PRARANCANGAN PABRIK LIGHT OLEFIN DARI METANOL MELALUI PROSES METHANOL TO
OLEFIN (MTO) DENGAN
KAPASITAS 267.500 TON/TAHUN

PERNYATAAN PENYUSUN ...ttt enneas ii
EXECUTIVE SUMMARY ...ttt sttt sneaneas iv
KATA PENGANTAR. ..ottt bbbttt b bbbt e e vii
DAFTAR ISH .ttt a e et e e et e e e ae e e e teeeanseeennes viil
DAFTAR TABEL ..ottt e et e e s e nnees xiii
DAFTAR GAMBAR ...ttt ettt b et be bt ne et e e e XV
DAFTAR KODE DAN STANDAR ALAT PROSES ......cccooiiitee e XVi
INTISARI et e e e e e s e e s ae e e e se e e eaee e eseeeannaaens XVii
N = IS I S SRR XViii
BAB 1 PENDAHULUAN ...ttt sttt 1
1.1 Latar BelaKang ...t 1
1.2 TINJAUAN PUSTAKA ......cciiiiiiiiiiieice e 1
121 BHHEN. oo 1

1.2.2 PrOPIlEN...c.oocice e e 2

1.2.3  PemiliNan PrOSES.......cuciiiieiiiiieiesiiiieie et 3

1.2.4  ANALSIS PASAN ....civiiiiiiiiieiesie sttt 7

1.2.5 Penentuan Kapasitas PabriK..........ccccociiiiiiiiiiiiiee e 13

1.2.6  Pemilinan LOKASI .......cccoiveiiiiiiiee et 15

BAB 2 URAITAN PROSES. ..ottt ettt st 20
2.1 Unit 100 Persiapan Bahan BaKu..............ccccooeiieiiiiciic e 20
2.2 UNit 200 SINESIS OIETIN......eiiieieciecieee et ee e 20
2.3 Unit 300 Pemurnian OlefiN..... ..o 20
2.4 UNit 400 PENYIMPANAN........cccociiiieieiie ittt ste e sre e sreesreeeesreenre e 21
BAB 3 SPESIFIKASI BAHAN ..ottt 22
3.1 BANAN BAKU......oociiice et nne e 22

K J0 00 |V =1 =T | USSP 22

3.2 Bahan PenduUKUNG .......ccoooiiiice et 22
3.2.1 Katalis SAPO-34 ..o 22

I O 1< [0 -1 PSP 23

32,3 GAS ALAM ..o 23

3.3 ProdUK UTAIMA ..ottt 24

Marsa Rudwinanda (19/443847/TK/49043)
Shane Nandy Immanuel (19/443868/TK/49064)

viii



PRARANCANGAN PABRIK LIGHT OLEFIN DARI METANOL MELALUI PROSES METHANOL TO
OLEFIN (MTO) DENGAN
KAPASITAS 267.500 TON/TAHUN

332 PrOPHIEN ..o e 25

3.4 Produk SAMPING ......cooiiiiiiiiiii et 25
AL BULBNA ..o 25

342 PENTENA. .....eiiiiieieeiii ettt 26

3i4.3 IMBLANG ..ot 27

B4 ELANA ..ot nnne s 28

R o (0] 012 1 - PSP OUPRTRPPRUPRRPPPN 29

BAB 4 DIAGRAM ALIR KUALITATIF DAN KUANTITATIF ..o, 31
BAB 5 NERACA MASSA ...ttt et et e e e s e e are e e s aaeeannes 34
5.1  Neraca Massa TOtal.......ccccceiiiiiiieiiie e 34
5.2  Neraca Massa Tiap AlQl ........c.ccoiieiiiii i 35
BAB 6 NERACA PANAS ... ettt 39
6.1  Neraca Panas Tiap AlQL ... 39
BAB 7 SPESIFIKAST AL AT ..ottt e e et e e e aae e anneas 45
% T = o T | OSSPSR 45
7.1.1 Tangki Penyimpanan Metanol (010-TKOL1) .....ccccceveiieieiiieieece e, 45

7.1.2 Tangki Penyimpanan Etilen (040-TKOL) .....ccccoeviiiiiiieiiece e, 45

7.1.3 Tangki Penyimpanan Propilen (040-TKO2) .......ccccoeiiiinerieneniiiiieeees 46

T2 POIMIPA .ttt b e n e 46
7.2.1 Pompa Metanol (0L10-POL1).....cccccveiiiieiieie e 46

7.2.2 Pompa Etilen (040-POL) ......oooeiieeceece ettt 47

7.2.3 Pompa Propilen (040-P0O2) .......ccoiiiiieieiiieeeee e 47

S TV £ o 1o ¢ V2] TSR PP PR R PRPPO 48
7.3.1 Vaporizer Metanol (010-EOL) ......cccooveiieiiiie e 48

A =T o T L = (0] G USRS 49
7.4.1 Knock Out Drum Vaporizer Metanol (010-FO01).......ccccocovvineniiieniiiennn 49

