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https://www.eea.europa.eu/data-and-maps/daviz/global-average-air-temperature-anomalies-5#tab-dashboard-02
https://www.eea.europa.eu/data-and-maps/daviz/global-average-air-temperature-anomalies-5#tab-dashboard-02
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://info.ornl.gov/sites/publications/
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CONSTRAINTS

Diffusion Dual-Fuel Combustion

Premixed Dual-Fuel Combustion

Fully premixed - RCCI

NOx < EUVI and soot < 

0.01 g/kWh

In-cylinder pressure < 190 bar

Maximum PRR < 15 bar/CAD

NOx < EUVI and soot > 

0.01 g/kWh (<1.5 FSN)

NOx > EUVI and soot > 0.01 

g/kWh (<3 FSN)

In-cylinder pressure < 190 bar

Maximum PRR < 15 bar/CAD

In-cylinder pressure < 190 bar

Maximum PRR < 15 bar/CAD
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𝑚_𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 [𝑔 𝑠⁄ ] =  𝑦𝑖[−] ∙ 𝑞̇𝑒𝑥ℎ𝑎𝑢𝑠𝑡[𝑔 𝑠⁄ ]

𝑞̇𝑒𝑥ℎ𝑎𝑢𝑠𝑡 𝑦𝑖

𝑦𝑖[−] = 𝑥𝑖 [−] ∙  
𝑀𝑊𝑖[𝑘𝑔/𝑚𝑜𝑙]

𝑀𝑊𝑒𝑥ℎ𝑎𝑢𝑠𝑡[𝑘𝑔/𝑚𝑜𝑙]



(𝑃)

𝑆𝐶𝑂 =  
𝑚̇𝐶𝑂[𝑔 𝑠⁄ ]

𝑃[𝑘𝑊]
=

 𝑥𝐶𝑂 ∙  
𝑀𝑊𝐶𝑂

𝑀𝑊𝑒𝑥ℎ𝑎𝑢𝑠𝑡
∙ 𝑞̇𝑒𝑥ℎ𝑎𝑢𝑠𝑡 ∙ 𝑘𝑤,𝑟[−]

𝑃

𝑆𝑁𝑂𝑥 =  
𝑚̇𝑁𝑂𝑥

𝑃
=

 𝑥𝑁𝑂𝑥
∙  

𝑀𝑊𝑁𝑂𝑥

𝑀𝑊𝑒𝑥ℎ𝑎𝑢𝑠𝑡
∙ 𝑞̇𝑒𝑥ℎ𝑎𝑢𝑠𝑡 ∙ 𝑘𝑤,𝑟 ∙ 𝑘ℎ,𝐷[−]

𝑃

𝑆𝐻𝐶 =  
𝑚̇𝐻𝐶

𝑃
=

 𝑥𝐻𝐶 ∙  
𝑀𝑊𝐻𝐶

𝑀𝑊𝑒𝑥ℎ𝑎𝑢𝑠𝑡
∙ 𝑞̇𝑒𝑥ℎ𝑎𝑢𝑠𝑡

𝑃 ∙  𝑘𝐹𝐼𝐷

𝑘𝑤,𝑟

𝑘ℎ,𝐷

𝐸𝐺𝑅 [%] =  
𝐶𝑂2𝑖𝑛𝑡𝑎𝑘𝑒𝑑𝑟𝑦[𝑝𝑝𝑚] − 𝐶𝑂2𝑎𝑚𝑏𝑖𝑒𝑛𝑡[𝑝𝑝𝑚]

𝐶𝑂2𝑒𝑥ℎ𝑎𝑢𝑠𝑡𝑑𝑟𝑦[𝑝𝑝𝑚] − 𝐶𝑂2𝑎𝑚𝑏𝑖𝑒𝑛𝑡[𝑝𝑝𝑚]
∗ 100





𝑆𝑜𝑜𝑡 =
1

0.405
∙ 4.95 ∙ 𝐹𝑆𝑁 ∙ 𝑒(0.38∙𝐹𝑆𝑁)



 

 





