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Table 1 -1 World Energy Consumption by Source

(Unit : Million TOE)

Vear Coal oil Natural  Nuclear Hydro'— Renewa- Total
Gas Energy electricity ble
2005 3,131 3,934 2,505 626 661 83 10,940
2006 3,292 3977 2,579 635 690 94 11,268
2007 3,476 4,032 2,680 622 700 108 11,617
2008 3,524 4,018 2,754 620 741 124 11,781
2009 3,474 3,949 2,680 614 738 144 11,599
2010 3,634 4,080 2,887 626 784 170 12,181
2011 3,800 4,122 2,929 600 796 204 12,450
2012 3,814 4,169 3,006 559 836 239 12,622
2013 3,891 4,210 3,063 564 865 281 12,873
2014 3,911 4,252 3,082 576 884 317 13,021
2015 3,840 4,331 3,135 583 893 365 13,147
<Z=] 1 BP 2016 >
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Fig. 1—1 World Energy Consumption by Source.
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Table 1 -2 World R/P Ratio by Energy Source

) Oil R/P ratio Gas R/P ratio Coal R/P ratio
Continent

(Mt) (year) (Tril. m3) (year) (Mt) (year)
Anglo America 359 331 12.8 13.0 245,088 276
Latin America 51.0 117.0 7.6 425 14,641 150
Europe & CIS 21.0 244 56.8 57.4 310,538 273
Middle East 108.7 73.1 80.0 1295 1,122 *
Africa 17.1 422 141 66.4 29,034 120
Asia Pacific 5.7 14.0 15.6 28.1 288,328 53
Total 2394 50.7 186.9 52.8 891,531 114
<% :BP 2016 >
Coal: Production by region Coal: Consumption by region
Million tonnes oil equivalent Million tonnes oil equivalent
< &3 :BP 2017 >
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Fig 1—4 Coal Production and Consumption by Region



Table 1 - 3 Total Proved Reserves of Coal at end of 2015

Continent Major Ant'hraclite and Sub-Bitumipous Total Share R/E’
Country Bituminous and Lignite of Total  Ratio
US 108,501 128,794 237,295 26.6% 292
Anglo  Canada 3,474 3,108 6,582 07% 108
America  Others 860 351 1,211 0%
Sub-Total 112,835 132,253 245,088 27.5% 276
Brazil 6,630 6,630 07%  *
Latin  Colombia 6,746 6,746 08% 79
America  Others 536 729 1,265 0.1%
Sub-Total 7,282 7,359 14,641 16% 150
Fusstan 49,088 107,922 157010 176% 422
Germany 48 40,500 40,548 45% 220
Ukraine 15,351 18,522 33,873 38%  *
e Kazakh- 21,500 12,100 33600  38% 316
Poland 4,178 1,287 5,465 06% 40
Others 2,392 37,650 40,042 4.5%
Sub-Total 92,557 217,981 310,538 34.8% 273
Afica s S Africa 30,156 30,156 34% 120
Middle  Others 2,566 214 2,780 0.3%
East  gup-Total 32,722 214 32,936 37% 123
China 62,200 52,300 114,500 12.8% 31
Australia 37,100 39,300 76,400 86% 158
Asia  India 56,100 4,500 60,600 6.8% 89
Pacific  |ndonesia 28,017 28,017 34% 71
Others 2,403 6,408 8,811 1.0%
Sub-Total 157,803 130,525 288,328 323% 53
Total World 403,199 488,332 891,531  100.0% 114
* more than 500 years
<&E=] BP 2016 >



Table 1 - 4 Annual Coal Production by Origin

(Unit : Mil. TOF)
%’;‘:}Tﬁ”t 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 ortion
ry

us 580 595 588 597 541 551 55 518 501 508 455 11.9%
‘—g”u% Canada 35 35 3 3% 33 35 36 36 37 36 32  08%
& Others 6 7 7 7 6 7 9 7 7 7 7 02%
Sub-Total 622 637 631 639 580 594 601 561 545 551 494 12.9%

_ g Colombia 39 43 45 48 47 48 56 58 56 58 56 1.5%
Eg’ Others 8 8 8 7 5 5 5 5 6 6 6 01%
Sub-Total 47 51 5 55 5 5 61 63 62 64 61  16%
Russia 136 141 144 149 142 151 158 168 173 177 185  4.8%
Poland 69 68 63 61 56 55 56 58 57 54 54  14%
;t(:nzakh' 37 41 42 48 43 48 50 52 51 49 46 12%
§2 Germany 57 53 54 50 46 46 47T 48 45 44 43 11%
S yraine 35 36 34 34 3 32 3% 38 33 26 16  04%
Rizp‘fCh 4 24 24 23 21 A 2 20 18 7T 16 04%
Others 75 77 78 80 78 77 8 76 70 67 60  16%
Sub-Total 433 440 439 445 419 420 447 459 451 433 420 11.0%
ﬁ.% S. Africa 138 138 138 141 140 144 143 147 145 148 143 3.7%
£ Oters 3 2 2 2 2 3 3 6 710 9 02%
= Subtotal 142 141 141 143 142 147 146 152 153 158 151  4.0%
China 1242 1,328 1439 1492 1538 1665 1,852 1874 1,895 1864 1,827 47.7%

India 190 198 210 228 246 252 251 255 256 271 284  7.4%
Australia 207 212 218 225 233 241 233 250 268 287 275  7.2%
;‘%% Indonesia 94 119 133 148 158 169 217 237 276 282 241 6.3%
® Vietnam 19 22 24 2 25 25 26 24 23 23 23 06%
Mongolia 4 4 5 5 § 15 20 18 18 15 15  04%
Others 35 35 33 34 3 3 37 37 40 39 37 10%
Sub-Total 1,790 1,919 2,062 2153 2242 2404 2,636 2,695 2,776 2,782 2703 70.6%

Total 3033 3188 3326 3435 3435 3,627 3891 3930 3986 3988 3,829  100%

<&= :BP 2016>
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Table 1 -5 Annual Coal Consumption by Region

(Unit : Mil. TOE)
/CC”(‘)‘S;?; 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Portion
. g Us 575 566 573 564 496 525 495 438 455 454 396  10.3%
gig Others 4 42 43 40 35 38 37 34 34 34 33 09%
Sub-Total 617 608 616 605 531 563 532 472 488 488 429 11.2%
Latin America N 25 26 29 24 29 3 32 35 37 37 10%
Russia 95 97 94 101 92 91 94 98 91 8 89  23%
Germany 81 8 8 8 72 77 78 8 8 79 78 20%
Poland 55 57 5 5 52 55 55 51 53 49 50  1.3%
Turkey 22 27 30 3 31 3 34 37 32 3/ 34 09%
Kazakhstan 27 28 31 34 31 33 3 37 3 36 33 08%
& 8 Ukmaine 38 40 40 42 36 38 42 43 42 3B 29 08%
@ K 37 4 38 3% 30 3 31 39 37 30 23 06%
CzechRep. 20 21 21 20 18 18 18 17 16 16 16  04%
Spain 2 18 20 14 9 7013 16 11 12 14 04%
ltaly 17 17 16 16 12 14 15 16 14 13 12 03%
Others 102 106 107 102 93 9% 97 94 93 8 89  23%
Sub-Total 55 536 540 528 475 492 514 527 507 481 468 12.2%
o« o _ S.Afica 80 8 84 93 94 93 9 8 89 90 8  22%
SE 8 oters 19 19 18 18 17 18 19 20 20 23 22 06%
= Sub-Total 99 100 102 111 111 111 110 108 109 113 107  2.8%
China 1318 1448 1577 1,603 1680 1,743 1899 1923 1964 1949 1920 50.0%
India 211 219 240 259 283 293 300 330 356 389 407 10.6%
Japan 14 112 118 120 102 116 110 116 121 119 119 3.1%
S. Korea 55 55 60 66 69 76 84 8 82 8 8  22%
£ Indonesia 24 29 3 32 33 40 47 53 58 70 80  21%
?}_Z Australia 54 57 55 55 53 51 50 47 45 45 4T 12%
< Taiwan 35 37 39 37 35 38 39 38 39 39 38 10%
Vietnam 9 5 6 11 1 14 17 15 16 19 22 06%
Thailand 2 12 14 15 15 16 16 16 16 18 18  05%
Others 4 48 48 52 5 55 55 55 57 61 63  16%
Sub-Total 1,879 2,023 2192 2252 2,333 2440 2,614 2675 2,752 2,793 2,799 72.9%
Total 3131 3292 3476 3524 3474 3634 3800 3814 3891 3911 3840 100%
<Z#] :BP 2016>
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Fig 1—5 Historical result of the Newcastle index (Petromindo 2017)
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Fig 1—6 Historical World Coal Production (IEA, 2017)
Table 1 - 6 Major Coal Producing Country
(Unit : Mil. Ton)
Nation 2012 2013 2014 2015 2016p
PR of China 3,5325 3,748.5 3,640.2 3,563.2 3,242.5
India 602.9 610.0 657.4 863.1 707.6
United States 9323 903.7 918.2 813.7 671.8
Australia 430.8 4584 488.8 5124 503.3
Indonesia 4445 489.7 488.3 4535 460.5
Russian Fed. 3294 326.0 3329 351.7 365.5
South Africa 258.6 256.3 260.5 258.6 256.9
Germany 197.0 191.0 186.5 184.7 175.6
Poland 1441 142.9 137.1 135.8 130.9
Kazakhstan 120.5 119.6 114.0 107.3 97.9
Other 7713 728.5 710.2 662.8 656.1
World 7,763.9 7,974.6 7,934.1 7,726.8 7,268.6

<& IEA Statistics Key Coal Trend, 2015, 2016, coal information overview, 2017>
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Table 1 -7 Major Coal Consuming Country

(Unit : Mil. Ton)

Kind Nation 2012 2013 2014 2015 2016p
PR of China 3,126.4 3,354.5 3,207.3 31414 2,959.5

India 647.4 666.7 740.1 746.6 7614

United States 729.1 750.8 742.5 633.2 582.9

South Africa 1814 178.2 189.6 180.5 178.0

Japan 131.6 141.8 137.0 138.9 138.3

Korea 94.7 98.5 100.1 100.6 101.8

Steam- Indonesia 57.1 65.4 79.1 86.8 90.6
ing Russian Fed. 929 84.6 774 85.8 834
Poland 64.4 66.1 61.0 58.5 62.8
Kazakhstan 67.2 67.1 62.6 58.3 59.6

Chinese Taipei 59.5 59.3 59.7 57.3 59.0

Australia 68.1 50.1 46.9 479 52.8

Other 505.7 513.7 507.2 516.3 492.2
Sub-Total 5,825.5 6,096.8 6,010.5 58521 56223
Germany 185.2 182.5 177.0 177.0 171.9

Russian Fed. 77.6 73.3 67.3 72.2 69.8

United States 72.1 69.7 76.5 67.9 67.4

Australia 714 62.3 60.5 65.4 63.6

Poland 64.2 65.9 63.8 63.0 60.4

Lignite Turkey 68.5 55.3 64.7 56.7 56.4
Greece 61.9 544 51.9 443 33.9

India 459 439 47.0 42.2 46.0

Serbia 38.6 40.3 30.7 384 38.7

Czech Republic 424 38.9 384 37.8 37.8

Other 155.9 142.7 140.8 1415 1384
Sub-total 883.7 829.2 818.6 806.4 784.3

Coking  Sub-total 976.1 1,059.8 1,085.6 1,071.5 1,046.6
World 7,6853 17,9858 7914.7 7,730.0 7.453.2

<&#]  IEA Statistics Key Coal Trend, 2015, 2016>
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Table 1 - 8 Major Coal Exporting Country (EA, 2015, 2016, 2017)

(Unit : Mil. Ton)
Nation 2012 2013 2014 2015 2016p
Australia 301.5 336.2 375.0 3923 389.3
Indonesia 3874 4243 409.2 366.7 369.9
Russian Fed. 1317 140.8 155.5 155.2 1711
Colombia 83.3 78.5 81.2 77.8 83.3
South Africa 76.0 74.6 69.0 75.5 76.5
United States 1141 106.7 88.2 67.1 547
Netherlands 13.7 27.0 313 36.6 40.6
Canada 34.8 391 345 30.5 303
Kazakhstan 327 33.8 309 31.2 25.7
Others 99.3 103.5 94.5 75.2 9211
Total 1,274.5 1,364.5 1,369.3 1,308.1 1,333.5

Table 1 -9 Major Coal Importing Country (IEA 2014, 2015, 2016, 2017)

(Unit : Mil. Ton)
Nation 2012 2013 2014 2015 2016p
PR of China 288.8 327.2 291.6 204.1 255.6
India 164.2 188.8 237.6 215.6 200.1
Japan 183.9 1956 188.1 189.6 1894
Korea 1243 126.5 131.0 1339 134.5
Chinese Taipei 64.6 66.0 65.8 64.8 65.6
Netherlands 244 41.8 473 57.1 555
Germany 49.0 543 53.8 545 53.6
Turkey 29.2 26.6 29.8 34.0 36.2
Malaysia 22.6 221 217 255 28.5
Russian Fed. 30.3 294 26.8 241 24.0
Thailand 18.6 18.7 212 24.0 22.7
Philippines 117 14.2 149 17.0 194
United Kingdom 44.8 494 41.8 255 9.6
Other 2415 2275 2411 241.8 236.6
Total 1,297.9 1,388.1 1,412.5 1,311.5 1,331.3
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Fig. 1-7 Methods of Utilization of Low Rank Coal

(An introduction to Coal Technology, Earnest & Young, Bain analysis #1.)
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- Case IV : Mine Mouth Power Plant
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Aews A el AR Es 3 Aeke] #2714 (Upgrading) & €
Al H-id & Qlvk e iRl Hdk FAEARIEEe] ditRe AR Faks 2
9% &1 (Black&Veatch, 2012; ETRI, 2014; DOE, 2016; NETL, 2011 and
2013), w2 7 Fx} 9 (Capital Expenditure)o] #AF 3|AFe] z}al 8-S % 3}3}
© A% ATHPWC 2012).

