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ABSTRAK

Ethylene Oxide merupakan salah satu bahan baku penting dalam industri kimia
yang secara luas digunakan untuk memproduksi senyawa turunan seperti ethylene
glycol, deterjen, pengemulsi, dan pelarut. Hingga saat ini, kebutuhan Ethylene
Oxide di Indonesia masih belum terpenuhi sepenuhnya oleh produksi dalam negeri
sehingga bergantung pada impor. Oleh karena itu, prarancangan pabrik Ethylene
Oxide ini ditujukan untuk memenuhi kebutuhan pasar domestik. Pabrik ini
dirancang dengan kapasitas produksi sebesar 210.000 ton/tahun dan direncanakan
berlokasi di Kawasan Industri Terpadu Batang (KITB), Gringsing, Jawa Tengah.
Proses pembuatan Ethylene Oxide menggunakan metode oksidasi langsung (direct
oxidation) pada fase gas dengan kebutuhan bahan baku ethylene sebanyak 23.522,2
kg/jam dan oksigen sebanyak 26.947,8 kg/jam. Reaksi berlangsung di dalam
reaktor fixed-bed multitube dengan menggunakan bantuan katalis perak (Ag) pada
kondisi operasi suhu 242,2-254,4 °C dan tekanan 14,3—15,7 atm. Produk utama
yang dihasilkan berupa Ethylene Oxide dengan kemurnian 99,9%, serta produk
samping berupa karbon dioksida dan air. Berdasarkan hasil evaluasi ekonomi,
pendirian pabrik ini membutuhkan modal tetap (Fixed Capital Investment) sebesar
USD 117.082.867,22 dan modal kerja (Working Capital) sebesar USD
45.690.353,06. Analisis kelayakan ekonomi menunjukkan nilai Return On
Investment (ROI) setelah pajak sebesar 26,80%, Pay Out Time (POT) setelah pajak
selama 2,87 tahun, Break Even Point (BEP) sebesar 48,08%, Shutdown Point (SDP)
sebesar 31,03%, dan Discounted Cash Flow (DCF) sebesar 42,74%. Dari parameter
teknis maupun ekonomi tersebut, dapat disimpulkan bahwa pabrik Ethylene Oxide

ini layak (feasible) dan prospektif untuk didirikan.

Kata Kunci: Ethylene, Ethylene Oxide, Evaluasi Ekonomi, Oksidasi Langsung,
Reaktor Fixed-Bed Multitube.
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ABSTRACT

Ethylene Oxide is a crucial raw material in the chemical industry, widely used to
produce derivative compounds such as ethylene glycol, detergents, emulsifiers, and
solvents. To date, the demand for Ethylene Oxide in Indonesia has not been fully
met by domestic production, leading to a reliance on imports. Therefore, the pre-
design of this Ethylene Oxide plant is intended to fulfill domestic market needs. The
plant is designed with a production capacity of 210,000 tons/year and is planned to
be located in the Batang Integrated Industrial Estate (KITB), Gringsing, Central
Java. The production of Ethylene Oxide utilizes a gas-phase direct oxidation
method, requiring 23,522.2 kg/hour of ethylene and 26,947.8 kg/hour of oxygen as
raw materials. The reaction takes place in a fixed-bed multitube reactor using a
silver (Ag) catalyst under operating conditions of 242.2-254.4 °C and 14.3-15.7
atm. The main product is Ethylene Oxide with a purity of 99.9%, along with carbon
dioxide and water as by-products. Based on the economic evaluation, the
establishment of this plant requires a Fixed Capital Investment of USD
117,082,867.22 and a Working Capital of USD 45,690,353.06. The economic
feasibility analysis indicates a Return On Investment (ROI) after tax of 26.80%,
Pay Out Time (POT) after tax of 2.87 years, Break Even Point (BEP) of 48.08%,
Shutdown Point (SDP) of 31.03%, and Discounted Cash Flow (DCF) of 42.74%.
From these technical and economic parameters, it can be concluded that this

Ethylene Oxide plant is feasible and prospective to be built.