𝑉𝑜𝑙𝐶8𝐻18
[𝐿] = 𝑃𝑅𝐹𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ[−] ∙ (𝑉𝑜𝑙𝑡𝑜𝑡𝑎𝑙[𝐿] − 𝑉𝑜𝑙𝑡𝑜𝑙𝑢𝑒𝑛𝑒[𝐿])

𝑉𝑜𝑙𝐶7𝐻16
[𝐿] = (𝑉𝑜𝑙𝑡𝑜𝑡𝑎𝑙[𝐿] − 𝑉𝑜𝑙𝑡𝑜𝑙𝑢𝑒𝑛𝑒[𝐿]) − 𝑉𝑜𝑙𝐶8𝐻18

[𝐿]

 





𝐵𝑆𝐹𝐶𝑒𝑞[𝑔/𝑘𝑊ℎ] =
𝑚̇𝐻𝑅𝐹 ∙ (

𝐿𝐻𝑉𝐻𝑅𝐹
𝐿𝐻𝑉𝑑𝑖𝑒𝑠𝑒𝑙

) + 𝑚̇𝐿𝑅𝐹 ∙ (
𝐿𝐻𝑉𝐿𝑅𝐹

𝐿𝐻𝑉𝑑𝑖𝑒𝑠𝑒𝑙
)

𝑃𝑏

 

 

 



∆𝐻𝑅𝐿 = 𝑚𝑐𝑦𝑙 ∙ ∆𝑢𝑐𝑦𝑙 + ∆𝑄𝑤 + 𝑝 ∙ ∆𝑉 − (ℎ̅𝑓,𝑖𝑛𝑗 − 𝑢𝑓,𝑔) ∙ ∆𝑚𝑓,𝑒𝑣𝑎𝑝 + 𝑅𝑐𝑦𝑙 ∙ 𝑇𝑐𝑦𝑙 ∙ Δ𝑚𝑏𝑏

∆𝐻𝑅𝐿 [𝐽 𝐶𝐴𝐷]⁄

𝑚𝑐𝑦𝑙 ∙

∆𝑢𝑐𝑦𝑙 ∆𝑄𝑤

𝑝 ∙ ∆𝑉 (ℎ̅𝑓,𝑖𝑛𝑗 − 𝑢𝑓,𝑔) ∙

∆𝑚𝑓,𝑒𝑣𝑎𝑝 𝑅𝑐𝑦𝑙 ∙ 𝑇𝑐𝑦𝑙 ∙

Δ𝑚𝑏𝑏



𝜂𝑐 = 1 −
∑ 𝑦𝑖 ∙ 𝐿𝐻𝑉𝑖

[𝑚̇𝑓 (𝑚̇𝑎 + 𝑚̇𝑓)⁄ ] ∙ 𝐿𝐻𝑉𝑓

𝑦𝑖

 



𝑚
𝑑𝑌𝑘

𝑑𝑡
= ∑ 𝑚̇𝑖𝑛(𝑌𝑘,𝑖𝑛 − 𝑌𝑘) + 𝑚̇𝑘,𝑔𝑒𝑛 − 𝑌𝑘

𝑖𝑛

𝑚̇𝑤𝑎𝑙𝑙

𝑚𝑐𝑣

𝑑𝑇

𝑑𝑡
= −𝑝

𝑑𝑉

𝑑𝑡
− 𝑄̇

+ ∑ 𝑚̇𝑖𝑛 (ℎ𝑖𝑛 − ∑ 𝑢𝑘𝑌𝑘,𝑖𝑛

𝑘

) −
𝑝𝑉

𝑚
∑ 𝑚̇𝑜𝑢𝑡

𝑜𝑢𝑡

− ∑ 𝑚̇𝑘,𝑔𝑒𝑛𝑢𝑘

𝑘𝑖𝑛

𝑚 𝑉  𝑝

𝑡 𝑇 𝑌𝑘

 𝑢 ℎ 𝑄̇



 

 

 



 

𝜏𝑣𝑒ℎ𝑖𝑐𝑙𝑒 =  [𝐼𝑡𝑟𝑎𝑛𝑠1 +  
𝐼𝑡𝑟𝑎𝑛𝑠2

𝑅𝑡
2 + 

𝐼𝑑𝑠ℎ

𝑅𝑡
2 +

𝐼𝑎𝑥𝑙

(𝑅𝑑
2)(𝑅𝑡

2)
+  

(𝑀𝑣𝑒ℎ)(𝑟𝑤ℎ𝑙
2 )