X
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Table 1 - 10 Capital Expenditure and Its Input/Output

Capital
Technique Expenditure Product LR(CIJ\/IS/OZZ{;He

(Mil U$) Y
Mine Mouth 850 ~ 1,050  Electricity 500 MWe 1.5~3.0
Power Plant
IGCC 1,375 ~ 1,705 Electricity 500 MWe 1.5~3.0
Coal to Gas 3,200 ~ 4,000 SynGas 57 Bscf/year 1.5~3.0
Drying & B Coal Briquette
Briquetting 30 100 (1 Mt/year ) 2.0

<1 Black&Veatch(2012), ETRI(2014), DOE(2016), NETL (2011, 2013)>
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2 AT ImvAel w5 ZERtge] X8kl 9l GAM HI(PT Ganda
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At
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(A

(LGAAL 2017) 0.2, B odtof] Aelkst Jxto g A7ty

2 o] AHEE GAMS] N100 2 H+t ©3 3,600kcal/kgGAR +2] A5+ 4]
go 2 o W f3Eo] 247 2.5%~4.5%adb X 0.1~0.3%adbE W% o} (Table
1-12) A& nE9137} o) o] A B9 AFow AR, AL, ndF Ake o
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y .
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Fig 1 -8 Location of GAM Coal Mine
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Table 1 — 11 Brief Information of GAM Coal Mine
PT. Ganda Alam Makmur (GAM)

Company Name
Location

Area

Reserve

Production

Geological Period

East Kutai Regency, East Kalimantan, Indonesia

10,600 Ha

219 Mt
— North Pit 3,600 kcal/kgGAR — 156 Mt
— South Pit 4,540 kcal/kgGAR — 63 Mt

14 Mt/year at maximum capacity (Open Cut)

Miocene
<z LG A GAM 2R >

- 24 -
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Table 1 - 12 Brief of LRC Quality of GAM Coal Mine

Total Moisture  Inherent Moisture ~ Ash Contents Volatile Matter Fixed Carbone

. % arb % adb % adb % adb % calc
Proximate
Analysis
(Avr) 43~45 17~22 25~45 41~45 30~35
(44.5) (20.4) (3.8) (42.9) (32.9)
Air Dried Basis' As Received Basis? Dry Ash Free Basis®
Calorific kcal’kgGAD kcallkgGAR kcal’kgDAF
Value
(Avr.) 5,000~5,300 3,560~3,640 6,750~6,850
(5,169.3) (3,603.5) (6,822.7)

<z (LG AR GAM 270AH8) >
GAM 9 A99] A% o] & d3s AHrd, FH 2o Ao F(Palm) A4l
Ao 7 I8 (Fig 1-10)05H 1 9o &% 2712 CUPO™ Process(Coal Upgrade with

Palm Oil residue) & 243}7]0] Zdtst A40l 7oz dAory ),

1__

CUPO™ Processe sto|lx| 7| &AL oA H Pilot Scale 7Fgol A 33t )%
A9l Drying & Briquetting Process % sl Z . o] A8 &= Q= A3t 7|4«

2 82 5 9o CUPO™ Processell Z &3k sHgaARS-¢l PAO(Palm Acid Oil, Crude

Palm Oil AZFA] A= +8)

ROz AT AT Aoolet & ek,

! Air Dried Basis (ADB) : 7]1717]3 Grugdhie) . A28 27|24 1xs & 84 =4

2 As Received Basis (ARB): =273 Fa55L8E) . A B2 538 Ay Uz 24 =4

% Dry Ash Free Basis (DAF): F4538] 7] & (45 KM KIEHE) . A2 0] S8 3% A2 B4
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Number : Palm Qil Plantation HL : Protected Forestry

[
[ | KSA/KPA : National Park HPT : Limited Forestry Area
N River HP : Forestry Area

Fig 1— 10 Map of Plantation in East Kutai Regency

(Regency of East Kutai, Province of East Kalimantan2016)

ok, s ImvAeh A7) AE HAIE (RUPTL, 2016) 9] dgto = o]

Aepael 5 FoR AAAZIEE Maloy % 3% A AE 9 e wE A
A

o]3Lo] ok 200MWH 2 WAALE AAdstaA} shY, o= Aed Aw PAE) o
QloJA Mine Mouth Power Plant 7192 8402 AES & 4 = A dolzt &
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Fig 1 — 11 East Kalimantan long term Electricity Supply Plan

(Indonesian Long Term Power Supply Plan 2016~2025)
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4 1ARre] Q1go] ekl a ole] mek AAZA vRO R BAAA HE, ol ¥
S ek 53] QmdAol ASF AR A3 Fie] s thal #ro g
o 7] wie] ¥} Age] AriHow Av] Bajo] wep ko] w&o) HolHAl o
W, AR EW 054 A8710) o) e SRl AFASA Hol %

star Az o ARkl oAl Hr.

o] 27}

+

=7F =8 AR Agel ofgwel stk wEkM A Al
AR 2R A7 AEGSHA He olFshs Aol wElshd, 'k Ao F-2)7}
7 Sk B9 Wl 2 914 (Size) 02 FHHeto] wih A& EHE VI3 AAl A AL

gh
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2
=
N
2
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Table 2 - 1 Difference of Typical Coal Characteristics

Class of Coal Anthracite Bituminous Brown Coal
Specific Gravity 1.5~1.8 1.2~1.7 0.8~1.5
Ignition Point 400~450°C 300~400°C 250~300°C
(JCEC, 2006)

Hardgrove Grindability Index (HGI) &= A&He] 2 EAS YeEll= A<+ T U=
Aeke] FH&, #HF 22 vty A] ARk B ARE o Sskod ol &dh 47 4
A 4= HGIZF =4 Yepsd], dRkad
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YAlob A5Hete] HGIE 50~70 502 § & BAAE= A& & 5 Qv oldt 4
Ihe A dErte] v FACNE frElshd A Alellis videl wol AT 4 Qlrks

WHE 7 ke 2 g

(\}
\]
)
>
=
ot
>,
e
—_
(@)
(@)

X
au)
It
i
o,

. Ao 9 A 2% WstE #5ekgl o 2xFduksk(Spontaneous Combus—
tion) £+9] FHAA-S ISR 18ar, AlZte| wE HGI Wels gRls o i3}

= #zH(Visual Investigation Test) & AAISFATE B3t A5 Awko] 73-9-of tist

=

BT Qo] = T FoA ARAE BFS Al S1sel Aol U eFw
& AABL 7 SelA A AxEE AR Hrlg Axste] Algre] Akl B Bl

(Sucofindo) AP} w]= = =% " (American Society for Testing Meterials,
ASTM) ol &jAste] A&k 2] A8 Aol Huf 374E7HA A'tE = A
& FAtato]l AF 7IREE oF /i (125) & A SI3ITh Table 2—2¢0 AAIE A3 o
1o oigk Al e Al

;m
:EL

AA AL 20159 29 THE 59 b A E I
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Table 2 - 2 ASTM Methods for Testing the LRC characteristic

Subject Detailed Test Standards
Gross Sample Collection ASTM D 2234
Sampling Channel Sampling ASTM D 4596
Sample Preparation ASTM D 2013
Total Moisture ASTM D 3302
Proximate Moisture in the analysis sample ASTM D 3173
Analysis Ash ASTM D 3174
Volatile matter ASTM D 3175
Calorific Value Calorific Value ASTM D 5865
Hardgrove Grindability Index ASTM D 409
Breakage Size Analysis ASTM D 4749

Characteristic
Drop Shatter ASTM D 440

2.2.1 At =F =& o|F &4 W3 4

A 2 dE wEE AR AEHE dolrRy] fE oA el Az Ay
w2 g WsE BAsknh 20159 29 272 N100ERS wEA)A oF 37019 Hor o

Tl 1314 Ad AEHe AAIRE A3E ez =43} Skl (Fig 2—-1)

Aeke] it W S Allst BA=F(Dry Ash Free, daf) < AF R A2l W50]
A AL & F Qe ol 3E Bt © dlelA Auk 1A Wske] wE
AF WsteE globehs 428 945 T Atk ok Aol wE Aot Mgl 5
- (Total Moisture, TM)©] E&}A]
F7F ofgle] w=EEW, Aol osliA AAAR]D it STEF dojukal oo &gt

=
WA A @] v ¢ Stk Zle uiRith A 18 7|3kl v i

k=
(2
12
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)
rE
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_O|L
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Fig 2—10 Stockpile temperature as per the Position against Wind

Fig 2—11 Spontaneous Combustion after 76 days of Stocking

- 40 -



A Aok ojw] A& A5 (Inherent Mois—

ture) o] JF=Z w2 = QA =FdA 71342171 (Air Dried Basis) 2] €

5 ©

sHAl ek dYS wFojA GAM ArHgelA o] A'k 7)3+s

s}

g2l

2107 YElgith

FE™, &717F 7}

o

°

T

i

1

Bz
o) =

T

0]
pal

2 o]

Q]
=

3 Bt A

9

|

1~3

2

o

=

o

ey
&

S|

oh mgh s

s

ok

1=
-

0

sl 2

S

A 19

o}
Jo

L.

]

AN

o

tol A =]

°©

Hoj 200mm ©]

L —

T

b sty

S

=

w, o} W E Jwrt UF & A4S AT oAV A
o} o] A& oy FH33 (Dozing, Conveying, Barging and Trans—

°

Hekol Ao 2717F ¥% 50mm ©|

3 o}

W, oF 5~109 W2 AR71Zks 7HAa 7]

Ao v

v

—

el oF 102

AL Azxd 3 Aerdox Axolojof] %71 Y (Conveyor Feeding), BFA| 4 (Barge)

shipment &)X AAAHA spfEd A

MIEE

60~70¥40] A|LpHA] ]
_ 41 _

5
T

bick. meba] e Aol Alvte] EAsS )
Fig 2-129} o] 3

°©

|

R4
-

T

3lo
=%

A



Ex Mine

FCA Port

FOB

FAS Crane

Barge

FOB MV

CFR Port

= LW
e | me | e | e sa | . A | .
o g = sl o
2 oz |ex | xe | " | e | 9% | es | BF | e | 05 | NE
Crusher ol Xt ot
B} Expose =H | _ FINE| = - - FIH
Hel| oy S0 oy [T o 44 T |7
= | (200mm) | T | (-150mm) (-100mm) (-50mm)
GRS 5 | B gz 5 5 5 ol | B2
ST sl PUNES o | AN [1BA| 2N | M 2R O
X 95 I BR Y

Fig 2—12 Proposed Retention Time for Stockpiling of LRC considering it’s characteristic

- 42 -



—

3. 4% 4 A3 (Drying & Briquetting)
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Fig 3—1 Brief View of Direct Drying using Kiln Type Dryer

Fig 3—2 Photo of Direct Drying using Kiln Type Dryer #1
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Fig 3—3 Photo of Direct Drying using Kiln Type Dryer #2
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Fig 3—5 Examples of Microwave Drier

Microwaves for Coal Quality Improvement : The Drycol Project (2007)
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Fig 3—6 Drying System using Superheated Steam
(4] : Hankook Technology, 2016)
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717 Al $EFHe AS 9] g8 Adst ddo] d4A o)tk 3 oFF Pilot Scale
(100t/hr) o] 71z Anlel] tist 297 eHg 3} 2hgjo] FRHA b2 AelE &9 vl
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Feed Coal l el

Dryer Shell

Heating Tube
Exhaust
Gas

Steam

Shell Drive motor *
Condensate

Discharge Casing Dried Coal

Fig 3—7 Steam Tube Dryer

(4] :Tsukishima Kikai, 2015)
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Exhaust Gas

to Atmosphere
Coal from yard Bac i 1
- Bag Filter
l \ I
M1 %
| Exhaust
Gas Heater g — U ! Fan
pdirfom L. 4 LQ@=> Dri W )
mosphere :
Inlet Fan Il Dried Coal
to Boiler

Fig 3—8 Brief diagram of Steam Tube Dryer
(4] : Tsukishima Kikai, 2015)

o

STDE wl-$ @t 7322 FA5o 3o, FARTE S8t 25 FA] 2Q27]3to] A
3, ALe] S71E AFESH] wiEel, o f4 3 A A% w3 Holt; (Tsuki—

shima Kikai, 2015).

woll gt 3 Al B Ax F AFF ofFel tiFt A So] A E ] of shrw, FAk

oI AR urks wke] wale Aueld] 425 o] felsi.
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2. AAATZFAF - A48 (Briquetting)

3
e FHa T BAEE B1, AdEsEl A5 S A" 7 wAEs ds

915t
o 2% %4 W Pl 4% Briquetting) ¥ FEIe] AeEe] o] AbgFlolzlch. 53]
Aousl, BE 5 ASFEY A FAZ st Az oF £E AR 5o

wAE F57] flste] o27HA Briquetting 71Es°] M8 225 H AR 7}

A Thepabl ATE AT A= $83% Hn ek

3.2.1 2F% A43Y (Conventional Briquetting)

AFHOR LR TN AitEo] F2 2R PgEor AgHd JYe
1990t HE gh=roll X 1 ZmEko] wil-g- E3dth ald A7) tiidA el A=A ot
M= Lf7F Alie] 7HE 8 AR diAAR AERe] AR Bl Bigo] dTtE o] 2000
ZR7HA] A 2.0Mte] g 'to] &nlE] % a3t (Bambang, 2007). “1Eu, A&

o 7MY W AR AAEOR ALgEIls st % Astel Alofo] WaL, W il

)

wEpa] 2 Ao = AR AR opbd diERAlS A ES Bulkk sHE HuEe
A3t g3t 7t o

ro
ox,
o?l
(A
ftlo
2
-
1o
=
03
I
!l
_0|L
32
v}

3.2.2 fr5&9e d¥ 1EF$38t (Upgraded Brown Coal (UBC))
UBC%E Fig 3-99) #o] A &S Smm oJstz wEafsto] ofAdES} 42 T
A SRR elEhs of= ARAIES TS EuE AR Bl T & 7kt
ATaRe] FEE AAT olF, &2l AY(Slurry Cake) oA a5 AAS L, it

== FAolth(Kinoshita, 2010).

