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𝑑(𝑡1+𝑡2)
+ 11,7 (

𝑏𝑡𝑐

𝑑2
)
1,3
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𝐴𝐻𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =
𝑊𝑎𝑡𝑡 ∙𝐻𝑜𝑢𝑟

𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝑇𝑜𝑡𝑎𝑙 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 =
𝐴𝐻𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

𝐴𝐻𝐵𝑎𝑡𝑡𝑒𝑟𝑦
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𝑣𝑗,𝑔
(𝑡+1)

= 𝑤 ×  𝑣𝑗,𝑔
(𝑡)

+ 𝑐1 × 𝑟1 × (𝑝𝑏𝑒𝑠𝑡𝑗,𝑔 − 𝑥𝑗,𝑔
(𝑡)

) + 𝑐2 × 𝑟2 ×

 (𝑔𝑏𝑒𝑠𝑡𝑔 −  𝑥𝑗,𝑔
(𝑡)

)

𝑥𝑗,𝑔
(𝑡+1)

= 𝑥𝑗,𝑔
(𝑡)

+ 𝑣𝑗,𝑔
(𝑡+1)

, 𝑑𝑒𝑛𝑔𝑎𝑛 𝑗 = 1,2, . . . . , 𝑛 𝑑𝑎𝑛 𝑔 = 1,2, . . . . , 𝑚

𝑣𝑗 𝑥𝑗

𝑣𝑗,𝑔
(𝑡)
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𝑣𝑔
𝑚𝑖𝑛 ≤ 𝑣𝑗,𝑔

(𝑡)
≤ 𝑣𝑔

𝑚𝑎𝑥

𝑥𝑗,𝑔
(𝑡)

(𝑥𝑗 =  𝑥𝑗,1, 𝑥𝑗,2, 𝑥𝑗,3, . . . , 𝑥𝑗,𝑑)

(𝑣𝑗 =  𝑣𝑗,1, 𝑣𝑗,2, 𝑣𝑗,3, . . . , 𝑣𝑗,𝑑)

(𝑝𝑏𝑒𝑠𝑡𝑗 =  𝑝𝑏𝑒𝑠𝑡𝑗,1, 𝑝𝑏𝑒𝑠𝑡𝑗,2, 𝑝𝑏𝑒𝑠𝑡𝑗,3, . . . , 𝑝𝑏𝑒𝑠𝑡𝑗,𝑑)
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Mulai 

Deklarasi  Masalah 

Set Parameter PSO 

Create Populasi Awal 

Generate Populasi Awal 

Variabel Integer 

t = 1 

Evaluasi Nilai Objektif 𝑓𝑖
𝑡untuk setiap Partikel 

Ya 

Tidak 

𝑓𝑖
𝑡 < 𝑓𝑏𝑒𝑠𝑡,𝑖 

𝑃𝑏𝑒𝑠𝑡,𝑖
𝑡 =  𝑥𝑖

𝑡 

𝑓𝑏𝑒𝑠𝑡,𝑖 = 𝑓𝑖
𝑡  

𝐺𝑏𝑒𝑠𝑡,𝑖
𝑡 =  𝑃𝑏𝑒𝑠𝑡,𝑖

𝑡  

𝑣𝑖
𝑡+1 =  𝑤𝑡  𝑥 𝑣𝑖

𝑡 +  𝑐1 𝑥 𝑟𝑎𝑛𝑑1 𝑥 (𝑃𝑏𝑒𝑠𝑡𝑖
𝑡 − 𝑥𝑖

𝑡) + 𝑐2 𝑥 𝑟𝑎𝑛𝑑2 𝑥 (𝐺𝑏𝑒𝑠𝑡𝑖
𝑡 − 𝑥𝑖

𝑡) 

A 
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A 

𝑥𝑖
𝑡+1 =  𝑥𝑖

𝑡 + 𝑣𝑖
𝑡+1 

 

