PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADIAT MADA DAFTAR ISI
HALAMAN PENGESAHAN........ccooiiiieeee s Error! Bookmark not defined.
PERNYATAAN BEBAS PLAGIASH ...ttt i
P R A A T A et e e e e e et e e e e e e e e e e e e e n e e e e e r e e e rree e e ii
DAFTAR ISLciee ettt sttt st b e bt e s e et st e enesne e WY
DAFTAR TABEL ..ottt sttt ens Xiii
DAFTAR GAMBAR. ...ttt et e et e e et e e e aa e e abeaeaneeeas XViii
CODE AND STANDARD . ...ttt ettt e st e e be e e ssae e e snreeannneean XXi
INTISARI <ottt ettt e bt s e e be bt e sttt neene s XXii
ABSTRACT .ottt s ettt b et e b bt Re bttt nr et neere s xxiii
BAB | PENDAHULUAN . ...ttt e e e e e e ennrnee e 1
1.1, Latar Belakang.........ccooieieiiieieies et bbb 1
1.2, PemMiliNAN PrOSES .....ccoiiiiiiieiieiie sttt bbbttt bbb 2
0 B T | 11 ] TSP R RSP 2
1.2.2.  DESUITUIISASI ..c.veeueeieieiiiesie ettt ste ettt esreeteeneesneeneeaneennees 7
1.2.3. SNt CONVEISION ...oviiiieiie ettt eteaneenne s 8
124, CO2REMOVA ....ocuiiiiiiiiiiie e e 8
1.2.5.  MIBLANAST .o.veviiiieiieiieiee ettt r et nas 10
1.2.6.  SINTESIS AMONIA. . .eiuiiiireiieiiesieeieeeesee e eeestee e eeesreesteeseesseesseaseesreesseaneesseensens 11
1.2.7.  SiStemM REFIIJEIAST ..cuviiiiiieiiiesiceee e 12
1.3 ANQALISIS PASAN ....c.uiitiiiiiiieiieie ettt bbbt 13
1.3. 1. POLENSE PASAN ...veivieiieiieieie ettt ettt 13
1.3.2. Permintaan PaSAr ........c.cocveieiiereiiesieerieeiesee e sie st e ste e sneesteeseesraesseeneesreenseans 14
1.3.3.  Kapasitas Pabrik yang Telah Ada ... 17
1.4, Pemilinan LOKASH .....cooviiiiiieiece et 17
BAB Il URAIAN PROSES.......coi ittt 20
2.1, Persiapan BatUDara.........ccocoiiiiiiiiiie s 20
2.2. Persiapan Steam dan OKSIgEN.........ciiiiiiiiiieiesie e 20
2.3, GASITIKASE ...veveeiicie e e e 20
2.4, DESUITUNISAST ..ttt ettt sttt sb et beenne e 21
2.5, SHITE CONVEISION ...ttt ste e nneenne e 21
2.6, CO2 REMOVAL......coiiieice ettt ste e nneenne e 22
B V[ =g - L PRSP PRSPPI 23



UNIVERSITAS

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

B B 1o L T 110 TS 23
2.9. Sistem Refrigerasi AMONIA ........ccceiviieiieii e 23
BAB 1 SPESIFIKASI BAHAN ...ttt 25
BAB IV DIAGRAM ALIR ...ttt 29
BAB V NERACA MASSA ...ttt sttt ne s 33
5.1, Neraca Massa OVErall ...t 33
5.2. Neraca Massa di Gasifier (R-101).......ccccceririiiiiiiieie e 34
5.3. Neraca Massa di CYClone (CY-101) ......cccerimiiriimiinieiie e 34
5.4. Neraca Massa di Knock Out Drum (V-101) .....cccccoviiiiiiiieiesiese e 35
5.5. Neraca Massa di Wet Scrubber (T-101)......c.ccccviiiiiieiiieiieeseese e 35
5.6. Neraca Massa di Desulfurizer (T-201).......ccccoerrrinininienieieieese s 36
5.7. Neraca Massa di HTSC (R-201) ......cccooiririiiiieiesie e 36
5.8. Neraca Massa di LTSC (R-202)......cc.ccceiiieiiieiiiieie e ste e sre e 37
5.9. Neraca Massa di Knock Out Drum (V-201) ......cccccveiiiiieiieieciereee e 37
5.10. Neraca Massa di ADSOIDEr (T-202) .......ccouiieiierierienene e 38
5.11. Neraca Massa di Stripper (T-203) ......ccccuuiurirrieririenene e 38
5.12. Neraca Massa di Methanator (R-301) ........ccccceoiieiiiieiic i 39
5.13. Neraca Massa di Knock Out Drum (V-301) ......cccccveieiiiriieieceece e 39
5.14. Neraca Massa di Mixing POINt SYNQas L ........ccccooeriiiiiniiniiieee s 40
5.15. Neraca Massa di MixXing POINt SYNQAS 2 .......cccoereririninieieieiese e 40
5.16. Neraca Massa di Ammonia Converter (R-302) ........ccccoevvevieiieieeie e, 41
5.17. Neraca Massa di Knock Out Drum (V-401) ......cccccveiiiieiiciececceee e 41
5.18. Neraca Massa di Pressure Swing Adsorber (PSA-401).......cccccovniienininienincienns 42
BAB VI NERACA PANAS ...ttt ettt e e e e e st e e e e e e naeeannes 43
BAB VI SPESITFIKAST ALAT ..ottt 52
7.1. Unit Persiapan Batubara .............ccccoooii i 52
7.1.1.  Gudang Batubara (G-101) ........ccceuriririeieieiie et 52
7.1.2.  Belt Conveyor (BC-101).....ccccuiiiiriiiiieieie sttt 52
7.1.3.  Ball Mill (BM-101) ...ccooiiiiiieiieieiceee st 52
714, SCreeNer (SC-101) ... 53
715, HOPPEE (FH-L10L)......ouoiveeireeeeeeeeeeeseseeeee s 53
7.1.6.  Screw Conveyor Feeder (SF-101)......ccccouiiiiiiniiiinirieieee e 53

A 0] 1 0] 0] =50 TP TPR 54
7.2.1. Kompresor O2 (C-101) ..cuiiiiieiiiie ettt 54



UNIVERSITAS

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

CADATRT KompPresor N2 (C-301) ....ccoiiiiiiiiiieieie e 54
7.2.3.  Kompresor SYNQas (C-302) ......ccvuueieerieeiieiiesieeieseesieesieseestaessesaessaessesneesnens 54
7.2.4.  Kompresor RECYCle (C-303).......ccuiiiirieieieie s 55

