Prarancangan Pabrik NPK via Green Ammonia Kapasitas 200.000 Ton/Tahun
Yuwana Seconda Priyabekti, Ir. Maulana Gilar Nugraha, S.T., M.Eng., Ph.D

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

B,
DAFTAR ISI

LEMBAR PENGESAHAN ..ottt sttt sttt sttt sbe et st e saeenneas il
PERNYATAAN BEBAS PLAGIAST ...ttt il
PRAK AT A ettt ettt e et e et e e bt e e et b e e st e e sabeeesabeeenateeenas v
DAFTAR KODE DAN STANDAR ..ottt ettt sttt st v
LD AN L 7N 2 ) SRS vi
DAFTAR GAMBAR ...ttt ettt sttt e st et e st e seenseeneesseeseenee e xii
DAFTAR TABEL ...ttt sttt ettt st sb et st e b enesaeens Xiv
INTISARI ...ttt ettt s et e et e s se e seenseeseenseensesseeseensesseenseensenseans XVi
ABSTRACT ..ottt ettt ettt et e at e et e s bt e st e e bt e et e e sseeeateenseeenbeenes Xviii
BAB I PENDAHULUAN ......coottittittettetertt ettt et sttt sttt et st e bt esteeneenbeenbesaeesaeennens 1
1.1 Latar BelaKang.........coouioiiiiiiie et e 1
1.2 Tinjauan Pustaka..........oooiiiiiiii e e 1
1.3 MaAVKEt ANGLYSIS ...coeeeeeeeiee ettt e st s aee e st e e e aeeesnseeesnbeeennseeenns 15
1.4 Pemilihan LOKaST .....cccueiiiiiiiiiieieee ettt e 18
BAB II DESKRIPSTPROSES ...ttt ettt sttt st 21
2.1 Unit Produksi Green AMmORNIQ................ccccooeeieiniiiiiiiiiiiieeese e 21
2.2 Unit Produksi Ammonium Sulfat ..........cocoiiiiiiiiiiiieeeeeeeee 22
2.3 Unit Produksi Pupuk NPK 15-15-15 ...oooiie e 23
BAB III SPESIFIKASI BAHAN DAN PRODUK .......cooiiiiiiiieieeeeee e 24
3.1 Bahan BaKu.........oooiiiii s 24
2.2 PTOAUK ettt ettt st 30
BAB IV DIAGRAM ALIR PROSES ...ttt 31
BAB V NERACA MASSA .ottt sttt ettt sttt et sae et e 33
5.1 Neraca Massa TOtal ......coueviiiiiiiiieiee e 33
5.2 Neraca Massa Tiap Alat........cccocuiiiiiieiiiie ettt ree e aee s e e saeeeenaee e 33
BAB VINERACA PANAS . ..ottt ettt ettt sttt et e sae et e 53
6.1 Neraca Panas Tiap AlAt.......c.cooiiiiiiiiiiiieieeeeeeee e 53
BAB VII SPESIFIKAST ALAT ...ttt sttt et 67
7.1 Knockout Drum (KO-=TO0T1) ....coouiiiiiiieiieeiie ettt ve e e aaeesree e e e 67
7.2 Knockout Drum (KO=102) ......cooouiiiiiiieeiie ettt 67



Prarancangan Pabrik NPK via Green Ammonia Kapasitas 200.000 Ton/Tahun
Yuwana Seconda Priyabekti, Ir. Maulana Gilar Nugraha, S.T., M.Eng., Ph.D