𝑡 < MaxIter 

t = t+1 

Evaluasi Nilai Objektif 𝑓𝑖
𝑡untuk setiap Partikel 

𝑓𝑖
𝑡 ≤ 𝑓𝑏𝑒𝑠𝑡,𝑖 

𝑓𝑏𝑒𝑠𝑡,𝑖 = 𝑓𝑖
𝑡 

𝑃𝑏𝑒𝑠𝑡,𝑖
𝑡 =  𝑥𝑖

𝑡 

𝑓𝑖
𝑡 ≤ 𝑓𝑏𝑒𝑠𝑡,𝑖 

𝑓𝑏𝑒𝑠𝑡,𝑖 = 𝑓𝑖
𝑡 

𝐺𝑏𝑒𝑠𝑡,𝑖
𝑡 =  𝑥𝑖

𝑡 

 

𝑣𝑖
𝑡+1 =  𝑤𝑡  𝑥 𝑣𝑖

𝑡 +  𝑐1 𝑥 𝑟𝑎𝑛𝑑1 𝑥 (𝑃𝑏𝑒𝑠𝑡𝑖
𝑡 − 𝑥𝑖

𝑡) + 𝑐2 𝑥 𝑟𝑎𝑛𝑑2 𝑥 (𝐺𝑏𝑒𝑠𝑡𝑖
𝑡 − 𝑥𝑖

𝑡)  

𝑥𝑖
𝑡+1 =  𝑥𝑖

𝑡 + 𝑣𝑖
𝑡+1 

 

Selesai 

Ya 

Tidak 

Tidak 

Ya 
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𝑓 =  𝑚𝑖𝑛 (∑ 𝐹𝐶𝑘

𝑁

𝑘=1

)

𝑃𝑘

𝑃𝐿 𝑃𝑘 

𝑃𝐿

𝑃𝐿 = ∑ 𝑃𝑘

𝑁

𝑖=1

𝑃𝑘 ≤ 6000 𝑘𝑊

𝑃𝐿 = {

20,519  𝑘𝑊
21,598 𝑘𝑊

543 𝑘𝑊
13,113 𝑘𝑊

𝐹𝐶

𝐹𝐶 =  [∑ 𝑆𝐹𝑂𝐶(𝑃𝑘) × 𝑃𝑘

𝑁

𝑘=1

]
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𝑆𝐹𝑂𝐶 =  {
𝑆𝐹𝑂𝐶𝐴𝐶

𝑆𝐹𝑂𝐶𝐷𝐶

𝑆𝐹𝑂𝐶𝐴𝐶 𝑆𝐹𝑂𝐶𝐷𝐶

𝑆𝐹𝑂𝐶𝐴𝐶 𝑆𝐹𝑂𝐶𝐷𝐶
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𝑆𝐹𝑂𝐶𝐴𝐶 𝑆𝐹𝑂𝐶𝐷𝐶

𝑆𝐹𝑂𝐶𝐴𝐶(𝑥) =  −1.058 × 10−10𝑥3 + 3.873

× 10−06𝑥2 − 0.2896 × 10−1𝑥

+ 2.516 × 102

𝑆𝐹𝑂𝐶𝐷𝐶(𝑥) =  −1.764 × 10−10𝑥3 + 3.492

× 10−06𝑥2 − 0.1798 × 10−1𝑥

+ 2.093 × 102

𝑆𝐹𝑂𝐶𝐷𝐶
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𝑆𝐹𝑂𝐶𝐷𝐶(𝑥) =  6.0213 × 10−07𝑥3 − 7.2186

× 10−04𝑥2 + 1.9438 × 10−1𝑥

+ 1.9521 × 102

𝑅𝑃𝑀(𝑘𝑊) =  1.5642 × 10−09𝑥3 − 2.3750

× 10−05𝑥2 + 1.6683 × 10−1𝑥

+ 2.6880 × 102
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�̇�𝐷𝐿𝐻𝑉𝐷 + �̇�𝐵𝐿𝐿𝐻𝑉𝐵𝐿
× 100%



 

 