A T 05V (0] o =SSR OP 55
7.3.1.  CyClone (CY=-101) ..ceeiieiiiie ettt re e e nne s 55
T4, HEAt EXCRANQEL .....ocvieieee ettt ne e ne e 56
7.4.1.  Waste Heat BOIEr (E-L101) .....ccooiiiiiiiiie et 56
TA4.2.  COOIEK (E-102) ..oceeiiieiieeieee sttt re b eneenne s 57
A T O To L=l (= 01 USSR 58
TA44,  Heater (E-104) ..ottt 59
745, HeAer (E-L105) ..coiiiiiieieie e 60
746, HeEAEr (E-L106) .....ccveiiieieieiee ettt 60
7.4.7. Waste Heat BOIEr (E-201) ......cocviieiieie ettt 61
T.4.8.  COOIEK (E-202) ..ottt sba et e e te e nne s 62
7.4.9.  Waste Heat BOIlEr (E-203).......cccoiiiiiiiiieieie e 63
7.4.10. COOIEr (E-204) ..ottt 64
S R @Yo 1= g (= 0 ) SRRSO 65
7.4.12. HeAEr (E-206) .....coviiiieieiiiiesieieie ettt sttt s e s 66
7413, HEALEr (E-207) .ooueieieeeieeee ettt 67
7414, Heater (E-208) ......ccooiiiieieieeieeite sttt 68
7.4.15. C0O0ler (E-209 A/B)....cooiciieiieiee ettt 69
7.4.16. Heat Integration Exchanger (E-301) .......cccocevieiiiieieeie e 70
7.4.17. CondenSer (E-302) ......ccoiiiiiiiiiiisiieieeeee et 71
7.4.18. Heater (E-303) .....coiiiiieieiie ettt 72
7.4.19. HeEALEr (E-304) .oociieieiet ettt ettt an 73
7.4.20. Waste Heat BOIEr (E-40L1) .......cocvoieiieie et 74
7.4.21. COOIEr (E-402) ..ottt bbb 75
7.4.22. Heat Integration Exchanger (E-403) .......ccocooiiiiinininieieie s 76
7.4.23. ChIlIEr (E-404) .....oviiieiee ettt 77
7.5, EXPANSION VAIVE .....ocuiiiiii ettt 78
7.5.1.  Expansion Valve (EV-201)........ccccuoiiirimiiiiie s 78
7.5.2.  Expansion Valve (EV-202).........cccuiiriiiiinie i 79
7.5.3.  Expansion Valve (EV-401)........ccccoiiiiiiiiiiiic e 79
7.5.4.  Expansion Valve (EV-402)........ccccoiiiiiiiiiiiie it 79



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

B - =T VY SO 80
7.6.1.  FUMACE (F-101) ...ooiiiiiieie ettt nne s 80
T.7. POMPA oot 80
7.7.1.  Pompa Wet SCrubber (P-101)........ccoiiiiiiiieiieiieie e 80
7.7.2. Pompa MDEA Make-up (P-201 A/B).....ccceoiieiieeciece et 81
7.7.3.  Pompa MDEA ReCYCle (P-202) ......cccveieiieiieie e 81
7.7.4.  Pompa AmONIa (P-40L1)......coiiiiiieiieieeie et 82
7.8. Pressure SWING AASOIDEI........ooiiiiiiieie ettt 82
7.8.1.  Pressure SWing Adsorber (PSA-401)......ccccoeiieieiiieseeie e 82
7.9, REAKIOK ..ottt et bbbt e bbb bt 83
7.9.1.  GASIIEI (R-L10L1) ..o 83
7.9.2.  High Temperature Shift Converter (R-201) ........cccoourierrieiiieieniseseseeeeeee 84
7.9.3.  Low Temperature Shift Converter (R-202) .........ccccovvvveieiiieiieie e 84
7.9.4.  Methanator (R-301) ......ccceiiiiieiicic e sne s 84
7.9.5.  Ammonia ConVerter (R-302)........ccouiiririirienene e 85
7.10. KOIOM PeMUSANEAN .....ocuviiiiieiieee ettt et nre e e 85
7.10.1. Wet SCrubber (T-L10L1)....ccoieiieiece e ane s 85
7.10.2. DeSUITUFIZEN (T-201) .oveeeeiiecieeie ettt sbe e nne s 86
7.10.3. ADSOIDEIN (T-202).....ciuiiieieiie ettt 86
7.10.4. SEEPPEI (T-203) oottt 86
8 O I Vo | OSSO OPPRRTOP 87
7.11.1. TangKi MDEA (TK=201) ...ccooiiiiiiiieiierieie et 87
7.11.2. Tangki Amonia (TK-401 A/B/CIDIE/F) ....cccooiiiiiiiiiieieiees e 87
702, VBSSEL ..ttt ettt are et re e ne e 88
7.12.1. Knock OUut Drum (V=101) ....ccoveiiiieiieie ettt 88
7.12.2. KNOCK OUt Drum (V=-201) ....ccveiiiieieecie ettt 88
7.12.3. KNock Out Drum (V-301) ....cccoiiiiiiiieieieiesie s 88
7.12.4. Knock Out Drum (V-401) ....cccoiiiiiiiiiieieieie e 89
BAB VT UTILITAS ..ottt sttt 90
8.1. Unit Penyediaan dan Pengolahan Air..........ccccoiiiiiiciic e 90
8.1.1.  Kebutuhan Air PabriK.........ccccceiiiieiieiecie e nnees 90

ST I 11 1] o =T A | USSR 92
8.1.3.  Proses Pengolahan Ail .........cooiiiiiiiiiic e 93
8.2.  Unit PembangKit STEAM ...........ooiiiiiiiie e 97



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

CADATGH Pernitungan BOIIET ...........ooouiiieiiee et 97
8.3. Unit Penyedia Udara .........c.cccveiuviiiiieie sttt 100
8.3.1.  KebutUNan Udara..........ccceiiiiiiiiiieeee e 100
8.3.2.  Kebutuhan Silika dan Dimensi Bejana Pengering ..........cccccccevvnenininniennennn. 101
8.3.3.  Perhitungan KOMPIESOT........ccueiiuiiiieieiiese et seesie et neans 104
8.3.4.  Perhitungan Udara PrOSES .........cccciveiuiiiieiieie e seesie e ste e e e 107
8.3.5.  Perhitungan Fan ........cccooiiiiiiiie e 109
8.4, Unit Penyedia LISITK ..o 110
8.4.1.  Kebutunan LiStriK........cccoviiiiiiiiiiiiieiee s 110
8.4.2. Diesel EMErgency GENEIAtOr ..........cccccvveiieieeiieesieesiesiesteesreseesreeee e sreesneans 115
8.5, UNIT RETIIGEIASI.....iviiiiiiiiiieiee e 116
8.6. Unit Pengelolaan Limbah...........cccoiiiiiiiii e 119
8.6.1.  LiMDAN GAS ....oiviiiiiiieiicieee s 119
8.6.2.  LIMDAN CalIl.. .ot s 119
8.6.3.  LIimbah Padal...........ccoiiiiiiiiiecee e 122
BAB IX TATA LETAK PABRIK ..ottt 123
BAB X SAFETY, HEALTH, AND ENVIRONMENT (SHE) .....cccocvveiviiinineieiieenns 128
10.1. Konsep Safety, Health, and Environment (SHE) ..........cccccco i 128
L1011, SATELY ..ottt 128
00 =T | 1 SRR 128
10.1.3. ENVIFONMENT ..ottt 129
10.2. Process Safety Management..........ccuoiviiiiiiieiiie e 129
10.2.1. Process Safety INfOrmMation ..........ccceoereiininiiinieee e, 129
10.2.2. Process Hazard ANalYSIS..........cooviiiiiiiiiieiiieseeeeee e 130
10.2.3.  Operating ProCeAUIE..........ccviiiieie et 131
10.2.4. Employee PartiCipation...........ccceevueiieiieie et 131
10.2.5. TrAINMING ..ottt bttt bbbt 132
10.2.6. CONIFACTION ...eiiiiiiiie ettt et sa e e st e snbeesneeanbeenree s 132
10.2.7. Pre-startup Safety REVIEW ........ccvviiiiiiiiic et 132
10.2.8. Mechanical INTEQIItY .......ccviiiiiiie et 133
10.2.9. HOt WOIK PerMit ......ocuieiieie e 133
10.2.10. Management of CRANQE .........c.ccoiiiiiiieieie e 133
10.2.11. INCIident INVESHIGAtION .......cviiiieiie et 134
10.2.12. Emergency Planning and RESPONSE ........ceeiieiiieeiiiiiie et 134