(𝑅𝑑
2)(𝑅𝑡

2)
]

𝑑𝜔𝑑𝑟𝑣

𝑑𝑡

−  [
𝐼𝑡𝑟𝑎𝑛𝑠2

𝑅𝑡
3 + 

𝐼𝑑𝑠ℎ

𝑅𝑡
3 + 

𝐼𝑎𝑥𝑙

(𝑅𝑑
2)(𝑅𝑡

3)
+  

(𝑀𝑣𝑒ℎ)(𝑟𝑤ℎ𝑙
2 )

(𝑅𝑑
2)(𝑅𝑡

3)
] 𝜔𝑑𝑟𝑣

𝑑𝑅𝑡

𝑑𝑡

+  [
𝐹𝑎𝑒𝑟 + 𝐹𝑟𝑜𝑙 + 𝐹𝑔𝑟𝑑

𝑅𝑑𝑅𝑡

] 𝑟𝑤ℎ𝑙

𝐼𝑡𝑟𝑎𝑛𝑠1 𝐼𝑡𝑟𝑎𝑛𝑠2

𝐼𝑑𝑠ℎ 𝐼𝑎𝑥𝑙

𝑅𝑑 𝑅𝑡 

𝜔

𝑟𝑤ℎ𝑙 𝑀𝑣𝑒ℎ

𝐹𝑎𝑒𝑟 𝐹𝑟𝑜𝑙

𝐹𝑔𝑟𝑑)



 

 











 



 





 







 



 

 

 

 

 

 

 

 

 

 

 

https://www.volvotrucks.es/es-es/trucks/trucks/volvo-fe/specifications/powertrain.html
https://www.volvotrucks.es/es-es/trucks/trucks/volvo-fe/specifications/powertrain.html
http://www.avl.com/
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 ≈
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𝑛

∆𝑇 [°𝐶/𝑠] =
𝑇𝑖+1[°𝐶] − 𝑇𝑖[°𝐶]

𝑛  [𝑠]





≈



 









 



 











 

 





≈

273 s

A





𝐴 = 𝑛𝑙𝑜 + 0.25 ∙ (𝑛ℎ𝑖 − 𝑛𝑙𝑜)

𝐵 = 𝑛𝑙𝑜 + 0.50 ∙ (𝑛ℎ𝑖 − 𝑛𝑙𝑜)

𝐶 = 𝑛𝑙𝑜 + 0.75 ∙ (𝑛ℎ𝑖 − 𝑛𝑙𝑜)

𝑛𝑙𝑜

𝑛ℎ𝑖



 















≈



 





 

 

≈







 





≈







 



 





𝑋𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 = 𝑋𝑡𝑜𝑡𝑎𝑙 ℎ𝑦𝑑𝑟𝑜𝑐𝑎𝑟𝑏𝑜𝑛𝑠 ∙ 𝐺𝐹

𝑋𝑑𝑖𝑒𝑠𝑒𝑙 = 𝑋𝑡𝑜𝑡𝑎𝑙 ℎ𝑦𝑑𝑟𝑜𝑐𝑎𝑟𝑏𝑜𝑛𝑠 ∙ (1 − 𝐺𝐹)

𝑋𝐶3𝐻6𝑔
= 𝑋𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 ∙ 0.8

𝑋𝐶3𝐻8
= 𝑋𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒 ∙ 0.2

𝑋𝐶3𝐻6𝑑
= 𝑋𝑑𝑖𝑒𝑠𝑒𝑙 ∙ 0.4

𝑌𝑑𝑖𝑒𝑠𝑒𝑙𝑣𝑎𝑝 = 𝑌𝑑𝑖𝑒𝑠𝑒𝑙 ∙ 0.6

𝑋𝑡𝑜𝑡𝑎𝑙ℎ𝑦𝑑𝑟𝑜𝑐𝑎𝑟𝑏𝑜𝑛𝑠  = 𝑋𝐶3𝐻6𝑑
+ 𝑋𝐶3𝐻6𝑔

+ 𝑋𝐶3𝐻8
+ 𝑋𝑑𝑖𝑒𝑠𝑒𝑙𝑣𝑎𝑝



 