7.4.2 Knock Out Drum Metanol dan Air (030-FOL)......ccccooeiiiiiininiiciicien 49

7.4.3 Knock Out Drum Demethanizer (030-F02).........ccccevvvevieiieiiie e 50

7.5 FUIN@CE. ...ttt et e e e e beenane s 51
7.5.1 Furnace Metanol (010-HOL) ......ccooviiiiiiniiiiieieee e 51

T = (- 14 (] PSSR 52
7.6.1 Reaktor MTO (020-ROL) ...ccviieieieieiieie et s 52

Marsa Rudwinanda (19/443847/TK/49043)
Shane Nandy Immanuel (19/443868/TK/49064)



PRARANCANGAN PABRIK LIGHT OLEFIN DARI METANOL MELALUI PROSES METHANOL TO
OLEFIN (MTO) DENGAN
KAPASITAS 267.500 TON/TAHUN

7.7.1  QUuENChEr (020-FOL) ..oceiiieieiie et 52

7.8 HEAt EXCRANGEL ...t 53
7.8.1 Process Gas Cooler (020-EO0L) .....cocviieiieiiiieseece e 53

7.8.2 Quenching Water Cooler (020-E02)........cccceveiieieeiieceeie e 54

7.8.3 Process Gas Heater (030-EO0L)......cccccvuriieriiniieiienie e 55

7.8.4 Deethanizer Heater (030-E02).......ccccoeiiiiiiieiiee e 56

7.9 MUltiStage COMPIESSOL .......ccvviieiieeiieeie st esie e ste e te e este e e s raesaeereesreeneeans 57
7.9.1 Multistage Compressor (030-COL1) ......cccveviiieeiieieeieieese e 57

7.10 (O T I 151 | = T SRS 58
7.10.1 Unit Distilasi DEPrOPanIzZEr ..........cccoeereiiiininieieeieese e 58

7.10.2  Unit Distilasi Deethanizer ..o 61

7.10.3 Unit Distilasi C3-SPIItter........cccvviiieiiiii e 64

7.10.4 Unit Distilasi C2-SPITr.........cooeiiiiiiiiiiieeeee e 68

BAB B UT I T AS .ot e et e et e e e ne e e e neeeanneeeannes 72
8.1 Unit Penyedia dan Pengolahan Air..........ccccooiiiiiiic i 72
8.1.1  KEDUIUNAN AN ..o 72

812 SUMDET Al oo e 76

8.1.3  Pengolanan Al .....cc.ooiiiiiieeee e 77

8.1.4 Diagram Alir Unit Pengolahan Al ..o 82

8.1.5 Spesifikasi Alat Unit Pengolahan Air...........cccooeiiiieiieieie e, 83

8.2  Unit Pembangkit STEAM ..........cceiiiii et 97
8.2.1 Kebutuhan STEaM...........oiieie e 97

8.3 Unit Penyedia Udara..........ccocooiiiiiiiiieeiese e 98
8.3.1 Kebutuhan Udara.........cccooviiiieieieieie e 98

8.3.2 Tangki Pengering Udara dengan Silica Gel ............c.ccoeevveviiicinciciiee, 99

8.3.3  KOMPIeSOr UGAra ........coveiuiiiiiiieiieieiiesie st 100

8.4 Unit Pembangkit LiStITK ..........ccooiiiiiiiiiiiieie e 103
8.4.1 KebUtUNan LIStIiK .......ccooiiiiiiiiiiieeee e 103

8.4.2 Generator Cadangan ..........cceeiueeiiiiiiie e e 104

8.5  UNITRETIIGEIASE ...eiviiiiiiiieeie bbb 104
8.5.1 Kebutuhan RefrIgEeran..........ccoiiiiiiiiiiie e 106

ST AV - T [o] -1 (0] PP 106

Marsa Rudwinanda (19/443847/TK/49043)
Shane Nandy Immanuel (19/443868/TK/49064)



PRARANCANGAN PABRIK LIGHT OLEFIN DARI METANOL MELALUI PROSES METHANOL TO
OLEFIN (MTO) DENGAN
KAPASITAS 267.500 TON/TAHUN

8.5.5 EXPaNnSION VAIVE.......ccooiiiiiiiiiicce e 108

8.6  Unit Pengolahan Limbah............ccccooiiiiiiiiiiiicc e 108
8.6.1 Pengelolahan Limbah Cair ..........ccceviiiiiieiicic e 109

8.6.2 Pengelolahan LiImbah Gas.........cccooeiiiiiiiiiiiiiieceese e 112

8.6.3 Pengelolahan Limbah Padat ...........ccccciiiiiiiiiiiceiec e 113

BAB 9 TATA LETAK PABRIK ..ottt 114
9.1 Layout Pabrik Keseluruhan............cccccooieiiiiiiie e 115
0.2 LaYOUL AFBA PIOSES .....ccviiiiiiiieiieiee sttt 116
BAB 10 ASPEK KESELAMATAN, KESEHATAN, DAN LINGKUNGAN.................. 117
10.1 Manajemen Safety, Health, and Environment (SHE)............ccccccovviieinennn, 117
10.2 Struktur Organisasi Manajemen SHE ............ccccccoviie i 133
10.3 Identifikasi Hazard Bahan............ccooviiiiie e 135
104 Identifikasi Hazard Limbah ... 147
10.4.1 Identifikasi Hazard Limbah Cair........ccccooviiinrnneneienc e 147