Mo
:’N:
m
e
>,
Y
A
of\
oX,
ot
ftlo
ik
>,
ol
ol
2,
2
s
ftlo
rlj

E3] T 7)|&S A of PR vker Satui Aol AT =9 719 Artumin %

o
2
N

Abel] 785 (600t/hr) & An|7F 244 T2 22 340t (Fig 3-10)



Fine coal Dewatered slurry Slurry cake UBC

Section #100 / Section #200 / Section #300 / . / .
Raw coal === Coal »  Slurry - Coal/Oil > S((;ﬁtlon #400 > SECFO” ﬁ?OO B UBCH
crushing dewatering separation EACCOVELY riquetting riquette
\
Recycled oil

Fig 3—9 Brief Flow Diagram of UBC Process
(4] : Kinoshita et all, 2010)

Section# 100

Section#300 Section#200

Fig 3—10 Photo of UBC Plant
(4] : Kinoshita et all, 2010)

B 332 2010978 AP b5l SUsgon, ASHEe 47 W 4Fe) 285
= H)go] oAH(US 15/0 M0k ST 22 (US 20/)50] £dol o] waystsic,
F9 0§ 4% AHEE WA Artumin Sel4 AR o2 AF S Pendopo A|%o]
- FrkEeke] g A78) 9ol ZRAE A Aldul sle] PO whrja

Adn|go] ARHSIA, Y5O0 % Artumin Sl FHdhs Awo] & AAe &4
0

¢

GAR) Rt} o A3 AEH(TM 60%, 2500 kcal/kgGAR) ©]1$17] wiio]
753 e] AT S Y (Masahiro, 2015).
Hos AEUAolAUE 7l - (Pendopo) ASS A o7 F3HAQ A5 A

& 7 Al el sk =271 9llem, Mine Mouth 4 5k ohgl SNG 7t~5 A

A T glo]aglele]] AAdste] A7FEE H 2] © 7 9] o]F7H] ] FAE X ESE AR
< YHAM ZFA R AFPESIL AT TOGMEG, 2013).
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AFs 52 AxvA ot KidecoX® 2 KCH Aghs o]g3t] oA#7k#] Az =1
2 Agke] EAo] wet b 23S delste] FAdA AE Ads AT (AEE,
2015). A% A3} Ak Fio] 10~15%% AeelA 7P w8 Awe o] uhEe]
Aok A2t ZerE AY AE7F Foko, bl nlEete] BRI FUbeke @
e Bk 28 oF 300kN o]%+e] steelM= A S7F A9 ok B3 B
T A ok 17 o] 5 HFxrt okeliAl= As gkt

Q=Y Aot = &5 White EnergyAH’} Bayan Group®] A3t =5-Z-avhet
Tabang Projectell & 71&S A-83kitt 18y, Addgo] A sas e s &8
o AEH HAS gIHow x| Ea =3 7ko] =S 2@slA Hgon o]g ol
o A AFYS S Aol

3.2.4 ZAAR-(Palm Oil Residue) £3 A9
Aearo] AF oz FHSE Ad-vrlobollA] Agte] Az W AFE staar I o
UBCOIA AMgE= of~ZES] iAAZ dXoA] vwa f74 g1xE 4= 9l Palm
Oil Residue (POR) & ©] &3t 7]&o]t} x4l PORo|#kaL & 4= 3l PFAD'E €
g AR 23t & A8 JteiA B2 SRAIA AASKL, o mE Asgee] ¥
S 8§83 PFAD7} 2~ EolA] A9 Zo] 7]&2 ol F2 UL 100T olatelA

o
A S§3stal 85 Tl FAo] wol Aol £ RS 7Y (Fig 3—11).

_1>J

ki

4 PFAD (Palm Fatty Acid Distillate) : Crude Palm Oil & Refinery oA ZAE o 25 = 7 G2
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=3 A2 3 Sl

oy

2013).

Aewgrel A =2, 350~450T 52
7] gl 100~120C2 AxH: A
ol A AAH o7 YztE ol

o FYS M, ASTE Y o

Apparent viscosity (cP)
3
-

500

o v e 71
B FoT A TwEA] U= A BE A

Fdo FE¥H PFAD:E thA| Ao g Sy

Y Ar2AM o 7HA| o]

450

400

Boiling point (C)

350

100
Temperature (°C)

150

Fig 3—11

300
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Viscosity and Boiling Point of PFAD
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3.3 712 Mm 0 AT oty 7% AY

St | w2 A 7F AABE 285 Ax Ve gidk HrEHEHaEZEA 2017)E Fa

afo] o}#e] 3 (Table 3—1)8} o] Az 7% thal A4S A sk

Table. 3—1 Comparisons of Drying Processes

¥ 23 £
] ARG AFE
King #z7] @@ 72 ) %?j
. 2 = 1 o o == =
Kiln Type EX]H] U7< ‘ITX] ETH] ‘% Zj_—ll— O]E;Y_ ZH%Z’: %ﬂ]

AT AEAE ARl AP
BALZ 08 Ik 913 e
F27] A% Awlolo] Abg: e
Superheated o mpn &3 AFRRR H A3} A
A5n) 5 L e

(2,400t/day)

H3x WA & FEoR AvE

iRy FESE A W Z=Z7) A A Bzl o ox] plg
Fluidized Bed Dryer 3=7}4¢1 99l B oo/ Tlem T T SR

=3 99

l\;_o =] B
slolmzst AR B2k AMEE R

f A9 Hp] Lol=
Microwave Dryer 78 Adn] 95 q717] Coﬂ/\i =0 o

33 E2] ks dnjz 2 S BS E=2 A7] AR (BMW)
Steam Tube Dryer ~ A4-8-3} Abe] B5 2ol Mgt 37|17} Al§H4 (—20mm)

oA 7EATAKIER) o= oA d5d 3453 11%7](Steam Tube
Dryer) S POR¥} &3l ASH AeS 7%sh= WHO R Pilot Scale 7HFs& A¥
& th CUPO™ Process@ WWH o] 7]& @8t T2AAE 7h4 A v]g 9 &
ARFH7F AA 9, 7t 3 AFHO0E AT F 3o 4 T 21 21 74

golslt} (BPPT QAEE 2017).

w3k Ael YL 07 ARESH= PORe] A% & A8 Al v}l (Binder) 2412 &g
= @ 7]y, AFex /st 3o ® ddHtt CUPO 549 wAdo=Z
AR = PORS QHA A9l F+F oo oA AuHol: Ag]H o2 GAM FAho]

x;'ﬁ-! ';I:f ]_ll '-'f;]
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=
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ol gk ol el M, &

geta, & Vles

3—129} Fig 3—13¢] CUPO™ Process?] ztekst #4523 /dS Jepfoloh

Ao A= CUPO™ ProcessE A53 A&
02 GAM N100 A®te] upgrade 7}s7d

CUPO™: Coal Upgrading by Palm Oil residue

Upgraded Coal

; a:

Crusher

Briquette

5-8-%-2-8

Mixing — POR melting — Moisture Evaporation — POR Coating — Solidification

Fig 3—12 Conceptual Flow of CUPO Process

Briquette Machine
Fig 3—13 Conceptual Picture of CUPO Process (£#] : o|7]91 |
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3.4 CUPO Process #d A3 A+ FAb

QX YAJoF Bantenloll §1x3kaL Sl AEvAloF 5877 (Badan Pengkajian
dan Penerapan Teknologi, BPPT) o= Pilot Scale®] Steam Tube Dryer7} %] ¥ o]

9111, o]F o]} AAAE 4 9= Briquetting A8 7} ZkFo] A glt).

BPPTE] o] AH|E o]&3ate] AylAlete] ofg] 7HA] A5we] Aghel| tiste CUPO
Process?] &< thgt A7k A=Ak (Wanda, 2014). s A5-eA= CUPO
ProcessE 7%3H7] 9349, Pendopo, Banko, Meuaboh, Tabang, Sekayan 5 &xj ¢!
SulAobell A A&F Upgrading #& A7 23] 28 59l 292 Aeks tido=
PFADE 1%, 5%, 10% <3+st ejol|A4 2hr, 4hr, 6hr, 12hrZ 7FEAI7FS Ealste] A
9 Ay AYS APsIglty 53] STD AxE &3 T (Total moisture, TM) 2]
R ths Akl AlE o] Q= 1 443 (Inherent Moisture, IM) 2] A7}l F53}

gz

, PFADS] @] Bas 31x 3l A9y ddd

g

Table 3 - 2 Pilot Scale Test Result of CUPO Process with 10% PFAD

Coal Mine Region Before Process After Process

IM C.V. IM C.V.

(% adb) (kcalkg GAR) (% adb)  (kcallkg GAR)

Pendopo South Sumatra 20.91 4,063 14.86 5,730
Meulaboh Aceh 15.91 5,009 11.41 5,772
Banko South Sumatra 17.36 5,839 10.81 6,912
Tabang East Kalimantan 20.36 5,194 15.23 6,267
Sekayan North Kalimantan 12.55 5,379 9.61 6,005
Mulia South Kalimantan 17.31 5,191 13.86 6,219
Sorong Papua 20.55 4,823 16.12 6,208

<Z&#]: Wanda, 2014>
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Angga =(2017)&, e1x=udAo}e] Sorong % Jambill AS5o Aetew 200C 2
250CeIA 242k 5% 4! 10%°] PFADE H7Fete] 8413k &<k CUPO ProcessE &4
sto] 718k A3s AASHITh A9ES FTIR (Fourier Transform Infra Red) &
Mgk At AMgke] A-g7el syt QlEs glstalon, AW A-87]7F WolH oM

AR o7 JHeo] Mgt ¥ AZo] A (Hydrophilic) oA A4 (Hydrophobic) =

o Agto] o] o A= A alslrk
H, whele 5(2013)& EdAoME 2 o TEE BEaS] 1-2mm ER ¥

i 97 AR 107TCeA 1243F 2

~y
o
fll

A 5 PFADE 0~20%7FF 234

xohe A8 ANadn. 48 A% nEJwd FRe A fry Zwesiw,
v o]

of H]g-2] 117l §lo] #ZFe PFADE 718 4 §lvhs A3 TubeWollA AlFAlRto]
A4E Ax avhs AAs v, AP Aakeo] Astes B E Qlers HEo
]

& fleiMe vg vl &3 SH] AAA st ol FojH ok gt HERE ATl

2 olx) w32 T 5 US Aow B

A

Sis
m1o1u

TE EHe] A8Y ATOR A
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3.5 Binderq] A#® — PAO

il

CUPO Process®l| tigt A8 A1+=S AES Ay AaAors nwsd 7tz 7
¥ PFADZF 5~10% ARFEIQITh 20179 19%E 49704 PFADS 714&
U$ 650~700/t 2 -4 (Commodity3 2017)3}aL 31t} A CUPO Processell th
St digF st A7 Al FEst oFo AMRTE AFESE 7HE el SR ofof
SHARE o] 3t SHelM = w PFADE= B S 7t

o] PFADS} 442 fFAFHAIRE 1R AHsH (@AM 7] U$ 300~400/t

f
S

Z(Agung 2017)) A= Palm 0il¢! PAO(Palm Acid Oil) & A}g-3l= Zo] AAdh

o7 ke

fz

PAOF PFADS} fAFSE 3(E) ftolth, 5ol SlojA= delel sl Alsolth
% Crude Palm Oil(CPO) MillolA] Palm QS Adloly 942 AHs)A HdyE= &
’d A& (POME, Palm Oil Mill Effluent) & FAA A 2o =d|, oJ7]dl = Fis
w2 A 2 gAste] 73 ¢k 10,000hall & w4 H14 F 90%7F AA)
olgbal 3 i, s} °F 40t CPO7} A4t ®rk(Agung 2017). H% 1 ton®] CPOE A
aksl7] 9siA 2.9t9 A4 A& (POME) 7} 2A8s=d], ¥Ael= POMES 3~5% 7}

i
off
ol

gFo] PAO AE0]3tH(PT Energy Feeds 2017). 28y}, HZoll+= CPO 714 2] Al5o
w2} CPO MillelA] POMEZF #F w57 Aol A7 & XA 35&S 0]
1 9=t o)A A$ POME o] ¢F 1%712] PAO A&Eo] @FshA @t (AEH,

2017)
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Fig 4—2 POME from CPO Mill (KPSR 2017)

POME+= CPO2] $1X|8t 7 A Atole] % Aglel webr] I Agvlg 7H5s)
3 AZAEE FoF & FarEelth ®BE CPO Milleld HHAE F7140% gud o
FAGANA POMES A% 7HA sta, 3 A7 st 3407 #77] 55 A
23t & GABHA e olw 3= Zlo] PAO°Ith PFADZ}F 12k A#1€ CPOL 2
A} A oA s ZHRE (Distillate) Q1 WA, PAO+= Palm 4vllelA] CPOE 3

l

28 ¥ o FAEE §EOoZA CPO Mille] X2 3 ] 9= A9 CUPO

- 00 -
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Fig 4—3 POME Settling Pond of CPO Mill and PAO extraction
(PT Energy Feeds 2017)

mhe] ¥ Aol PAOZH ARk Wl 9l fio] ofget U4l o] 73R )

Ao AFEE PAOE QlEUAJo} 7]4 3% (SNI 01-3555—1998) W o &2 HA1513

om A AE2 ofdl [Table 3-313 £tk

Table 3 - 3 Analysis result of PAO used in the test
and Comparison with the spec. of PFAD

Subject Unit PAO used General PFAD
Mean Moisture Content % 0.98 0.03~0.24
Free Fatty Acids (palmitic acid) % 62.6 72.7~92.6
Peroxide Value meq/kg 4.1 N/A
lodine value g/100g 50.2 46.3~57.6
Saponification value mgKOH/g 186 200.3~215.4
Unsaponifaiable matter % 0.53 1.0~2.5
-6l -
) o
2 A2



4. GAM N100€+e] CUPO Process A&

9]+ Pilot Scale?] STD 4 A3

ImHIAoF 38 7l AT BPPT) el HAshaL 9l
A5 o] gsle] GAM Alghol tist Ax 9w AE AF A3 AAEATHBPPT,
2015).

°F 15t 7F#e N100&¥-s

MEDs Ak,

GAM?S] N100 A&k o=z
ROM(Run of Mine) “JE|Z 271¢] Ego] &4 A A5t BPPT A4-4A=E o]$3k3ith

F=Z Al N100 Aehe] ghd2 of#f| (Table 4—1) oF Zgkeh.