Keywords: Direct Oxidation, Economic Evaluation, Ethylene, Ethylene Oxide,
Fixed-Bed Multitube Reactor.



DAFTAR ISI

PENGESAHAN ...ttt ettt ettt e sneeneeneas v
KATA PENGANTAR ...ttt st v
ABSTRAK ...ttt et ettt et n e ne e vii
DAFTAR IST ..ottt st st ix
DAFTAR TABEL......ooiiiitiiieeeeee ettt Xiv
DAFTAR GAMBAR ..ottt XVi
BAB I PENDAHULUAN ..ottt 1
1.1.  Latar Belakang ..........ccccooiiiiiiiiiieeee e 1
L2, TUJUAN.cc.tiiiiiciteeeeee ettt ettt e et eesbaesteeesbeensaesnseensaeesseennnas 2
1.3, Tinjauan Pustaka ..........ccocioiiiiiiiiiiee e 2
L3310 ERPIONE....nneeeeieeeeeeeeeeee et e 2
1.3.2. OKSIZEN wetiiiiiiiiieiieeie ettt ettt ettt e e et e ebeetaeesbaesneeenseenenas 3
1.3.3.  Ethylene OXide ..........uueeecueeeeciiieeiiieeieeeee e 3
1.3.4.  Proses Pembuatan Ethylene Oxide..............ccccvueeevencueecvencrnareannen. 4

1.4.  Penentuan Kapasitas Perancangan Pabrik.............cccccooiiiiiiiiiniinnnnnn. 8
1.4.1.  Kapasitas Pabrik yang Sudah Ada..........ccocoveviiiiiiniiiiiieeeee, 8
1.4.2.  Penentuan Kapasitas Perancangan ...........c.ccoceveevenieneenicnnicneenens 9

1.5. Pemilihan Lokasi Pabrik .........cccoociiiiiiiiiiiece 10
1.5.1. Faktor Utama.......coceeruieeiieieeiiee et 10
1.5.2.  Faktor Pendukung ..........cccooiiiiiniiniiiiiiiccceeeeeee e 15
1.5.3. Penentuan Lokasi Pabrik...........cocooiiiiiiiieee, 16
BAB IT URAIAN PROSES......coiiiiiitite ettt 19
2.1, DeSKIIPST PTOSES ....eeeiuvieeiiieeiiieeieecee ettt e 19
2.1.1.  Tahap Persiapan Bahan Baku........c..ccccccccooiiiiniinininiiiicne 19
2.1.2. Tahap REaKST ....ccocviiiiiiieiiecie e 20
2.1.3.  Tahap Pemurnian dan Penyimpanan Produk.................ccccoenee.n. 21
BAB III SPESIFIKASI BAHAN DAN PRODUK ......ccccooiiiiiiiiniiieciciceee 23
3.1.  Spesifikasi Bahan Baku..........ccccooiiiiiiiiiiiiieee e 23
3.1.1. Sifat Fisika dan Kimia bahan baku Ethylene ................cccoeeuenne.. 23
3.1.2. Sifat Fisika dan Kimia bahan baku Oksigen..........cccccceeveveeneen. 24
3.1.3. Sifat Fisika dan Kimia Katalis Perak (Ag).....ccccceevieriieciieniennnnn. 24