viii



UNIVERSITAS

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

CADARIEDA 3, ComPHANCE AUTITLS ..o 135
10.2.14. Trade SECIEIS....cciiieieieite sttt bbb 136
10.3. Environmental Management System (EMS)........cccocviiiiiiniiiin i 137
10.3.1. Environmental POICY .........ccccoiiiiiiiiieece e 137
10.3.2. ENVIronmental ASPECES........ccveiveiieiieieeie ettt 137
10.3.3. Legal and Other REQUIFEMENTS ..........cocvevieiieiieieeie e 138
10.3.4. Objectives, target, and Programmes............cocoeririiiieieneneneseseseseeeeeens 140
10.3.5. Resources, Roles, Responsibilities, and AUthOFitYy .........cccccevveieiiiiinieeiee 141
10.3.6. Competence, Training, and AWAIENESS..........cceieeruereereeieeseeseeeeseeseeeneesnes 142
10.3.7. COMMUNICATION ..veviiiieieie ettt bbb 143
10.3.8. DOCUMENTALION ....vevieiieiiiesieeiie sttt ee et ete s sneeneeeneennes 144
10.3.9. CoNntrol Of DOCUMENTS ......cveiiierieeieiie et enes 144
10.3.10. Operational CoNtrol............ccveiieiiiiiie i 145
10.3.11. Emergency Preparedness and RESPONSE.........ccccveveieerieeieeseeie e sieesie e 145
10.3.12. Monitoring and MeasUIEMENT..........ccuereriirierererieeee e 146
10.3.13. Evaluation of COMPHANCE...........ccoiieiiiiieieieeseee e, 146
10.3.14. Nonconformity, Corrective Action, and Preventive Action..............ccccceeveee. 146
10.3.15. CONLrol Of RECOIUS ....vovveieie e 146
10.3.26. INterNal AUCIT .......eeeeieeceee e nnes 147
10.3.17. Management REVIEW ........cccciiiiiiiiieieieniesie sttt 147
10.4. Struktur Organisasi Sistem Manajemen SHE .............cccccccoveiivevi s, 148
10.5. Identifikasi Hazard Bahan ..o 149
10.6. Identifikasi Hazard Limbah ...........cccoooviiiiiie e 177
10.7. Identifikasi Hazard Proses dan Peralatan ...........c.ccccooceviveiiiiniinenesicneese e 181
10.8. Process Hazard Analysis: HAZOP ... 220
10.9. Process Hazard Identification: LOPA..........cccooiiiiiiiiieeeee s 228
BAB X1 ORGANISASI DAN MANAJEMEN .......cccooiiiie e 232
11.1. Bentuk PeruSaN@an...........cccocueiuiiieiieieeieseeseseesee e ee e sae e e saesnee e enaesneesneas 232
11.2. SEFUKEUF OFQANISASI...cuuiiiiiiiiiiiieiiie ittt et se et sbe e s e be e s e be e sneeabeesnae s 233
11.3. Kualifikasi dan Pembagian Tugas Karyawan ...........c.cccccvvviiieiieeniesineenee s 234
11.4. Perhitungan Jumlah OPErator ..........cccuiiiiiieie s 254
11.5. Pembagian Jam KEIJa ... 256
11.6. Klasifikasi Gaji Karyawan...........ccccccveiieiiiiiie e 258
BAB X1 EVALUASI EKONOMI ....ocvoiiiiisece e 260



UNIVERSITAS

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

R @érhitungan INAEX HAIQa ..o 260
12.2. Perhitungan Fixed Capital ..........ccccceiiiiiiiieie e 261
12.3. Perhitungan Working Capital............ccocooiiiiiiiiiieeee e 275
12.4. Perhitungan Manufacturing COSt ..........ccoreieiiniiiieieece e 276
12.5. Perhitungan General EXPENSES .......c.cooviiiiiereiie e ese e 277
12.6. Perhitungan Sales and Profit...........cccccooiiiiiiiie i 277
12.7. ANalisis ProfitabDilitas ..........cccoviiiiiiiiiice e 278
12.8. ANALISIS SENSITIVITAS .....coviiviiiiieiiiie et nneas 285

BAB X KESIMPULAN ..ottt nnas 287

DAFTAR PUSTAKA ..ottt sttt st bbb e neans 288

LAMPIRAN PERHITUNGAN ALAT PROSES........ccco e 292
GUDANG BATUBARA (G-101) .eeeiiiiieiieiieieseesie e see e sse e e 293
BELT CONVEYOR (BC-101) ..cuiciiiieiiiiiieieiesie ettt anens 295
BALL MILL (BM-101) oottt sttt n s 298
SCREENER (SC-10L)....uiitiiitiieeieieiesiesie ettt st sra et e sae e sneaneanaenaennens 299
HOPPER (FH-101) ..ooovoiveciseeeeeeeeeseeeesis s ssssessesssssses s es s ssansnsenes 301
SCREW CONVEYOR FEEDER (SF-101) ..cocoiiiiiiieieiei e 303
KOMPRESOR O2 (C-101) ..uiitiiiieieieie ettt ssa s sesneanens 305
KOMPRESOR N2 (C-30L) ..oviiieiiiiiieieesie ettt 318
KOMPRESOR SYNGAS (C-302) ....oeiveieiiesieeteeieiesiesiese e e sae e ssassaenaesennes 322
KOMPRESOR RECYCLE (C-303) ....ccitiiieriitiiiiiei e sieese et 323
CYCLONE (CY-101) tttiteieieiiesiee ettt siet ettt sttt na et beaane s 324
WASTE HEAT BOILER (E-101)....ciiiieiieeiie et 330
COOLER (E-102) ....ctiieieeie sttt ettt e e tesnesneanaenaenaennens 336
COOLER (E-103) ....cuiiiiiiiieiesieiieeste sttt sttt ne e besaenenns 342
HEATER (E-L04) ..ottt sttt sttt n 343
HEATER (E-105) ......ouuiveeeeeeeeeeseeeseeeessisseeseess s sseessesss s ess s ss e ensnsesnsn s 344
HEATER (E-106) ......ooiveeeeeeeieeseeeseeesseesseessess s sesss s ess s ss e snsnsesnsnseaes 345
WASTE HEAT BOILER (E-201) ....ciiiiiiiiiiieiiiseieee e 346
COOLER (E-202) ....cotiiitiieieiieiiee sttt sttt sttt sttt ne e steneene e 347
WASTE HEAT BOILER (E-203)....ciiiieiiiiesie ettt 348
COOLER (E-204) ...ttt ettt sttt tesbeanaana e e 349
COOLER (E-205) ....cutitiiieieiesiesiee sttt sttt sttt enaasesbessenenns 350
HEATER (E-206) ......ueitiiitiiiiiiei sttt sttt sa st sa st nsene s 351