Table 4 - 1 Quality of Low Rank Coal used in the test

FC Y CVv

IM VM AC
% adb % adb %adb kcallkgGAD  kcallkgGAR

™
% arb % adb

39.76 5,446 3,496

45.78 15.53 41.48 3.23

4.1 438 9 2 48 2%

4.1.1 32 AZ(Steam Tube Dryer) 238 (Lab Scale)
1 e FHS AFS o oy3k A
=P Y|

3l 94 Lab Scale?d] 3]#2]

z 54
¥ F1 7127 (Steam Tube Dryer) & Z-§3ke] 432 AA)sict
Ao

- 02 -



0%, 0.5% % 1.0%°] PAOE 7zt Mgt} A3 £&3s13or, 27 32cm, zlo]

29 cm¢! 5.0 liter £%2] Steamtube Batch A& £7]o £J3tt A% = 3dE:
= 15rpml. & A3 oM, 0.6 MPaGe A¥HS FHE F3) o3AzT. &7]71

Sk wot Aol 871 FollA mwukEA d91]l Steam Tubeft F-8] =31 31|
flste], ek 87] 99 of 50% s MR, 1873 3~3.5kge] ARt AHEH
A

<Feeding Sample> <mixing PAO & Coal> < Taking Dried Sample >

Fig 4—4 Procedure of STD Batch Test

A% A3k Az 27] BB oF 40T 9] Hgho] 80T/A A A%shl 7t L,

- 03 -
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file)
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B

o vl EHEY 52 140 T o]/fo] o
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fof 1A WA
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T
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2 AZXA71717F o1 H A

tol ket

S

tol AxE= vl

e Ago] s

=

w3t PAOZF 242t 0%, 0.5%=

F A0.55~A0.60C/min® el W

0.5%7}

]
=

PAOZ} 22+ 0%

o
o&

dl, o]A

o) =%
PA -

AN0.32C/mino.2 <

Al 88 PAOR # IR EOA U] Fto] 92 mhxubrt
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1
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Fig 4—5 Result of STD Batch Drying Test
(0% , 0.5%, 1.0% of Palm Oil Residue)
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) R
45

—e—PAO 0.0%
40 —8-PAO 05% |
35 —4—PAO 1.0% [ —

@ \ y | y 1 | 1 | |

o 30

g \

o 25

>

o 20

(@] \

= 5

8 \

2 10 \
5 M
0 T T T T \ 1

0 10 20 30 40 50 60

Drying Time (min)

Fig 4—6 Comparison of Drying Rate

(0%, 0.5%, 1.0% of Palm Oil Residue)

N

Az Ay A7 obe] el e TME a4 A3E Al

Table 4 - 2 Result TM drop from the Batch STD Drying Test

Sample Before Drying After Drying
PAO 0% 48.00% 7.54%
PAO 0.5% 48.16% 6.20%
PAO 1.0% 47.34% 9.97%
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4.1.2 %2 AZX(Steam Tube Dryer) 28 (Pilot Scale)

GAM N100 AEre] tsk CUPO Process® Ag 7lsAS 1E7] 93ke], Pilot
Scale®] AR E AHgste] AFE FsSlth 53], STDU A PAOZF 254 &

= =1 O

300kg &% oo 58 FAE Foto] ARE FHFH O, 4~54 B AEH £
How APg st A" 2&5E 160C, 28 48 1.0MPaG, &<

100kgh® A48t A8 % "l Ewe w) ele] Ax AR

|
_0|L|
32
&
g
>
@)
rlr
%
au’
1
ot
=
R

0.5MPaG(100NL/h) &] o= Ax7] uiol ¥
0%, 0.5%, 1.0%2] o= Fhnlatglon, Abde) 8217 Screw Feederlx] A gto]

Fig 4—7 Pilot Scale Test of STD (K—coal, 2015)
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AY Fole AEEE 2F HyI7kae RE 4, BT L,

Fig 4—8 Process of STD Pilot Test (K—coal, 2015)
(a) tonne bag placing; (b) feeding by scope; (c) drying;
(d) checking the operation condition; (e) sampling; (f) final product

AZ7] YHF &

-

-

%, A& #% Bag Filer?] 99 o] 58 AMAE Balol 4% Ssglon, 1
A= ot & 4-37 gt
Table 4 - 3 Summary of operation condition of STD Pilot Scale Test
PAO Temperature Drier Inside Temperature
% Steam Drain Product | Exhaust | B.Filter Feed Center Discharger
(%w) | (C) (C) (C) (C) (C) (C) (C) (C)
0% 162.09 162.09 95.09 96.93 88.62 76.23 88.85 93.16
0.5% 160.24 162.25 94.74 97.67 89.38 78.58 85.73 92.39
1.0% 161.64 161.90 92.58 96.14 8744 80.62 86.47 91.97
PAO Pressure in the Chamber Pressure out of the Chamber |  Exhaust Gas
% Header In STD OutSTD B. Filter Exhaust B. Filter Flow Rate
(% wt) (MPaG) (MPaG) (MPaG) (MPaG) (mmAg) (mmAq) (Am3/min)
0% 0.65 0.59 0.25 0.34 9.69 6.88 2.00
0.5% 0.67 0.61 0.25 0.38 9.81 9.79 2.00
1.0% 0.66 0.59 0.25 0.31 9.26 9.68 1.97
- 68 -
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SF3AtE 0.5~1.0kg 7F&e] Al 552 A, B, C, D
A A= Table 4—49}) 2t

A: Raw Coal

B: C:

STh1 STb2 STD3

D:
E : Dry Coal

Fig 4—9 Positions of Coal Sampling for Pilot of STD

Table 4 - 4 Summary of STD Pilot Scale Test

Sample / Test TM of Product (%, arb) Average (%, arb)

#1 11.60

PAO 0.0% #2 12.12 11.59
#3 11.04
#1 9.40

PAO 0.5% #2 10.39 10.03
#3 10.30
#1 9.57

PAO 1.0% #2 8.90 9.16
#3 9.00

37HA AE AN EXSFE 10% F7HA] o] AZES A, PAOE wWol &3
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4.2. AZE A3

N,
S
U’
N,
>
o

4.2.1 AZXE Ay A @

Steam Tube Dryer® x¥ Aera AHe 5 APk dist A= AAsdth 4
o] o]8&% #x= Double Roll Typel® TaiyoAl?] K—102A Modelo]th(Fig
4-10). Pillow Feje] PSS AZplon], Ao AHEE 5] A7+ A7 250
mm, % 50mm, 5719 Ho] Wdl= Hlol= 0.5~2.0 mm, A87]9 ¢#& 70kgf/cm?

Z ARt Y A¥Eete] T3]+ 4ol 28 mm , ¥ 26 mm , 7/ 18 mm% Ttk

(Fig 4—11)
20kg?] Akl tisiA Zt7] PAOS 0%, 0.5%, 1.0% &8ta A AdS A&
o} 37HA 274 BE o] 10%UE Akl on, PAOS 5ol TS

1o

dadeke]l AL AotEl= A3l yelgth AR Ad 21 9 AdeE o
Table 4—5°] 7]=3F3it).

Screw feed/Pre-compactor
\ /Feed powder

Hydraullc ram

(tc malntaln
rolt loading) Nip Zone
‘t\ ] n./*’\ - 4-7_ "‘/\—\. - ’—
s ) “d — ]
i @)
1
~ Frame

Roll with pockets ! T g';'ggﬁgfe

Fig 4—10 Schematic Diagram of the Taiyo K—102
Briquetting Press Machine (US Patent, 2005)
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Table 4 - 5 Condition of Operation for Briquetting Test

PAO Roller Feeder Feed Product Product Production
Speed Speed Temp. Mass Temp. Rate
(% wt) (rpm) (rpm) (C) (kg) (C) (kg/min)
0% 5 6 31 16.24 48 1.30
0.5% 5 8 32 15.72 48 1.21
1.0% 4 8 32 1712 48 1.05

Fig 4—11 Photos of Taiyo K—102 briquetting machine and its briquette
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Table 4 - 6 Brief Spec of Dried N100 Coal from GAM for Briquette Test

Subject  (Unit)  0.0% PAO  0.5% PAO  1.0% PAO (Sggg&ag?
™ %, arb 10.94 8.59 767  3302M-14
M %, adb 9.78 8.24 7.62 514214
cv Keal/kgGAR 5,505 5,914 5966  5865-7a
422 ¥ A= A= A¥
PR 95 BT S48 d test 2o BuS sk A4 24E
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Fig 4—12 Photos of Briquette Strength Test
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A A3E Herl At =02 AHsle] Table 4—79] Agsl¥ o o]E Fig

4—-13° =Asivt. ddEe = PAOE 93 A
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sHA Ugkow, PAOE 1.0% &£33 A 8RUE= 0.5% £33 A 871 Ze7F =4 et
ok,

Table 4 - 7 Result of Briquette Strength Test

(unit : kgf)
Standing PAO 0.0% PAO 0.5% PAO 1.0%
1 80.0 71.0 74.0
2 62.0 70.0 60.0
3 60.0 70.0 57.0
4 475 67.0 55.0
5 47.0 64.0 55.0
6 47.0 60.0 55.0
7 47.0 60.0 53.0
8 41.5 60.0 52.0
9 40.5 58.0 52.0
10 40.0 58.0 50.0
11 40.0 57.0 47.0
12 385 55.0 47.0
13 38.0 53.0 46.0
14 37.0 52.0 45.0
15 340 50.0 45.0
16 330 48.0 41.0
17 28.0 45.0 40.0
18 28.0 42.0 38.0
19 27.0 42.0 34.0
20 27.0 35.0 25.0
Av. 42.2 55.9 48.6
Stdv. 13.2 10.1 104
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Fig 4—13 Frequency as per Briquette Strength
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1070] g AFSte] 2m zolollA Hxt nieel] YAl § 6.4mm Al (Seive)

ol RS PR A SYsel wEaw dehidn. 24 48 21 ¥e 39

PAOZ £418 2% FAAE ool tha Wobzlonk, 90% ool FehE fA5h: 2

Fig 4—14 Photos of Briquette Drop Shatter Test

(Sampling, Result of Drop, Measuring)
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Table 4 - 8 Result of Drop Shatter Test

Number of Initial After Drop Unbroken
Subject  Briquette Mass Mass Briquette
(pcs) (9) (9) % avr. % (pcs)
10 90.51 89.78 99.20% 4
PAO
0.0% 10 91.46 88.25 96.49% 97.06% 4
. (o)
10 89.55 85.50 95.48% 4
10 91.02 85.56 94.00% 3
PAO
0.59 10 89.95 87.05 96.78% 93.68% 5
. (o)
10 89.38 80.64 90.22% 6
10 87.87 83.23 94.72% 2
PAO
L 0% 10 86.45 81.81 94.63% 94.13% 5
. (o}
10 93.25 86.81 93.10% 2
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Fig 4—15 Reabsorption Pattern of GAM N100 after STD Drying
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Fig 4—17 Result of the Soaking Test on the CUPO Briquette

ZAEE AxE JHesS ol &5t 27 3kg wd HHlE e & F
2 7FF ZFEAPEA] (rainfall simulator) Wel] A8tk 2 A3 3 Hdo Z2+ 9

ulef A o] AlRE AFHs] FE e SAsIRlon, ofF & 15UEet A4

Fig 4—18 Extreme Rainfall Simulation of the CUPO Briquette
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Table 4 - 9 Result of 15 Days raining

(Unit : %, arb)
_ Total Moisture
Subject
Before Rain After 15days Rain
PAO 0.0% 7.80 28.66
PAO 0.5% 7.58 30.36
PAO 1.0% 6.01 31.01
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5. AHIIE ZAY £4 ¥ Hlw

5.1 CUPO Process ZFAIA 4 WHE

2702+ Aed A s Juish= -2 Mine Mouth Power PlantE 714
7

¢ 2 Mine Mouthol 2X]3l= 7

Table 5—1 Sample codes based on the process conditions

POR mixing ratio (wt%)

Cases Descripttion 0% 0.5% 1.0%
Case Base Case Base - -
Case II Simple Drying DO.0 DO.5 D1.0
Case III  Drying and Briquetting B0.0 BO.5° B1.0
Cace IV~ Mine Mouth Power Plant MMPP - -

* BO.5Z1oA An] 912)7F Mine Mouthell & 73-¢-9F &vte] Q& A5 vl
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Table 5—2 Assumption of equilibrium conditions after the experiment (Non—Briquetted)

Position Subject Unit Original DO0.0 DO0.5 D1.0
) Calorific value kcal/kg, arb 3,495.7 5,465 5,821 5,870
Right
after Quantity kt, arb 593.1 363.7 360.4 359.9
process
Moisture %, arb 45.78 11.59 10.03 9.16
Calorific value kcal/kg, arb 3,495.7| 5,130.4| 5,564.0| 5,621.6
Quantity kt, arb 593.1 387.4 373.9 369.6
A Moisture %, arb 45.78 17.00 14.00 13.00
t
Equilib— Volatile Matter %, arb 26.63 40.76 42.23 42.72
rium
Ash %, arb 2.07 3.17 3.29 3.33
Fixed carbon %, arb 25.52 39.07 40.48 40.95
Sulfur %, arb 0.237 0.364 0.377 0.381

Table 5—3 Assumption of equilibrium conditions after the experiment (Briquetted)

Position Subject Unit Original BO.0O BO.5 B1.0
Calorific value kcal/kg, arb 3,495.7 5,505 5,914 5,966
Right
after Quantity kt, arb 593.1 361.1 354.7 354.2
process
Moisture %, arb 45.78 10.94 8.59 7.67
Calorific value kcal/kg, arb 3,495.7 5,192 5,629 5,686
Quantity kt, arb 593.1 382.8 372.7 371.7
Moisture %, arb 45.78 16.00 13.00 12.00
At Volatile Matter %, arb 26.63 41.25 42.72 43.21
Equilib—
rium Ash %, arb 2.07 3.21 3.33 3.36
Fixed carbon %, arb 25.52 39.54 40.95 41.42
Sulfur %, arb 0.237 0.368 0.381 0.385
Calorific value kcal/kg, arb 3,495.7| 5,192.2| 5,628.7| 5,686.2
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P MY AR NFOE 7 Aued 3TN AN wuE sl 7

WAoo ® ARSI, FulE(total sales)> sl Al71e] ARk 7hAC w2 A

714 el AbEsiit) AlF-A el S ofg 9] 2] (Equation 5—1) o] YERY ST
n
W, =q1p: — Z qr Cie (Equation 5 — 1)
k=1
W t7]17kel A Aol el (ordinary income )

g, S (Y, mother vessel) ol A o] Mgk

p, t7IZbelA ] ' Ao HA. Vs " A 7 A A

5.2 97} 4 #7te 874

5.2.1 #7137 713

Aeke) she Aue) §74 olF BIelAe) wAs 2AR AU A T)E

ke

2 ol yA|o} AR wid x W% 3= HBA (Harga Batubara Acuan, Coal Refer—

ence Price) A& &85 tE o] A4 5+ NewCastle IndexE X385 T2 471X
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A
e SAR Fgohs AW Amolrh TAARl W¥AE Avind, A 7|ERECY

6322kcal/kg , TM 8%, TS 0.8%, Ash 15%)°l tigt 714 s & ol o=

i

FI0ee] Ao} B A

N

& 3x8ka, o] 29E (Royalty) ¥

o] 7k se ghEel oist g1 9] A1 71491 HPB (Harga Patokan Batubara, Coal
Benchmark Price) & AF&sly € g @ usit) o]2 AR zF JAke a5 ek
I 7P AR B skl AR A AR RuAs 9 gidE 74 S aHd et
ol HF 7l= vl 7HAS AAsH Ha, olF Vo R EHEE A Ak 24
Bl o] V) HATE AA| A pAel A Aol R Y WS Fskd AA
ARE B fAME A3kE 9 7 Sk