xi



3.2, Spesifikasi Produk.........cccoeeiieniiiiiieniieiieeeeee e 25
3.2.1 Sifat Fisika dan Kimia Produk Ethylene Oxide ............................ 25
BAB IV DIAGRAM ALIR ...ttt 26
4.1.  Diagram Alir Kualitatif dan Kuantitatif............c..coocoevinininninieninnn. 26
4.2.  Process Engineering Flow Diagram (PEFD)............ccccooeeveveeneeane. 27
BAB V NERACA MASSA ...ttt sttt 28
5.1.  Titik Pencampuran Fresh Feed dan Arus Recycle..............c.cceeveeennnnn. 29
520 REAKIOT .ttt 29
5.3.  Titik Pencampuran Metana ...........cccceeevveeeiiieeiiieeeiieeeree e eeveeeeaee s 30
54, WAter ADSOFBEF ........c..ooveiviiiiiiiiiiiieeeeeee e 30
5.5 COZ ADSOFDEF ...ttt 31
5.6.  COZ SIFIPPCE ..ottt ettt 31
570 RECYCLE et 32
5.8 Kolom Distilasi ....cceeeuieriiiiiiiiieiiesie e 32
BAB VI NERACA PANAS ..ottt s 33
0.1, REAKLOT ..ot 33
6.2.  VAPOFIZer V=01 .....ccocviiiiiiieiie ettt s 34
6.3.  Heat Exchanger HE-01 ..........cccooiiiiiiiiiiieieeeeeeeeee et 34
6.4.  Vaporizer V-02 ........ccccooiiiriiiiiiiiienieeeeeee e 34
6.5.  Heat Exchanger HE-02 ...........cccocooiiiiiiiiiieiieeeeeeeeeeee et 35
6.6.  Vaporizer V-03 ........cooiiiiiiiiiiieiteeee e 35
6.7.  Heat Exchanger HE-04 ...........cccoooiiiiiiiieeieeeeeeeeeee et 36
6.8, TitiKk CamPUT ...c.eiiiiiiiiiiicictee s 36
6.9.  Heat Exchanger HE-03 ...........cccooiiiiiiiiiiieieeeeeeeee et 37
6.10.  Heat Exchanger HE-05 ...........cccoiiiiiiiiiieeieeeeeeeeee et 37
6.11. Kolom Water Absorber A-01 ........cccccceveiviriininiiiiinieeneeeeeeeee 38
6.12.  Heat Exchanger HE-00 ...........cccocooiiiieiiiieieeeeeeeee et 38
6.13.  Kolom CO2 AbSorber A-02 .........cocoeeeevieiiniiiiiieiienieeeseeeeeeeeees 39
0.14.  TIK RECYCIO........ueeeeeeeieieeeee ettt eaee e 40
6.15. Kompresor Recycle K-01 .......cccoviiiiiiiiiiiiiieeetee e 40
6.16.  Heat Exchanger HE-006 .............cccccoooiieiiiieiiieeieeeieeeee et 41
6.17.  Expansion Valve BE-02 .........cccccoooiiiiiiiiieiieeece et 41

xii



6.18. Heat Exchanger HE-08 ...........cccccoiiiiiiiiiiiieieeceeeeee e 42

0.19.  StZIPPEF S-01 ..ot 42
6.20. Heat Exchanger HE-07 .......c...ccooiiiiiieiiieeieeeeeeee et 43
6.21.  Expansion Valve B-O1 .........cccooviiiiiiiiiiiiiiiieeeeeeeeee et 43
6.22. Kolom Distilasi D-0T ........cociiiiiiiiiiiiieeeee e 44
BAB VII SPESIFIKAST ALAT ..ottt 45
Tl REAKEOT ..t e 45
7.5.1. Dimensi ReaKLOT......cc.coouiiiiiiiiiinieiieicceeeeeeeeee e 45
7.5.2. Katalis ..ooeeiiiiiee e 45
720 TANEKI.cuiiiiiiiieciieieee ettt ettt ettt ebeenaee e 46
7.5.1. Tangki OKSIZEN .....cceeviieiiiieiieiieeie ettt e 46
7.5.2.  Tangki BHIEN ...ccccoiiiiiiiiiii e 46
7.5.3. Tan@Ki MELAN .......ccoveeeeiieiieeiieiiecte et 46
7.5.4.  Tangki Etilen OKsida.........ccoceeiieiiiiiiiiiieieeeee e 47
7.3, POMIPA.iiiiiiiiiiiiiee ettt e e ar e snaeeen 47
7.5.1. POmpa OKSIZEN ...cc.eeiiriiiiiiiinieniteieeeeet ettt 47
7.5.2.  Pompa Btlen ......cccccoeiiiiiiieiieiieeieeeee e 48
7.5.3. Pompa Metan .........cooviieiiieeiieeeeeeeeeeee e 48
7.5.4.  Pompa Larutan Benfield ...........ccccooeriiiininiiniice 49
7.5.5. Pompa Produk Etilen Oksida..........ccceevvvieiiiieniiiiiieeiee e 50
7.5.6.  Pompa RebDOiler............ccoeeveroiiniiniiiiiiiiiiicnecneeeeeeee e 50
T4, VAPOTIZET .eeeeueiieeiiie et eeiee et eeteeesite e et e e e e e st eesstaeeenseesenseeenseesnseeeens 51
7.5.1. Vaporizer OKSIZEN........cceevuirieriiiiiiiieeieeeeeie ettt 51
7.5.2. Vaporizer BHICN........c.c.cooviiiiiiieeiieeeieeeeeeee e e 52
7.5.3. Vaporizer MELaN ...........ocouveveiiiieeiieeeie e e 53
7.5, Heat EXCHANGET ............oocueeiiaiiiaieeieeieeee et 54
7.5.1.  Heat Exchanger OKSIZEN .........ccccveevveeeiiieeiieeeiieeeieeeeveeeevee e 54
7.5.2.  Heat Exchanger BHlen ...........cccccooviiiiiiiiiiniiiiieieeeee e 55
7.5.3.  Heat Exchanger Feed - Product..............cccccooueeecueeecveenceeanreannne, 57
7.5.4.  Heat Exchanger Metan.............cccoecueevieeiiienieniiienieeieesiie e 58
7.5.5.  Heat Exchanger produk reaktor ...........ccccvvevvuveerciieeniieeeiee e 59
7.5.6.  Heat Exchanger Recycle Gas.............cccccuevcuevveenceeaieenieaiieennn, 60