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

B 13y =l (3o o YOO 352
HEATER (E-208) ... 353
COOLER (E-209 A/B) .oooooovoveeeeeeeoeoeeeeeees e s eeeesssssssssseseessssee s sesesesessssesseenennnen 354
HEAT INTEGRATION EXCHANGER (E-301) . ...rrrroooeeeeeeeeeeeeoeeeesssseessssseseeeeseseeeees 355
CONDENSER (E-302) ... 1srsseseeseeeseeeeseeseeesessssessssesessssesssessesseesseesseesesesssseeseeseeeeseeee e 356
HEATER (E-303) ..o 362
HEATER (E-304) ......oovvreeeeeseseseeeeeeeeeeeseeeeessessesesess e eessessessssesssseesseessseeeessesseseeeees 363
WASTE HEAT BOILER (E-801) eeeeeeeeeeeeeeeeeeeeoesessesssssseesesesesssessssssenssssssssssssen 364
oT0 0 I =1 I (01073 WO 365
HEAT INTEGRATION EXCHANGER (E-403) ... ..oeooeeeeeeeoeeoeesssessssssssssssssssssssssn 366
CHILLER (E-B04).... oo oeeeeoeeeeeeeeooeeeeeeees e eesssssssssses s eeesessssesseennen 367
EXPANSION VALVE (EV-201) .oooovvvoveoeoeooeeeeeseesseeseeseeseeseessessessesssssesssssessseeseseeeees 368
EXPANSION VALVE (EV-202) c.ccceeeeeeeeeeeeee et 373
EXPANSION VALVE (EV-401) cccieeooooeeeeeee oo 374
EXPANSION VALVE (EV-402) ..ooovvvvveeeoooeeoeeeeessseeeeeseesseseessessesseessesssssssssesssesseseeeees 375
FURNACE (F-101) c.vvvvvvoooovooeeeeessseeeeseeeeeeeesesssssssessesseesssss s eeeesssssssssssssssssessessese 376
POMPA WET SCRUBBER (P-L01) ... 385
POMPA MDEA MAKE-UP (P-201 A/B)........oioeoeeooooesoeesesoeesesssssesssssssssssssssssssssssssse 395
POMPA MDEA RECYCLE (P-202) ....vccoooooeeeeeeessseseeseeeeeseeseeseeesessessssssssseseeesseseeeees 396
POMPA AMONIA (P-401 ... oooooooeeeeeeeoeoeeeeeeeee e eeeseseessesseesesesseess e eeeseseeeees 397
PRESSURE SWING ADSORBER (PSA-401) ..o 398
YN [T a3 (0 416
HIGH TEMPERATURE SHIFT CONVERTER (R-201) ...vvvvvovooooooiesseessseeeseeeeeeeeeeee 453
LOW TEMPERATURE SHIFT CONVERTER (R-202) .....roovovvveeeeeeeeeoessesssessessene, 465
METHANATOR (R-30L) ..o 477
AMMONIA CONVERTER (R-302) ...vvvvvvvvveveeeveveveessesessssssessssssesssesesssssssssssssesssssesssesseeees 496
WET SCRUBBER (T-101) .....vvroreeesssoeeeeeeeeeeeeeeeeeeeesesesessssseseeeeeeeesssesssssssmesssssseseen 524
DESULFURIZER (T-201) oo oeeoeeeeeeeeooee e ss s eeeeessessesseenesessss s eseeeeeees 540
ABSORBER (T-202) 1.vvvvvvvvvvvvvveveveseseessesssessesssesssssssssssssssssssessssesssssssesssssssssssssesesesesssesseeees 557
SR RaL[=ToT T 0 c) WO 595
TANGKI MDEA (TK-201) ...vvcoovvooereeeesssseeeseeeeseesesssssesesesssssssssesesssesesessssssesseeneen 613
TANGKI AMONIA (TK-401 A/BICIDIEIFY ovvvvvovveeeeeeeoeeseseseeeesseseeeeeseseeesseseeseennn 617
KNOCK OUT DRUM (V=101) oot 618
KNOCK OUT DRUM (V-201) oo 631



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

CARRNIGER OUT DRUM (V=301 oo eeeseeeeeeseeee s sseeessssseesesseeeesenenenes 633
KNOCK OUT DRUM (V-40L) 1rrrroroooveveveeeeeonosnnssessssssssssssessessssssssssssssessssssssssssssessessesees 635
LAMPIRAN PERHITUNGAN ALAT UTILITAS «..ooooeeeeveeeeeesesseeeseeeeeeesesssseesessseeene 637
PRESSURE SWING ADSORBER ......oovvvcooooessseeeeeeeeesessssseessessessessssssessssessssessssseeeees 638
SCREENER (SC-501)....rvvvvvvvvveeeeeeeesssssessssssssessesessssssssssssesssssssssssssssssssssssssssssssessennnnnn 652
KOLAM EKUALISASH (B-501) ..eroovvvvveveeveeeeeessesesesssssssssssessessssssssssssssnsesssssssssesen 653
MIXER DISINFEKTAN (MX-50L) 1rrrvvvvvovroresseeeeeeeeersessssseessessessssssssssesssssesssesssseseeees 654
MIXER KOAGULAN (MX-502) w...oovvvveoeeeeeseeeeeeeeeessesssssessssssesssessssseessssessseessssseeees 658
CLARIFIER (CLBOLY 1 orovevevveveeeeeosessoesessesssessesesssssssssssssssssssssssssssssssssssssssssesssesenennnns 663
SAND FILTER (V-501) rrrvvvvvvvveveeeeessosensssssssssssesssssssssssssssssssesssssssssssssssssssssssssseesenennnn 668
CARBON FILTER (V-502) .....eroevoveeeeeooesessseeseeseeessseesssssessssesssseesssesssssssessseesssssssssssenees 669
MIXER ANTISCALANT (MX-503) .oovvvvvoovoreeseeeeeeeeeerseesssseeeseseesssesssssesssseesssesssseeeeees 670
SEA WATER REVERSE OSMOSIS (RO-501) rrvvvvvvvveeeeeerreerrsssssssssssssesessssssssseesenennnn 674
COLD BASIN (B-502) . rrrrvvvvvvvveveeeesssssesesssssssssesesesssssssssssssssssssossssssssssssssssssssssssssesennnnne 676
o= XC [ NI (= 10 ic) N 677
COOLING TOWER (CT-501) . rrrvvvveeerreeesseeeeeeeesessesssssseesessesssessssesssssssesssessssssssssseenee 678
CATION EXCHANGER (V-503) .......orveesseesseeseseeseessseesssessssssssssssssssssssssssssssssessennnnne 688
ANION EXCHANGER (V-504) ... ..eoeseeeeeeeeeeeeeeeeeesonessssesssssessssssssssssssssssessesssssssssoen 691
DEAERATOR (V-505) .. ovvvvveoeooeesseeeeeeeeeesseessssesessssesssessssseessessssssessssssesssssesseessseeeeees 694
TANGKI PENY IMPANAN KAPORIT (TK-501) . rrvvvveeeoreessseeeeeeeeeeesesssseeseseeenee 697
SILO ALUMINIUM SULFAT (SL-50L)...ermrrereoeeeeeeeeeeeeeeonsssssssesssssssessssssssesseesennnnn 698
TANGKI PENYIMPANAN ANTISCALANT (TK-502) .......oorrersreeeeeeeeeseesereeeeennn 699
TANGKI PENYIMPANAN AIR KEBUTUHAN UMUM (TK-503) .......rrrrrrrrveeeee. 700
TANGKI PENY IMPANAN HYDRANT (TK-504) «...ovvvvvveoerreeesseeeeeeeeeesssssseeeseeeeenee 701
TANGKI PENYIMPANAN HCI (TK-505) .oovovvvvvvveeeeeeooesesesssssssseseesesessssesesseenenennn 702
TANGKI PENY IMPANAN NAOH (TK-506) ...vvvvvvvvveeeveerrrrsesssssssseseesesesessesesseennennnen 703
TANGKI PENY IMPANAN HYDRAZINE (TK-507) crvvvvvvoooreeeeseeeeeeeeesesessseeeseseeenee 704
TANGKI PENYIMPANAN BOILER FEED WATER (TK-508)...vvvccooeesrrreeereeeenee 705
POMPA UTILITAS (PU-501 — PU-525) ........rsresosseeeeeeeeeseeeeeseeeseessssssssssssesssesseseesees 706