HoAqtoa = vlwstaat = A¥ 27 (Table 5—1) 9 7ol thsk g4 7FE 3
(Table 5—2, 5-3)& <A=Z sto] Aete] v 714 & A5kt HBA 7142 2017
o, o]i= o] A717} o)A

l—lf
—
o
dr
o
r-(a{_l‘
2
®
(@)
—
ﬂ
T
—
\]
e
N
N,
1o
iy,
K

i
N,
MN

O
K
nx
30
rlr

o) Mgt 7 B 717he AU A FHE o] Ak o w weke7] wE

A e’ S5 Boled, o= Qlste] v 7RIV w2 A'e R SREnh 20169
S99 FAE w2, Wriofellr #ddt Y deko] v Ay el vl o 5% 4
T H 7o AdE e s A 5 At Destatis, 2016). ol & Aolx= A
Fero] 7HAE A ERREY 5% E2 7l AdEe Ao 7HYsith

Upgrading% AJ&ke] €48 A (Table 5-2, 5-3)Z 1%} 7FF GAFE A€k
HBA, HPB 7|&< #43t 243} Table 5—43 & A2 A& 5= 9t} ojuf A)H-4

9 Arke] bA A AwkAQl Ak Ad gl nel, e wEMoE, FRES

0.1%°l tiste] U$ 0.4/t0% B 9 s 9E 7HA3 A8kt

> HBA = 25% Indonesia Coal Index 1 Index + 25% Platts59 index
+ 25% NewCastle Export Index + 25% NewCastle Global Coal Index
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Table 5 - 4 Expected Coal Price of HBA, HPB

Adjusted 2017 s
. . Bench mark .
Subject Price Average price
(Ut FoB vy coal brand (U$/t FOB MV)

Base 27.94 PKN 3500 28.49
DO0.0 64.53 Mahoni B 64.86
DO0.5 72.17 Pinang 5700 73.43
D1.0 72.89 Pinang 5700 73.43
BO0.0 68.74 Mahoni B 64.86
BO.5 76.87 Pinang 5700 73.43
B1.0 77.63 Pinang 5700 73.43

¥ 20179 HBA #1714 U$ 85.95/t

5.2.2 &9 ¥4 €7 7+
AbEl T Aoz AElE GAM B4k Infra 27 (Fig 5-1) < 7522 &% o
9 A7ks A g3l

Fig 5—1 Satellite Map of GAM’s coal transport chain
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GAMS] A&t &% Az o 2k GAMS N100%¥¢] AArE 31 Plant7h A%
North PitZ2%¥ W74 24kme] AEL2E g3kt o]F Crushing % #&hHo]
o] Fo) A= kel FE T (mother vessel) A& o] o]FojX|= LI7IA] A= oF
60km2] P& (i L5HER) & shAl Har, 2&elr 2oz A E &EsiA |

o,

GAMPelM o] Met sbd &7 H-&2 Avlrof A s st U$ 6.0/t= 7}

g3t

28] Royaltys 3o £5o wle}l, 71732 (Air Dried Basis) 7|59 2k
upet F-2k v]Eo] Aolstrh(Table 5-5). AlF-422 B FOB Barge dil7He A=
F-IE ALY, QIEdAlel =71 %5 A" (HBA) % 1o whe #Avt= 7+ (HPB)
daE AR ALPEES F8 Al 2 F3 5 =Y (PwC Indonesia, 2016), F7]4 0%
& o] 7 el gk Fapole AL o]k ql7] wiiEell, FAke] W-E wlskel

t}. GAMS] &7}fo] FAak93]7F(Mine Activity Permit)e! A, T N100 gt 2

=

fz

Upgrade A& 7142 dd=ko] 5 100kcal/kgsS 3]6tal, Upgrade ©]Fo%x

6,000kcal/kgell st&]st= 43}

i

Hreg ko] AE|= FOB Barge 715 5% % J3H3ich.

Table 5 - 5 Royalty of the Indonesian Steaming Coal

% of FOB Barge

Type of Mining Right Royalty Sales Price

Coal Contract of Work
(Perjanjian Karya Pengusaha Batuba— For all the coal 13.5%
ra)

More than 6,100 kcal/kg 7%

Mining Activity Permit
(Izin Usaha Pertambangan)

5,100 ~ 6,100 kcal/kg 0%

Under the 5,100 kcal/kg 3%
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A AR (US 4.0/0 = Ag 2 A2 18-S 23tst I drof A1 7HAFFS 7
Qtate] Mg skl

$E 1L (DR 1,400/t km), & AFE-Z (DR 700/ t km), B2 FAR5H] 2o+
(U$ 0.035/t km) 52] B8 Aimdlrjobe] AnbAQl A1 s oAR APdsisia

GAMS] & A 24kmE weah, gkl 2o ¥ 9] 97k US 4.63/t o]tk

J

s ik o] A7hs s A AmdlAel el $4 auE A (BSDM
2015)F @8sto] it A7F ARE RFSIIL olF 7P AATRE Al GAM
Fatel] Hgeoiet. 5, wEH] 2.5 BCM/te] 3¢l U 2.17/BCMe] A7k 34 A
2l A= ke 7Hdstalon, A (US$ 1.55/0 ¥ 7]e 34 &g A9l nlg

(U$ 2.16/H= X710l An]E 4 vl v]g%= a2 (U$ 1.80/t) st

NN

>
o

ol¢l HEEE Heaie], Table 5-6o) LENRT

Table. 5—6 Description of coal mining operating conditions

k Subject Description Note

1 (riéjﬁe;n%O;;a) 6.0 U$/t barging & transshipment
2 Royalty 5% FOB Barge Indonesian regulation

3 Port 4.00 U$/t Market average

4 Road 4.63 U$/t For 24 km hauling

Indonesian government announcement

5 Overburden 543U/t g 2.17/BCM. N10O SRratio 2.5BCM/t
6 Coal Getting 1.55 U$/t Indonesian government announcement”
7 Other mining 2.16 U$/t Indonesian government announcement”
3 Other Cost 1.80 U$/t General administration

community development, etc
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5.2.3 Upgrade ¥4 H]& A=
A€k Upgrading &7 H]8S AF=E37] 9ste] 941 FAH4] (Capital Expenditure) 2}
o]z & AEEIAATH
et dadoldS e I Ax Hlge A4 vlE BES EdEle] 35099
(U$ 3099 3-8 1150KRW/U$ 7HdA]) ol o]EtH(K—coal, 2016). W= AZX 349
A 49 0] wA= v FARZE AA 285 US 27.5M s 7HIEslth

olof thst Al AFES o] ¥ (Table 5—7) ) YERIATE

Table 5 — 7 the Breakdown of CapEx assumptions

Subject DAB(U$) STD(U$)
Engineering 1,500,000 1,500,000
Power Plant 10,000,000 10,000,000
STD 10,500,000 10,500,000
Briquetting 2,500,000 -
Administration 3,000,000 3,000,000
Land 500,000 500,000
Environment 1,000,000 1,000,000
Others 1,000,000 1,000,000
Total 30,000,000 27,500,000

A TP F 60%E tER 2HEe] thE Folel thatel 6% o)At W
Aow sAgagon, Ui 40%E ARoR xuEo] 2092 olelES WAL
2L Vgl w9l B AhE AEHA R Sxule) SsME 209 Ao

ZJo] o] o]tk 7Pk, Skt 47

_H
o
&
12
rlo
-
o>
o
o}

=]

)

)

19

%)

%)

1o
o,
o
c
o
—
o
(@)
(@)
~
05}
—
o

process?] ¢ U$ 1,375k =02 oAtsl3ich

] o)Al A9 DAB  processi= U$  1,080k/year, STD process
U$ 990k/year”} ZA8sHA] =t}
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Table 5 - 8 Expected Operating Condition of CUPO Plant

Subject Value Note
Yearly Working Hours 8,004 hr 333.5 day/year X 24 hr /day
Utilization 95% 5% for Maintenance
Coal Feed Rate 78 t/hr
Yearly Coal Feeding 593,096 t /year =~ TM 45.78 %arb
Required PAO 2,965 t/year 0.5% of Feed Coal
Briquette Product 47.6 t/hr In case TM 11.15% before rebound
Yearly Production 361,941 t/year TM 11.15 %arb
TGRS arEstel DAB 9 STD 4ol 22%+= 8] Table 5-99 2

teame] 8A1ZH gatal YA 1709 shifte F4& vk 7HgEnh & 571
TS UPgEon, AA Adue AEUAel #8S

, DAB % STD Z}7} 17 U$ 82.6k ¥ 74.7k=Z o3}

R

13,300IDR/U$E 749 &+

Table 5 - 9 Expected Personal Expenses for DAB/STD Plant Operation

Number Wage Total

Position DAB/STD DAB/STD
(person) (Mil. IDR) (Mil. IDR)

Director 2/3 125 250/250
Manager 3/3 80 240/240
Superintendent 4/3 30 120/ 90
Supervisor 8/6 20 160/120
Foreman 16/14 10 160/140
Helper 24/22 7 168/154
Total 57/50 1,098/994

yearly U$ 82.6k for DAB, U$ 74.7k for STD @ 13,300IDR/U$
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AHE A3} Table 5—103 2] 0.5%7]52] PAO Z2ol ok U$ 48k/€ F52] v]&9]

2RE Zo=E gFH)

Table 5 -10 Expected Costs for PAO for CUPO Plant Operation

(Unit : IDR/month)

Subject Amount Note

Monthly PAO Ex Factory 500,000,000 400,000 IDR/t x 250t/month

Truck Rental (with Crane) 70,000,000 Kalimantan Market Price

Fuel for Truck 15,912,000 6 1t/hr x 8,500 IDR/It x 12 hr/day x 26 day
Administration 58,591,200 10% of all cost
Total cost for PAO 644,503,200 48,459 U$ (@ 13,300 IDR/ U$)
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Aol AR AL E AAete] PlantE 48k 89 9 Steam 3HUOE

e
&
F{F
2
[o

S 7HgskRE oF SMW el Aehibd 4&7F Mine Mouthell Ax|%o] ¢k 30%
o] 8 9 90%9 7MEEER /Is¥vy & ), AQ¥E GAM N100 & AEk

Rl
(3,495.7 keal/kg) 9] & 34,482t/ 0%, tha¥} 2ol Akt 4= glrh (CIAB, 2010).

Ouput Power Eneygy )
Todl Energy hput = Pomer C - Effi (Equation 5 — 2)

8 MW x 60% o 24 hr o 365 day o 60 mn
30% 1 day 1 year 1 hr

60 = J 1000 k al
— X — X X
1mn Ws M 4.186]

X

= 120.538.939.322 kail /year

= 34,482 t/year

olF HhoR Uit v ARFE Adtehd, bl 2,874t°] N100 A= st
of gtk GAMAtel A= A A7kell U 2.0/t9] o]°ol& F7taix] dadel= Anje
sHehs A& 7PSIgith ok, Adnje] $1A7E drtel] $1A2 39-2F Mine Mouthe]
AT Ae des dwEled 2eHE Hlgo]l dhed, kel Al @ke
U$ 18.66/t =™, Mine Mouthell &5A]el ©7k= U$ 14.03/t =]tk

A Bl 271 3 20%, defrls Al vl 16%, A =9 U$ 0.2/t

o] -+ Tl & |, STD plant 242 o,
DAB plant®] 7% 714 U$ 1447402 4% 5w, o] A7}E Table 5-11°] Lehy

drt 72 FHEE PAOE 0.0%, 0.5%, 1.0%=S 2+7 &3ty 7F4ska, Table
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N

S7h= A9 71 oF U 13.52/4,

5—1004] AF&E3 PAO AX B]go] 20% #2v] &S F71etthd, Table 5-123 &
PAO T €17}
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Table 5-11 Expected Unit Costs for CUPO Plant Operation

STD process DAB process
Subject Yearly Unit Cost per ton Yearly Unit Cost per ton
Amount | ForRaw | For Upgraded | Amount | For Raw | For Upgraded
k U$ Uit US/t k U$ Uit US/t

Depreciation 1,375 2.32 3.80 1,500 2.53 414
Interest 990 1.67 2.74 1,080 1.82 2.98
Labor 897 1.51 2.48 991 1.67 2.74
Coal Feeding 474 0.80 1.31 474 0.80 1.31
Coal Discharging 290 0.49 0.80 290 0.49 0.80
PAO Procurement - -
Coal Procurement 472 0.80 1.30 472 0.80 1.30
Maintenance 344 0.58 0.95 375 0.63 1.04
Administration 495 0.84 1.37 520 0.88 1.44
Rehabilitation 119 0.20 0.33 119 0.20 0.33
Overhead 362 0.61 1.00 362 0.61 1.00
Process margin 2,200 3.71 6.08 2,400 4.05 6.63
Total 8,018 13.52 22.15 8,583 14.47 23.71

Table 5-12 Expected PAO Procurement cost for Different Mixing Ratio

STD Portion CUPO Portion
PAO Procurement
0.0% 0.50% 1.0% 0.0% 0.5% 1.0%

For Raw (U$/t) - 1.18 2.35 - 1.18 2.35
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5.3 AHEIE AAA BX (Case I - @& 34l base case)

5.3.1 A53" @< (Base Case)

el At 9l vl E fl8l, 4 HUE Upgrade 574 $lo] A4 Asaws dvlsks

$-(Base Case)E 7]¥Eo= AAsla olo] thst AAY XS AASHY. 7|+
ol Wi mluE flske] HE =¥ @b 9 TS ARSI H ©]E Table
5-13 ol ATt FA A¥ W Al A] o]EF o2 U$ 0.96/t o 271 0]
ole] 37} 7Fsshaltt.