Xiii



7.5.7.  Heat Exchanger Lean Benfield.............ccccooeveviiiniiiiiniiiiiee, 62
7.5.8.  Heat Exchanger Bottom CO2 AbSOrber.............cccccevueeverveeevenne. 63
7.5.9.  Heat Exchanger CO2 AbBSOVber ............cccoueevcueeecieeecieeeirieeereeene, 64
7.6.  KOMPIESOr RECYCIE GAS ....c.evveeeeieieeieeeeeeeeee et 65
7.7.  Kolom Absorber Water A-01 .........ccocoviiiiiiiiiiiiiiieieeeeeeeee 66
7.8.  Kolom Absorber CO2 A-02 ........ccoovuieoieiiieiieiieeieeee et 66
7.9.  Kolom Stripper CO2 S-01 .....ccoouiieiiieeieeeeeeeeeeee et 66
7.10.  Kolom Distilasi D-01 ........cccceoviirimiiniiiiienieneeeeeee e 67
T 11, KONAENSOT ..ttt sttt e 67
7.12. Vessel AKUMULALOT .........oouieiiiiiiiiiiecieeee s 69
T A3 REDOILEE ... 69
BAB VIITUTILITAS ...ttt 71
8.1.  Unit Penyedia Nitrogen.........cccevvvieviieeiieniieeieeiieeee e 71
8.2.  Unit Penyediaan dan Pengolahan air...........cccccceeiiniininiininncnicneene. 72
8.2.1.  Unit Penyediaan Air.......c.cccceeeeiieniieiiieiieeieeeee e 72
8.2.2.  Unit Pengolahan Air........cccceeoiiriiiiniiniiniiicnieceeececceee 74
8.2.3.  Kebutuhan Ail.......cccceeiiiiiiiiiiieieeeeeeee e 74
8.2.4. Unit Penyedia Steam ...........ccccvveeiiiiiiiiieniieeeie e 76
8.2.5.  Unit Pengadaan Tenaga Listrik .......c..ccoceeveriiiniininiiniincnicneene, 78
8.2.6. Unit Penyedia Udara Tekan............ccocveeriiieniiiiniieeiie e, 81
8.2.7.  Unit Pengolahan Limbah/Air Buangan..........c..cccccecevvenvnennenne. 82
BAB IX LOKASI DAN TATA LETAK PABRIK......ccooiiiiiiienieieeieeeeee 84
9.1.  Tata Letak Pabrik .......c.cccoiiiiiiiiiiie e 84
9.2.  Tata Letak Peralatan...........cccoooeeriiiiiiiiiniiieeeeeeee 85
9.2.1. Area Proses & Penyimpanan (S70rage)..........ccceeeceeeecveeeiceeeenunenn. 85
922, Area ULIIILAS c.eovuieiiiiieieiece ettt 85
9.2.3. Administrasi & Area penunjang. ..........cccecceeeeeveeerireeenineeenieeeenneeens 85
9.2.4.  Konektivitas & Aksesibilitas........ccccevervieniriiniinenienienecenne 86
BAB X ORGANISASI PERUSAHAAN .....ooiiiiiiieeeeeeee e 87
10.1. Tugas Pokok Organisasi Perusahaan............ccccoeoveviinniiiiniennniiee, 87
10.2.  FUNEST OTZANISAST.cceevrieeiiieeiieeeiieeeieeeeireesteeesseeesaseeessseeessseesnsseesnssens 87
10.3.  Bentuk Perusahaan ..........cccocueiiiiiiiiniiiiiicieeceeee e 88