Xii



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

CADIAT MADA DAFTAR TABEL

Tabel I. Kelebihan dan Kekurangan Moving-bed Gasifier............ccocvveviiveiieieese e 4
Tabel I1. Kelebihan dan Kekurangan Fluidized-bed Gasifier...........cccoccvivivininnienninin i 6
Tabel I11. Tipe-tipe Entrained-flow Gasifier (Higman dan Burgt, 2003) ..........ccccevvrerrvennnne. 6
Tabel I1V. Perbandingan Larutan Benfield dan Larutan MDEA (Appl, 1999) .......ccccccevvennenne. 9
Tabel V. Perbandingan Teknologi Proses Sintesis AMONIa..........cceeverieiieereereesieeseesesineneens 11
Tabel VI. Kelebihan dan Kekurangan Teknologi Proses Sintesis Amonia (Appl, 1999)....... 11
Tabel VII. Negara Importir Amonia Beserta Nilai Pasarnya (Worldbank, 2024)................... 14
Tabel VIII. Negara Eksportir Amonia Beserta Nilai Pasarnya (Worldbank, 2024)............... 15
Tabel IX. Data Ekspor Amonia Konvensional serta Persentase Masing-Masing Pertumbuhan
(BPS, 2024) ...ttt et b et be st ne ettt re e 16
Tabel X. Industri, Lokasi, dan Kapasitas Produksi Amonia dari Batubara dan Nitrogen di
Dunia (National Energy Technology Laboratory).........cccccecceieeieiieiieie e 17
Tabel XI. Neraca Massa OVErall...........ccccciiiiiiiiiiiiee e 33
Tabel XI1I. Neraca Massa di Gasifier (R-101)........cccereririiiririiieieieeese e 34
Tabel XI11. Neraca Massa di Cyclone (CY-101)......cccoreririiiriiinieeiene e, 34
Tabel X1V. Neraca Massa di Knock Out Drum (V-101) ......ccccoeiieiieeieiicie e 35
Tabel XV. Neraca Massa di Wet Scrubber (T-101).......ccccovieieeiiiieieeie e 35
Tabel XVI1. Neraca Massa di Desulfurizer (T-201) .......cccooeriririniieieene e 36
Tabel XVI1I. Neraca Massa di HTSC (R-201) .....cccoeiiiiiiniiiiiiiieieeee e, 36
Tabel XVI1II. Neraca Massa di LTSC (R-202) ......cccueiiiieiieiecie et se e 37
Tabel XIX. Neraca Massa di Knock Out Drum (V-201) ......cccecoeiieieeieiicce e 38
Tabel XX. Neraca Massa di ADSOrDEr (T-202) ......ccoieiiiiiiiiieieeee e, 38
Tabel XXI. Neraca Massa di Stripper (T-203) .....cccerrieririiireieeee e 39
Tabel XXII. Neraca Massa di Methanator (R-301) ........cccccevieiiiiieiieie e 39
Tabel XXIII. Neraca Massa di Knock Out Drum (V-301).......ccceveeiieieiieireiie e 40
Tabel XXIV. Neraca Massa di Mixing Point SYNgas 1 ........cccoovirimieiinenenese e, 40
Tabel XXV. Neraca Massa di Mixing POINt SYNQASs 2..........cccovviiriiieieneiene e, 40
Tabel XXVI. Neraca Massa di Ammonia Converter (R-302) .......ccccevveiiieiieiiieiie e 41
Tabel XXVII. Neraca Massa di Knock Out Drum (V-401) .....cccceevieiiiiiieiiecee e 41
Tabel XXVI11. Neraca Massa di Pressure Swing Adsorber (PSA-401)........c.ccocvvrirveinnnn, 42
Tabel XXIX. Rincian Kebutuhan UmUM Al ........ooveiiie e 90
Tabel XXX. Kebutuhan Air PENAINGIN .......cooiiiiicie e 91



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

FABET XKL, KEDULUNAN STEAM PIOSES........vvvveeeseeseeeeeeeeeseseeeeeeessssseessssssssesesssssssssseeseenenene 91
Tabel XXXII. Spesifikasi Kandungan Air Laut Selat Makassar ............c.cccooveveiienieenneniennn, 92
Tabel XXXI1I. Spesifikasi Kandungan Mineral dan lon Air Laut Selat Makassar................ 92
Tabel XXXIV. Standar Baku Mutu Pengolahan Air (Permenkes RI No. 2, 2023) ................ 93
Tabel XXXV. Standar Baku Mutu Air Limbah Bagi Kawasan Industri ..............ccccceevenenne. 120
Tabel XXXVI. Contoh Sasaran Untuk Pabrik Amonia..........cccceevveiineneieneniseneeeens 140
Tabel XXXVII. Struktur Organisasi LINGKUNGAN.........cccueiiiriinieiee e 141
Tabel XXXVI1I. Identifikasi Hazard Bahan...........cccoccovieiiieninie e 149
Tabel XXXIX. Identifikasi Paparan dalam Proses Produksi ............cccocvevviieiieeneicieieennene 164
Tabel XL. Identifikasi Dampak Akibat Paparan Bahan Kimia ............cccccoveiiviiiiicinennene, 167
Tabel XLI. Identifikasi Hazard Limbah Gas ..........cccccceiieriiiiniieie e 177
Tabel XLII. Identifikasi Hazard Limbah Cair .........cccccovveriiiieninieiie e 179
Tabel XLIII. Identifikasi Hazard Limbah Padat ..............ccccoviiiiinininiiiene e 180
Tabel XLIV. Identifikasi Hazard Proses dan Peralatan.............cccccovvvenenieienenisenceens 181
Tabel XLV. ANaliSIS LOPA ... ...ttt sttt nre e nnes 231
Tabel XLVI. Daftar Kualifikasi Jabatan Kerja.........cccooviiiiiiiiiiicene e 245
Tabel XLVII. Jumlah Operator Tiap Alat Pada Tiap Shift .............ccccooveiiiiiiieiiee 255
Tabel XLVIII. Jadwal dan Jam Kerja Karyawan ReguIer ...........ccccccvveveiieieeii e 257
Tabel XLIX. Jam Kerja Karyawan Shift ... 257
Tabel L. Pembagian Jadwal Karyawan Shift ... 258
Tabel LI. Klasifikasi Gaji Karyawan..............cccccovveiueiieiieiciiese e 258
Tabel LII. Perkiraan Nilai Purchased EQuipment COoSt ...........cccevviieiieie i 262
Tabel LI1I. Perkiraan Nilai Utility EQUIPMENT COSE........cooiiiiiiiiicieiee e 267
Tabel LIV. Perkiraan Biaya Bahan Baku Proses...........ccccoiiiiiiiniiiinene e 271
Tabel LV. Perkiraan Biaya Bahan Baku Utilitas............ccccccoveiiiiiiiiieccc e 271
Tabel LVI. Perkiraan Harga Penjualan Produk .............ccccceiieiiiiiic i 272
Tabel LVII. Hasil Perhitungan Nilai Fixed Capital...........c.ccocoooiiiiiiiiiieee 273
Tabel LVII1. Hasil Perhitungan Nilai Working Capital ............ccoceoviiiiniiiiiniiee 275
Tabel LIX. Hasil Perhitungan Nilai Manufacturing Cost..........ccccocvvvieviiiii e, 276
Tabel LX. Hasil Perhitungan Nilai General EXPenSseS. ........cccvovviiieiiieiie i 277
Tabel LXI. Hasil Perhitungan Nilai Sales dan Profit...........c.ccoovviiiiienineee 277
Tabel LXII. Hasil Perhitungan Cashflow dan Nilai DCFRR ..........cccccoviiiiiiiniiinice 281
Tabel LXII1. Hasil Perhitungan Variabel Penentuan Break Even Point dan Shutdown Point

................................................................................................................................................ 283