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

ST,
7.3 Knockout Drum (KO=103) .....ooooiiieeiieeee ettt e e s 67
7.4  Pressure Swing Adsorption (V-101 A/B) .....cccieiiiriieiiieiieeiieeee et 68
7.5  Electrolyzer (R-T01) ...cccciiiiiiiieie ettt ettt ettt et saeeenbeensaeenseas 68
7.6 DeSiccant (D=10T) ..ccueiiiieeiie ettt et e et e e sae e s raeeeaaeessaeessseeesnneeenns 69
7.7 KompPreSor (C-T01) ittt et e et e e bee e sabeeesabee s 69
7.8 KOomPreSor (C-102) ....uuiiiiieeeiieeeie ettt ettt ettt e e ebee e s beeesareeesaneeas 70
7.9 KompPreSor (C-103)....uuiiiiiieeiie ettt et e e ae e et e e e staeesssaeessseeesssaeessseaeesseens 70
7.10  KOMPIESOT (Co104)...uiiiiiiiiiieeiiee ettt et et e et eesete e st estaeesbeeesnbeeenaneeenns 70
TAT  KOMPIESOT (Co105) uuiiiiiiiiiiiieeiee ettt et e et e et e e e seaeeseaeeeaaeesssaeesnseeennseeenns 71
7.12  Heat Exchanger (E-101) .......cooiiiiiiiiiee ettt 71
T3 Intercooler (E-102) ...ttt ettt e et e e e s e e e taeesbeeesnseeennseeenns 72
714 Intercooler (E-103) ...ttt ettt e ettt e e sae e st eeeaaeessaeeesnseeennseeenns 73
TAS  CRIILET (E-TO4) ..ottt ettt et e e st e seesaesseeseenseesaenseensenneans 74
T 16 CRIIIET (E-T05) .. iiiiiieieieeeeeee ettt sttt ettt et ettt sb e et e st enbeesesaeens 74
7.17  Recycle Gas Heater (E-100) ..........ccccoouiuiiiiiiiiiiiieeiie ettt ee e e saeeeevee e 75
7.18  Ammonia Converter (R-102) .....c.cccouiiiiiiiiiii ettt ve e e sree e eree e 76
719 POMPA (P-10T) ittt ettt et esaee b e e eareas 77
7.20  Mother Liquor Mixer (IM=201).......cccuemiiiiiiiieeie ettt eee e iee e s saee e saee e 77
721 Centrifuge (CF-201) ...ooiiiiiieeeeete ettt 78
7.22  Reaktor Ammonium Sulfat (R-201) ....ccoiiiiiiiiiiieieee e 79
723 VaAPOFIZEF (B-201) coouiiiiiieeeeie ettt ettt e e ae e e e e et e e s beeesnneeeenneeenes 80
724  Air Heater (E-203).....ooo ettt ettt e et e e saae e s aaeesaaeessaaeesaseeesnseeenns 80
725 CPclone (CY =201 .ottt ettt ettt st e et e ebeesaeeenbeesneeenneas 81
7.26  Tangki Penyimpanan Asam Sulfat (TK-201) .......cccceiiiiiiieiiiieiieeeeeeeeeeeeee e 82
727 POMPA (P-201) ittt ettt et ettt e snaeeaneas 83
7.28  POMPA (P-203) ...ttt ettt et sttt e b snaeenteas 83
7.29  Rotary Dryer (RD=201) .....ccceieoiieeiie ettt st stee et eesveessaeesseaeessaeesnseeensseennns 84
7.30  Vibrating Screen (VS-201) .....ccooiuiiiieiieeee ettt sttt eneas 85
7.31  Belt Conveyor (BC-201) ......ccoooiiiiiiiieiieeeesee ettt ettt st aee e seaeenneas 85
732 BIOWer (BL20T) ittt ettt ettt et ettt 86
7.33  Storage Urea (S-301) cueiiiieiieeieeie ettt ettt ettt et e sneeenneas 86



Prarancangan Pabrik NPK via Green Ammonia Kapasitas 200.000 Ton/Tahun
Yuwana Seconda Priyabekti, Ir. Maulana Gilar Nugraha, S.T., M.Eng., Ph.D