123 

Teknologi Hijau Bidang Perkapalan, Upaya Menuju Zero Carbon 2050 
 



 

 

124 

Penggunaan Dual Fuel (DFE) di Kapal  
 



 

 

125 

Teknologi Hijau Bidang Perkapalan, Upaya Menuju Zero Carbon 2050 
 



 

 

126 

Penggunaan Dual Fuel (DFE) di Kapal  
 



 

 

127 

Teknologi Hijau Bidang Perkapalan, Upaya Menuju Zero Carbon 2050 
 



 

 

128 

Penggunaan Dual Fuel (DFE) di Kapal  
 



 

 

129 

Teknologi Hijau Bidang Perkapalan, Upaya Menuju Zero Carbon 2050 
 



 

 

130 

Penggunaan Dual Fuel (DFE) di Kapal  
 



 

 

131 

Teknologi Hijau Bidang Perkapalan, Upaya Menuju Zero Carbon 2050 
 

EXHAUST GAS 
RECIRCULATION  

Chapter 7 

 

mailto:doriyuvenda@ft.unp.ac.id


 

 

132 

Exhaust Gas Recirculation 



 

 

133 

Teknologi Hijau Bidang Perkapalan, Upaya Menuju Zero Carbon 2050 
 

 

 

 



 

 

134 

Exhaust Gas Recirculation 

𝐶𝑥𝐻𝑦 + 𝑎 (𝑂2 +
0,79

0,21
𝑁2) + 𝑏𝐶𝑂 + 𝑐𝐻2𝑂 → 𝑑𝐶𝑂2 + 𝑒𝐻2𝑂 + 𝑓𝑁2
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𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒: 𝑍 = 𝑐1𝑥1 + 𝑐2𝑥2 + ⋯ + 𝑐𝑛𝑥𝑛

∑ 𝑎𝑖𝑗𝑋𝑗

𝑛

𝑗=1

≥ 𝑏𝑖

𝑋𝑗 ≥ 0
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 ∑ 𝑎𝑖𝑗𝑋𝑗
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𝑗=1 ≥ 𝑏𝑖
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∑ 𝑆𝑖 =  ∑ 𝑑𝑗

𝑛

𝑗=1

𝑚

𝑖=1

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒

𝑐11𝑥11 + ⋯ + 𝑐1𝑛𝑥1𝑛 + 𝑐21𝑥21 + ⋯ + 𝑐2𝑛𝑥2𝑛 + ⋯ + 𝑐𝑚1𝑥𝑚1 + ⋯ + 𝑐𝑚𝑛𝑥𝑚𝑛

𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜

𝑥11 + ⋯ + 𝑥1𝑛 = 𝑠1

𝑥21 + ⋯ + 𝑥2𝑛 = 𝑠2

𝑥𝑚1 + ⋯ + 𝑥𝑚𝑛 = 𝑠𝑚

𝑥11 + 𝑥21 + ⋯ + 𝑥𝑚1 = 𝑑1

𝑥1𝑛 + 𝑥2𝑛 + ⋯ + 𝑥𝑚𝑛 = 𝑑𝑛

𝑥11, … 𝑥1𝑛, … 𝑥21, … 𝑥2𝑛, … 𝑥𝑚1, … 𝑥𝑚𝑛, … ≥ 0
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𝑇𝐶 = 𝐶𝐶 + 𝑂𝐶 + 𝑉𝐶 + 𝐶𝐻𝐶

𝑇𝐶 = 𝑇𝐶𝐻 + 𝑉𝐶 + 𝐶𝐻𝐶

 

 

𝑉𝐶 = 𝐹𝐶 + 𝑃𝐶
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𝑊𝐹𝑂 = 𝑆𝐹𝑅 𝑥 𝑀𝐶𝑅 𝑥
𝑅𝑎𝑛𝑔𝑒

𝑆𝑝𝑒𝑒𝑑
𝑥 𝑀𝑎𝑟𝑔𝑖𝑛
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Multiple effect 

Multi-
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