
Engines and 
fuel cells
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Without CO2Volume/mole %

CO2 mass flow rate calculation for biogas fuel inlet

Mole of 
nature gas

x
Fraction of
nature gas

e.g. ̇𝑀!"#,%&'() =
#*.,# -./0

12.,3 -./-456×
##%
1'##% ×44 𝑘𝑔/𝑘𝑚𝑜𝑙 ≈ 20.2 𝑘𝑔/ℎ
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Without CO2Volume %

Total burned gas mass flow rate (Mass balance)

e.g. ̇𝑀%8.,%&'() = 810 𝑘𝑔/ℎ + 28.52 𝑘𝑔/ℎ + 20.2 𝑘𝑔/ℎ ≈ 859.1 𝑘𝑔/ℎ
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Without CO2Volume %

Lambda ratio (excess air ratio)

e.g. ̇λ!"#$% =
&'( )*/,
-&./- )*/,×

'
'0.- ≈ 1.75
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Without CO2Volume %

Specific fuel consumption

e.g. 𝐵𝑆𝐹𝐶!"#$% =
-&./- )*/,×'(9*/)*

'"/ )2 ≈ 196.7 𝑔/𝑘𝑊ℎ
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Without CO2Volume %

Global efficiency

e.g. 𝜂3,!"#$% =
'"/ )2

"5'-( )6/)*×-&./-)*/,× :
9;<<,/7

≈ 38.8%

Total energy from the fuel
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Effective specific emission

6𝑐=
𝑔=
𝑘𝑊ℎ =

𝑀̇= 𝑔/ℎ
𝐸̇> 𝑘𝑊

=
̇𝑛= 𝑚𝑜𝑙/ℎ × ;𝑚= (𝑔/𝑚𝑜𝑙)

𝐸̇> 𝑘𝑊
=

̇𝑐= 𝑝𝑝𝑚
10? 𝑝𝑝𝑚 ̇×𝑛%8. 𝑚𝑜𝑙/ℎ × ;𝑚= (𝑔/𝑚𝑜𝑙)

𝐸̇> 𝑘𝑊

=

̇𝑐! 𝑝𝑝𝑚
10" 𝑝𝑝𝑚×

𝑀̇#$%(𝑘𝑔#$%/ℎ)
N𝑚#$%(𝑘𝑔/𝑘𝑚𝑜𝑙)

× N𝑚!
𝑘𝑔!
𝑘𝑚𝑜𝑙 ×10&𝑔/𝑘𝑔

𝐸̇' 𝑘𝑊

e.g., 𝑐̆S"( ,%&'() = 71𝑝𝑝𝑚× &?-./-456
3T.# -./-456×

*,U.1-./0×1T)*

1&,-V ≈ 0.64 𝑔/𝑘𝑊ℎ
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Conversion between mole to volume in standard condition (1 bar, 273.15 K) with ideal gas

𝑃𝑉 = 𝑛𝑅𝑇
WX1456𝑉

1 =
𝑅𝑇
𝑃

YX1T13#,YZ,[X#23.1,\
𝑉S =

𝑉
1 ≈ 22.4 𝐿S/𝑚𝑜𝑙(𝑚S

3/𝑘𝑚𝑜𝑙)

Emission concentration based on the reference condition

6𝑐=
4.+
4,
* , 𝑂# = 5% = ]̇+ ./0

̇̂-(.(4,
* /0) =

Ẇ+ 456/0 × N4+ (./456)
Ẇ-(.(-456/0)×_,(4,

* /-456) = ̇𝑐= 𝑝𝑝𝑚 × 1
_,(4,

* /-456)×;𝑚= (𝑔/𝑚𝑜𝑙)

6𝑐=
4.+
4,
* , 𝑂# = 𝑐̇"# = ̇𝑐=(𝑝𝑝𝑚)×𝑓"#×

1
_,(4,

* /-456)×;𝑚= (𝑔/𝑚𝑜𝑙)

= ̇𝑐=(𝑝𝑝𝑚)×
#1',
#1' ̇̀/0

× 1
_,(4,

* /-456)×;𝑚= (𝑔/𝑚𝑜𝑙)

e.g., 𝑐̆S"( ,%&'() = 71𝑝𝑝𝑚× #1',
#1'U.3*×

1
##.&(4,

* /-456)×46𝑘𝑔/𝑘𝑚𝑜𝑙 ≈ 200.76 𝑚𝑔S"8/𝑚S
3
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E1-D

E2-D

E3-NG E4-BG
E5-BG
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E1-D

E2-D

E3-NG E4-BG
E5-BG

France doesn’t gve advantage to Biofuel and 
NOx emission will be close to the limit
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E1-D

E2-D

E3-NG E4-BG
E5-BG

- Only the total cost (investment cost + operational cost) will influence
the choice of the engine.
- High production volume of such engine types.
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Parameters Values

Operating hours per year [h/year] 5000

Diesel cost [CHF/L] 1.5

ρDiesel [L/kg] 0.83

E1-D is more profitable
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Questions?