X1V



10.4.  Struktur OrganiSasi.........ccueerueeeieenieenieeriieereerreeseeereeseeeseesneesseessseenns 88

10.5. Tugas dan WewWenang...........cceeeueeeeiuieerieeeniieerreeeereeesveeesneesseseeeneneas 89
10.6.  SiStemM KETja....cccciiiiiiieeiiiecie et 91
10.6.1.  Karyawan NON SAff .......cccueeviiiieeiiienieeieecie et 91
10.6.2.  KaryaWan SAiff .....c..ccccveeeeieeeiieeeiie et eereeeeree e e e saeeeeaeeens 92
BAB XI EVALUASI EKONOMI ......ooiiiiiiiiiiiiienieeeeeee e 93
11.1.  Modal Tetap (Total Capital InVeStMent) ............coeeeeeeeecreeeecueeeecreeennen 93
11.2. Biaya Produksi Total (7otal Product COSE) ........ccceeeueecereeeeaeeeiieennnennn, 93
11.3. Perkiraan Keuntungan (Profit EStimation).............cccceceeevveeveeeeseennnnnne. 94
11.4.  Analisa Kelayakan ..........cccoocieiiiieniiniieiiecieeieecee et 94
11.5. Rincian Harga PPC ........ccoooiiiiiiiiiieeeceeeeeeee e 95
11.6. Rincian Modal Tetap / Fixed Capital Investment (FCI) ....................... 95
11.7. Rincian Biaya Produksi / Manufacturing Cost (MC)................cccu...... 96
11.8. Rincian Modal Kerja / Working Capital (WC).......cccoeceveeeeveeeiiannnne. 96
11.9. Rincian Pengeluaran Umum / General Expenses (GE) ........................ 97
11.10. Rincian Perkiraan Keuntungan / Profit Estimation............................... 97
11.11. Return on Investment (ROI) ...........cccueeeeeeeecieeniieeeiieeeeee e 98
11.12. Pay Out Time (POT) ....ccueeeeeeeeeieeeeeeeeeeeee et 98
11.13. Break Even Point (BEP).........cccouuiiiieiieiiieieeeeeeeee e 98
11.14. Shutdown POint (SDP) .......cccoeeeoieeeiieieiie et 99
11.15. Discounted Cash FIOW (DCF) ........cccoooioiiioieiiiiiieiieeieeeeeee e, 99
BAB XII SIMPULAN ..ottt ettt 100
12,1, SIMPULAN .ottt 100
12.1.1.  Aspek Proses Produksi dan Operasional.............cccceeveernnveennnnen. 100
12.1.2.  Analisis EKONOMI......c.ccooiiiiiiiiiiiiiiicceceeeee 101
12,2, SATANL..coctiiiiiiteee ettt et 103
DAFTAR PUSTAKA ...ttt sttt s 105
LAMPIRAN A NERACA MASSA ...t 107
LAMPIRAN B NERACA PANAS ...ttt 120
LAMPIRAN C DESAIN PERALATAN .....oooiiiiiiinieeieeeeieeeeeee e 149
LAMPIRAN D PERHITUNGAN UTILITAS ..o 297
LAMPIRAN E PERHITUNGAN EVALUASI EKONOMI.......c.ccccceviniinennnenn 301