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

TABE X1V, Analisis Sensitivitas Terhadap Perubahan DCFRR .........ccccovevviiiviecceeee, 285
Tabel LXV. Komposisi Gas Masuk Kompresor C-101.........ccccvvevviieiieiesieseeie e 305
Tabel LXVI. Spesifikasi KOMPresi Tiap StAgE ......ccoverereriiiriiieieieese e 306
Tabel LXVII. Data Hasil Perhitungan Kapasitas Panas Gas............ccccoerererenisinnieinennenns 308
Tabel LXVIII. Data Variabel Perhitungan Faktor Kompresibilitas Gas................ccccevennne. 311
Tabel LXIX. Data Hasil Perhitungan Faktor Kompresibilitas Gas ...........c.cccocvevviieivennne 311
Tabel LXX. Spesifikasi Kompresor C-101 Stage 1........cccoovriririnieiiieiene e 313
Tabel LXXI. Spesifikasi Intercooler Kompresor C-101 Stage 1.......cccccovvviereeieeneenieenennnns 313
Tabel LXXII. Spesifikasi Kompresor C-101 Stage 2.......cccccvveveevieiieieeiie e seee e 314
Tabel LXXIII. Spesifikasi Intercooler Kompresor C-101 Stage 2.........ccccevvevvevieiievieesnene 315
Tabel LXXIV. Spesifikasi Kompresor C-101 Stage 3 ........coovveririeiieiene s 315
Tabel LXXV. Spesifikasi Intercooler Kompresor C-101 Stage 3 ........cccooeveieninenieiennenn 316
Tabel LXXVI. Spesifikasi Kompresor C-101 Stage 4 ......ccccovvveveiieveeie e 317
Tabel LXXVII. Spesifikasi Kompresor C-301 Stage L.......cccccvveveiieviveiesieseee e 318
Tabel LXXVIII. Spesifikasi Intercooler Kompresor C-301 Stage 1.......ccccocevvvivvninnenenn 318
Tabel LXXIX. Spesifikasi Kompresor C-301 Stage 2 ........ccccvveveriiiinene e 319
Tabel LXXX. Spesifikasi Intercooler Kompresor C-301 Stage 2 .......cceeevvevvevveiierieesnenn 319
Tabel LXXXI. Spesifikasi Kompresor C-301 Stage 3 ......ccccovvvevieiieiieie e 320
Tabel LXXXII. Spesifikasi Intercooler Kompresor C-301 Stage 3 ........cccooevevivvninncnenn 321
Tabel LXXXIII. Spesifikasi KOMPresor C-302 ........cccovviiiiineiinieienese e 322
Tabel LXXXIV. Spesifikasi KOmMPresor C-303 .........cccovveviiieiieieiie e 323
Tabel LXXXV. Komposisi Solven Masuk EV-201...........cccccevieiiiiiiieicseese e 368
Tabel LXXXVI. Data Hasil Perhitungan Densitas SOIVEN...........cccccooeiiiiiinenininec 369
Tabel LXXXVII. Data Hasil Perhitungan Viskositas Gas ...........cccoerereneieneninienieieeens 370
Tabel LXXXVIII. Spesifikasi Expansion Valve EV-201 .........c.cccccoevviieiecieccce e 372
Tabel LXXXIX. Spesifikasi Expansion Valve EV-202 ............cccccoviiiveveiieiieece e 373
Tabel XC. Spesifikasi Expansion Valve EV-401 ...........ccccociiiiiiniiiien e 374
Tabel XCI. Spesifikasi Expansion Valve EV-402............ccccooiiiiniiiinene s 375
Tabel XCII. Neraca Massa FUrnace (F-L101) .......cccooveiieiiieiiieie e 376
Tabel XCIII. Data Konstanta Perhitungan Koefisien Panas ............ccccovvivieiieiiiecie e, 376
Tabel XCIV. Hasil Perhitungan Beban Panas O2 dan Steam............cccocevereneninienieiieneenns 377
Tabel XCV. Jumlah Kebutuhan OKSIgEN..........cccoviiiiiiiiieiiieeee e 378
Tabel XCVI. Data DIMENSI FUMACE.........cccoiiiiiiiierie ittt 379
Tabel XCVII. Perhitungan Head POmpa P-101..........cccoiiiieiiiiiiieiie e 391

XV



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

TFRBE KEV11. Spesifikasi POMPA P-201 ........ovvvvovveeeroeeseeeeeeeeeeeeesessseeeeeeeesesesesseeessesenene 395
Tabel XCIX. Spesifikasi POMPAa P-202 ...........ccoiiiiiiieiree et 396
Tabel C. Spesifikasi POMPa P-401...........ccooiiiiiiiiieieie e 397
Tabel CI. Data Variabel Perhitungan Kapasitas Panas..............ccoceoeierenineneninenieeenns 423
Tabel CII. Data Variabel Perhitungan Densitas Gas...........ccccevvereiieiveiesieeseese e e 424
Tabel CIII. Data Variabel Perhitungan Viskositas Gas...........ccccevvvvievveiesiieieere e 425
Tabel CIV. Komposisi Arus Keluar Gasifier...........ccoeoiiiiiiiiiiiecccse e 432
Tabel CV. Neraca Massa GaSITIE.........ccicueiiiiriiee e 433
Tabel CVI. Data Variabel Perhitungan ENntalpi ..........cccccveveiiieniiieie e 456
Tabel CVII. Data Variabel Perhitungan VisKOSIas...........ccccoveiieieiieieeic e 456
Tabel CVIII. Data Variabel Perhitungan ENntalpi ..........cccoooeiiiiiiiiiiiececsesceeee 467
Tabel CIX. Data Variabel Perhitungan ViskoSitas Gas...........ccccueeveienenenineninesieeeeens 468
Tabel CX. Data Variabel Perhitungan Kapasitas Panas ............cccccoveviveveiieieene e 479
Tabel CXI. Data Variabel Perhitungan Kapasitas Panas............cccccocevvevenieieenesiee e 480
Tabel CXII. Data Variabel Perhitungan ViskoSItas...........c.ccoouviiiiiiiiencinseseen 481
Tabel CXII11. Data Variabel Perhitungan Kapasitas Panas..............cccocevereieieniininnieinennenn, 496
Tabel CXI1V. Data Variabel Perhitungan Viskositas Gas..........ccccccevevveveiieiieese e 497
Tabel CXV. Komposisi Arus Gas Masuk Wet Scrubber.............cccooevveiiiicieccccc e 524
Tabel CXVI. Data Variabel Perhitungan Densitas Gas...........cccvvrirrerenenienenisesieeeeens 526
Tabel CXVII. Data Hasil Perhitungan Densitas Gas...........ccccurvririeiiienenieneseseseseeeens 526
Tabel CXVIII. Data Hasil Perhitungan Viskositas Gas ..........ccccccevvvevveviiieieee e 527
Tabel CXIX. Data Hasil Perhitungan Densitas SOIVEN ...........ccccceivevveiiiiccecc e 528
Tabel CXX. Data Hasil Perhitungan Viskositas SOIVEN ............ccocviiiiiiniienneee 529
Tabel CXXI. Data Variabel Koefisien Volume Difusi Tiap Komponen............cccceovevenene. 535
Tabel CXXII. Data Perhitungan Integrasi Trapezoidal .............cccccoovveiieiciieiieeiece e 538
Tabel CXXI11. Komposisi Arus Gas Masuk ADSOIDEN ...........cccoveiiieeieiieseee e 557
Tabel CXXIV. Data Variabel Perhitungan Densitas Gas ...........cccceverereneneneninenieeeiens 559
Tabel CXXV. Data Hasil Perhitungan Densitas Gas...........ccccuvurrreeiienenenienie s 559
Tabel CXXVI. Data Hasil Perhitungan Viskositas Gas ..........cccccovvviiieiieiieciie e 560
Tabel CXXVII. Komposisi SOIVEN MDEA ...t 560
Tabel CXXVIII. Data Hasil Perhitungan Densitas SOIVeN ... 561
Tabel CXXIX. Data Hasil Perhitungan Viskositas SOIVEN ..........cccccovviiniieiininince 562
Tabel CXXX. Data Hasil Perhitungan Berat Molekul Solven............cccccoiiiiiiiiiicic i, 562
Tabel CXXXI. Data Variabel Koefisien Volume Difusi Tiap Komponen...........ccccccveeneee. 571

XVi



PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS
480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

