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LAMPIRAN I 

DATA PENELITIAN 

 

1. Data Ukuran dan Perhitungan Desain Alat 

Tabel L1.1 Data Ukuran dan Perhitungan Desain Alat 

No. Nama Alat Jari-Jari (cm) Tinggi (cm) 
Volume 

(Liter) 

1. Heater 5,08 52 4,2137 

2. Mixer 5,08 25 2,0258 

3. 
Reaktor Multi 

Tubular 

Pipa 2 inch 

tanpa tubing 
2,54 

Pipa 2 inch 

tanpa tubing 
5 0,2026 

Pipa 2 inch 

dengan tubing 

3/8 inch 

0,311 

Pipa 2 inch 

dengan tubing 

3/8 inch 

40 0,1341 

Total 0,3367 

4. Kondensor 

Pipa 2 inch 

tanpa tubing 
2,54 

Pipa 2 inch 

tanpa tubing 
5 0,2026 

Pipa 2 inch 

dengan tubing 

3/8 inch 

0,311 

Pipa 2 inch 

dengan tubing 

3/8 inch 

20 0,0244 

Total 0,2270 

5. Separator 5,08 52 4,2137 

 

2. Data Kondisi Operasi dan Volume Produk 

Tabel L1.2 Kondisi Operasi dan Volume Produk 

Sampel 

Volume 

Sampel 

(mL) 

Tekanan 

Hidrogen 

(Bar) 

Kadar FFA 

Green Diesel 

(%) 

Tekanan 

Operasi 

(Bar) 

Temperatur 

(
o
C) 

Volume 

Produk 

(mL) 

1 

2000 2 

2 

20 450 

555 

2 4 508 

3 6 436 

 

3. Data Densitas Green Diesel 

Tabel L1.3 Data Densitas Green Diesel 

Kadar FFA 

Green Diesel  

(%) 

Berat Piknometer 

Kosong (gr) 

Berat Piknometer 

+ 

Aquadest (gr) 

Berat Piknometer 

+ 

Sampel (gr) 

2 11,85 16,85 15,681 

4 11,85 16,85 15,676 

6 11,85 16,85 15,668 
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4. Data Viskositas Green Diesel 

Tabel L1.4 Data Viskositas Green Diesel 

Kadar 

FFA Green 

Diesel 

(%) 

Berat 

Bola 

(gr) 

Diameter 

Bola 

(cm) 

Konstanta 

Bola 

(mPascm
3
/gs) 

Densitas 

Bola 

(gr/cm
3
) 

Waktu (s) 

t1 t2 t3 

2 15,05 1,5 0,09 8,51 4,10 4,02 3,57 

4 15,05 1,5 0,09 8,51 4,01 3,59 3,56 

6 15,05 1,5 0,09 8,51 3,49 4,01 3,51 

 

5. Data Hasil Uji Analisa dan Perhitungan 

Tabel L1.5 Data Hasil Uji Analisa dan Perhitungan 

Kadar FFA 

Green Diesel 

(%) 

% Yield 
Densitas 

(kg/m
3
) 

Viskositas 

(mm
2
/s) 

Titik 

Nyala 

(
o
C) 

Angka 

Setana 

SEC (kWh/L) 

Desain Aktual 

2 23,17 765,50 3,55 60,8 88,4 32,79 33,20 

4 21,18 764,50 3,39 60,1 87,9 35,83 36,47 

6 18,14 762,90 3,36 59,8 88,8 41,74 42,22 
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LAMPIRAN II 

PERHITUNGAN 

 

1. Perhitungan Desain Alat 

1. Heater  

 ԉ  = 3,14 cm 

 d = 10,16 cm  

r  =  
 

 
  

=  
        

 
 

= 5,08 cm 

 t  = 52 cm 

 V  = ԉ x r
2
 x t 

= 3,14 cm x (5,08
 
cm)

2
 x 52 cm  

= 4213,7 cm
3 

= 4213,7 cm
3
 x 

      

         

= 4,2137 dm
3 

= 4,2137 liter 

2. Mixer   

 ԉ  = 3,14 cm 

 d = 10,16 cm  

r  =  
 

 
  

=  
        

 
 

= 5,08 cm 

 t  = 25 cm 

 V  = ԉ x r
2
 x t 

= 3,14 cm x (5,08
 
cm)

2
 x 25 cm  

= 2025,8 cm
3 

= 2025,8 cm
3
 x 

      

        
 