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

DSBS,
7.34  Storage Ammonium Sulfat (S-302) .....cccueeeiiiiiiiieeie e 87
7.35  Storage Diammonium Phospate (S-303) .....ccooiiiiiiriiiiiiieeieee e 88
7.36  Storage KCI (S-304) ..uoiiiieieeieeeie ettt ettt ettt ettt ettt e e be et e esbeessaeenseas 88
7.37  Stora@e Clay (S-305) .oeoiei ettt eee et e et e e e e e saeeeraeeeaaeesbaeesbeeennneeenns 89
7.38  Storage NPK 15-15-15 (S-307) ceueeeierieieieeeeeee ettt 89
7.39  Screw Conveyor (SC-301) ....ouuiiiiiieeieeeie ettt ettt e ire s bee e sbeeesaneeenes 90
TAOQ  Air Heater (E-301) ..ottt ettt et e s e nseeneeeneens 91
TAL  Crusher (CR=301) oottt et et tae e e eaae e e aeeesareeeenneeenes 91
742 Crusher (CR=302) ..cc.oeoiieeiie ettt ettt e et eestteestaeeeaaeessaeesnseeesnseeenns 92
TA3  Crusher (CR=303) ..ottt ettt ettt e et e st eenbeesseeeaeeas 93
7.44  Belt Conveyor (BC-301) ....ccciiiiiiiieeieeeiee ettt et e e sve e s re e eaee e s s e e sseeesnneeenes 93
7.45  Belt Conveyor (BC-302) .....ccuiuiiieiie ettt estee et eesaeesseaeesareessaeesnseeennseeenns 94
7.46  Belt Conveyor (BC-303) ...ttt ettt e eeeas 94
7.47  Belt Conveyor (BC-304) .......oouiiiieeeiieeite ettt estte et e e e s aeeeareesbeeesseeesnseeenns 95
7.48  Belt Conveyor (BC-305) ..ottt estte et e e rte e s aeesareesbee s snseeesnneeenns 95
7.49  Belt Conveyor (BC-300) ........cccuiiiiiieiieieee ettt ettt sttt e eeeas 96
7.50  Belt Conveyor (BC-307) ..ottt ettt ettt e eaneas 96
7.51  Belt Conveyor (BC-308) ......c.couriiiiiiieeieeeiiee et eieeesiee st e e saeesseaeeesareesseeesseeensseeenns 97
7.52  Belt Conveyor (BC-309) ........ooiiiiiieieeeeee ettt et eeeas 97
7.53  Belt Conveyor (BC-310) ......ccoooiiiiiiieieeeeee ettt ettt et eeeas 98
7.54  Granulator (RD-301) ..ooeiieiieeieeeeee et e eeare e s tee e eesnaeeenes 98
7.55  Rotary Dryer (RD=302) ......cccoooiiriiiiiiiiiieeeeeee ettt sttt ettt 99
7.56  Rotary Cooler (RD=303).....c.coouiiiiiieeiieee ettt ettt et 100
7.57  Coater Drum (RD=304) .....ccooiiieeeeiee ettt et e et e e s aaeessae e veeennaee s 100
7.58  Bucket Elevator (BE-301)........ccccoouiiiiiiiiieieeece et 101
7.59  Bucket Elevator (BE-302)........ccuiioiiioiieieiee ettt 101
7.60  Bucket Elevator (BE-303).......cccciiiiiiieiiiieieeeiee ettt ettt sare e e e e s 102
7.61  Bucket Elevator (BE-304)........cc.oouoiiioiiieeieeee ettt 102
7.62  Bucket Elevator (BE-305).......ccciiiiiiiiiiieeeece ettt 103
7.63  Bucket Elevator (BE-300)........cccccoeoiiiiiiiiiiie ettt et ae e sare e sseeesvee e s 104
7.64  Bucket Elevator (BE-307).......cccuiioiiiiiii ettt n 104



Prarancangan Pabrik NPK via Green Ammonia Kapasitas 200.000 Ton/Tahun
Yuwana Seconda Priyabekti, Ir. Maulana Gilar Nugraha, S.T., M.Eng., Ph.D