TaBE &% x11. Data Hasil Perhitungan Koefisien Difusivitas Gas .........ccccccoeevverveieennnn, 571
Tabel CXXXIII. Data Perhitungan Integrasi Trapezoidal ..............ccccooveveiieiieeniiieseee 576
Tabel CXXXIV. Data Hasil Perhitungan Diameter Optimum Pipa..........ccocoovniiivniinenenn. 579
Tabel CXXXV. UKUran Grid PIALe.........ccciiiiiiiee e 592
Tabel CXXXVI. Komposisi Arus Gas Masuk StHPPEr ........ccccveieiiieiieie e seese e 595
Tabel CXXXVII. Data Hasil Perhitungan Densitas SOIVEN .............cccccveveiieieeic s 596
Tabel CXXXVIII. Data Hasil Perhitungan Viskositas Gas ..........cccccevvereninnienncnienneeneennns 597
Tabel CXXXIX. Data Perhitungan Integrasi Trapezoidal.............ccccoovreiiiiiiniininiien 612
Tabel CXL. Komposisi SOIVEN MDEA ...t 613
Tabel CXLI. Data Hasil Perhitungan Densitas SoIVen............ccccoccvveiveiciccecc e 614
Tabel CXLII. Data Hasil Perhitungan Tebal Tangki ..........ccocoiviiiiiiininicceeeee 615
Tabel CXLIII. Spesifikasi Tangki TK-201 .........cccoeiiiiiiiiiiiiieee e 616
Tabel CXLIV. Spesifikasi Tangki TK-401 .........cccccoiieiiieriiieceeie e 617
Tabel CXLV. Komposisi Arus Masuk Knock Out Drum V-101 ........ccccccevveiveiciievieeenee 618
Tabel CXLVI. Nilai Konstanta A,B,C,D, dan E (Yaws, 1999).........ccccooiinininiinienieienens 619
Tabel CXLVII. Komposisi Arus Keluar Knock Out Drum V-01........cccccovvviivniiiinnnenenne 620
Tabel CXLVIII. Data Variabel Perhitungan Densitas Gas (Van Ness, 2001)...........c.c....... 621
Tabel CXLIX. Data Hasil Perhitungan Faktor Kompresibilitas.............ccccooceiiveiiiiciiennee, 622
Tabel CL. Data Hasil Perhitungan Densitas Gas...........ccocereririerineeiieniene e 622
Tabel CLI. Nilai Konstanta A, B, Tc, dan n (Yaws, 1999) .......ccccviviiieneneneniseseeeeene 623
Tabel CLII. Hasil Perhitungan Densitas Cairan ...........ccccceieeiieiieiicieeie e 623
Tabel CLIII. Spesifikasi Knock Out Drum V-101........ccccociiiiiieieiie e 629
Tabel CLIV. Komposisi Arus Masuk Knock Out Drum V-201.........ccccoocvvienivernneesnenennes 631
Tabel CLV. Spesifikasi Knock Out Drum V-201.........cccccoiiiiiiiiniiieiene e 631
Tabel CLVI. Komposisi Arus Masuk Knock Out Drum V-301..........ccccccevieveeieiieieenee 633
Tabel CLVII. Spesifikasi Knock Out Drum V-301..........ccccveiieiiiiciece e 633
Tabel CLVIII. Komposisi Arus Masuk Knock Out Drum V-401 ..........cccoceiinininnnninnnnen 635
Tabel CLIX. Spesifikasi Knock Out Drum V-401 ..........cccccooiiiiiiiiiiinene e 635
Tabel CLX. Hasil Perhitungan Salinitas Pada SWRO .........cccccooeiiiiiiiicce e 675
Tabel CLXI. Hasil Perhitungan Entalpi Udara JEnuh .............ccccooiiiiiiic i, 680
Tabel CLXII. Hasil Integrasi Trapezoidal untuk Penentuan Tinggi Cooling Tower........... 685
Tabel CLXIII. Rangkuman Perhitungan Total Head Pompa Utilitas (PU-501).................. 710
Tabel CLXIV. Hasil Perhitungan Pompa Utiitas ...........ccccovieiiiiiieiiiecie e 713

Xvii



UNIVERSITAS
GADJAH MADA
Gambar 1.
Gambar 2.
Gambar 3.

Gambar 4.
Gambar 5.
Gambar 6.
Gambar 7.
Gambar 8.
Gambar 9.

Gambar 10.
Gambar 11.
Gambar 12.
Gambar 13.
Gambar 14.
Gambar 15.
Gambar 16.
Gambar 17.
Gambar 18.
Gambar 19.
Gambar 20.
Gambar 21.
Gambar 22.
Gambar 23.
Gambar 24.
Gambar 25.
Gambar 26.
Gambar 27.
Gambar 28.
Gambar 29.
Gambar 30.
Gambar 31.

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS

480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR GAMBAR

Skema Proses Lurgi Dry Ash (Higman dan Burgt, 2003)..........cccevevieivereiiennnn 3
Profil Suhu pada Proses Lurgi Dry Ash (Higman dan Burgt, 2003)...................... 3
Skema Proses dan Profil Suhu pada Fluidized-bed Gasifier (Higman dan Burgt,

................................................................................................................................ 5
Tipe-tipe Fluidized-bed Gasifier (Higman dan Burgt, 2003).........ccccccevveiviinnnnn 5
Segmentasi Pasar Amonia di Dunia Tahun 2022 (Chemanalyst, 2023) .............. 13

Prediksi Segmentasi Pasar Amonia di Dunia Tahun 2030 (Chemanalyst, 2023) 14

Peta Persebaran Pasar Amonia di Dunia (OEC, 2024)..........ccccocevviiviiveneeiiennnn, 15
Prediksi Laju Pertumbuhan Pasar Global Amonia (S&P Global's, 2023) ........... 16
Rencana Lokasi Pabrik Amonia (Google Maps, 2024)..........ccccocvveieiinienieennenne, 18
Diagram Alir Proses Pengolahan Air Laut...........ccooveieieieninencncseseeees 96
Skema Pressure SWing AdSOIDEr...........cceiveiiiiiiiee e 107
Tata Letak Area Pabrik (Skala 1:2000) .........cccveveiieiieiieiiese e, 124
Tata Letak Area Proses | (Skala 1:300).......ccccocuriiirinieiene e 125
Tata Letak Area Proses 11 (Skala 1:325) ......ccooviiiiniiieieieeseesesee e, 126
Tata Letak Area Tank Farm (Skala 1:1000).........cccccvivivieiieeiieie e, 127
Struktur Organisasi Manajemen SHE ...........ccccccooeii i 148
Skema dan Study Node Reaktor Gasifier (R-101) ........ccccoovveiininininieeen, 220
Pemasangan Alat Kontrol Pada R-101..........cccccviiiiniiiiiee e 227
Struktur Organisasi Perusahaan Pabrik Amonia dari Batubara........................ 234
Kebutuhan Operator Pada Tiap Alat ProSES........ccccceveeviiieieeseee e 255
Skema Diagram Cashflow Pada Tiap Tahun..........ccccooviiiininnncicee, 282
Penentuan Titik BEP dan SDP Secara Grafis ..........cccocevveveninneene e 284
Grafik Analisis Sensitivitas Terhadap Nilai DCFRR.............ccccooveviivieivecnene. 285

Grafik Analisis Sensitivitas Terhadap Persentase Perubahan Nilai DCFRR ...286
Spesifikasi Belt Conveyor (Sinnott, 2005) ..........ccoovviiirinieiene e 295
Spesifikasi Ball Mill (Sinnott, 2005)........cccooiiiiiiiiiiineeee e, 298
SKEMA HOPPET ...ttt 301
Spesifikasi Screw Conveyor (Brown, 1950) ........cccccvvviviiiiiie i, 303
Grafik Pemilihan Jenis Kompresor (Coulson, 2005) ........cccoceievenininineennnn, 307
Grafik Penentuan Efisiensi Politropis (Coulson, 2005) .........ccccoevvriniinenen, 309
Perkiraan Efisiensi Motor Listrik (Tabel 3.1 Coulson, 2005).........c.cccceevvvennee. 313