10.4.2 Identifikasi Hazard EMiSi Gas .........ccocuvirinininriniene e 149

10.4.3 Identifikasi Hazard Limbah Padat.............cccccevvrinenineniiinescceeen, 150

10.5 Identifikasi Hazard PrOSES. ..o 151
10.5.1 Identifikasi Hazard Peralatan ProSes...........ccccevvvereiieeivenesieseenie e 151

10.5.2 Identifikasi Hazard Peralatan Utilitas...........cccocoveieiiieniiiiinicieeen, 161

10.5.3 Identifikasi Hazard Plant Layout .............ccccoovevveiiiiieie e 167

10.5.4 Identifikasi Hazard Lokasi Pabrik............cccooviieiiiiiniiiene e 171

10.5.5 Identifikasi Potensi Paparan Bahan Kimia..........ccccoovinininiiicicneen, 173

10.6 Process Hazard Analysis (PHA): Studi HAZOP ..o, 178
10.6.1 Pertimbangan Pemilihan Alat...............cccooiiiiiiiiiie e 178

10.6.2 Analisis HAZOP Reaktor MTO (020-RO1)......cccooeiiiiiiniiiniieeieeee, 178

BAB 11 ORGANISASI PERUSAHAAN ...ttt 192
111 Bentuk Perusanaan...........oooiiiiiiiiie et 192
11.2 SEFUKEUE OFQaniSASI.....cccvviiiiiiiieiie ettt e 192
11.3  Tugas dan WEWENAING ........ooueruerieriirieniieieeieniesie sttt ie et sbe b b eneenes 196
11.4 Perhitungan Kebutuhan Jumlah Operator...........ccoceveieiinenciinenieeee, 204
115 Penggajian KaryaWan ..........cccocieiiiiiie it 205

Marsa Rudwinanda (19/443847/TK/49043)
Shane Nandy Immanuel (19/443868/TK/49064)

Xi



PRARANCANGAN PABRIK LIGHT OLEFIN DARI METANOL MELALUI PROSES METHANOL TO
OLEFIN (MTO) DENGAN
KAPASITAS 267.500 TON/TAHUN

11.7 Kesejahteraan SOSIal ............cooviiiiiiiii e 208
11.8 Manajemen ProAUKSI .........coiiiiiiiiiiicee s 210
11.8.1 Perencanaan ProdUKSI..........ccoooririeiiiiiisinieiee e 211

11.8.2 Pengendalian ProduKSI ..........ccccoieeiieiieiieic e 212

BAB 12 ANALISIS EKONOMI .....oooiiiiic ettt 214
121 Modal Tetap (Fixed Capital INVESTMENT) ........cccovviiiiiiii e 214
12.1.1  Perhitungan INdeks Harga .........ccceveiieiieiiiie e 214

12.1.2 Perhitungan Harga Alat Proses dan Utilitas.............cccoceveiieieerniiiennn, 216

12.1.3 Perhitungan Harga Bahan Baku dan Produk ..............cccociniiiienennn, 220

12.1.4 Perhitungan Upah Pekerja Pembangunan Pabrik .............ccccvoviiveinennen, 222

12.1.5 Harga Tanah dan Bangunan ...........ccccceiierieiieieene s 222

12.1.6 Perhitungan Fixed Capital Investment (FCI)........ccccocevvveveiiiiiecieciennn, 223

12.2 Biaya Produksi (Manufacturing CoSt) .........ccocevvrininieicne e 224
12.3 Modal Kerja (Working Capital) ... 224
12.4 Pengeluaran Umum (General EXPENSEe)........cccevvviieiieieiiese e 225
12,5  Analisis Keuntungan (Profit ANalysis) .........cccccevviieiiieie i 225
12,6 ANalisis Kelayakan ...........ccccoiieiiiiiiii et 225
12.6.1  FAKEION LANG.....eiitiiiiiiiiiiiiieieiee e 226

12.6.2 Return of Investment (ROI) ..., 227

12.6.3  Payout TIME (POT) ...eoceeiiee ettt 228

12.6.4 Break Even Point (BEP) ..o o 228

12.6.5 Shut Down POINE (SDP).....coviiiiiiiiiiiesiesesee e 231

12.6.6 Discounted Cash Flow Rate of Return (DCFRR) ........ccccoiviiviieiennnn, 232

12.6.7  SenSItiVIty ANAIYSIS ........coviiiiiiiiecie e 233

BAB 13 KESIMPULAN .....ootiiiiee ettt sttt st 235
DAFTAR PUST AK A ettt ettt et e et e e e st e e et e e et e e aaeeeanneeeaseeeanns 236
LAMPIRAN PERHITUNGAN ALAT-ALAT PROSESUTAMA ... 239

Marsa Rudwinanda (19/443847/TK/49043)
Shane Nandy Immanuel (19/443868/TK/49064)

xii