= 2,0258 dm
3
 

= 2,0258 liter 
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3. Reaktor multi tubular   

Terbagi menjadi 2 bagian, bagian pipa stainless 2 inch tanpa tubing dan 

bagian pipa stainless 2 inch dengan tubing   ⁄  

a. Pipa stainless 2 inch tanpa tubing 

 ԉ  = 3,14 cm 

 d = 5,08 cm  

r  =  
 

 
  

=  
       

 
 

= 2,54 cm  

 t  = 5 cm 

 V1  = ԉ x r
2
 x t 

= 3,14 cm x (2,54
 
cm)

2
 x 5 cm  

= 101,29 cm
3 

= 101,29 cm
3
 x 

      

         

= 0,1013 dm
3 
x 2  (bagian atas dan bawah) 

= 0,2026 dm
3
 

= 0,2026 liter 

b. Pipa stainless 2 inch dengan tubing   ⁄  

 ԉ  = 3,14 cm 

 d = 0,623 cm  

r  =  
 

 
  

=  
        

 
 

= 0,311 cm 

 t  = 40 cm 

 V2  = ԉ x r
2
 x t 

= 3,14 cm x (0,311
 
cm)

2
 x 40 cm  

= 12,187 cm
3 

= 12,187 cm
3
 x 

      

         

= 0,1218 dm
3 
x 11  (Tubing) 
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= 0,1341 dm
3
 

= 0,1341 liter 

 Vtotal = V1 + V2 

= 0,2026 liter + 0,1341 liter 

= 0,3367 liter 

4. Kondensor  

Terbagi menjadi 2 bagian, bagian pipa stainless 2 inch tanpa tubing dan 

bagian pipa stainless 2 inch dengan tubing   ⁄  

a. Pipa stainless 2 inch tanpa Tubing 

 ԉ  = 3,14 cm 

 d = 5,08 cm  

r  =  
 

 
  

=  
       

 
 

= 2,54 cm  

 t  = 5 cm 

 V1  = ԉ x r
2
 x t 

= 3,14 cm x (2,54
 
cm)

2
 x 5 cm  

= 101,29 cm
3 

= 101,29 cm
3
 x 

      

         

= 0,1013 dm
3 
x 2  (bagian atas dan bawah) 

= 0,2026 dm
3
 

= 0,2026 liter 

b. Pipa stainless 2 inch dengan tubing   ⁄  

 ԉ  = 3,14 cm 

 d = 0,623 cm  

r  =  
 

 
  

=  
        

 
 

= 0,311 cm 

 t  = 20 cm 

 V2  = ԉ x r
2
 x t 
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= 3,14 cm x (0,311
 
cm)

2
 x 20 cm  

= 6,0936 cm
3 

= 6,0936 cm
3
 x 

      

        
 

= 0,0061 dm
3 
x 4  (Tubing) 

= 0,0244 dm
3
 

= 0,0244 liter 

 Vtotal = V1 + V2 

= 0,2026 liter + 0,0244 liter 

= 0,2270 liter 

5. Separator  

 ԉ  = 3,14 cm 

 d = 10,16 cm  

r  =  
 

 
  

=  
        

 
 

= 5,08 cm 

 t  = 52 cm 

 V  = ԉ x r
2
 x t 

= 3,14 cm x (5,08 cm)
2
 x 52 cm  

= 4213,7 cm
3 

= 4213,7 cm
3
 x 

      

         

= 4,2137 dm
3 

= 4,2137 liter 

 

2. Perhitungan Densitas 

a. Menghitung volume pikonometer 

 Berat piknometer kosong (a) = 11,85 gr 

 Berat piknometer + aquadest (b) = 16,85 gr 

 Densitas aquadest 40
o
C  (ρ) = 0,99909 gr/cm

3
 

 Berat aquadest   (m) = b – a 

= (16,85 – 11,85) gr 
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= 5 gr 

 Volume piknometer   = 
 

 
 

= 
       

               

= 5,0046 cm
3
 

b. Menghitung densitas sampel 

1) Sampel 1 

 Berat piknometer kosong (a) = 11,85 gr 

 Berat piknometer + sampel (b) = 15,681 gr 

 Volume piknometer  (V) = 5,0046 cm
3
 

 Berat sampel   (m) = b – a 

= (15,681 – 11,85) gr 

= 3,831 gr 

 Densitas sampel   = 
 

 
 

= 
         

            