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

B
7.65  Bucket Elevator (BE-308)........cccuiiiiiiiiieciieeeee ettt ve e e e s 105
7.66  Bucket Elevator (BE-309)........cc.oooiiiiiiiieeee et 105
7.67  Bucket Elevator (BE-310)........ccciiiiiiiiiieieiee ettt 106
7.68  HOPPET (H-30T1) oottt ettt et et sneeneeneas 106
7.69  HOPPET (H-302) ..ooiiiiieeiieeeee ettt ettt et e et e e s baeesabeeesaneeenasee s 107
770 HOPPET (H=303) ..eeieiieeiie ettt et ettt e et e e st e e sabeeesnneeenasee s 108
771 HOPPET (H-304) ..ottt sttt e st et sneeseeneas 108
772 HOPPET (H=305) .ottt ettt et e et estae e sabeeesnneeenaaee s 109
7.73  Settling Pond (SP-301) .....oooiiiiieiieeie ettt ettt et 110
T T4 CYclone (CY=301) ..ottt ettt st ebe e 110
TTS  CYClone (CY=302) ittt et e e te e e ete e e tteesnsaeesnseeennseeennseees 111
7.76  Vibrating Screen (VS-301) .....cocueiiiiiiieeeieeeie ettt ettt sireesbeeeevee e s 111
77T Blower (BLe301) ..ottt et te e e tae e et e e s aaeesarae e araeesaneeas 112
T.T8  SCrUDBEF (K=301) ceiiiiieiieeiee ettt e eee et e et eeete e et e e ssaeesnbeeennseeennsee s 112
779 POMPA (P-301) it et et et e e neeeennee s 113
7.80  POMPA (P-302) ...eeiiiiieeiieeee ettt e et et e e st e e s b e e e raeenaaae s 114
BAB VIILT UTILITAS .ottt ettt et sttt ettt et e bt e e b e e sneeenbeesaeeenne 115
8.1 Unit Penyedia dan Pengolahan Air..........cccoeiiiiiiiieeiiieciieeeeecee e 115
8.2 Spesifikasi Alat Utilitas Pengolahan Air..........cccoceviiiiiiiiiiiiniinieceecseeceen 124
8.3 Unit Penyedia Udara...........c.oooiiiiiiiiiiiieeeeee ettt st 146
8.4  Unit PembangKit STEAM ..........ccccuvieoiiieiiiieiieeeeee et 154
8.5 Unit Pembangkit LASTIK .....c.cooiiiiiiiiiiiieee e 160
8.6 Unit Pengolahan Limbah ..........cccccooiiiiiiiiiiiie e 164
BAB IX TATA LETAK PABRIK ......oooiiiiiiiieeeet ettt sttt st 166
9.1 Tata Letak Pabrik........cooiiiiiiiiiiiiice et 166
0.2 Layout Peralatan ProSeS .........cccieiieeiiieiiieeiieiie ettt ettt site et st saae e ee 168
BAB X ASPEK SAFETY, HEALTH, AND ENVIRONMENT .......ocoooeiiieiiiieieeeeieeeeseeenn 172
10.1  Sistem Safety, Health, and Environment (SHE) ..........cccoocviiiiniiiiiiniiciecie e 172
10.2  Identifikasi Hazard Bahan ............ccocooiiiiiniiiiiiiiiccceeeeee e 188
10.3  Identifikasi Hazard ProSes ..........cooeoiiiiiiiiiiiiiiiiiieieeeeee e 200
10.4  Identifikasi Hazard Limbah ...........cccooiiiiiiiiiiieeece e 244



Prarancangan Pabrik NPK via Green Ammonia Kapasitas 200.000 Ton/Tahun
Yuwana Seconda Priyabekti, Ir. Maulana Gilar Nugraha, S.T., M.Eng., Ph.D