XV



DAFTAR TABEL

Tabel 1. 1 Perbandingan Proses Pembuatan Ethylene Oxide....................ccuuu........ 7
Tabel 1. 2 Pabrik Ethylene OXide ..............ccoucvevieeciiniiaiieiieeiieeieeieesee e 8
Tabel 1. 3 Data Impor Ethylene OXide ..............cccueeeueeecieeeiiieeiieeeie e 9
Tabel 1. 4 Konsumsi dan Pertumbuhan Ethylene Oxide di Indonesia..................... 9
Tabel 1. 5 Pemilihan Lokasi Pembangunan Pabrik Ethylene Oxide Berdasarkan

Metode Skoring Tertimbang............cccuveeciieeiiieeiiieeieeee e 17
Tabel 3. 1 Sifat Fisika EtAyLene............ccoccvevveieciieiiiieiiieeieecieesie e 23
Tabel 3. 2 Sifat Fisika OKSIZEN .......cceviiriiiiiiiniiiicicceceeeeeeeeece e 24
Tabel 3. 3 Spesifikasi Katalis Perak (Ag) .....cceevvveviiiiiieiieeiienieeeeeieereesre e 24
Tabel 3. 4 Sifat Fisika Ethylene Oxide ..............ccccocovviniiniiiiiniiniiiiiiineccnne. 25
Tabel 5. 1 Neraca Massa Titik Pencampuran Fresh Feed dan Arus Recycle........ 29
Tabel 5. 2 Neraca Massa ReaKtOr........ccccoviuiiiiiiiiiiiiiiee e 29
Tabel 5. 3 Neraca Massa Titik Pencampuran Metana............cccceeeverieecieenneennens 30
Tabel 5. 4 Neraca Massa Water ADSOTDer .............cccccouevereeicencesieiieieseeeen. 30
Tabel 5. 5 Neraca Massa CO2 ADSOFDEF ..........cccueeveeecuiaiieeiiesieeieeee e 31
Tabel 5. 6 Neraca Massa CO2 Stripper-.......ccuueeeueeeceeeeiieeeiieeeieeeeieeeeveeenvee e 31
Tabel 5. 7 Neraca Massa ReCYCle ...........ooueverciriiniiiiiiiiiiiicnieseeeeeeeeee e 32
Tabel 5. 8 Neraca Massa Kolom Distilasi........cccceevieriiiniiiiiiniiniiinicceiceee 32
Tabel 6. 1 Neraca Panas Reaktor..........ccooouieiiiiiiiiiiiiiieeee e 33
Tabel 6. 2 Neraca Panas Vaporizer V-01 ..........cccoceevviieeiiiieiieeeieeeiieeee e 34
Tabel 6. 3 Neraca Panas Heat Exchanger HE-O1 .........ccccoovvivviiiiniiiinieeieene, 34
Tabel 6. 4 Neraca Panas Vaporizer V=02 ...........cccccoceeviniiniiniiniiniiieeecneeienen, 35
Tabel 6. 5 Neraca Panas Heat Exchanger HE-02 ..........cccoooovvvviiiiniiiiniieeieeene, 35
Tabel 6. 6 Neraca Panas Vaporizer V-03 .........cccccevvieiieniieeiiienieeeeseeeeesie e 35
Tabel 6. 7 Neraca Panas Heat Exchanger HE-04 ..........cc.ccovvvieviiiviieinieeieeene, 36
Tabel 6. 8 Neraca Panas Titik Campur.........cccceeeueerieeiienieeiienie e 36
Tabel 6. 9 Neraca Panas Heat Exchanger HE-03 ..........ccccoovviveiiiiiiiiieie e, 37
Tabel 6. 10 Neraca Panas Heat Exchanger HE-05 ........c..ccovviveiiiiniiiiniieeieene, 37
Tabel 6. 11 Neraca Panas Water Absorber A-O1 ..........ccccooeviiviiiiieniiieiiecieeienns 38
Tabel 6. 12 Neraca Panas Heat Exchanger HE-09 ............ccoeveiiiiniiiiniieiieene, 39