Table 5 - 13 breakdown of expected cost and net income (base)

Subject Details Am(?)unt B(lldesi')Et Ur(1lij$3tc;st Note
Sales 593,096 16,571,617 2794  FOB Vessel
Marketing 593,096 593,096 1.00
S8 FoatingCrane 593096 1,186,193 200
Barging 593,096 1,779,289 3.00
Port Royalty 593,096 650,652 110 5% of FOB Barge
Port Fee 593,096 2,372,386 4.00
Hauling 593,096 1,498,349 253  24km hauling
Road Road Fee 593,096 749,174 1.26 IDR 700/ t km
§ Road Others 593,096 498,201 0.84  U$0.035/tkm
Coal Getting 593,096 919,299 1.55 Reserved w/ 2.5 BCM/t
OB Stripping 593,096 3,217,548 543  U$2.17/BCM
Mining Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administiation 593,096 474 477 0.80
Admin. Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total cost 593,096 15,812,849 26.66
Earnings Before Income Tax 593,096 758,768 1.28
Income Tax 593,096 189,692 032 25%of EBIT
Net Profit 593,096 569,076 0.96
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5.4 AHAE AAA £ (Case II - Simple Drying)
A

Z ¥4 —PAO #£=4] (D0.0)

FFo 7 AEHALE o] 2 tidk AlF WS Table 5—-14 9} Zth

Table 5 - 14 breakdown of expected cost and net income (D0.0)

Subject Details Am(?)unt B(llde%?t U?Sﬂstc))St Note
Sales 374,442 25,001,183 64,53  FOB Vessel
Marketing 374,442 387,442 1.00
Sea Floating Crane 374,442 774,884 2.00
Barging 374,442 1,162,326 3.00
Port Royalty 374,442 1,133,827 293 5% of FOB Barge
Port Fee 374,442 1,549,768 4.00 Moisture Readsorption
Hauling 363,734 918.906 253  24km hauling
Road Road Fee 363,734 459.453 1.26  IDR 700/t km
% Road others 363,734 305.536 0.84  U$0.035/tkm
S STD Process 593,096 8.016.878 13.52
Coal Getting 593,096 919,299 1.55 Reserved w/ 2.5 BCM/t
OB Stripping 593,096 3,217,548 543  U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administration 593,096 474 477 0.80
Admin Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total Cost 593,096 21,194,529 35.74
Earnings Before Income Tax 593,096 3,806,654 6.42 25% of EBIT
Income Tax 593,096 951,663 1.60
Net Profit 593,096 2,854,990 4.81

- 95 -



STD #7d 0.5%2] PAO & £33t =71 (D0.5) &

B9 SR AEE sk sobd, duHont wagol
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g =4 SA4EReH, ol mE o miEdE o A dEwTh o] FelA
e - ol dist AR WYs Aelekd Table 5-15 9 #om, ojuj
AFE = BF7] ol US 6.50/t oltt.
Table 5 - 15 breakdown of expected cost and net income (D0.5)
Subject Details Am(ct))unt B(lfjd%()et U?S$C/85t Note
Sales 373,927 26,985,137 7217 FOB Vessel
Marketing 373,927 373,927 1.00
Sea Floating Crane 373,927 747,853 2.00
Barging 373,927 1,121,780 3.00
Port Royalty 373,927 1,237,079 3.31 5% of FOB Barge
Port Fee 373,927 1,495,706 4.00
Hauling 360,392 910,465 2.53 24km hauling
Road Road Fee 360,392 455,232 1.26 IDR 700/ t km
% Road Others 360,392 302,729 0.84 U$0.035/tkm
S STD Process 593,096 8714,686 14.69
Coal Getting 593,096 919,299 1.55 Reserved w/ 2.5 BCM/t
OB Stripping 503,096 3,217,548 543  U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administration 593,096 474 AT7 0.80
Admin Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total Cost 593,096 21,844,967 36.83
Earnings Before Income Tax 593,096 5,140,170 8.67  25%of EBIT
Income Tax 593,096 1,258,042 217
Net Profit 593,096 3,855,127 6.50
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370l 1.0%°] PAO & &3 =712

2 W 45wt

, PAO jjo]

ok o] 23l AdEE =

Ax ¥4 — PAO 1.0% €4 (D1.0)

Table 5 - 16 breakdown of expected cost and net income (D1.0)

Amount

Budjet

Unit Cost

Subject Details (0 (US) (USH) Note
Sales 369,629 26,942,794 72.89 FOB Vessel
Marketing 369,629 369,629 1.00
gﬁi f‘ Floating Crane 369,629 739,257 2.00
Barging 369,629 1,108,886 3.00
Port Royalty 369,629 1,236,251 3.34 5% of FOB Barge
Port Fee 369,629 1,478,514 4.00
Hauling 359,935 909,308 2.53  24km hauling
Road Road Fee 359,935 454,654 1.26  IDR700/tkm
£ Road others 359,935 302,345 0.84 U$0.035/tkm
3 DAB Process 593,096 9,412,494 15.87
Coal Getting 593,096 919,299 1.55 Reserved w/ 2.5 BCM/t
OB Stripping 593,096 3,217,548 543 U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administration 593,096 474 AT7 0.80
Admin Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total costs 593,096 22,496,848 37.93
Erning Before Income Tax 593,096 4,445,946 7.50
Income Tax 593,096 1,111,486 1.87  25% of EBIT
Net Profit 593,096 3,334,459 5.62
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5.5 AHElE AAA B4 (Case Il - AF3% A3)

5

Z 34 ol AdIFsk= ¥4 dist AAA HrHE AAE Y 4, PAO &
E]IHA] o2 x7e] st s Bi, AF Al ZHEIAE ouAE Qs Auk U)o
TS TR S e Fo] &SR, I Ad HEF AHeANY Fi=
H IR Adgge] nlste] Solxl= avE Ho AdiFoR 22 IdRs yehie
ROz UGttt o] oA o idE= 2 #AS Al UelS Table 5-17 7} o]
g glom, ol grjEele]e U$ 5.75/t ©] ofliFHrh

Table 5 - 17 breakdown of expected cost and net income (B0.0)

Subject Details Am(ct))unt IB(tdé?t U?S§88t Note
Sales 382,830 26,317,439 68.74  FOB Vessel
Marketing 382,830 382,830 1.00
>%8%  Floating Crane 332,830 765,659 200
Barging 382,830 1,148,489 3.00
Port Royalty 382,830 1,201,023 3.14 5% of FOB Barge
Port Fee 382,830 1,531,318 4.00
Hauling 361.079 912,199 2.53 24km hauling
Road Road Fee 361.079 456,100 1.26 IDR 700/ t km
£ Road others 361.079 303,306 084  U$0.035/tkm
S DAB Process 593,096 8,581,980 14.47
Coal Getting 593,096 919,299 155  Reserved w/ 2.5 BCM/t
OB Stripping 593,096 3,217,548 543  U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administration 593,096 474 477 0.80
Admin Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total costs 593,096 21,768,413 36.70
Erning Before Income Tax 593,096 4,549,025 7.67
Income Tax 593,096 1,137,256 192 25%of EBIT
Net Profit 593,096 3,411,769 5.75
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55.2 Ax% 4% 34 —PAO0.5% &4 (B0.5)

5-18 o AEstglon, of zHelMY Plwolee U 7.84/ o AP Zow
L

Table 5 - 18 breakdown of expected cost and net income (B0.5)

Amount Budjet Unit Cost

Subject Details () (US) (USH) Note
Sales 372,744 28,653,082 76.87  FOB Vessel
Marketing 372,744 372,744 1.00
8% FloalingCrane 372744 745489 200
Barging 372,744 1,118,233 3.00
Port Royalty 372,744 1,320,831 3.54 5% of FOB Barge
Port Fee 372,744 1,490,978 4.00
Hauling 354,762 896,240 253 24km hauling
Road Road Fee 354,762 448,120 126 IDR 700/t km
2 Road Others 354,762 298,000 0.84 U$0.035/tkm
3
©  DAB Process 593,096 9,279,788 15.65
Coal Getting 593,096 919,299 1.55  Reserved w/ 2.5BCM/t
OB Stripping 593,096 3,217,548 543 U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administiation 593,096 474 477 0.80
Admin  Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total costs 593,096 22,455,931 37.86
Erning Before Income Tax 593,096 6,197,151 10.45
Income Tax 593,096 1,549,288 261  25% of EBIT
Net Profit 593,096 4,647,863 7.84
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5.5.3 A% A8 ¥4 — PAO0 1.0% €< (B1.0)
1.0%2] PAO & &3t Mgt tiste] Ax 3 Ad I8 AAPda 7PgsH
Aol tigt FA42 ARSI A Ay ot FHY Al P =2 3RS A

e Zlom HrtEe] wjEde] 7hd A ugov, FHIY FA AQHE nlEo
N ] FThETE A AFAR] GY] w0l FUbE AAdcke adE A gk dld
A= Table 5-19 o #AJstgion, o] A 7] Folol U$ 7

g = At

XY

Table 5 - 19 breakdown of expected cost and net income (B1.0)

Subject Details Am(ct))unt B(lijdé()at U?Sggﬁ Note
Sales 371,651 28,852,268 77.63 FOB Vessel
Marketing 371,651 371,651 1.00
Sﬁ/ae % Floating Crane 371,651 743,302 200
Barging 371,651 1,114,953 3.00
Port Royalty 371,651 1,331,118 3.58 5% of FOB Barge
Port Fee 371,651 1,486,604 4.00
Hauling 354,222 894,876 2.53  24km hauling
Road Road Fee 354,222 447,438 1.26 IDR700/tkm
£ Road others 354,222 297,546 0.84 U$0.035/tkm
S DAB Process 593,096 9,977,596 16.82
Coal Getting 593,096 919,299 1.55
OB Stripping 593,096 3,217,548 543 U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administration 593,096 474 AT7 0.80
Admin Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total costs 593,096 23,150,594 39.03
Erning Before Income Tax 593,096 5,701,674 9.61
Income Tax 593,096 1,425,419 240 25% of EBIT
Net Profit 593,096 4,276,256 7.21
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Table 5 - 20 breakdown of expected cost and net income (B0.5 port)

Amount Budjet Unit Cost

Subject Details (0 (US) (USH) Note
Sales 372,744 28,653,082 76.87  FOB Vessel
Marketing 372,744 372,744 1.00
%88 Floating Crane 372,744 745,489 200
Barging 372,744 1,118,233 3.00
Port Royalty 372,744 1,320,831 3.54 5% of FOB Barge
Port Fee 372,744 1,490,978 4.00
DAB Process 593,096 9,486,201 15,99
Hauling 593,096 1,498,349 253  24km hauling
£ Road Road Fee 593,096 749,174 126 IDR700/tkm
S Road Others 593,096 498,201 084  U$0.035/tkm
Coal Getting 593,096 919,299 1.55 Reserved w/ 2.5BCM/t
OB Stripping 593,096 3,217,548 543
Mining  Environment 593,096 296,548 0.50
Overhead 593,096 984,540 1.66
Administiation 593,096 474 477 0.80
Admin  Interest 593,096 296,548 0.50
Others 593,096 296,548 0.50
Total costs 593,096 23,765,709 40.07
Erning Before Income Tax 593,096 4,887,373 8.24
Income Tax 593,096 1,221,843 206  25%of EBIT
Net Profit 593,096 3,665,530 6.18

- 101 -



|
ne
o
+

o] A= tE 215 FY3$ Upgrading A3kt AAAG 7 a35
AR, FARITFeIA IR ATHE 2ol AQEHE HEEAo] AVt
sadE 7 2 As ¢ F Atk o] A9B05 port) e @7 ol
U$ 6.18/t o5 FAik J7-ell AnlE A8k 4-9-(B0.5, U$ 7.84/t) Bt US 1.66/t <]

AAN EolE gaaol she A o &tk

rlr

A

o

555 &4

CUPO Process AE Al #wl] ©@7l= US 27.94/9014 ofE Asshe], 240 wath

U$ 64.53/t ~ U$ 77.63/t = o=zt ¥l ) 75 EZS Ay o)A
593kt/FollA AR/ AP o]F HI e wehs Sl ukel 362kt/HOE A

(AU$ 27.48/t &IP3ty FAE Blastel B, F4 Asor Qs & Sk

E7h gl o] )3 Ealurt o 2 4E SR 4 g,

stA O 7 o|ly 3t Ax ¥ FAoM+= Barging ©]4 Floating Crane ¥ #2 ¢

T4 Hlge 1 W, 34 ©@rhe Wk gloy FHFEek e %] AT oA

ZHES ko] AT A9 b Tl AT uEg dr Sl
Ea(eF U 1.66/0)9s EIskglh. v|F i AFeAs AAA ARtel SlofA,
EWES] AAE QT WEZF kst Ak §lFte] AXAE Af-ob A7 W]
AE Gkl S Aol tigk Aol WkIskA] gotth dEEe vl FF Hu,
EABAHE] zfolgl e FUbHQl 9AES B AToMe WeR ugyx
olglor} & AA ZUWE AAM Ao o]#dt o ue wzyt A sl
FAglAel EHETY fIXSHA dokd, FUbHeRE A £2 " gl el
e 7 X Utk v o] A e 9 Fof FubelA Mg
A 4ol sl H FIEY] wwel, ware] AEE 9E2 27E Jlow

NFE, 1 Aol minlsittar Bl BA F 7ol ke ekor

AN

5=
rlu
©
&Y
o
1o
o

- 102 -

J'm-! _CI:I_ 1_]|



5.6. AHE AAA 4] (Case IV - Mine Mouth Power Plant)

5.6.1 Mine Mouth Power Plant MIMPP) % <QlxujAjo} &3}

2
Olﬂ
ol
%
)

S

= WFeE AHgshr] 9@l Mine Mouth o THAE AAds= 310]

AA Agake Bzt 19 A @ ASHoE ARET Y, ool 2%
W oHE el HEEe]l owA, AT ATl WAL At ALES AT AT
P

ackage 7} Y427l =t (DLA Piper 2011).

