
LAMPIRAN
NERACA MASSA
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NERACA MASSA
Kapasitas = 3.999.600 kg/Tahun
Operasi per tahun = 330 hari/tahun
Operasi per hari = 24 jam/hari

Basis Perhitungan =
                       
1 

jam 
operasi

Kapasitas per jam = 505,0000 kg/jam

 
Jumlah

Carbon =
Xc *
feed  

 

  
67,7203

58 kg/jam
92,6% C terkonversi, sisa 7,4 % menjadi 
arang
Jadi 
arang

5,0113 kg/jam

Bereaksi 62,7091 kg/jam
5,225754

311
kgmol 
(massa/Mr)

Total 67,7204 kg/jam

Carbon 
balance

Sumber : 
https://www.researchgate.net/post/How_can_I_calculate_the_carbon_conversi
on_of_biomass_gasification

% mol C (CO) = 
CompositionCO*Atom C/BM
CO

0,0940 

% mol 
C(CH4) = 

0,0206 

% mol C 
(CO2) = 

0,0224 

% mol C 
product =

0,1370 

1. Boudouard ( Reaksi C untuk CO2) (mol yang dibutuhkan = 
jumlah Creaksi * konversi Cke CO2)

0,855679069

C + CO2 <> 2CO

0,8557 0,8557 1,7114 



2. water gas or steam ( Reaksi C ke CO) (mol yang 
dibutuhkan = jumlah Creaksi * konversi Cke CO)

3,585702763

C + H2O <> CO + H2

3,5857 3,5857 3,5857 3,5857 

3. Hydrogasification (Reaksi C untuk CH4) (mol yang 
dibutuhkan = jumlah Creaksi * konversi Cke CH4)

0,784372479

C + 2H2 <> CH4

0,7844 1,5687 0,7844 

4. Sisa C

C + 0,5 O2 > CO 0,4176

0,4176 0,2088 0,4176 

TOTAL5,643363187

Perhitungan Output

1. CO2 = mol CO2 reaksi *BM CO2
37,6498790

2

2. CH4
12,5499596

7

3. CO
100,399677

4

4. H2 H2 mula2
H2 
terpakai

4,61875924
7

3,878124583 1,5687 

arus 1 + arus 2 = arus 3 + arus 4
505 = (458,8494+Tar)+6,9919

Tar 39,1587



A. CYCLONE
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Particle remove
Removal 80% ash and 
unburn 

0,8

Ash 1,6916
Unburn 1,4384

B. FABRIC FILTER 1



Particle remove
Removal 99% Ash and 
Unburn 

0,99

Ash 0,4187 
Unburn 0,3560 

Tar Remove
Removal 50% 
Tar

0,5

Tar 19,57935

C. DEMISTER



Moisture Remove
Removal 99,99% Moisture 0,9999
Moisture 60,7478 

D. FABRIC FILTER 2



Particle remove
Removal 99% ash and unburn 0,99
Ash 0,0042 
Unburn 0,0036 

Tar Remove
Removal 50% Tar 0,5

Tar
19,579

35

NERACA PANAS

A. REAKTOR



Qreaktan+Qreaksi+Qproduk+
Q=0

9873,887



Q1+Q2+Qreaksi+Q3+Q4+Q=0
Q -4935159,335 kJ/jam

B. CYCLONE

Panas Gas Masuk 
Cyclone
Compon

ent
nF3(km

ol)
F3(kg/ja

m)  
 

CO 2,2818 100,3997 11211,88482 1125669,6188 
H2 2,3094 4,6188 10956,0041 50603,1452 
CH4 0,7844 12,5500 17152,27604 215260,3726 
CO2 0,8557 37,6499 372,0201068 14006,5120 
N2 8,5345 238,9647 396,0122719 94632,9553 
Moisture 3,3752 60,7539 732,7289933 44516,1512 
Tar  39,1587  
Unburn  1,7981 68,46946042 123,1120 



Ash  2,1145 821,6335251 1737,3069 

Total  
498,0081

007
41711,02931 1546549,1740 

T
673,1

5
K 400 oC

Tref
298,1

5
K 25 oC

Panas Gas Keluar 
Cyclone
Compon

ent
nF5(kmo

l)
F5(kg/ja

m)  
 