= 0,7655 gr/cm
3  

= 765,50 kg/m
3
 

2) Sampel 2 

 Berat piknometer kosong (a) = 11,85 gr 

 Berat piknometer + sampel (b) = 15,676 gr 

 Volume piknometer  (V) = 5,0046 cm
3
 

 Berat sampel   (m) = b – a 

= (15,676 – 11,85) gr 

= 3,826 gr 

 Densitas sampel   = 
 

 
 

= 
         

            

= 0,7645 gr/cm
3 

 

= 764,50 kg/m
3
 

3) Sampel 3 

 Berat piknometer kosong (a) = 11,85 gr 

 Berat piknometer + sampel (b) = 15,668 gr 
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 Volume piknometer  (V) = 5,0046 cm
3
 

 Berat sampel   (m) = b – a 

= (15,668 – 11,85) gr 

= 3,818 gr 

 Densitas sampel   = 
 

 
 

= 
         

           
 

 = 0,7629 gr/cm
3 

 

 = 762,90 kg/m
3
 

 

3. Perhitungan Viskositas 

a. Menghitung densitas bola 

 Konstanta bola (K) =  0,09  mPa.s cm
3
/gr.s 

 Jari-jari bola (r) =  0,75  cm 

 Berat bola (m) = 15,05 gr 

 Volume bola (V) =  1,7679 cm
3
 

 Desnsitas bola (ρ1) =  
 

 
 

=  
        

           

=  8,51 gr/cm
3 

b. Menghitung viskositas sampel 

1) Sampel 1 

 Densitas sampel  (ρ2)  = 0,7655 gr/cm
3
 

 Rata-rata waktu tempuh (t) = 
           

 
 

= 
                 

 
 

       = 3,90 s 

 Viskositas dinamika  (μ) = K (ρ1 – ρ2) t 

= 0,09 (8,51- 0,7655) 3,8967     

= 2,72 Mpa.s 

= 0,03 gr/cm.s 
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 Viskositas kinematik (v)  = 
 

  
 

= 
                

                 
 

= 0,0355 cm
2
/s 

= 3,55 mm
2
/s 

2) Sampel 2 

 Densitas sampel  (ρ2)  = 0,7645 gr/cm
3
 

 Rata-rata waktu tempuh (t) = 
           

 
 

= 
                 

 
 

       = 3,72 s 

 Viskositas dinamika  (μ) = K (ρ1 – ρ2) t 

= 0,09 (8,51- 0,7645) 3,72     

= 2,59 Mpa.s 

= 0,03 gr/cm.s 

 Viskositas kinematik (v)  = 
 

  
 

= 
               

                  

= 0,0339 cm
2
/s 

= 3,39 mm
2
/s 

3) Sampel 3 

 Densitas sampel  (ρ2)  = 0,7629 gr/cm
3
 

 Rata-rata waktu tempuh (t) = 
           

 
 

= 
                 

 
 

       = 3,67 s 

 Viskositas dinamika  (μ) = K (ρ1 – ρ2) t 

= 0,09 (8,51- 0,7629) 3,67    

= 2,56 Mpa.s 

= 0,03 gr/cm.s 

 Viskositas kinematik (v)  = 
 

  
 

= 
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= 0,0336 cm
2
/s 

= 3,36 mm
2
/s 

 

4. Perhitungan % Yield 

Menghitung % yield produk 

1) Sampel 1 

 Volume feed  (V1) = 2000 ml 

 Densitas feed  (ρ1) = 0,9169 gr/cm
3
 

 Volume produk  (V2) = 555 ml 

 Densitas produk  (ρ2) = 0,7655 gr/cm
3
 

 % Yield     = 
            

          
       

% Yield  = 
                  

                    
         

% Yield  = 
                        

                                

% Yield  = 23,17 

2) Sampel 2 

 Volume feed  (V1) = 2000 ml 

 Densitas feed  (ρ1) = 0,9169 gr/cm
3
 

 Volume produk  (V2) = 508 ml 

 Densitas produk  (ρ2) = 0,7645 gr/cm
3
 

 % Yield     = 
            

          
       

% Yield  = 
                  

                    
         

% Yield  = 
                        

                                

% Yield  = 21,18 

3) Sampel 3 

 Volume feed  (V1) = 2000 ml 

 Densitas feed  (ρ1) = 0,9169 gr/cm
3
 

 Volume produk  (V2) = 436 ml 

 Densitas produk  (ρ2) = 0,7629 gr/cm
3
 

 % Yield     = 
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% Yield  = 
                  

                    
         