N

Concession

Financing and Security Agreements
Agreement a TAF

Equity Support Agreement

EPC Contract Q&M Contract

Fuel Supply Agreement PPA [Tolling A greement

0&M Contractor

Tripartite Agreements

Fig. 5—2 Typical Structure of Power Plant Construction Project
<Z&*] : DLA Piper 2011 >
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oldl = FelM, MMPPE Adsl7] Hairs & Fatk(Fuel Supplier)©] F 2:&
A7t Ho B Bk A A4S 91s 7124419 (Consortium) & 7+/d8k0] &
3JAH(Project Company) & A¥stt} o] 744 (Engineering, Procurement and
Construction, EPC) ¥ 2% ¢4 (Operation & Maintenance, O&M) & A3}, A&+
miZF(Off taker) &} Aok AAste] o]E ZAR H5 Aas =8 (lender) S ZHH A
A H| w2 A A dgo] JdE 5 QU duk QIEvA b= A AT
mj Al PLN (QI=UAl o} 8 FAL
ojA st A et Mgk 3he

a1, 7 §EelA 7 BAE e M S AXskE RS A A W A=A

)

2 A4 1 9odo waEE QTS AN

ok(Power Purchasing Agreement, PPA) S A|Zd3d}= whalog 3w}

AUAoR: A2 AR A A9 wd gAe FAskn glon, 1 dgkow

20143 2500GW 24 Au] AFS HHEsela, 1 5 oF 1700GW g7 3hg ukbd

tlo
of
o,
N
L)
b
o
=2

CASEIL Mt EF ol P fls MMPP Aek s Ad
& FAs AL gl lEvAere] X2 MMPPE S5-3t Aed Ae Wds

adehd, F2 tijko] & & Qi

ol A=A ol AFdAd el MMPPeA AR2 Fg33ts 189 wrts #99
o 3w @7k Aol 75% 7AW 888k Ao ® YR o] MAEHSTHESDM 2015). F
AT A eIl QI Ao} FH Zewter=(East Kalimantan) #A]9 H+ #7] ©7}
= 201797]% 10.2 cent/kWho]™= 2, MMPPelX PLNe] g swj All: 7.65
cent/kWh7} Ztf 7F4o]tt (HPRP 2017)
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Table 5 - 21 Standardized Cost & Revenue of Coal Mine when it supplies the coal to

MMPP (ESDM 2015)

Subject Detail Unit Minimum Maximum
Stripping overburden U$/BCM 217 2.41
Removal of overburden UST/t/km 0.87 1.74
Direct Cost
of Coal Exploitation US/t 1.55 1.70
Production
Delivery of ROM coal
U$/t/km 0.20 0.28

(Pit — Crushing Plant)
Delivery of Crushed Coal

Base on the Agreement

( Crushing Plant — MMPP) Ut between mine and the MMPP
Indirect Cost Processing of Coal Uit 1.19 1.98
Of
Production Amortization and depreciation U$/t 5.50 6.88
Enviro, Safety, ComDev* Usi 0.50 0.55
General
And
Administration Overhead Uit 1.66 2.07
Costs
Land Rent Uit 0.10 0.11

Assumption of Production Retribution/Royalty

20.3% of the Cost above or
13.5% based on HBA/HPB

Gross Margin

25% of the All Cost

* ComDeyv : Cost for Local Community Development
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5.6.2 MMPP 713 A}g+
MMPP+= 1EUdAo} T47] A8 5718 (ESDM 2016) ¢ ¢JAst] GAM3AE &
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W40 Plant 885 30%, $AEES 60%=2 717t 7983tk =3 GAM N100
€H(3,495.7kcal/kgGAR) & 7= AMEE w), A7 2Q¥+ GAM N100 98] k&
Equation 5—2¢f 9Jajx Ar&3hd oF 862ktolt). o3 HE-S Table 5-22° A&+
c}.

Table 5-22 Assumptions for MMPP construction

Subject Unit Number Note

MMPP Plant Capacity MW 200 sub-critical Chinese boiler
Required LRC (GAM N100) tlyear 862,052  total 16.7Mt required

Efficiency of Conversion % 30

Efficiency of Plant % 60

Depreciation Period year 20 yearly U$ 0.29/t

Location of the Crushing Plant km 4 Average distance from coal getting

Forel Al MMPPE 35 ARke] | 7122 Table 5023% o] AHdakqlch 1%
vlAlop el e]ste] MMPPE] PLNO. 9] 7] ] wjEo] A|$H(HPRP2017) 7]
o, MMPP= it zRE Aes Tt vl&S Haslsto] oS Fraof
PLNOA] AAlsHE a4 e/ ® Hdgo] 7hsstrt witel, Awte] 3% 714
2 7174 (Table 5—-19) A &gsh= HA 2AE skl AEsolon, o] 2 |
1AL U$ 24.93/to]th. MMPPZ2] svf 7148 ‘A Z7}
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Table 5 -23 Assumptions for LRC Coal price to MMPP

. . ESDM Regulation GAM Cases
Subject Deta Unit  Min.  US$H Note
Stripping overburden U$/BCM 217 543 U$ 2.5 BCMIt
Direct Removal of overburden UST/t/km 0.87 0.44 1.0km with 2 t/BCM
Cost of
Production Coal Exploitation Ui 1.55 1.55
Delivery of coal US$/t/km 0.20 0.80 Pit—MMPP (4 km)
Indirect Processing of Coal Uit 1.19 1.19
Cost Of Amortization
Production ortizatior U$tt 5.50 5.50
and depreciation
Enviro, Safety, ComDev U$i 0.50 0.50
General
And
Administra- Overhead US/t 1.66 1.66
tion Costs Land Rent Ust 010 0.0
Assumption of Production % 203 348  20.3% of all the costs
Retribution/Royalty
Gross Margin % 25 429
Price of Sales the LRC to MMPP 24.93

E3h, MMPP 5ol 285= FA4t A7FE AbEsisith A4k v18-2 obA =249
¢} HAU3dHA Equation 5—12 A-83}%, Coal Getting PointollA 4km Aglel] €3t
MMPP7HA] Truckingst®] &53h= 2& 7Hdskeith.

FAkell ) MMPP7EA] AAIA R oF 4kmell sidehs B2 14 7Hdsrglon, of7]e|
295 oihE U$ 5.09RE0 R o] nlgof thet o]A-&2 4%E 7MYty L2
Hlol st 7732 20d o= 7HE ), Al U 0.29/t0] elddt). o]9) v
o] FAe-Gn)g3 U3 8 1] E(1400IDR/t/km), =% AFEE (DR 700/t/km) %
T2 FARSH(US. 0.035/t/km) & 3ttt
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5.6.3 ZAE ¥4 (MMPP)

A9 7MEES B= AEshd Table 5248 2t} AAA 249 7|&S 593
71 g8, FUEE Aeke] kS T A9e FASA wAste] AT o A%
ulbd g8E2 Equation 5—29°] 2J38] oF 140MW (F5&He] 98.3% AFg-A]) oty #X4
A3t e o) mee] gr)eolelE U 4.65/t 0% FAHE vk

Table 5 -24 Expected Costs Breakdown for 140MW MMPP
Subject Detail Am(%unt B(utjig)e t U?&%St Note
Sales 593,096 14,787,957 2493 FCA* MMPP
Pit to MMPP 593,096 249,725 042 4km
Road & Road Fee 593,096 124,862 021 4km, IDR700/tkm
Crush- Road Others 593,096 83,033 0.14 4km, U$0.035/tkm
Pilr;%t Crushing 593,096 2,372,386 4.00
Depreciation 593,096 172,001 0.29 On U$ 5,000,000 Infra
Interest 593,096 137,601 0.23 4% interest rate
Coal Getting 593,096 919,299 1.55
g OB Stripping 593,096 3,217,548 543 U$2.17/BCM
Mining  Environment 593,096 296,548 0.50
Mining Overhead 593,096 984,540 1.66
Administration 593,096 474,477 0.80
Admin. Interest 593,096 296,548 050
Others (land, etc) 593,096 889,645 0.50
Others MMPP Overhead 593,096 889,645 1.50
Marketing Right 593,096 593,096 1.00
Total Cost 593,096 11,107,859 18.73
Earnings Before Income Tax 593,096 3,680,098 6.20
Income Tax 593,096 920,025 1.55
Net Profit 593,096 2,760,074 4.65

#* FCA : Free Carrier %74 3gAF YdstsE 3w 24
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5.7 ¥4 23 & W 44

A J7HA FA e 2708 A ARNE Table 5—-250 Qoksgl oM, Fig 5-3¢f Yek

Table 5 - 25 Comparisons of Unit Price for Each Case

= EI: o F7| 20l (o]
Cases Case ID o= £k =) S7l= = 2|
(kt/4F) (USH) (USH) (USH) (k US)
Case |
Base Base 593.1 27.94 26.66 0.52 650.7
Case
D0.0 3874 64.53 35.74 2.34 1,133.8
Case |l
Simple D0.5 373.9 7217 36.83 4.62 1,237.1
Drying
D1.0 369.6 72.89 37.93 4.04 1,236.3
B0.0 382.8 68.74 36.70 3.38 1,201.0
Case Il B0.5 372.7 76.87 37.86 5.87 1,320.8
Drying and
Briquetting  B0.5 port 372.7 76.87 40.07 6.18 1,320.8
B1.0 3711.7 77.63 39.03 5.30 1,331.1
Case IV
Mine Mouth MMPP 593.6 2493 18.73 477 2,066.0
Power Plant

=
Mo
=2
v
do0
)
=
N
3
3
L
L
o,
N
N
1o
=
k
HH
Ji
BN
AL
)
1o
o
J (
rol
=
E
N
N
e
N
N
ojr
_C',E

TOR Ftkste] A wiEd, FAVE Aol o nlwshks slo] 1hEsit) o)F Ta—
ble 5—26 4 Fig 5—3¢] Jetligich. T3t 7 20¥ Ak 555 9 gl 555 djv] &
o7kl ) 7hAE AAEA AA MiEr Rl A A7HPEE vlaste] EAEH]
t}(Fig 5—4).
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Table 5 - 26 Comparisons of Ordinary Income and Royalty for Each Case

(Unit : Mil. U$/year)

Case ID Total Sales Total Cost Ordinary Income R'ty
Base 16.57 1581 0.76 0.65
D0.0 25.00 21.19 3.81 113
D0.5 26.99 21.84 5.14 1.24
D1.0 26.94 22.50 445 1.24
B0.0 26.32 21.77 4.55 1.20
BO.5 28.65 2246 6.20 132
BO.5 port 28.65 23.77 4.89 132
B1.0 28.85 23.15 5.70 133
MMPP 14.79 1111 3.68 2.07
(Mil. USS)
35
m Ordinary Income
30 " Total Cost 28.65 28.65 2885
2699 26.94 26.32
25.00
25 I I I
514 4% pass | a0 s
20 - - 3.81 - -
14.79
|
% 17— o076 I
10 1 21.19 21.84 22.50 21.77 22.46 23.77 23.15
15.81 11.11
5 —
0 T T T 1
Base D0.0 D0.5 D1.0 B0.0 B0.5 BO.5port B1.0 MMPP
Fig. 5—3 Comparision of Ordinary Income for Same Coal Feed Amount(593.1t/year)
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Fig. 5—4 Comparision of Sales Price and Total Cost for the Handling Volume
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o]i= Upgrading Processe®ll &3t WA= 5 W 710 up& A7} Ao st 243 ¥

g ohlel, Aw UlRe] o] graste] BF mfel FUHIA AV A7 A% fal

SHH PAOE E¢3ss 34 A A 626kt ol A17F =d], 019 e
T Ao FwEe o] PAOIRE THIE & deA ofFel wet dEkd & Qlok
A Ao 0.5%w s 250tel] sdate], et 10tEg ez wid 1E8¥ b4
Aow gruefst sty AA @ AT oFF AelE 2dshe A9 YA PAOE ¥
7H o w2 mEEfof skt .

MMPPE Adsh= ek &84 (US 4.77/v 0] Hae] 1S HolA= e

.‘_4

Asted, £ Bl 59 dee

X"

@G=sk STDO A$-(D0.0) = 494 (A4fele] U$ 3.81¥rl/4E) o] MMPP2} tjjH]
(U$ 3.68WM0H/4) 8RS wl, & 79 A 714 oA+ &tk 18y, PAOE

AL 4EE she Bo F7b 242 B ) Faelelo] A 4% (US 6,20
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Table 5 - 27 Comparison of Cases
Direct Sales, CUPO at Port, CUPO at Mine Mouth and MMPP

Cases Casel Case ll Caselll Case IV
Process Direct Sales Simple Drying Drying and Briquette MMPP
CapEx
(MUS) 275 30 200
Maximum Maximum Capacity 627 kt 627 kt
yearly LRC (Production orpSaIes) (Material 593kt (Material 593 kt 836 kt
consumption +Fuel  34kt) + Fuel 34 k)
Bottle Neck for ~ Maximum Capacity PAO Procurement PAQ Procurement Local demand of
expansion (Production or Sales) Sales for Briquette Electricity
Ordinary
fo'r”gg;“fkt 758.8 5,140.1 6,197.1 3,680.1
(Net Profi (U$ 0.961t) (U$ 6.501t) (U$ 7.841) (U$ 4.65H)
k U$)
Royalty to
Government 650.1 1,237.1 1,320.8 2,066.0
(k U$)
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6. & A% W wE FAY &4 % 6w

A A Bl Hure] Zhze] MEeA S RS AT RN AT

227k Wlagth el Auke AAA Fos $7) W uleh vy

2 7o) Wsjel Alsjolth. Awk Bare] el olid v Al Wl

whe oA Bl 25 AAAC] @A WEF=AZ vasty AEH o
=

.
AR & Bert Gk ol AelAi Awk 7bA W] whE 7}

A A
e Bt A7 Blaskit
6.1 A3e] Wzl we wad 714 W% 713
A 7HE gl whe Ao AN vlaE et 4 ARkl mE ey A

g 7 WS ARttt A d AR (KOMIS) oA Ale=+ 20159 1€
~2017d 10€7H4 35 7wAIE 2 JI=vlrol A'k 7HAE wf FHEE A gsto] v
o] 7E (Fig. 6—1) ol YeERAATHKomis, 2017). ©] A7 78 Zallell A3

7V WE 7719 AREA 5 77 Fg6 AF T vk B 5 Qo A A3
7115 1€~'16d 59) 9 371(161d 6€~17d 1095 SAl Esstal 9o,

WA AE sbAe) el A% @ dastia 2 5 9tk

KOMISoA w2 Ex] 9= P2kl Kalimantan 3,400 kcal/kgd 7F43 3,800
kcal/kg 71 A= FAF & A Ht 5 RS2 6% F7F EAES HEYSH]

Azl

4 An AA A% A9 dEdeldn & 5 Qi 55

}ﬁ_
Sl REo] QUlAlol Zeue] Aw HAE S9ES & 5 gtk

d
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40

I
= 6300kcal/kg, NewCastle
=——5900kcal/kg, Kalimantan

=== 5000kcal/kg, Kalimantan
——4200kcal/kg, Kalimantan
L =3800kcal/kg, Kalimantan

——3400kcal/kg, Kalimantan(est)

20

0

20154 14

20164 1€

20174 1€ 20184 1&

Fig.6—1 Trend of the Kalimantan Coal Price (KOMIS, 2017)

KOMISo|M+= WHidh= g Aeke] gk
AdtA o 7 Ao A FE HE AT

o,

6—1)3 2t} (Argus 2017)

Table6 — 1 Typical sulfur contents for the brand of Kalimantan coal

Brand of Coal

Total Sulfur

In Kalimantan

(kcal/kg GAR)

( %, adb)

5900
5000
4200
3800
3400

0.8
0.6
0.4
0.3
0.2
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(U$/t) '+ 5900kcal/kg, Kalimantan

