52 & 3 through the Energy Policy
and Congservation Act.
General Rules 20 max 30, 10, 1o JMethano) shall
ABt In actual practice 31 7 za |Pe excluded.
KTBE 20mazy T11.0 max, ﬂ(gutgiééfmi.medaboué mﬁl“iz‘;mL butyl
Aliphatic alcohol 2,0 tza xj t. isienforced due PO
to,the problem of t-amyl .mathyl ather, etc,
Aliphatic ér_he:: 20msn eculiar odor
Arconal 15 Abt'l§0max |CTBA (t-butyl alcohol SL. 11l 1§{ ARCO
of gasoliae grads)
Hethanol 93 ) General Rules
Mochanol + A mixturs ol methanol
claas G, alcobol 3 and alcobol of C, ox above 31. 7 28 |General Rules
at equal volumetric ratio
Oxzicei 38 LR Abt.98 A mixture of methancl 8L i1 16} ARCCH
and GIBA at 1:1 {vol &}
Oxtaal s AbtSQmex [Fusl in which methanol | gy 11 18| ARCOH
content in GTEA is belov|"
'io vol %
Total alcoho A mixture of
Putroecal tity:  |mett 1 ando.. aloobol 8L 10. 3| Amertcan Mothyl Coep
15 % max. at a ratio of" §,%:1% or
Hgthﬁ!gl. balow{vol &t} to which an
boary 1Y¥: fihti-corioeiveagent is mixed.
Du Foat 7 Hethanol (5 % or b°1°""] 85. 1 14 [Recommended compatible

%t or ghove)] + Anti-~corrosive
i

ggant: Hethanal, and
butanol,propancl .and GTBA

alao can be used,
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Table 8-2-6 Condition of Oxygenates Utilization
in Major Countries [42]

Methanol

TBA

MTBE

"Remark§

Eurcpe

West Germany
Austfia

The Netherlands
Sweden
Switzerland
Denmark .
Finland
France

U.X.

Belgium
Norway

Italy

North America
(note)

J.5.

Canada

South America -
Brazil '
Argentina
Paraquay -
Guatemala
Africa

South Africa
Kenya

Halawi

Zimbabwe

Far East
Thailand
Malavysia

The Philippines
Papua HNew Guinea

New Zealand

M3/TBA2Z
M2/TBA2

M3/TBA2

M3(MAS)

M5/TBAS
X

Ethanol

E10

E20, E100
EIS
E20. E100.
7

E12
EIB

K o= oa K

X

KX X X X

|by ouv

NESTE

Test

Under 4100
test gypplied

Under M100
Test

Supplied by

Methanol and
Superior
~“Alcohols

Under M100

Undex #1100
Test

x = In use.
? = Under exami

(Soﬁrce]:
Note:

ETHANOL
OX1INOL
TBA
MTBE

nation

State of use in major petroleum companies .

Concentration differs from company to company.

Deutsche Shell: Reference Material of AG, etc,

ARCO AMOCO CHEVRON TEXACO EXXON SHELL Mobil

0
0
g

g 0
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Table 8-2-8 Combustion Test of Methanol in Boiler

Year  [ountr Tantars Resarke
1971 |v.s.a] conen fusl Rese furnuce

1872 Ll New Griwsna Publlic Service fowsr zoller tor 50 W electric pover

Canmpany serviey
1973 S =t ; .
Japanf Central Keseirch Inatityte of Elaokrle| sesli-sieed copbustion test furnace
~T4 Power Industry

1974 n Company A BoileT for dimastlc use

i97% n { campany B tollar for shectric powar service
1984 lu.e.a]50uthesn catitocnia £dlaon 2ovec 108 nined corbustieon with heavy ol

-] conpany (49}

Table 8§-2-9 Methanol Combustion Test in Gas Turbine

Yarr ouﬁ:i-y . Tasktary . Rararks
" ] N

1974 U.S5.A fiorida Pover Company 34 KW

“_Ig’ " | southera califorats Tdinon 26 ¥w

Fower ConApeny

1181 ‘[Fapan Company C . |.2 MW comusror

1383 BL5.A.olar Enargy Rosaarch Inetitute 132 ¥, serhansl-roformatlon
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Table 8-2-10 Merits'of Methanoi as Gas Turbine Fuel
and Matters to be attended to

Features

Merits and Mattars o be Attended to

« No Lmupurities such—as
N, S are contained.

« Calorific power is
small.

e Latent'heaﬁ of vapbri‘
zation is large.

* It is dissolved and
reformed endothermi-.
cally at 250 to 350°C.

« Combustion temperature
is low.

- 50x; Fuel NOx, and smoke dust do not occur.

« Combustion gas has little high-temperature

corrosion behavior.

+ The combustion of methanol,. about twice as much as
petroleum-based fuel or natural gas,.increases the
turbine operation fluid and improves the output.

*

Thermal efficiency can he
recovery.

Little thermal NOxX occurs.

improved by exhaust heat

e Ccalorific power is
small.

o Lubricity 1is non-
existent. )

= It is incompatible with
some patexials.

It can beé mixed freely |

‘with water.-

« It selectively dis-
solves light-weight
dngredient of oil.

« Vapor pressure is high

-'Flame'is non-luminous.

= Ignition point is low.
(11°c). _

The capaéity of the tank.

" increased.

Attention must be paid in

It has corrosion behavior
Cu.,

piﬁing, etec. , must be
sélecting a pump.

against Mg, Al, Zn, and -

«~With about 103 water contained, methanol corrodes
carbon steel at 40 to 50°C or above.._ L
*It may swell or deteriorate rubbers and plastics.

Ohce Na and K,

corrosion of a turbine, blend
cannot be removed by flushing. .

which cause high-temperature

in methanol, they

- Piping cannot be used in common with petxoleun—

based fuel.

« Attention must be paid to pump cayitation.

« Actuating method requires contrivance.

» Attention must be paid te leakage and ignition.
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