 



𝑚̇



𝐶𝑂 + 0.5𝑂2 = 𝐶𝑂2

𝐶𝑂 + 0.5𝑂2 = 𝐶𝑂2

𝐶3𝐻8 + 0.5𝑂2 = 𝐶𝑂2 + 𝐻2𝑂



𝐷𝐹1 + 19.4𝑂2 = 13.5𝐶𝑂2 + 11.8𝐻2𝑂

𝐻2 + 0.5𝑂2 = 𝐻2𝑂

𝑁𝑂 + 0.5𝑂2 = 𝑁𝑂2

𝑍 + 𝐷𝐹1 = 𝑍𝐷𝐹1

𝑍𝐷𝐹1 = 𝑍 + 𝐷𝐹1

1𝑥108 1𝑥1020

1𝑥1020

1𝑥102

𝑃𝐸𝐹 𝐸𝑎

𝑃𝐸𝐹 𝐸𝑎
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𝐵𝑆𝐹𝐶𝑓𝑖𝑛𝑎𝑙 = ∑ 𝑥𝑖

8

𝑖=1

∙ 𝐵𝑆𝐹𝐶𝑖

𝑥𝑖

𝑥𝑖 =
𝑁𝐴𝑖

∑ 𝑁𝐴𝑖
8
𝑖=1



  

  



𝑀𝐹𝑃𝑅𝐹𝑖 = 𝐹1 ∙ (
𝐵𝑆𝐹𝐶𝑓𝑖𝑛𝑎𝑙

𝐵𝑆𝐹𝐶𝑙𝑖𝑚𝑖𝑡
− 1) + 𝐹2 ∙ (

𝑁𝑂𝑥𝑓𝑖𝑛𝑎𝑙

𝑁𝑂𝑥𝑙𝑖𝑚𝑖𝑡
− 1) + 𝐹3

∙ (
𝑆𝑜𝑜𝑡𝑓𝑖𝑛𝑎𝑙

𝑆𝑜𝑜𝑡𝑙𝑖𝑚𝑖𝑡
− 1) + 𝐹4 ∙ (

𝐶𝑂𝑓𝑖𝑛𝑎𝑙

𝐶𝑂𝑙𝑖𝑚𝑖𝑡
− 1) + 𝐹5

∙ (
𝐻𝐶𝑓𝑖𝑛𝑎𝑙

𝐻𝐶𝑙𝑖𝑚𝑖𝑡
− 1)

 

 









 











 





≈



 





 

 





Φ



 

 

 

 

 



 





Φ = 1









 





≈









 















 



≈



 





 

 



𝐵𝑆𝐹𝐶𝑒𝑞[𝑔/𝑘𝑊ℎ] =

𝑚̇𝐻𝑅𝐹 ∙ (
𝐿𝐻𝑉𝐻𝑅𝐹

𝐿𝐻𝑉𝑑𝑖𝑒𝑠𝑒𝑙
) + 𝑚̇𝐿𝑅𝐹 ∙ (

𝐿𝐻𝑉𝐿𝑅𝐹
𝐿𝐻𝑉𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒

)

𝑃𝑏



 







≈

≈





 









 

 





 

𝑇𝑇𝑊 𝐶𝑂2 =
𝐵𝑆𝐶𝑂2_𝑒𝑛𝑔𝑖𝑛𝑒 𝑜𝑢𝑡 ∙ 𝑃𝑏

𝑚̇𝐻𝑅𝐹 ∙ 𝐿𝐻𝑉 𝐻𝑅𝐹 + 𝑚̇𝐿𝑅𝐹 ∙ 𝐿𝐻𝑉𝐿𝑅𝐹

≈





 

 



 



 



 













 





 













 



 

 

 

 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 



 

  

  

  



 

 





 





 



 





 



 

 



 

 

 

 



 





 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

https://www.eea.europa.eu/data-and-maps/daviz/global-average-air-temperature-anomalies-5#tab-dashboard-02
https://www.eea.europa.eu/data-and-maps/daviz/global-average-air-temperature-anomalies-5#tab-dashboard-02
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://info.ornl.gov/sites/publications/
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