CO 2,2818 100,3997 11211,88482 1125669,6188 

H2
2,309379

624
4,6188 10956,0041 50603,1452 

CH4
0,784372

479
12,5500 17152,27604 215260,3726 

CO2
0,855679

069
37,6499 372,0201068 14006,5120 

N2
8,534453

711
238,9647 396,0122719 94632,9553 

Moisture
3,375217

217
60,7539 732,7289933 44516,1512 

Tar  39,1587   
Unburn  1,7981 68,46946042 123,1120 
Ash  2,1145 821,6335251 1737,3069 

Total  
498,0081

007
41711,02931 1546549,1740 

Panas Padatan Keluar 
Cyclone
Compon

ent
nF6(k
mol)

F6(kg/ja
m)  

 

CO     
H2     
CH4     
CO2     
N2     
Moisture     
Tar     
Unburn  1,7981 68,46946042 123,1120 
Ash  2,1145 821,6335251 1737,3069 
Total  3,912511 890,1029855 1860,4189 



555

C. HEAT EXCHANGER

Panas Gas Masuk HE-
01 
Compone

nt
nF5(kmol)

F5(kg/j
am)   

CO
2,2818108

49
100,399

677
11211,88482 1125669,619

H2
2,3093796

24
4,61875

925
10956,0041 50603,14524

CH4
0,7843724

79
12,5499

597
17152,27604 215260,3726

CO2
0,8556790

69
37,6498

79
372,0201068 14006,51201



N2
8,5344537

11
238,964

704
396,0122719 94632,95529

Moisture
3,3752172

17
60,7539

099
732,7289933 44516,15125

Tar  39,1587 0  

Unburn  
1,79805

678
68,46946042 123,1119773

Ash  
2,11445

478
821,6335251 1737,306934

Total  
498,008

101
41711,02931 1546549,1740 

Panas Gas Keluar HE-
01 
Compone

nt
nF5(kmol)

F5(kg/j
am)   

CO
2,2818108

49
100,399

677
15,58713637 1564,943463

H2
2,3093796

24
4,61875

925
215,9901803 997,6066425

CH4
0,7843724

79
12,5499

597
34,33695237 430,9273674

CO2
0,8556790

69
37,6498

79
13,17781777 496,1432446

N2
8,5344537

11
238,964

704
15,57896623 3722,823052

Moisture
3,3752172

17
60,7539

099
28,06490639 1705,052795

Tar  39,1587   

Unburn  
1,79805

678
2,244187917 4,03517729

Ash  
2,11445

478
26,930255 56,94280639

Total  
498,008

101
351,9104023 8978,474548

Kebutuhan 
Air
Tcwin 303,15 K 30 oC
Thwout 323,15 K 50 oC
Tref 298 K 25 oC
Qcwout-Qcwin=Qin-Qout
Qhwout-
Qcwin

1537570,6
99

kJ/jam



Qhwout-Qcwin=F*(Cphwout-Cpcwin)
1537570,69

95 
kJ/jam Fcw kg/jam 84,8614 kJ/kg

18118,60
53 

kg/jam

Panas Air Masuk HE-01
Compon

ent
nF(kmol)

F(kg/ja
m)   

H2O(l)  
18118,60

53 
21,8908 396630,1468

Panas Air Keluar HE-01
Compon

ent
nF(kmol)

F(kg/ja
m)   

H2O(l)  
18118,60

53 
106,7522 1934200,846

 
Aliran Panas 
Masuk (kJ/jam)

 
Aliran Panas Keluar 
(kJ/jam)

Qin 1546549,1740 Qout 8978,474548
Qcwin 396630,1468 Qhwout 1934200,846

Total 1943179,321  1943179,321



PROCESS ENGINEERING FLOW DIAGRAM
PRA RANCANGAN PABRIK PRODUSER GAS

DARI GASIFIKASI CANGKANG SAWIT DENGAN
KAPASITAS MASUK  4000 TON/TAHUN
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Lucky Wahyu Nuzulia S S.T., M.Eng

FAIZAL FURQON PRATAMA (12521131)

PRA RANCANGAN PARBRIK PRODUSER GAS DARI
GASIFIKASI CANGKANG KELAPA SAWIT DENAGN

KAPASITAS MASUK 4000 TON/TAHUN