% Yield  = 
                        

                         
       

% Yield  = 18,14 

 

5. Specific Energi Consumption (SEC) 

a. SEC secara desain 

1) Sampel 1 

Daya band heater 1 (Heater) : 940 Watt 

Daya band heater 3 (Reaktor 2) : 940 Watt 

Daya chiller   : 1760 Watt 

Volume produk   : 555 mL 

SEC = 
                       

                            
 

SEC = 
                                                                         

                            
 

SEC = 

                                      

    
      

    

 

SEC = 32,79 kWh/L 

2) Sampel 2 

Daya band heater 1 (Heater) : 940 Watt 

Daya band heater 3 (Reaktor 2) : 940 Watt 

Daya chiller   : 1760 Watt 

Volume produk   : 508 mL 

SEC = 
                       

                            
 

SEC = 
                                                                         

                            
 

SEC = 

                                      

    
      

    

 

SEC = 35,83 kWh/L 

3) Sampel 3 

Daya band heater 1 (Heater) : 940 Watt 

Daya band heater 3 (Reaktor 2) : 940 Watt 

Daya chiller   : 1760 Watt 
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Volume produk   : 436 mL 

SEC = 
                       

                            
 

SEC = 
                                                                         

                            
 

SEC = 

                                      

    
      

    

 

SEC = 41,74 kWh/L 

 

b. SEC secara aktual 

1) Sampel 1 

Daya band heater 1 (Heater) = 226V x 4,269A 

     = 964,794 Watt 

Daya band heater 3 (Reaktor 2) = 233V x 4,273A 

= 995,609 Watt 

Daya chiller   = 221V x 7,803A 

= 1724,46 Watt 

Volume produk   : 555 mL 

SEC = 
                       

                            
 

SEC = 
                                                                         

                            
 

SEC = 

                                                 

    
      

    

 

SEC = 33,20 kWh/L 

2) Sampel 2 

Daya band heater 1 (Heater) = 227V x 4,253A 

= 965,431 Watt 

Daya band heater 3 (Reaktor 2) = 232V x 4,271A 

= 990,872 Watt 

Daya chiller   = 223V x 7,845A 

= 1749,44 Watt 

Volume produk   : 508 mL 

SEC = 
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SEC = 
                                                                         

                            
 

SEC = 

                                                 

    
      

    

 

SEC = 36,47 kWh/L 

3) Sampel 3 

Daya band heater 1 (Heater) = 224V x 4,287A 

= 960,288 Watt 

Daya band heater 3 (Reaktor 2) = 235V x 4,243A 

= 997,105 Watt 

Daya chiller   = 219V x 7,871A 

= 1723,75 Watt 

Volume produk   : 436 mL 

SEC = 
                       

                            
 

SEC = 
                                                                         

                            
 

SEC = 

                                                 

    
      

    

 

SEC = 42,22 kWh/L 
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LAMPIRAN 3 

DOKUMENTASI PENELITIAN 

 

 Pembuatan Reaktor Multi Tubular 

Pemotongan pipa stainless 2 inch Memasukan Tube 3/8 

 

Menutup Ronga kosong Penyambungan Pipa dengan  

  Flange 

 

Merapihkan dan pempolesan Menginstalasi Reaktor 

Reaktor
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 Pembuatan Jaket Reaktor 

Pemotongan Plat Pengelasan Plat Jaket 

 

 Bahan Baku dan Katalis 

Minyak Jelantah Bleaching Earth 

 

Katalis Ni-Zn/γ-Al2O3 Gas Hidrogen 
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 Alat yang Digunakan 

Rangkain Alat Green Diesel Reaktor Multi Tubular 

 

 Tahapan Start Up 

Memasukan Minyak Jelantah Memasukan Katalis 

 Ni-Zn/γ-Al2O3 

 

Menginjeksi Gas Hidrogen Menghidupkan Alat 
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Mengeluarkan Produk Green Diesel 

 

 Produk 

Bahan Bakar Green Diesel 

 

 Uji Analisa Sampel Produk 

Analisa Viskositas Analisa Densitas 
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 Pengambilan Data Perhitungan SEC 

Pengambilan Data Listrik  Pengambilan Data Listrik Band Heater Reaktor 2 

Band Heater Reaktor 1 

 

Pengambilan Data Listrik Chiller 

 

 Kelompok Green Diesel 




