XViil



UNIVERSITAS

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS

480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

BRMbEF3Y. Penentuan Dimensi Cyclone (Sinnott, 2005) ........cccovvereriiereee e, 327
Gambar 33. Penentuan Pressure Drop Factor (Coulson, 2005) ........cccccevveveiieieenineiiennnn 329
Gambar 34. Hubungan Antara Jenis Valve dan Panjang Ekuivalen (Brown, 1950)............ 372
Gambar 35. Dimensi Pipa Standar (Kern, 1965)........ccccuveiiiiiiieniiie e 387
Gambar 36. Penentuan Spesifikasi Pompa (Sinnott, 2005).........cccccevviieviievesiieceene e 392
Gambar 37. Penentuan Efisiensi Pompa (Sinnott, 2005) ..........cccceviveveiiieiiere e 392
Gambar 38. Skema Proses Pressure SWing AdSOrPtioN ...........ccoveieieienene i 399
Gambar 39. Profil Flowrate Batubara Sepanjang Reaktor .............ccooevviiniiininiinicicen, 433
Gambar 40. Profil Flowrate Oz Sepanjang Reaktor ...........ccocvviviiniiinieiene e 434
Gambar 41. Profil Flowrate CO2 Sepanjang ReakKior............coocvvivieinieiene e 434
Gambar 42. Profil Flowrate H2O Sepanjang Reaktor ...........cc.covviiiiiineniiencsenecee 435
Gambar 43. Profil Flowrate CO Sepanjang ReaKIOr ............ccoovvviirieieiene e 436
Gambar 44. Profil Flowrate CHz Sepanjang ReakKior............cocvvvrieinieneneieseseseseeeenns 436
Gambar 45. Profil Konversi Batubara Sepanjang Reaktor............cccccccvvveiieveiieceece e, 437
Gambar 46. Profil Temperatur Sepanjang ReaKLOr ............ccocviiiiiiiiiiiie e 437
Gambar 47. Profil Jari-jari Partikel Sepanjang Reaktor............ccccooviiinenineniiiseceeen 438
Gambar 48. Model Elemen Volume HTSC ..o 453
Gambar 49. Profil Molar Flowrate Sepanjang Reaktor.............ccccccvveveiiieiiieveiicce e 463
Gambar 50. Profil Temperatur Sepanjang ReaKtor ............ccocoviriiiiiiiiiee e 464
Gambar 51. Profil Konversi CO Sepanjang REaAKLOr ..........c.ccocvviiiiiiiinene e 464
Gambar 52. Model Elemen Volume LTSC......cccviiiieiee et 465
Gambar 53. Profil Molar Flowrate Sepanjang Reaktor.............ccccocvveveiieiicvc i 475
Gambar 54. Profil Suhu Sepanjang Reaktor ...........ccoiiiiiiiiiiiiiecee e 476
Gambar 55. Profil Konversi CO Sepanjang ReaKLOr ............ccocvriiiriiieieic e 476
Gambar 56. Skema Model Methanator .............ccoieeiiieie i 479
Gambar 57. Profil Konstanta Laju Reaksi Terhadap SUNU ...........cccooviiiiiciccicceccece 493
Gambar 58. Profil Konversi di Sepanjang Reaktor ... 511
Gambar 59. Profil Suhu di Sepanjang Reaktor ..........cccooviiiiiiiiiiiieesc e 511
Gambar 60. Profil Tekanan di Sepanjang ReaKIor............cccvevieiiieiic i 512
Gambar 61. Hubungan Nilai K dan Flooding Line (Shuchen, 2016).............cccccovivvevinenee. 533
Gambar 62. Model Elemen Volume DeSUITUFIZET...........cccoiveiiiiiieee e 542
Gambar 63. Profil Penyerapan H>S Sepanjang Reaktor............ccovvviiiiieninenciisiseeiennn 546
Gambar 64. Profil Temperatur Sepanjang Reaktor...........ccccevveiiieiiie i 547
Gambar 65. Profil Tekanan Sepanjang Reaktor...........cccccoviviiiiiii i 547

XiX



UNIVERSITAS

PRARANCANGAN PABRIK AMONIA DARI BATUBARA DAN NITROGEN DENGAN KAPASITAS

480.000 TON/TAHUN
NAUFAL ATHAULLAH PURNAMA, Dr. Joko Wintoko, S.T., M.Sc.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

BaMbar'sk. skema Elliptical Dished Head.............ccooeiieiiiiiecc e 549
Gambar 67. Hubungan Nilai FLV dan Flooding Line (Treybal, 1981) ........ccccccoevvevviiennn. 566
Gambar 68. Hubungan Nilai FLV dan Flooding Line (Treybal, 1981) ........cc.ccccvviirnennn. 569
Gambar 69. Dimensi Pipa Standar (Kern, 1965)........ccccuieiiiiiiinniiiesie e 579
Gambar 70. Skema Ellipsoidal Dished Head (Brownell, 1979) .......cccoccviviviviiieiieecncienn, 581
Gambar 71. Dimensi Straight Flange Untuk Ellipsoidal Dished Head (Brownell, 1979) ...583
Gambar 72. Skema Weir-Trough Type Distributor (Sinnott, 2005) ..........cccocvverriveniniinnnnn 591
Gambar 73. Skema Grid Type Support Plate (Ludwig, 1995).......cccevvvririinnenieieeneeie e 592
Gambar 74. Gambar Teknik Menara ADSOIDET ..........coiiiiiiiiie e 594
Gambar 75. Hubungan Nilai FLV dan Flooding Line (Treybal, 1981) ........c..ccccevvevviienen. 602
Gambar 76. Hubungan Nilai FLV dan Flooding Line (Treybal, 1981) .........cc.ccccvivvvennnnn. 605
Gambar 77. Skema Dimensi Ellipsoidal Head..............cccoooiiiiiiniiiiceee 628
Gambar 78. Dimensi Straight Flange (Brownell, 1959) .........c.cccciiiiiiiiiii e 629
Gambar 79. Layout SKema Pengaduk ............coceiiiiiiieiiee i 655
Gambar 80. Penentuan Nilai Power Number pada Pengaduk (Rase, 1977) ........ccccevvenenne. 657
Gambar 81. Layout Skema PeNgaduK .............cccueieieiiiniiiinesiesesieeee e 659
Gambar 82. Penentuan Nilai Power Number pada Pengaduk (Rase, 1977) ........ccccccvevenen. 661
Gambar 83. Skema Layout CIarifier............cccvoiiiiiiicie e 663
Gambar 84. Layout Skema Pengaduk .............ccoueiiiiiiiiieniesicsesieeee e 671
Gambar 85. Penentuan Nilai Power Number pada Pengaduk (Rase, 1977) ........ccccevvvnenne. 673
Gambar 86. Grafik Psychrometric Chart untuk Sistem Udara-Air ...........ccccoceevveiveieciennen, 678
Gambar 87. Kurva Kesetimbangan Sistem Udara-Air...........ccccoveveeieiieieeiecie e 681
Gambar 88. Grafik Penentuan Daya Fan............ccocuiiiiiieniiinesieecse e 686
Gambar 89. Penentuan Panjang Ekuivalen Valve dan Fitting Pompa Utilitas (PU-01)....... 708
Gambar 90. Penentuan Relative Roughness Pompa Utilitas (PU-01) ...........cccccevveieinennen. 709
Gambar 91. Penentuan Faktor Friksi Pompa Utilitas (PU-01)........cccccovevieveiieieececienn 709
Gambar 92. Pemilihan Spesifikasi Pompa Utilitas (PU-01) ........ccccoovviiininieniiineeeee, 711

XX



	995dce179b723cc5bede165c88f961cd6c885c84b95d0204dd0cb0e56b159cb5.pdf
	DAFTAR ISI
	DAFTAR TABEL
	DAFTAR GAMBAR