Xvi



Tabel 6. 13 Neraca Panas Kolom CO2 Absorber A-02.........c.ccceveevvreeneenennnnne. 39
Tabel 6. 14 Neraca Panas Titik ReCyCle .......c.ueuvuieecieeeciiieeieeeie e 40
Tabel 6. 15 Neraca Panas Kompresor Recycle K-01..........ccoeeeeieieciieinieeenieenne, 40
Tabel 6. 16 Neraca Panas Heat Exchanger HE-06 .............cccooeveiiiniiinnienneeinnns 41
Tabel 6. 17 Neraca Panas Expansion Valve E-02...........ccccoeovvveviiiiniieeeieeeeieeene, 41
Tabel 6. 18 Neraca Panas Heat Exchanger HE-08 ..............cccooovviiiiniiienienieeinns 42
Tabel 6. 19 Neracca Panas Stripper S-01.........ccovvveeviieeiiieeieecee e 42
Tabel 6. 20 Neraca Panas Heat Exchanger HE-07 .........cccocvvvvieiiiincieenienieenens 43
Tabel 6. 21 Neraca Panas Expansion Valve E-01 ...........cccccoovvveeiiiiviiieeieeieene, 43
Tabel 6. 22 Neraca Panas Kolom Distiasi D-01.......ccccccoviiiiniininniiiieeee 44
Tabel 8. 1 Peralatan Berpenggerak Tenaga Listrik .........cccoeevveviiiiieniiienienieeinens 79
Tabel 8. 2 Kebutuhan Lampu Penerangan ...............coccoeviiiiiiniiiiiiniiiceieee 79
Tabel 11. 1 Modal Tetap (Total Capital Investment)..............ccceeevveeceeecreencueennnens 93
Tabel 11. 2 Biaya Produksi Total (7otal Product Cost)...........ccccoeeceevcueeceeesunaannns 94
Tabel 11. 3 Perkiraan Keuntungan (Profit EStimation).............c.ccceeveeeeveencveennnns 94
Tabel 11. 4 Komponen Biaya Physical Plant COSt ..........cccccceeveueeeeenceeeiianieeannns 95
Tabel 11. 5 Komponen Fixed Capital Investment ................ccccceeevveecureseencueennnens 96
Tabel 11. 6 Komponen Manufacturing COSt............ccueeeeeeeceeeeieeeniieenieeenveeennns 96
Tabel 11. 7 Komponen Working Capital..................cccccocvevvievinoiinenniniinienennenn. 97
Tabel 11. 8 Komponen General EXPense...........ccuuuccueeeeeeeecveeeiieeniieenveeenveeenns 97
Tabel 12. 1 Analisis EKONOMI ....c..ooviiiiiiiiiiiiiiiieee e 101

xvii



DAFTAR GAMBAR

Gambar 1. 1 Peta Lokasi Kabupaten Batang (KITB) (sumber: Google Maps) .... 14
Gambar 1. 2 Peta Lokasi Kota Cilegon (KIEC) (sumber: Google Maps) ............ 14
Gambar 1. 3 Peta Lokasi Kota Cilacap (KIC) (sumber: Google Maps) ............... 15
Gambar 4. 1 Diagram Alir Kualitatif dan Kuantitatif..............ccccoeeeiiiiiininieenne, 26
Gambar 4. 2 Process Engineering Flow Diagram (PEFD) .............ccccccoveveuvennn. 27
Gambar 9. 1 Peta Lokasi Kabupaten Batang (KITB) (sumber: Google Maps 2025)
............................................................................................................................... 85
Gambar 9. 2 Tata Letak Ruang Pabrik 1 .......cccocooiiiiiniiininiiiecce 86
Gambar 9. 3 Tata Letak Ruang Pabrik 2 ...........cccooviiiiiiiiiiiiiiiicicecccee e 86
Gambar 10. 1 Struktur OrganiSasi..........coeeverrierienerienieneeieneene e 88
Gambar 10. 2 Jadwal Shift Pekerja .......ccocoveviieiiiiiiieiiecieeeee e 93

Xviii