Price

LY = 0.7447x + 9.622

4200kcal/kg, Kalimantan

R? = 0.9159

0.6077x + 6.7397
R? = 0.9319
0.4087x + 6.1453
R2 = 0.8846
R? = 0.8652

*y = 03100 x + 2.2479

<y
_y

Newcastle

120

100 — ™= 5000kcal/kg, Kalimantan
N0 . 3400kcal/kg, Kalimantan(est)

80
70
60
50
40
30
20

10

(USH)

50 60 70 80 90 100 110

40

Fig.6—2 Kalimantan coal price against Newcastle Coal Price (KOMIS, 2017)
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el heR kel gol, Zelwkek AR /bR wels M S JhAe Pul st
£ %L 7P Gk olel, 13 3734 (Equation 6-1) & 71702 AP ARNS 2
Aol Table 6-291 7& A4E AL & ek B4 A4 wR, AYAFER) 7}

85% ololglom okxbrtel 7t A BAE Eeler 4= Qi)

y=ax+h (Equation 6—1)

¥y Kalimantan coal price

x : Newcastle coal price

Table6 - 2 Coefficients of Regression for
Kalimantan Coal Price against Newcastle Coal Price

Subject 5900 5000 4200 3400
a 0.7447 0.6077 0.4087 0.3100
b 9.6220 6.7397 6.1453 0.2479
R? 0.9159 0.9319 0.8846 0.8652

Equation 6—1& AR, &F wl& A7t Wslel dish, Zejnket g 7145
F438te], 1 A5 Table 6-37 o] Yehllth KOMIS EAol= AAIEA o=
Kalimantan 5450 kcal/kg A}&3+= 5900kcal/kg®} 5000kcal/kg 712 2] At #-S Zal
ARESIAT HA dATtelM T FEsh A3t U PAOER

o] Table 6-204 9] 7|E& AR FAZl nlglete] drpgits A8, e

fitlo
o
(@]
(@)}
RN
ro
BN
Ay
o
o
ol
ol

0.1% W3le] U$ 0.4/t°] Bonus/PenaltyS 212319 th

Table6 — 3 Benchmark Coal Brand for Different Coal Quality

Subject (kcal/(lfg\;/GAR) (%:rasdb) Bench mark coal brand
Base 3,495.70 0.370 Kalimantan 3400 (calculated)
STD (DO0.5) 5,563.99 0.402 Kalimantan 5450 (calculated)
DAB (B0.5) 5,628.68 0.402 Kalimantan 5900 (KOMIS data)
MMPP 3,495.70 0.370 (Indonesian Government regulation)
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Table 6 - 4 Result of estimation of Kalimantan coal price against Newcastle coal price

(Unit : U$/t)
Newcastle Kalimantan Kalimantan Kalimantan Kalimantan Kalimantan
6300 5900 5450 5000 4200 3400
kcallkg kcallkg kcallkg kcal/kg kcal/kg kcallkg
120 98.99 89.32 79.66 55.19 37.45
115 95.26 85.94 76.63 53.15 35.90
110 91.54 82.56 73.59 51.10 34.35
105 87.82 79.18 70.55 49.06 32.80
100 84.09 75.80 67.51 47.02 31.25
95 80.37 72.42 64.47 44.97 29.70
90 76.65 69.04 61.43 42.93 28.15
85 72.92 65.66 58.39 40.88 26.60
80 69.20 62.28 55.36 38.84 25.05
75 65.47 58.90 52.32 36.80 23.50
70 61.75 55.51 49.28 34.75 21.95
65 58.03 52.13 46.24 32.71 20.40
60 54.30 48.75 43.20 30.67 18.85
55 50.58 45.37 40.16 28.62 17.30
50 46.86 41.99 37.12 26.58 15.75
6.2 A& 714 AFo] g 210 4 H] 1

a1
|

-
=2
=
o,
off
ol
&
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Table 6 -5 Feasibility Comparison for Different Newcastle Coal Price

(Unit : U$/t)
Newcastle Direct D0.5 BO.5 MMPP
120 10.67 20.81 25.00 6.20
115 9.15 18.74 22.77 6.20
110 7.64 16.67 20.53 6.20
105 6.12 14.60 18.30 6.20
100 461 12.54 16.07 6.20
95 3.10 10.47 13.83 6.20
90 1.58 8.40 11.60 6.20
85 0.07 6.33 9.37 6.20
80 (1.45) 4.27 7.13 6.20
77 (2.35) 3.03 5.79 6.20
75 (2.96) 2.20 4,90 6.20
70 (4.47) 0.13 2.66 6.20
65 (5.99) (1.93) 043 6.20
60 (7.50) (4.00) (1.80) 6.20
55 (9.01) (6.07) (4.04) 6.20
50 (10.53) (8.14) (6.27) 6.20

Ordinary Income
Usit
5 (Ush)

—Direct /
20 T ===STD

——DAB //
15 1= MMPP //
° /

O T T T T T 1
P /'/'(%0 80 90 100 110 120

-5

7/ Newcastle Price

(US$/t)

Fig.6—3 Comparison of Ordinary Income against Newcastle Coal Price
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6.3 A& 714 T47] A% L d7pF nE FAY vw

6.3.1 A& 714 $37] A%

KOMISIA Alg3t= 57371 NewCastle A&k 744 oS 25 (Fig 6—4, 2017 12
4 7o el wEd, 20189l AR 7HAL XA o® slEt FAE oozttt
2019delli= U$ 77/t FolA Hdshd Aow dgsta ol (KOMIS, 2017)

NewC

(U$/4) e KOMIS 7}H4-ZA|
160 I ——KOMIS 7HA0|% -
140 ! ! ! ! ' [
120 / N

A
” /N NC [/
NS

40 v

20

0 I I T
20044 19 20094 1 20144 1 201944 1€

Fig.6—4 Newcastle coal price forecast (KOMIS, 2017)

6.3.2 A7} W w2 23E FA Wl

AEre] 7HA o] Newcastle 7FA 7| U$ 77/t& A sokal 7Hystar, Z2vhete] Agk
7}#Ao] ©AME Table 6—1° 2]8+ Equation 6-1& wEtha 7p9e uf, =g, A
Z, 8%, MMPP2] z7dof thete] d7pHEel wE 2t 218 AAY S vlasqith ¢
7ol Ws2, 117 B]&-(Fixed Cost) 2] AZAR! wiAIY v, =¥, E2H]E, oz}, &
Z8]E & v Asty, WEH]) g (Variable Cost) A7<¢l $41]€ (Floating Crane), v}
H-g, E=2A BE, e, #A8]E, g8, eHs= v
& T B HES ndsialon, #443E Table 6-6° el

)
=
o
o

=
=,
=
oo
Mo
A
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Table 6 -6 Feasibility Comparison for Fluctuation of Variable Costs

(Unit : U$/t)

Variable Costs Direct DO0.5 BO.5 MMPP
120.0% (6.76) (3.41) (0.83) 3.01
115.0% (5.66) (1.80) 0.83 3.81
110.0% (4.56) (0.19) 248 4.61
107.5% (4.01) 0.61 331 5.01
105.0% (3.46) 142 414 541
102.5% (2.90) 2.22 4.96 5.80
100.0% (2.35) 3.03 5.79 6.20
97.5% (1.80) 3.83 6.62 6.60
95.0% (1.25) 4.64 7.45 7.00
92.5% (0.70) 5.44 8.27 7.40
90.0% (0.15) 6.25 9.10 7.80
87.5% 040 7.05 9.93 8.20
85.0% 0.95 7.86 10.76 8.60
80.0% 2.06 9.46 1241 940

¥ Based on the assumption that Newcastle coal price to be U$ 77.0/t

15
= Direct
\ ——STD
10 =+ ——DAB

- T

0 T T T T T \
80% 85% 90% 95% 2 105% 110% 120%
_5 \
-10

Fig.6—3 Comparison of Ordinary Income for Fluctuation of Variable Costs
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.Fig 2—2 Stockpiling and Sampling
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Fig 2—4 Dropping Test
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Fig 2—5 Air Drying Test under Roof
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PT. Ganda Alam Makmur (GAM)

60% (100% operation & marketing rights by LGI)
East Kutai Regency, East Kalimantan, Indonesia
10,600 Ha

219 Million MT

14 Million MT at maximum capacity (Open Cut)

Established PT. Ganda Alam Makmur

Exploration License acquired

Operation/Production License acquired (~'27. 5++)
LG International becomes major shareholder (60%)
Commencement of Development

Commencement of Commercial production
Maximum production capacity (14 Million MT / Yr)

5 [I GAM FIAF &7 A=

.
| Tarakan

GAM

4hrs(car)

mmmm Hauling: 30km’

APT.GAM =P Barging: 60km

Barge
Loading Point

MV
\L Loading Point

Makassar
Strait

* Hauling distance: 40km (Reserve Weighted Avg 30km)
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3. Geology

Coal Reserves

Kalimantan
Island

Coal Quality

T s | are | 4200 | 4200 | 4150 | 4100
North Block 9
* Reserve: 156Million MT 100\ Moisture (%) | ARB 36 36 37 38
= Quality :
GAR 3,600/ TS 0.4
Ash (%) ADB | 4-6 4-6 4-6 4-6
Total Sulphur (%) | ADB 09 09 09 08
HGI - 48~60
South Block Size (0~50mm) (%) - Min. 90
* Reserve: 63Million MT
* Quality - AFT(IDT) () ; 1,200
GAR 4,540 / TS 1.1

Block Age Main Formation Thickness (m) Dip (%)
North Miocene Maluwi Avg 12~13 15~17

[ e e
South Miocene Maluwi Avg4~5 35~38

- 138 -



4. Life of Mine plant

Production Plan for Mine Life

(K ton)
16,000
14,000
12,000
10,000
8,000
6,000
4,000

2,000

a5 (Year

22 '23 24 '25 26 27 28 29 30 M 32 W ‘M

M6 7 8 9 20 A
= With commercial production commencing in 2017, annual production will gradually increase

reaching a maximum capacity of 14 Million MT in 2022.
= PT. GAM has a competitive cost structure with short hauling and barging distance.

= The estimated reserve of PT. GAM is more than 200 Million MT.

5. Mine Infrastructure

Hauling Road

40km (Weighted Avg 30km)

20km
20km
14~ 16m

4~6%, Two Trailer standard

One line

375,000 MT
150,000 MT
225,000 MT
7 Million MT

2,300 MT/hour

Two line
4,600 MT/hour
600,000 MT
150,000 MT
450,000 MT
14 Million MT
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6. Coal Transportation

O Specification

[North] [South]
- Fill 20m/ 14m - Fill 18m/ 12m
- Cut 16m/ 14m - Cut 14m/ 12m

# Fill includes Safety berm

[Max. Grade]
- North : Loaded 4%, Vacant 5%
- South : Loaded 6%, Vacant 7%

[Rest Area] [Passing Line]
- 13 areas per every 3km - 8 areas per every 5 km

[Visibility]
- Minimum Visibility in front - 150m
- Curve area Minimum Radious : 200m

[Water Spray]
- 5 spots per every7km
7. Port
SEMPAYAU PORT COAL TERMINAL - -
Mess Bukit \ i
S
A Foundeton oS b i = R
[ & . . . d ot

Steel Structure  Conveyor 1.6km. Steel Structure 1,160t ‘ e 6u "=
'Feeder Breaker 2EA

Electric work  Gen Capa. 4,040kW, Cable 74km, Belt 38km | s : : Fine Co ockpile
- 150mm, 800ty \- _ 75kt x 3 sides
-~ Main Office - . '.Sizer1El.\‘ t .. Y
i e ~“ & , '“" ,,,,:. { Jmaes [

.”"D..‘; Torw "' ét::k:i_le :;SEA v'gi

A% AL e X e Fuel Tank o o
- ' : - 1,000 k1EA

- 500 ke1EA
L eaTas oaw FBL2,300tph

[P ) e
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Currently, low rank coal (LRC) is replacing the coal market due to the rise in
coal prices as the depletion of high rank coals (HRC) which had been mainly used
in the past and most part of the newly supplied LRC is supplied from Indonesia.
And PT Ganda Alam Makmur (hereinafter 'GAM'), located in eastern Kalimantan,
is one of the representative coal mines producing such LRC. The purpose of this
study is to establish a management plan for the LRC coal producer in Indonesia
to utilize the quality improvement process utilizing the drying and briquetting
technology and to obtain the optimum economic efficiency by comparisons of the
feasibility based on the case study of GAM coal mine.

First, the basic properties of LRC were analyzed through 1,500t of field
experiments. In addition, we compared various technologies to upgrade the
quality of coal and to enhance the added value. And the Drying and Briquetting
processes were selected because they were considered to be the most practical
in terms of cost—effectiveness. Steam Tube Dryer technology and CUPO™
Process technology, which were proven technologies in the market, were
studied. In order to verify the process, the pilot scale of continuous drying and
briquetting process were carried out with 15 tons of GAM N100O coal sample.
Based on the experimental results, the economic feasibility of several cases
were investigated.

Regarding the experimental flows of the pilot test, Palm Acid Oil(PAO) was
used as a binder in the coating and briquetting process. 0.0%, 0.5% and 1.0% of
PAO was mixed with the N10O coal and analized the property after upgrading
process. Secondly, for the comparison of economic feasibility among the sce—

narios, we also conducted a comparative study on the case of simple direct sales
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of LRC and the case of installing Mine Mouth Power Plant (MMPP). Considering
that the transportation cost of coal accounts for a large part in the cost, a
quantitative comparison was made between the case where the upgrading fa—
cility is located at the port of the mine and the case where it is located at the
mine mouth.

As a result of the study, it was found that when selling LRC directly, it is
necessary to carefully manage the shelf life from coal mine to the final consumer
to about 35 days.

Regarding the results of the CUPO process, experiment showed that the total
moisture decreased from 48% to 9%, and it was stabilized at 10 ~ 17% after
reabsorption of water from atmosphere. As a result, it has been found that the
waterproof performance is capable to be distributed to the market in the form of
the briquette.

In the economic evaluation, the cases of direct sales of LRC, simply drying
and sales, drying and briquetting sales, and Mine Mouth Power Plant were
compared. In the upgrading process, the economic effects of 0%, 0.5% and 1.0%
PAO mixed condition were analyzed quantitatively. As a result, it was found that
the most economical condition was the drying and briquetted sample with 0.5%
PAO. The location of the facilities was found to be more economical due to the
reduction of logistics cost, rather than installing at the port. And in the low coal
price period, MMPP could be the best benefit to coal mine owner, but in the high
coal price period, MMPP cannot take the upside benefit while other scenario can
took the benefit. the CUPO process showed higher stability than the simple sales,
and the CUPO process showed better results when including the briquetting

process.
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