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

B

10.5 Hazard and Operability Study (HAZOP) ......ooooeiiieieeeeeeeeee e 253
10.6  Layer of Protection AnalysisS (LOPA) .....ccoouiiiiiiiiieiecieeeeeee et 267
10.7  Studi Dispersi dan Klasifikasi Area Hazardous............ccceeveeiieniiiciienieeiienie e 272
BAB XI STRUKTUR PERUSAHAAN ..ottt sttt sttt eee s e s eneesneenne 275
11.1  Bentuk Perusahaan..........cocoiiiiiiiiiiiiiiieeeeee e 275
11.2 SHrUKEUL OTZANISAST ..veeuvieeiieiieeiiieiieeieeiteeteesteeeteeseesveeseessseesseessseesseesnseenseeenseensseans 276
11.3  Tugas dan WeWENANG.........cccueieiiieeiiieeciieeeiteeeiteeeiteeeaaeesseeesaaeessseeesssaeessseeensseeennes 276
11.4 Pembagian Jam Kerja Karyawan ..........ccccooceevieriiienieniiieniecieesee et sve e ens 286
11.5 Penggolongan Gaji Karyawan ...........ccceccveeeiieiieiiienieeieeeie et eie e eveesneesaesene e 288
11.6  Kesejahteraan Sosial Karyawan ..........cc.ccoceeviriiniiiiiiinieiiniceeicceceeceeeseeieeees 289
11.7  Manajemen ProdUKSI ..........ccviiiiiiiieiiieiiecie ettt ettt e veessaeensaesnne e 292
BAB XII ANALISIS EKONOMIL......coiiiiiiiiiieiteect ettt sttt 295
12.1  Penentuan Tingkat Risiko Pabrik ...........cccccooiiiiiiiiiiii e 295
12.2  Perhitungan Modal Tetap (Fixed Capital)...........c.ccceeeeevueecuiencieeiienieeireenieeeieennaens 295
12.2.1  Perhitungan Harga Alat...........cccocoieriieiieiiieiiecieeeeee e 298
12.2.2  Perhitungan Raw Material, Sales, Dan Bahan Penunjang.............ccccccccvveenennnenn 305
12.2.3  Perhitungan Biaya Labor ...........cccooiiiiiiiiiiiiieeeeee e 306
12.2.4  Perhitungan Harga Tanah dan Bangunan ..............cccceevivviiiiniiiiniie e 306
12.2.5  Perhitungan Fixed Capital INVeStment................ccocevereuineinensiniecnenenieeneenens 307
12.3  Biaya Produksi (Manufacturing COSE) ............cocueveecuieieineiiiniinieieeieneesieneeseeeseeeanes 309
12.4  Modal Kerja (Working Capital)............cccueeeueeecieieiiieeiieeeiieeeee e eeieeesieeeevee s 310
12.5 Pengeluaran Umum (General EXPEnse) ..........ccocccueuueeceeiieeiuienieeiiiesieecieeseeseeesaeens 310
12.6  Analisis Keuntungan (Profitability ARGLYSIS) ..........ccceeciroiinenviiniineiienieneeieeeenieeane 311
12.7  Analisis KelayaKan ...........ccoociiiiiiiiiiiicicceeeeeeee e e 311
12.7.1  FaKtor LAng.....ccueoiiiiiieiie ettt et ettt 311
12.7.2  RetUrnl Of INVESIMENL ......c..coecuieeeieaiiesieeieeeiie et see et eee ettt st esaaeebeessaesseens 312
12.7.3  PAY OUE TITNE ..ottt ettt e e e e et e e e e baae e snnaaeeeenns 313
12.7.4  Discounted Cash Flow Rate of Return (DCFRR).........cccccovviiiiiiniiiiiiiiieeeen, 314
12.7.5  Break Even Point (BEP) dan Shutdown Point (SDP) ........ccccceevviivcriiiciieiineenne, 315
12.7.6 ANaliSis SENSTHIVITAS ....eevuieriiieiiieiieeiie ettt ettt st sbe e e 318
BAB XIIT KESIMPULAN.....c.etitiititit ettt ettt ettt sttt st sae ettt e e enne 320



Prarancangan Pabrik NPK via Green Ammonia Kapasitas 200.000 Ton/Tahun
Yuwana Seconda Priyabekti, Ir. Maulana Gilar Nugraha, S.T., M.Eng., Ph.D

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

GADJAT MADA
DAFTAR PUSTAKA ..o eees oo seseseeessssseseeeessseseeesssseseesessseeeesseeseesessseeenees 321
LAMPIRAN ALAT UTAMA ...coomivvooeeeeeeeeeeeeeeeeeeeeeeeeesesseeeeesssseeeesesseeeesssseeesssseeesesseseeeesees 323
ELECTROLYZER (R-101) e vveeoeeeeeeooeeeeeeeeeeseeeeseesseeeesesssseseeessseeseseessseseesesseeeessseesesseseeeesees 323
AMMONIA CONVERTER (R-102) . sovvvooeeeeeeoeeeeeeeeeeeeeeeeeeeseeseeeeesesseseesesssesessssseeesesssesessssneons 339
REAKTOR AMMONIUM SULFAT (R-201) .ovccourveeeeeeeeeereeeseeeseeeseeeessesseessessseeesesssseeereeees 369
ROTARY DRYER (RD-201) ...coomveeeeereeeeeeeseeeoseeeseeeesesssseeeeesssseeseesessseseesssseessssseeeessssseeesees 391
LAMPIRAN ALAT PROSES ....oorovvooeeeeeeoeeeseeeeseeseeeeeessssseeeeeesessseseessseessssssesesssseesssesseeeeees 419
LAMPIRAN ALAT UTILITAS ..oooivveeoeeeeeeeeeseeeeeeeeseeeeesesseeeeesssseeseseesssesessssseessssseeeeesssseeeesees 625

X1



	DAFTAR ISI



